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All known calculating machines, more par-
ticularly the so-called automatic calculatin
types, make the calculations by means o
relatively complicated movements of me-

8 chanical parts, which is not only a cause of
the machine frequently getting out of order,
but limits the extent to which the operations
can be made automatic.

The machine according to the present in-

10 vention contains only a series of groups of
electromagnets (relays), which by their elec-

. tric interaction carry out any calculation

within the region of real numbers.

The principle is as follows: Some of the
roups of reﬁxys are connected to the key-
oard, i. e. they can be actuated from the

keyboard, while other groups of relays close
circuits through o typewriting apparatus, in
which the result is typed.

In the groups of reF&ys all fundamental or
primary calculating operations (addition,
subtraction, multipﬁcution of all one digit
numbers and division of all one and two
digit numbers by all one digit numbers) are
28 provided for as elpctric connections, the ar-

rangement being such that, by the setting of

one number, all these results are set up pro-
visionally and, by depressing the key for car-

.Iving out the operation, the results in ques-
80 tion are selected and are combined in the ma-

chine by auxiliary relays as partial results to
" form the final result. :

15

20

The relays are hereinafter referred to as

electromagnets,

The calculating machine consists of noth-
ing but a plurality of groups of clectromag-
nets, in which each separate electromagnet
cotresponds to & digit value of the numerals

a8

4% oleven magnets are united to form a digit

value sub:group. KEach of ‘these magnet

roups is reserved during a single ealenlation
for one “operand”, viz., number upon which
the operation is to be effected. while however
for different calculations different “oper-
ands” may be set up in the same group. Thus
for instance the multiplicand group is at the
same time the group of terms of a sum, the
product group 1s at the same time the sum
group, the multiplier group is at the same

46

from zero to nine and in which every ten or-

time the quotient and root group and the
dividend group is at the same time the dif-
ference and radicand group.

Each electromagnet in this group is so
constructed that its armature both in the posi- 85
tion of rest and when attracted closes or in-

‘terrupts circuits leading over the windings of’

other electromagnets, so that by suitable con-
nections being made a definite sequence of
automatically consecutive closings of circuits
and consequent attractions of magnet arma-
tures is produced. Thus, when the “oper-

.ands” are set up in the corresponding groups,

i. e. when fronf the keyboard in the respective
magnet groups in each digit value sub-group
those magnet windings are successively made
alive, which correspond to the numerical
values of the corresponding digits of the
numerals used in the operation, by closing a
function key, such a coaction of circuit clo-
sures and cirenit interruptions can be brought
about (by the use of auxiliary magnets) that
finally circuits are closed, which lead to the
typewriter and in the latter effect the auto-
matic typing of those figures which corre-
spond to the successive digits of the particu-
lar result.

The many advantages ‘of this method of
calenlation are obvious at the first glance. As
no mechanical parts are to be set in motion
and as none of the primary calculations have
to be carried right through, this machine op-
erates practically noiselessly and at a speed
that could not be attained with any of the
known machines. As, in addition to this, a 89
number which is set in one group of relays
can be transferred to another group by the -
attraction of a single magnet armature and
a number set in one group can be cancelled
by the attraction of one magnet armature, 9¢
and as not only means for carrying out the
primary arithmetical operations referred to
above are provided for in the machine, but
others as well, such as the automatic setting __
of the square root of a one-digit or two digit *°
number in one group of magnets, when in
another group this single one-digit or two
digit number is set, or the automatic setting -
of the cube root of a one digit or two digit or
three digit number, which has been set in

70
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another group, the machine is adapted to
be used not only for the numerical calculation
of all algebraic rational functions, but is also
suitable for the automatic calculation of irra-
tional algebraic functions, as after the selec-
tion of the first digit the extracting of a root
is an operation w%]ich 1s entirely analogous
to division, with the sole difference that the
divisor is a different one in determining each
term. That it is possible to carry out involu-
tion automatically is obvious from what has
been already said, as the number set in the
product group can be set over and over again
n the multiplicand or multiplier group.

It is also obvious that, in carrying out in-
volution, it is possible automatically to cal-
culate series of ascending powers of the form

(» representing any whole number or frac-
tion), so that the numerical ecalculation can
be carried out automatically of all those
transcendent functions which may be con-

5 verted into converging series of ascending

powers. Thus all trigonometric and all cy-
clometric functions may be calculated auto-
matically, as well as the logarithmic func-
tion (In %) and the potential function ¢* and
many other compound functions which are
of technical importance. All these functions
are calculated numerically in such a manner
that a definite value of the independent va-
riable of the function y=/F(x) is cet in the
machine and that, after depressing the key
for carrying out the function in question, the
value of the dependent variable correspond-
ing to the determined value of the independ-
ent variable is transmitted to the typewriting
apparatus after the calculation has been car-
ried out automatically.

Thus it will be seen that the calculating
machine may be used for practically the en-
tire range of real numbers.

In the construction of the calculating ma-
chine the location of the separate electromag-
nets both relatively to one another and rela-
tively to the machine is quite immaterial.
Of real importance is the scheme of connec-
tion shown in the thirty-six accompanying
figures. Obviously the arrangement adopted
will be such that the magnets are arranged in
banks one above the other with their cor-
responding conductors in such & manner that
in any plane no conductor will cross another,
so that the general arrangement having been
fixed on, the connections may be made in a
simple manner, for instance by means of
sheet copper stampings in each separate bank,
and it is only necessary to make the connec-
tion with the conductors connecting the sep-
arate banks and the connection with the mag-
net windings.

it is also quite immaterial, whether elec-

* tromagnets or solenoids are used. Obviously

BEST AVAILABLE COP

1,818,880

in all cases in which, owing to provision being
made in the machine for a great number of
digits, the number of circuits to be closed by
a smgie armature is too great, a single electro-
magnet may be replaced by any number of
electrically parallel magnets.

It also follows from what has been said
above, that the typewriting apparatus must
not be mechanically connected either to the
keyboard or to the calculating machine and
that more than one typewriting apparatus
may be connected to a single calculating ma-
chine, in which case all typewriting appa-
ratus, which will themselves be coupled to-
gether, would be served from a single key-
board.

This fact is of importance for one field of
use for the machine, namely, where it is used
as a book-keeping machine. Since the ma-
chine, as is explained in greater detail be-
low, is capable of forming both positive and
negative differences between two numbers
» and o or, according to which operating
key is selected, only positive differences, that
is, both the differences w—wv and »—w, ac-
cording as u>w or w<v, the machine is suit-
able to be used as a book-keeping machine,
the various typewriting apparatus connected
to a single calculating machine being adapted
to be used for a number of simultaneous en-
tries in any order or combination.

In the accompanying drawings the present
invention is shown diagrammatically, name-
ly the typewriting machine and the system of
connections of the calculating machine, elec-
tromagnets being employed in the present in-
stance, but the construction is analogous
where solenoids are used.

Fig. 1 is a vertical section through the
typewriting machine.

Fig. 2 shows the diagram of connections
for the typewriting machine.

Fig. 3 shows the magnet in detail.

Fig. 4 is a section through the maguet
shown in Fig. 8. :

Fig. 5 is a detailed connection diagram for
the magnets.

Figs. 6,7, 8 and 9 show the system of con-
nections for the entire calculating machine,
all the details shown in the other figures
being omitted.

Fig. 10 shows the connections for a digit
group of the multiplicand group.

Figs. 11 and 12 show the connections be-
tween the multiplier group ind multiplicand
group and the connections for the auxiliary
magnets for carrying out multiplication,

Fig. 18 shows the connections for carrying
over the tens in the operations of addition and
multiplication.

Figs. 14, 15, 16 and 17 show the con-
nections of a digit sub-group of the sum and
difference group.

Fig. 18 shows the system of connections
between the group for setting the numbers
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fo he added (multiplied) and the sam group.

IFigs=. 19 and 20 show the connections for the
difference group with all the anxibiary mag-
nets required for carrying out subtraction.

Figs. 21 and 22 show the connections for
the quutn nt selector,

Figs. 23 und 24 show the connections for
the quoticnt group with all the auxiliary
magnets required for division.

Fi 1¢s. 25 and 26 show the connections of the
auxiliary magnets required for caleulating
the sine function.

Fig. 27 shows the tens carryving-over device
for subtraction and division.

Figs. 28,29 and 30 show the connections for
the root group with all the auxiliary magnets
1equned for the extraction of square roots
and cube roots.

Figs. 31,32, 33 and 34 show the connections
between the setting group and the radicand
group and

Figs. 85 and 36 show the connections for
the numerical caleulation of the logarithmic
function (log.e).

In the h;llm\m(r a detailed deseription of

the machine and its mode of operation is

given,

The machine
parts :—

(1) The source of current

(2) The keyhoard

(3) The typewriting apparatus

{4) The calculating machine.

(1) The source of current is optional and
may supply either direct or alternating cur-
rent.

(2) The keyboard consists of separate
spring actuated contact-making  kews,
will be seen from Fie. 1 '

(3) The typewriting apparatus is shown
m Figs, 1 and 2.

consists of the following

i)

The typewriting wmochine

Anyelectrically operated typewriting ma-
chiine may be used, in which the actuation of
the type levers is not effected divectly by
means of fovers from the keyvbourd, but by
electrie cirenits. which are closed by the de-
pression of keys,

A constructional example is shown in Fig.
1. The type lever 1. which strikes against
the platen 2, is actuated by electromagnets 3,
the armatures of which are rigidly ¢ omw('tml

each to a lever 4. - The levers 1 rock about a
common axis § and are pivotally connected
to the bell erank lever 6. Al the Tevers 6 rock
about a common axis 7 and are each linked
by means of a har 8 to a type lever 1.

The electromagnets 5 may he arranged in
any suitable manner. . The difference m their
distance from the axis 5 can he equalized hy
the armatures being at different distances
from the clectromagnets 3 and by the ratio
between the two arms of the eranked lever 6
being varied.
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The construction of the pladen and the
means {or traversing it s the same ag in any
of the well-known types of machines, as also
15 the ribbon feed.  All these details ave not
shown in the drawings,

Fig. 2 shows a dld"l am of connections for
the typewr iting machine for the ten numeral
keys and the empty key.

From the conductor 5+ leading to the posi-
tive pole 52 of the source of current a con-
ductor 56, 56y, 56, . 56, branches off by
way of each key 43, 45,, 45, . . . 45, (and of
course similarly by way of each letter key)
to the winding of each electromagnet 3. 8, 3,

.. 3, the armature of which, on being at-
tracted, as described above causes the corre-
sponding type lever to strike. On the key
Leing relensed, the type lever is returned
to its position of rest by the action of the
spring 10,

The magnet armatures belonging to the
numeral l\e)s each close, when attracted, a
circuit by way of the conductor 488 (through
the conductor 12 and one of the conductors 13,
oS00 28) 0 corresponding to the de-
pressed key the function of which conductor
4858 will be deseribed in detail in connection
with the caleulating machine.

Before describing the caleulating machine.
the symbols adopted for the diagrams of con-
nection shall be explained with reference to
Fig. b

257 1s a magnet winding, with the armature
of which the two conductors 26’ and 277 are
so associated that their circuits are closed at
this pomt by the armature being attracted.

98" is a magnet winding, with the armature
of which the conductors 29 and 30 are so
assoclated that, when the armature is not at-
tracted, the circuits are closed and. when the
armature is attracted, the cirenits ave broken.

317 is a magnet winding, the armature of
which. when at 10\1‘, closes the conductor 527
‘ln(l. when attracted, conneets the conductor

327 to the conductor .3“’.

The conductor 367 crosses over
ductor 347 and the condnctor 35°
ofl’ from the conductor 34,

The conductor 44 crosses the conductors

0,41 and 42 and branches oft from the con-
ductor 39,

The conductor 45" crosses over the condue-
tors 39, 40, 41 and 42 and branches off from
the conductor 38,

The conductor 13 erosses over the condue-
tors 87, 38, 39, 40, 41 and 42,

‘The conductor 47 crosses the conductors
41 and 42 and brasiches off from the condue-
tor 40,

The conductor 48 branches off from the
conduetor 42,

the con-
brauches

The calealating machine

As was explained above, the ealeulating
nerchine consists only of a series of groups
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of electromagnets, the separate electromag-
nets of which each corresponds to a definite
nunerical valae, the arrangement being such
that the winding of each nm(mot is alw ays
conductively conneeted to one and the same
muneral key, when the gronp is connected
to the kevboard, or that a clrenit is celosed
hy way of cach armature, which cireuit even-
tually in every case leads to the same winding
of one of the typing magnets 3 which effect
the typing of the numer als,

The calenlating machine operates in the
ful]u\vin;: manner —

From the keyboard in the separate groups
those electromagnet windings, of which in

cach case ten ot eleven are combined to fmm

a digit group. the nimerieal values of which
correspond to the numbers of the operating
nmber to be set. are rendered conductive,
Each magnet armature closes or interrupts
cireuits. which lead through the windings of
other electromagnet= (either auxiliar Vomag-
nets or magnets of other ﬂ'mnp\) <o that,
after the (lepro\\mn of an operating kev, a set
of cirenit-making and civeuit-breaking op-
erations takes placo. in which eventually
one or another group (according to the par-
ticular calculating operation) those nlv(tl'<>~
magnet windings become live. the numerieal
vadues of which correspond to the suecessive
numbers of the result.

After what has been said above, it is ob-
vions that the placing of the magnets, hoth
with respeet to the machine as a whole and
relatively to one another, is quite immaterial,
as only ‘the interconnection of the magnet
windings is of importance.

The arrangement might be such that the
separate groups of electromagnets are located
one above the other in banks< and the condue-
tors connecting them are arranged In sepa-
rate horizontal and vertical layers in such
a manner that no conductor crosses any other
conductor in the same layver. Thue. for in-
stanee, the separate lavers might he stampod
out of sheet copper and be attached to an in-
sulating support (vuleanized fibre). Tt is
then onl\ necessary correctly to assemble the
separate lavers (horizontal and vertical) and
to solder them at the points of connection of
the conductors or eonnert them conductively
i some other reliable manner.

A construetional example of suel an elec-
tromagnet is shown in Figs 3 and 4,

Ona non-ferro-magnetic support 36 a ning-
net voke piece 29 is fixed. The pole pieces 30
are riveted into the said voke piece. The
ngnet armature 33 i provided on its lower
side between two lavers of insulation 54 with
as nrany steel wires 31 (which. for the purpose
of increasing the conductivity and for damp-
ing oscillations may be covered with fine cop-
per wire) as there are circuits to be broken
and closed,

Each steel wire 31 is provided at either end
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with a contact piece 32, which is made wedge-
shaped and the sharp edges of which face
downwards, where the armature, on being at-
tracted, interrupts the conductor and wup-
wards, where it closes the same. The con-
tact picces rest in corresponding contact
picces 28 arvanged on a common supporting
bhar 27 (of insulating material) or strike
against such contact picces on a second bar
Y0,

The side portious of the voke picee 29 are
each provided with a gniding slot 35, in which
the armature is euided.

Gravity is suflicient to bring the armatures
into their position of rest,

The calenlating machine must not be me-
chanically connected either to the typewrit-
ing machine or to the keyboard, which will
be olbvious from the foregoing.

This system of connections is shown dia-
eramnatically in Figs. 6-36.

Figs, 6-9 show the general system of con-
nections for the caleulating machine. certain
detail connections to all the other part= of the
machine shown in the other figures being
omitted,

The machine consists of the following
eroups of magnets —

Aa

(1) The multiplicand group or summand
aroup respeetively, marked
Wy e Ty ga (10 (II_.; PR (7[_9,
Sy es v oy iy o oo (g s

(Figs, 7 andd 8), the Roman index indicat-
ing the digit value (the denomination), viz.
T the highest value and 1T the one next be-
tow it and the Arvabie index the numerical
valite (the particular numeral or figure), to
which each separate magnet corresponds.

The magnets of the group ¢, are counected
by the conductors 100, 101 . . . 109 to the
ommnibus conductors 130, 131 . . . 140. The
conductors 100, 101 . . . 109 lead over the
armature of the clectromagnet 110 (Fig. 7)
in such a manner that the cirenits arve closed
at this point, when the armature is attracted
by the magnet, and ave broken, when the ar-
mature is in its position of rest.

Simitarly the electromagnets of the group
an are led over the armature of the electro-
magnet 121 (Fig. 8) to the omuibus conduc-
1()1\ 1300131 140,

The oumibus conductors 130, 131 140
lead over the armature of the electromagnet
M1 (Fig. 9) insuch a manner that the cireuit
i closed at this point, when the armature is
attracted, and the circuit broken at this point,
when the armature is in its position of rest.

Over the armature of the electromagnet
141, besides the omnibus conductors 130-140,
there is also taken the conductor 142, which is
closed at this point, on the armature being
attracted, and starts from the conductor a4
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which leads to the positive terminal 52 of
the source of current. In its further course
the conductor 142 also leads over the arma-
ture of the electromagnet 147 in such a man-
ner that the circuit 1s broken at this point,
on the armature being attracted. The con-
ductor 142 leads thence to the conductor 143,
The latter leads over the switch 144 to the
conductor 54.  The switch 144 is closed by a
bar ¢, which is depressed by the keys 148, 149,
150, 151 and is indicated in the diagram of
connections by a dot and dash line.

To recapitulate: On one of the keys 148,
149, 150, 151 being depressed, the switch 144
is closed and with it the following circuit:—
52—h4—switch 144—conductor 143—electro-
magnet winding 141—145—55—53.  On the
armature of the electromagnet 141 being at-
tracted, it closes the followmv c1rc111t —
52—54—142— over the‘attracted armature
141 to the open armature 147—142—143—
electromagnet winding 141—145—55—53.
Thus, on one of the keys 148, 149, 150, 151 be-
ing closed, a circuit is closed over the wind-
ng of the electromagnet 141, which remains
closed even after the key has been released,
until the w inding of the electromagnet 147 is
energized. as the armature of the Tatter clec-
tromagnet, on being attracted in the direction
of the arrow, breaks the circuit 142.

As the omnibus conductors 130, 131 . . .
140 are connected over the conductors 56,,
56, 56y, 564, 565 . . . 56, to the numeral keys
45, 45, 45,, 45, 45, . . . 45,, the conductive
connection between the numeral keybhoard
and the omnibus conductors 130-140 is es-

tablished, on one of the keys 148, 149, 150,
151 (the settmcr keys, as will be described be-
low) being depressed

As has already been stated, the conductors
100, 101 . 109, which lead over the elec-
tr omagnet 110 (Fw 7), establish conductive
connection between the omnibus conductors

131 . .. 140 and the electromagnet wind-
INES Aoy (i1 Gioy Qrg « « o Qi oe The condue-

tor 152 leads to the electromagnet winding 110
from the key 151 (ihe mu]tlphcand key or
the summand key, Fig. 9). The conductor
152 (Fig. T) leads thence to the conductor
122, to which are also connected all the con-
ductors 100 to 109, after leaving the electro-
magnet windings @ro, @1y G120 - « . @15. The
conductor 192 Teads to the conduetor 124,
which leads by way of the armature of the
electromagnet 125 (Fig. 8), in such a man-
ner that the latter breaks the circuit on be-
ing attracted. The conductor 124 is con-
nected to the conductor 55.
Besides the conductors already referred to,

the conductors 154 and 157 also lead ov er the'

electromagnet 110,

The conductor 154 branches off from the
conductor 153, which is connected to the con-
ductor 54 and consequently to the positive
terminal 52 of the source of current. From
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the conductor 154 the conductors 165, 166, 167

. 174 each lead over the armature of the
electromagnets aro, @11, @re. . . . a1, the
arrangement being such that the circuits are
closed at these points, when the armatures
are attrac’ed by the electromagnets. All
the conductors 165, 166, 167 . . . 174 are con-
aected to the conductor 160.

The conductor 157, which also branches off
from the conductor 153 leads over the arma-
ture of the clectromdguet 110, so that it is
closed by the armature, when the latter is
attracted, and leads from this point to the
armature of the electromagnet 121 (Fig. 8),
which breaks the circuit at this point, when
attracted. The conductor 157 leads thence to
the conductor 152.

From the conductor 160 (Fig. 7) the con-
ductor 159 branches off, which leads over the
winding of the electromagnet 158 (Fig. 8)
and thence over the armature of the electro-
magnet 162 (Fig. 9) in such a manner that
at this poeint the cirenit is broken, on the
armature being attracted, and then leads to
the conductor 161, which is connected over
the conductor 145 and the conductor 55 to the
negative terminal 53 of the source of current.

Starting from the conductor 153 the con-
ductor 155 leads over the armature of the
clectromagnet 158 (Fig. 8) in such a manner
that at this point the circuit is closed by the
armature being attracted. and theunce to the
electromagnet 121 and, after leaving the
winding of this magnet, to the conductor 123,
which leads to the conductor 124, as did the
conductor 122 referred to above.

As already stated, the conductors 111, 112

. 120, which connect the windings of the
electromagnets of the group an to the omni-
bus conductors 130, 131 . . . 140, lead over
the armature of the electromagnet 121, such
that at this point the cireuit is closed by the
armature, on the latter being attracted by the
magnet. ‘The two conductors 186 and 188
also lead over the armature of this electro-
magnet.  The conductor 186 is conduetively
C(mne(tod to the key 150 (Fig. 9) of the 1\9\ -
board and, after leaving the armature of the
magnet 121, (Fig. 8) Jeads to the conduetor
190, which ‘will he referred to below. The
conductor 188 branches from the conductor
175, which leads to the conductor 54, and
after leaving the armature of the magnet 121,
leads over the armature of the electro-magnet
187, such that its cirveuit is broken at this
pomt by the armature being attracted, and
Teads thence to the conductor 155.

From the conductor 175 conductors (176,
177 ... 185) branch off each over one of the
armatures of the magnet group ay, all of
which conductors 176-185 are connected to
the conductor 189 and are closed at these
points, when the armatures of the electro-
magnets are attracted.

From the conductor 189 there is branched
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off the conductor 190 referred to above, which
leads to the winding of the electlolnatrnet 187
and thenee to the conductor 123, to which the
conductors 111, 112 ... 120 are ¢ also connected
after leaving the windings of the magnet
grouyp ar.

Over each armature of the magnet groups
a, and a;, there leads, besides the conductors
already referred to, a conductor, such as Is
shownin Fig. 7 only in the case of the magnet
w,. in the conductor 156, which conductors
all lead over the magnet armatures in such
a nanner that they are closed at this point,
when the armatures are attracted, and which
are connected to the corresponding condue-
tors 100, 101 . .. 109 and 111, 112 . .. 120.
The conductor 156 is connected correspond-
ingly to the conductor 102,

The electromagnet 162 (IFig. 9) referred
to above, is conductlvely connected to the
switch 163 through the conductor 164, which
after leaving the ; magnet winding 162'is con-
nected to the conductor 101.

The switch 163 is closed by a bar, indicated
in the diagram of connections by a dot and
dash line. each time one of the numeral ke},s
45,, 45,, 45, . . . 45, is closed.

In order to enable the operation of the ap-
paratus to be better understood the setting
of a number in the multiplicand group shall
now he deseribed with reference to the con-
ductors so far described.

By depressing the multiplicand key 151,
the following cil('uit is cloged i—positive ter-
minal 52 (I%g. 9)—54—151—152—electro-
magnet winding 110 (Fig, 7)—152—122—
124—55 (Fig. 8)—negative terminal 53, The
armature of the electromagnet 110 temporar-
ily eloses the following cireuit -—positive ter-
minal 52—54—1533—(Kig. 7)—15T—arma-
ture of magnet 110—157—152—magnet wind-
ing 110—152—129—1 )4——0.)—nomlt1\m ter-
minal 53. By closing this circunit the current
passing over the winding of the electromag-
net 110 is made independent of the depres-
sion of a key, that 1s. the magnet winding
110 remains energized through the circuit
leading over its armature, as long as this cir-
cult is not broken by the armature of the
electromagnet 121, as the conductor 157 leads
over this armature.

Simultaneously with the depression of the
kev 151 (Fig. 9) the switch 144 has been
closed by the bar s and thereby the following
cirenit :—positive terminal 59— 5i— 144
148 — electromagnet winding 141 — 143 —
145—55—negative terminal 53.

The armature of the magnet 141 closes the
following cireuit :—positive terminal 52—
54—142—armature of the magnet 141—142—
armature of the magnet 47— 12— 143—
magnet winding 141—143—145—55—nega-
tive terminal 53.

Through this circuit the magnet winding
141 remains energized even after the key 151

1,813,830 -
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has been released and the conductive connec-
tion of the omnibus conductors 130, 131 . .
140 to the keys 45, 45,, 45,, 45, . . . 45, is
established.

A numeral key, say 45., is thercupon de-
pressed, whereby the following cireunit is
closed i—positive  terminal  52—54—45.—
56,—133—102 (Fig. T)—armature of mag-
net 110—102—magnet winding a;,.—122—
124—b55—negative tm'minnl 53,

The armature of the wenet oy, eloses the
following circuit ~—p<mtno terminal 52—
54—153—150—102—winding ot the magnet
(g »—122—124-—H5—negative terminal 53,
This latter circuit keeps the magnet winding
a,. energized and the armature attracted,
even beyond the time during which the key is
depressed.

Simultaneously with the above described
closing of the circuit, however, the circuit
over the type“ntm(r appara tus has been
closed, as was described above in counection
with the typewriting machine, so that the nu-
meral the key of which has been struck and
which was set up in the calculating machine,
was typed as well.

Also simultaneously with the depression
of the key 45, (Fig. 9) the switch 163 was
closed and con%’quentlv the following cir-
cuit:—positive  terminal 52— 54— 163—
164—magnet winding 162—161—145—55—
negative terminal 53. This circuit remains
closed only as long as the key is depressed.
The moment the ke v is released the follow ing
cireuit is closed by the magnet a,, (Fig.7) —
positive terminul 254153154 —arma-
ture of magnet 1H0—151—167 (over the ar-
mature a,,.)—160—159—magnet winding 158
(Fig. ‘%)——lﬂ )—relensed armature of nmwnLt

162 (I*lg 9)—161-—145—b5—negative “ter-
minal 53. The magnet 158 (Fig. 8) actuated
by the closing of this circuit ('lose the follow-
ing circuit —posm\*v terminal 52 (Fig. 7)—
ai——loB-——loo———nmuneL winding 121 (Fig. 8)
—155— 123——124——00——110gat1\e terminal 53.

By the armature of magnet 121 being at-
tracted the magnet wmdmnr 110 (Fig. 4) is
de-energized, as the conductor 157 becomes
broken.

The armature of the magnet 121 (Fig. 8)
then closes the following circuit:—positive
terminal  52—B4-—175—188—armature of
magnet 121 — 188 — 155 — magnet winding
121—1 Hy—123— "-l—.).)—nendtl\o terminal
Through thix civeuit the w inding of the
clectro-m: wn(*t 121 remains ener nl/ed and lt\
armature attractod as long as the magnet 187
is not energized.

On a numeral key being again depressed, a
magnet of the group a;, will be set in the same
way over the conductors 130, 131 . 140
and 111, 112 . . 120 according to which key
is depressed, as above in group 1.

The magnet 187, which breaks the cireuit
leading over the winding of magnet 121, be-
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comes energized, as is obvious from what has
been said above, at the moment, in which in
group ag a dlglt, L e. a magnet, 1s set.

The other circuits leading over the arma-
tures of the magnets of the group «, which
both establish the connection with the mul-
tiplier group 0 il‘T'ld with the product group
¢, are shown 1n Fig. 10.

Ad

In Fig. 10 the magnets o, @12 . .
are shown with their leads 100, 101, 102 .
109 and with the conductor 122. In this ﬁg-
ure the course of the conductors 100, 101 . . .
109 to the positive terminal 52, described
above, is only indicated diagrammatically by
switches. Over the armatures of these mag-
nets of the group «; there lead as many con-
ductors as is given by the number of digits of
all the products of the one digit numbers 0 to
9 of the numerical value corresponding to the
magne: in each case. Over the armature of
the magnet a;,. for instance, there lead ten
conductors, as the products of the numbers
from 0 to 9 multiplied by 1 (to which numeri-
cal value the magnet a,, corresponds, in ac-
cordance with what w as stated above) re-
sult in the ten one digit numbers 0 to 9, that,
is, altogether 10 digits. 16 conductors lead
over the armature of the magnet a;, as the
products of the numbers from 0 to 9, when
multiplied by the number 8, give 4 one-digit
and 6 two digit numbers, that is, altogethu
16 digits.

All these conductors establish connection
between the 18 conductors 201,, 202,. 203,
... 218, on the one hand and the 18 con-
ductors 221,, 222,, 223, . . . 238, on the other
hand.

The conductors 221,, 222,, 223, . .. 238,
correspond. as will be seen when the further
course of these conductors is traced, to the
numerical values of the digits 0 to 9 as fol-
lows —

. Qg

(Conductor Value of digit

221, 0
222, 1

DD

é;ﬁ”‘ } which are always jointly closed 2
24,

295 -

558: which are always jointly clozed 3

237 1 \hich are always jointly closed 9

238,

The conductors 201,, 202, 210, cor-
10spond, as will also be shown holow to the
numerical values of the digits 0 to 9 an«l the
condue ors 2114, 212, . 218 to the numer-
ical values of the digits 1 to 8.

The conductors leading over the armatures
of the magnets @y, @11, @2 . .0 @y cORNECt
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the two groups of 18 conductors each in such
a manner that the conductors 221; to 288; are
connected with those conductors of the groups
211 to 218; and 201, to 210;, which correspond

to the mumerical values of the one-digit or %

two-digit products of the numerical values of
the conductors 221 to 238; multiplied by the
numerical values ()f the magnets ar, to are.

Over the armature of the magnet «, 5 for
instance, there leads the conductor 239 from
the conductor 227, to the conductor 203, and
the conductor 240 from the conductor 228; to
the conduector 211,

According to the table the conductors 227;
and 228; correspond to the numerical value 4,
the conductor 211, to the numetizal value 1
and the conductor 203 to the numerical
valne 2. The conductors corresponding to
the munerical value 4 are thus connected over
the magnets corresponding to the numerical
value 3 to conductors corrvesponding to the
nuinerical values of the number 12,

Over the armature of the magnet a;, there
leads for instance the conduector 241, which
connects the conductor 225; having the nu-
merical value 3 to the (,(mductor 204, which
also has the numerical value 3.

Over the armature of the magnet a;, with
the numerical value 9 there lead the con-
ductors 242 and 243. which connect the con-
ductors 231 and 232; having the common
numeric‘d value 6 to the conductors 205, hav-
ing the numerical value 4 and to the con-
ductor 215; having the numerical value 5,
that is, the numerical values of the num-
ber 54.

The further course of the conductors 221,
to 238; and of the conductors 201; to 218; is
shown in Figs. 11 and 12.

The system of connections over the arma-
tures of the magnets ao. diq, Qs . . . Qrg,
deseribed above, obviously applies in exactly
the same manner to all the other magnets of
the group @ The conduetors co-ordinated to
the magnets o, @i Gire . . . Ay ATe COLTe-
spondingly marked 201, 202,, 203,
21()[1, 211”, 21211 . 2181[ :md ‘)‘)11
. . 238”.

In Figs. 11 and 12 the conductors 221,
200, 238 and 221, 922,,, 993 . . . 238,
are shown, also the conductou 201,202 . . .
0101, ‘)111, .4)1 . 2181 ’llld 20111, _02[[ PN
210y, 211y, 21211 ... 2184, The conductors
leading over the ar m.ltm es of the magnets of
the group « are left out in this case, as they
have been described in detail with reference
to Fig. 10 for a group corresponding to one
digit value and are arranged in exactly the
same way for all further (hﬂlt values.

Al the conductors 221, ‘)21 ... 238 and
2214, 222y . . . 238, lead jointly on the one
hand over the armature of the magnet 250
(Fig. 11) in sucha manner that they are closed
at th]s point, when the armature of the mag-
net is attracted, and on the other hand are
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branched off over the armature of the magnet
251. These branches are also closed at this
point by the armature 251, when attracted.

The diagram of connections, as has already
heen stated, i1s only drawn out for two digit
numbers; it is obvious that for each further
digit a further branch of each conductor 221
to 238 must lead over another magnet arma-
ture.

The conductors leading over the armature
of the magnet 250 lead over the armature of
magnet group buoy Degy bra - - o Oug, the ar-
rangement being such, that the armature of
the magnet?; , closesall the conductors 221 at
this point when it is attracted, thus in the
present case which represents the multipli-
cation of two digit numbers, the conductors
221, and 221y, the armature of the magnet 0,
closes all the conductors 222, that is, in the
present case 222; and 222, the armature of
the magnet by, all the conductors 223 and
224, that is, 223, and 223, and 224, and 224,
and so on to the magnet by, the armature of
which closes the conductors 237, 237 and
238;, 2385, In exactly the same way the
branches leading over the armature of the
magnet 251 leadover thearmature of themag-
nets buo Uiy, Ome . - . buo.  All these con-
ductors are connected in parallel from the
conductor 252, which is connected to the con-
ductor 54, and through the latter to the posi-
tive terminal 52 of the source of the current
(Fig. 12).

'To recapitulate —When the magnet 250 is
energized, all the conductors 221; to 238; and
211y to 238y are closed at this point. When
a magnet of the group b; is also energized, in
the two conductor groups 221; to 238; and
2921 to 238, the conductors having the saune
numerical value are connected to the positive
terminal of the sonrce of current; for in-
stance let us assume that the winding of the
wagnet 250 and of the magnet 0y, 1s ener-
gized, As will be readily seen from the
drawing, both the conductors 223, and 224
as well as the conductors 2234 and 2245 are
conductively connected to the conductor 252
and consequently to the positive terminal
of the source of current.

The same applies to the branches leading
over the armature of the magnet 251,

When the winding of the magnet 251 and
the winding of one of the magnets of the
group by are energized, all the correspond-
ing conductors of the same numerical value
are connected to the positive terminal of the
source of eurrent.

Ae

Before deseribing the further course of
the conductors 201, 2022 . 210, and 211,
912 ... 218, the connection of the magnet
aroup & to the keyhoard shall first be de-
seribed.  (Figs. 6 to 9). )

As this part of the system of connections
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is exactly equivalent to that of the magnet
group «, a shorter deseription will suffice.

Irom the key 150 (Iig. 9) the conductor
186 leads over the armature of the magnet
121 (Fig. 8) to the conductor 190. Hence,
if the winding of the magnet 121 is still ener-
gized, that is, if only one digit has been set
up in the multiplicand group, the winding
of the magnet 187 will be energized over the
conductor 186, which, as already stated, is
connected to the conductor 190, the armature
of which magnet, when attracted, interrupts
the conductor 188, so that the circuit closed
over the winding of the magnet 121 is also
interrupted.

From the conductor 186 the conductor 258
branches oft to the winding of the magnet
253, over the armature of which the conduc-
tors 260, 261 . .. 269 Iead in a known man-
ner, which establish the connection of the
magnet windings &gy, b1, b1y . . . by with
the omnibus conductors 131, 182 ... 140.

The conductor 259, which leads over the
armature of the magnet 253 leads from the
conductor 302, which branches off from the
conductor 54, so that the conductor 239 is
closed at this point by the said armature,
when the latter is attracted, and thence over
the armature of the magnet 254 (Fig. 9), by
the attraction of which it is interrupted at
this point and finally to the conductor 186.
Thus, after the key 150 has been depressed,
which closes a civcuit over the winding of the
magnet 233, a new circuit is closed over the
said winding, which is independent of the
depression of the key and remains clesed
until the armature of the magnet 254 is at-
tracted.

Irom the conductor 302 (1ig. 8) there also
leads the conductor 256 over the armature
of the magnet 253 in the same manner as the
conduetor 259,

I'rom the conductor 256 one of the condue-
tors 281, 282 ... 290 leads over cuch arma-
ture of the magnet proup by, so that the said
conductors ave closed at this point by the
armatures, when attracted, which are all con-
nected to the conductor 250, which leads over
the winding of the magnet 292 and over the
armature of the magnet 162 (Fig. 9), which
interrupts it at this point on being attracted,
to the conductor 161 and through the latter
and the conductors 145 and 53 to the negative
terminal 53 to the source of current.

Over the armature of the magnet 292 there
leads the conductor 291, which branches
oft from the conductor 302 (Fig. 8) and is
closed at this point by the armature of the
magnet 292, when the latter is attracted
(Fig. 9). Thence the conductor 291 leads
over the winding of the magnet 254 to the
conductor 301, which is connected over the
conductor 204 to the conductor 55 and conse-
quently to the negative terminal 53 of the
source of current.  The condnetor 294 is con-
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hected over the armature of the magnet 295,
the function of which and the way 1t is con-
nected is described below, the arrangement
being such that the conductor 294 is inter-
rupted at this point, on the armature being
attracted.

The setting up of a number in the group
(multiplier group) is effected in an exactly
similar manner to the setting up of a'number
in the group a. :

To recapitulate:—On the key 150, the mul-

tiplier key, being depressed, any connection

between the omnibus conductors 130 to 140
and the group « is broken and the connection
of the said omnibus conductors and conse-
quently the numeral keyboard to the group
by is established.

On a numeral key being depressed, the
winding of the corresponding magnet of the
group 0; is-energized and, after the key has
been released (note conductor 280 and mag-
net 162), the connection is established be-
tween the omnibus conductors 130 to 140 and
the magnet windings of the group by, and

s the connection to the group b; interrupted.

A second numeral can now be set up on the
group by in exactly the same way as de-
seribed above with respect to the group a.

The further connections of the magnets of
the group # will be described in detail be-
low.

Before the further course of the conduc-
tors 201, 202 ... 210 and 211,212 ... 218 re-
ferred to in sub “Ac” is deseribed, a deserip-

5 tion shall be given of the following circuits,

which are necessary for carrying out the
multiplication of the numbers set up in the
multiplicand group and the multiplier
group.

From the double key 303 (Figures 9 and
12) there lead the conductors 304 and 303,
the conductor 304 leading to the winding of
the magnet 306 and being then connected to
the conductor 298, which, as already stated,
is connected over the conductors 294 and 55
to the negative terminal 53 of the source of
current. The conductor 305 leads over the
armature of the magnet 308, which inter-
rupts it at this point, when attracted, to the
winding of the magnet 250 and thence to the
winding of the magnet 307. Over the arma-
ture of the magnet 306 there lead two cir-
cuits, which are closed at this point by the
said armature being attracted, namely, the

3 conductor 314, which in its subsequent course

is connected to the conductor 304 and thus
keeps closed the circuit closed by the depres-
sion of a key (key 303) over the winding of
the magnet 306, as the said conductor leads
from: the conductor 54, and the conductor
316, which in its subsequent conrse leads over
the armature of the magunet 311, o that it
is closed at this point by the said armatnre,
when attracted, and thence to the winding
of the magnet 317 and to the conductor 298,

g

The conductor 318 leads over the arma-
ture of the magnet 250, so that it is closed at
this point by the armature being attracted,
and then leads to the winding of the magnet
308 and thence to the conductor 298, :

Over the armature of the magnet 308 there
leads a conductor 312, which is closed at this
point by the armature, when attracted, and
1s connected to the conductor 313, so that it
keeps the ¢iveuif closed over the winding of
magnet 308, as it is connected to the condue-
tor 54.
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To recapitulate.—DBy closing the key 303
(the key for carrying out the multiplyving
operation) a cirenit is closed through the con-
ductors 304 and 305 over the windings of
each of tha magnets 306, 250 and 307,

The circuit over 306 remains closed by
means of the condnctor 314.

The armature of the magnet 250 clozes a
circuit over 308, which is kept closed by
means of the conductor 312. The armature
of 308 interrupts the conductor 305, so that
the civeuits over the windings of the magnets
250 and 307 are rendered independent of the
depression of u key.

This need not apply to the armature 306,
as the circuilt overits winding remains closed
in any case to the énd of the caleulation.

The further connections of the magnets
307, 309, 310, 311 and 250 and 251 are shown
in Figs. 11 and 12.

The connecting conductors lead between
the conductors 201, 202, . . . 210, 211,, 212,
PRI 218[ ﬂlld 2()1“7 2()2(1 PN :210)1, 211n, 21211

. 2185 on the one hand and the conductors

3915, 222, . . . 330, 3215, 322, .« . . 3304, 3214,
900 RY: . R 0
63:321]1 e 3-3()1”, (_‘)21”’7 .’):Bﬁw P 3(}01\' on the

other hand lead over the armatures of the
magnets 307, 309, 310 and 311 (Fig. 12), the
arrangement being such that they are closed
at this point. when the armatures are at-
tracted.

Each of the conductors 821, 822 , . . 330
corresponds, ax will be understood, when
following out the further course of these
conductors below, to one of the numerical
values from 0 to 9 and each group having the
same Roman index corresponds to one digit
value.

