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Matter enclosed in heavy
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reissue specification; matter printed in italics indicates the additions made by reissue.

1

This is a continuation in part of application
Serial No. 454,467, filed August 11, 1942, now
abandoned, by Samuel B. Williams. -

This invention relates to computers employing
electronic devices in electrical networks to per-
form algebralc operations including addition, sub-
traction, multiplication, division and root extrac-
tion at speeds heretofore unattainable with con-
ventional mechanical, electromechanical and
electrical devices.

The object of the invention is to attain high
speed in calculation by providing means operat-

' ing faster than an operator may manipulate the
controls thereof.

Another object of the invention is to provide
an electronic calculator, one in which all me-
chanical movement even as small as the move-
ment of a relay armature, with the exception of
the mechanism necessary for operator manipula~
tion, is eliminated, and in which dependence for
all electrical switching necessary to the perform-
ance of the algebraic operations, both for prepa-
ration, the calculations and the display of results
is placed in electronic means,

In accordance with these objects a switching
system of automatically operating dependent cir-
cuits ‘controlled by electronic tubes is employed
under control of a bank of conventional operator
manipulated keys. It is understood that such
keying means is by way of example, the invention
residing in the use of electronic means for con-
trolling the-circuit changes automatically and se-
quentially performed in carrying out calculations
and that any other conventional type of problem
entry means may be employed.

Further in accordance with these objects the
system provided consists of an assembly of vac-
uum tubes in an extensive circuit arrangement
whereby the operation of the tubes in a sequence
of circuit changes is interdependent, that is the
operation of one tube leading to and controlling
the operation or quenching of others.

More specifically the device employs vacuum
tubes of the type known as trigger tubes, that
is, tubes which may be triggered on or triggered
off and which having been triggered on will re-
main in operation indefinitely until definitely
triggered off.

More specifically a device is provided employ-
ing a high vacuum electronic device known as a
secondary emission trigger tube. This device in
an appropriate electrical network will produce
counting and control pulses at speeds far in ex-
cess of those attained by conventional gaseous
discharge devices or the like,
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The device is based on the use of these trigger
tubes in various combinations of open chain and
closed ring counting arrangements responsive to
irains of serially related pulses for performing
essential operations of the device such as the
generation of pulses, representation of numbers,
registration, transfer and storage of numbers,
counting and various other functions heretofore
performed by other means.

A feature of the invention is the production
of positive and negative electrical control poten~
tials and pulses, derived from secondary emission
trigger tube circuits, for controiling the various
operations of priming, firing and extinguishing
other such tubes for-the switching operations
necessary in the operation of the device. The
operation of the device is essentially a series of
dependent switching operations wherein the suc-
cessful completion of a first operation is signaled
by an action which starts a second operation.
Generally, such a signal consists of an individual,
discrete, positive electrical pulse of steep wave
front and short duration which may be trans-
mitted to one or more tubes for any one of sev-
eral purposes. In counting operations the tubes
are arranged in open chains or in closed rings in
circuits wherein the firing of one tube automati-
cally primes or prepares for operation the next
succeeding tube and extinguishes the last pre-
ceding tube.

Another feature of the invention is the pro-
vision of a pulse generator comprising a group
of ten tubes associated with selective keying
means for selecting & particular tube of the group
corresponding to its digital order and firing it to
constitute & digital representation.

Another feature of the device is a pulse genera-
tor which after being started will automatically
operate throughout & complete cycle during which
it will sequentially transmit a pulse over each of
ten digital paths representing the digits 0 to 9,
inclusive.

Another feature of the invention is a pulse
generator which simultaneously transmits a series
of digital pulses and a series of complemental
digital pulses by means of which a registered
number may be read out in its true form or in-
verted and read out as the complement thereof.
In accordance with this feature there is provided
what may be termed & positive generator and &
negative generator both working into the same
pulse transmission circuit but subject to separate
and selective energization. The operation of the
generator consists of the selection of the positive
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or the negative portion thereof followed by the
transmission of a start signal.

Another feature of the invention is a non-inter-
ference circuit whereby, after the receipt of a
start signal another start signal, erroneous or
otherwise, may be rendered ineffective to inter-
fere with the action of the generator and whereby
the generator will continue in operation and
complete its full cycle. There is also provided
a stop signal path whereby the generator may be
stopped at any point in its operation and returned
to the starting condition.

Another feature of the invention is a pulse gen-
erator which will rapidly and successively trans-
mit a pulse over each of ten circuits to represent
the ten digits. By synchronizing the operation
of the tubes of a register with the output of this
generator a selective setting of the register may
be accomplished.

Another feature of the invention is the splitting
of the output of such a pulse generator into two
circuits, one for priming a tube, and the other
for firing a primed tube. Having thus two cir-
cults for the selective firing of a tube, a sign
circuit may be used which will give the proper
result when the signs of the two factors in a
computation are used. This will be readily
understood when it is noted that in multiplica-
tion, the sign of the product is plus when the
signs of the multiplicand and multiplier are
alike and minus when they are different. .

Another feature of the invention is the use of
two generators, one known as a plus generator,
and the other known as the minus generator.
Both generators will transmit firing pulses in the
order 0 to 9 and the positive generator will trans-
mit priming pulses in the same order but the
negative generator will transmit priming pulses
in the reverse order. By placing inverting tubes
in the paths of the firing pulses so that the in-
verse (the nine’s complement) value pulse is
rendered effective the four combinations of signs
where two factors are used may be represented
and employed.

Another feature of the invention is a sign cir-
cuit responsive to the signs of entered factors for
controlling: the display of the result and the
method of ealculation, In accordance with this
feature, where the combination of the signs of
the entered factors determines a positive result
then the principal factor is entered in the calcu-
lator as a positive number and where such com-
bination determines a negative result then the
principal factor is entered in the calculator as a
negative number or as the complement thereof.
The principal factor means the operand such as
the multiplicand in multiplication, or the divi-
dend in division. In accordance with this fea-
ture, multiplication leading to a positive product
and performed by the iterative addition of the
multiplicand in accordance with the value of the
multiplier but regardless of the individual signs
of the multiplicand and the multiplier will be
spoken of as multiplication, where multiplica-
tion leading to a negative product and performed
by the iterative addition of the complement of
the multiplicand in accordance with the value of
the multiplier but regardless of the individual
signs of the multiplicand and the multiplier will
be spoken of as inverted multiplication.