The armature of the magnet 307, when at-
tracted. connects, as will be readily seen from
the drawing. the conductors 211,,212; ..., 218,
and 211, 212, ... 218, to the conduectors
399, 323 .. L 320 and 322, 323, ... 320,

The armature of the magnet 309, when at-
tracted, conneets the conduetors 201,202, ..,
210, and 201, 202, ... 210, to the conductors
ST, 022, L0580, and 3210, 322, .. 330,

The armature of the magnet 310, when at-
{racted by the magnet, connects the condue-
tors 211, 212, . . . 218, and 211;;, 212, .
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218;; to the conductors 322, 323, . . . 329y
and 322111, 323111 and 329111.

The armature of the magnet 311, when at-
tracted by the magnet, connects the conduc-
tors 2011, 2021 [P 2101 and 20111, 2021[ e 2101[
to the conductors 821y, 322y . . . 330, and
3211y, 3221y . . . 330w.

As was set forth in sub “Ab” and the fol-
lowing, the conductors 201, 202 . . . 210 corre-
spond to the numerical values from 0 to 9
and the conductors 211,212 . . . 218 to the nu-
merical values from 1 to 8. If in the group
a (Figs. 6 to 10) in each sub-group of ten
magnets corresponding to a numerical value
one magnet winding is energized and in the
group b one marrnpt wmdmg is energized,
then in the groups of conductors .&()l 202

. 210 and 211, 212 . . . 218 those conductors
are connected in p‘uallel, with the positive

» terminal of the source of current, which cor-

respond to the numerical values of the oue
digit or two digit products and those numer-
ical values, which correspond to the ener-
gized magnets of the groups ¢ and 4. Thus,
assuming that one magnet is energized in
each of the groups a; and ay and one marrnet
in the group by, then in the group of conduc-
tors 201;, 202; . 210; that conductor will
be connected to the positive terminal of the
source of current, which corresponds to the
units digit of the product of the numerical
values of the energized magnets of group a;
and b;; in the group of conductors 211y, 212,

. 218; that conductor, which corresponds
to the tens digit of the said product, in the
group of conductors 201y, 202, . . . 210y that
conductor is connected to the positive termi-
nal of the source of current, which corre-
sponds to the units digit of the product of
the energized magnets of groups a;; and b
and in the group of conductors 211y, 212y . . .
2184 that conductor, which correspends to
the tens digit of the said product.

‘When one magnet each of the groups
and a; and one magnet of the group
bu is energized. the same applies, with the
exception that in each case ;; must be sub-
stituted for ;.

The conductors shall now be described
which establish the connection between the
magnets 250, 251 and 307, 309, 310 and 311.

From the key 303 (Fig. 1‘)) there leads the
conductor 305 first to the winding of the
magnet 250 (Fig. 11) and thence over the

¢ armature of the magnet 336, which, when at-

tracted, interrupts it at this pomt to the
winding of the magnet 307 (Fig. 12) and
thence to the conductor 333. which is con-
nected to the conductor 324 (Fig. 11), which
is itself connected over the conductor 55 to
the negative terminal 53 to the source of
current.

That part of the conductor 305, which lies
between the windings 250 (Fig. 11) and 307
(Fig. 12) must consist of resistance wire,
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the total resistance of which is at least as
great as that of a magnet coil. Over this
conductor at the moment, in which the two
amatures 307 and 250 ave closed, the termin-
als of the source of current are short-cir-
cuited for a brief moment until the armature
336 is attracted (Fig. 11) E 1.

Besides the conductors already referred to
the following conductors also Iead over the
armature of the magnet 250, so that they are
closed at this pomt on the armature being
attracted :—

(1) The conductor 344 leading from the
conductor 252 and over the armature of the
magnet 1313, which, on being attracted, in-
terrupts it at this point, and thence over the
armature of the magnet 250 in the manner
already described and to the conductor 305;

(2) The condnctor 343, which leads from
the conductor 305 to the conductor 334, which
as already stated. is connected to the nomtive
terminal of the source of current;

(8) The conductor 335, which leads from
the conductor 252 over the winding of the
magnet 336 to the conductor 333 (Fig. 12),
“ nch as already stated leads to the conductor

334 (Fig. 11), that i Is, is also connected to the
neqati\ e terminal 53 of the source of current.

Thus. after the armature of the magnet 250
has been attracted, not only is the connection
between the maonet 250 and the key 303
(Fig. 12) broken, as described in sub “Ad”,
but also the connection between 250 and 307
by the armature of the mrmnet 336.  Over
the conductors 344 and 348 however the cir-
cuit over the winding of tho magmnet 250 re-
mains closed until the armature of the magnet
1313 is attracted.

Besides the circuits already mentioned, the
following cireuits also lead over the arma-
ture of the magnet 307 :—

(1) The conductor 340 (Fig. 12) which
starting from the conductor 331 leads to the
conductor 332. The latter leads over the
winding of the magnet 359 to the conductor
55, which is connected to the negative ter-
mmql 53 of the source of current. From the
conductor 332 the conductor 1305 is branched
off, which leads over the magnet winding 357
(I‘lg 11) to the conductor 934, which as al-
ready stated is connected over the conductor
55 to the negative terminal 53 of the source
of current. The conductor 331 (Fig. 12)
starts from the conductor 54 and is there-
fore connected by the latter to the positive
terminal 52 of the source of current an«l leads
over the armature of the magnet 360, the
arrangement being such that it is mtm rupted
by thL closing of the armature,

(2) The conductor 337, which starts from
the conductor 331 and leads over the wind-
ing of the magnet 3"»8 (Fig. 11) and finally
to the conductor 334, which is connected
over the conductor 5.) to the negative termi-
nal of the source of current.
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(3) The conductor 339, which starts from
thv condnetor 331 and leads to the conductor
305 and energizes the winding of the nm«mvt
307, even attu the conductor 305 has been
interrupted by the magnet 336, until the
conductor 331 is interru pted

(Re 1) The armature of the magnet 359
(I'1g. 12), when energized, closes the con-
ductor 361 which starts from the conductor
54 and leads over the winding of the magnet
360 to the conductor 55. Thus, when the
armature of the magnet 307 is attracted, it
will remain so until the armature of the
magnet 360 interrupts the conductor 331,
that is, just as long as is necessary for at-
tracting the armature of a second magnet.
In the next moment the circuit over the wind-
ing of the magnet 307 is interrupted and the
armature leaves the magnet again.

(Re 2) Over the armature of the magnet
338 (Fig. 11) there lead two circuits, name-
ly, the conductor 341, which starts from
the conductor 54 and leads over the arma-
ture of the magnet 309 (Fig. 12), the ar
rangement being such that it is interrupted
at this point by the armature being attracted
and leads thence over the armature 338 (Fig.
11) to the conductor 337.

The winding of the magnet 338 is thus
kept cnerfn/ed by the conductor 341 (Fig.
12}, even “after the conductor 337 has been
1nt0rrupted by the armature 307 being re-
Jeased and will remain so until the armature
of the magnet 309 is attracted.

There also leads over the armature of the
magnet 338 (IFig. 11) the conductor 342,
which starting from the conductor 331 (Flfr
12) leads to the winding of the magnet 309
and thence over the armature of the magnet
357 (Fig. 11) in such a manner that it is
mtonnpterl at this point by the armature,
when attracted, and also leads finally to the
conductor 337.

Thus, after the winding of the magnet
357, the connections and the function of
which will be desceribed below, has become
deenergized, the magnet windin(r 309 will
be energized by the conductor 342 and the
circuit over the magnet 338 will remain
closed, in spife of the conductor 341 heiug
interrupted.

Over the armature of the magnet 309 there
Iead in an entirely analogous manner, be-
sides the conductors already described, three
further conductors, viz, the conductm 346,
which again leads to the conductor 332 and
actuates the magnets 359, 360 and 357, in the
same manner as did the conductor 340 in the
case of the magnet 307, and the conductor
347, which closes the circuit over the magnet
348, and the conductor 1308, which starts
{rom the conductor 342 and leads to the con-
ductor 333, which keeps the civeuit lTeading
over the winding 309 closed, even after the

armature nntil the

357 has been attracted,
armature 360 is attracted.

Over the armature 318 (Fig. 11) there
Teads the conducior 1312, which starts from
the conductor 252 and leads over the w inding
1313 Lo the conductor 334 and is closed by the
armature 348, when the latter is attracted. It
should be noted, that the avmature of the mag-
net 1313, when attracted, inter rupts the con-
ductor 344 and thereby deenergizes the wind-
ing of the magnet 250. The wmdmfr of the
magnet 348 remains energized by the con-
ductor 349, which leads over the open arma-
ture of the magnet 310, even when the cireunit
leading over the winding of the magnet 309
is deenergized by the conductor 331, (maﬂnet
361) benm mterrupted Over the armature
of the ma(rnet 343 there leads the conductor
350, which leads suceessively over the wmd
ings of the m"mnetq 310 (Fig. 12) and 2
(I'ig. 11) and leads also over the armature
of the magnet 357 in such a manner that it
is first elocod at this point when the winding
of the magnet 357 1xdwne101/0d The part of
the conductor 350 Iving between the \\md-
ings 310 and 251 must again be made of re-
sistance wire, as was the ease with the con-
ductor 305,

The winding of the magnet 251 remains
energized by the conductors 345 and 1311,
the conduetor 345 starting from the condue-
tor 252 and leading over the armature of
the magnet 250 in such a manner that it is
interrupted, on the armature being attracted.
and the conductor 1811 bmnchmﬂ from the
conductor 350 and leading to the conductor
333, so that ithe circuit leading over ool re-
mains closed, even after the armature 357 has
been attracted. The armature 251, when at-
tracted, closes, besides the conductors 345 and
1311 just referred to. the conductor 1814 as
well, which starts from the conduetor 345 and
leads over the winding 1315 to the conductor
1311. The armature 1315, on being attracted,
interrupts the conductor 350.

The conductors 351,352, and 1309 Tend over
the armature of the magnet 310 (Ifig. 12) in
an exactly analogous manner. The function
of the condnctor 351 is the same as in the
previons cases that of the conductors 340 and
346. The function of the conductor 1309 is
the same as in the previous cases that of the
conductors 339 and 1308. The conductor 352
lIeads to the winding of the magnet 353 (Fig.
11), over the armature on which the conduc-
tov 835 is taken, which starting again from
the conductor 54 (Ifig. 12) leads over the
armature oi the nuignet 311 in such a man-
ner that it is mtonupted at this point by the
armature being attracted. - The conductor
356 teads in an analogous mauner to the con-
duetors ‘%42 and 350 over the winding of the
magnet 311 and over the armature of the m: -
net 353 .md is then closed when the mmmvt
357 becomes deenergized. The ecircuit 358
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leading over the armature of the magnet 311
(Fig. 12) has the same functlon as the con-
ductors 340, 346 and 3

Ae

To recapitulate :—On the kev 303. the key
for carrying out the operation of multiplica
tion, being closed, the windings of the mag-
nets 307, 309 310 and 311 are energized suc-
cessively and remain ener gized for as long a
tinie as is necessary, after their armatures
have heen attracted, to attract the armature
of a second magnet, the winding of which
only hecomes energized after their armatures
have been attracted.

Simaltaneously with the winding 307. the
winding 250 becomes energized. This wmd
ingis doener gized agrain sunult(meoualv with
the winding 309. The winding 251 is ener-
cized simultancously with the winding 310,

Before tracing the further course of the
conductors 321, :’._)_), cLL 330 321, 322 ..
00)0”, vJ_.][“\ -).2.31” o .. ')')U“[. 3)1]\ 31.‘[\
330,y to the magnets of the group ¢ in Fig. 13,
let us consider a group of 11 magnets of the

said group e corresponding to one dl”‘lt value
(F]ffa 1-1——1()

1<1(r: 14-17 do not show the connections
of the magnets of the group ¢ (Figs. 6, 7).
but those of the group /. As, however, a
portion of this syvstem of connections is iden-
tical with the connections of the magnets of
the group ¢, the system of connections of the
latter shall now be discussed with reference
to these figures. Evervthing stated below
n connectmn with the olectrommmets Tes For
Fio fa oo o Joo applies equally to the magnets
Coy Cny 10 Co o o .

The conductors 321, 522, . 330 are in
these figures shown without indices, since
evervthing that is suid with vespect to them
in this connection applies for all sub-groips
of 11 magnets each corresponding to one
dieit valiue.  What is said helow with respeet
to the magnets fo. fo. fi, f» . . . fo applics
equally to the magets ¢ ., ¢roy €01 o2 CLoj Clte
S Citgs € . Care and

ar
N25 ..

C1,05 Cri1s -
SO on.
From each of the condnctors 221, 822 |
330 over efwl armature of the magnet group
7 (hence also of the group ¢) a conductor
branches off in such a manner that it is closed
at this point by the armature, when attracted.
and leads to one each of the conductors of

1.y C01,0: Clin - -

the groups 31,372, 0,880 and BT, 3727 373,
374 . 3807, the arrangement being such

that over the armuature of the magnet /..
which corresponds to a space, the conductor
321 is connected to the conductor 3710 the
condnctor 322 to the conductor 372 0 0, and
the conductor 230 to the conductor 380 over
the armature f,, which corresponds to the
numerieal value 0, as will he seen helow, in
exactly the same manner: over the armature
/. Raving the numerical value 1; in such a

1,813,830
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manner that the conductor 821 is connected
to the conductor 372, the conductor 322 to
373 . .. the conductm 330 to the conductor
371’, in short, asstming that the conductors
321,822 ... 330 mumpond to the numerical
values from 0 to 9, similarly the conductors
371, 872 . .. 380 and the conductors 3717, 3727
. 3807 in such a m.\mwr that each conduc-
tor of the group 321, 322, .. 350 is connected
over each attracted armature of the magnet
group f to that conductor of the groups 371,
372...380 0or 3717, 372" ... 380", which corre-
qponds to the units dm]t of the one- digit or
two-digit sum u\an]tmu from the addition of
the numerical values of the particular con-
duetors of the group 321, S22 ., 0330 and of
the particular magnet, the connection being
established to a conductor of the group 371,
372 ... 380, 11 the sum has only one digit and
to a conductor of the group 3717, 3727
3807, 1f the sum has two digits.

The conductors 3717, 3727, 3737 ... 380" are
connected over the winding of the auxiliavy
magnets ., Ayl ny (Fig. 17) to the
equivalent conductors 371, 373 .. . 350. The
‘m\i]i‘u'\ magnets kg, Ay, As ... Ay effect the
carrying-over of the tens in a manner to be
described below.

From each of the conductors 871, 372 .

380 a conductor namely the conductors 392,
393,394 .. . 401. leads to the windings of the
magnets no, 2y, Ms .. . 1y all leading thence to
the conductor 402, which is connected to the
conductor 535, which as repeatedly stated, is
connected to the negative terminal 53 of the
source of current. The said conductors 392,
393, 394 . . . 401 must be made of resistance
wire, each resistance being as great as that of
a magnet coil, since, as will be shown below
when diseussing the fens carrving-over ar-
rangement, the terminals of the source of
current are short-cirenited for a brief mo-
ment over these conductors.

Over cach armature of the magnets n,, 1,7,

..y and also over n, (in Figs, 14-17) the
condnctors shiown to the left of each wagnet
winding belonging to the eorresponding mag-
nets) a conductor. namely, the conductors
381, 382, 885 ... 391, leads in such a manner
that each is closed at this point by the arma-
ture, when attracted, to the winding of the
magnets fo. fo. f1 ... fo and thence to the con-
ductor 404, which is connected to the con-
ductor 55.

Besides the above conduetors, 11 other con-
ductors, which are connected in parallel.
namely the condnetors 405, 106, »l()T 415
Tead over the armatires of the maenets of the
oroup » =tarting fron the conduetor 403 (Fig.
17) in series with all the armatires starting
{rom the armature s, (he arrangement being
such that, on the armature heing atfracted,
ten conduetors are in each ease interrupted
at this point and the eleventh is closed, and
lead thence once ufter the other to the con-
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ductors 392, 893,394 . . . 401, which as already
stated, lead to the magnets n,, 7y, 73 . . . 7.

Only the conductor 414 leads directly to the
winding of the magnet 7, and is the only one
of the 11 conductors, which is not closed by
any of the armatures, when attracted. The
remaining 10 of the 11 conductors are each
closed by the attraction of that armature, to
the magnet winding of which they lead.

Hence, when none of the magnet windings
Tigy Ny - - . N 15 €nergized, one conductor of the
group 405, 406 . . . 415 is interrupted by each
armature, all but the conductor 414, which
is not broken at any point and starting from
the conductor 403 leads over all the arma-
tures ng, 7 . . . 1y and finally over the wind-
ing n. to the conductor 402 (Fig. 14). The
magnet winding n. (and consequently the
magnet winding f. through the conductor
381) is always energized and its armature is
always attracted, when no other winding of
this magnet group is energized.

‘When one of the conductors 821,322 . . 330
is connected to the positive terminal of the
source of current, the circuit is closed over the
armature f. and the conductor groups 371,
372...380 and 393,394 . . . 401 corresponding
to this conductor, and one of the windings 7,
Ny . .. TNy

If, for instance, the conductor 323 having

the numerical value 2 were connected to the
positive terminal of the source of current, a
circuit is closed over 323 the armature of
the magnet f.—373—3894—n,—402—55—53.

VWhen, however, one of the armatures n,,
n, ... MNy, 1s attracted, all the conductors of the
group 405,406 . .. 415 are interrupted, except
the conductor leading to the winding of the
corresponding magnet, in the present exam-
ple the conductor 407.

The circuit closed over the winding of a
magnet of the group 7, %o, %y . . . 7y remains
closed until another winding of the same
digit value magnet group becomes energized.
The magnet last energized remains energized
and all the others become de-energized.

Returning to the example under discussion
we thus find that, after the conductor 323
with the numerical value 2 has been connected
to the positive terminal of the source of cur-
rent, the armature of the magnet n, will be
attracted and that the magnet winding 7. will
have become energized over the conductor
384, its armature being attracted. The ar-
mature f, is released, since that of n, is also
released.

Tf. therefore, for instance the conductor
325 having the numerical value 4 be con-
nected to the positive terminal of the source
of current, the following circuit is closed i—

Positive terminal—325—armature of mag-
net  fu—377—398—winding n,—402—5h—
53. »y remains energized through the con-
ductor 411 and f, is energized (through the
conductor 888) and its armature is attracted.
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This sequence of operations can be repeated
any number of times, that magnet always
remaining closed, which corresponds to tZe
units digit of the sum of the numerical values,
to which the conductors of the group 321, 322
. . . 830 correspond, which are successively
connected to the positive terminal of the
source of current.

Fig. 13 shows the course of all the conduec-
tors 3211, 3221 . 3301; 32111, 32211 N 33011;
321111, 322111 e 330n1, 321 vy 3221v e 3301v and
also the arrangement for carrying over the
tens.

In Fig. 18 the conductors of the group 321,
322 ... 330 are again provided with indices
I, IT, IIT and IV according to their digit val-
ues. Their connections over the armatures of
the magnets of the group ¢, which were de-
scribed in detail for one digit value with ref-
erence to Figs. 14-17, are not shown in this
figure nor the magnets of the group ¢. In this
figure only the magnets » and A are shown,
the magnets of the group » being provided
with the indices c, so as to indicate that they
belong to the group ¢ as in Figs. 14-17 they
belong to the group 7. They are also pro-
vided with the indices I1, 11T and IV, for in-
dicating their digit value.

As in connection with Fig. 13 only the tens
transfer is to be discussed and as it is not pos-
sible to carry over a ten from the group cor-
responding to the first digit value as the
highest value, the first group n., I, O. 7.
I...Mec1, o 18 also Dot included in this figure.

According to what was stated at the begin-
ning under “Ae” a tens transfer to the next
column is necessary, when a conductor of the
group 321,322 ... 330 is connected to a conduc-
tor of the group 3717, 372’, 378" ... 879" over
an armature of the group e. The conductors
provided with the numeral 380" do not apply
in connection with the group ¢, which is only
arranged for addition, as the sum of two one
digit numbers can never result in 19. Hence
the magnets A, are also not required.

As already stated, the conductors of the
groups 371/, 372" - 379" (in the present in-
stance 3710[1'1 372011', 373011' . s e 37901['3
3710111,7 37201;1’ e 3790111’ and SO On) lead over
the windings of the magnets Ay, 2y As . .. As to
the conductors 371,372 .. 879 (in the present
case to the conductors 371eu, 83720 - - - 879
and so.on). The magnets of the groups 4 all
have the same function, as will be made clear
below, and it is so obvious to which separate
digit values they belong that the provision of
indices for the separate groups has been
omitted.

Five conductors lead over each armature of
the group A in such a manner that they are
closed at this point by the armatures, when
attracted, namely, in the group belonging to
the magnet group #.y, in their sequence from
left to right, the first conductor starting from
the conductor 431 leads to the corresponding
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conductor of the group 371", 372y
379.:" before reaching the winding of the cor-
responding magnet /4, the second conductor
starting from the conductor 432 leads to the
same conductor after leaving the correspond-
ing magnet winding, the third conductor
leads to the conductor 430, the fourth to the
conductor 429 and the fifth to the conductor
498, The third, fourth and fifth conductors
each start like the first one from the conductor
431,

The conductor 430 mentioned above leads
to the magnet winding 425 and to the con-
ductor 428, which is connected over the con-
ductor 55 {o the negative terminal 53 of the
source of current. The parts of the conductor
group 371, 872", 873" . . . 379 coming
from the magnet windings 4 lead over the ar-
mature of the magnet 495 in such a manner
that they are interrupted at this pomt by the
armature being attraced.

The conductor 429 leads to the winding 444
and thence to the conductor 322, that 1s, to
the conductor 322 having the numerical value
1, the next higher digit group. The armature
of the magnet 444 having heen attracted
closes the conductor 450, which starts from
the conductor H4 and leads to the winding of
the magnet 448 and thence to the conductor
55. The arinature of the magnet 448, when
attracted, interrnpts the conductor 431, which
starts from the conductor 54,

It now becomes clear. why the conductors
392. 393 . 401 (Figs. 14-17) must be
made of resistance wire. After one of the
armatures 2 and one of the armatures » has
been attracted. which ocenrs simudtancously,
in the short period of tinme until the armature
425 is attracted the civeuit leading over the
winding » connects the hranch leading over
one of the =aid conductors and then(‘w over
one of the conductor= 371,572 .., 5 SO and over
one of the armatures £ to the e nn«hu tor 432, 20
that a =hort circait would he established -
tween the two terminals of the conree of eur-
rent if sufficient resistances were not in-
serted.

The condueior 428 leads to the conductor
4420 which leads to the \\imlin‘r n{' the mag-
net 357 referred to in<ul “Ad™ and thenee to
the conductor 125,

The cystemn of conneetions Tor the other
digit value gronps= i~ exactiy the s, Jdus,
420 und 130 corresponding to the condnetars
4350 4340085 and 13801390 13
H44 and 448 (o the maznets 145,
449 the conductors 431 and 432 to the
ductors 436, 457 and 10, »H]. Thus. wfter
a magnet windiug of the group /4 has heen
energizad. the 3 conductors just deseribed are
closed. A short deseription <hall now he
given of the wayv in which they function.
The first two c¢lose a cirenit over the wind-
ing of the corresponding nmngnet. which re-
mains closed, even when the magnet 4235 m-

the magnels
HEG and LT,
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terrupts the conductors 371’, 372" . . . 379,
the third closes a circuit over the same mag-
net 425, the fourth closes a circuit over the
magnet 444 which itself closes a circuit over
the winding 448, which interrupts the circuit
431, so that the circuit closed by the first two
conductors over the magnets A is also inter-
rupted. The fourth conductor leads at the
same time to the next higher group of digit
values, where it adds one in the manner de-
scribed with reference to Figs. 14-17. The
fifth conductor finally closes a circuit over
the magnet 857, which prevents a fresh addi-
tion of the pdrtlal products being made as
long as it is energized, as is explained in sub
“Ad” and the following.

Af

To recapitulate:—On the multiplication
key 303 (Fig. 12) being depressed, the wind-
ings of the magnets 250 and 807 (Figs. 11 and
19) become energized and close a series of
circuits described in detail above, which cause
to be connected to the positive terminal of
the source of current those conductors in the
conductor groups 201, . .. 210, 211, ... 218;
and 201y, ... 210,, 211 ... 218y, which corre-
spond to the units and tens digits of the par-
tial products obtained from the munerieal
values of the magnets actuated in the group
orand g on the one hand and the numerieal
value of the magnet actuated in the group by

By the armature 307 being attracted the
conductors corresponding to the tens digits
are connected to the equivalent conductors,
that is, the conductors corresponding to the
salme  numerteal value of the conductor
eroups 521, ... 830  and 3214, ... 330, The
latter lead over the avmatuves of the magnets
ere and epe (as was explained with reference
to the magnets £, Figs, 14-17) to the windings
of those magnets in the two groups ¢; and ¢y
corresponding each to one (11011 value., which
corresponds to the numerical values of the
above mentioned conductors.

These magnets remain energized until by

U fresh addition heing arried out anothel
magnet \\mduw of the same group is ener-
aized (for the operation deseribed hitherto
is nothing else than the addition of the two
tens digits of the partial produet to zero.

As was shown i =ub “Ae™ the magnet 307
remains closed only as long ax is necessary
for the armature of a =econd magnet to he

attracted, the winding of which has only
Leen energized hy the attraction of the

magnet 307,

Ax no teus transfer operation could take
place so far in the addition of the partial
products, sinee in the group » the tens were
only et up in two snecessive groups of digit
values, the winding of the magnet 357 be-
comes deenergized on the arnature 307 being
deenergized and in the next moment the mag-
net winding 309 is energized, the armature
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of which, after being attracted transfers the
unitsof the above-mentioned partial products
to the corresponding groups ¢ corresponding
to the sccond and third digit values,

After the armature has been attracted, the
addition operation is carried out in the fol.
lowing periods of time, which follow one an-
other at short intervals (Fig. 13) —

(1) Energizing of the couespon(hnn nag-
net windings of the groups # and 7.

(2) Energizing of the corresponding
windings ¢ and mterruption of the conduc-
tors 371’ . 3797, addition of the numeral 1
in the previous group of digit values and en-
ergizing of the windings 337 and 444 or of the
windings corresponding thereto in the other
digit value groups.

( ) Energizing of the winding 448 or of
that Porre~p0ndmw thereto 1 the other
groups and the cousequent breaking of the
circuits leading over the magnet \\mdmﬂs
A and of the circuits closed by “the armatures
k. consequently of that closed over 357,

As 357 1s deenergized, the circuit over 310
(Figs. 11 and 12) is closed and the sequence
of operations contintes up to the last digit,

1t should he mentioned. that a group of 9
mugenets A corresponding to one digit value
can only come into operation onee during sueh
a partial addition, so that the tens transfer
to the next higher column takes place actu-
ally in the =ec ond period of time.

Although numerical examples are given at
the end of the specification. a numerical ex-
ample of the operation of multiplication
¢hall be inserted here.

T2% 36
2 ten~ diecits of the partial products 3 <7 and 3 X2
G its of the partial products 3v7 and 3% 2
s of the partial products 6 X7 and 6 X2
anes digits of the partial products 6 47 and 6 X2

In
of the magnet
the depression of the key 30
mainz energized to the end of the nndtipliea-
tion operation.

It may further be stated that the kevs 3t

subh “Ae™ 3t was kmterl that the

t 306,

winding
which was energized by
J (Figs, 6=9). re-

570 and 571 (the kevs for earrving out thu
operations) close the switeh 572 over a har
e which iy depressed by cach of the kevs,
from which cwiteh the condnctor H70 starts,
which leads over the winding of the maguet
W7, which as deseribed in sub “An", inter-
rupts the cireuit leading over the winding of
the magnet 141,
Ag

When the product set up in the magnet
group ¢ 1s to be typed. 1t ix first necessary for
the conneetion to be re-established between
the ommnibus conductors 130, 131 140
and the typewriting machine over the arina-
ture of the magnet {41. Thix i effected biv
depressing the kev 146, the typing key. which
closes a circuit through the conductor 574
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leading to the conductor 143 over the wind-
ing of the magnet 141.

The conductor 316 br anching off from the
conductor 54 leads over the armature of the
magnet 306 in such a manner that, on the
armature being attracted. the conductor is
closed at this point, and leads thence over
the armature of the magnet 311 in exactly the
same manner, leads thence to the winding of
the: magnet 317 and to the conductor 298,
which is connected over the conductor 55 to
the negative terminal 53 of the source of
currcnt

Over the armature of the magnet 317 there

leads the conductor 480. which starts from
the conductor 54 and which leads over the
winding of the magnet 479 (Fig. 6) to the
conductor 481. which leads to the conductor
482, which is connected over the conductor
55 to the negative terminal of the source of
current,

The conductors 460, 461 . . . 470 lead over
the armature of the magnet 479 1 such a
manner that they are closed at this point,
when the armature is attracted. Each of the
conductors 460, 461 . 470 leads over an
armature of the maguet group ¢ in such a
manner that it is closed at this point. when
the armature ix attracted and all these con-
Juctors start_from the conductor 471, which
leads to the conductor 54, Each of these con-
ductors leads. after leaving the armature
479, to the cor respondinn- omnibus conductor
of the group 130,131 ... 140.

The armature 479, when attracted. also
closes at this point the conductors 474, 475
and 483 and interrupts the conductor 473.

The conductor 474 starts from the con-
ductor 472. which is connected to the con-
ductor 54. leads first over the armature 479
and thence over the maguet winding 486 to
the conductor 481, which is connected over
the conductor 482 to the conductor 55.

The conductor 475 also starts from the
conductor 472 and leads first over the arma-
ture 479 to the magnet winding 476 and
thence to the conductor 477, which is con-
nected over the conductore 478 and 58 (Fig.7)
to the conductor 53 (Figs. 7 and 8).

The conductor 483 also stavts from the
conductor 472 and leads over the armature
479 and over the armature of the magnet 484
in such a manuer that, on the latter armature
heing attracted, the conductor is interrupted
at this point, and leads finally to the con-
ductor 480.

The conductor 473, which is interrupted
by the armature 479 bheing attracted. also
starts from the conduetor 472 and leads thence
over the armature ol the magnet 486 in such
a manner as {o be closed at this point, on
the armature being attracted, thence over the
armature of the nagnet 510 in such a man-
ner as to be interrupted at this point, on the
armature being atiracted, thence over the
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winding of the magnet 503 to the conductor
513. which itself is connected to the conductor
482, and thence over the conductor 55 to the
negative terminal 53 of the source of cur-
rent.

The conductor 485 leads over the arma-
ture of the magnet 476 in such a manner as
to be closed at this point, on the armature
being attracted. and leads thence over the
winding of the magnet 481 to the conductor
481.

The conductor 485 branches from the con-
ductor 488 (Figs. 6-9), which leads to the
typewriting machine and is always con-
nected to one terminal of the source of cur-
rent, when a typing magnet is attracted and
the nameral to be printed has been tvped,
as was described in connection with the type-
writing machine.

Besides the conductor 473, the conductor
487 also leads over the armature of the mag-
net 486, branches ofl from the conductor 471
and thence over the armature 486 and the
armature of the magnet 510 in such 2 manner
that, on the latter being attracted, it is inter-
rnpted at this point, after which it leads to
the conductor 474,

The magnets described above co-act. after
the armature 479 has been attracted, at short
successive intervals as follows—

(1) Attraction of the avmature 479,

The following circuits are closed :~—A cir-
cuit 483, which keeps the magnet winding
479 energized until the armature 484 is at-
tracted; the circuit 474, which leads over
the winding 486, and the cireuit 475, which

leads over the winding 476. The connection
Detween the magnet group ¢, and the type-
writing machine is established.

(2) The armatures of the magnets 476 and
486 are attracted.

The winding 476 remains energized as long
as the armature 479 is attracted. The wind-
g 86 remains energized until the arma-
ture 510 is attracted, as the conductor 487,
which keeps 486 energized, is then interrupt-
e The magnet 476 closes the conductor
185, which for the time being remains de-en-
ergized.

(3) Over the armature
nmagnet of the group o, a circuit is closed
throngh the (m)e\]mnrhn" conditetor of the
group of conductors 460, 461 . 470, and
the corresponding omnibus eondue tor of the
group 130, 131 . .. 140 over the winding of
the t\])lnfr magnet S. 3o 3y, 3. L. L By corre-
sponding to tho actuated magnet of the group
e and the mmeral set up in e 1 typed,

The attracted typing magnet eloses, on he-
ing atiracted. one of the conductors 13, 1

22 und conneets the conduetor 488 (o the
positive terminal 52 of the sonree of currvent.

The energizing of the conductor 88 rep-
rerents the fourth short period of time:

of the actuated

1,818,830
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(4) The winding 484 s energized and its
armature attracted.

The conductor 455 is interrupted and the
winding 479 is de- (‘nvl'«rived

(5) The released avmature 479 (he rettpon
closes the circuit over 173, as the armature
486 is still attracted. and the winding 503
becomes energized.

(6) The armature 503 is attracted —

Among other cireuits the cirenit over the
conductor 509 starting from the conductor
471 and leading over the winding 510 to the
conductor 513 1s closed.

(v) The armature 510 1= attracted :—

The winding 486 is de-cnergized. as the
conductor 487 is interrupted; the windings
484 and 476 had alveady hecone de-energized
after the release of the armature 479,

After the armature 503 has heen attractod,
which establishes the connection hetween the
group ey and the typewriting machine, the
sequence of operations continnes in exactly
the same manner antil each of the numerals
set up has heen typed.

It should be tated that in the second high-
est group of digit valnes (eq) the magnet
507 corresponds exactly to the magnet 484,
the maguet 510 to the magnet 486 and magnet
505 to the magnet 476;

In the third eroup of digit values ey (Figs.
6 and 7) in the same sequence the magnets
519, 535 and 532 and so on.

B

A further connection Letween the magnet
group « and the magnet group ¢ is <hown
in Fig. 18, this 1(‘1)1'<'&entm0 the system of
(onnectmns for acddition.

Fig. 18 shows the omnibus conductors 130,
151 140, however. in the present instance
W Jthnut their connection to the kevboard and
to the typewriting machine. Also the me-
nets 110 and 121 toeether with the conductors
leading over their armatures to the wind-
ings of the group o are shown dizconnected.

Also the conduetors of the groups 321,
)‘).20“ « .. :3301-”: :))i_),lp”, ,)2_3(”, . :;:;0.411:
220 v, 32200 3500 are shown discon-
nected.

From the key 571, the addition kev. there
teads the condictor 578, fronm which {he con-
duetor 574 branches successively over the ar-
matures of the minenets 110 and 121, the con-
ductor 574 lmdmn over the armutures 110
and 121 in sueh a manner that it is interrupted
at each of the two points, on the armature
being attracted. The conductor 57+ leads to
the armature winding 575 and Aoally to e
conduetor K81, whicl leads to the conduetor
Hh.and i consequently connected {o the neea-
tive terminal 523 of the sourcee of current.,

The conductor 576 branches ol over
armature of the magnet 121
ductor HT8. leading thenee {o
winding 577 and finally

the
from the con-
the magnet
also to the conductor
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581. The conductor 576 leads over the arma-
ture 121 in such a manner that it is closed at
this point, on the armature being attracted.

From the key 573 the conductor 579 leads
to the magnet winding 580 and thence to the
conductor 581,

20 conductors lead over the armature 575,
which connect the conductors of the group
600, 601 . . . 609 to the conductors of the
group 321.n, 822au . . . 330.n and the con-
ductors of the group 610, 611 . . . 619 to the
conductors of the group 82l.v, 322y .
330.1v, the arrangement being such that in
each case only two conductors of the same
numerical value are connected together.
These twenty conductors are closed at this
point, when the armature 575 is attracted.

The conductors of the group 600, 601 . . .
609 start from the conductor 590, each lead-
ing over an armature of the magnet group
a;, so that they are closed, on the armature
being attracted.

The same applies to the conductors of the
group, 610, 611 . .. 619, which start from the

5 conductor 591 and lead over the armatures

of the group a;.

In a similar manner the two conductors
582 and 583 lead over the armature 575 both
branching off from the conductor 589, which
itself leads to the conductor 54. The con-
ductor 582 leads to the conductor 587, which
leads over the magnet winding 588 to the
conductor 53.

The conductor 583 leads to the conductor

5 585, which leads over the winding of the

magnet 586 to the conductor 55. .

Over the armature of the magnet 577 there
lead ten conductors, which establish the con-
nection between the conductors of the group
600, 601 . . . 609 and the conductors of the
group 321y, 3221y . . . 3301y,

The two conductors 620 and 621, of which
the conductor 620 leads to the conductor

587 and the conductor 621 to the conductor .
5 bBb, also lead over the armature 577.

Over the armature of the magnet 580, as
in the case of 575 and 577, there lead 20 con-
ductors, which establish the connection be-
tween the conductors of the group 600, 601
. .. 609 and the conductors of the group
3211, 822,11 . . . 880, and between the con-
ductors of the group 610,611 ... 619 and the
conductors of the group 321, 32%m: . . .
330,11 ; also the conductor 584, which branches
off from the conductor 589 and terminates
in the conductor 585.

The circuits established by the armatures
of the magnets 586 and 588 are shown in Fig.
9. In this figure the key 571 is shown to-
gether with the conductor 578, which in this
figure for the sake of clearness is shown as
leading direct to the magnet winding 575.
The magnet 588 is shown above it and the
magnet 586 below it. S

Over the armature of the magnet 586 the
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conductor 622 leads in such a manner that it
is closed at this point, on the armature being
attracted. The conductor 622 starts from the
conductor 623, which is connected to the con-
ductor 54 and leads thence over the magnet
winding 125 (Fig. 8) and terminates in the
conductor 55.

Over the armature of the magnet 588 are
taken two conductors, namely the conduc-
tor 624, which starts from the conductor 623
and is closed by the armature of the magnet
588 at this point, on the latter being attracted,
and then terminates in the conductor 587, and
the conductor 625, which starts from the typ-
ing key 146, which is constructed as a double
key, and, after passing the armature 588, ter-
minates in the conductor 480.

The operation when adding is as follows :—

The number to be added is set up in the
magnet group ¢ in the same way as in the
case of multiplication, that is, the multipli-
cand key 151 is depressed and thereupon each
digit of the number starting from the high-
est place.

We have now the three following possi-
bilities :— '

(1) The number to be added has as many
digits as the magnet group a is capable of
taking up.

(2) The number to be added has less dig-
its and

(3) The number to be added has more
digits.

(Re. 1.) After the number has been set
up, as was explained in connection with the
multiplying operation, the two magnet wind-
ings 110 and 121 (Fig. 18) will be de-ener-
gized, that is, on depressing the addition key
571, the magnet 575 is energized over the
conductors 578—574—, its armature is at-
tracted and the number set up in the group
a is transferred over the conductors 321y,
322011[ e 33001H and 32101\7, _32201\{ e 32301\[
. 330.v to the magnets of the groups ey
and e, or, should a number already have been
set up there, the sum of the new and old num-
ber is set up in the magnets of the groups
¢ and ey as was described in connection
with the multiplication operation. Simul-
taneously, the magnet winding 588 is ener-
gized over the conductors 582 and 587 and the
magnet winding 586 over the conductors 583
and 585. After the magnet armature 586 has
been attracted, the magnet winding 125 (Fig.
8) is energized over the conductor 622 (Fig.
9), the armature of which magnet interrupts
the conductor 124 and by this means de-en-
ergizes all the magnet windings of the
group a.

The action of @ on ¢ thus again only lasts
for as long a time as is necessary for attract-
ing a second magnet armature, the magnet
winding of which becomes energized after
the magnets of the group ¢ have been acted
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on, irrespective of how long the key 571 is
depressed.

As all magnets of the group a have become
de-energized, a new number can be set up, 1. e.
the key 151 1s again depressed, and the new
number is typed.

It shall now be assumed that for instance
the second of the above-mentioned cases takes
place.

(Re. 2.) If the number to be added has
fewer digits than the group «a is capable of
taking up (in the present case only a single
digit, as the diagram is shown for two digit
numbers), the winding 121 (Fig. 18) will still
be energized, after the number has been set
up, that is, its armature is attracted, the con-
ductor 574 interrupted and the conductor
576 leading to the magnet 577 closed. The
one digit number set up will thus be correctly
transferred to the group ¢ry. The rest of the
operation is exactly as in the previous case.

‘When, after the addition of all the numbers
to be added, the sum is to be typed, it is suffi-
cient to depress the typing key 146 (Fig. 9),
which energizes the magnet winding 141 and
also energizes the magnet winding 479 over
the conductors 625 and 480.

The sum set up in the group ¢ is thereupon
typed in exactly the same manner as de-
scribed in connection with multiplication.

(Re. 8.) The consideration that normally
the product group ¢ has more digits than the
multiplicand group @ suggests the desirabil-
ity of being able to add summands having a
greater number of digits than the multipli-
cand group is capable of taking up. Thus,
for instance, assuming that in the present
case a three digit number is to be added, in the
first place the first two digits of the number
are set up in the group @ Thereupon the
key 573 (Fig. 18) is depressed, so that the
magnet winding 580 will be energized over
the conductor 579. Hence, these first two
digits are transferred to the magnet groups
e and ¢ and the group @ again becomes de-
energized, as in the previous cases. It is
then only necessary to set up the third digit
in ¢ and to transfer it to ¢y, as was described
in paragraph Re. 2.