A feature of the invention is therefore a calcu-
lating device controlled in its method of opera-
tion by the combinations of the signs of entered
factors in which the factors are treated in
calculation as numbers without signs. A feature
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of the invention may be stated as a device in
which all factors regardless of sigh are entered
as positive numbers and in which the results of
computation are invariably displayed or recorded
as positive numbers accompanied or character-
ized by signs independently determined or
calculated.

Another feature of the invention is an invert~
ing arrangement whereby the tube representing
the nine’s complement of a digit may be fired in
response to the registration of the digit.

Another feature of the invention is an elec-
tronie register comprising an open chain of trig-
ger tubes adapted to register and store represen-
tations of digits.

Another feature of the invention is an elec-
troni¢c accumulator comprising a closed ring of
trigger tubes associated with an open chain of
similar tubes acting as a register. The passage
of a definite number of positive electrical pulses
corresponding to a digit registered in the open
chain to the closed ring comprises an act of ac-
cumulation, Here a pulse is passed from the
chain to advance the ring. The advance of the
ring results in a pulse now transmitted to the
chain and this series of dependent opérations
continues until the open chain has been ex-
hausted whereby a number expressed on the
register is transferred to the accumulator and
expressed thereon as the number or the sum of
that number and any other number previously
represented thereon.

Another feature of the invention is an accumu-
lator consisting of an open chain and a closed
ring in a mutual control circuit, Each has a
common firing circuit and each has a common
output circuit into which the tubes of each as
they are fired transmit g pulse. With the output
of each connected to the input or common firing
circult of the other it will be seen that as soon
as a tube of the open chain is fired (by selective
operation) there will be a series of exchanges,
the chain advancing the ring and the ring in turn
advancing the chain until the capacity of the
chain has been exhausted whereupon the auto-
matic action stops leaving the ring advanced a
number of steps equal to the number of steps
taken by the chain in running out. If the chain
is arranged to run out backwards and the ring
is run forward, then the chain will count ocut from
a selected value to zero and a value equal to the
selected value will be accumulated by the ring.

In the present disclosure four such accumula-
tors are shown, one for each decimal denomina-
tional order of a four-digit number. Appropriate
carry means between such denominational values
are provided.

Another feature of the invention is the pro-
vision, in an electronic accumulator consisting of
several decimal denominational orders, of means
for making carries from one accumulator order to
a next higher order when said one accumulator
order passes through & point where the number to
be represented becomes a two-digit number.

Another feature of the invention is a means
for temporarily storing a carry until an ac-
cumulator to which such carry is to be trans-
mitted is ready to accept it.

Another feature of the invention is a counting
means consisting of an open chain of trigger
tubes for controlling the number of times a
multiplicand is added in accordance with the
value of a multiplier digit.

Another feature of the invention is the use of
a trigger tube as a circuit closer whereby switch-
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ing operations may be carried out in & manner
equivalent to conventional systems. In ac-
cordance with this feature, the tube may be fired
at any convenient time to effectively close a cir-
cuit which may thereafter be used for the trans-
mission of pulses for any given purposes. A cir-
cult thus closed is termed an electronic circuit.

Another feature of the invention is a means for
selectively operating any one of the tubes of a
series arranged in an open chain which consists
of sequentially applying the pulses of a train of
pulses to all the said tubes in common and then
applying a particular one of said pulses to a
selected one of said tubes as a priming pulse

whereby the said selected tube is simultaneously 1

primed and affected by a said particular one of
said pulses, and caused to respond thereto.

By the use of such an arrangement the in-
version of a digital value into its nine’s com-
plement so that a number registered at one
point in its natural form may be inverted in
transfer to another point is determined by the
use of the negative generator. By using another
series of tubes as the means for transmitting a
firing pulse to the tubes of a chain in common
and priming the tubes of the chain from the
negative generator a digit registered in said other
series of tubes will cause the tube in said chain
representing the complement thereof to be simul-
taneously primed and affected and therefore fired.
A feature of the invention is therefore a means
for registering the nine’s complement of a digit
by simultaneously applying to its complemental
register a digital pulse and a complemental pulse.

Another feature of the invention is an ar-
rangement of memory tubes whereby the sign of
an intermediate result may be registered and
finally reported unless changed during the cal-
culation of further intermediate results. By the
use of these memory tubes the sign of the final
result is known and its registration may be used
to control a final result sign display.

Another feature of the invention is a means
for invariably displaying a final result in its
true form regardless of the manner in which it
has been calculated or the character of its sien.
In accordance with this feature the memory
tubes are employed as a controlling means. If
the memory tubes report the final result to be
positive this is an indication that such result
stands on the accumulators in its true form and
it is therefore transferred without change to the
display means. If, on the other hand, the
memory tubes report the final result to be nega-
tive this is an indication that such result stands
on the accumulators in the form of a complement
and it is therefore inverted in transfer to the dis-
play means so that it may be displayed in its
true form accompanied by a minus sign.

A feature of the invention is a means for
synthesizing a series of subtrahends for use in
the step-by-step diminishing of the number
whose square root is being extracted. The meth-
od of square root extraction practiced in the
calculator of the present invention depends on
the use of a series of odd numbers. During the
calculation of the first root digit, the series 1, 3,
5, 7, 9 and so forth is used. When the first or
the first two digits of the square are exhausted
the number of subtractions is a count of the first
root digit. Thereafter another series of subtra-
_hends is synthesized, consisting of the last used

subtrahend of the previous series increased by
one to which as a lower decimal order this series
1, 3, 5, 7, 9 and so forth is appended. Thus in
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extracting the square root of 489, by way of ex-
ample, there will be a first series of. subtrahends
1 and 3, a second series of subtrahends 41 and
43, a third serles of subtrahends 441, a fourth
series of subtrahends 4421, a fifth series of sub-
trahends 44221, 44223, 44225, a sixth series of
subtrahends 442261, 442263 and so on. In ac-
cordance with this feature a counter is used for
each deeimal denominational order of .the syn-
thetic subtrahend (with an extra higher order to
register the tens digit of the numbers of the
first series when that series extends into the
numbers 11, 13, 15, 17 and so on). -The usual
carry arrangements are provided and s special
means to add one to the last valid subtrahend
employed in a series is used. In actual practice
since another number of the series is actually
used to produce an overdraft this last means
takes the form of subtracting one from the sub-
trahend which caused the overdraft.. The de-
sired root is always the count of the number of
valid subtrahends used (22.113 etc. in the ex-
ample cited).