The connections for groups ¢ having more
than two digits is naturally the same as de-
scribed above. 1t is only necessary to have
as many magnets corresponding to the mag-
nets 575 and 577 as there are digits in the
group a. The conductor 574 must in that case
Jead over all the armatures corresponding to
the armatures 110 and 121.

Each of these armatures (575 and 577 ete.
Fig. 18) carries out the transfer operation
in such a manner that the lowest digit of the
number set up in « is transferred to the low-
est digit position of ¢, each of the magnets
carrying out the transfer operation being en-
ergized by a conductor (for instance 576),
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which leads over the armature of the setting
up magnet (121), which is still closed.

Ca

The fourth group of electromagnets is the
subtraction or dividend group (Figs. 6-9)
with the references d; o, @, oy @1, 151, 2. .. &y, 03
dn, ey CZU, 03 dn, 1y du, 2y e 0 o Gq1, 95 A1l e 111, 09

ut, 15 @my, 2« . - A, 5, the Roman index again
indicating the digit value and the Arabic
index the numerical value of the magnets.
The index e signifies the magnets, which
function in connection with a space. The
connection of these magnet groups to the
keyboard shall first be described. From the
key 149 (Fig. 9) the conductor 642 leads to .

the magnet winding 641 and thence to the’

conductor 477, which leads to the conductor
478, which is itself connected over the con-
ductor 58 to the conductor 55 and consequent-
ly to the negative terminal 53 of the machine.

Ten conductors 631ar, 63241, 63341, 634ar, . . .
6404, lead over the armature of the magnet
641 in such a manner that they are closed at
this point, on the armature being attracted.
These ten conductors start from the omnibus
conductors 131, 132,133 . . . 140. Figs. 14-17
show how they are connected to the magnets
of the group .

In Figs. 14-17 as already stated, the sys-
tem of connections of the group f is shown.
With reference to this diagram of connections
the scheme of connections of the group of
magnets ¢ has already been discussed, which
is identical with a portion of this system of
connections. As regards the remainder the
connections are identical to those of the
group d.

In Figs. 14-17 the conductors 631, 632, 633
... 640 are shown without indices as what
is said about them in the following applies
both to all differences group di, diy, di and
also to all the groups £, i, fiu.  The signifi-
cance of the indices (for instance 6314 in
Figs. 6-9) will be readily understood. As
already stated, each of the conductors 831,
632 ... 640 is connected to one of the omnibus
conductors 131, 132 . . . 140, which are them-
selves connected to the numeral keys. Thus
each conductor 631, 632 . . . 640 corresponds
to a definite numerical value of the numerals
from 0 to 9.

Over each of the armatures of the magnets
of the group ¢, as was described with refer-
ence to the magnets of the group ¢, a conduc-
tor is taken, each of which is connected to an
omnibus conductor of the group 130, 131,
132 . .. 140, hence also to a type of the nu-
meral types of the typewriting machine.
Lach magnet of the group d thus also corre-
sponds to a definite numerical value.

Setting up in the minuend group (the par-
ticulars given in the following paragraphs
are described in detail in sub “Cb”).

The main magnet connects the omnibus
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conductors and therefore the keyboard to
the group d. By actuating the setting-up
key the first main magnet 641 (Fig. 6) be-
comes energized. - This magnet closes two
circuits, namely, one circuit over its own
winding and one circuit over the first aux-
iliary magnet (701), the latter however, only
after a numeral has been set up in the first
digit value group. The first auxiliary mag-
net interrupts the circuit over the first main
magnet and closes a circuit over its own wind-
ing and over the winding of the second aux-
iliary magnet (648), the latter circuit how-
ever only till the key is released, by a switch
144 (Fig. 9) being closed simultaneously with
the numeral key, which switch closes a cir-
cuit over a magnet, the armature of which, on
being attracted, interrupts the circuit over the
second auxiliary magnet. ‘

This second auxiliary magnet 68 closes a
circult over the second main magnet, the ar-
mature of which interrupts the circuit over
the first auxiliary magnet and also the sec-
ond auxiliary magnet (see sub “Cb”).

Over each armature of the magnets of the
group ¢ (in Figs. 14-17 of the group f) con-
necting conductors lead from the conductors
631, 632 . . . 640 on the one hand and the con-
ductors 371, 372 . . . 380 and the conductors
3727 ... 380" on the other hand, the arrange-
ment being such that they are closed at this
point, on the armature being attracted, so
that each of the conductors 631, 632 . . . 640 is
connected over each magnet armature to that
conductor of the group 371, 8372 . .. 380 or
371, 372 . . . 880", which corresponds to the
numerical value of the difference obtained
from the numerical value of the correspond-
ing magnet and of the corresponding con-
ductor of the group 631, 632 . . . 640, the con-
nection being established with a conductor of
the group 371, 372. .. 380, when the numerical
value of the magnet is greater than that of
the corresponding conductor and with a con-
ductor of the group 3717, 372" .. . 380’, when
it is smaller than that of the said conductor,
hence, when the next higher digit is required
for carrying out the subtraction,

In addition thereto a conductor leads over
each armature of the group @ with the excep-
tion of the first digit value group d; and with
the exception of the magnets d., such as are
shown in Fig. 27 for the magnets of the group
di in the conductors 1501, 1502 . 1510,
which all lead to a common conductor (in this
case the conductor 1511), which leads over all
the magnet armatures of the previous digit
value group with the exception of the mag-
net d. in series in such a manner that it is in-
terrupted at these points, on one of the said
armatures being attracted, and which termi-
nates in the conductor 631 of the said digit
value group (in Fig. 27 in 6314y).

All the conductors (1501, 1502 . . . 1510)
start from one conductor (in the present in-
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stance 1500), which is connected to the posi-
tive terminal 52 of the source of current.

The result of this is that, when subtracting
numbers of an unequal number of digits, in
which the number having the smaller number
of digits has first been set up in the group d,
a digit of the second number exceeding the
highest digit of the first number cannot be
set up in a previous group over the space ar-
mature of this digit value gronp, but is caused
to act over the zero armature of this group.

The function of the magnets » is again ex-
actly the same as was described in connection
with the group ¢, the tens transfer, however,
being effected in the different manner de-
scribed below.

Fig. 27 shows the connections for the tens
transfer in the group d for the two digits.

Over each armature of the magnets A there
lead five conductors, as was described in con-
nection with the group ¢ with reference to
Fig. 18, which have the same function as the
five conductors there described. The only
difference in this case being that the conduc-
tor 1281, in which all the fourth conductors
counting from the left terminate, does not
lead to the conductor 632 (in Fig. 27,632 dy),
for carrying out the subtraction of one over
this conductor in a known manner, but con-
ductors branch from it, each over an arma-
ture of the group du, (this of course applies
to all digit value groups), the arrangement
being such that the conductors are closed at
this point, on the armature being attracted,
which all lead to that conductor of the group
371, 372 379, the numerical value of
which corresponds to the numerical value less
1 of the particular magnet of the group d,
except the conductors leading over d. and d,,
which both lead to the conductor 38% (in the
example shown 380d,").

In Figs. 14-17, a third group of conductors
is shown, which are marked 641,, 642, .
660,. Where they are again shown with ref-
erence exclusively to the group d, they are
given the indices d;, for instance 642dy, dy,
for instance 650dn and so on (as will be seen
below with reference to Figs. 19 and 20),
which are connected just as the conductors
631,632 . . . 640 over the armatures of the
magnets ¢ (in Figs. 14-17, the magnets f) to
the conductors 371, 372 . 380: 371/,
372’ 3807, the only difference being,
that they are connected to that conductor,
which corresponds to the numerical value of
the difference of the numerical value of the
particular conductor of the group 641,
642, 650, and that of the particular
magnet.

Thus, if L indicates the numerical value of !

a conductor of the groups 631, 632 . . . 640
and 641, 642, . . . 650, and m, the numerical
value of the magnets, on the conductors 631
. .. 640 coming into operation the difference
m—L is formed and, on the conductors 641,,
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$12, . . . 650, coming into operation, the dif-
ference L= The connection of the mag-
net gronp o to the kevhboard shall now be dJe-

seribed with reference to IFigs, 6-9.
Cb

Over the armature of the magnet 641 (Fig.
G) there lead, besides the conductors alre: uly
referred to, t\\o further conductors, viz. the
conductors 643 and 645.

The conductor 643 branches off from the
conductor 644, which terminates in the con-
ductor 702, which 1s connected over the con-
ductor 54 to the positive terminal 52 of the
source of current. After leaving the arma-
ture of the magnet 641, the conductor 643
terminates i the conductor 642, but is previ-
ously taken over the armature of the magnet
701 in such a manner that it is mterrupted at
this point, on the armature being attracted.

The conductor 645 also branches ofl from
the conductor 644.

From the conductor 645 there branches over
weh armature of the magnets dogy diy o
iy a conductor 661, 662 . . . 670 in such
a manner that it is closed at this point by
the armature when attracted. All these
condnctors 661, 662 . 670, after leaving
the magnet armatures, terminate in the con-
duetor 671, which leads to the winding of
the magnet 701 and, after leaving this wind-
ing, terminates in the conductor 477, which, as
already remarked, is connected over the
conductors 478—58—55 to the negative ter-
minal 53 of the source of current.

Over the armature of the magnet 701 there
lead, besides the conductor 643 alrveady re-
ferred to. the two conductors 647 and 649 in
such a manner that they are closed at this
point, on the armature being attracted.

The conductor 647 branches off from the
conduetor 646, which leads to the conductor
G414 alveady referred to. and leads thenee to
the winding of the magnet 648, After leav-
ing this nmwnot \\mflm(r the conductor leads
over the armature of the magnet 162 (Fig.
9) in such a manner that it is iuterrupted at
this point. on the armature being attracted,
and terminates in the conductor 161, which
ws afready stated. is connected over the con-
diretors 145—55 to the negative terminal
33 of the sonrce of current.

The conductor 649 (Fig. 6) also branches
off from the conductor 646 and. just as the
conductor 647, leads over the armature of the
magnet 701 and thence over the armature of
the magonet 651 in such a manner that it is
interrupted at this point. on the armature he-
ing attracted. and finally terminates in the
conduetor 671,

The setting up of a numeral in the magnet
cronp y may now he followed out with refer-
enee fothe system of conneetions deseribod - —

By depressing the key at 149 (Fig. 9) the
following circuit is closed. The positive
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terminal 5204+ 419642, the magnet wind-
g G - 612 177 h Y- negative
terminal 53, By depressing the key | I‘) the
switeh T s elosed by the bar s, as nln-uly
described above, which switelr closes a cir-
cuit over the winding of the magnet 41 and
thus establishes in a known manner the con-
noction between the omnibus conductors 130,

51, 1832 . .. 140 and the numeral keys 45.,
}-)”‘ 45,45, . . . 45,. On one of the numeral
keys being depres\cd say the numeral key
4., the f()ll(mm“ circuit is closed i—positive
terminal ——Db—45,—56,—183—033¢,—
(see Figs. 1-}47) over the armature of the
magnet oy, —3T3—394—magnet  winding
Ny, —402—B5—negative telmmal 53.

In the sume way ax described in connection
with the magnet «rmup ¢ the magnet winding
dy 5 15 now enmnvod and remains onerwued
until another \\mdmn of the same group d1
is energized.

By the armature of the magnet dy. being
attracted the following cire 111L 15 (‘}(L\Qd
(Fig. 6) :(—DPositive terminal 5o—hd—T02—
G-H—045—0663—67 l—magnet winding 701—
4774785 8—Hi )—lll“"l“\'e terminal H3.

Adter the magnet w 111(Im<r G-+l had become

energized amltlu- armature thereot attracted.
the following cirenit was closed :—Positive
terminal 52—34-—T02—644—643—642—ma -
net winding 641—477—478—58—5i—nega-
tive terminal 53.

By this circuit the energizing of the mag-
net winding 641 was made m(lcpendult of the
depression of the ey 149.

By the energizing of the magnet winding
01 this eirenit is inter rupted bv the wina-
ing 641 deenergized.

The dopw«mn of the key 45, can be con-
tinued for anv length of tune, as the cirenit
closed throngh it only remains closed until
the armature of the magnet . is atteacted.

2k has ‘111' wdy been stated, simultancously
with the closing of a nunmerie: il ey the switeh
163 was d().\,w], which closes a cireuit over the
nmagnet winding 162,

By the armature 701 being atltracted, the
following two circuits were cloxod —

(1) Positive terminal 52-—5de7 02044
(46-—-0649—06T1—magnet winding T01—477—
478 db——m)——]]U"lll\(‘ immmal 53, This
(ilcuit however, keeps the magnet winding

01 enowl/od. even after the drnmtulo (»H
]un een xelo sed, until the magnet winding
651 becomes energized, as the armature oi
this magnet, on being attracted, interrupts
the conductor 649, '

(2) Positive terminal 52—54—T02—044—
(46—064T—magnet winding 648—647—over
armature 1(')‘)———1()1—1 45 Uil >—nvﬂ-mvo ter-
minal 53, This second eireuit s (mlv closed
.1( the moment, in which the m: et w inding

i hecomes J('(*nm“l/v(l that 1=, when the
]u w1, has heen r(l ased.

The artature of the magnet G648,
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being attracted, closes the following cir-
cuit .——Posmve terminal 52—54—702— 654
650—magnet winding 651—650—652—478—
58—55—negative terminal 53, in other words
the magnet 651 effecting the connection be-
tween the omnibus conductors 130, 131,
132 . . . 140 and the windings of the mag-
net group oy only becomes energized, when
the depression of the key. which effected the
setting up of a number 1 the magnet group
dy, has ceased.

The sequence of operations is repeated
through all the digit value groups of the
group ) d.

Ce

Figs. 19, 20 and 23, 24 show the connection
of the magnets of the group d to the other
groups, In Fig. 10 the group ¢ with its digit
value groups IL, ITT and 1V isshown.

Over each armature of the magnet group
ey (Fig, 20) there leads a conductor of the
conductor group 710, 711, 712 ... 719 in
such a manner that it is closed at this point,
on the armature being attracted.. All these
conductors start from the conductor 740,
which is connected over the conductor 743
to the conductor 54 and consequently to the
positive terminal 52 of the source of current.

The conductor group 710, 711, 712 . . . 719
leads over the armature 755 in such a manner
that all these conductors are closed at this
point, on the armature being attracted.
After leaving the armature they ail termi-
nate separately in the conductor group 761,
62, 763 ... 770,

This group of conductors leads over the
armature of the magnet 800 (TFig. 19) in
stich a manner that the latter, when at rest,
establishes the connection between the con-
ductor group 761, 762, 763 ... 770 on the
one hand and the mnductnr group 63141,
63241, 63341 . ()4()(,1 on the other hand fmd
when dﬂ'ld(t(‘d the connection hetween the
frst-named lrmup of conductors and the con-
ductor group 64145, 64241, 643, . . . 6504,

The connection between the “conductor
aroups 6311 63245 63341 . 6404 and
b—}l a1e 64241, 6431 . .. 65041 on the one hand
and the magnet windings 7g1a, a1, Nt

. 410 0N the other hand was explained with
reference to Figs. 14-17, but without the in-
dices given here.

As was stated in the passage referred to,
this connection passes over the conductors
371400 87241 37841, 37441 . . . 88041

The following points should. however. be
noticed =——The conductor 3714; 18 not con-
nected in this group, which is the highest
digit value group, to the magnet winding
Mg but through the conduetor 810 to the
magnet winding 798, The conductor 810
terminates, after leaving this magnet wind-
ing, in the conductor 812, which branches oft
from the conductor 831. The conductor 83

1,818,830
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leads to the conductor 744 (Fig. 20), which
starts fromthe conductorbdand leadsover the
armaturesof the magnets 828 and 920 one after
the other in such a manner that by attracting
the same it is interrupted at this point,

The conductor group 3721, 37341, 374ar1

. 3804 1)elmwnw to the magnet group nar
(Pw 19) leads in this digit value group to
none of the auxiliary m«mnetq A effecting the
tens transfer. but all terminate together in
the condnctor 794, the function of which will
he described below.

Over each armature of the magnet group
e (Pm ‘)()) there leads a conductor 720,
721, 722, T23 . 729, so that it 1s closed at
this pmnt by the armature. when attracted.
All these conductors start from the conduc-
tor 741, which again terminates in the con-
ductor 743.

The conductors of the group 720, 721, 722,
723 ... 729 lead over the armature of the
magnet 756 in such a manner that they are
&epdmtds closed at this poiut, on the arma-
ture being attracted, and terminate sepa-

ately in the conductor group 771, 772, 773

780.

"This latter conductor group again leads

over the armature of the magnet 799 (Fig.
19) similarly to the conductor group 761,
762,763 ... 770 over the armature of the mag-
net 800, the arrangement being such thdt
the armatme when not attmcted establishes
the cmmectlon with the conductor group
63],1‘[1, (;32.]'”, (332.},” . G-L()\]‘”Z 2\11({. when
attracted, with the conductor group G414,
6424 11, 643001 . . . 650, 11,

The connection between the conductors
(;?)](1'”, (;:;2(],11, 633‘]_” G'}()(l,ll ilnd 6‘1’1‘1.”,
(;_Lu(] 11 (;l‘h e (‘).)()‘1 i1 On th(‘ one llx”](l dnd
the conductor gioup 371, 34-du. 3734 11
AT4aar . . . 38041 on the other hand is again
the same as deseribed with reference to I4 gs.
14-17.

The following should, however, be noted :—
The conductor 371, - is not (mmmto di-
rectly to the magnet winding ng . 1>ut leads
over the armature of the nmnnet 798 in sueh
a manner that the armature. when not at-
tracted, keeps it closed at this point and the
armature, when attracted, establishes the con-
nection w 1th the conductor 811, which leads
to the magnet winding 795 and, after leaving
the latter, telmumtes in the conductor \1’
The conductors 372n, 37341, 8Td4eu . . .
38041, are connected over the armature of the
magnet 798, when not attracted. to the wind-
ings of the anxiliary magnet A, which effect
tho tens transfer to the no\t higher digit in
exactly the same manner as was Cdeseribed in
connection w lth (lm magnet group ¢ with ref-
erence to Fig. 13.

When the armature of the magnet 798 is
attracted, it establishes connection between
the conductors 37251, T30 1, 374w 11+ .+ 38007
on the one hand and the conductors 801, 802,
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. 809 on the other hand. The latter con-
ductors again terminate in the conductor 794,
Over each armature of the magnet group
Crv (Fi'r 20) one each of the conductors 730,
721, 739 lead in such a manner that
they are closed at this point, on the arma-
ture heing attracted, all the said conductors
Lranching off from the conductor 742, which
again ter minates in (he (nmhlctm (43

The conductor group 730,781, 732, .. 73
Ieads over the armature of the magnet o7
in such a mauner that all the conductors are
closed at this point by the armature, when
attracted, and arve connected =eparately to the
vonductor group 781, 782, 783 . .. 790. The
last-named conductor group leads over the
armature of the magnet 796 (Fig. 19) in such
a manner that the armature, when not at-
tracted. establishes connection between the
said group of conductors and the conductor
group 631, . 6324 1. 63350 - . . 640, and
the armature, when attracted, establishes the
connection between the conductors 781, 782

.. 790 and the conductor group 6414,
6-}3,, 1 ()4’5| TIL o o « G )()d.[”.

The connection between the
Lroups (§% )],1 Tils 6. 3‘.4(] 1Tl G?)g,y.”[
6415 101 0420 10 64300« . - 650, 11 on the one
hand and the conductors 371aan 37240,
BT830 .+« . 3804111 on the other hand is again
exactly the same as in the previous digit
group values d; and ;.

The connection Dhetween the conductor
aroup -)l..q\ 1M1a %‘ %(1' 1M1= 'H‘}q' LIRS v"’)SOdq“ and
the auxilinry magnets 4 or the conductor 794
respectively is exactly the =ame over the ar-
miature of the magnet 795 as in the previons
digit value gronp over the armature of the
magnet 798,

From the conductor 794 there are hranched
off two conductors namelv :i—

(1} The conductor 850, which leads over
the armature of the magnet 792 in such a
manner that it is closed at this point, on the
arni iflll(‘ being attracted. From the condue-
tor 830 the conductor 862 branches off over
the magnet winding 796 to the conductor 812,
the conduclor 861 over the magnet winding
799 and the conductor 860 over the magnet
\\'inding 8((] alzo to the conductor 812 —

(2) The conductor 921, which leads over
the ammtmo of the magnet 923 (Fig. 20) in
such a manner that it is cloxed at this point.
on the armature being attracted. and which
leads thence over the winding of the mag-
net 922,

To the winding of the above-mentioned
magnet 792 (Fig, 19) there leads from the
kev T45 the conduetor 791, which. after leav-
ing the magnet winding, terminates in the
conduetor 55, Over the armature of the mag-
net 792 there also leads the conduetor 793
in stich a manner that it is closed at this
point, on the armature heing attracted. The
conductor 793 starts from the conductor 54

r)..«...
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and terminates in the conductor 791 and
therefore keeps the magnet winding 792 en-
ergized, even when the pressure on the key
745 has ceased.

Over the armatures of the magunets 800,799,
798, 796, 795, referred to above, there lead,
besides the conductors referred to, the fol-
lowing conductors as well in such a manner
that they are closed at this point, on the arma-
ture being attracted :—

(1) Over the armature of the magnet 800
the conductor 9287, which starts from the con-
ductor 748 and terminates in the conductor
860.

(2) Over the armature 799 the conductor
751, which also starts from the conductor 748
and terminates in the conductor 861.

(8) Over the armature 798 the conductor
864, which starts from the conductor 751 and
terminates in the conductor 810, and the con-
ductor 865, which starts from the conductor
813 and leads to the magnet winding 7ng,,.
The conductor 813 starts from the conductor
814 (Fig. 20) and leads over the armature of
the magnet 825 in such a manner that it is
closed at this point, on the armature being at-
tracted. The conductor 814 branches off
from the conductor 54 and is therefore con-
nected to the positive terminal 52 of the ma-
chine.

(4) Over the armature of the magnet 796
(Fig. 19) the condnetor 750, which again
starts from the conductor 748 and terminates
1 the conductor 862,

(5) Over the armature of the magnet 795
the conductor 863, which starts from the con-
ductor 780 and terminates in the conductor
811, and the conductor 866. which again
starts from the conduector 813 and terminates
m the conductor 3714y, and is therefore con-
nected to the winding of the magnet ng4.11,0.

Between the conductors of the groups (10
TILTIZ oL L 719,720,721, 722 . . . 729, Tt
RTS8 L. LT3 (T‘lg. 20) on the one hund

and the conductors of the groups 761, 762,
T63 ... 770, YL, T2, TV3 ... T80, TSI,
82 . . . T90 on the other hand there ave, be-

sides the (*(mno(ltionq over the magnet arma-
tures 755, 756, 767 already descr 1b0d further
connections in exac tlv the same wav over the
armatures of the magnets 752, 753, 754 and =o
on; over the armature 752 between the con-
ductor group 710, 711, 712 . . . 719 on the
one hand and the conductor (Tmnp T81.
83, 790 on the other hand. over the ax-
mntme 753 between 720, 721,722 ., . . 729 on
the one hand and 781, 782, 783 . . . 790 on
the other hand and over the armature 754 be-
tween 710, 7T11.712 . . . 719 on the one hand
and 771,772,773 180 on the other hand.

Over the fnmatmos of the magnets 752,
58, Th4. THh. TH6 and TH7 there lead besides
the aonnectin,q conductors already referred to
the following conductors:—

(1) Over the magnet armature 752, the
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conductors 924, 821 and 925, all starting from
the conductor 822, the conductor 924 termi-
nating in the conductor 834, the conductor
821 in the conductor 815 and the conductor
925 in the conductor 935. The conductor
834 leadls to the magnet winding 835 and ter-
minates in the conductor 8515 the conductor
815 leads to the magnet \\mdmg 816 and ter-
minates in the conductor 35. Over the ar-
mature 816 the conductor 823 starting from
the conductor 814 and leading over the mag-
net winding 824 to the conductor 815, leads
in such a manner that it is closed at this point
by the armature, when attracted. Over the
armature of the magnet 824 the conductor 822
referred to above leads in such a manner that
it is interrupted at this point, on the arma-
ture being attracted. From the conductor
815 the conductor 1307 branches off, which
leads over the magnet winding 840 (Fig. 19)
to the conductor 831. The conductor 935
will he discussed below,

(2) Over the armature of the magnet 753
there leads the conductor 927, which starts
from the conductor 742 and thence over the
armature of the magnet 934 in such 2 manner
that it is closed at this point by the armature,
when attracted. and finally terminates in the
conductor 933. in such a manner that, on the
armature 753 being attracted it is interrupted
at this point: and also the two conductors
820, 929 in such a manner that they are closed
at this point by the avmature, when attracted.
The two conductors 820 fmd 929 again start
from the conductor 822 and lead :—the con-
duetor 820 to the conductor 815 and the con-
ductor 929 to the magnet winding 930 ‘md
thence to the conduetor 831,

(3) Over the armature 764 the fonr con-
duictors 931,932,923 and 819 which all again
start from the conductor 822, in such a man-
ner that they are closed at this point. on the
armature h(‘m;: atiracted, the condnetor 931
terminating in the conductor 928, the con-
ductor 932 in the conductor 834, the condue-
tor 819 in the conductor 815 and the con-
ductor 933 in the magnet winding 934 and
thence to the conductor 831.

(4) Over the armature 755 the four con-
ductors 818, 832, 833 and 836, which all again
start from the condunetor 822, in such a man-
ner that they are closed at this point, on the
armature being attracted. the conductor 818
terminating in the conductor 815, the cou-
ductor 832 in the conductor 834, the con-
ductor 833 in the conductor 830 and the con-
ductor 836 in the winding 837 and. after
leaving the latter, in the conductor 831.

(5} Over the armature of the magnet 756
are the four conductors 835,811,817 and 1920,
the conduetor 838 hranching off {rom the vm‘
ductor 748, and, after leaving the armature
Th6, leading to the armatare of the mapnet
837 in such a manner that it is elosed at {hiy
point, on the armature being attracted, aud

o
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terminating in the conductor 836 in such a
manner that it is interrupted hy the arma-
ture 756, when attracted; and the conductors
817 and 841, which both branch off from the
conductor 8:22, and the conductor 1320, which
branches off from the conductor 839, in such

‘a manner that they are closed at this point

by the armature, when attracted. the con-
ductor 817 terminating in the conductor 813
and the conductor 841 in the magnet winding

2, from which it leads to the conductor 831,
‘md the conductor 1820 in the (’(mdmtm \31

(6) Over the armature 757 are the four
conductors 843, 815, 946.and 1321, the conduc-
tor 843—which branches off from the con-
ductor 748 and, after leaving the armature
767, leads over the armature of the magnet
842 in sueh a manner that it is closed at this
point, on the armature being attracted, and
terminates in the conductor 841—in such a
nianner that it is interrupted by the armature

THT being attracted, and the conductors 843,
946 and 1321 in such a manner that they are
closed, on the armature 757 being attracted.
The conductors 946 and 845 start from the
conductor 822 and terminate:—the conduc-
tor 946 in the conductor 815 and the con-
ductor 845 in the magnet winding 846, from
which it leads to the conductor ol. and the
conductor 1321, which starts from the con-
ductor 844, in the conductor 831.

To the magnet windings 752, 753, 754, 755,
56, 76T there lead the follomno eirenits —

(1) To the magnet winding 752 the con-
ductor 935, which starts from “the conductor
747 and leads over the armature of the mag-
net. 700 in such a manner that it is closed at
this point, on the armature being attracted,
and after Teaving the magnet \\m({mn TH2
tumm wtes in the conductor 83

(£) Tothe winding of the nmnlwt o the
conductor 926, which branches olt from the
conduictor 822 and. after leaving the magnet
winding 753 leads over the armature of the
nagnet 840 in such -a manner that it is in-
terrupted at this point, on the said armature
being attracted, and thouce over the armature
of the m agnet 934, which closes it at this
point, on being attracted, to the conductor
933.

(3) To the winding of the magnet 7ot
there leads the conductor 928, which starts
from the conductor 747 and leads in such a
manner over the armatnre of the magnet
760 that it is closed at this point, on the ar-
niture being attracted. and after leaving
the magnet winding 754 terminates in the
conduetor 831.

(4) To the winding of the magnet 756
(Fig. 20) the conductor 839, which starts
from the conduetor 8292 .md after leaving
the magnet winding 756, leads over the ar-
mature of the nm“not 84() (l‘l"‘ 19), which
interrupts it at this point, on being attracted
and over the armature of the magnet 837
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(Fig. 20), which closes it at this point, when
attracted, and terminates in the conductor
836.

(5) To the winding of the magnet 755

- there leads the condn«-tm 830, whth starts

from the conductor T47 and leads successively
over the armatures of the magnets T58, 759
and 760 in such a manner that it is inter-
rupted by any of these armatures being at-
tracted and, after leaving the magnet wind-
ing TH5, terminates in tlw ('ondu(tor 831.

(()) To the winding of the magnet 757
there leads the conductor 844, which starts
from the conductor 822 and dftel leaving the

said magnet winding leads over the arma-
ture of the magnet §10 (Fig. 19) n such a
manner that it is mteuupted at this point,
on the armature beine attracted. and thence
over the armature of the magnet 842 (Fig.
20}, which closes it at this point, on being at-
tracted, and thence to the conductor 841,

Over the armature of the magnet 840 (Fig.
19) there leads the conductor 827 in the same
manner as the conductors 839, 926 and 844,
which starts from the conductor 814 and
leads over the armature of the magnet 825
in such a manner that it is closed at this point,
on the armature being attracted, and then('e
over the magnet winding 828,

From the conductor 897 there branch off
two conductors, nanely, the conductor 849
which leads over the armature of the magnet
930 in such a manner that the latter closes it
at this point, on being attracted. and ter-
minates 1n the conductor 829, and the conduie-
tor 847, which leads over the armature of the
magnet 846 in the <anme manner and termi-
nates in the conductor 845,

Before the subtraction of the two numbers
ix deseribed with reference to the connections
just deseribed, the following shall he prem-
ixedd. In the subtraction of two numbers
v and v there are two possibilities:

(1) The algebraic sum v —» is requived, iv-
respective of ‘the relative values of » and
that is. negative differences are also xoquod
and

(2) Only positive differences are sought,
that is:—should it be found in carrying out
the calculation w— that v<». the machine
shall not indicate a difference.

Sinee the zecond ease would appear to have
been sufliciently discusred in connection with
division. the first case only <hall be gone into
here, which ocenrs Tor instance, where the
machine is used as a hoolk-keeping machine,

If the difference of two numbers w—1r is
to be formed, in the first place the separate
digits of the number v are set up in the groups
Cits Ciie cy 2l so on (Fig, 20), by means of
the miagnets 758, 759, 760, in the same man-
ner as was described in connection with the
magnet group d.

The magnets 758, 769 and 760 have in this
case the same function and are interconnected
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in the same manner as the magnets 641, 651
and 684 in IMigs. 6-9.

If the posltl\c or negative algebraic sum
u<w» is required, the key 745 (Fig. 19) is de-
pressed, which over the conductor 791 ener-
eizes the magnet winding 792, which keeps
the armature attracted, when it has once been
attracted, as the winding remains energized
over the conductor 793, even after the key
has been released. The attracted armature
792 closes the conductor 850 at this point and
thereby establishes the connection between
the condnctors 794 and 850. Over the arma-
ture 792 there also leads the conductor 1289
(as shown in Fig. 27), which starts from the
key 146 (the tvping kev) and after leaving
the armature 792 passes successivelv over the
armatures 837, 842 and 846, so that 1t is inter-
rupted at these points, on one of these arma-
tures being attracted. and leads over the ar-
mature 1303, which interrupts it, on being at-
tracted, and terminates over the winding 1301
in the conductor 55.

On the subtraction key 746 (Fig. 19) being
depressed and if a three digit number has
been set up, that is. if none of the three arma-
tures 758,759 and 760 are still attracted (the
same applies in this case as in the addition
deseribed with reference to Fig. 18), the fol-
lowing cireuit is closed :—52 (Fig, 19)—54—
T46—T47—830 (Tig. 20)—magnet winding
755—831 (Figs. 19, 20)—T44—55—53.

After the armature 755 (Fig. 20) has been
attracted, the connection between the condue-
tor group 710,711 719 on the one hand
and 761,762,763 770 on the other hand
is established and over the conductor group
6?)1(]_1, 632(1'], ()'33(].1 PN G‘J’Od'l (P‘IQ. 19) thl}
numeral set up in the group ¢ (Fig. 20) is
transferrved to the group o, (over the magnet
armature dy, as was deseribed above with ref-
erence to Figs. 14-17). At the same time the
following circuits are closed :—

(1) 52—5B4—814—822--833-—830—magnet
winding 755-—831—T44—55—58. This cir-
cuit keeps the magnet winding 755 energized.

(2) 52—54—814—822--832—834—magnet
winding 835 53.

(3) h2—54—814—822—836—magnet wind-
ing 837—836—831—744—55—53,

(4) 52—54—814—822 -818—
winding 816—S815—55—53 and

(3) 52—54—811-—822—818—813
winding 840 (Fig. 19) —1307—831—744
(Fig. 20)—55-—53.

(Re 1) This circuit keeps the magnet
winding energized until the conductor 892 is
mtmrupted‘

(Re 2) On the magnet armature 835 (TW
20) being attracted, the eonductor 747 is in-
terrupted, so that the connection hetween the
va 746 (Fig. 19) and the magnet winding
735 is broken.

Through the circuit 52—54-—746—T47—
945—834—magnet wmdmg 835—834—831—
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744—55—53 the armature winding 835 is
kept energized aslong as the key is depressed.

ence, the key may be depressed any
length of time; after the armature 755 has
been attracted, it has no further effect on the
carrying out of the calculation.

(Re 3) The armature 837 (Fig. 20) closes
the following circuit :—

52—54—748 (Fig. 19)—838 (Fig. 20)—
armature 837—magnet winding 837—836—
831—744—55—53.

The magnet winding 837 thus remains en-
ergized until the conductor 838 is inter-
rupted.

(Re 4) The armature 816 (Fig.
the following cireuit :—

52——54——814——823-—magnot winding 824—
h3.

On being attracted, the armature 824 inter-
rupts the conductor 822 and thereby all the
circuits leading over this conductor. Hence,
only the Wmdlng 837 remains energized. 824
also becomes deenergized again, Whereln the
conductor 822 is again closed.

(Re 5) The armature 840 (Fig. 19) inter-
rupts, besides other conductors, the conductor
839, s that the circuit leading over the wind-
ing 756 can only be closed when the winding
840 becomes deenergized, that is, at the
earliest, after the attraction of the magnet
824, which interrupts the conductor 822.

At the moment, in which the magnet wind-
ing 840 becomes deenergwed that is, in which
the armature 840 assumes its position of rest
(the magnet 840 has exactly the same func-
tion and connections as the magnet 357
(Fige. 11 and 13) in the group (), that 1s,
until any tens transfer is completed, which
does not apply in the case of the first mun(‘ml,
the following circuit is closed (Figr. 20) i —

20) closes

’)2——.)4——814—822—8 39-—magnet winding o

756-—839-—836—magnet wmdm«r 837—836—
831—744—55~—53. Thus W h]le, on the arma-
ture 756 heing attracted, the conductor 838
Is interrupted, the magnet winding 837 will
remain energized. as the same cir Cmt which
flows round (.)6, will now lead over the wind-
ing 837.

The armature 756 now establishes connee-
tion between the conductor group 720. 721,
722 ... 729 on the one hand and 771, 772,
773 ...780 on the other hand and the numeral
set up in the group cmr is transferred to the
group di.

By the circuits —52—54—814—829—
817—815—magnet winding 816—815—55-——
53 and 52— 54— 814 — 822 — 841 — magnet
winding  842—841-—-831—T744—55—53  the
same seqlience of operations as above is ini-
tiated until through the circuit :—

52-—54-—814—822—844—magnet winding
THT—844 (Fig. 19)--841 (Fw 20)——mﬂwnm
winding 840841 831—T44—55—53  the
nmgnet 757 becomes energized and by its
armature the connection is established be-
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tween the conductor group 730, 731, 732 .

739 and 781, 782, 183 . 790 so that the
transfer of the numeral set up in'the group v
to y; is earried out.

The armature 757 also closes the following
cireuits —

(1) 52-— 54 — 814 -— 822 — 845 — magnet
winding 846—545—831—7d4—55—53.

(2) H2-~-B4-—814-—822—946—815—magnet
mndmw 816—-815—h5—5b3.

(Re 1) The magnet $46 closes the follow-
ing two cirenits i—

(I) H2—Hd-—u20--848—84h—magnet wind-
ing 846845831 - TH—B85-—h3. The mag-
net winding 846 thus remains energized, even
after the interruption of the conductor 822
initiated by the erreuit given in (2). At the
moment, in which the armature 840 (Fig. 19)
aesies its position of rest (1. e, any tens
transfer is completed) the following cireuit
is elosed by the armature 846 (Fig. ‘)0) —

(TT) 52— 54-—814 —822 — 896—magnet
winding &825—826—827—847—845 xllqgnet
winding S46—845—831—T44—55—53.

The armature 825 connects the conductor
813. described helow, over 814 and 54 to 52
and closes the following clvenit:— 52—54—
814—827—magnet winding 828—827-—847—
845—magnet winding 846—845—831—744—
55—153.

The armature 828 interrupts the conductor
T4E on being attracted and thereby inteuupts
all the cirenits cloxed during the subtraction
aperation with the (‘\(‘(‘pfl()]l of those Ieading
over the armture of the magnet group d.
All the windings of the group e are theveby
also deenergized and a fresh number can be
set up in .

This new nimber s teansferved to o in the
same manner, but we have the following pos-
sibilities :-—

(1) If each numeral of u is greater than
each equivalent numeral of . noﬂnno niore
need be said abont the carrying out “of the
subtraction than has .llrendy been said
above i—

(2) If only the fivst nueral of v is greater
than the first mimeral of » the subtraction is
carried out hv means of the auxiliary mag-
nets 2 effecting the tens transfer, nothing
further need he said on this point.

() The first numeral of w is smaller than
the first numeral of », that is.w <.

In this case, as alveady deseribed above,

the connection is established by the ‘numhu@

of the magnet group d, corresponding to the
numerical value of the first numeral of u be-
tween the conductor, which corresponds to
the numerical value of the first numeral of o,
of the gronp 631,,, 632, 63341 . ()L()“
(Fig. 19) and the eonductor gl(mp 3200,
";7")“ .2 280, which would ecorrespond to
the numerical value of the difference of the
two numerieal valnes with the aid of one unit
of the next higher digit column. Since in the
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group d; the conductors 37241, 37341 . . . 38041
are not connected to the conductors 3714,
37341...38041,and therefore also not with the
ma. mlet Wlndlnﬂfs nd Lo Nar11y Nag2 » « « Mg 1,0
but all terminate in the conductor 794, the
subtraction of the two first digits is not car-
ried out, but, after the armature 755 (I'ig. 20)
has been attracted, the circuit over the con-
ductor 794 (Fig. 19)—850 and over the three
conductors 860, 861, 862 and over the three
magnet windings 800, 799 and 796 is closed.

By the armatures 800, 799 and 796 being at-
tracted, as was described in sub “Cc”, the
connection is interrupted between the con-
ductors 761,762,763 ... 770; 771,772,773 ...
780; 781,782,783 ...790 on the one hand and
th(i C(mduct()rs 6314'1, 632(1,[, (')33(1'1 . 640(]'[;
631d,n, 6324,11, 633411 6404115 631410,
6324111, 6334110 .+ - . 640,10 on the other hand
and the connection is established between the
conductors 641y, 64241, 64340 . . . 650ar;
641[1'”, 64211‘11 650d.11; 641,],111, 642&.111,
643(1'”1 e 650,1'[11.

By this means the subtraction r»—u is
initiated and the case 3 is referred back to the
case 1 or the case 2.

It should be noted. that after the armature
755 (Fig. 20) has been attracted, magnet
windings 800 (Fig. 19) 799, 796 and 816 are
energized simultaneously, so that the magnet
winding 755 (Fig. 20) remains energized
just long enough for the subtraction in the
column d; of the first digit of » and of the first
digit of u to be carried out.

(4) The first digit of » and the first digit
of » are equal and the second digit of u is
smaller than the second digit of ».

In this case, after the armature has
heen attracted, the conductor 371, (Fig. 19)
is energized. This conductor, how ever, as
already described, is not connected to the
magnet winding 2. ,, bt over the conductor
810 to the m(mnet w mdmg T98.

The armature 798 is attracted and effects
a connection between the conductors 3724,
37301 . -« 38041 on the one hand and the
conductors 801, 802, 803 . .. 809 on the other
hand, all of which terminate in the conduc-
tor 794.

In this way case 4 is reduced to case 3.

As the assumption in that case 4 was the
first digit of w and the first digit of v should
be equal, the magnet winding d; , must be en-
ergized in the group #, after the completion
of the subtraction.