Another feature of the invention is a special
form of closed ring device. This special form
consists of a digital array of tubes arranged in
a circuit whereby each odd numbered tube in
operation primes the next higher odd numbered
tube and the next lower even numbered tube and
whereby each even numbered tube primes the
next higher odd numbered tube. The odd numn-
bered tubes have a common firing circuit and
the even numbered tubes have a separate com-
mon firing circuit. By applying a train of pulses
to the common firing circuit of the odd numbered
tubes the series 1, 3, 5, 7, etc. values may be
registered. If then a single pulse is applied to
the common firing circuit for the even numbered
tubes then the next lower even numbered tube
may be fired. Thus if the last odd numbered
tube fired is 5, the application of a pulse to the
common firing circuit of the even numbered tubes
will fire the number 4 tube. When, later, during
the operation of the next subtrahend counter a
two-digit number is produced, & carry pulse will
be applied to the common firing circuit of the
odd numbered tubes whereupon: the number 5
tube will be fired.

Another feature of the invention is what is
popularly known as a “flip-flop” arrangement.
This consists of a combination of four tubes to
perform the functions of a double-pole double-
throw switch. In the arrangement herein dis-
closed several of these combinations are emn-
ployed. The first is in the sign circuit where
of the four tubes two are operated to indicate
& positive divisor (by way of example) and the
other two are operated to indicate a negative
divisor.

By connecting the plus dividend wire to one
tube of each said pair and the minus dividend
wire to the other tube of each said wire an elec~
tronic circuit may be set up to a plus quotient
wire or a minus quotient wire in strict accord-
ance with the mathematical combination of the
signs of the two factors.

Another of these flip-flop arrangements is pro-
vided to control the shifting from one digit
counter to another in the calculation of quotients
and roots. In division (and in square root) the
dividend is iteratively diminished by using the
divisor as a subtrahend (the complement of the
divisor is actually used as an addend). As long
as the subtraction of the divisor does not exhaust
the dividend a positive remainder is produced.
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In earrying out this operation by pencil and paper
the operator will at once recognize the condition
where an additional subtraction of this kind
would not be possible but where the operation is
carried out by a device without intelligence the
trials are continued until an overdraft is pro-
duced and this overdraft is signaled by the pro-
duction of a negative remainder whereupon this
is restored by now using the divisor once as a
true addend and thus producing a positive re-
mainder. Thus the signal to shift to the cal-
culation of another quotient digit consists of the
production of a minus sign followed by a plus
sign all after a series of plus signs.

In inverted division the order is changed.
There is a series of minus signs followed by a
single plus sign and in turn another single minus
sign. The “flip-flop” is used to translate either
of these series into g first series of pulses over
what might be termed a primary electronic cir-
cuit followed by a single pulse over a secondary
electronic circuit and lastly a single pulse over
the primary ecircuit. A tube is provided to ex-
tend the primary electronic circuit but cannot
do this until the. tube is fired, hence the flrst
series of pulses are not employed. When the
change in sigh occurs then this tube is fired and
upon the occurrence of the last pulse the signal to
shift will be given over the said extended elec-
tronic circuit.

Another of these “flip-flop” arrangements is
used in a similar manner to control the shift to
another root subtrahend synthesizer.

A feature of the invention may then be de-
scribed as a means responsive fo a change in
slgn to discriminate between the signals in a
series of signals and to thereby signal a change
in routine operations, So long as the nature of
the signals in this first series remains unchanged
the routine of operations remains unchanged but
as soon as the sign changes then an automatic
change in routine takes place.

Another feature of the invention is a com-
bination of shift tubes for establishing electronic
circuits between the entry registers and the ac-
cumulator registers. As the numbers are shifted
or as the correspondence between the decimal
denominational orders of the entry registers and
the decimal denominational orders of the ac-
cumulator registers is changed a different set of
shift tubes is made operative. There is thus one
set of shift tubes for each arrangement by which
the number registered in the entry tubes is trans-
ferred to the accumulator registers. One tube
of each set is used as a control tube for con-
trolling the others of each set and these control
tubes are arranged in an cpen chain and sub-
jected to the signals transmitted at the com-
pletion of each algebraic operation, by way of
example, the completion of each series of iterative
additions in multiplication. An additional tube
in this chain fired after the complete use of the
last multiplier digit will signal the completion
of the problem and will constitute a signal to
print or display.

‘Other features will appear hereinafter.

The drawings consist of forty-one sheets, hav-
ing forty-nine figures, as follows:

Fig. 1 shows a cross-section of one of the high
vacuum secondary emission trigger tubes to in-
dicate the physical relationship of the elements
thereof;

Fig. 2 is a schematic diagram showing how
the tube used in this system may be considered
the equivalent of a circuit closer;
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Fig. 3 is 8 schematic circuit diagram showing
the essential elements of the circuit network used
for the proper operation of the tube;

Fig. 4 is a schematic circuit diagram showing
means employed for extinguishing a plurality of
tubes through the transient lowering of the posi-
tive potential used for their operation and a
means employed for holding a given number of
tubes out of operation when desired;

Fig. 5 is & schematic circuit diagram showing
a mutually controlled extinguishing circuit used
by two tubes whereby elther one being fired will
cause the other to be extinguished;

Fig. 8 is a schematic circuit diagram showing
how the tube may be used to generate and trans-
mit a pulse when fired;

Fig. 7 is a schematic circuit diagram showing

. how the tube may be employed as indicated in
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Fig. 2, to act as a means any time after it has
been fired to relay or further transmit a pulse;

Pig. 8 is a schematic circuit diagram showing
the fundamental connections of the network used
when these tubes are arranged in either an open
chain or a closed ring to thus be responsive suc-
cessively to the pulses of a train of pulses;

Fig. 8 is a schematic circuit diagram showing
how the tubes may be selectively flred through the
use of & generator which will simultaneously
transmit a priming and a firing pulse;

Fig. 10 is a schematic circuit diagram showing
more detalls of the generator and the manner in
which it is employed in a sign circult so that
either s number or its nine’s complenient may be
registered as occasion demands;

Fig. 11 is a schematic circuit diagram of what
may be termed the power cireuit and showing
the various branches of a source of high positive
potential used for the operation of the numerous
tubes together with the various means for low-
ering the potential for given periods of sime dur-
ing certain operations or on a transient basis for
the purposes of release;

Figs. 12 and 13 taken together form a sche-
matic circuit diagram of the sign eireuit for con-
trolling the pattern of operations and for con-
trolling the proper selection of the positive and
negative generators;

Fig. 14 is a schematic circuit diagram showing
the various means used under different condi-
tions for starting the selected generator;

Fig. 15 is a block diagram showing hiwow the
remaining figures may be placed to form a com-
plete detailed circuit diagram, and in which

Fig. 16 shows the positive generator tubes and
output transformers;

Fig. 17 shows the pattern tubes for multipli-
cation and for addition; ‘

Fig. 18 shows the entry keys including the pat-
tern keys, the sign keys, the digit keys and the
start key;

Fig. 19 shows the negative generator tubes and
output transformers;

Flg. 20 shows the pattern tubes for division
and square root;

Fig. 21 shows the clearing out key and the
tubes operated thereby including the tubes for
automatically setting the accumulators to zero;

Pig. 22 shows the common control tubes for
the generators;

Fig. 23 shows the power control means where-
by the various pattern tubes and shift tubes may
be extinguished when the display signal is trans-
mitted and whereby the display means may be
cleared when the start signal is transmitted;

Fig. 24 shows the means for controlling the
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progressive use of the digit counters used in di-
vision and square root and the means for con-
trolling the selectlon of the generator for the
next operation in these calculations as a result
of the last result achieved;

Fig. 25 shows the counting tubes used for mul-
tiplication;

Fig, 26 shows the progress circuit, the sign
entry means and the first and second digit reg-
isters for entering the first factor of a problem,
such as the multiplicand, the divisor, the augend
or the addend;

Fig. 27 shows the progress circuit, the sign
entry means and the first and second digit reg-
isters for entering the second factor of a prob-
lem, such as the multiplier, the dividend or the
square;

Fig. 28 shows the tubes common to the digit

counters for division and square root;

Plg. 29 shows the counters for registering as
they are calculated the quotient or square root
digits;

Fig. 30 shows the third and fourth entry reg-
isters for entering the first factor of a prob-
lem;

Fig. 31 shows the third and fourth entry reg-
isters for entering the second factor of a prob-
lem;

Fig. 32 shows the shift control for the counters
for synthesizing the subtrahends for square root
and the progress circuit for the first and second
orders thereof; :

¥ig. 33 shows the first and second order count-
ers used for synthesizing subtrahends;

Figs. 34 and 35 show the shift control tubes
for the first and second denominational orders
used in the transfer of numbers from the entry
registers to the accumulator registers;

Fig. 36 shows the pattern tubes for square root
and the progress circuits for the third and fourth
denominational order counters for root subtra-
hend synthesis;

Fig. 37 shows the third and fourth order count-
ers used for synthesizing subtrahends;

Figs. 38 and 39 show the shift control tubes
for the third and fourth denominational orders
used in the transfer of numbers from the entry
registers to the accumulator registers;

Fig. 40 shows the accumulator used for the first
denominational order, employed mainly as & sign
control means,

Fig. 41 shows the common control means for
the four accumulators used herein;

Pig. 42 shows the accumulator used for the sec-
ond denominational order of the accumulated
results; .

Fig. 43 shows the display means and partic-
ularly the first and second denominational orders
thereof for displaying products, sums and. re-
mainders produced in division and square root;

Fig. 44 shows the means for displaying the
sign of the final result and the memory tubes for
the control thereof;

Fig. 45 shows the accumulator used for the
third denominational order of the accumulated
results;

Fig. 46 shows the third and fourth denomina-
tional order display means, part of the circuits
shown in Fig. 43;

Fig. 47 shows certain power control means,
specifically the arrangement for releasing the
display means at the start of a new calculation
and the arrangement for releasing the pattern
control tubes when a calculation has been com-
pleted and the result is to be displayed;
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Fig. 48 shows the accumulator used for the
fourth denominational order of the accumulated
results; and

Fig. 49 shows the first, second and third de-
nominational order display means for displaying
quotients and roots.

The particular tube employed as an element
in the present invention is fully disclosed and its
operating characteristics are fully described in
Patent 2,293,177, granted August 18, 1942, to A.
M. Skellett. For the purposes of the present
disclosure the physical locations of the elements
of such a tube are shown in Fig. 1.

Within a conventional glass or metal envelope
{ the various operating elements are secured in
the proper spatial relationship to each other by
a conventional mounting plate 2.

The cathode 3 is surrounded by the input con-
trol grid 4 and this in turn is surrounded by the
main anode § which differs from conventional
elements in that it is slotted to allow a directed
stream of electrons to escape and travel in a
guided path to a collector grid 8. A floating an-
ode 1, at a somewhat lower positive potential
than the collector grid 8 (when the tube is In
operation) becomes a source of secondary emis-
sion and creates a flow of electrons from the
floating anode T to the collector grid 6. A shield
8 and a deflector 9 provide means to direct and
control the flow of electrons from the cathode
3 through the slot of the main anode § to the
collector grid 6 and the floating anode 1.

Fig. 2 shows diagrammatically how such a tube
may be considered the equivalent of a relay or
other circuit closer. The controlling circult 19
operates the cathode, grid and anode as in a
conventionsl triode so that when the tube has
been started into operation it will effectively
complete or close a path to a controlled circuit
i1. The trigger action of this tube as explained
in the Skellett patent is such that once the tube
has been put into operation through the rise of
potential on its grid it will remain in opera-
tion until some specific change has been made
to extinguish it, and during this time the con-
trolled circuit 1i may be operated over a path
including as an element thereof the circuit from
the floating anode to the collector grid of the
tube. .