The subtraction is completed when the ar-
mature 825 (Fig. 20) is attracted: the latter
therefore closes the following circuit:
52-—54—814-—813—865—(Fig. 19) magnet
winding 7a,1, and thence in a known manner
to the ne;rmve pole 53 of the source of cur-
rent.

(5) The case that the twao first digits of »
are equal to the first two digits of # can easily
be understood and be reduced to the preceding

755
o

1,813,830

trahend is set in the group ¢
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case, since the conductor 371, 1s connected
with the winding ng 11, over thie non-attracted
armature 798; however, as regards the at-
tracted armature the said conductor is con-
nected over it with the conductor 811, which
leads to the magnet winding 795, which lias
the same function in the third position as the
magnet 798 in the second position.

In this case, after the completion of the sub-
traction, dlso the magnet winding 741, be-
comes enerm/ed over the conductor 866 which
is branched off the conductor 813,

The subtraction of two numbers having a
different number of digits is entirely analo-
eous to the addition described with reference
to Figure 18.  The operation of the dingram
of (Onncctions over the magnet armature 732,
(Fig. 20) 753, 75t and the conductors 923
and 935 will be e asily understood from the ex-
planation given in sub “Ce”.

It is also to be pointed out that the diagram
of connections for the subtraction is in no way
changed when the numbers used in the opera-
tion are set in the group @ of magnets instead
of in the group ¢ of magnets, if conductors
entirely analogous to the conductors 710—739
are led over the armatures of the group « of
magnets.

There are three possible ways of setting the
numbers to be subtracted from one another:

1. The minuend is set in the group d from
the keyboard in the same manner as the
dividend in thé case of division, and the sub-
This setting
has the disadvantage that when the minuend
is set, there must be inserted before the actual
number a number of zevos in the group d
equal to the difference between the number
of the groups of digit values present in the
nmachine and the number of digits to be set.

The setting has the advantage that the two
numbers to be set ean be set one after the
other without a pause.

2. The two numbers to be subtracted from
one another are sct i the group ¢ and are

transferred one after the other to the group o,

This manner of setting has the adv antage
that the setting of the zeros before the num-
ber may be <hspenwd with. Tt has, however,
the disadvantage that between the setting of
the first and the second number there must
be made a verv short pause, since the trans-
mission from ¢ to « takes place digit by digit,
and the second number can be set, only after
the first number has been transferred to d.

3. The setting of the two figures takes place
in the group a.  After the setting of the first
number, the latter is transferred to ¢, as in
the case of addition, by actuating the key of-
feeting the addition operation, and is trans-
mitted Trom ¢ to 7 by a subsequent operation
of the kev 746 (Ifig. 19) which ceffects the
operation of subtraction.

As the transmission from « {o ¢ does not
take place digit by digit, but all the digits
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are transmitted in the time that is required
for the successive attraction of two magnet
armatures, a pause between the settings cor-
responding to the time that is required for
the pressing down of the two keys 571 and
746 will in any case suffice. Thus the second
number can be set immediately after the first
number without a pause, and no setting of
possible zeros takes place, since the number
is transmitted from « to ¢ with the right digit
values.

Obviously, in this case care must be taken
that after the transmission from a to ¢ has
taken place, the armature 538 shall not he
attracted, which armature. as will be seen
from the example of addition, initiates the
writing of the number set in ¢. that is to say
the conductor 587 must he led over the ar-
mature 792 (Fig. 19) in such a manner, that
it 1s mtorrupted when this armature is at-
tracted.

cd

For the purpose of writing the difference
set in the group d, the typing kev 146 1s
pressed down (Fig. 27). The typing key
146 closes in addition to the cirenit illue-
trated in Figures 6 to 9, the following cir-
cuit: u’—n4——128‘)——wmduw 1301—12
55—53. The armature 1301 (Fig. 6) ini-
tiates in a known manner the writing of the
number set in the eroup 4 and in addition
thereto closes the following circuit : H52—54—

302—winding  1303—1202—55—33.  The
armature 1303 closes the following cirenit:
H2—hd4—ley 146—1289—1304—1302—wind-
ing 1303—1302—55-—53.

Thuat is to «axv. if the kev [46 is presced
down, the circenit over 1301 is closed only
after all the armatures 837, 842, and 846 have
come to their position of rest, that is to say
after the subtraction has been completed. <o
that the tyvping kev 146 mnst remain closed
until the first figure of the difference has been
written: however, it may remain closed for
a Jonger period of time, since after the attrac-
tion of the armature 1301 the armature 1303
is attracted. which Iatter armatnre inter-
rupts the connection between the key 146 and
the winding 1301, and remains attracted as
tong as the keyv is kept pressed.

The armature 1301 is thus made indepen-
dent of the kev 146 and remains closed only
until the figure set in d; is written.

Da

The fifth group of magnets viz., the quo-
tient =electing group o, will now be deseribed.

The cotting of a ficure in the group « of
magnets is shown in Figs. 6 to 9.

From the donble key 148, viz. the divisor
key, the conductor 10407 leads to the condue-
tor 152, which connects in a known manner
the group a of magnets with the bus-conduc-
tors 130, 131 ... 140. Further, the condne-
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tor 1039 leads from this key to the magnet
winding 1040 and thence to the conductor 998,
The conductors 1030, 1031, 1032 . . . 1038 lead
over the armature of the rnagne,t 1040 in such
a manner that when the armature is attracted
they establish a connection between the bus-
conductors 132, 133, 184 . . . 140 on the one
hand and the maonet \vmdmos €1y €5 ... 6y O1
the other hand. Further, over the armature

1040 there passes the conductor 1042 which
conies from the conductor 1041, the latter be-
ing connected over the conductor 702 with the
conductor 54, and thus with the positive pole
52 of the source of current, in such a manner
that it is closed at this peint by the attracted
armature 1040.

After leaving the armature 1040, the con-
ductor 1042 passes over the armature 1043,
which interrupts. it at this point when at-
tracted, to the conductor 1039.

From the condnctor 1042 there branches
off the conductor 1054, from which a condue-
tor 1045, 1046, 1047 . . . 10563 passes over each
armature of the group e, in such a manner
that it is closed at this point by the attracted
armature. All the conductors 1043, 1046 . . .

053 end in the conductor 1044 which leads
over the magnet winding 1043 to the con-
ductor 298.

The operation of this diagram of connec-
tions will be clear. When the divisor key is
pressed down, the conductor 1040 connects
in a known manner the group a to the bus-
conductors 130, 131 . . . 140 aud at the same
time the conductor 1039 effects the connec-
tion between the group ¢ and the bus-condue-
tors 132, 133 . . . 140. The circuit 52—54—
702 — 1041 — 104 2 —1039 magnet winding
1040—298 keeps the magnet 1040 ener 01/0d
antil the armature 1043 is attracted. his
comes into action as soon as a figure is set in

“the group e.

Thus when a numbier is set after the divisor
key has heen pressed down, the number is set
in'the group a of magnets (the group of mul-
tiplicands) and the fir st fwuro of this num-
ber which is not a zero is set in the quotient
selecting group ¢.  The figure zero cannot be
set in this group. since the bus-conductor 131
is not connected with this group.

The further connections of the group ¢ are

illnstrated in Figures 21, 22,

Fignres 21 and 22 show the magnets ey,
€a. €4 . . . ey together with their auxiliary
magnets 981, 982, 983 . . . 1016. )

Over each armature of the group ¢ of mag-
nets. there are provided connecting condue-
tors which are closed at this point h\' the at-
tracted armatures e. in such a manner that
they connect in the following manner the
cratps of conductors 950, 951, 952 .. . 059
in which each conduetor corresponds toa fig-
ure value between 0 and 9 and 960, )(;1
962 969, in which similarly each (nm]u('
tor conuponds to a figure value, on the one
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hand with the group of conductors 971, 972,
973 ... 980 and on the other hand with the
group in which again each conductor corre-
sponds to a figure value 0-9.

Each conductor of the group 950, 951 .

)59 is connected over cach armature of the
(rroup e, the figure value of which is smaller
than, or at the utmost equal to, the figure

value of the corresponding conductor, with
that conductor of the group 971, 972 . .. 980,
the figure value of which couesponds to the
ﬁ«ure value of the integer of the quotient
of the figure value of the conductor and the
figure value of the magnet; each conductor
of the group 950, 951 . . . 959 is connected
over each armature of the group e, the figure

value of which is greater than the figure value
ot the corresponchnfr conductor, with the
winding of an auxiliary magnet 981, 982 .
1016, over the attracted armature of Whl(‘h
connection is established between the ﬁroup
of conductors 960, 961 . 969 on the one
hand and the group of conductors 971, 972

. 980 on the other hand, in such a manner
that each conductor of the first group is con-
nected with that conductor of the second
group, the fignre value of which corresponds
to the figure value of the integer of the quo-
tient hetween the two digit numbers repre-
sented hy the figure value Cof the correspond-
ing conductor of the group 950, 951 .. . 959
and of the r*nncsp(m(lm(r conductor of the
group 960, 961 . ., 969—in which the figure
Value of the conductor of the group 950,
951 . . . 939 represents the tens digit—and
the figure value of the magnet e.

Tt 1s to be pointed out that the conductor
950 with the figure value (¢ is connected with-
out exception over each armature e with the
conductor 971, which has again the figure
value 0.

According to this description there belongs
to the magmet e, with the figure value 2 one
auxiliary magnet, since onlv the conductor
951 with the ﬁdme value 1 has a smaller
ficure value than that of the magnet e,.  The
figure values of all other conductors of this
group are equal to or greater than the figure
value of the magnet ¢, and thus are con-
nected over the armature e . dirvect with the
corresponding conductors of the group 971,
972. 975 . .. 980. The conductor 954 with
the figure value fonr is thus connected with
the conductor 973 with the figure value 2.

Thus two auxiliary magnets appertain to
the magnet ¢, the numerical value of which
is three ete, and eight auxiliary magnets to
the magnet e,.

An example will be given in order to make
the above point quite clear.

Assuming that of the group of conductors
950, 951 . .. 959 the conductor 954 with the
numerical value four is connected in a man-
ner to be hereinafter more particularly de-
seribed, and of the group of conductors 960,
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961 . 969 the conductor 966 with the nua-
merical value six is connected with the posi-
tive pole of the source of current. lLiet us
also assume that the magnet winding ¢; also
carries current =o that the armature e; is
attracted.  Now, the conductor 954 is con-
nected with the m«wnvt winding 999 through
the conductor 1050 and the said \\m(lmg 158
connected over the conductor 1022 and the
conductor 1060 with the negative pole of
the source of current. in a manmner herein-
after more particularly described. The ar-
mature 999 will now be attracted and ef-
fect the following connection : positive pole—
966 (assumption in this example)—1051—
1052—977—winding b,—1025. Thus the con-
ductor 977 with the numerical value 6(46:7)
is connected with the positive pole of the
source of current.

It is also to be pointed out that the con-
ductors 1017, 1018, 1019 . 1024, each of
which is connected with a mndm(r ot the
auxiliary magnet of each m:wuet m the
group e are all conneeted with the conductor
1060, which leads over the magnet winding
1062 and conductor 1061 to the (on(luctor 55.

The further course of the conductor 971,
972 ... 980, that is to say the connection of
the quotient selecting group ¢ with the other
groups of magnets, as well as the whole of
the counections for the division, ave illus-
trated in Figs. 23 and 24.

Figs, 23 and 24 illustrate the connection be-
tween the groups of conductors 870, 871, 872

. 879,880,881 ... 889,800, 891, 892 .., 899,
on the one hzmd and the groups of conductors
950, 951, 952 959, 960, 961, 962 . . . 969,
leadlnn to the quolmnt selector. on the other
hand.” The group of conductors 870,
871 ...879 is led, as indicated in Figure 19,
over the magnets of the group 2y, nd“,
Nare . . . Ngre I such a manner that each
couductor of this group is closed at this
point by a corresponding attracted armature
of this’ group of magnets.  All these con-
ductors 810 S71...879 start from the con-
ductor 751 ‘U\d tms are connected over the
condm'tor 748 with the conductor 54 and con-
sequently with the positive pole 52 of the
source of current. In Fig. 19 thesc con-
ductors are enclosed by small cireles, w hich,
as an indication that these conductors are
continued from these points, ave again indi-
cated in Fig. 24.

In the same manner a second group of nine
conductors lead over the (mnatmea of the
group of magnets 2o, Ra - .. Nase (again
Fig. 19), with the o\wptmn of the magnet
Ny 1.0, ViZe, the conductors 900, 901, 902 . .. ()08
all of which start from tlw conductor 751
and end in the conduetor 909.

The conductor 909 is again indicated in
Fig. 24 and leads to the wmdmn of the mag-
not 1183 and terminates in the conductor
1186.
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The conductors of the group 880, 881, 832
... 889 pass over the armatures of the group
of magnets 7g1,0, 21 - « - Raue (Fig. 19) in
the same way as the conductors of the group
870,871 ...879 over the armature 7411, 74,12
.o« Mg and are indicated in the same way
in Fig. 24, In the same way, the group of
nine conductors 910, 911 . . . 918, all of which
end in the conductor 919, lead over the arma-
tures of the same group of magnets 74,
Mg, 11,2 - - - Mg 11,0

The conductor 919 is again indicated in
Fig. 24 and leads over the armature of the
magnet 1183, which interrupts it when at-
tracted, and over the armature of the magnet
1185 which closes it at this point, in the at-
tracted position. to the winding of the mag-
net 1228 and ends in the conductor 1186.

The conductors of the group 890. 891, 892
. .. 899 are led over the armatures of the
group Of th(‘ magnets Nq.111,09 Na,111,1 « » » g 119
in a manner entirely similar to that just de-
scribed, the group of conductors being again
indicated in Fig. 24.

Connecting conductors between the groups
870, 871 ... 879 880, 881 . .. 889 on the one
hand and the groups 950, 951 . . . 959 960,
961 ... 969 on the other hand are led over
the armature of the magnet 1183, in such a
manner that each conductor of the first group
is connected with a corresponding conductor
in the second group by the attracted arma-
ture. :

As according to the statements hereinbe-
fore made, each conductor of the groups 870
... 879,880 ...889,890...899 corresponds
to a numerical value, since it is led over a
magnet armature with a definite numerical
value, it follows that also each conductor
of the groups 950 . . . 959, 960 . . . 969, corre-
sponds to a definite numerical value; in this
way the assumption that was made in the de-
scription of Fig. 22 (of the quotient selector)
is justified.

Connecting conductors are led over the
armature of the magnet 1228 between 880
... 889,890...899 on the one hand and 950
... 959,960 . .. 969 on the other hand, in
‘he same manner as over 1183.

Each connection during the setting of a
figure in the quotient selector between the
condnctors 950 . . . 959, 960 . . . 969 on the
one hand, and the group of conductors 971,
972 ... 980 on the other hand, is illustrated
in Figs. 21, 22, and therefore has not been
transferred to Figs. 23, 24. TIn these figures
only the conductors 971, 972 . . . 980 have
been shown.

From the conductor 971 . . . 980 the con-
ductors 1191, 1192 . . . 1200 are branched off
over the attracted armmature of the magnet
1182, each of which conductors leads to a
winding of the magnets of the group of mul-
fi])licl's bl,(), ])],1 “ e bl_g-

The magnet windings of this group are

BE
STAVAILABLE COP), og

connected with one another in the same man-
ner, as has been indicated in connection with
the magnets n,. 7, .. . n, in Figs, 14-17, that
is to say each magnet of this group always re-
mains traversed hy a current so long as an-
other magnet of the same digit value group is
not traversed by a current.

This diagram of connections has not been
indicated in Fig. 23, as it does not contain
anything new and as it will take too much
space.

In addition to the conductors which have
been described in connection with the case of
multiplication, conductors 1070, 1071 . . .
1079 are led over the armatures of the group
br of magnets, in such a manner that they
are closed at these points by the attracted
armatures and they lead to the magnet wind-
ings of the group 1080, 1081 . . . 1089, and
after leaving the latter, end in the conductor
1169.

Two conductors are led over each of the
armatures of the magnets 1080 . . . 1089,
which conductors are closed at these points
by the attracted armatures, and are branched
off from the conductor 1250. Of these con-
ductors, the conductors 1110, 1111 . . . 1119
terminate in the conductor 1174 which in its
turn passes over the magnet winding 1175
(Fig. 24) and terminates in the conductor
1169, and the conductors 1120, 1121 . . . 1129
(Fig. 23) terminate in the conductor 1176
(Figs. 23, 24) which is continued over the
armature of the magnet 923 in such a manner
that it is closed at this point by the attracted
armature, and leads from this armature and
over the magnet winding 1177 (Fig. 24) to
the conductor 55.

The magnet winding 923 has already been
mentioned in Figs. 19 and 20. The conductor
1179 leads to this magnet winding from the
key 570 (Fig. 23) viz. the key which carries
out the operation of division, which conduc-
tor after leaving this magnet winding termi-
nates in the conductor 294,

The following three conductors which start
from the conductor 54 lead over the armature
923 in such a manner that they are closed at
this position by the attracted armature:

1. The conductor 1178 which after leaving
t}llgz armature terminates in the conductor
1179.

2. The conductor 1180 (Figs. 23, 24) which
after leaving the armature 923 leads over the
armature of the magnet 1177 in such a man-
ner that it is interrupted at this point by the
attraction of the same and is continued in
such a manner over the armature 1062 that
the latter establishes in its position of rest the
connection between 1180 and 1181, and when
it is attracted the connection between 1180
and 1190.

3. The conductor 1212 (Fig. 23) which
after leaving the armature 923 passes over
the armature 1177 which closes it at this point
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in the attracted position, leading in its fur-
ther course over the armatuare 1214 which in-
terrupts it at this point when attracted and
then successively to the magnet windings 250
and 307, to terminate in the conductor 1216.

The magnets 250 and 307 have already been
mentioned in connection with Figs. 11 and
12; the portion of the conductor 1212 which
lies between these magnet windings as well
as the last end of the part leading to the con-
ductor 55 is thus identical with the conductor
305; however, for the sake of clearness. the
reference 1712 has been retained on this sheet
of drawing, since, as will be seen later on, it
is entirely immaterial how this conductor is
connected with the negative 53 of the sonrce
of current.

In addition to the conductors described
with reference to Figs. 11 and 12, and which
have not been again reproduced here, the con-
ductor 1213 is led over the armature of the
magnet 307 in such a manner that it is closed
at this point by the attracted armature: the
conductor 1213 starts from the conductor
1187 which is connected with the conductor
54, and leads after leaving the armature 307,
over the armature 923 (Fig. 23) in such a
manner that it is closed at this point by the
attracted armature and leads from that point
over the magnet windings 1214 to the conduc-
tor 1216.

The conductor 1216 leads over the arma-
ture of the magnet 920, which is interruptecd
at this point when attracted, to the conduc-
tor 55.

The conductor 1217 leads from the conduc-
tor 1187, over the armature of the magnet 310
which has already been deseribed with refer-
ence to IMigs. 11 and 12, in such a manner that
it is closed at this point by the attracted arma-
ture. The conductor 1217 is successively led
over the armature of the magnet 1219 (Tig.
24), which interrupts it w hen attracted. and
over the armature of the magnet 923 (Fig.
23) which closes it at this pomt in the at-
tracted position to the winding of the mag-
net 755 (Fig. 24), the opemtlon of which h‘l%
been described with reference to Figs. 19
and 20.

Of the magnets described with reference
to Figs. 19 and 20, magnet 825 has been indi-
cated in Figs. 23 and 24. The condnctor 1220
which starts from the conductor 54 is led over
the armature of this magnet in such a man-
ner that it is closed at this point by the at-
tracted armature and it goes from that point
to the magnet winding 1221, terminating in
the conductor 1237. This conductor 1237
starts from the conductor 55 and is Jed over
the armature 920 in such a manner that it is
interrupted at this point by its attraction,
Two circeuits pass over the armature 1221 in
such & manner that they are closed at thix
point by the attracted armature:

1. The conductor 1223 which starts from

1,813,830
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the conductor 1187 and terminates in the con-
ductor 1220 and

2. The conductor 1224 which starts from
the conductor 54 and thence over the arma-
ture 1177, which closes it at this point in its
attracted position, and over the armature
1219 which interrupts it when attracted, to
the armature 1062 (Fig. 23), in such a man-
ner that the latter establishes in its position
of rest the connection between 1224 and 1225
and in the attracted position the connection
between 1224 and 1226.

The conductors 1201, 1202 . . . 1210 lead
from the group of condnctors 971,972 ... 980
to the \\mdmtrs of the group of ma(rnetb bu
over the armature of the magnet 1211 in such
a manner that they are closed at this point
by the attracted armature.

Conductors 1090, 1091 . . . 1099 leading
from the conductor 1272 pacs over each ar-
mature of the magnets by by . . . bie, which
are connected with one another in the same
manner as the magnets of the group &y, to

“one of the magnet windings 1100, 1101 .

1109. All the conductors 1090 1091 . . . 1099
terminate in the conductor 11(0 which in its
turn terminates in the conductor 294.

Over each armature 1100, 1101 . . . 1109
there pass two conductors, all of which con-
ductors start from the conductor 1251, in such
a manner that they are closed at this point
by the attracted armature, the conductors
1150, 1151 . . . 1159 terminating in the con-
ductor 1218, which leads over the armature
923 which closes it at this point in its at-
tracted position, to the magnet winding 1219,
and thence to the conductor 1260, whilst the
conductors 1140, 1141 . .. 1149 terminate in
the conductor 1242 which leads over the mag-
net winding 1243 (Fig. 24) to the condue-
tor 301.

As already pointed out the armature 1219
interrupts when attracted the conductors
1217 and 1224 and establishes in its attracted
position the following circuits:

1. It connects the conductor 1217 with the
conductor 1235, which leads over the wind-
ing 1236 to the conductor 1237.

2. It closes the conductor 1239, which leads
from the conductor 1216 to the conductor 55.

3. It closes the conductor 1240, which
starts from the conductor 1187 and leads over
the armature of the magnet 1236 which in-
terrupts - it when attracted., and over the
windings of the magnets 310 and 251 to the
conductor 1237. The part of the conductor
Iving between the conductors 310 and 251 ix
identical with the conductor 350 illustrated
in Figs, 11 and 12.

4. The conductor 1241 whieh starts from
the conduetor TIRT and is closed at this point
by the attracted armature 311 and after pass-
ing over the armature 1219 terminates in the
conductor 1217.

Over the armature of the magnet 1236 there
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passes in addition to the conductor 1240, al-
ready mentioned, the conductor 1238 which
starfs from the conductor 1187 and termi-
nates in the conductor 1235, in such a manner
that it is closed at this point by the attracted
armature.

Figs. 23 and 24
lowing:

The conductor 921 shown in Figs. 19 and
20, the continuation of which is “shown in
these ficures. This conductor leads over the
magnet \nndmc 922 and two conductors are
branched off from it; the conductor 1244
which is led over the magnet armature 1243,
which interrupts it at this point, and over
the armature 1175 which in its attracted po-
sition closes it at this point.
ditetor there branch off the nine conductors
1130, 1131 ... 1138 each of whicl is closed at
these points by one of the attracted arma-
tures 1081, 1082 . .. 1089, and which respec-
tively lead to the \\mdm(r of the group o,
correcpondnm to the (hglt value of its ap-
pertaining magnet of the group &; minus one.

From the conductor 1245, which s]mll‘nl\
branches off the conductor 921 and is closed
at this point by the attracted armature 1243,
there branch off in a similar manner the con-
ductors 1160, 1161 ... 1168 over the armatures
1101, 1102 . . . 1109, which conductors go to
the windings of the group &y, as is the case
with the conductors 1130, 1131 . 1138 in
the group /.

Fig. 24 also shows the magnet 444 indi-
cated in Fig. 13 (viz. the ma(met which is
traversed b\ current during the transmission
of the tens from ¢y to ¢;). “Over this magnet
armature there passes a conductor 1252 which
starts from the condnctor 54 (Fig. 23) and
which is closed by the attracted armature
923, and after passing over the armature 444
(Fig. 24) it terminates over the muagnet
winding 1253 into the conductor 1237, in such
a manner that it iz closed at this pomt by
the attracted armature 444,

Two circuits pass over the armature 1253
in such a manner that theyv are closed by the
attracted armature viz:

1. The conductor 1254 which starts from
the conductor 1256 and terminates in the con-
ductor 1252, and

2. The conductor 1255 which starts fu)m
the same conductor and terminates in the con-
ductor 921.

It has already been pointed out that the
armatiire 1062 (at the lower left corner in
Fig. 23) effects in its position of rest the con-
nection between the conduetors 1180 and 1224
on the one hand and the conduetors 1181
and 1225 on the other hand, and in its at-
tracted position the connection between 1180
and 1224 on the one hand and 1190 and 12206
on the other hand.

We will now follow the conductors 1190,

also ilhlstmte the {fol-

71181, 1226 and 1225 in their further course.

From this con-"
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The conductor 1190 terminates in the con-
ductor 1191. The conductor 1181 leads over
the magnet winding 1182 (Fig. 24) and ter-
mmates in the condnctox 909. The condue-
tor 1225 (Fig. 23) is not continued over any
armature and over any winding. Three cou-
ductors are branched off from it viz:

1. The conductor 1231 (Fig. 24) which
leads over the armature 1183 in such a man-
ner that it is closed at this point by the at-
tracted armature and terminates in its fur-
ther course in the conductor 1210 (Fig. 23).

2. The conductor 1229 (Fig. 24) which
leads over the armature 1183 in such a man-
ner that when the same is attracted it is in-
terrupted and terminates in the conductor
919.

3. The conductor 1233 which passes over
the armature 1228 in such a manner that it
is closed at this point by the attracted arma-
ture and terminates in the conductor 1232.

From the conductor 1226 there branch off
two conductors viz.

1. The conductor 1232 which passes over
armature 1183 in such manner that it is closed
at this point by the attracted armature and
leads over the winding 1211 to the conductor
1260.

2. The conductor 1234 which is closed at
this point by the attracted armature 1228
an;l terminates in the conductor 1201 (Fig.
23).

Over the armature 1183 (Fig. 24) there
passes in addition to the mentioned conduc-
tors the conductor 1184 in such manner that
it is closed at this point by the attracted ar-
mature, the conductor starting from the con-
ductor 54 and after passing over the winding
1185 terminates in the conductor 1186.

Over the armature 1185 there passes in ad-
dition to the mentioned conductor 919 the
conductor 1188 in such manner that it is
closed at this point by the attracted arma-
ture, the conductor starting from the conduc-
tor 1187 and terminating in the conductor
1184.

' Db

Before describing the operation of division
according to the diagram just described, we
will describe this operation broadly in order
to render the matter that follows more easily
understood. _

The dividend is <et in the group d of mag-
nets, the whole divisor in the group @ of mul-
tiplicands and the first figure of highest de-
nomination of the divisor that is different
from zero in the quotient selecting group e.
The two highest digits of the dividend are
transferred to the quotient selector, from
which the first digit- of the quotient is se-
lected, which digit is set in the multiplier
group b, whereupon the product of the divisor
set in the group a, with the figure that is set
in the first digit valuc group of the magnet
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group & is obtained, which product is set in
the group ¢. After the multiplication is
completed, ¢ and d are connected together,
that is to say the product is subtracted from
the dividend; when this subtraction is com-
pleted and the result is such that the product
set in the group ¢ is greater than the dividend,
the new two highest digits are connected with
the quotient selector and the newly selected
digit of the quotient is set in the group by,
and the multiplication of this digit (not of
the whole quotient) with the divisor is in-

itiated.
The set of operations is continued up to the
© last quotient digit of the machine. If in the

subtraction of a product of a quotient digit
with the divisor, from the dividend the lat-
ter is smaller than the product, the product
in the group ¢ is cancelled and a new product
is formed with the figure value of the quotient
digit minus one, and the subtraction is then
effected.

In this way the quotient is set in the group
b and the possible remainder in the group d,
both of which can be transferred on the type-
writer in 2 known manner.

I will now describe all the operations which
take place in the machine with reference to
the diagram of connections. By pressing
down the key 149 and the numeral keys cor-
responding to the figures of the dividend, the
dividend is set in the group d of magnets
in the manner already described.

By subsequently pressing down the double
ey 148 and the keys corresponding to the
figures of the divisor, the latter is set in the
magnet group ¢, and the first figure of the
divisor that is different from zero is set in
the quotient selecting group e.

If a figure different from zero is set in the
magnet group d;, the following circuit is
closed (Figs. 19 to 20): 52—54—748—T751—
one of the conductors 900—901 . . . 908-909
(Figs. 23, 24) —909— magnet winding
1183—909—1186—55—53.

The armature of the magnet 1183 connects
the - condunctors 870, 871 ... 879, 880,
881 . . . 889 on the one hand with the con-
duectors 950, 951 . . . 959, 960, 961 . . . 969
on the other hand. Now the following two
cases are possible;

(1). The first digit of the dividend is equal
to or greater than the figure set in the quo-
tient selector and

(2). The same is smaller than the figure
set in the quotient selector.

(Re 1). In the first instance no new circuit
is closed and the quotient selector remains
inoperative as long as the connection between
the conductors 971, 972 . . . 980 and the mag-
net windings of the group 0 is not effected.
The criterion for this in the machine is that
the magnet winding 1062 (Figs. 21 to 24) is
not traversed by a current.

(Re 2). The following circuit is closed;
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(Figs. 19, 20) 52—54—748—T51—one of the
conductors 871 . . . 879—the corresponding
conductor of the group 950, 951 . . . 960—
(Figs. 21, 22)—one of the conductors leading
over the magnet windings 981, 982 . . . 1016
—the corresponding conductor of the group
1017, 1018 .. . 1024—1060—1061—magnet
winding 1062—1061—55—53. The magnet
winding 1062 thus becomes energized and its
armature is attracted.

If a zero is set in the first digit of the
dividend the magnet winding 1183 hecomes
de-energized, since the conductor 909 is de-
energized and consequently also the magnet
winding 1062 is de-energized.

Now, if upon the setting of the dividend
and divisor, the key 570 (the key that effects
the operation of division) is pressed down,
the following circuit is closed: 52—54 key
570—1179-—magnet winding 928—1179—294
—55—53.

The armature 923 is attracted and amongst
others closes the following circuit: 52—54—
1178—1179—magnet winding 923—1179—
294—55—53.

The armature 923 remains attracted also
after the release of the key 570 and until the
armature 295 is attracted, or until the whole
of the machine is set to zero.

If the armature 1062 is in its position of
rest, that is to say, if a zero or a numeral that
is greater or at least equal to the figure set
in the quotient selector is set in the first
digit of the dividend the armature 923 closes
the following circuit: 52—54—1180—1181—
magnet winding 1182-—1181—909—magnet
winding 1183—909—1186—55—53. Thus the
first quotient digit selected in the quotient
selector is now transferred to the magnet
group by, since connection is established over
the armature of the magnet 1182 between
the conductors 971, 972 . . . 980 on the one
hand and the conductors 1191, 1192 . .. 1200
on the other hand.

The circuit comprising the magnet wind-
ing 1182 remains closed, until the conductor
1180 is interrupted by the attraction of the
armature 1177.

If the armature 1062 is attracted that is
to say, if a figure is set in the first digit of
the dividend which is smaller than the figure
set in the quotient selector and is not cqual to
zero, the armature 923 closes the following
circuit: 52—54—1180—1190—1191—magnet
winding &;,,—300—294—55—-53,

Thus in this case, zero is set as the first
digit of the quotient, without the quotient
selector having come into operation.

Thus the machine effects the division with
respect to the digit value always in such a
manner as if a number with only one integer
digit was set in the dividend, that is to say,

the quotient has always a zero as its first.

digit, when the first digit of the dividend is
smaller than the first digit of the divisor.
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However, it sets in the quotient only so many
zeros as 1f the first digit of the divisor
would correspond to the unit digit, since
the quotient selector comes always in opera-
tion—when determining the second quotient
digit—when a numeral different from zero
is set in the first digit of the dividend, with-
out taking into consideration the possible
higher or lower digit value of the first figure
of the divisor. ,

This property is important as regards the
numerical determination of transcendental
functions, as will be described further below.

If the first figure of the quotient is set in
the group &; the following circuits are
closed : ‘

1. 52—54—1173—1171—one of the con-
ductors 1070, 1071 ... 1079—the magnet
winding of the group 1080,1081 ... 1089 con-
nected with the said conductor 1169—294—
55—53.

2. Those of the circuits not illustrated
which, in a manner entirely similar to that
described with reference to the magnets of
the group n illustrated in Figs. 14 to 17,
maintain energized that magnet winding of
the group &, which became energized during
the setting of this first digit, viz. until a new
figure is set in the group b

The attraction of onc of the armatures
1080, 1081 .. . 1089 is associated-with the clos-
ing of the following circuits:

1. 52—54—1173—1250—one of the conduc-
tors 1110,1111...1119—1174—magnet wind-
ing 1175—1169—294—55—53 and

2. 52—54—1173—1250—one of the conduc-
tors 1120, 1121 . . . 1129—1176-—armature
920—magnet winding 1177—55—53.

The two windings 1175 and 1177 remain
energized so long as a figure is set in the
group b

As has already been pointed out, the arma-
ture 1177 interrupts the conductor 1180
when attracted, so that the circuit that may
exist over the magnet winding 1182 is inter-
rupted as soon as its function, viz. the setting
of the first quotient digit, is completed.

The armature 1177 now closes the follow-
ing circuit 52—54—1212—magnet winding
250—magnet winding 307—1216—55—53.

That is to say, after the first quotient digit
has been set in the group by, the armature 1177
is attracted and closes the circuit through the
magnets 250 and 307 which initiates the mul-
tiplication of the divisor set in the group «
with the first digit of the quotient set in the
group by.

The circuit through the windings 250 and
307 remains closed only as long as the arma-
ture 1214 is not attracted, since the latter in-
terrupts the conductor 1212 when attracted.

The armature 307 now closes in addition to
the circuits already described in connection
with multiplication operation the following
circuit which includes the magnet 1214:

52-—54—1187—1213—magnet winding 1214—
1213—1216—55—53. ‘

The armature 1214 closes the circuit:
52—54—1187-—1215—1213—magnet winding
1214—1213-—1216—55—53 which - maintains
the winding 1214 energized as long as the con-
ductor 1216 is not interrupted.

The multiplication of the divisor with the
first digit of the quotient may result in that
the highest digit of this product is set in the
group ¢;. by the tens transmission. The fol-
lowing consideration shows why this setting
of a figure in the group ¢ is rendered possible
only by the tens transmission from the group
en and why it is not due to the fact that the
part product of the figure set in ¢; with the
one set in &y is a two digit number, that is to
say that the tens digit of this part product is
set in ¢;: if the part product were a two digit
number, the figure set in &, would have been
obtained only as a quotient between a two
digit number and the figure set in the quo-
tient selector, that is to say, the first digit of
the dividend would have to be smaller than
the first digit of the divisor; if this were the
case, the armatures 1062 would have been
attracted, and zero would have been set in 2.

Thus, if in this multiplication, a figure is
set in the group ¢, this first digit of the quo-
tient is too high.

The criterion that a figure has been set in
¢y lies in the magnet winding 444 becoming
energized., ‘

The armature 444 now closes the following
circuit over thearmature 928; 52—54—1252—
magnet winding 1253—1252—1237—55—53.

The armature 1258 now closes the follow-
ing two circuits:

1. 52—54—1256—1254—1252—magnet
winding 1253 —1252—1287—55—53. This
circuit keeps the winding 1253 energized, also
after 444 has become de-energized, until the
conductor 1237 is interrupted,

2. 52—54—1256—1255—921—magnet
winding 922—921—1244—over open arma-
ture 1243—over closed armature 1175—over
closed armature of the group 1080, 1081 . .
1089—magnet winding 0, which corresponds
to the next lowest digit value—300—294—
55—53.

The attraction of the new armature of the
group b; causes the one hitherto set to be re-
leased. Thus we have now a figure set in &,
which is smaller by one. .

The armature 922 now closes the following
circuit: 52—54—924—magnet winding 920—
924—55—53.

The armature 920 interrupts when attract-
ed, according to Figs. 19 and 20, the conduc-
tor 744 and thereby all the circuits that in-
clude the windings of the group ¢, that is to
say it cancels the set partial product and at
the same time interrupts, according to Figs.
23 and 24, the conductors 1216 and 1237 and
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therewith also the circuit that includes the
winding 1214.

Thus the circuit which passes over the ar-
mature 1177 which remains closed and which
extends over 52-—54—1212—armature 923—
magnet winding 250—winding 307—1216—
55—53 is now again closed since torrethel with
the conductor 1216 also the circuit that in-
cludes the Wmdlnfr 1253 and the subsequent
circuit that passes over 922 and then 920, was
interrupted so that the conductor 1216 is fi-
nally no longer interrupted. The multiplica-
tion of the divisor with the corrected digits
of the quotient is again initiated.

A criterion for the fact that the multipli-
cation has been completed is that the winding
310 becomes energized.

The armature 310 now closes the follow-
ing cireuit; 52—54—1187—1217—armature
1219—magnet winding 755—1216—55—>53.

The armature 755 is attracted whereby the
subtraction of the product set in ey, cur, av

. from the dividend is initiated, as has
been described with reference to Figs. 19
to 20.

It was mentioned in detail at that place
that the conductor 794 from which corre-
sponding to the two kinds of subtraction
(that in which the positive differences only
are taken into consideration and that in
which also the negative differences are con-
sidered) the conductor 850 is branched off
over the armature 792 and conductor 921 over
the armature 923, which is shown also in
Figs. 23 and 24 is always connected with the
positive pole 52 of a source of current when
the minuend (here in the case of division,
the dividend) is smaller than the subtrahend
(in the division, the product of the divisor
with one digit of the quotient).

As in the case of division, the armature
923 comes into operation, the conductor 921
comes in such a case into action, the effect
of which conductor has already been de-
scribed (cancellation of the number set in ¢
and reduction by one of the figure set in ).
A sign that the subtraction has been com-
pleted is that the winding 825 has become
energized.

The armature 825 now closes in addition
to the circuits described in Figs. 19 and 20,
the following circuit: 52—04——12‘)0~ma0-
net winding 1991—1920—1237—55—53.

The armature 1921 closes the cireuit
52—54—1187—1223—1220—magnet winding
1221-—1220—1237—55—53, which ecirenit
keeps the winding 1221 energized also after
the armature 825 has returned to its position
of rest, and in addition thereto closes one
of the following cirenits,

1. When the armatnre 1062 is in its posi-
tion of rest and the armature (83 is at-
tracted: o cirenit H2—5H4-—1224—19295 —
1231 -—1210—magnet winding by, 301—
294—55—53 is closed.

BEST AVAILABLE COP®
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That is to say, if the armature 1183 is at-
tracted and the armature 1062 is in 1its posi-
tion of rest, that is if a figure is also set in
the group d; which is equal to the first digit
of the divisor (it can no longer be Oxeater)
nine is set in the magnet group by,

2. It the armature 1063 is attracted and
likewise the armature 1183, the circuit:
52—54-—1224-—1226—1232—nagnet winding
1211--1232—1260—55—053 1s closed.

That is to say if in the magnet group 4
there is also set a figure which is however
smaller than the first digit of the divisor, then
the armature 1211 effects a connection Dbe-
tween the quotient selector and the quotient
group &y, and the sccond digit of the quotient
is selected.

3. If the armature 1062 and similarly 1183
and 1228 are in thelr position of rest: 52—
54—1224—1225—1 )2‘)——919——magnet wmd-

attractlon of the Mmatm'e 1228 52——54:——
1224—1225—1233 — 1232 — magnet winding
1211+-1232—1260—55—53, this being a cir-
cuit connected in parallel with the former
circuit,

That is to say, if zero is set in d; and like-
wise in dy (if a figure different from zero
were set in dy, the winding 1228 would be

energized by the conductor 919 and thus its

armature would be attracted) the connection
of the magnet group d with the quotient se-
lector is first effected aud there upon that
between the latter and the group bu viz.
LCI‘O is set in this way in bn.

. If the armature 1062 is in its position
of rest and the armature 1228 is attracted,
then the second mentioned circuit under 3 is
closed.

That is to say, if a figure is set in d; which
is different from zero, and is greater than
or at least equal to the first dlmt of the
divisor, then the connection between the quo-
tient sclector and the quotient group is also
effected, and the second digit of the quotient
is selected

. If the armature 1062 is closed and like-
\VISG the armature 1228, then the following

circuit is closed: 1)2 ,)4——1094——1‘)76—
1234—1201—magnet winding  &p,—301—
294—55-—53.

That is to say, if a figure is set in the
group dy which 1s different from zero and
smaller than the first digit of the divisor,
then zero is set in the second digit of the
quotient (in by), without the quotlent se-
lector having come into operation.

Now if the second digit of the quotient is
set by one of the five circuits just deseribed,
then the following civenits are closed :

1. 52—54—117%-~125]1—one of the con-
ductors 1140, 1141 . ., 1149—1242—magnet
winding 1243—1242—300-—294 5553,

The armature 1243 interrupts the condne-
tor 1244 which, as described with reference
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to the group &y, in conjunction with the con-
ductor 921 effects possible corrections of the
selected first quotient digit and closes the
conductor 1245, which branching from the
conductor 921 effects the possible correction
in the group by.

2. 52--54—1173—1251—one of the conduc-
tors 1150,1151. .. 1159—1218—magnet wind-
ing 1219—1218—1260—55—53.

he armature 1219 interrupts the conduc-
tors 1224 and 1217, and probably with the
conductor 1224 a circuit which may pass over
1211, and closes the following circuits:

1. 53—55—1216—1239—55—53. '

Withthe conductor 1239 whichisnow closed,
the conductor 1216 is connected not only over
the armature 920, but also direct with the
negative pole 53 of the source of current; a
possible attraction of the armature 920 no
longer affects the cirenit of the conductor
1216, and thus no longer the circuit passing
over the winding 1214 so that 1214 remains
energized until the division is completed
when the second digit of the quotient is set.

2. 52—54—1187—1240—magnet winding
310—magnet winding 251—1237—55—153.

The multiplication of the divisor with the
second digit of the quotient is initiated with
this eircuit which is in part identical with the
circuit over 310 and 251 described with ref-
erence to the operation of multiplieation, and
the set of operations (multiplication—sub-
traction—selection of the third quotient
digit) is repeated.

It is to be taken into consideration that the
conductor 1217 passing over 310 no longer
leads to the magnet winding 755, since it is
interrupted by the armature 1219, but that it
is connected with the conductor 1235 which
leads to the winding 1236, which has the
same function for the second quotient digit as
1214 for the first one.

The criterion that the division is completed
(in the present scheme for a two digit quo-
tient) is that the armature 1219 as well as the
armature 825 is attracted.

TWhen the double key 570 (the key that in-
itiates the operation of division) was closed,
in addition to the circuit passing through
the winding 1923, also the following circuit
was  closed; 52—54—570—1271—magnet
winding 1272—1271—55—53.

The armature 1272 closes the following cir-
cuit: 52—54—12783—1271-—magnet winding
1272—1271—55—53. The armature 1272
thus remains closed also after the release of
the key 570 and when the division is com-
pleted it closes the following cireunit: 52—
54—1274—magnet winding 1275—1274—
1260—55—53.

As will be seen from Figs. 6 to 9, the arma-
ture 1275 effects the connection between the
conductors passing over the armatures of the
magnet group b, and the bus-conductors
131,132 . . . 140,

REST AVAILABLE COoRs

Now, if the typewriter key 146 is closed at
the desiredd moment, the number set in the
quotient group will he transferred ina known
manner after the completion of the division
to the typewriter. ,

We will now explain the matter hereinbe-
fore described more fully with reference to a
few numerical examples.

E
Addition

Let us assume that we want to add together
the numbers 76 and 53. .

A. Operations—The following keys are
pressed down at any desired speed in the fol-
lowing sequence (Figs. 6to 9):

(X) 151, (1I) 4a5;, (IIX) 45, (IV)
(V) 151, (VI) 455, (VII) 45,, (VIIIL)
(IX) 146.

571,
BT1,

B. Circuits
(Re 1) h2—h4—151-—152—magnet wind-
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ing 110—152-—122-—-124—55—53 and 52—

54—144--145—magnet winding 141-—143—
145-—55—Hh3.

The armature 110 first of all closes the fol-
lowing ecircuit: 52-—54—153—157—152—
magnet winding 110--152—122--194—H5—
53.

(Re II) H2—h4-45,—56.—138—over the
armature 110 — 107 —magnet  winding
@, —122—124—55—053.

The armature a; . closes the following cir-
cuit: 52— 54-—153—154—172—160—159—
magnet winding 158—159—over the armature
162—161—145--55, however, only after the
key contact has been interrupted, since si-
multaneously with the key 45;, the switch 163
was closed, which closes the following cireuit:
52—54—163—164—magnet winding 162—
161—145—b55—53.

In addition thereto, the key 45. closes the
following circuit: 52—54—45,—56,—magnet
winding 8,.—23’—55—53 which circuit actu-
ates the type 7 of the typewriter, as has been
described with reference to the typewriter,
The armature 158 closes the following cir-
cuit : 52—54—153—155—over the magnet ar-
mature 158—magnet winding 121—155—
123—124-—55—53.

The armature 121 interrupts the conductor
157, whereby the winding 110 is de-energized
and closes the following circuit: 52—54—
175 — 188 — 155—winding 121—155—123—
124—55—53. The winding 121 thus remains
energized.

(Re TIIT) 52—h4—45,—56,—187—117—
magnet winding a;; —123—124—55-—53.

In the same manner as above referred to
the winding a;; in the group a;; becomes en-
ergized.

It is to be pointed out that the windings
a7 and @ remain energized, since in the
same manner as i indicated in the case of the
magnet a; ., there pass over their armatures
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conductors similar to the conductor 156 that
has been described in connection therewith,
which conductors keep the winding energized
until the conductor 124 is interrupted by the
attraction of the armature 125,

(Re TV) (Fig. 18, Figs. 13 to 17.)

52—B4—07T 1——”)(8——")(4-—11! enet w mdnw
HTH-—hT4--H81—55--53.

The armature H75H closes the following cir-
cuits eleetrieally connected in paratlel:

(1) 52—51—hH8H-—H90--60T—0ver the ar-
mature H75—328.., (Figs. 14 to 17, In this
case the group and digit indices have been
left out, since this fignre holds good for sev-
eral groups as has already been “descr ibed) —
over tho armature g, (in Figs. 14 to 17. 1)
378, ”,—3))“”——-111(1”'11(’t \\mdlnﬂ' Neq; (1N
Figs. 14 to 17 n;) —402-—55—53. The arma-
tuu Mottt closes the followi ng cireuits: {a)
52—54—403—389, m-—marrnet winding ¢y ;
(in Figs. 14 to 17 f)———iOi—)% and (b)
’)L—-V)HO 3—412—399, —magnet winding
N nip,—402—-55-—53 and interrupts the con-
ductor 414, so that the winding 7., (in Figs.
14 to 17) becomes de-cnergized.

It is to be pointed out 1n this ease that the
connections of the magnet winding of the
group ¢ with the n(wm\e pole 53 of the
source of current really take place over an-
other path. as can be ceen from Figs. 6 to 9
and Fig. 13; however, for the sake of sim-
plicity, those whieh have heen illnstrated in
Figs, 14 to 17 assoeinted to the magnets of
the gronp f have heen assumed to hold good
for e, since the understanding of the opera-
tion 1s facilitated, if the interruption of the
diagrams of connections required by the size
of the separate sheets 18 not introduced also
in the description, where entirely unimpor-
tant connections of conductors conie into
qrestion, Asama ter of fact it is immaterial
whether the connection of the winding epy ¢
is effected with 53 over the conductors
404—355. or as indicated in Figs. 6 to 9 over
the conductors 515—482—55. As a matter of
fact. the connection shown in Figs. 6 to 9
holds good. Naturally, this also applies to
all other magnet groups and their connections
with 53, for which Figs. 6 to 9 come into
question.

(2) (Closed through 475).

52~ 54—-589—501—0616—over the arma-
ture 575—327. v (Figs. 14 to 17)—over the
wmature o (in Fioss 14 to 17, 7)) 8771,
B398, —maanet \\'Imling v, (In Figs
to 17, n,) 402—55—53.

The armature 7. v, closes a civeuit passing
over its winding {over the conductor 411)
and a cireuit that Dpasses over the winding
Civg (in Figs. 14 to 17 £, ¢). Thus we have
“seven® aheqdv set 1n o And ‘wix”

in Cive
However, the armature 575 (Fig. 18) closes
simultaneously with the cirveuits described

also the following two circuits:

1,813,830
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(8) 52—54—589—583—585—magnet wind-
ing 586—585—55—53 and

4) 52 — 54— H8Y — 582 — 58T — magnet
W mrlmﬂ 588—587T—H5—53.

The armature 586 closes the followi ing cir-
cuit (Figs. 6 to 9) + 52—54—623—62 L»m.lg-
net winding 125-—55—53. The armature 125
interrupts the conductor 124 and thus all the
cirenits which pass over the windings of the
group . In this way the number 76 ' that has
heen set is cancelled.

The circuit that passes over the winding
88 is unimportant as long as the typing key
146 is not elosed.

(Re V, V1, VII) Repetition of the preced-
ing operation, that is to say setting of the
nmumnber 53 in the group a.

(Re VIII) The same as Re IV,

The armature 575 now closes the following
cirenits:

(Fig. 18) 52-—54—589 —590-—G05—over
the armature 575—326, —(Figs. 14 to 17)
over the armature ey, (in Figs. 14to 17 7, 5)
373 nr—inagnet w mdm" p/— Be 11—
3. yr—magnet winding nc,m,gw(m Figs. 14
to 17 n,)—402—35—353.

The armature 7., now closes the two
circuits that pass over its own winding and

over the winding em., and interrupts,
amongst others, the conductor 412 which

kept the winding ». n; energized (Fi'T 13).
At the same tinie the armature Dy
conductors and altogether four cirenits:

(I) 52—Dbd—da36--the fifth  conductor
counted from the left to the right—433—
442—winding 357—3834—05—53. This cir-
cult is entirely unimportant in the addition
and is in no way disturbing.

(I1) 52—54—436—the  fourth  condue-
tor—434—magnet. winding J45—434--322
(Figs. 14 to 17)—over the ; umqtuw e (in
Figs. 14 to 17 f,)—3872,,—393 winding
7lc.”‘1"——109‘—‘55v—*')r).

Thus this circuit sets *one” in ¢y, that is
to say it eflects the transmission of the tens
from cuy.

(ITI) (Fig. 13). 52—54—436—third con-
ductor—435-—magnet winding 426423 —
334—55-—53.

The armature 426 interrupts the connee-
tion between the magnet windings 2 and the
magnet windings 2.

(IV) 52—n4—A436—frst conductor—wind-
ing A.—second conductor 437—55—153.

Thus the following armatures are attracted
simultancously 426 which intorr upts the con-
nections between the windings 4 and the
windings 7.1, 445 and 7,q04-

The armature 445 closes the circuit: 52
54—451—magnet winding 446—55-—53.

The armature 446 interrupts the conductor
436 and therewith all the circuits that pass
over the armatore /..

The :econd circuit passing through 575:
(Fig. 18) 52— 4—b589—591—G13—over the

closes five
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armature 575—3824, v, (Figs. 14 to 17)—over
the armature c¢ry,—(in Figs. 14 to 17 f, ¢)—
380, 1v—401—magnet winding 7 v,s—402—
55—53.

The armature 7n.;v, again closes in a
known manner the two circuits that pass
over its own winding and over the winding of
the magnet ¢y, and interrupts, amongst oth-
ers, the conductor 411 which maintains the
winding 7y, energized. '

Of the magnets of the group ¢ the follow-
ing magnets are thus energized: in ¢, the
magnet ¢, in ¢y the magnet ¢y 4, in cx the
magnet ¢y,2, 1N ¢rv the magnet crv,.

Naturally the armature 575 closes again—

~as in the first instance—the circuits passing
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through the magnet windings 588 and 586.

The armature 586 releases again the num-
ber set in a. (Re IX) If now the key 146
is pressed down, the following circuits are
closed:

1. (Figs. 6/9) 52—54—146—574—143—
magnet winding 141—143—145—55—53.

2. 52—b4—625—over the armature 588—
%80~—5—magnet winding 479—480—481—482—

5—53.

The armature 479 closes the following cir-
cuit:

52—54—4T71—over the attracted armature
¢1;—460, over the attracted armature 479—
460—130—56,—magnet = winding 3,—23—
55—>53—and thus initiates the writing of the
number set in the group ¢ in the manner de-
scribed sub Ag.

F
Subtraction

Let us assume that the two numbers 326
and 934 have to be subtracted from one an-
other; and that the smaller one has been set
first.

A, Operations

The following keys are pressed down in
the following succession at any desired speed :

(I) 745 (Figs. 19, 20), (II) 151 (Figs.
6-9). (III) 45, (IV) 45, (V) 45e (VI)
571, (VII) 746 (Figs. 19, 20), (VIII) 131,
(IX) 45,, (X) 45, (XI) 45,, (XII) 571,
(XTIII) 746, (XIV) 146. '

B. Circuits

(Re I) (Figs. 19, 20) 52—H4—T745—T791—
magnet winding 792—791—55—53. The ar-
mature 792 closes the following circuit: 52—
54—T798—T791—winding 792—791—55-—53.

The armature 792 thus remains attracted
also after the pressure on the key 745 has
ceased.

(Re IT to VI) Setting of the number 326
in the group @ and transmission to c¢u, om
and ¢y, as has been described in the case of
addition.
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(Re VII) (Figs. 19, 20). 52—b54—T46—
747—830—magnet winding 755—831—744—
55—53.

The armature 755 closes the following cir-
cuits :—

(1) 52—54—T743—T40—over the armature
¢ s—116-—over the armature 755—764—over
the non-attracted armature 800—634, ; (Figs.
14 to 17)—over the armature d;. (in Figs.
14 to 17 £, ) —73441—38954,1, magnet winding
N 1 —402—55—53.

The armature 741, again closes the two
circuits that pass over its own winding and
over the winding d; .. and interrupts 4144 so
that the winding 741, and therewith the
winding d; . is de-energized, whilst the wind-
ing dy s becomes energized.

(2) (Again Figs. 19, 20) 52—54—814—
829 —over the armature 755—818—815—

‘magnet winding 816—815—55—53.

(3) 52—54—814—822—over the armature
T55—832—834—magnet winding 835—834—
831—744—55—53. ‘

(4) 52—b4—814—822—833—830—magnet
winding 755—831—744—55—53.

(5) 52—54-—814—822—836—magnet wind-
ing 837—836—831—744—55—153.

At the same time the following armatures
arg attracted : (1) ng1,s; (2) 8165 (3) 835; (4)
837. ’

The armature 816 closes the following cir-
cuit : 52—54—814—823—winding 824—815—
55—53.

The armature 835 closes the following cir-
cuit : 52—54-—key 746—747-—945—834—mag-
net winding 835—834—831--T744—55—53—
and interrupts the conductor 747. Thus the
armature 835 remains closed after the arma-
ture 755 has been attracted as long as the pres-
sure on the key 746 is maintained, but the ac-
tion of the pressed down key on the winding
755 ceases at the moment at which the arma-
ture 755 is attracted. The pressure upon the
key 746 (the key that carries out the opera-
tion of subtraction) may thus last as long as
desired, without disturbing the operation of
subtraction. The armature 837 closes the fol-
lowing circuit: 52—54—748—over the open
armature 756—838—836—magnet winding
837-—836—831—744-—-55—53.

The armature 824 interrupts, when attract-
ed, the conductor 822 and therewith all the
circuits passing over this conductor. Thus
the following become de-energized one after
the other: winding 755, by the release of this
armature the winding 816 and finally 824.
‘When the armature 824 is again in its posi-
tion of rest, the following circuit is closed
over the armature 837 (which remained at-
tracted by the circuit passing over the con-
ductor 838): 52—54—814—822—839—mag-
net winding 756—839—over the open arma-
ture 840—839—over the attracted armature
837—836—magnet winding 837—836—831—
744—55—58.

70

75

80

85

90

95

100

105

110

115

120

125

130



10 .

3

16

20

30

&0

e
(323

60

38

The armature 756 closes the following cir-
cuits:

(1) 52—54—7T748—T741—over the armature
O —127—over the armature 756—T773—
over the open armature 799—6334,1; (Figs. 14
to 17)-—over the armature di,—373¢1u—
394(1_,I—magnet winding ng.y1.—402—55—53.

(2) 52—54—814—822-—817—815—magnet
winding 816—815—55—53.

(3) 5‘)——.)4——814——82‘7—841—mafrnet wind-
ing 849—841—831—744—55—53.

Thns the armature 74,11, 816—and 842 are
attracted simultaneously.

The armature 745, again closes the two
circuits passing over its own winding and the
winding dy. and interrupts the circuit pass-
ing over the winding 74 1.

The armature 816 similariy closes again
the circuit passing over the winding 824 and
the armature 842 the following cireuit: 52—
54—748—843—R41—magnet winding 842—
841—831—T744—55-—53.

When the armature 824 is attracted the
winding 756 and 837 become de-energized and
after the armature 824 has come again to its
position of rest (after the release of the arma-
tures 756 and 816 one after the other) the fol-
lowing circuit is closed: 52—54—814-—822—
844—magnet winding T57—844—over the
open armature 840, 841,—winding 842—841
—831—T744—55—53.

The armature 757 closes the following cir-
cuits:

(1) 52—34-—-7483—T42-—over the armature
Civ.o 188—over the armature THT—787T—over
the open armature 796—637, 1, (Figs. 14 to
17) — over the armature diyy,— 377Tqu—
3‘)‘5(”[1-——magnet winding 74 —402—55—

L3

( 2) 52—34—814—822—946—815—magnet,
w mdm,f: 816—815—55—53.

(3) 5254814822 R 15 —magnet wind-
ing 846-—84H—831—T744—55—53.

The armature 7.« again closes the two
circuits passing over its own winding and
over the winding of the magnet 4.y, and the
armature 816 the circuit passing over the
winding 824. The armature 846 closes the
following cirenit: 52-—54—829—848—84 5~
magnet winding 846—845—831—744—55—
53.

After the armature 824 has again come into
its position of rvest. the following circuit is
closed :—52-—54 —814+—822-—826 —magnet
winding 825—826—3827T—over the open arma-
ture 840, 847—845—magnet winding 846—
845—83 nh-—b3.  The armature 825
¢loses the following cirenit :—H2—Hd—814—
827T—magnet winding 828—827—as hefore up
to —5a.

The armature 828 when attracted inter-
rupts the armature 74 and therewith all the
cirenits passing over this conductor. The
winding 825 -898 and 816 hecome de-ener-
gized.

BEST AVAILABLE COPY
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(Re VIII to XII) Setting of the num-
ber 934 in the group ¢ and transmission to
> as in the case of addition.

(Re XIII) The key 746 closes again the
circuit p(msinw over the armature 755. The
armature 755 closes again five circuits:

(1) .)2~54——74‘% T40—over the armature
Cia—7110—over the armature 755 —770—
over the open armature 800—640,, (Figs. 14
to 17)—over the armature d, —875,,- (Fig.
10)—794—850—over the closed armature
792—in three electrically parallel branches

(@) over the conductor 862 and winding 796,
(h) over the condnctor 861 and wmdmg 799,
{¢) over the conductor 860 and winding 800
to the conductor 812-—83 1—74%——55-—5.)

The arnature 800 closes the following cir-
cuit: hz—54—T743—740—T710-—over the arma-

ture TH5—T770—over the attracted armature
R800—GH0,; (Figs. 14 to 17)—over the arma-
ture  dy,—37T, ~—308, (—magnet  winding
Ng. 1 —302—50—-53. Thesecond, third, fourth
and fifth circuits closed by the armature 755
are again the snme cireuits as those that came
into qnoatmn when the armature 755 was first
attracted. Tt is to be mentioned here 800 and
816 are attracted simultaneously and simi-
larly the armatures ngp, and 824. As the
winding 755 after the attraction of the arma-
ture 824 must first become de-energized, the
armature 755 remains elosed a short period
of time after the attraction of the armatnre

821, that is to say also after the attraction
<>f naras <0 that the armature ny,; , is attracted
with certainty.

The armatures 800. 799, and 796 remain
attricted after thev have been attracted ur.-
der the action of the following cireuits:
the armature 800: H2-—54—T18—023"—860—
winding 800—812—831—744—585—53. Tha
.nnm(m(\ T90: B2 —- DB —T48 —TH1 — 861 —
winding 799--812-—-831—744—05—53. The
armatnre 796: 52 — 534 — 748 — 750 — 862 —
winding T96—812—331—744—h5-—53.

The armature 756 is attracted in exactly
the same manner as in the first instance, as
soom as the windings 824 and 840 hecome de-
energized and closes the following circuit,
$52-—84-—T43—T41—over the armature ¢y o
726—over the nrmatnre Th6-—174 over the at-
tracted armature 799—044 (Figs. 14 to 17)—
overthearmature dy . 3724 13980 11— 11—
402—-55—53.

The cirenits closed by 7411, and the further
cirenits closed by 746 are again the same ones
as those already deseribed, so that “one” is set
in 4y and finally the avmature 757 is attracted,
and closes the following cireuit - —52-54—
T43—T82——over thearmature ¢y, —730—over
the armature 757—785 over the attracted ar-
muture 706 —64h,5, (Fig. 11 to 1T)—over
the armature dy —379 mr (Fig. 27)—mag-
net winding 2o o379 (Bigs, 11 to 17)—

400(],[11,"""”(1,111,21__4()27 55—-53
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The armature hq s (Fig. 27) closes five
conductors and therewith four circuits:

(1) 52—54—1285—the first conductor from
the left-winding Aq i s—second conductor
1286—55—53. ‘

(2) 52— 54 —1285 —third conductor —
1287—magnet winding 1288--1287—1286—

- 55—b3.
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(8) 52— 54 — 1285 — four th conductor—

) 1281—winding 1282—1281—1292—over the

armature di,—371s 1 (Figs. 14 to 17) —392—
d'1r~nd,11vg——402—55—53.

(4) 52— 54— 1285 — fifth conductor —
1280—winding 840-—1280—55—53.

The armature 1282 closes the circuit:
52—54—1283—winding 1284—55—53. The
armature 1284 interrupts the conductor
1285 and therewith all the circuits passing 8
over the armature Aq . Thus we have now
set in d; “six”, in dy “zero”, and in
din “eight”, (that is to say the armatures
corresponding to these numerical values are
attracted).

The further circuits closed over 757 are the
same as those hereinbefore referred to, so that
finally the armature 828 is attracted: which
interrupts the conductor 744 and there with
all the cirenits passing over the same.

(Re XIV) The circuits are closed in the
manner described in sub “Cd” and the typin
of the difference set in the group dis 1mtlate(11’g

G
3. Multiplication

Let us assume that the two numbers 56 and
78 are to be multiplied with one another.

A. Operations

The following keys are pressed down at any
desired speed and in the following succession
(Figs.6t09) :

(I) 151, (I1) 45,, (ITX) 45,, (IV) 150, (V)
45., (VI) 45,, (VIT) 303, (VIII) 146.

B. Circuits

(Re I to TIT) Setting of the number 56 in
a known manner in the group a.

(Re IV to VI) Setting of the number 73
in the group 3.

(Re VIT) The double key 303 closes the
following circuits:

(1) (Figs. 6 to 9) 52—54—303—304—
winding 306-—-298—55—53.

(2) (F1gq 11 and 12) 52—54—303—305—
armatire 308 winding 250—305—winding
307—333—834—55—b53.

The armature 306 closes the following cir-
cuit: 52—>54—314—304—winding 306—298—
55—53—which maintains the armature 306
in an attracted position.

The armature 250 closes the following cir-
cuits: (1) 52—54—252—344—over the open
armature 1%13—344—305——W1nd1ng 250—
5 343-—334—55.

The armature 250 thus remains attracted

BEST AVAILABLE p
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until the armature 1313 is attracted. How-
ever, the conductor 305, which effects the con-
nection between the windings 250 and 307, is
interrupted under the action of the circuit:

(2) 52—54—252—335—winding 336-—
335—333—334—055-—53. The armature 336
interrupts the conductor 305.

The armature 307 closes the following cir-
cuits:

(1) 52 — 54— 331 — 339 — 305 — winding
307—333—384—55—58. Thus the armature
307 remains attracted in spite of the attrac-
tion of the armature 336 which interrupts the
conductor 305. This, however, only until the
armature 360 is attracted, which then inter-
rupts the armature 331.

(2) 52—54—331—337—magnet

)8——337——334—50—53

(3) 52— 54— 331 — 340 — 332 — winding
359—332—55-—53.

(4) 52—54—331—340—332—1305—wind-
ing 357—1305—334—55—53.

The armature 359 closes the following cir-
cuit: 52——54——361——W1nd1ng 360—361— 55—
53.

The armature 360 interrupts, when at-
tracted, the conductor 331 and therewith all
the circuits passing over it. The armatures
307 and 357 are released, likewise 359 and
subsequently the -armature 860. Only the
armature 338 remains closed viz. over the fol-
lowing ecircuit 52—-54--341—337—winding

338—337—334—55—53.

As long as the two armatures 250 and 307
are attracted, they close the following cir-
cuits:

(1) 52-—54—252—over the armature b ,—
234, (Fig. 10)—over the armature a,—
213; (Figs. 11 and 12)—over the armature
307—3824; (Figs. 14 to 17)—over the arma-
ture ¢ 34—, indi
402—55—53.

(2) 52—b4—252—over the armature b ,—
234, (Fig. 10)—over the armature a,
(Fig. 10, illustrates the diagram of a digit

value group @ and holds good as has already
been stated, for all the digit value groups, so
that for the other group @y only the indices
of the conductors are altered)—214,, (Figs.
11 and 12)—over the armature 307—3825;,
(Figs. 14 to 17)—over the armature ¢y .—
3750,11

Each of the armatures m.r, and 7y,
closes in a known manner two circuits over
their own windings and the windings of the
corresponding magnets ¢ .. and ¢y, and in-
terrupts the circuits passing over the wind-
ings e e and 7. so that now “three” is
set in ¢; and “four” in ¢y viz., the tens digits
of the partial products 7X5 and 7% 6.

At the moment at which the armature 357
has reached again its position of rest, the fol-
lowing circuit is closed (Figs. 11, 12) : 52—
54—881—winding 309—342—337—winding
338—337—334—55—53.

winding

396. n—winding n,y,—402—55—53..
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The armature 309 closes the following cir-
cuits:

(1) 52— 54— 331 — 346 — 332 — winding
359—332—55—>53.

(2) 52—54—331—346—332—1305—wind-
ing 857—834—55—i3.

The armature 357 interrupts the cireuit
passing over the windings 309 and 338, but
the winding 309 remains encrgized by the
following cirveuits:

(8) 52 -— 54— 331 — winding 309—340—
1308—333—334—055—53.

(4) 52-—0H4—831— 347 — winding 348—
347—334—55—53.

The armature 359 closes again as pre-
viously the circuit leading over the winding
360 and armature 360 interrupts the conduc-
tor 331 and therewith the cirenit passing in
succession over the windings 309 and 348.
The armature 348 however remains attracted
under the action of the following circuit:
52—54—349—347—winding 348—334—55—
53, and closes the following circuit —52—
54 —252 — 1312 — magnet winding 1313—
1312—334—55—53.

The armature 1313 interrupts the conduc-
tor 344 and thereby de-energizes the winding
250.

Whilst the two armatures 250 and 309 were
attracted (in the intervals of time following
the attraction of the armature 309) the fol-
lowing two circuits were closed :—

(1) 52—hH4—252——o0ver the armature by ,—
253 (Fig. 10)over the armature a,.—206;
(Figs. 11 and 12)-—over the armature 309—
326, (Figs. 14 to 17)—over the armature ¢y 4,
380, n—401, y—winding 7., r,—402—55—53
and ‘

(2) 52—54—252—over the armature b, —
233 (Fig. 10)—over the armature o —
203, {Figs. 11. 12)—over the armature 309,
328y (Figs. 14 to 17)—over the armature
Crte — 873c 111 — 894, — magnet  winding
Ne 111 s—A02—55—53.

The two armatures 7., and 7. close
the circuits over their own windings and over
those of the magnets ¢, and eyr.. Thus,
we have now set in ¢, “three”, in ¢y, “nine”
and in ¢y “two”, that is to say, the product
of 56XT.

After the armature 357 has reached again
its position of rest, the following circuit is
closed: 52—54—331—winding 310—350—

5 winding 251-—350—347—winding 348—334—

55—53.

The armature 251 closes the following cir-
cuits :—

(1) 52 — 54— 252 — 345—winding 251—
350—(after the attraction of the armature
357)—1311—333—334—55—h3.

(2) 52— 54 —252 —345—1314—winding
1315—1314—1311—333—334—55—53,

The armature 251 thus remains attracted
also after the attraction of the armature 1315

1,813,830 BEST AVAILABLE COPY

(which interrupts the conductor 350) and
357,

The armature 310 closes the following cir-
cuits:

(1) 52— 54 — 831 — 351 — 332—winding
359-—332—55—53.

(2) 52—54—3831—352 —winding
352—334—55—b3.

(3) 52— 54— 331 — 351 — 332 — 1305—
winding 357—1305—334—05—53.

(4) 52—54—331—winding 310—350—
1309—333—334—55—53.

The armature 859 closes again the circuit
over the winding 360 and the armature 310
remains attracted until the armautre 360 in-
terrupts the conductor 331.  During the time
that the armatures 251 and 310 were closed,
the following two circuits were closed :—

(1) 52—b4—252—over the armature dy,3
226; (Fig. 10), over the armature a; ;—211—
(Trigs. 11, 12)—over the armature 310, 322y
(Figs. 14 to 17)—over the armature ¢y —
3711 (Fig. 13)—magnet winding 2,—371«
(Figs. 14 to 17)—3892, p—magnet winding
Tio. 14025553,

The armature nemn,, closes again the two
circuits passing over its own winding and
the winding ¢, and interrupts the circuit
PASSING OVer 7. ip.

The armature A,, closes four circuits:

(I) (Fig. 13) 52—54—431—the first con-
ductor passing over the armature A,—wind-
ing As—second conductor—432--h5—53,

(IT) 52 — 54 — 431 — third conductor —
430—winding 425—423—55—53.

(I11) 52-—54—431—fourth conductor—
429—winding 444—429—322; (Figs. 14 to
17)—over the armature e¢; 3, 875, ~—396,—
To1 —L02—B5—53.

(IV) 52— 54-—431 — fifth conductor —
428—449—winding 857—423—55—53. (The
part of this circuit from the winding 357 up
to 53 is naturally identical with the conduc-
tors sh()>wn in Figs. 11 and 12: 1305—334—
55—53.

The armature %, thus remains closed also
after the interruption of the connecting con-
ductors between the windings 4 and n. . also
after the attraction of the armature 425 by
the circuit II. The cirenit TIT effects in the
position ¢; the addition of a unit, that is to
say the setting of ¢, and the attraction of
the armature 444.

The circuit IV keeps energized the wind-
ing 357 also after the attraction of the arma-
ture 360 (Figs. 11 and 12).

The armature 444 now closes the following
circuit: 52—54—450—winding 448—55—153.
The armature 448 interrupts the condnctor
431 and therewith the circuits I, I1, IIT and
IV. Only the armature 7., and therewith
¢ 1 remains attracted. The transmission of
the tens is thus effected.

(2) 52—b4—252—over the armature by y—
226y (Fig. 10)—over the armature ay,—211;

353 —
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(Figs. 11, 12)—over the armature 310—822;
(Figs. 14 to 17)—over the armature ¢y.—
3‘40 111‘—3950 ur—w lndln“' e, 111, 3—4:02'——00
53.

The armature 7. ;s again closes the two
known circuits over its own winding and the
winding of the magnet e,

We hiave now set in the group ¢; “four”
c1, “zero” in ey and “three” in em.

"After the armature 357 is again in its po-
sition of rest, the following circuit is closed:
52 — b4 — 331 — 356 — Wmdmrr 311—356—
352—winding 056—302———334—05——03

The armature 311 closes the following cir-
cuits:

(1) 52— 54— 331 — winding 3811—356—
1310—333—334—55—53.

(2) 52—54—331—3858—332—winding
359—332—55—53.

(8) 52—54—3831—358—332—1305—wind-
ing 357—1305—3834—55—53.

The armature 359 closes again the circuit
over the winding 360 and the armature 360
interrupts the conductor 331. As long as the
two armatures 251 and 311 are attracted the
following two circuits are closed :—

(1) 52—54—252—over the armature by, o—
225, (Fig. 10)—over the armature a;,—
206, (Figs. 11, 12)—over the armature
311—326, (Flgs 14, 17)—over the armature
Cunis 379c 111——40()0”,——w1ndm<r N, 111, 5—402—
5503,

(2) b2—54-—252—over the armature by ,—
225, (Fig. 10)—over the armature ey —
209, (P]g% 11 and 12)—over the armatire
311—329;, (Figs. 14-17)—over the armature
Crv, 1—‘3790 1v-~400c v—W 1nd1n0‘ Ne,1v, 3—4024——
55—53.

Each of the armatures 7. n s and 2crvs
closes two circuits over their own windings
and the windings ¢y, and ¢y g, 50 that ﬁnally
the following 1s set in the group ¢: mn ¢
“four”, in ¢, “zero”, in e “eight” and in
e also “eloht’ that Is to say the number
4088; this is s the product 56 X 73.

The following circuit was also closed over
the armature 311 (Figs. 6 to 9): 52—54—
316—winding 317—298—55—153.

The armature 317 closes the following cir-
cuit: 52—54—480-—winding 479—480—481-—
482—35—53,

(Re VIIT) The key 146 closes the follow-
ing circuit: 52—04—146—~514~143—wmd—
ing 141—143—145-—55—53.

The armature 141 and the armature 479
close the following circuit: h2—5i4—471—
over the attracted armature ¢, ,—465—135—
56,—8,—23—b5—53, and 1n this way initiate
in a known manner the typing of the number
set in ¢

H

4. Division

in

Let us assume that the following division
876 :45 has to be carried out.

- BEST AVAILABLE COPY a3

A. Operations

The following keys are pressed down at any
desired speed in the following succession:

(Figs. 6 to 9) (I) 149 (11) 45, (111) 45,,
(IV) 454, (V) 148, (VI) 45, (VII) 4b,,
(VIII) 570, (1X) 146,

B. Circuits

(Re Ito 1V) bgttmg of the number 876
in the divided group d. In addition there-
to Re 11:

After the armature 74y, has been at-
tracted, the following circuit is closed (Figs.
19 to 20) 52—-54—T48—T751—907—909—
(Figs. 23, 24) 909—magnet winding 1183—
1186—55—53.

{Re V to VII) BSetting of the number 45
in the group ¢ and of the numeral 4 in the
group e.

(Re VIII) (Figs. 23,24) The double key
570 closes the followmg two circuits:

1. 52—~o4—o70—1179——m‘1gnet wmdmfr
923—1179—294—55—58.

2. 52—54—570—127l—magnet Wmdlng
1272—1271—55—53.

The armature 1272 closes the following
circuit :— 52 — 54 — 1273 — magnet winding
1272—1271—55-—53.

The armature 1272 thus remains attracted
until the operation is completed.

The armature 923 closes the following cir-
cuits: (1) 52 — H4 — 1178 — 1179 — magnet
winding 923—1179—294—55—53. The ar-
mature 923 thus likewise remains attracted
until the armature 295 is attracted, or until
the operation is completed.

(2) 52—54—1180—1181—magnet winding
1162—1181—909—magnet winding 1183—
909—1186—55—53,

The armature 923 closes the following cir-
cirenit: (Figs. 19, 20) 52—54—T748—751—
878—over the armature ng;,—878—(Figs.
23-24) : over the armature 1183—958—(Figs.
21, 22) : over the armature ¢,—973—(Figs.
23, 24) : over the armature 1182—1193-—mag-
net winding 0;.—300—294—55—53,

We now have set in group b; “two” as the
first digit of the quotient.

The armature Or.2 closes the following cir-
cuit: 52—b4—1173—1171—1072—m a gnet
winding 1082—1169-—294—55—53.

The armature br, » closes in the same man-
ner as the armature of the groups n in the
case of the magnet groups ¢ and & (it may be
referred to as my;,) the circuit passing over

its own winding and the armature 1082, the
following cireuit: 52—b4—1173—1250—over
the armature 1082—1174—magnet winding
1175—1174—1169—294—55—53.

The armature 1175 remains attracted so
long as a figure is set in b;.

In addition thereto the armature 1082
closes the third circuit passing over the arma-
ture 923:
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(3) 52—54—1173—1250-—over the arma-
ture 1082—1176-—over the armature 923,—
1176—magnet winding 1177—1176-—55—53.

The armature 1177 interrupts the conduc-
tor 1180 and therewith the circuit described
under (2) and passing over 1182. The arma-
ture 1182 is thus released after the first digit
of the quotient has been set.

The armature 1177 remains attracted as
long as a figure is set in &; and closes the
fourth circuit that passes over the armature
923.

(4) 52—54—1212—over the armature
923—1212—over the armature 1177—over the
open armature 1214—1212—magnet winding
250—magnet winding 307—1212—1216—
55—53.

When the armatures 250 and 307 have been
attracted the multiplication of the divisor 45
set in the group @ with the first quotient digit
2 set in the group d; is initiated, and the
operation of multiplication is effected in a
manner already described with reference to
Figs. 10 to 17, that is to say “nine” is set in
the group ¢y and “zero” in the group ¢,
as if the multiplication had been initiated
from the kevboard. Naturally (since the key
303 (Figs. 6 to 9) has not been depressed),
the circuit passing over the magnet winding
306 is not closed and therefore the typing of
the product set in ¢ is not initiated. On the
other hand the following has to be borne in
mind ;

As soon as the armature 307 is attracted,
it closes the fifth circuit passing over the
armature 923:

(5) 52—54—1187-—1213—over the arma-
ture 307—1213—over the armature 923—
1213—magnet winding 1214—1218—1216—
55—53.

The armature 1214 interrupts the conduc-
tor 1212 and therewith the circuit passing
over 250 and 307, and thus renders the co-
operation of the magnets 250—251—307—
309—3810—311 independent of the connec-
tions for the division and remains attracted
by the following ecircuit: 52—54—1187—
1215—1213—magnet winding 1214—1213—
1216—55—53. Thus, it remains attracted
until the conductor 1216 is interrupted.

The multiplication of the divisor 45 with
the first quotient digit 2 is terminated as soon
as the armature 310 is attracted. This arma-
ture thus closes the following circuit :

(6) 52—54—1187—1217—over the arma-
ture 3810—I1217—over the open armature
1219—1217—over the armature 923—1217—
magnet winding 755—1216—55—53.

The armature 755 closes the following eir--

cuits (Figs. 19, 20) :

(I) 52—54—814—822—818 —815—wind-
ing 816—815—55—53.

(IT) 52—54—814—822-—818—815—1307—
winding 840—1307—831—744—55—53.
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(IIT) 52— 54 —814—822 —832— 834 —
winding 835—834-—831—T44—55—53.

(IV) 52—54—814—822—833—830—wind-
ing 755—831—T744—55—53 (according to
Figs. 23, 24), or winding T55—1217—1216—
55—53, which is exactly the same, since it is
only a question of connecting the winding
755 with the negative pole of the source of
current, which connection is naturally estab-
lished only once and not twice, and only for
the sake of clearness has bLeen referred to
differently in the figures.

(V) 52—54—T743—T740—over the armature
¢n,o—710—over the armature 7553—770—over
the open armature 800—6404; (Figs. 14 to
17T)—over the armature d;s—3804 1 (Figs. 19,
20)—T794—921—over the armature 923 (Figs.
23, 24)—921—magnet winding 922—921—
1244—over the open armature 1243—over the
attracted armature 1175—1344—over the ar-
mature 1082—1131—1192—winding 0;,—
300—294-—55—53.

The armature 0:, closes the following cir-
cuit: 52—54—1178 — 1171 — 1071—winding
1081—1169—294—55——53.

The armature ?,, closes in addition there-
to, the circuit passing over its own winding
(hke the magnets in the group = in the case
of the magnet groups ¢ and d) and interrupts
the circuit passing over the winding b ..

Simultaneously with the armature 1081,
the armature 920 was attracted by the follow-
ing circuit: 52—54—924—over the armature
922—winding 920-—924—55—53.

The armature 920 interruts the conductors
12186, 1237, and (Tigs. 19, 20), the conductor
744, The interruption of the conductor 1216
was accompanied by the interruption of the
circuit passing over the winding 1214 and
that of the conductor 744 by that of all the
circuits passing over the same and over the
conductor 831, that is to say also the circuits
passing over the magnet windings ¢, and
Curo, 88 well as all the circuits passing over
the windings 837, 842, 846.

That is to say, as the products of the first
digit of the quotient and the divisor was
greater than the dividend, this product was
cancelled in ¢ and the first digit set in the
quotient had a value reduced by one, viz.
“one” instead of “two”.

Naturally the release of the armature ¢,
and ¢im,o was accompanied by the de-energiza-
tion of the.circuit passing over the conductor
921 and the armatures 922 and 920 were re-
turned to their position of rest.

After the armature 1214 has reached its po-
sition of rest, the fourth circuit passing over
the armature 923 (now over the armature
1081) was closed, and the multiplication of
the first digit of the quotient with the diviser
is again started.

After the product of 1 with 45, that is to
say 45, has been set in the groups ¢ and ¢y
and the sixth circuit passing over the arma-
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ture 923 has been closed by the armature 310,
the armature 755 closes (Figs. 19, 20) the
circuits described under I to 1V, and in addi-
tion thereto the following circuits: 52—54—
T43—T740—over the armature ¢n,: 115—over
the armature 755—765—over the open arma-
ture 800—6354 1 (Figs. 14 to 1T)—over the ar-
mature d,l,8—375d'r—-—396d1 magnet winding
Ny, —402—-55—58.