Fig. 3 is a fundamental circuit diagram to ex-
plain the working of the tube and to {ndicate
the connections partially shown in schematic cir-
cuit diagrams hereinafter. A source 12 supplies
positive potential to a bus {3 and a source 4
supplies negative potential to the bus 18. The
other poles of these sources are connected to-
gether and grounded in the conventional man-
ner. A voltage divider, indivdual to a tube, con-
sisting of the resistors {6, {7 and I8 is bridged
from the positive bus 13 to the negative bus (¥
and provides means for holding the floating
anode and the control grid at appropriate inter-
mediate potentials. The control grid is connect-
ed to the voltage divider through another resis-
tor 19 so that any control potential supplied to
this grid will not upset the values of the voltage
divider points. The main or slotted anode is con-
nected to the positive bus 13 through a resistor
20 which provides an IR drop when the tube is in
operation to adjust the potential of this anode in
accordance with the control exercised by the
grid. The tube may be fired by raising the po-
tential of the circuit 21 connected to the grid
to a given value whereupon current will flow
from the anode to the cathode. When the tube
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is not in operation the potential of the slotted
anode is the same as the positive bus i3 but after
the tube has come into operation the potential
of the anode is lowered by the IR drop of the
resistor 20. This tube is a trigger tube and after
being set in operation by a positive potential
(even of short duration, as by way of a pulse)
applied to the branch circuit 21 will remain in
operation until extinguished by the application
of a negative potential to the anode as by way
of the branch circuit 22. )

The starting into operation of this type of tube
is spoken of as firing. To fire the tube is to
trigger it on and to extinguish the tube is to
trigger it off. The tube is sald to have been
fired when it has been triggered on.

There are several ways in which the tube may
be fired. The way most often employed in the
system disclosed hereinafter is to apply, through
a condenser, a positive pulse to the branch cir-
cuit 21 of sufficient strength to trigger the tube
on, Where selective firing is desired and a plu-
rality of tubes have their branches 21 each con-
nected through an individua]l condenser to a
common wire, then only that tube which has its
grid prepared or primed by a positive potential
applied to the common connection between the
resistors 17, 18 and 19 or at some intermediate
point on the resistor 18 will respond. The com-
mon boost in potential given to the other tubes
through their circuits 21 is insufficient to fire
them. It Is also possible to filre one of these
tubes by boosting the potential of the floating
anode and due to the resistance 18 this boost
at times may go beyond the potential of the
positive bus 13 so that the tube is foreibly fired,

The tubes may also be extinguished, guenched
or triggered off in a number of ways. The com-
mon way of extinguishing a single tube is to
apply a negative potential or pulse to its slotted
anode or branch circuit 22. When a plurality
of tubes is to be simultaneously extinguished then
the potential of the positive bus 13 is lowered,
momentarily or otherwise. Also a negative pulse
applied to the grid or to the floating anode will
effectively extinguish the tube.

Fig. 4 is a schematic circuit diagram designed
to show one manner in which tubes may be ex-
tinguished and one manner in which tubes may
be rendered inoperative. Positive potential is
supplied to the bus 23 and then extended through
an impedance coil 24 (of negligible resistance)
to a bus 25 which forms the source of supply for
a plurality of tubes as in Flg. 3. A similar im-
pedance coil 26 is connected between the bus 23
and the anode of a triode 27, a condenser 28
being connected between the bus 25 and the plate
of the triode 27. When the triode is placed in
operation its plate will be transiently lowered in
potential and this will be communicated by the
condenser 28 to the bus 25 so that the potential
thereon is momentarily dropped below the sus-
taining value for all the tubes connected thereto.
This condition is transient.

Where it is wished to disable a plurality of
tubes the positive supply is through a resistor 29
to a bus 30 which is then connected to the plate of
a triode 31, When the triode is placed in opera-
tion the potential of the bus 30 is lowered by
the IR drop in the resistor 29 and may be main-
tained in this condition as long as desired. The
lowered potential of bus 30 is such that none of
the trigger tubes connected thereto will operate.

.Fig. 5 shows in a highly schematic form the
manner in which two tubes are interconnected
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to become mutually controlling. The essential
element in this combination is a condenser 32
interconnecting the slotted anodes of the two
tubes 33 and 34. Let us assume that the tube
33 has been fired by he transmission of a posi-
tive pulse through its grid condenser 35. Now
if while this tube 33 is in a conducting state a
positive pulse is passed through the condenser
36 to the grid of tube 34 the resulting rapid fall
in potential of its slotted anode will be communi-
cated through the condenser 32 as a negtalive
pulse to the slotted anode of the tube 33 with
the result that as the tube 34 1s triggered on or
fired the tube 33 is triggered off or extinguished.
Through the same connection, when at some later
time the tube 33 is fired, the tube 34 will be ex-
tinguished.

There are two main ways in which this tube
is employed in the system herein disclosed. As
shown in Fig. 6 a connection is taken from the
floating anode of the tube 37 (which is other-
wise connected as shown in Fig. 3) through a con-
denser 38 and generally also through a resistance
39 to a conductor which may be connected to
a circuit to be affected. If the connection be-
tween the positive bus and the collector grid is
solid, then when the tube is fired a usefully great
pulse will be transmitted through 38 and 389, so
that the firing of tube 371 produces a pulse.

In Fig. 7, however, an impedance 40 is placed
in eircuit between the positive bus and the col-
lector grid of tube 4f{. In this case the pulse
which is produced and transmitted over con-
denser 42 and resistance 43 is not generally em-
ployed since the primary purpose of this type of
connection is to produce the effect of Fig. 2. Due
to the impedance 40, a positive pulse may be free-
ly passed through the resistance 43, the con-
denser 42, the floating anode and the collector
grid of the tube and then transmitted out over
the conductor 44 so that in this instance the
tube acts as a gate or relay. A circuit thus pass-
ing through a tube is called an electronic cir-
cuit. There will be noted a few instances in the
following description where a tube connected as
in Fig. 7 is used in both ways. Generally the
pulse created on the firing of the tube is spoken
of as a back-fire and this back-fire pulse is use-
fully employed.

PFig. 8 is a schematic circuit diagram to ex-
plain how one tube primes another and is the
basic means used for chain and ring operation.
Here the two tubes 45 and 46 are each connected
by their individual grid condensers 47 and 48 re-
spectively to a common firing circuit 49. Let us
assume that the tube 45 has been fired. The po-
tential of the point between the resistors 50 and
§i or the floating anode of this tube has become
higher or more positive, This increased positive
potential is now communicated over the resistor
52 to the point on the voltage divider for the
next tube 46 between the resistors 53 and 54 or
at some intermediate point on the resistor 54
so that the grid of the tube 48 has been made
somewhat more positive. This is sufficient so
that this tube wil] respond to an impulse over
its grid condenser 48 and fire. The same im-
pulse transmitted in parallel to other tubes will
not fire any one of such other tubes since none
of them has been primed. As tube 46 is fired
the negative pulse communicated from the slof-
ted anode of tube 48 through the condenser 68
to the slotted anode of tube 48 will extinguish
tube 48. Tube 48 in operation will prime a next
in order tube. '
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Various conventional means are used and will
be described hereinaffer for firing the first tube
of such an arrangement.