The armature nq; 4 closes the two circuits
passing over its own winding and the wind-
ng dis and interrupts the circuit passing
over ny .

The co-operation of the magnets (”)5, 756,
757,837, 842, 846, 816, 824 (all in Figs. 19, 20)
is the same as in the case of subtraction, that
is to say, the figure “five” set in ¢y is sub-
tracted from the figure “seven” set in di, so
that the remainder set in the group d is 426.

The criterion that the subtraction has been
completed is that the armature 825 is at-
tracted.

The armature 825 closes the following cir-
cuits: (Figs. 19 to 20) 52—54—814—827—
magnet winding 828—827—over the arma-
ture 846——845—W1nd1n0' 846-—845—831—
7445553, and (Figs. 23 to 24) 52—54—
1220——W1nd1ng 1221-—1220-—1237—55-—53.

The armature 1221 closes the following cir-
cuits 02——04——1187———1223——1‘)20——Wmd1no
199119201937 55—53. The armature
1221 thus remains attracted, also after the ar-
mature 828 interrupts the conductor 744, that
is to say, also after the armature 825 has come
o its position of rest. Further the armature
1221 closes the following circuit: H2—=5Hd—
1224—aver the armature 1221—over the ar-
mature 1177-—over the open armature 1219—
1224 —over the open armature 1062—1225—
over the still closed armature 1183—1231—
1210—magnet winding  by,—301—294—
55—53.

Thus we now have set as second quotient
digit “nine”.

The armature by, closes the two circuits
that pass over its own winding and over the
winding 1109,

The armature 1109 closes the following cir-
cuits: 52—54—1173—1251-—over the arma-
ture 1109 — 1149 — 1242 — magnet winding
1243—800—294—55—53. and the seventh cir-
cuit passing over the armature 923:

(7) 52 —54—1173 —1251—1159—1218—
over the armature 923—1218—magnet wind-
ing 1219—1218—1260—55—53.

The armature 1219 interrupts the condue-
tors 1217 and 1224 and therewith the cirenit
passing over the armature 1221, which effects
the setting of the second an)tlent digit. and
closes the followi ing two (1r< mts —

(1) 53—55— 0
ture 1219—123 0—")")—")3 ﬂhlt 18 to qav. 1f in
the course of the division the armature 920
ix again attracted (if a correction of the quo-
85 tient is to be effected), the circuits passing
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over the conductor 1237 are now interrupted,
since the circuits passing over the conductor
1216 over thisx new path are connected with
the negative pole 53 of the source of current,
Any correction that may be effected no longer
applies to the first digit but only to the sec-
ond digit of the qu()tiont.

(2) B2—54—118T er the armature
1219—1240—over ﬂw ()p(n armature 1236.—

-4
magnet winding 310-—magnet winding 251

1937—05-~03, Thus the wltiplication of
the divisor with the second digit of the quo-
tient has now heen initiated and the produet
of 45 with 9, thet ix to say 405 is =et in a
known manner in the group e. In conneetion
therewith it is to he pointed out:

The armature 310 closes in addition to the
known circuits. the following cirenits: 52
54 1187—1217—over the armature 1219
which is now attracted—1235-—magnet wind-
ing 1286—1235—1237—55—53. The arma-
ture 1236 interrupts the conductor 1240 and
therewith the circuit passing over the wind-
ings 310 and 251 so that the co-operation of
the magnets effecting the multiplication is
not disturbed by the connections for the di-
vision.

The armature 311 closes in addition to the
known circuits of the multiplication, the fol-
lowing circuits: 52-—b4—1187—1241—over
the armature 311—over the armature 1219—
1241—1217—winding 755—1216—55—153.

Tn this wayv the subtraction of the number
403 set in the group ¢ from the remainder
426 set In the group o is initiated, and the
former set of operations is vepeated, until the
armature 826 cloxes the following eiveuit:
52— 84 — 1274 ——over the armature 1272—
1274—over the armature 825—1274—over
the armature 1219—I1274—magnet winding
1275—1260—55—53.

The armature 1275 (Figs. 6 to 9) effects
the connection 1)et\\ een the ten conductors
which pass in a known manner over the ar-
mature of the group b; and the bus-conduec-
tors 131, 132, 133 . . 140, that is to say, in
our case, hetween the conductor leading over
the armature b1, and the conductor 132

Re IX) The pressing down of the key 146
Initiates the writing down of the quotient set
in the group & (in ‘this case 19).

It has been shown in the case of addition
how a nwmber that has been set in a group
of magnets is transferred to another group
of nndnets viz. by actuating a single mag-
net avmature. This tr ansfevence may be con-
nected with any desired displacement of
digits.

Tn the case of division it has been shown,
how by the operation of a key (the key 570
\xhlch energized the magnet 923) a succes-
sion of caleulating operations (addition, mul-
tiplication, subtraction) can antomatically be
effected.

It will now be seen that in this Way a series
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of further calenlations may be effected auto-
matically by the machine, more particularly
the numerieal ealeulation of all rational
algebraie functions. by the actuation of an
operating key.

If we wish to caleulate, for instance, 2" for
a definite # and a definite n. it would be neces:
sary (as will be shown later on in connection
with another function) first of all to set the
number » in a magnet group, from which
atter the operation of the operating key cor-
responding to the function @ it is trans-
ferred to the groups @ and & (naturally we
must have as many operating kevs as the de-
sirecdd number of powers it is desired to obtain
with the machine) ; after the completion of
the transmission a circuit will have to be
closed over the magnets 307 and 250, which
initiates the multiplication; after the com-
pletion of the multiplication a circuit will
have to be closed over the winding 295 (Figs.
6to 9and Figs. 23,24), the armature of which
interrupts the circunits passing over the wind-
ings of the group b, <o that the multiplier is
cancelled; thereupon the product @* set in ¢
wonld have to be transferred to » and can-
celled in ¢ (for instance, by the operation of
the magnet 920}, (Figs. 19, 20), and there-
upon the cirenit will have to be closed over
the winding 307 and 250, which initiates the
mn]txpheatmn of the 22 set in » with the =
set In . This operation can be repeated as
many times as desired,

It is, however, also possible numerically to
calculate non-algebraical (transcendental)
functions viz., in exactly the same manner by
the operation of a single operating key, when
these transcendental functions can be re-
solved into series of converging powers. We
will show this by way of an example.

J

Let us assume that it is desired to calenlate
the function sin z for a definite

T
IL<4’
and let us assume that the machine has to
operate in such a manner that @ (in arc meas-
ure) is set in the machine from the kevboard
and that only a single operating key shall be
pressed down; the Tesult shall then be auto-
matically t_vpewrltten
The Taylor series for sin @ gives:

3 .’L‘E'
Sin 2=2-7 534§ 9545
that is to say, )
1n r— 1;3 2‘5
St z= 120

If the series is broken at the third member,
the result that is obtained for

m<§

1,813,830
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is exact up to four decimals, that is to say, an
accuracy which is sufficient for practical pur-
poses.

The diagram of connections required for
this function ix ilustrated in Figs. 25, 26,

The setting key 1310 closes the 10]1()w111(r
circuit:

52—54—1310—1311—winding 1312—1435
—1313"—1314—55—353.

Over the armature 1312 there pass in a
known manner connecting conductors be-
tween the bus-conductors 131, 132 140
and the windings of the group ¢:.

Similarly the armature 1400 connects these
bus-conductors with the windings of the
group ¢, and the armature 1401 with those
of the group ¢in. and so on. The setting of a
number from the keyboard in the group ¢
takes place in exactly the same manner as it
has been described with reference to the group
@ and also the second connections are the
same.

I will now point out the following: The
assumption for the carrying out of the oper-
ation was that the angle, the sine of which
has to be calenlated 1s smaller than or at

the most equal to

i
;m;_rlo is smaller than 1, so that the fivst digit
of the nmmber to be set is in any case “zero”.

The operating key 1315 closes the follow-
ing cireuit:

H2—54—1315—1316—0over the open arma-
ture  1322—1316—magnet  winding 1317—
1316—~1318—1514—55—53.

(1) The armature 1317 closes the follow-
ing cireuits: H2—54—1319—1320—1321—
winding 1322-—1321—1318—1314—55—53—
and 52— 54— 1319 — 1320—1323—winding
1324—1323—1318—1314—55—53.

In addition thereto, the armature 1317 con-
nects, in exactly the same manner as is the
case with the armature 575 (Fig. 9), in the
course of the addition, as regards the conduc-
tors passing over the armature of the group
@ and the magnet windings of the group ¢,
the conductors which pass over the armatures
of the group ¢ on the one hand and the wind-
ings of the magnet group a, b and f on the
other hand. That is to say, the number
which is now set in the group ¢ has been
transferred to the group of multiplicands
the group of multipliers and a group f which
shall be referred to as the sum group.

The connections of a digit value group of
this group f arve illustrated in Figs. 1417,
Its various parts have been described with
reference to the discussion of the addition
and the subtraction.

In this group f a number can be set addi-
tively and subtractively, according as to
whether the connection is effected with the
conductors 321, 322 . . . 330 or with the con-
ductors 631, 632 . . . 640.

Tn arc measures, this
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The connection just described has not been
shown in the diagram of connections (Figs.

25, 26), as the diagram would not show any--

thing new and would take so much space
that the new part could not possibly be illus-
trated in Figs. 25, 26.

The armature 1322 closes the following cir-
cuit:

52—54—1319—1320—1328—1321—wind-
ing 1322—1321—1318—1314—55—53, and
interrupts the conductor 1316 and therewith
the circuit passing over the armature 1317.
The armature 1322 thus remains attracted
until the calculation is completed, and the
duration of the key operation has no effect
upon the carrying out of the calculation.

(2) The armature 1324 closes the follow-

- ing circuits:
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(I) 52—54—1319—1320—1325—over the
open armature 1384—1325—1326—1323—
winding 1324 - 1323 — 1318—1314—55—53.
The armature 1324 thus remains attracted
until the armature 1334 is attracted.

(IT) 52—54—1319—1320—1329—winding
1330—1329—1318—1314—55—53.

(ITI) 52—54—1319 — 1320—1331—wind-
ing 250—winding 307—1331—1318—1314—
55—53.

Now the multiplication of the number set
in the group e with that set in the group &
(let us refer to it as #) has been initiated.

(3) The armature 1330 closes the follow-
ing circuit:

(I) 52—54—1319—1320—1335——over the
open armature 1351-—1335-—over the attract-
ed armature 1330-—1335— 1329 — winding
1330—1329—1318—1314—55—53.

The armature 1330 thus remains attracted
until the armature 1351 is attracted. The
armature 250 thus closes in addition to the
circuits that have heen described in the casc
of multiplication, the following circuits:

(IT) 52—54-—1319—1332—1333—over the
attracted armature 1330 — 1333 —winding
1834—1333—1818—1814—55—153.

The armature 1334 interrupts, when at-
tracted, the conductor 1325 and therewith the
circuit leading over the winding 1324.

The multiplication follows the course pre-
viously described. that is to say, the arma-
tures 307, 309, 310 and 311 are attracted in
succession (in the case of numbers with a
plurality of digits two armatures for each
further digit). In this diagram of connec-
tions, the armature 311 has been indicated as
the last one in agreement with the other
figures.
that has been described in the case of muti-
plication the following circuits:

(4) 52—54—1319—1332—1336—over the
attracted armature 311-—1336—over the at-
tracted armature 1330—1336—winding 295—
1836—1337—1314—55-—53.

The armature 295 interrupts, as will be
seen from Figs. 6 to 9, all the circuits passing

It closes in addition to the circuit’

8
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over the winding of the group & and closes
the following circuit: : '

(5) 52—54—1319—1338—1339—over the
attracted armature 295—1339—over the at-
tracted armature 1330—1339—1340—wind-
ingl\1341——1340-—~1318———1314——55—53.

he armature 1341 remains closed by the
following circuit: '
52—54—1319—1338—1342—over the open
armature 1361—1342—over the open arma-
ture 1324—1342—over the attracted arma-
ture 1341 —1342 —1340-— winding 1341 —
1340-—1318—1314—55—53.

The multiplication of 2.z is completed
when the armature 357 is again in its position
of rest; the number @« set in the group b is
cancelled when the armature 295 is attracted ;
correspondingly the armature 1341 closes the
following circuit, however, only after the ar-
mature 857 has come again into its position
of rest:

(6) 52—54—1319 — 1332 — 1343——over the
open armature 357—1343—over the attracted
armature 1330—1343—winding 1844—1343—
1318—1314—55—153.

The armature 1344 effects the connection
(not shown) between the product group ¢ on
the one hand and the multiplicator group &
on the other hand, thus transmitting the num-
ber @2 set in the product group to the multi-
plicator group b.

The following is to be pointed out in con-
nection therewith. As, hitherto, two num-
bers were multiplied with one another, both
of which were smaller than 1, the zero cor-
responding to the integer part is set in ¢y, or
in general in the case of numbers having a
plurality of digits, in the second highest ac-
tive digit value group of ¢, if by active digit
value groups we understand such groups, in
which the part products of multiplicand and
multiplier are set directly, in contradistinc-
tion to the digit value groups required only
for the tens transmission, in the case of num-
bers having a plurality of digits (within
practical limits for which a calculating ma-
chine is constructed, two such groups at the
most). The transmission from ¢ to b thus
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takes place in such a manner that the condue- -

tors passing over the armatures of the second
highest active digit value group of the group
¢ (in our case ¢y) are connected with the con-
ductors leading to the windings of the group
by, and so on (that is to say o with by,
ey with by and so on).

The armature 1344 now closes the following
circuit, in addition to the circuit just men-
tioned ;

(7) 52—54—1319—1320—1345—winding
1346-—1345—1318--1314—55--53.

Thus this armature is closed simultaneous-
ly with the armatures of the group b which
correspond to the numerals of 22,

The armature 1346 closes the following cir-
cnit: 52—54—1319—1320—1347—over the

—
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attracted armature 1346—1347—winding
920—1337—1314—55—53.

The armature 920 interrupts, as has re-
peatedly been pointed out, and as follows
from Figs. 6 to 9, all the circuits that pass
over the windings of the group ¢, thus can-
celling the product 2* set in ¢ and closes the
following two circuits:

(8) (I) 52—54—1319-—1827—1326 over
the attracted armature 920—1326—over the
attracted armature 1330—1326—1328—wind-
ing 1324—1323—1318—1314—55—53.

(IT) 52—54—1319—1327—1348—over the
attracted armature 920—1348—over the open
armature 1389—1348—over the open arma-
ture 1374—1348—winding 1349 — 1348 —
1318—1314—55—53.

The armature 1349 remains closed by the
following circuit: 52 — 54 — 1319 — 1338 —
1451—over the open armature 1367—1451—
over the attracted armature 1349—1348—
winding 1349—1348—1318—1314—55-—53.

The armature 1324 closes the circuits de-
scribed under (2) and the set of operations is
repeated up to (4), that is to say until the
multiplication of a* with 2 has been carried
out and z°® has been set in the group ¢ in-
stead of the circuit described under (5);
however. the following circuits are closed ow-
ing to the attracted armature 1349:

(9) (I) 52—54-—-1319—1332-—1336—over
the attracted armature 311—1336—1352—
over the attracted armature 1349—1352—
1339—1340—winding 1341 — 1318 — 1314 —
55—53.  (I1) 52—54—1319—1332—1350
over the attracted armature 311—1350—over
the attracted armature 295—over the open
armature 1385—1350—over the attracted ar-
mature 1340—1350—winding 1351—1350—
1318—1314—55-—-53.

The armature 1351 interrupts, when at-
tracted. the conductor 13335, so that the cir-
cuit passing over the winding 1330 is inter-
rupted and together with the interruption
of the armature 1330, also all the circuits
which happen to pass over it.

Consequently the armature 1341 no longer
closes the circuit deseribed under (6) but the
following circuit as soon as the armature 357
Is again in its position of rest that is to say,
until the multiplication #%.2 has indeed heen
completed.

(10) 52—54—1319—1332—1343-—over the
open armature 357—1343—1353—over the
open armature 1360—1353—over the at-
tracted armature 1349—1353—over the at-
tracted armature 1341—1353—winding

354—1353—1318—1314—55—53. ,

The armature 1354 establishes again the
connection (not shown, but in a known man-
ner) between the dividend group 4 and the
product gronp e, that is to say, the product
3 set inthe group e is transferved to the divi-
dend group o, namely beginning again from
the second active digit value group ey
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1,813,880

-

In addition thereto the armature 1354
closes the following circuit:

(11) 52—54—1319—1320—1355—over the
attracted armature 1354—1355—winding
125—1355—1337—1314—5H5—53.

The armature 125 interrupts all the cir-
cuits passing over the winding of the gronp
a, thus cancelling the multiplicand z and
closes the following circuits:

(12) (1) 52-—54—1319—1338—1356—over
the attracted armature 125—1356. over the
attracted armature 1349—1356—1347 wind-
ing 920—1347—1337—1314—5K5—53.

(IT) 52—54—1319—1327—1857—over the
attracted armature 125—1357—1358—over
the attracted armature 1349—1358—winding
1360—1358—1318—1314—55—58,

(TIT) 52—54-—1319—1327—1357 — o ver
the attracted armature 125—1357—1859—
over the attracted armature 1349—1859—
winding 1361—1359—1218—1314—55—53.

(Re T) The armature 920 cancels the prod-
net #® set in the product eroup ¢ and closes
this time onlv the cirenit deseribed under (8)
(TI). which is, however. entirely immaterial,
since the armature 1349 is attracted in any
case,

(Re IT) The armature 1360 remains closed
bv the following cirenit: 52—54—1319—
1338—1364—over the open armature 1379—
1364—over the attracted armature 1360—
1358 —winding 1360—1358—1318—1314—
H3—B3—and interrupts the conductor 1353,
so that the cireuit deseribed under (10) is in-
terrupted and the winding 1354 is de-ener-
gized, and subsequently hy the release of the
armature 1354 also the windings 125 and
then the winding 920 becomes de-energized.

As soon as the armature 125 has come again
to its position of rest (that is to faV a num-
ber can again he set in the group ) the arma-
ture 1360 closes the following two cireuits:

(A) 52—54—-1319—1320—13063—over the

-attracted armature 1360—1363—winding e,

1363—1313—1314—-55—53.

(B) 52—54—1319—1820—1362—over the
armature 1360—1362—winding a,, 1313—
1314—55—53.

Properly, according to Figs. 6 to 9, this
circuit does not lead over 1318°—1314 . . . hut
over 106—122—124—55—53: this however,
is without importance for the whole of con-
nections, because the question here is only
the connection with the neeative pole of the
source of current, which has been shown in
Figs. 25 and 26 over the conductor 1313.

Naturally the exaet connection from e, to
the negative pole of the sonree of eurrent is
the cirenit, which is illustrated in Fies. 6 to
9 and passes over the condnetor 294. We now
have set in the group a; (divisor group) and
in the quotient. selector “six”.

(Re12) (TTT) Thearmature 1361 remains
closed through the following circuit: 52—
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54—1319—1338—1365—over the open arma-
ture 1372—1865—1359-—winding 1361—1359
—1318—1314—h5—53-—and interrupts the
conductor 1342 so that the winding 1341 be-
comes de-energized and-closes the following
cireuits: '

(13) (T) 52—54—1319—1338—1366—over
the attracted armature 1361—1366—winding
1867—-1366—1318—1314—55—53. The ar-
mature 1367 interrupts, when attracted, the
conductor 1451 so that the circuit that passes
over the winding 1349 is interrupted (see

(8) (II) and the following). The armature

1349 is thus now released.

(I1) 52—54—1319—1338—1368—o0ver the
attracted armature 1361-—1368—over the
open armature 125-—1368—winding 923—
1368—18183"—13814—55—53. (Asa matter of
fact again according to Figs. 23 and 24):
winding 923—1179—294—55—53.

‘When the armature 923 is attracted, the di-
vision of the dividend #® by six is initiated in
the group 4, which division takes its normal
course, since all the multiplications that are
necessary during the division have no effect
on this part of the connections because none
of the two armatures 1330 and 1349 is now
attracted.

‘When the division is completed and the two
armatures 1219 and 825 are attracted, the fol-
lowing cireuit is closed :

{14) 52—54-—1319—1332—1369—over the
attracted armature 1219—1369—over the at-
tracted armature 825—1369—over the at-
tracted armature 1361—1369—winding 1370
—1369—1318—1314—55—53.

The armature 1370 effects the connection
between the conductors passing over the ar-
matures of the magnet group & and the con-
ductors 631, 632 . .. 640 of the group f, thus
transferring the quotient

7

6

set in b subtractively to /. In addition there-
to it closes the following circuits:

(15) (I) 52—54—1819—1338—1371—over
the attracted armature 1370—1371—winding
1372—1318—1314-—55—53.

(I1) 52—54—1819—1338—1378—over the
attracted armature 1370—1373—winding
1374—1373—1369—1318—1314—55—53.

(Re I) The armature 1372 interrupts the
conductors 1364 and 13065 and therewith the
circuits passing over the windings 1360 and
1361.

(Re II) The armature 1374 remains at-
tracted under the action of the following cir-
cuit: 52—54—1319—1338—1375—over the
open armature 1386—1375—over the at-
tracted armature 1374—1373, winding 1374—
1378—1369—1314—55—53, viz., unsil the
armature 1386 iz attracted and closes the fol-
lowing circuits:

(16) (I) 52 — 54 — 1319 — 1338—1376—

BEST AVAILABLE COp
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1877—over the. attracted armature 1374-—
1I37T—winding  1378—1377— 1337 — 1314 —
hh—53. ’

(IT) D25l —1519 — 1338 — 1376 - 1379
over the armatore 1374—1379—1355—wind-
ing 125—1355-—1337—13 14—55—53.

(III) H2—-54—1319--1338—1376—-1380—
over the armature 1374—1380—1347—wind-
ing 920—1347—1337— 13 14—H5—h3.

(IV) 52—54-—1319—1336~—1376—1581—
over the armature 1374—1381—1336—wind-
ing 295—1836—1337—1814—55—53.

(V) 52— 54—1319—1338—1376—1382—

70

75

over the armature 1374—1382—over the open .

armature 1405 — 1882 — winding 1384 —
1382—1318—1314—5b5—53.

(Re.Ito IV) All the circuits passing over
the windings of the groups @, 8, ¢ and d are
interrupted and no circuit 1s closed, since
the circuit described under 5 passes over the
attracted armature 1330 and thus it is not
closed now, since the armature 1330 is not
attracted, further the circuit described un-
der (9) (IT) leads over the attracted arma-
ture 1349. the cireuit deseribed under (8) (1)
leads over the attracted armature 1330, and
the cireuit deseribed under (8) (11) leads
over the open armature 1374 and finally the
circuits described under (12) (I, II, III)
lead over the attracted armature 1349,

(Re. V) The armature 1384 remains at-
tracted under the action of the following
circuit: 52—54—1319—1320—1383—over the
open armature 1324—1383—over the attract-
ed armature 1384—1383—1382—winding
1384—1382—1318—1314—55—53 viz. until
the armature 1324 is attracted and closes the
following circuit:

(17) 52—54—1319—1338--1385
attracted armature 1384 — 1385
1386—1385—1318—1314—55-—53.

The armature 1386 interrupts the conduc-
tor 1375 and therewith the circuit passing
over the winding 1374 and establishes the
connection between the setting group ¢ on
the one hand, and the groups ¢ and b on the
other hand, that is to say it transmits the
number @, that has been set in ¢, @ and & and
closes in addition thereto the following cir-
cuits:

(18) (I) 52—51—1319—1338 — 1388—
over the attracted armature 1386-—1388—
winding 1389 -— 1388 — 1337—1314—5H5—53,

(1T) 52 — 54— 1319 — 1838—138T—over
the attracted armature 1386-—1387—1323—
winding 1324 — 1323 — 1518—1314—55-—53.

(Re. I) The armature 1389 remains at-
tracted under the action of the following cir-
cuits until the calenlation is completed: 52—
54—1319-—1338——1392—over the attracted
armature 1389 — 1392 — 1388 — winding
1389—1888—1337—1314—55—53 and inter-
rupts the conductors 1348 and 1350,

(Re. IT) When the armature 1824 is at-
tracted the conductor 1383 is interrupted and
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at the same time the winding 1384 is de-ener-
gized, and in addition thereto the circuit de-
seribed under (2) is closed; the operations
are repeated up to (8) (I). ) )

The circuit (8) (II) is not closed, since 1t
passes over the open armature 1389 which 1s
now attracted. However, the following cir-
cuit is closed :

(19) 52—54—1319-~1327—1890—over the
attracted armature 920—1390—over the open
armature 1894—1890—over the attracted ar-
mature 1389—1390—winding 1391—1390—
1318—1814—55-—53. The armature 1391 re-
mains closed through the following cirenit:
52—54—1319—1338—1392—over the open
armature 1397—1392—over the attracted
armature 1391—1390—winding 1391—1390—
1818—1314—55—58-—and closes the follow-
ing circuit:

(20) 52—54—1319—1338—1393—over the
attracted armature 1391—1393—winding
1394—1393—1318—1314—55—53.  The ar-
mature 1394 remains attracted under the ac-
tion of the following circuit: 52—54—1319—
1338—1395—over the open armature 1405—
1395—over the attracted armatnre 13%4—
1395—1393—winding 1394 — 1393 — 1318—
1314-—55—53. The armature 1324 is attracted
by the circuit deseribed under (8) (I) and
therewith the circuit described under (2) is
closed. The set of operations is now repeated
up to (8) (I) and in this way the multiplica-
tion of #* with » is carried out and the mul-
tiplication of #° with « is prepared. The cir-
cuit described under (8) (IT) as well as that
described under (19) is not closed since now
the armature 1389 as well as the armature
1894 is attracted : however, the following cir-
cuit is now closed:

(21) 52—54—1819-—1327—1396—over the
attracted armature 920—139G—over the at-
tracted armature 1394—1396—over the open
armature 1402 —1396 — winding 1397 —
1396—1337—1314—055-—53.

The armature 1397 remains attracted un-
der the action of the following circuit: 52—
54—1319—1338—1398-—over the open arma-
ture 1412—1398—over the attracted armature
1397—1398 — 1396—winding 1397 — 1396—
1337—1314—55—53, and interrupts the con-
ductor 1392, and thus the circuit passing over
the winding 1391 and closes the following cir-
cuit:

(22) 52—54—1319—1338-—1399—over the
attracted armature 1397—1399—winding
1402—1399—1387—1314—55—153.

The armature 1402 interrupts the conduc-
tor 1396 (circuit 21) and remains attracted
under the action of the following cireuit:
H2—54—1319 — 1838 — 1403—over the open
armature 1412—1403—over the attracted ar-
mature 1402—1403—1399—winding 1402—
1399—1337—1314—55—53. The eircuit de-
seribed under (2) was closed by the cirenit
(8) (I), and by the repeated set of operations

1,813,880
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up to (8) (I) the multiplication *.z was ef-
fected and the multiplication of z*.@ initi-
ated. Now, neither the circuit described un-
der (8) (II) nor that deseribed under (19) or
that under (21) i= closed, since the armature
1389 as well as the armature 1394 and the
armature 1402 are still attracted; however,
the following circuit is closed : '

(23) 52—54—1319—1338—1404—over the
attracted armature 920—1404—over the at-
tracted armature 1402 — 1404—winding
1405—1404—1318—1314—55—53.

The armature 1405 interrupts the condue-
tors 1357—1382 and 1395 and therewith all
the ciremits passing over these conductors and
thus also the circuit passing over the wind-
ing 1394 and remains attracted under the ac-
tion of the following circuit:

52—h4—1319—1410—over the open arma-
ture 1409—-1410—over the attracted armature
14051410 — 1404 — winding 1405 —1404—
1318—1314—55—53 and closes the following
cirenit:

(24) 52—54—1319—1388—1411—over the
attracted armature 1405 — 1411 — winding
1412—1411—1337—1314—55—53.

The armature 1412 remains attracted under
the action of the following circuit: 52——54——
1319—1338—-1413—over the attracted arma-
ture 1412-—1413 —1411 — winding 1412 —
1411—1337—1314—55—53, and interrupts
the conductors 1403 and 1398 and closes the
following circuit:

(25) 52-—54—1319—1327—1416—over the
attracted armature 1412—1416—1350—wind-
ing 1351—-1350—1318—1314—55—53.

The armature 1351 interrupts the con-
dnetor 1335,

Simultaneously with the circuits deseribed
under (23) (24) and (25) also the cirenits
described under (2) and (3) were closed
whilst the cireuit described under (4) is not
closed owing to the interruption of the con-
ductor 1335 and the subsequent release of the
armature 1330: however, the following two
circuits ave closed :

(26) (1) 52—H4—1319—1332—1336—over
the attracted armature 311—1336—1352—
1460—over the attracted armature 1405—
1460 — 1339 — 1340 — winding 1341—1340—
1318-—1314—5K5—53.

(IT) 52—54—1319—1332—1336—over the
attracted armature 311—1336--1461—over
the attracted armatnure 1412—1461—over the
open armature 923 -—1461—1381— 1336 —
winding 295--1336--1837-—18314—55—53.

The armature 1341 remains attracted until
the armature 1361 or the armature 1324 is
attracted and closes at the termination of the
multiplication «*z, that is to say, until a®
is cet in the group e, viz. until the armature
357 1s again in its position of rest, the fol-
lowing circuit:

(27) 52—54—1319—1332-—1343—over the
open armature 357—1343—1406-—over the
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open armature 1415—1406—over the attract-
ed armature 1405—1406—1853—over the
attracted armature 1341 — 1353 — winding
1354—1353—1318—1314—55—53.

The armature 1354 effects—as already
pointed out above—the connection hetween
the group ¢ and the group «, thus tran:fer-
ring «° which is set in the group ¢ to the
dividend group ¢ and closes the circuit de-
scribed under (11) over the winding 125.

The armature 125 cancels the multiplicand

@ in the group a.
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The circuits described under (12) (I, IT,
and IITI) are not now closed, since the arma-
ture 1349 is not attracted; howerver, the fol-
lowing circuits are closed:

(28) (I) 52—54—1319—1327—1407—over
the attracted armature 125—1407—over the
attracted armature 1405—1407-—1354
ing 1361—1359—1318—1314—55—53.

(II) 52—54—1319—1327—1357—over the
attracted armature 125-—1357—over the at-
tracted armature 1405, which interrupts the
conduetor 1357 and connects it with the con-
ductor 1463 — 1463 — 1347 — winding 920-

1347—1337—1314—55—53.

Now, the armature 1361 closes the follow-
ing circuits:

The circuit described under (13) (I)
which is now entirely immaterial, since the
armature 1349 was not attracted, and the
circuit described under (13) (II); the latter
one, however, only after the armature 1215
has come into its position of rest, that is to
say, until the armatures 1341 and 1354 have
been released one after the other. (The ar-
mature 1341 was released by the interruption
of the conductor 1342 when the armature
1361 was attracted).

The circuit (13) (IT) thus attracted the ar-
mature 923 (see division).

In addition to the cireuits (13) (I) and
_13) (I1) the following circuits are closed:

(29) (I) 52— 54—1319—1338—1414—over
the attracted armature 1361—1414—over the
attracted armature 1412 —1414 — winding
1415—1414—1337—1314—55—53.

(29) (II) 52 — 54— 1319 — 1338—1408—
over the attracted armature 1361—1408—
over the open armature 125—1408—winding
1409—1408—1314—55—53.

The armature 1409 interrupts the condue-
tor 1410 and therewith the circuit passing
over the winding 1405.

The armature 1415 remains closed under
the action of the following circuit : 52—54—
1319—1338—1464—over the attracted arma-
ture 1415 —1464 — 1414 — winding 1415—
1414——1037——1314——55——53, and closes the
following ecircuit:

(30) 5o—5d—13 19—1338—1417—over the
open armature 125—1417-—over the attracted
armature 1415—1417—winding 1418—1417—
1837—1314—55—53,

B |
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The armature 1418 closes the following cir-
cuits:

(31) (I) H2--54—1319—1327—1419—over
the attracted armature 1418-—1419—1371—
winding 1372 -1371— 1318~ 13145553,

The armatnre 1372 interrupts the circuit
passing over the winding 1361,

(11) 52—54-—1319—1338—1420—over the
attracted armature 1418 —1420 — winding
a1 ,—1420—1813—1314—55—53,

(IIT) 52—~-54--1519--1338—1421—1422—
over the ‘lttmctw] armature 1418—1429—
winding a;,» 22—1513—1314—55—53.

(IV) ')7——54——1 319—1338—1421—1493—
over the attracted armature 1418-—1423—
winding ¢,~—1423—1313—1314—55—53.

Now, «® ix =et in the dividend group,
“twelve™ in the. group « and “one” in the
quotient celector. As the armature 928 is
alzo attracted, the divison

1'5

12
takes it< normal conrse, as none of the arma-
tures 1330—1349-—1361—1405 is attracted
and also the condiictor 1461 is interrupted by
the attracted armature 928, so that all the
mudtiplications that ave effocted duving the
division have no effect on the magnet wind-
ings which do not helong to the division.

At the termination of the division. that is
to say, when the armatures 1219 and 825 are
attracted, the following circuit is closed.

(32) 52—i51-—1319—1332—1369—over the
attracted armature 1219—1369—over the at-
tracted armature 825—1369—1424—over the
attracted armature 1415—1424—winding
1425—1424—over the open armature 1427—
1424—1337—1314—55—153.

The armature 1425 establishes the connec-
tion between the group & and the group f in
such a manner that the quotient

135

12
set in the group & is transferred to f addi-
tively viz. the nueral set in b, is transferred
to fuy, the figure set in &y, s transferred to fiy
and so on.

This displacement of digits corresponds to

the requirement that

:135
120

shall be transferred to the group f, as accord-
ing to what has been said in connection with
the division, the quotient #® : 1, 2 is set in b.

Now, the following circuit passes over the
armature 1425:

(33) 52—54-—-1319—1838—1426—over the
attracted armature 1425—1426—winding
1427—1426—1337—1314—55—53.

The armature 1427 effects—as is shown in
Figs. 6 to 9—the connection between the con-
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ductors passing over the armatures of the
group f and the bus-conductors 130—131 . . .
140, and initiates in a known manner after
the closing of the typewriting key, the writ-

ing of the number set in the group f:
£» a2
*~%"i20

that is to say sin .
In exactly the same manner, it is possible
to effect the connections for the automatic
calculation of the other trigonometrical func-
tions (cos @z, tan z, cot &) as well as the cyclo-
metric functions (arc sin @, arc cos @, arc tan
x, arc cot a), since all these functions can be
resolved into converging series of powers.
It is clear that similarly complex functions
can be automatically calculated, if the con-
nections for the partial functions are given.
Such a complex function is for instance the
series
z 7
1 1.2.3

If in this function « is a proper fraction,
the numerator of which is one, and the posi-
tion of the digit « is properly selected, the
series of ¢* becomes necessarily and rapidly
converging to serve for the calculation of any
desired root.

=1+ 1na+1£2 (Ana)?+ (Ina)®*+ ...

K

However, before giving the connections for
these series, we will show how the square and
eube root can be calculated automatically in
the machine also in another shorter way.

As has already been pointed out in the in-
troduction, the evolution represents after the
determination of the first digit of the root,
a division, in which the divisor varies from
digit to digit.

The connections for the obtention of the
cube root are described with reference to
Figs. 28 to 34, since the connection for the
square root is entirely analogous except that
it can be effected in a correspondingly simple
manner.

The general operation of the machine when
obtaining the cube root is as follows:

After the radicand has been set in the set-
ting group ¢ and after the corresponding op-
erating key has been pressed down the radi-
cand is transferred onto the group « (which
is at the same time a dividend and a radicand
eroup). The first digit of the root is selected
from the first three digits of the radicand
group and is transferred onto the group b.
The group b is thus simultaneously a quotient
and a root group. Corresponding to the
number set in b, the figure corresponding to
the first figure of the product 32° is set in
the quotient selector, the power 2? is subtract-
ed from the radicand, and the remainder and
the figure set in the quotient selector form the
next root digit, which effects automatically

1,818,830 BEST AVAILABLE COP

the correction of the figure set in the quotient
selector; therecupon the power «® is formed
again and is subtracted from the radicand
newly set in the radicand group, and the new
root digit is formed from the remainder and
the figure set in the quotient selector, and the
set of operations is repeated.

In addition to the connections over the
magnet group g d ¢, and b, previously de-
scribed, we get the following:

1. The setting group (Tig. 34).

A conductor 1s led over each armature of
a magnet of the group ¢ corresponding to a
numerical value, in such a manner that it is
connected at this point by the attracted arma-
ture. Allitsconductors (Fig. 34) 1980 . . .
1989, 1990 . . . 1999, 2000 . . . 2009 etc.
start from the conductors 1957, 1958, 1959,
etc.. all of which are hranched off a conductor
1956 which leads to the conductor 1954; the
conductor 1954 passes over the armature of
the magnet 1802 in such a manner that it is
closed at this point by the attracted arma-
ture and terminates in the conductor 54.
From the conductors 1980 . . . 1989, 1990
c. 1999 0002000 L L L 2009 ete., (Fig.
33) there branch off over the armatures
of the magnets 1968, 1966, 1972 connecting
conductors, which lead to the conductors
631 . . . 640 of the group @ (Fig. 82).in such
a manner that over the attracted armature
1968 (Fig. 33) the digit value group g, is
connected with the digit value . the group
gn witha group oy ete. and over the mmature
of the magnet 1966, the fivst digit value group
g1 with a group Jy; the second group gy with
du; ete. and over the armature of the magnet
1972 the first digit value group g; with the
third digit value group oy and the group
gu with the group dv ete. ’

The armature of the magnets 1312, 1400,
1401, 1950. 1951 etc. effect in an attracted po-
sition the connections between the bus-con-
ductors 130 . . . 140 and the magnet wind-
ings of the group ¢. in a known manner.

A conductor passes over each second, fifth
ete. connecting armature which conductors
terminate into a common conductor 1971
(Fig. 34) which leads to the winding of the
magnet 1972 (Fig. 33). Similarly. a condue-
tor passes, over each third. sixth ete. and ench
fourth. seventh ete.. which conductors ter-
minate each into a conductor 1965 and 1967
which Jead to the windings of the magnets
1966 and 1968 (Fig. 33).

That is to sav. if a number is set in the
group g the number of digits of which can
be divided by three, the first highest Jigit in
the first digit value group o, is transferred
to the radicand gronp during the transmis-
sion.  If the number of the digit is such, that
when divided by three there is one digit over,
then the highest digit of the vadicand is trans-
ferred to the digit value group dy, and if two
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digits are over, t;hen one highest digit of the

- radicend is set in the group .

10

15

In addition thereto, in the group ¢ the
windings of the magnets g are so connected
together in each digit value sub-group in the
manner described \lvlvith referencae to fi e ho}fﬂ
ing magnets % in the groups ¢, d, and f, wit
the exception that there is no blank 1,g1t in

the group g, so that “zero” is always set in

a digit value group, when no other figure has

_been set.

It is also tn be pointed out that in Figs, 31
to 34, not all the connections between the
group ¢ and the group d are illustrated, but
only those which lead over the srmature
1968, whilst only two digit value connections

* are indicated for those leading over each of

25

the armatures 1966 and 1972.

2. The radicand group (separately indi-
cated in Fig. 31).

A conductor passes over each sttracted ar-
mature of the highest digit value group, the
numerical value of which considered as a
hundreds digit, determines the cube of & sum
having one digit, all of which conductors
branch off the conductor 1954 (Fig. 33) and

" each of which is connected with that con-

R

30

58

Li!]

)

ductor of the group of nine conductors 2080,
2081...2088 (%?g. 31) in which each conduc-
tor corresponds to one figure value from one
to nine which value corresponds o the one
digit number, the cube of which is determined
by the numerical value of the corresponding
magnet considered 2s » hundreds digit.
Over each attracted armature of the first
digit value group 4, the numerical value of
which considered as a hundreds digit is iden-
tical with one of the hundreds digit of the
cube of all single digit numbers, there passes
a conductor that is branched off from the
same conductor 1954, from which former con-
ductor which effects over the attracted arma-
tures of those magnets of the digit value
group dy the numerical value of which con-
sidered as a tens digit in connection with the
numerical value considered as & hundreds
digit of the corresponding magnet of the
group d; determine the cube of a one digit
number, the connection with that conductor
of the group 2080. . . 2088, the numerical value
of which corresponds to that single digit num-
ber, the cubical value of which is determined,
whilst 4 conductor is passed over e¢ach at-
tracted armature of the group dy, the nu-
merical value of which considered as a tens
digit in conjunction with the numerical value
of the corresponding magnet of the group d;
considered as a hundreds digit is identical
with the tens digit-of one of the cubes of the
single digit numbers, which conductor effects
over the atiracted armature of the digit value
group duy the connection with that condue-

tor of the group 2080 . . . 2088, the numerical

value of which corresponds to that one digit
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number, the cube of whichi is determined by

the three numerical values, considered as
hundreds tens and units that come into ques-
tion. _

Each conductor of the group 2080 . . . 2088
leads to the winding of a m
2059, each of which cor nds to & numer-
ical velue of “one” to “nine.” Over each at-

tracted armature of these magnets 2051 . . .