Where, for instance, tube 45 represents the
first tube of an open chain, the values of its
circuit elements are arranged so that when no
other tube of the chain is fired then this first
tube of the chain will respond to the pulse over
the common firing circuit. At any other time
the firing of any other tube of the chain will
transmit a negative pulse to the slotted anode of
this first tube so that it cannot respond to the
common firing pulse.

In some cases it is convenient to specially fire
a first tube of a chain and to only connect the
common firing path to the others.

Where a plurality of such tubes is used in
what is termed a closed ring, such as the ac-
cumulators hereinafter described, a perfectly
regular pattern of connections is used and the
last tube is used to prime the first, after which
the firing of the tubes will proceed around the
ring indefinitely. 'To start the ring into operation,
the tube known as the zero tube (when ten are
used in a ring as an accumulator) is primed
from an outside source at the time the pulse
is transmitted over the common firing circuit.

Fig. 9 is a schematic circuit diagram showing
how one of a plurality of tubes may be selectively
fired. This involves the use of a generator which
will be described more in detail hereinafter but
which as indicated in this figure is a means for
simultaneously boosting the potential on two
leads each through various paths leading to the
same tube. Here three tubes 56, 57 and 58 are
indicated. The tube §T, by way of example, will
have the lower end of its voltage divider, usually
solidly connected to the negative bus, leading
through the generator and thence to the negative
bus 59. Its grid condenser 60 will be connected
through a normally opened key 61 and thence
through the generator to a ground bus 62. The
normally opened key respresents any type of cir-
cuit closer and may be of the type shown in Fig. 7,
that is a tube. When the preparations are com-
plete and the key 61 is closed (or the equivalent
tube has been fired) then the generator is started
and will successiveiy boost the potential on the
leads of each pair. When the generator boosts
the potential on each lead of the pair to the tube
57 the tube is primed over one and fired over the
other. This operation in various forms will be
found in the detailed description and the draw-
ings hereinafter.

Fig. 10 is a schematic circuit diagram to show
the essential elements of the generator. Actually
there are two generators, a positive generator
comprising the plus tube 63 and an open chain
of digit tubes of which the No. 1 tube 84 and the
No. 8 tube 65 are shown and a negative genera-
tor comprising the minus tube 66 and an open
chain of digit tubes of which the No. 1 tube 67
and the No. 8 tube 68 are shown. Through the
mutual control exercised by the condenser §9 but
a single generator may operate at a time. When
one of the generators is started by means which
will be explained in detail hereinafter there is
an automatic operation carried on by a pair of
driver tubes 70 and Tl and the digit tubes of the
generator. One of the driver tubes will transmit
a firing pulse to the common firing conductor 12
of the digit tubes of (let us say) the positive gen-
erator. The tubes of this open chain which fire

will thereupon transmit a pulse into the common
firing conductor 13 of the driver tubes (which are
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connected in a mutual control circuit by con-
denser 14), and the other one of these tubes is
fired. These dependent operations continue until
each of the digit tubes has been fired so that pulses
are successively transmitted over conductors such
as 15 and 76. Through the transformers which
are supplied by pulses over these conductors, prim-
ing pulses are transmitted into conductors 171 and
18 respectively and firing pulses are transmitted
into conductors 19 and 80, respectively.

An inspection of the drawing will show that if
the negative generator had been operated that
the order of the priming pulses would have been
reversed, that is, that in the sucsessive operation
of the digit tubes of this generator, pulses would
be successively transmitted over conductors 81
and 82 as a result of which priming pulses would
be successively transmitted over conductors 18
and 11, respectively, and firing pulses would be
successively transmitted over conductors 19 and
80, respectively.

With the use of entry tubes for closing through
the paths to a series of register tubes various se-
lective operations may be made. For instance, if
the No. 1 entry tube 83 has been fired and the
plus generator is operated then the No. 1 tube 84
of a register may be operated. If the No. 1 entry
tube 83 had been fired and the negative genera-
tor had instead been operated then the No. 8
tube 85 of the same register would have been op-
erated to register the digit 8, the nine’s comple-
ment of the digit 1. If the No. 8 entry tube 86
had been fired and the plus generator had been
operated the No. 8 tube 85 of the register would
be operated to register the digit 8. And lastly,
if the No. 8 entry tube 86 had been fired and the
negative generator operated then the No. 1 tube
£4 of the register would have been operated as the
nine’s complement of the digit 8. This arrange-
ment is a means by which the sign circuit may be
properly controlled during the switching opera-
tions for various mathematical computations as
will appear more fully hereinafter.

Fig. 11 is a skeletonized circuit diagram of the
power supply for the device. It is understood,
of course, that a main switch will be provided be-
tween the positive battery and the positive bus
and between the negative battery and the negative
bus so that when the device is not in use all bat-
tery supply may be cut off. Such a switch may
take the form of a switch in the power supply
circuit, for the batteries may be in the form of
conventional power packs by which the direct
current potentials are derived from an alternat-
ing current source. :

Therefore, the source of positive potential is
herein represented by the battery 87 feeding into
the bus 88. This bus has a number of branches,
the first leading through a double coil and con-
denser arrangement whose operation was de-
scribed in connection with Fig, 4. Through this
arrangement positive potential is supplied to a
bus 89 which feeds the pattern control and the
chift tubes. Bus 89 has herein been shown with
a circle enclosing the numeral 1 so that herein-
after, in order to make the reading of the draw-
ings easier this convention will be used, that is,
the bus will be shown as one having this circled
numeral drawn in it instead of being threaded
through numerous sheets of drawings. The bus
89 is labelled as one which is transiently de-
pressed at the end of the last generator cycle
after the display control has operated. This
means that when at the end of a computation the
control tube for operating the display tubes is
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fired that then a circuit for the operation of the
triode 90 is prepared and this will respond te
the end signal always transmitted at the end of
the generator cycle. Therefore, at the end of this
last generator cycle the power supply to the pat-
tern control and the shift tubes will be tran-
siently depressed to extinguish all these tubes,
leaving the result on display.

Another branch of the main bus 88 leads to the
No. 2 bus 91 feeding the result display tubes. The
potential of this bus may be transiently depressed
by a start pulse so that after a computation has
been completed and the result displayed has been
noted the next start operation will erase this dis-
play.