2059 conductors are closed which branch off
a common conductor 2060 the number of con-
ductors passing over each armature corre-

sponding to the number of digits contained

in the cube of the numerical value of the
maguet, which conductors terminate in those
conductors of the group 63l,; . . . 6404,
631&]; e 640(“]’ 631(“11 [N 64041“ the numenri-
cal values of which correspond to the num-
bers of the cube of the numerical value of
the corresponding magnet 2051 . . . 2059,
whereby the group 6314 . . . 6404 corresponds
to the hundreds digit, 631y . . . 640 to
the tens dig’it and 631‘1"1 . e 64041[1 to the
units digit.

In addition thereto a conductor is closed
over each attracted armature of a magnet of
the group d corresponding to one of the nu-
merical values from one to nine, all of which
conductors terminate in a common conductor
2040, 2041 . . . 2045 separately for each digit
value group, which latter conductors lead to
the windings of the magnets 1930, 1931 . . .
1935 over the attracted armatures of which
the connections are established between each
two successive digit value groups of the group
d on the one hand, and the quotient selector
on the other hand, in exactly the same man-
ner as was described and illustrated in the
case of division in (Figs. 23, 24) for two
such connections, in such a manner that each

of the conductors 2040 . . . 2045 terminates

in the corresponding magnet winding only
after passing successively over the armatures
of all the magnets connecting the higher
digit value groups of the group d with the
quotient selector, in such a manner that it
is interrupted at these points by these at-
tracted armatures. I

Each of these magnets 1980 . . . 1935 cor-

responding to a digit value group of d can
be energized only after a zero has been set
in the preceding digits.
_ 3. The root group b.

Simiiar to the operation hereinbefore gen-
erally described for the extraction of the cube
root, connections must be provided in the
root group which after the determination of
each root digit, determine -firstly the first

figure of 322, secondly the number of digits

of 32? and thirdly the number of digits of

a®, if @ is the root that has been found for

a detérmined number of digits.
_ If the first digit of the root has been found,
it is easy to determine the first digit of 3 22
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Each subsequent digit of the root, however,
may under circumstances alter the first digit
of the new 8 @ The limit values of all
numbers within which the first figure of 3 22
determined by the first root digit is not al-
tered can be found for any desired number
of digits by resolving the eighteen determin-
ing equations 3 z*=10%%, 3 x?=2.10%", 3 p*=
—3.10% . .. 3 2®=9.10>", 3 2=10(2"1), 3 2*=
2.10(>*1), 8 2*=3.10(*") .. .8 a*=
9.10(2"+1). ‘
The resolving of these equations give the
following resuﬁs up to four digits, which
results are set out in the form of a table.

First z z z z
digit One Two Three Four digits
of 312 digit digits digits
3 1 10-11 160-115 | 1600-1154
4 12 ] 116-129 | 11651201 327 , . . 2n—1
5 13-14 | 130-141 ) 1202-1414 digit.
6 15 142-152 | 1415-1527
7 16 | 153-163 | 1528-1632
8 17 | 184-173 ) 1633-1731 .
9 18 | 174-182 | 1732-1825
1 2 19-25 | 183-258 { 1826-2581
2 3 26-31 | 259-316 | 2582-3162
3 32-36 | 317-365 | 31633651 3 z2*...2n
4 4 A7-40 | 366408 | 3652-4082 digit.
5 41-44 | 409-447 | 40834472
6 45-48 | 448483 | 44734830
7 5 49-51 | 484-516 | 4831-5163
g 52-54 | 517-847 | 5164-5477
9 55-57 | 548-5T7 | 5478-5773
1 6,7,8 58-81 | 578-816 | 5774-8164 3 z*. .. 2n+1
2 9 82-09 | 817-090 | 81659989 digit. i

The series of periods in the above table
indicate the omission of the words “ has the
digit value of”.

The results reveal the following facts:

1f by the addition of a new root digit, 3 z*
is converted from a (2n—1) digit number
into a 2n digit number, or from a 2n digit
number to a (2rn+1) digit number, the addi-
tion of any desired number of new root dig-
its does not alter anything in the first digit
of 8%, and the laiter then remains one.

By the addition of the second root digit
to the first one, the first digit of 3 22 can be
changed to the maximum of six, if the case
considered in the preceding paragraph is
considered separately.

By the addition of any further digit it is
possible to effect a change of only one.

A change in the number of digits obtained
by the addition of a new root digit is only
possible when the first figure of the root is
“one” or “five”. -

Whea determining the number of digits of
@3, it is also necessary to tuke into consider-
ation whether the first digit of x® when the
powers are formed has been set in the first
or in the second active digit value group of
the group ¢ (the product group).

If the three equa’ions z®=10(°"?), 2°=
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10(3%1), 2*=10(?"1) are resolved, the follow- -

ing table is obtained :

l z i ‘ b2}
1000-2154 | 2n—1 digits | 3n—2 digits
2155-3162 2n—1 digits 3n—1 digits
31634641 2n digits 3n—1 digits
4642-9999 2n digits 3n digits

From this table we make the following de-
ductions.

If 2® has (8n—2) digits, then in the case
of subtraction of «°, the highest digit of &°

~ must be transferred to the third digit of d,

that is to say to the group di;. However,
if 2® has (3n—2) digits, then this highest
digit must be set in the second active digit
value group, that is to say, in ¢x. Thus the
connection must be effected in such a manner
that ¢; is connectéd with dy, that is to say,
Cix With dlll- )

If 2? has (2n—1) digits, and 2° has (3n—1)
digits, then the highest digit of #® must
be transferred to dj; this }t{ighest digit is
however, set in ¢, so that ¢; must again be
connected with dn.

If #* has 2n digits and «* (3n—1) digits,
then the highest digit of 2°® must be trans-
ferred to dy; this highest digit is, however,
then set in ¢y, so that ¢ has to be connected
with dy, thus ¢; with d;.

If «* has 2n digits and 2°, 3n digits, then
the highest digit of 2%, which is now set in
c1, must be transferred to &, that is to say,
again as in the preceding case. :

The transference of z° to d is thus effected
in two ways, viz., either ¢; is connected with
dy or ¢ with d,.

As regards the connection what is impor-
tant is the first figures of @ and the digit
value group of ¢, in which the highest digit
of the power that has been formed, is set.

In accordance with what has previously
been said, the connections for the root group
b is the following one, that is to say, in addi-
tion to the conductors previously described,
the following conductors pass over the arma-
tures of & corresponding to the numerical
values of “one” to “nine”:

(I) Over each one of the armatures of the
group b; (Fig. 28) corresponding to a numeri-
cal value from one to nine, there passes a
a conductor 1836, 1837 . . . 1844 branching
off a common conductor 1804 which is con-
nected over the attracted armature 1802 with
the positive pole 52 of the source of current,
in such a manner that these conductors
1836 ... 1844 are closed by the attracted ar-
matures at these points and are connected
with the three conductors 1847, 1849, 1851
whith lead to the windings of the magnets
1848, 1850, 18592.

The conductors 1836—1844 lead over the
group b, in such a manner that the attracted
armatures, the numerical values of which,
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as highest figures of the solutions of the
eighteen determining equations

Brr=10%, 302 =0.10% . . . 30*=9.10(*")

determine a 32* (2) having (2n—1) digits,
effect the connection with the magnet wind-
ing 1848, (%) having 2n digits, effect the
connection with the magnet winding 1850
and (¢) having (2n+1) digits, effect the
connection with the magnet winding 1852.
A conductor 1845, 1846 passes over each ar-
mature of the group &, the numerical value
of which, taken as the highest digit, corre-
spo.ads to one of the upper Timit values, which
by resolving the above mentioned equations
were found to be the numbers which by sur-
passing even only by one unit the last digit
effects a jump in the corresponding 82? from
a number having (2n—1) digits to a number
having 2n digits, or from a number having
9n digits to a number having (2n+1) digits,
that is to say di, and by, which conductor is
closed at this point by the attracted armature,
from which conductors connections are ef-
fecied with the windings of the magnets
1868 and 1869 (Fig. 29) over the attracted ar-
matures of {hose magnets of the group by the
numerical values of which are greater than
those figures which taken as the second high-
est digit in conjunction with the correspond-
ing numerical value of the first digit (one or
five) is identical with one of the above men-
tioned nunerical values, that is to say, from
the conductor 1845 over the armature by, and
from the conductor 1846 over the armature
by and by, in such s manner that the con-
nection with the magnet winding 1868 is ef-
fected when the jump in the 32 takes place
from a number having (2r—1) digits to a
number having 2% digits, and that the con-
nection with the magnet winding 1869 is ef-
om & num-
ber having 2a digits to a number having
§2n+ 1) digits, w%iilst 2 conductor passes
rom each of the mentioned conductors 1845
and 1846 over the attracted armatures of the
group by, the numerical values of which
taken as the second highest digit i conjunc-
tion with the corresponding digit beléng to
the repeatedly mentioned limit values that is
to say, from the conductor 1845 over the ar-
mature by, and from the -conductor 1848
over the armature by , from which first men-
tioned conductor, conductors are passed
over the corresponding armatures of the
rroup bur in exactly the saine manner as has
n described with the group by, the latter
conductors leading as before to two magnet
windings (1905, 1906) (Fig. 29) which as re-
gards their operation are identical with the
mngnets 1868 and 1869 whilst conductors sre
passed over the magnet armatures -corre-
sponding to the figures which constitute the
third digit in the limit values, from which
latter conductors branching off conductors
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Jead over the corresponding a,rmatﬁres of the

group bry in an exactly similar manner. Ob-

viously these connections may be extended to
any desired number of digits.

(II) Over each of the armatures of the
group &; (Fig. 28) corresponding to the nu-
merical values from one to nine there passes a
conductor branched off the conductor 1804, so

at it is closed by the atiracted armaturs,

which conductors 1806, 1807 . .. 1814 lead to
five conductors 1815, 1816, 1817, 1818, 1819
corresponding to the figures one, two, three,
four and seven, in such a manner that
each conductor 1806 . .. 1814 passing over a
magnet armature is connected with that con-
ductor of the group 1815. .. 1819, the numeri-
cal value of which corresponds to the numeri-
cal value of the first digit of 3 «*, if o is the
numerical of the corresponding magnet.

In addition thereto, a conductor branched
off the conductor 1804 passes over each at-
tracted armature of the group b; the numeri-
cal value of which taken as the highest digit
is identical with the highest digit of one of
the upper limit values, which Were found by

resolving the repeatedly mentioned eighteen.
. . 80?=9.10(**), that -

equations 3z*=10" .
is to say, the conductor 1820 over the arma-
ture dy,,, the conductor 1821 over the arma-
ture by,, the conductor 1822 over the arma-
ture b;,, the conductor 1823 over the arma-
ture by, the conductor 1824 over the arma-
ture b;; and the conductor 1825 over the
armature b;. From these conductors there
branches off one conductor over each attract-
ed armature of the group by, the numerical
value of which is greater than the figure
which taken as a second highest digit in con-
junction with the first digit belongs to the
upper limits that have repeatedly been men-
tioned, and leads to one of the six conduec-
tors 1826, 1827 . . . 1831, which conductors
correspond to the numerical values from one
to six. The magnet armatures of the group

bu previously mentioned effect the connec-
tion between the conductors 1820 . . . 1825

and that conductor of the group 1826 ., .1831,
the numerical value of which corresponds to
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A conductor branched off -the conductors
1820 . . . 1825 is passed over each attracted
armature of the group by, the numerical
value of which taken as the second highest
digit in conjunction with the first digit cor-
responding to one of the conductors 1820. . .
1825 agrees with the first two digits of the

limit values that have been found by resolv--

ing the repeatedly mentioned eighteen detei-.
mining equations. From these conductors
branched off conductors are passed over that
magnet armature of the group bm the nu-
merical value of which is greater than the
figure of the third digit, which latter figure
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in conjunction with the first one determined
by the corresponding conductor 1820. .. 1825
and the second figure determined by the con-
ductor branched off the latter conductor and

assing over an armature of the group by
gelong to the repeatedly mentioned limit
values. All these branched off conductors
terminate in & common conductor 2150 which
has the numerical value “one.”

Branched off conductors pass over those
armatures of the group iy the numerical
value of which in conjunction with the cor-
responding armatures of the groups 4, and
by agrees with the third digit of one of the
limit values, from which conductors branched
off conductors are led over the armature of
the group byy in an exactly similar manner.
Obviously the connection may be continued
f(f)rbany desired numbers of digit value groups
of b.

A conductor is passed over each one of
the armatures of the groups by, by . . . cor-
responding to the numerical values “zero” to
“pine,” so that it is closed by the attracted
armature, all of which conductors branch off
from a conductor 1857, 1860, which is com-
mon for each digit value group, and which
for each digit value terminate in a common
conductor 1858, 1861 each of which conduc-
tors lead to a magnet winding 1859, 1862.

4. The quotient selecting group.

The five conductors 1815, 1816 .
described under (3,IT) pass over the open ar-
mature 2150’ (Fig. 29) which interrupts it
when attracted, to the magnet windings of
the group ¢ (Fig. 30) each conductor leading
to the winding corresponding to its numerical
value. Over each armsature of the magnet
group ¢ the windings of which are connected
together in exacily the same manner as the
holding magnets n of the group f, there passes
a conductor branched off a common conductor

. 1819

1940, which former conductors lead to the’

windings of nine auxiliary magnets 1900,
1901 . . . 1908. QOver the attracted arma-
tures of these magnets, conductors which are
branched off the conductors 1826 . . . 1831
effect the connection with that magnet wind-
ing of the group ¢ which corresponds to the
numerical value of the sum of the numerical
values of the corresponding magnets of the
group 1900 . . . 1908 and the correspond-
ing conductor of the group 1826 . . . 1831.

n addition thereto, & conductor passes over
each armature of the group ¢, which conduc-
tors are branched off the common conductor
1940 and terminate in a common conductor
2151, the latter conductor leading to the
winding 2150" (Fig. 29). Corresponding
to the resolving of the three equations
@*=10 (*-2), a®=10 (™), 2?=10 (**1), one
conductor branching from the conductor 1804
passes over each of the armatures 8;, and b, .,
(Fig. 28), which former conductors are
closed at these points by the attracted arma-
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tures, the conductors terminating in a com-
mon conductor 1833 which leads to the wind-
ing of the auxiliary magnet 1854. In addi-
tion thereto the conductor 1835 passes over
the armature b;,, which conductor leads to
the winding of the auxiliary magnet 1855.

5. The product group (Fig. 81

A conductor passes over each armature of

the group ¢ corresponding to a numerical
value of zero to nine, so that it is closed by the
attracted armature, all of which conductors
terminate in a common conductor 2070, which
is connected with a magnet winding 2071,
Thus as long as a number is set in the group
¢ the armature 2071 is attracted.
A conductor which is branched off a com-
mon conductor 2065, 2073 passes over each
armature of the digit value group ¢; and ¢y
corresponding to a numerical value of zero to
nine, in such a manner that it is closed at this
point by the attracted armature. All of the
conductors terminate separately for each
digit value group in & common conductor
2066, 2072, each of which conductors leads to
the winding of an auxiliary magnet 2068,
2074, whereby the conductor 2072 is closed
only over the open armature 2068.

Now if a number 1s set in ¢;, the armature
2068 is attracted and if the first digit of a
number is set in ¢;;, the armature 2074 is at-
tracted.

The operation of the machine when extract-
ing the cube root is as follows:

(1) The number of which the root is to be
extracted, is set in a known manner in the
setting group g. If n figures have been set,
then the n+ 1st magnet armature of the group
1312, 1400, 1401, 1950, 1951, 1952 is attracted
(Figs. 31 to 34). If now the key 1800, which
effects the operation for the extraction of the
cube root, is pressed down, the following cir-
cuit is closed (Figs. 28, 30).

(2) 52--54—1800-—1801—winding 1802—
1801—55—53. - .

The armature 1802 remains atiracted un-
der the action of the following circuit:

52—54—1808—over thé attracted arma-
ture 1802—1801 winding 1802—1801—55—53
and closes the following circuit:

(3) (Figs. 30 to 34) 53—54—1953—1954—
over the attracted armature 1802—1954—
over the open armature 2123—1954—over the
n-+1st armature of the group 1312, 1400, or
1401, over the conductors 1971, 1965 or 1967
corresponding to the remainder of the divi-
sion n : 3—the corresponding magnet wind-
ing 1968, 1966 or 1972—55—53.

(4) A connection is established over the at-
tracted armature of the group 1968, 1966,
1972 between the_ setting group g and the
radicand group 4, that is to say, the number
set in g is transferred to the radicand group,
that is to say, the highest digit is transferred
to di, di; or din according as to whether the
armature 1968, 1966 or 1972 was attracted
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(Figs. 31, 34). In addition thereto the fol-
lowing circuit is closed :

(4a) 52-—54—1801—over the attracted ar-
mature 1§02—1804—2200—one of the con-
ductors 2113, 2114, or 2115—-2119—winding
2120—2119—55—53.

The armature 2120 closes the following cir-
cuit:

(I) 52—5H4—2121—-over the attracted ar-
mature 2120—2121—2119—winding 2120—
2119-—-H5—->53.  The armature 2120 thus re-
mains attracted.

(I1) 52-—54---2122-—over the attracted ar-
mature 2120—winding 2123—2122-—h5—53.

The armature 2123 interrupts, when at-
tracted. the conductor 1954, so that the at-
tracted armature of the group 1968. 1966,
1972, remains closed only as long as it is neces-

sary, after it has been attracted, for another
armature to be attracted. Thus after the
number set in ¢ has been transferred to the
radicand group the connection is again re-
leased.

(5) After the transference of the number
on to the group &, a single two or three digit

-number is < formed from the three figures cet

in the digit value group 4. dy and 4y of
which ﬁgures according to foregoing, the first
or the first and second may be zero, and the
third root of this number is set in the group
of nine magnets 2051 . . . 2059, that 1s to say,
that magnet winding of the group 2051 .
2059 1s energized over the conductors 1954
and over the attracted armatures of the
groups dic do. and s and over one of the
conductors 2080 . . . 2088  the numerical
value of which monp\ corresponds to the
third root of the number formed by the fig-
nroc set 1 the group d;, 7y and dyyy (Figs. 31

034).

(6) 1f one of the armatures 2051 . . . 2059
is attracted. the following circuits are closed :

(1) 52—54—1953—1954—over the attract-
ed armature 1802—1954—2060—over the
open armature 2064—2060—in a number of
electrically parallel conductors, the number
of which is equal to the number of digits con-
tained in the cube of the numerical value of
the corresponding magnet of the group
2051 . . . 2059. over the corresponding at-
tracted armature of the group 2051 . ..
2059—ta that one of the conductors of the
group 631 . .. 640 corresponding to the
nmerical value of the cube of that number,
which corresponds to the attracted armature
of the group 2051 . . . 2059—and then in a
known manner to the negative pole 53 of the
source of current.

(11) 52--54--1953-—1904—over the at-
tracted armature 1802--1954—1955—1978—
1979—2162-—aver the corresponding attract-
ed armature of the group 2051 to 205)—
2061-—winding 2062—2061-—2043—55—53.

(ITT) A circuit passing over its own wind-
ing and not illustrated.
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(Re I) The cube of the first digit of the
root is subtracted from the radicand.
(Re II) As the armature 2062 interrupts

the conductor 1954, after the subtraction of

the cube of the first digit no new magnet of
the group 2051 . . . 2059 can be set.

(Re IIT) The fivst root digit that has once
been set remains set in the magnet group

2051 . .. 2059 until the Ldl(llldtl()ll 15 com-
pleted.

The armature 2062 closes the following
cireuit:

(7) 52—54—1952—1954—over the at-
tracted armature 1802—1954—1950—1978—

1979—2063—over the attracted arimature
2062 — 2063 — winding 2064—2063—2044—
35—Nh3—and interrupts as already men-

tioned. the conductor 1954.

The armature 2064 interrupts the conduec-
tor 2060—and therewith the circuit de-
scribed under (6) (I).so that the transfer of
the subtraction of the cube of the first root
digit is interrupted in time and transfers in a
known manner which is not indicated in Figs.
31 to 84. the first fioure of the root set in the
magnet group 2051 . .. 2059 to the group b,
(Figures 28-30).

Thus the first figure of the root 1s now set
in the first digit value group of b, that is to
say, an armature of the group &, is attracted,
which closes the following cireuit :

(8) (1) 52—h4—1804—over the attracted
armature 1802-—1804—one of the conductors
1806 . . . 1814—over the attracted armature
of the group H—one of the conductors 1815

. 1819—over the open armature 2150'—
one of the windings ¢, e.. ¢4, €, O ¢:--In a
known manner to the negative pole 53 of the
source of current.

(IT) 52—54—1804—over the attracted av-
mature 1802-—1804—one of the conductors
1836 . . . 1844—over the attracted armature
of the group bi—one of the conductors 1847,
1849, or 1851-—the corresponding magnet
W 1nd1n0r 1848, 1850 or 1852—1946—1945—
55—53.

If one of the armatures b,,, b;. or b,; is
attracted :

(IT1) 52—54—1804—over the attracted
armature 1802-—1804—one of the conductors
1833, 1834 or 1835—ane of the magnet wind-
ings 1854 or 185518 1946—1945—55—
53

.(Re 8) (IN The first digit of 3 a* corre-

_sponding to the first root digit (if » is the

root) is set in the quotient selector.

{Re 8) (IT) According to the number of
digits of 3 2% one of the magnets 1848, 1850
and 1852 is energized and its armature is at-
tracted, viz. 1848 when 3 2% has 2n~1 digits,
that is to sav 1 digit. ax long as the root has
one digit, 1850 if 3 #* has 2n di,f_ri(s, that is
to say, two digits and 1852 if 3 #* has 2n--1
digits, that is to sav, three digits.

(Re 8) (III) According as to whether ?
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has 3n—2, 3n—1, 3n digits, either the arma-
ture 1854 or the armature 1855 or neither of
them is attracted.

As has been explained in the description of
the radicand group, there corresponds to each
digit value group of ¢ one of the magnets
1930 . . . 1935, that is to say, as long as a
number is set in a higher digit value group,
the armature belontrm«r to a lower digit value
sub-group can not e attracted but only the
armature of that magnet w hich beloncrs to
that highest digit value sub-group, in which
a number different from 0 is set.

(9) Now the second digit of the root is
selected in the quotient selector from the re-
mainder that is left in the radicand group
(which was obtained by subtracting «* from
the radicand and from the first ﬁrrure of 3 2%

The following cases are posmble

(a) 8 & has 2n—1 digits, that is to say,
one digit viz “one” is c«et in &. Then, the
highest digit of the remainder that is left
in the radicand group must be set in by, that
is to say, the armature, 1932 must be attract-
ed. Thus only the two possibilities are to
be taken into consideration: ‘

(«) The first digit of the remainder is
greater than or at least equal to the figure (3)
set in the quotient selector, and the armature
1062 is in 1ts position of rest or

(8) The first digit of the remainder is
smaller than 3 and the armature 1062 (Figs.
21, 22) is attracted.

Circuits

(Re @) («) 52—54—1804—over the at-
tracted armature 1802 — 1804 —2261—over
the open armature 1859—2261—1910—over
the attracted armature 1848--1910—over
the open armature 1062—1920—over the at-
tracted armature 1932—to the conductor
1936—magnet winding bne—and thence in
a known manner to the negative pole 58 of the
source of current.

The selection of the second digit of the root
is effected by the division of a number having
two digits by a number having one (h(rlt
W herebv the ‘highest digit of the two dwlt
number is rrxeatel thdl’l the one digit number.
The quotlent is thus “nine”

(Re a) (B) 52— 54— 1804—over the at-
tracted armature 1802—1804—2261—over
the open armalure 1859-—2261—1910—over
the attracted avimature 1848-—1910—over
a tracted armature 1062—1917—over
the attracted armature 1932—to the con-
ductor 1937—to the magnet winding 1211—
and thence in 2 known manner to the nega-
tive 53 of the source of current. The
armature 1211 (sec also Figs. 23, 24) connects
as has been pointed out in connection with
the division the quotient selector with the
group by, that is to say now in the case of
the division of a two digit number by onc
digit number, whereby the first figure of the
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two digit number is smaller than the one
digit numbez, the quotient is formed in the
quotlent selector and is transferred to the
group by

() 32* has 2n digits that is to say two
digits. Now the highest digit of the remain-
der may be set in d); or in du, that is to say,
the armature 1931 or 1932 may be attracted.
The following cases arise:

(«) (1) The highest digit of the remainder
1s set in di; and the armature 1062 is in its
position of rest.

(2) The highest position is set in ¢y and
the armature 1062 is attracted.

(B8) (1) The highest digit of the remain-
der is set in diy and the armature 1062 is in
its position of rest.

(2) The highest digit of the remainder is
set in iy and the mnntule 1062 is attracted.

Circudts

(Re b) («) (1) 52—54—1804—over the
attracted armature 1802—1804—2261—over
the open armature 1859—2261—1911—closed
armature 1850—1911—over the open arma-
ture 1062—1921—over the attracted arma-
ture 19831—to the conductor 1936—magnet
winding &y —and thence in a known man-
ner to the negative pole 53 of the source
of current.
is determined by the division of a number
having 2n-+1 digits by a number having 22
digits, whereby the first digit of the num-
ber having 2n+1 digits is greater than the
first digit of the number having 2n digits.
The quotient is thus nine.

(Re ) (a) (2) 52—54—1804—over the
attracted armature 1802—1804—2261—over
the open armature 1859—2261—1911—over
the attracted armature 1850—1911—over the
attracted armature 1062-—1918—over the at-
tracted armature 1931—to the conductor
1937—winding 1211—and in a known man-
ner to the negative pole 53 of the source of
current. The second digit of the root is de-
termined by the division of a number having
2n+1 digits by a number having 2n digits,
whereby the first digit of the number having
2n-+1 digits is smaller than the first digit
of the number having 2n digits, that is to
say, it takes place as in the case of (@) (B).

(Re &) (B) (1) As in the case is
(0) («) (1) up to the conductor 1921—over
the attracted armature 1932—to the condue-
tor 1987—and further as under (0) («) (2).
The second digit of the root is determined
by the division of a nmmber having 2n digits
hV a number having 2n digits. wherebhy “the
first digit of the rem: ainder of the radicand
is greater than the first digit of 3 % that
ls to say it is effected as in Cthe case of {(0)

(a) (2). ,

(Re &) (B) (2). Asin the case of (4) (a)
(2) up to the conductor 1918—over the at-

The second digit of the root ¢
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tracted armature 1932—to the conductor
1938—to the winding by,—and thence in a
known manner to the negative pole 53 of the
source of current.

The second digit of the root is determined
by a division of a number of two digits by
a number of 2n digits, whereby the first digit
of the remainder of the radicand is smaller
than the first digit of 3 2, that is to say it
gives 0.

(¢) 3 «® has 2n-+1 digits. The first digit
of the remainder of the radicand may be set
m di, di, or diy, so that we have six different
cases, which shall again be referred to as
(«) (1) (=) (2) (B) (1) (B) (2) (v) (1)
and () (2).

Circuits

(Re¢) («) (1). Asin the case of (a) (a)
up to 2261—1912—over the attracted arma-
ture 1852—1912—over the open armature
1062—1922—over the attracted armature
1930—+to the conductor 1936—winding by o—
and then continued as in the case of (a) («).

The second digit of the root is determined
by the division of a number having 2n+2
digits by a number having 2n+1 digits,
whereby the first digit of the number having
2n+2 digits is greater than the first digit of
the number having 2n+1 digits, that is to say
it gives 9. ‘

(Re¢) (a) {(2). Asin the case of (¢) («)
(1) up to 1912—over the attracted armature
1062-——1919—over the attracted armature
1930—to the conductor 1937—and then con-
tinued as in the case of () (B). The second
digit of the root is determined by the division
of a number having 2n+2 digits by a number
having 2n+1 digits, whereby the first digit
of the number having 2n+2 digits is smaller
than the digit of the number having 2n+1
digits so that the quotient is formed as under

(a) (8). |

{Ree¢) (B) (1). Asin the case of (¢) (a)
(1) up to 1922-—over the attracted armature
1931—to ~he conductor 1937—and continued
as in the case of (¢) (a) (2).

The selection in this case takes place by the
division of a number having 2n+1 digits by
a number having 2n+1 digits, whereby the
first digit of the remainder of the radicand
is greater than or equal to the first digit of
3z that is to say, again asunder (¢) («) (2).

(Ree) (B) (2). Asunder (¢) («) (2) up
to 1919—over the attracted armature 1931—
to the conductor 1938 and continued as under
@) (8) (2). o

The selection is effected by the division of
a number having 2n-+1 digits by a number
having 2n+1 digits, whereby the first dieit
of the remainder of the radicand is smaller
than the first digit of 322 that is to say, it
gives 0.

(Re¢) (y). Asunder (¢) («) (1) up to
1922—over the attracted armature 1932—to

the conductor 1938—and continued as under
() (8) (2).

(Ree) (v) (2). Asunder (¢) («) (2) up
to 1919—over the attracted armature 1932—
and continued as under (¢) (y) (1).

In both cases the second dig1t of the root is
determined by the division of a number hav-
ing 2n digits by a number having 2n+1
digits, thus always giving zero.

It is to be pointed out that the operation for
each further digit of the root is exactly the
same, since the remainder of the radicand that
comes into consideration when determining
the root, can never be greater than the maxi-
mum of 2n+2 digits since the preceding digit
of the root (the (n—1) one) would be too
small if the remainder of the radicand that
comes into question when determining the
root should be a number that has more than
2n+2 digits. This is out of the question,
however, since the machine can select the in-
dividual digits of the root too high but never
too low.

10. Now, if the second digit of the root is
set in bn, the following cases are possible.

(I) The first digit of the root that is set
in by belongs to one of the limit values, the
surpassing of which produces a change in the
first digit of 32%, as well as a change in the
number of digits of a number having 2n+1
digits into a number having 2z digits, or of
a number having 2n digits into a number
having 2n+1 digits (the first digit of the
root is “one” or “five”), and

(a) The second digit of the root likewise
belongs in conjunction with the first digit to
one of the limit values,

(b) Taken as the second digit it is smaller
than the second digit of the limit value, and

(¢) It is greater than the second digit of
the limit value.

(I1) The first digit of the root set in &
belongs to one of the limit values, the surpass-
ing of which effects a change in the first digit
of 3 2, but no change in the number of digits
of 3 22, and

(a) The second digit of the root belongs
likewise in conjunction with the first digit to
one of these values,

(0) It issmaller, and

(¢) It is greater than the second digit of
this limit value.

(IIT) The first digit belongs to none of
these limit values.

(Re 10) (I) (@) and (). In the first
instance no circuit belonging thereto is closed.

(Re 10) (I) (¢). The following circuit
is closed: 52—54—1804—over the attracted

armature 1802-—1804—one of the conductors.

1845 or 1846—over the attracted armature of
the group br—over the attracted armature of

the group bi—to one of the magnet windings
1868 or 1869-—1946—1945—55—153.

(Re 10) (IT) (a) (b) and (¢). Inthe first
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instance no circuits belonging thereto are
closed.

11. At the same time as the circuit de-
scribed under (10) which may be closed, the
following circuit is closed :—52—54—1804—
over the attracted armature 1802-—1804—
1856—1857—over the attracted armature of
the group &:—1858—winding 1859—1946—
1945—55—53.

The armature 1859 interrupts the conduc-
tor 2261 and therewith the circuits described
under (9) and closes the following circuit:

12. 52—54—1804—over theattracted arma-
ture 1802—1804—1871—over theattracted ar-
mature 1859—over the open armature 1872—
1871—winding 1870—1871—1945—55—b53.

The armature 1870 now connects the group
b with the group e (not illustrated) so that
the number set in & is transferred to a.

In the same way as the armature 2071 is
attracted in Figs. 31 to 34, when a number
is set in the group e, the armature 1901 is
attracted when a number is set in the group a.
These connections are not shown since they
are entirely identical with those illustrated in
Figs. 31 to 34. The armature 1901 closes the
following circuits (after the transference
toa):

1?? (I). 52—b54—1804—over the attracted
armature 1802-—1804—1873—over the at-
tracted armature 1901-—winding 1872—
1946—1945—55—53.

The armature 1872 interrupts the circuit
described under 12 and remains attracted
by the following circuit: 52—54—1804—
2280—over the open armature 2112—2280—
over the attracted armature 1872—2280—
1873—winding 1872—1946-—1945—55—53.

(I1). 52—54—1804—over the attracted ar-
matuare 1802-—1804—1880—over the attracted
armature 1859—1880—over the attracted ar-
mature 1901—1880—over the open armature
1902’—1880——successively over the open ar-
matures 2074 and 2068-—1880—over the open
armature 1886-—1880—winding 307—and in
a known manner over the winding 250 (not
shown here)—to the negative pole 53 of the
source of current.

In this way the multiplication of the two
numbers set in the groups @ and b viz. the
calculation of #*, is Initiated.

In Figs. 28 to 30 the series of magnets 307,
309, 310, 311 has been completed by the mag-
nets 1881, 1882, 1883, 1884, which naturally
function, as regards the further digits of the
multiplier, in the same way as the magnets
307 ... 311 as regards the first two digits.

The armature 307 now closes the follow-
ing circuits:

14 {I). 52—b4—1989—over the attracted
armature 1802—1939—1941—over the at-
tracted armature 307—1887—winding 1888—
1887—1946—1945—55-—53.

This circuit is in the first instance imma-
terial.

'
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(IT). 52—b54—1939—over the attracted
armature 1802—1939—1941—1885—over the
attracted armature 307—1885—winding—
1886-—1885—1946—1945—55—53.

The armature 1886 interrupts the condue-
tor 1880 and remains attracted under the ac-
tion of the following circuit as long as a num-
ber is set in the group e, that is to say, until
the armature 1901 is again released.

15. 52...as (13) (1I) up to the attracted
armature 1901-—-1880—2300—over the at-
tracted armature 1886—2300—1885—wind-
ing 1886—1885-—1946—1945—55—53.

During the further operation of the mul-
tiplication the armature 1882 closes the fol-
lowing cireuit :—

16. 52 . .. as (14) (I) up to 1941—over
the attracted armature 1882—2265—wind-
Ing 1378—in a known manner to the nega-
tive pole of the source of current. The ar-
mature 1378 cancels the number set in the
radicand group d (see also Figs. 6 to 9 and
Figs. 25, 26) that is to say, the remainder
of the radicand.

During the further operation of the mul-
tiplication the armature 1883 (or an immedi-
ately following one) closes the following cir-
cuit:

17. 52 ... as (14) (I) up to 1941—2266—

over the attracted armature 1883—92266— ¢

over one of the armatures 1400, 1401 or 1950—
one of the windings 1968, 1966, or 1972—in &
known manner (Figs. 31 to 34) to the nega-
tive pole 53 of the source of current.

Thus the radicand, which is still set in
the setting group, is now transferred again
to the radicand group, as at the beginning
of the calculation.

When the last armature of the series 807,

309 . .. ete. is attracted, that is to say, when ;

the armature 1884 shown in Figs. 28 to 30 is
attracted, the following circuits are closed :—

18 (I). 52 ...as (14) (I) up to 1941—
1890—over the attracted armature 1884—
1890—winding 125—in a known manner to
the negative pole 53 of the source of cur-
rent. The armature 125 cancels the number
set in a (Figs. 6 to 9, and 25, 26). 1In this
way the armature 1901 is released and sub-
sequently the armature 1886.

(IT) 52...as (14) (I) up to 1941—1891—
over the attracted armature 1884—1891—
over the open armature 1895—1891—winding
1892—1946—1945—55—h3.

The armature 1892 remains closed under
the action of the following circunit: 52— . . .
as (14) (I) up to 1941—1893—over the open
armature 1888—1893—over the attracted ar-
mature 1892—1891—winding 1892—1946—
1945—55—53 and closes the following cir-
cuits::

10 (I). 52...as (14) (I) up to 1941—
2267—over the attracted armature 1892—
2267—over one of the armatures 2074 or
2068 (conductor 1902 or 1903) to one of the
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windings 1875 or 1876—1946—1045—55—53,
That is to say, if the first digit of ® is set

- in the first active digit value group of ¢ viz.

: Windih%

3%

%

(according to Figs. 81 o 84) the armature
2068 is atiracted, o circuit is closed over the
1878 and if the first digit of o is
et in the second active digit value group of
o, viz., the armature 2074 is attracted, a cir-
cuit is closed over the winding 1875.
Accordingly the armature 1875 {ransfers
the power a2 get in ¢ to &, so that oy is con-
nec%d with e, and 1878 so that ¢, is connected
wit, [ 8 ’
- () 52...as (14) (T) upto 1941—1894—
over the sttracted armature 1892—1894—

" winding 1895 — 1894 — 1946—1945—55—53.

a5

40

The armature 1895 remains attracted un-
der the action of the following circuit:—
52...as (14) (I) up to 1941—1898—over the
open armature 2270—1896—over the at-
tracted armature 1895 — 1894 — winding
1895—1894—1946—1945—55—53.

¥£ now & number (#®) is set in @, the arma-
ture 1901 is again attracted. The circuit de-
seribed under (13) (II), however, is not
closed in the first instance, since #* is also set
im ¢, that is to say, one of the armatures 2074
or 2088 is still attracted and consequently the
copductor 1880 is still interrupted. How-
ever, another circuit is closed by the arma-
ture 1001 : '

20. 62—54—1804—1874—over the abtract-
ed armature 1801—1874—over one of the
armatures 1876 or 1876 — 1879 — winding
1902'—1946—1945—55—53.

The armature 1902’ cancels the number
{not shown) sef in o. Afier the release of
the srmatures of the group ¢ also the wind-
ing 2068 or 2074 become de-energized (only
one of them could be energized) and subse-
&x:nﬂy 1875 and 1876 and finally 1802.

ly now is the circuit (13) (II) closed and’

the muitiplication of »* with # is initiated.
Now the multiplication is repeated with the
following alterations:

The circuit {(14) (I) causes the armature
1888 to be attracied, which armature inter-

- rupts the conductor 1893 and therewith re-

50

60

86

‘the armeture 1881 before

leases the armaturs 18982.

The circuit given in (15) is closed again.

As, however, the armature 1895"is still at-
tracted, in the courss of the multiplication
operation the following circuit is closed by
that given in
(16) — o

21. 52...as (14) (I) to 1941—1889—over
the atiracted armature 1881—1889—over the
attracted . armature 1895—1889—winding
1890’'—1889—1946—1945—55—53,

The armature 1890 remains closed owing
to the action of the following circuit :—

22..52...as (14) (¥) to 1941—2272—over
the attracted armature 1850—2272—over the
attracted armature 1895—2272—1880—wind-
ing 1830—1889—1946-—1945—55—53.

BEST AVAILABLE COP'. mg

The circui} referred to in (16) is again
¢losed, therefore again cancels the radicand
and the circuit referred to in (17) sets it up
egain. '

g%‘he circuit referred to in (18) (I) again
cancels the numeral (2?) set upina. The cir-
cuit referred to in (18) (II) will however no
longer be closed, as the armature 1895 is at-
tracted. In ]place thereof the following cir-
cuit is now closed :— '

23. Three cases must be differentiated :

a) The armature 1854 is attracted,
b) The armature 1855 is attracted

tracted.

As was stated above the transfer of a*

{which is now set up in the product group ¢

to the radicand group is carried out in two

different ways, either by ¢; being connected to

dy or ¢ to d; (all the following digit value

groups of course in their proper order).
Ciércudts

(Re a) 52 ...as (18) (II) to 1891i—over
the attracted armature 1895—2278— over the
attracted armature 1890—2273-—over the at-
tracted armature  1854—2274—winding
2127—0974— 2273—B5—53. . ,

Over the armature 2127 the connection is
established in & known manner between the
group ¢ and the group & (not shown), ¢; being
connected to dy.

(Re b) () z* has 2n—1 digits the highest
digit of #° is therefore set up in ¢; and the ar-
mature 2068 is attracted.

52 ... as (Re a) to 2273—2275—over the
attracted armature 1855—2275—2276—over
the attracted armature 2068—2276—2274—
winding 2127—2274—2273—55—53.

The transfer is carried out as in (Re a).

(8) = has 2n digits, and 2 still 8n—1 dig-
its. The first digit of 2® is therefore set up
in ¢y and the armature 2074 is attracted.

Circuit=—52 . . . as (Re d) (a) to 2275—

2277~ -over the attracted srmature 2074—.

2277—2273—winding 2126—2278—55—53.

The armature 2126 establishes the connec-
tion between the group ¢ and the group d in
such a menner that ¢; is connected to dj.

(Rec) 52...as (Re a) to 2273—over the
open armature 1854—2273—over the open
armature 1855 —2273 — winding 2126 —
2273—55-—53. §

The transfer is carried out as (Re. b) (B).

In the transfer operation two different
cases may occcur. '

L. #® is greater than the radicand, the sec-
ond term in the root has therefore been given
too iigh & value, or .

I(I}' it is equal to or smaller than the radi-
cand.