The next branch of the bus 88 leads through a
resistor 92 to the No. 3 bus 93 which may be de-
pressed through the operation of the clearing key.
This bus has a plurality of branches such as the

‘No. 3—1 branch 94, the 3—2 branch 95, the 3—3
branch 96 and the 3—4 branch 91. First the en-
try keys, the entry tubes and the accumulator
tubes feed directly from the No. 3 bus 83. Each
digital string of entry tubes feeds through an in-
dividual double coil and condenser arrangements
whereby when the zero tubes of the entry regis-
ters are at first all fired they will automatically
extinguish any other higher numbered tube which
may at that time be in operation. Later upon
the operation of an entry key if a higher num-
bered tube is fired this will automatically extin-
guish the previously fired zero tube.

The No. 3—1 bus 94 feeds the accumulator
register and the carry tubes and may be tran-
siently depressed when the start key is operated
or in certain other cases where a pattern tube
transmits a pulse over the same path affected by
the start key.

The pattern tubes will control means where-
by the No. 3—2 bus 95, the No. 3—3 bus 86 and
the No. 3-—4 bus 97 are rendered effective or oth-
erwise so that during a given computation the
proper tubes may be operated. By way of exam-
ple, the No. 3—2 bus 95, as indicated on this draw-
ing is active only during multiplication opera-
tions, to render the multiplier digit counting tubes
and the multiplier digit shift tubes operative.
Since none of these tubes is needed during the
other patterns of operation this bus is held down
in potential, The other two buses are clearly
marked.

The No. 3—5 bus 98 is, like the No. 3—1 bus
94, controlled by the starting pulse. This bus
feeds into the No. 3—3 bus 99 and the No. 3—T7 bus
100 which mutually control each other. Both
feed the progress tubes for the entry registers
s0 that each time a progress tube of one set fires
it acts to extinguish any progress tube of the

-other set which might be in operation.

A branch 101 of the main bus 88 feeds the
generator sign selection tubes and the two gen-
erator priming tubes. The generator sign selec-
tion tubes are mutually controlling so that when-
ever a new selection is made, if there is a change
the tube previously in operation will be extin-
guished. The priming tubes, of course, are each
extinguished as soon as the corresponding open
chain of generator impulse tubes start to pro-
gressively fire. }

Lastly the No. 4 bus 102 feeds the generator

tubes and may be transiently depressed by the ‘

generator cycle end tube.

In the drawings then the positive potential
buses will be shown by these circled numerals as
hereinbefore noted. The negative bus will be
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shown by a minus sign in brackets as in Figs. 8, 9
and 10.
THE STGN CIRCUIT

Addition

The sign cirveuit is shown in schematic form in
Figs. 12 and 13.

Addition and subtraction are each performed in
two or more stages. The augend or the minuend
is first entered, accumulated and displayed, and
may be entered with the accumulators set at zero
or with the result of some previous accumulation
set thereon. The addition or the subtraction may
be algebrale, that is the augend or the minuend
may be either positive or negative. After thisfirst
stage operation then the addend or the subtra-
hend is entered, accumulated and the sum or the
remainder is displayed in the same way, care be-
ing taken to invert the sign of the subtrahend
upon entry. As many addends or subtrahends
as desired may be entered.

In the sign circuit the plus sign tube 117 is in-
variably operated. Hence if the augend or the
minuengd is positive the tube 118 will be fired and
the start pulse will reach the positive augend or
minuend conductor 122 and through tube 170 will
be transmitted over conductor 130 to select the
positive generator tube 132, If the following ad-
dend is positive then the positive addend con-
ductor 122 will again be used but if the subtra-
hend is positive it will be entered as a negative
quantity, tube 145 will be fired and the start pulse
will reach the positive subtrahend conductor {44,

In like manner the negative augend or minuend
wire 144 will be reached when the augend or the
minuend is negative. When the following addend
is negative the negative addend wire (44 and
be reached but when the subtrahend is negative
the negative subtrahend wire 122 will be reached
because such negative subtrahend will be entered
as a positive number.

In the operation of the device, when addition
or subtraction is to be performed the key 168 is
operated to fire the tubes 169 and 170 and these
respectively place the negative generator selec-
tor tube 133 in communication with the negative
wire 144 and the positive generator selector tube
132 in communication with the positive wire 122,
With tubes 169 and (710 both fired a pulse on con-
ductor {44 will pass through tube [6% and be
transmitted over conductor {3t to the tube 133
and in like manner a pulse on conductor 122 wilt
find a path through tube (10 and conductor 130
to tube 132.

Multiplication

Multiplication may be performed in two ways
(1) by the iterative addition of the multiplicand
a number of times controlled by the multiplier
and (2) by the iterative addition of the comple-
ment of the multiplicand a number of times con-
trolled by the multiplier. Let us call the first
multiplication and the second inverted multipli-
cation. In the first case the product will appear
in its natural form and be displayed in that form
while in the second case the product will appear
in the form of & complement but will be displayed
in its natural form although characterized by the
display of the negative sign.

Both the multiplier and the multiplicand are
entered before the start of the operation is sig-
nalled. Therefore either tube 117 (for plus mul-
plier) or 142 (for minus multiplier) and 118 and
{19 (for plus multiplicand) or 145 and 143 (for
minus multiplicand) are fired so that the start
pulss will reach the positive product conductor
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122 when the signs of the multiplier and the mul-
tiplicand are alike and will reach the negative
product conductor 144 when the signs of the mul-
tiplier and the multiplicand are different. When
the positive conductor 122 is effective then the
positive generator selector tube (32 is fired
through the tube 170 and the operation of multi-
plication is performed. When the negative con-
ductor 144 is effective then the negative genera-
tor selector tube 133 is fired through the tube 169
and the operation of inverted multiplication is
performed.

During the course of the accumulations there
will have been, in multiplication at least one

instance in which the zero tube of the highest’

order accumulator was effective so that the posi-
tive memory tube 151 is fired and likewise in in-
verted multiplication there has been at least one
{instance in which the number nine tube of that

accumulator was effective so that the negative :

memory tube 152 is fired. 'Thus, the final accu-
mulation in multiplication or inverted multipli-
cation is reached with one or the other of the
memory tubes fired. If the cobination of the
entry sien tubes indicates a positive product
then the plus memory tube will be effective even
though there may have been a carry into this
highest order accumulator so that the zero tube
134 will not be effective on. such final accumula-
tion. If the combination of the entry sign tubes
indicates a negative product then the negative
memory tube 182 will be effective even though
the nine tube of this highest order accumulator
is not effective on such final accumulation.