(Re I). A tens transfer takes place and
the armature 840 is attracted and remains at-
tracted until the subtraction is completed.
As the subtrahend, however, is greater than

¢) Neither of the two armatures is at-
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the minuend, the conductor 794 is connected
to-the positive terminal of the source of cur-
rent, as was explained with reference to the
operation of division.

From the conductor 794 the conductor 2109
branches off (Figs. 31-34), which leads over
the magnet winding 2110 to the conductor
921, which belongs to a circuit, which in the
digit value group belonging to the magnet of
the group & last closed carries out the sub-
traction by one and simultaneously closes a
circuit, which causes the “cancellation” of the
numeral set up in ¢. With the cancellation of
«® the armature 2071 is released.

The armature 2110 (Figs. 31-34) closes the
circuit :—

24. 52—54—1953—2111—over the attract-
ed armature 1802—2111—over the attracted

armature 2110—2111—winding 2112—2111— "

55—53.

The armature 2112 interrupts the circuit
leading over the winding 1872 (conductor
2280), so that the circuit referred to in (12)
is again closed, the corrected root is again
transferred to ¢ and the sequence of opera-
tions commences again, which is repeated
with the difference that with the armature
807 the following circuit is closed i—
© 25, 52...as (14) (I) to 1887—2271—over
the attracted armature 1890—2271—winding
2270—2271-—2265—1946—1945—55—53.

The armature 2270 interrupts the circuit
leading over the winding 1895, so that the
initial situation is re-established.

(Re II) With the attraction of one of the
armatures 2126 or 2127 the following circuit
was closed —

26. 52-—b4—1804—over the attracted ar-
mature 1802—1804—one of the conductors
2131 or 2132—over the attracted armature
2126 or 2127—2135—winding 2128—2278—
55—53.

The armature 2128 remains atiracted
through the operation of the following cir-
guit =— .

2. 52 . . . as (26) to 1804—2133—over
the open armature 2112—2133—over the at-
tracted armature 2128—2133—over the open
armature1944—2133—2135-—winding 2128—
2273—55—53.

While the circuit (26) was also closed in
the case dealt with in (), it remained with-
out effect as the circuit (27) could not bhe
closed or was immediately interrupted again
(armature 2112).

As in this case the number set up in ¢ has .

not been caneelled, the armature 2071 remains
attracted. Until the armature 840 is again
in its position of rest the following circuit is
closed :— .

28. 52...as (26) to 1804—2130—over the
open armature 840—over the attracted arma-
ture 207i-—over the attracted armature
2128-—2130—ovwer the open armature 1862—
winding 1832—1946—1945—55—53. With

1,818,880
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the attraction of the armature 1832 the fol-
lowing two circuits’ were closed, assuming
that the case dealt with in (10) (I) (¢) or
(10) 112 (¢) occurs:— '

(29) (I) 52 to 1804—one of the conduc-
tors 1830 . . . 1825—over the attracted arma-
ture of the group dr—over the attracted ar-
mature of the group di—one of the conduc-
tors 1826 . . . 1831—over the attracted ar-
mature 1832—one of the conductors 1826 . . .
1831—over the attracted armature of the
group of auxiliary magnets 1900 . .". 1908,
which was closed after one of the magnets
of the group ¢ had been set—that winding
of the group e, the numerical value of which
corresponds to the alteration of the first digit
of 3 #* determined by the numerical value of
the energized conductor of the group 1826
. . . 1831—and thence in a known manner to
the negative terminal 53 of the source of
current. :

(IT) 52 . .. as (29) (I) to 1804—1943—
over the attracted magnet 1832—1943—wind-
ing 1944 —1946—1945—55—58.

(Re I) Only now, after the correctness of
the second term of the root has been finally
determined, the change in the first place of
3 a* was effected.

(Re IT) The armature 1944 remains closed
owing to the operation of the following cir-
cult=— 52 . . . as (14) (I) to 1941—1942—
over the open armature 307—1942—over the
attracted armature 1944 —1942 — 1943 —
winding 1944—1946—1945--55—53 and in-
terrupts the circuit referred to in (27) and
consequently that referred to in (28), so that
the armature 1832 is again released and the
correction of the first place of 8 #* cannot be
effected repeatedly. '

The armature 1944 now closes in the case
referred to in (10) (I) (¢) the following cir-
cuits — :

(80) (I) 52—54—1804—over the attracted
armature 1802—1804—1918—over the at-
tracted armature 1944—1913—2137 or 2138
(according as to which of the armatures 1868
and 1869 is attracted)—2138—1815—magnet
winding e¢;—and in a known manner to the
negative terminal 53 of the source of current.

(I1) 52 . .. as (I) to 19183—2135—over
the attracted armature 1868=—1915—and over
one of the armatures 1931 . . . 1935 to the
selection of the third term of the root in the
same manner as was described in connection
with the second term of the root.

(III) (Assuming the armature 1869 is at-
tracted) :— 52 . .. (I) to 1913—2186—over
the attracted armature 1869—1916—and
thence as (II). .

In the cases given in (10) (II) (¢) and
(10) (III):— .

31. 52 .. . as (30) (I) to 1918—over the
open armature 1868—1913—over the open
armature 1869—1913—over the attracted

armature of the magnet group 1848, 1850 and '™
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1852—one of the conductors 1914, 1918 or
1916—and thence as in (30) (II) end (IIX).

The third term of the root has thus been
selected and the sequence of operations re-
commences, After the third term of the root
has been set up a circuit is again closed over
the auxiliary magnet (1862), which has the
same function as the auxiliary magnet 1859
for the seeond term of the root. Besides the
analogous eircuits mentioned in that cass the
auxiliary magnet (1862), just as the corre-
sponding auxiliary magnets of all the other
root digit value groups closes a circuit over
the winding 1902, so that finally the number
set up in the product group is cancelled again.

In a compietely analogous manner the con- -

nections are made for the square root, only
that the conditions in this case are much
simpler. If the first term of the root is small-

er than 5, then 22 (the changing divisor) al-.

ways has n digits and if the first term of the
root is 5 or greater than 5, then 2% always
has a+1 digits and the first numeral of 2
is always one. An alteration of the first dig-
it of 2x by an additional term of the root i8
only possible in the second term of the root
and only by one, this alteration taking place,
when the first term of the root is smaller than
five and the second term of the roof is equal
to five or greater than five.

The extraction of a sguers roct is nothing
more than a matter of division, the selection
of the first term of the root being entirely

analogous to that in the case of the extraction -

of a cube root.
Henee, it is not necessary to give the exact
connections for this type of calculation, as it

involves nothing new in view of what has.

been said above. Higher roots than cube
roots may be calculated, as already stated, by
- the indirect method through the logarithm
of the radicand (the sguare root and cube
root may of course be calculated in the same
way). ;

This is done in the following manner :—

A el 11
| ’i\c/w x—-e(ﬁ 0&@))

Hence, if both the series for the natural
logarithm may bs calculated as well as the
series for the potential function ¢, any root
may be automatically calculated with the
meachine. L

Before going in greater detail into the con-
nection for the calculation of the natural
logarithm, the genersl principles underlying
the system of connections for any simple or
compound fanction shall be discussed.

As already stated, for each magnet group
a magnet is provided in the machine, the ar-
mature of which is always attracted, when a
number ig sst up in the said group; there is
65 also provided for each magnet group a mag-
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net, the armature of which, when attrasted,
interrupts all the windings leading over the
windings of & magnet group. There are also
provided for the primary operations of mul-
tiplication and division certain suxiliary
magnets, the attraction of which determines
the commencement and the end of such a cal-
culating operation. It has also been shown
how a number set up in a group was trans-
ferred through any number of columns to an-
other group over the armature of cne con-
necting auxiliary magnet, and how eny de-

70

78

sired constants were set up in a group also .

over the armature

of a single auxiliary
magnet. '

Iach simple or compound function is sepa-
rated in accordance with what has just been
stated into separate successive calculation
phases, the transfer of a number from one
group to ancther, the setting up of a constant
in a group, the cancellation of a number seé
up in a group and the commencement or ter-
mination of a primary caiculating operation,
each forming such a calculation phase. Each
such phase is initiated by a circuit being
closed over the attracted armature of an aux-
iliary magnet and over the winding of the
magnet, which first comes into operation in
this phase of the calculation, the said circuit
leading over the non-attracted armature of
the auxiliary magnet initiating the next
phase and the winding of the said auxiliary
magnet always becoming energized, when the
previous phase is terminated, that is, the mag-
net armature.last actuated in the previous
phase closing a circuit over the winding of
the said auxiliary magnet. All those auxil-
iary magnets remain closed to the end of the
calculation or of the partiel calculation
thirough circuits leading over their own ar-
mature and over their own winding, which
in the first place do not transfer a number
from one group to another and in the second
place do not st up a number in a group.

Al circuits belonging to one function lead
over the armature of the suxiliary magnet,
the winding of which becomes energized by
the depression of the key carrying out the
function and remains energized by a circuit
leading over its own armature.

What has just been stated shall be illus-
trated by an example with respect to the con-
nections for the natural logarithm.

The potential series for the natural loga-

rithm is:+—
_Jfz—1 1fz=1V  1/z—1}s
1"3"”"‘2{“1*'3 z+1) 15 z+1> oo

and therefore represents a compound func-
tion of w. It is converging, as will be seen at
the first glance, but in certain circumstances
it may be not so rapidly converging that a
sufficiently accurate result will be found by
calculating out only a few terms of the poten-
tinl series. A simple conversion however
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produces a series which converges rapidly in
all circumstances:

log, x=n.log, 10 +log, a +log, %’;

n being the exponent of the power 107 with
which the number y containing only one
whole digit must be multiplied for obtaining
the number z, and ¢ the whole digit of y. In
this way for the fraction:

¥4
_@v

Y

R

a value lying considerably below onme is al-
ways obtained, so that the only potential
series to be determined in the calculation con-
verges very rapidly with the terms of:

Y

G
a+1

The connections gre shown ‘in Figs. 35 and
86 and are described below, together with the
way in which they function.

Ezirst of all the determined value of a, the
logarithm of which is to be calculated, is set
up in 2 known meanner in the group g. Of
the conmecting auxiliary magnets, over the
armebures of which the connections are es-
tablished beiween the omnibus conductors
130 . . . 140 and the windings of the group
g, only the magnets 1401 and 1950 are shown
in Fig. 35, the armatures of which establish
the connection between the omnibus conduc-
tors 130 . . . 140 and the third and fourth
digit value group of the group g. While the
number is being set up it must of course be
written with its decimal point. On the deci-
mal point ey 2855 being depressed, a circuit
is closed over the altracted armature of the

5 series of connecting auxiliary magnets 1401
. .. 1980 etc. and over the winding of an

puxiliary imagnet 2359, 2360, each auxiliery
magnet belonging 1o one connecling auxil-
iary magnet. The first two connecling oux-
iliary magneis of courde do not come into op-
¢ration, as the first is no longer attracted,
even after o single numeral has been set up,
and the second one requires that the deter-
mined value of @ is only = single digit.

The winding of one of the auxiliary mag-
nets 2359, 2380 (etc), which has become en-
ergized by the depression of ihe decimal key,
remains energized through 2 circuit leading
over its own armature. :

On the operating key being depressed,

after the number has been set up, the follow~

ing circuit is closed i—
1. 52— b4 -—key 2850 — 2351 — winding
2352—2351—-55—58. The armaturs 2352 re-

1,818,850

8EST AVAILABLE COP".

mains attracted through the action of the fol-
lowing circuit:—

52—b4—2854—over the open armature
2515—23564—over the attracted armature

2359—2351—winding  2352—2851—55—53,

and closes the following circuit:

2. 52—54—2353—over the attracted arm-
ature 2352—2353—2382—one of the conduc-
tors 2385 . . . 2392—over the attracted arma-
ture of the group gr—one of the windings
2393 . . . 2400 (Fig. 36)—2409—55—53.

The attracted armature of the group 2393
. . . 2400 remains attracted owing to the ac-
Hon of the following circuit :—

52—~-54—etc. as in (2) to 2382—2384—one

. of the conductors 2401 . . . 2408—over the

attracted armature of the group 2393 . . .
2400 (Fig. 36)—the corresponding conductor
of the group 2385 to 2392—and thence as in
(2) to 58.

Each magnet of the group 2393 . . . 2400
corresponds to one of the numerical values
from 2 to 8, as each of them is only closed
when an armature of the same numerical

. value.of the group g, is attracted. Over each

of these armatures, as may be at once stated,
there lead circuits, which are only closed
after the completion of the calculation (not
shown), which lead over the windings of
those magnets of the group f, the numerical
and digit values of which correspond to the
numerical and digit values of the natural
logarithm of that number 2,3 ... 8, which is
determined by the numerical value of the
particular magnet 2393 . . . 2400.

With the depression of the decimal point
key the termn ».in 10 was determined and
with one of the armatures 23893—2400 the
term 1n a. :

There still remsins the term

in g,
@

In the first place the base of the potential
geries : :

y_
o1

Y
ad}-l

must be determined.

The attracted armature of the grou
2393 . . . 2400 closes the following circuit
(Fig. 36).

(3) 52—b54 .
the attracted armature 2393 . . . 2400—one of
the conductors 2410 . . . 2417—2418—over the
open armature 2422—2418—winding 2419
(Fig. 35)—2418—2367—55—58,

The armature 2419 established the connec-
tion between thé group ¢ and the group e,
that is, it transfers the number set up in the
group ¢ to the group @ (not shown).

Cn the armature 2352 being attracted,
electrically parallel circuits (not shown)

.. as (2) to 2382—2383—over
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branching off from the conductor 2382 were
closed over the attracted armature of the
group ¢r, which circuits lead over the wind-
ings of those magnets of the group b, the
s numerical and digit values of which corre-
spond to the successive numerical values of
the reciprocal value of the numerical value
of the attracted armature of the group g
Thus, in the group e ¥ has been set up and
in the group b the reciprocal value of a, that

10
is
1,
)
15 4t has been stated more than once, that for

each magnet group a magnet is provided,
which is always closed, when a number has
been set up in a magnet group:

In Fig. 35 these magnets are:

For the group a the magnet 2368.

For the group b the magnet 2369.

For the group ¢ the magnet 2370.

For the group & the magnet 2371.

In Fig. 35 are also shown the cancelling
5 magnets of the groups a, b, ¢, d and g, that is,

125,—295—920—1378—2372 (Fig. 36).

¥ being set up in a, the armature 2368 is
attracted and closes the following circuit :—
(4) 52—54 . .. as in (2) to 23829384

5 (Fig. 36)—2420—over the open armature
2492—2420—over the attracted armature
2368 (Fig. 35)—2420—magnet winding 807
and thence in a known manner to the nega-
tive terminal 53 of the source of current.

The multiplication y times

H

a

is thus initiated.

On the armature 307 being attracted, be-
sides the circuits mentioned in connection
with the multiplication, the following circuit
is closed:

(5) 52—54—as in (2) to 2353—2424—
2421—over the attracted armature 3072421
(Fig. 36) — winding 2422 — 2421 — 2496 —
55—b3.

The armature 2422 remains attracted
through the action of the following cir-
cuit :—

52-—54— . . . as in (2) to 2382—2384—
2423—over the atiracted armature 2422—
2423--2421—winding 2422—and thence as in
(5) to 53 and interrupts the circuits (3)
and (4).

In the further course of the multiplication
operation a circuit is closed by one of the con-
necting auxiliary magnets of the series 307,
309.310...etc. (Fig.35) over the cancelling
magnet 2372 of the group g, the circuit being
as follows :—

(6) 52—54 ... asin (B) to 24242495
over the attracted armature 310—2425—over
the open armature 2428 (Fig. 36)—2425—
65 winding 2372—2425—2426—55—53.

40

e}
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The last connecting auxiliary magnet
closed during the multiplication (in Fig. 35
this is the magnet 1884) closes the following
circuit -

(7) 52—54 ... asin (5) to 2424—2427—
over the attracted armature 18842427
winding 2428—2427—2409—55—53.

The armature 2428 remains attracted
through the action of the following circuit :—

52—54— . . . as in (2) to 2382—2384—
2429—over the attracted armature 2428—
2427—winding 2428—thence as in (7) to 53
and after the completion of the multiplica-
tion (criterion: the armature 357 is again in
its position of rest) closes the following cir-
cuit :—

(8) 52—54 .. .as in (2) to 2382—2384—
2430—over the open armature 2432—2430—
over the attracted armature 2428—2430—
over the open armature 357—2430—cancel-
ling magnet 125 (Fig. 35)-—and thence in a
known manner to the negative terminal 53
of the source of current.

The number  set up in the group a is now
cancelled and consequently the armature
2368 brought into its position of rest. By
the open armature 2368 the following circuit
is closed ——

(9) 5254 . .. asin (2) to 2353—2436—
2431—over the open armature 2368—2431—
over the attracted armature 2422—2431—
winding 2432--2431—2409—55—53.

The armature 2432 interrupts the circuit
(8) and remains attracted through the action
of the following circuit :—

52—54— . . . as in (2) to 2382—2384—
2434—over the attracted armature 2432—
2431 —winding 2432—2431—2409—55—53
and closes the following circuit :—

(10) 52-—54— . . . as'in (2) to 2382—
2384—2433—over the open armature 2439—
2433—over the attracted armature 2432—

<«

]

120

2433—over the open armature 2368—2483— -

winding 2874—2433—2367—55—53.

The armature 2374 establishes the connec-
tion between the group ¢ and the group 4
and between the group ¢ and the group e,
from the third digit value group emr to the
second digit value group dy and @y ete. and
in the digit value group d; sets up zero and
in the digit value group & and in ¢ sets up
two (again not shown). For, after what has
been said above, the number

Y

a

must be a number with one whole digit, the
first digit of which is one, so that, for form-
ing the fraction

-1

SR

Vi1
a

zero must always be set up as the first digit in
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the group d (the dividend group) and two
as the first digit in the group @ (now the
divisor group).

As in the course of the division the first
digit of the quotient is always found to be
zero and as the number

Y

a

set up in the group ¢ is greater than the
number

L

a
set up in the group d, before selecting the
second digit of the quotient, the number set
up in the group c¢ is cancelled in any case,
so that it is not necessary to regard the can-
cellation in ¢ as a separate phase of the cal-
culation.

‘With the setting up of a number a the cir-
cuit (10) was interrupted and with the set-
ting up of a number In d the following cir-
cuit was closed by the armature 2371 :—

(11) 52—54— . . . as (2) to 2353—2436—
2435—over the attracted armature 2371—
2435—winding 923—2435—2367—55—53.

The division is thus initiated.—

After the division is complete, that is, un-
til the armatures 825 and 1219 are attracted,
the following circuits are closed :—

(12) 52—54— . . . as in (5) to 2424—
2438—over the attracted armature 825—over
the attracted armature 1219—2438——winding
2439—2438—2409—55—53.

(13) 52—54— . . . as in (5) to 2424—
2437-—over the attracted armature 825—
over the attracted armature 1219—2437—
2430—winding 125—and thence in a known
manner to the negative terminal 53 of the
source of current.

(Re 12) The armature 2439 remains at-
tracted through the action of the following
circuit :—

50—54— . . . as in (2) to 2382—9384—
2440—over the attracted armature 2439—
2440-—2438—winding  2439--2438--2409—
55—53, and finally interrupts the circuit
(10).

(Re 13) The number set up in e is can-
celled.

The armature 2439 closes the following
cireuit :— :

(14) 52—54... asin (2) to 2382—2384—
2441—over the open armature 2445—2441—
over the attracted armature 2439—2441—
winding 2373—2433-—2367—55—53.

The armature 2373 transfers the number

)

[/
LES |
Q@

set up in & to @ and closes the following cir-

D cuits:
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(15) 52—5H4— . . . as in (2) to 2382—
23842442 over the open armature 2445—
2442—over the attracted armature 2373—
2442—winding 2378-—2442—55—153.

The armature 2378 transfers the number
set up in b to the group f, namely to the mag-
nets fn.

This completes the setting up of the first
term of the potential series

Y4
a
¥
Y11

in the group f.

When the transfer from b to @ has been
carried out, the armature 2368 being there-
fore attracted, the following circuit is closed:

(16) b2—584—...asin (2) to 2382—2384—
2443—over the open armature 2445-—over
the attracted armature 2439—2443——over the
attracted armature 2368—2448—2420—wind-
ing 307—in a known manner to the nega-
tive terminal 53 of the source of current.
This initiates the squaring of

Y1
a

Y1
a

The armature 307 closes the following cir-
cuit:

(17) 52—b4— ... asin () to 2424—2444—
over the attracted armature 307—2444—over
the attracted armature 2439—2444—winding
2445—2444—55—53.

The armature 2445 remains attracted
through the action of the following circuit:

52—54— . . . as in (2) to 2382—2384—
2446—over the attracted armature 2445—
2444—winding 2445—2444—55—53, and in-
terrupts the circuits (14), (15), (16).

On the connecting auxiliary magnet 1884
last actuated in connection with the multi-
plication being closed, its armature closes the
following cireuit

(18) 52—54— ... as in (b) to 2424—
2447—over the attracted armature 1884—
2447—over the attracted armature 2445—
2447—winding 2448—2447—55—53.

The armature 2448 remains attracted
through the action of the following circuit:

52--54— . .. as in (2) to 2382—2384—
2449—over the attracted armature 2448—
2449—2447—winding  2448—2447—55—53
and closes the following circuits:—

(19) 52—54— . .. as in (2) to 2382—
2384—2450—over the open armature 2453—
2450—over the attracted armature 2448—
2450—winding 295—and in a known manner
to the negative terminal 53 of the source of
current.

The number set up in b is therefore now
cancelled.

(20) 52—b4— . .. as in (2) to 2382—
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2384—2451—over the open armature 2453—
2451—over the attracted armature 2448—
2451—winding 2376-—2451—55—153.
The armature 2376 transfers the number
y 2

a

¥
a

set up in ¢ to the setting-up group g¢.

The circuits (19) and (20) are simultane-
ously closed.

When the number set up in the group b
is cancelled and the armature 2369 1s there-
{ore in its position of rest, the tollowing cir-
cuit is closed -—

(21) B52—384— . .. as in (2) to 25—
2436—2452—over the open armature 2369—
2452—over the attracted armature 2448—
2452—winding 2453—2452-—55—53.

The armature 2453 remains closed through
the action of the following circuit :—

52—54— . . . as in (2) to 2382—2384—
2454 over the attracted armature 2453—
2452—winding 2453—2452—55—53 and in-
terrupts the circuits (19) and (20) and closes
the following circuits :—

(22) 52—54— . . . as in (2) to 2382—
2384—2455—~over the open armature 2458—

© 2455——-over the attracted armature 2453—

2455—winding  2375—2455—2435—2867—
55---53.

The armature 2375 transfers the number
set up in ¢ to b. There is now set up in @
and in b the square of this number

3_1\
a #
g/—+1/
a

. As soon as the setting up in b is completed
and the armature 2369 is therefore again at-
tracted, the following circuit is closed :—

(23) 52—54— . . . as in (2) to 2382—
2384—2456—over the open armature 2458—
2456—over the attracted armature 2453—
2456—over the attracted armature 2369—
2456—winding 920—in a known manner to
the negative terminal 53 of the source of cur-
rent.

The armature 920 cancels the number set
up in ¢

When the cancellation is finished and the

armature 2370 is therefore in its position of

rest, the following circuit is closed :—

. (24) 52—54— . .. asin {2) to 2353—2436—
2457-—over the open armature 2370—2457—
over the attracted armature 2453—winding
2458--2457—55—58,

The armature 2458 interrupts the circuits
(22) and (28) and remains attracted through
the action of the following circuit: 52—54—
...asin (2) to 2382—2384—2459—over the

- attracted armature 2458 — 2457 — winding

REST AVAILABLE COP,

2458—2457—55—53 and closes the following
circuit :—

(25) 52—54— ... asin (2) to 2382—2384—
2460—over the attracted armature 2458—
2460—over the open armature 2462—2460—
2420—winding 807—in a known manner to
the negative terminal 53 of the source of cur-
rent.

The cubing of
Yy
a
LS
a

1s thus initiated.

The armature 307 closes the following cir-
cuit :—

(26) 52—54- .. asin (2) to 2382—2384—
2461—over the attracted armature 2458—
2461—over the attracted armature 307—
2461—winding 2462—2461—2367—55—53.

The armature 2462 interrupts the circuit
(25) and remains attracted through the ac-
tion of the following circuit:—52—54— . . .
as in (2) to 2382—2463—over the attracted
armature 2462—2461—winding 2462—2461—
2367—55—53 and closes the following cir-
cuit when the last connecting auxiliary mag-
net, which becomes operative in the opera-
tion of multiplication is energized.

(27) 52—B4— . . . asin (5) to 2424—9464—
over the attracted armature 1884—2464—
over the attracted armature 2462—92464—
winding 2465—2464—2367—55—53.

The armature 2465 remains attracted
through the action of the following circuit :—
52—54— . . . as in (2) to 2382—2466—over
the attracted armature 2465-—2464—wind-
ing 2465—2464—2367—55—153 and, after the
multiplication has been completed, that is,
when the armature 357 is again in its posi-
tion of rest, closes the following circuit.

(28) 52—54— ... asin (§) to 2424—2467—
over the open armature 357—2467—2468—
over the open armature 2471—2468—over the
attracted armature 2465-—2468—2450—wind-
ing 295—and in a known manner to the neg-
ative terminal 53 of the source of current.

(29) 52—54— ... asin (28) to 2467—2469—
over the open armature 2471—2469—over the
attracted armature 2465—2469—2430-—wind-
ing 125—and in a known manner to the neg-
ative terminal 53 of the source of current.

The numbers set up in the group « and the
group b are now cancelled.

When the cancelling is completed. that is,
when the two armatures 2368 and 2369 are
in their position of rest, the following circuit
is closed :—

(30) 52—54~— ... asin (2) to 2353—2436—
2470—over the open armature 2368—2470—
over the open armature 2369—2470——over the
attracted armature 2465—2470 — winding
2471—2470—2367—55—53.

The armature 2471 interrupts the circuits
(28) and (29) and remains closed through
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the action of the following circuit:— 52—
54— ... as in (2) to 2382—2472—over the
attracted armature 2471—2472—2470—wind-
ing 2471—2470—2367—55-—53 and closes con-
secutively the following circuits :—

(31) 52—54—...asin (2) to 2353—2436—
2473—over the open armature 2479—2473—
over the attracted armature 2471—2473-—
winding 2474-—2473—2426—55—53.

The armature 2471 sets up the number 0,3
in the group a, closing’ circuits over all the
magnet windings of the group «, the numeri-
cal value of which is 3, with the exception of
the first digit value group, in which it sets up
Zero. :

(32) 52—b4— . .. as in (31)—to 2436—
2475—over the open armature 2479—2475—
over the attracted armature 2471—2475—
2455 — winding 2375 — 2455—2435—2367—

55—53.
The armature 2375 transfers the number
y 3
a haad \
Yy
p +1

set up in the group ¢ to the group b.
When the transfer is completed and the

30 armature 2369 is therefore attracted, the fol-

&

50

60

lowing circuit is closed :

(33) 52—84— . .. as in (31) to 2436—
2477—over the open armature 2479—2477—
over the attracted armature 2471—2477—
2456—over the attracted armature 2369—
2456-—winding 920—and in & known manner
to the negative terminal 53 of the source of
current.

The number set up in ¢ is now cancelled.

When the canceliation has been carried out
and the armature 2370 is therefore in its posi-
tion of rest, the following circuit is closed :—

(34) 52—54— . .. as in (31) to 2436—
2476—over the open armature 2479-—2476—
over the attracted armature 2471—2476—
over the open armature 2370—2476—2420—
winding 807—and in a known manner to the
negative terminal 58 of the source of current.

The multiplication

y

a

Yy
1]

times %
is now initiated.

The attracted armature 307 closes the fol-
lowing circuit :—

(35) 52—54— . . . as in (2) to 2353—
24249478 —over the attracted armature
307—92478—cver the attracted armature
2471—2478—winding  2479—2478—2426—
55—53.

The winding 2479 remains closed through

“ the action of the following circuit:— 52—

1,818,880

BEST AVAILABLE COP:

54— . . . as in (2) to 2382—2480—over the
attracted armature 2479-—2478--winding
2479—2478—2426—55—53—and  interrupts
the circuits (31), (32), (33), (34).

The connecting auxiliary magnet 1884,
which is the last one closed in the multiplica-
tion, closes the following circuit :—

(36) 52—b4— . .. as in (5) to 2424—
2481-—over the attracted armature—1884—
2481—over the attracted armature 2479—
2481—winding 2482—2181—2426—55—53.

The armature 2482 remains attracted by the
action of the following circuits: 52—54— . ..
as in (2) to 2382-—2433—over the attracted
armature 2482—2483—over the attracted
armature 2479—2483—2481—winding 2482—
2481—2426—55—53 and closes the following
circuits:—

(37) until the multiplication is finished and
the armature 357 is therefore in its position
of rest:

52—54— . . . as in (5) to 242492467~
over the open armature 357—2467—2484—
over the open armature 2486—2484—over the
attracted  armature 2482248492469
2430—winding 125—and in a known manner
to the negative terminal 53 of the source of
current.

The number set up in the group ¢ is now
cancelled.

When the cancellation is completed and
the armature 2368 is therefore in 1its position
of rest, the following circuit is closed :—

(38) 52—B4— . .. asin (2) to 2353—
2436--2485—over the open armature 2368—
2485—over the attracted armature 2482—
2485—winding 2486—2478—2496—55-—53.

The armature 2486 interrupts the circuit
(37) and remains attracted through the ac-
tion of the following cireuit :— 52—54— . ..
as in (2) to 2382—2488—over the attracted
armature 2486—2488—2485—winding 2486—
2478—24926—55-—43 and closes the follow-
ing circuits —

(39) 52—54— . . . as in (2) to 2382—
2489—over the open armature 2496—2489—
over the attracted armature 2486—2489—
over the open armature 2368—2489—2418—
winding 2419—2418—2367—55—53.

(40) 52—54— . . . as in (2) to 2382—
2490—over the open armature 2496—2490—
over the attracted armature 2486—2490—
over the open armature 2368—2490—wind-
ing 2877—2490—55—153.

The circuits (39) and (40) are simul-
taneously closed and are also simultaneously
interrupted by the attraction of the arma-
ture 2368.

The armature 2419 transfers the number

set up in the group g, that is, the number
Y 2
-
¥
a +1
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to the group & and the armeture 9377 trans-
fers the number set up in ¢, that is,
- . _

K 1 fe”t
3% ¥
- \a&'l,
tothe group 2 | .
10 . Thus two terms of the potential series are

. already set up in /. After the transfer to @
has besn g@mple% the circuits (89) and
40) are interrupted by the armature 2368.
3 fors this‘interg;%)ﬁon, the armature 2419
. 15 bes  (simultaneously with the transfer
‘closad the following circuit: :
(41) 52—b4— . . . as in (5) to 2424—
2491~ qver the atiracted srmature 2419—
- 91— over the stiracted armature 2482—
' gp 2481 winding 2402—2481-—2496—55—53.
“ v, The ormature. 2452 remains attracted

e fzhr«mg ki the astion of the following cireuit :—

, oo o B3I (2) to 2382—2498— over’
the attrected armature 2492—2493—2491—
o5 Winding 2492 — 2481 — 2496 — 56—58—and
-7 closss the following cireuit: 4 '

- {42). B9—Bi— .. . 88 ipd(2) to 92882—

9494—over the open armetire 2496-—2494—
over the atéracted armature #492—2494—over

30 the attracted srmature 2868—2494—2456—
ond themes as in (23)—over the winding 920
to the negative termimal 88 of the source
of carrent. _ S

The number st up in ¢ is now cancelled
and, until the ermature 2870 is in its posi-
“4ion of rest, the following cireuit is closed :—

.. (48) 52—84— ... as in (2) to 2353—

- 9488—2408-—over the attracted armature
2489—2498—over the open armature 2486—

a0 2498—2478—over the open armature 2370—
and thence as in (34) over the winding 307
to the negstive terminal 53 of the source of
current.

Thus the multiplication of

45 3
g _
@ ! Y
¥y
@

50 set up in & by
v\’
@
a-%-ﬂ

65
set up in @ is initiated. ]

The connections may be made acording to
the general principles laid down at the com-
mencement of this description of the connec-

60 tions up to the calculation of a term of any
magnitude of the potential series.

When the potential series has been calca-
lated, the logarithm of the first digit of the
nuinber @, assumed to be & one-digit number,

8 which was set up in the magnet series 2393
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sot up in the magnets 2359, 2360 ( Gre

constants, which are once for all set up im .

the

gystemn of connections) must be trems:
forre

to the group f, after the potential

&7

. o« 2400, and the values n times log, 10

series set up in the group f has been multi- -

- plied by two.

This multiplication can be carried cut ai-
ther inan absolutely enalogous mannerto that
siready described, that is, by a transfer from
# to one of the groups e or & and by setting

_up two in the other multiplication group or

by transferring the value set up in f to any
up (for instance @) and transferring it
ack agsin from there to the group £, as &
transfer to a sum group (c or f) always takes

the form of an addition.
The Briggs logarithm is easily found from
the nat ogarithm by multiplication with
: 1 - ) '
fog . 10

(aiso a constdnt).
also of course be done automatically.
"The potential function ¢* can also be broken

‘ap by & simple resclution into a series, which

converges
namely :

gxa 10® o=, log R 10) 10®. e‘e"“"" -log o lo—€)
in other words, the l%gmithm is first divided
by the log, 10, the division being carried out

only es to the digits of the integer. The
quotient of this division gives the # in the

rapidly in all circumstances,

above formule and after the completion of .

the calculation indicates the number :of
digits. B o

The remeainder of the division results in
@—n.Jog, 10, that is, & number which bhas ne
more than one digis and is smaller than three.

In the above. formula its integer is the a.

In the remaining potential function the
exponent @—1. log, 10—e=vw is a nmumber,
which is smaller than one, and the series:

4
bxhefete
is of necessity a rapidly converging one.

Thus the result or the series need only be
multiplied by e or ¢?, according to whether
the first digit of @ —n. log. 10 is a one or a two.

The separation of this calculating oper-
ation into separate calculating phases pro-
vides no difficulties, in view of what has been
said nbove, and the connections for the poten-
tial function are mdde in the manner gen-
erally laid down at the commencement of
the discussion of the connections for the
logarithmic function.

With the potential function the hyperbolic
functions may of course be automatically cal-
culated and with the log, the inverse func-
tions thereof Ar. sin, Ar. cos., Ar. tan.

In view of what has been said above it is
obvious, that for each function that is at all
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capable of being calculated numerically the
connections are so arranged that the said
function is numerically calculated by the
machine automatically in such a manner that
the entire calculation is divided up into cal-
culation phases, which follow one another
automatically.’

The windings of the connecting auxiliary
magnets, over the armatures of which the
transfer from one magnet to another is
effected, may be energized from the keyboard,
so that any sequence of calculations can be
made without setting up afresh each inter-
mediate result.

The calculating machine is thus applicable
to the entire field of real numbers.

I claim:

1. An electrical cgleulating and typewrit-
ing machine, comprising 2 plurality of writ-
ing mechanisms, a keyboard, a number of
groups of main relays and a number of aux-
iliary relays, each ten main relays in indi-
vidual groups being collected into an order
value sub-group, so that each individual
main relay is aliotted to a definite numeri-
cal value, said auxiliary relays transferring
numbers between groups of main relays.

2. An electrical calculating and typewrit-
ing machine, comprising a plurality of writ-
ing mechanisms, & keyboard, a number of
groups of relays and a number of auxziliary

relays, wherein by mesans of keys each of
Y8,

which corresponds to one of the numerical
values from zero to nine and relays, citcuits

can be closed which lead through those mem-

bers of said auxiliary relays which close or
open circuits and through thoss windings of
the relays in the individuei crder value sub-
groups of the groups of releys which corre-
spond to the numerical values of the keys.

3. An electrical caleuleting and typewrit-
ing machine, compriging a plurality of writ-
ing mechanisms, & :hey%oard, e number of
groups of relays and a number of auxiliary
relays, wherein in the keyboard, o calcula-
tion key is provided for each Iind of calcule-
tion which closes circuits through the wind-
ings of said auxiliary relays to transfer num-
bers between the groups of main reiays.

4. An electrical calculating and typewrit-
ing machine, comprising & numbar of groups
of relays and a number of auxiliary relays,

each relay of the individual groups corre--

sponding to a definite number closing cir-
cuits through the armatures of said auziliary
relays which transfer the numbers by clos-
ing circuits through the windings of relays
of other groups, correspending to the same
numerical value and to the same order value
as those of the relay closing the circuit.

5. An ¢lectrical calculating and typewrit-
ing machine, comprising a number ¢f groups
of relays and a number of auxziliary relays,
each relay of the individual groups corre-

' sponding to a definite number closing cir-

BEST AVAILABLE COP".
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cuits through the armature of said auxilisry
relays which (ransfer the numbers by clos-
ing circuits through the windings of relays
of other groups, which relays correspond to
vhe same numerical value and belong to or-
der value sub-groups which correspond to an
order value other than the order value sub-
group of the relay closing the circuit.

6. An electrical calculating and typewrit-
ing machine, comprising a number of groups
of relays and a number of auxiliary relays,
wherein one winding of all the relays of one
group are led collectively through the arma-
tures of one of said auxiliary relays to in-
terrupt the connection of the windings with
the source of current.

7. An electrical calculating and typewrit-
ing machine, comprising & number of groups
of relays and & number of auxiliary relays,
wherein all the relays of one group each close
a circuit which lead through the winding of
one relay of said auxiliary relays allotte(gi to
each group.

8. An electrical calculating and typewrit-
ing machine, comprising a number of groups
of relays and a number of suxiliary relays,
wherein when the windings of one relay in
each order value sub-group of a group be-
come energized, & number is set up in this
group the individual numerals of which cor-
responding to their order values are set up
in their related order value sub-groups.

9. An electrical calculating and typewrit-

‘ing machine, comprising a number of groups

of relays and & number of auxiliary relays,
wherein any number set up in a group is can-
celled by one of s2id auxiliary relays coming
into operation. ‘

10. An electrical calculating and typewrit-

"ing machine, comprising a number of groups

of relays and a number of auxiliary relays,
said auxiliary relays transferring any num-
ber set up in one group to another group of
relays by means of circuits led through .the
armeatures of the relays of the one group and
the windings of relays of the second group.

11. An electrical calculating and ¢ype-
writing machine, comprising & number of
groups of relays and a number of auxiliary-
relays, certain of said auxiliary relays trans-.
ferring any number set up in one group of
relays through' another group of relays and
through other suxiliary relays to a third
group of relays.

i2. An electrical calculating and typewrit-
ing machine, comprising & number of groups
of relays and a number of auxiliary relays, a
mathematical control key and means wherein
any number set up in one group of relays can

be transferred by the auxihiary relays to :

another group of relays with such alteration
of its numerical value and order value as is
determined by the mathematical operation
indicated by the control key.

13. An electrical celculating and typewrit-
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ing machine, comprising a number of groups
of relays and a number of auxiliary relays,
means for determining a definite sequence
which is fixed for each fundamental kind of
caleulation, of automatically successive
transferences of numbers set up in certain
groups of relays to other groups of relays,
each fundamental type of caleulation being
carried out with the numbers set in one group
until the result is set np in another group of
relays.

14. An electrical caleulating and type-
writing machine, comprising a number of
groups of relays for receiving numbers for

calculation, and a nunber of auxiliary re-
lays, and means whe ‘reby the commencenient
of cach calculation is initiated thr ough actu-
ation of an auxiliary relay.

15. In a calculating machine, in combina-
tion, relay means for receiving numbers, a
second relay means for receiving numbers, a
mathematical ecaleulation control key, and
relay means which select a number accord-
ing to the numbers received and the mathe-
matical operation controlled by said key.

16. In a calculating machine, in combina-
tion, means for receiving numbers, a second
means for receiving n amber s, A mathematical
calculation control kev, ‘means for trans-
ferring numbers received by said first means
to said second means, other means which
select a number according to the numbers re-
ceived by both said recelving means and the
mathematical operation controlled by said
key, selecting means being initiated by said
transfer means, and means initiated Dy the
transfer operation completion to initiate
another transfer 0peration.

17. In a calculating machine, in combina-
tion, means for receiving numbers, a second
means for receiving muubers, a mathematical
calculation control kev, means for trans-
ferring numbers received by said first means
to said second means, other means which se-
lect a number according to the numbers re-
ceived by both said receiving mweans and the
mathematical operation controlled by said
key, means for indicating the selected num-
ber, and means for cancelling the numbers
out of said receiving means.

18. In a calc ulatuw machine, in combina-
tion, means for receiving numbers for sub-
traction, a second means for receiving num-
bers, a subtraction control key, means for
selecting numbers representing the absolute
difference between the numbers received for
subtraction, and means for indicating
whether this difference is positive or nega-
tive. at least one of said means comprising
electrical relays.

In testimony whereof T have signed my

name to this specification.

BERNHARD WEINER.
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