Therefore, the display pulse from tube 171 will :

pass through the plus memory tube 161 to select
the positive generator and to operate the positive
d's~lay tube 158 or will pass through the nega-
tive memory tube i52 to select the negative gen-
erator to display the complement of the val-e
accumulated and to operate the negative display
tube 156. Hence the product is always properly
displayed in its natural form even though it may
have been calculated by inverted multiplication.

Division
Division may be performed in two ways, (1) by

the iterative addition of the complement of the
divisor to exhaust the dividend and (2) by the

iterative addition of the divisor to exhaust the &

complement of the dividend. Let us call the
first division and the second inverted division.
The result in both cases is the same for the
quotient digits consist of the counts of the num-
ber of summing operation. The sign of the
quotient is independently derived by the combi-
nations of the signs of the dividend and the di-
visor, but the display of the sign is controlled
by the computations.

In any case the procedure is to iteratively sub-
tract the divisor until an overdraft is made
whereupon the divisor is restored and then a shift
is made to start the computation of the next
quotient digit. If the first quotient digit proves
to be five (by way of example) these operations
will produce a succession of flve positive re-
mainders and upon the sixth trial a negative re-~
mainder whereupon the addition of the divisor to
restore the overdraft which caused the negative

remainder will produce a positive sum. Thus, 7

a sign indicating means will report a succession
of five plus signs, a single negative sign and
finally a plus sign. It is evident that this last
plus slen must constitute a signal to shift prepar-
atory to the calculation of the next quotient digit.
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In a similar manner if this had been inverted
division then the sign indicating means would
report a succession of five minus signs, a single
plus sign and finally a minus sign and this last
minus sign must constitute a signal to shift. In
the first case the circuits must be non-respon-
sive to the first succession of five plus signs and
in the second case they must be non-responsive
to the flrst succession of five minus signs. In
the first case the single negative sign must be
used to prepare the circuits to be responsive to
the following plus sign and likewise in the second
case the single plus sigh must be used to prepare
the circuits to be responsive to the following
minus sign. The first succession of like signs in
either case cannot be used in a preparatory way
s'nce this succession may vary from 0 to 9 and
hence there may or may not be such g signal.
Hence in the first case the single negative sign is
the first to be usefully employed and likewise in
the second case the single plus sign is the first to
be usefully employed.

In Fig. 13 the first succession of plus signs in
division or of minus sighs in inverted division is
transmitted as a succession of pulses over con-
ductor 1t0 but since the tube 112 is not active
at this time these pulses are not usefully em-
ployed. The following single negative sign in di-
vision or the single plus sign in inverted division
is transmitted as a pulse over conductor {1 and
is usefully employed to fire the tube 112. There-
fore, the last positive sign in division or negative
sign in inverted division when transmitted as a
pulse over conductor [10 is further transmitted
trough the fired tube 112 to fire the tube 113
which creates a pulse to transmit out over con-
ductor (14 to cause a shift from one quotient
digit counter to the next. This at the same time
fires tube 115 which through the condenser (16
extinguishes the tube |12 preparatory to the fol-
lowing operations for the calculation of the next
quotient digit.

Now let us consider the organization of the
sign circuits to bring this result about. There
are four possible sign combinations, consldering
that the dividend may be either positive or nega-
tive and the divisor may be either positive or
negative.

Let us assume the dividend to be positive and
the divisor to be positive. In that case tube 117
is fired to represent the positive dividend and
tubes 118 and 119 are fired to represent the posi-
tive divisor. Therefore, when the start key 120
is operated a pulse will be transmitted over the
start conductor 121 and will find a path through
tubes {17 and 118 to the conductor 122 which may
be termed the positive quotient conductor. Since
the division key 123 has previously fired the two
tubes {24 and 125, this start pulse over the posi-
tive quotient conductor 122 will now pass through

‘the tube (24 to conductor (26 where it will fire

the tube 128 to select the positive generator on
the start. The firing of tube 128 transmits a
pulse over conductor 130 to fire the positive gen-
erator selector tube 132 with the result that the
dividend is transferred from the entry tubes to
the accumulator register as a positive number.
Thereafter when this dividend has been again
transferred to the accumulator the positive sign
indicator tube |34 will be fired.

Now the pulse over conductor 126 has fired the
four tubes 138, 139, 140 and I41 so that when
the positive sien indicator tube 134 passes & pulse
to the conductor 138 it is passed through the
tube 138 to conductor 131 to fire the tube 133 to
select the negative generator. Therefore, the
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complement of the divisor will be entered In the
accumulator register. The pulse over conductor
136 will also be passed through tube 140 to con-~
ductor |10 without result at present.

Since the dividend has been entered into the
“accumulator as a positive number and the divisor
hes been transferred to the accumulator register
as a negative number the operation will be classed
as one in division.

Now let us consider the operations when both
the dividend and the divisor are negative. In
this case the start pulse on conductor 21 will be
passed through tubes 142 and 143 and again over
the positive quotient conductor 122 with exactly
the same results as above deseribed. It should
therefore be especially noted that although the
dividend is actually negative it will (because the
divisor is also negative) be treated as a positive
number and will be entered in the accumulator
register as a positive number and thereafter be
transferred to the accumulator as a positive num-
ber. The operation will be classed as one in di-
vision and not as one in inverted division.

Now let us take the third case, where the div-
idend is negative and the divisor is positive, and
the fourth case where the dividend is positive
and the divisor is negative. In both of these
cases 1t is quite evident that the quotient will be
negative.” Now, when the start pulse is trans-
mitted over the start conductor 121, in the third
case it will pass through the tubes 142 and 119
to the negative quotient conductor 144 and in the
fourth case it will pass through the tubes (17T and
145 to the negative quotient conductor 144.
Therefore, in each case the pulse will pass through
the tube 125 to the conductor 127 to fire tubes
146, 141, (48 and 149. The pulse will also fire tube
129 which in firing will send a pulse over con-
ductor (31 to select for operation the negative
generator by its tube 133 whereby the comple-
ment of the dividend is transferred to the ac-
cumulator register. When this quantity is finally
put into the accumulator the negative sign in-
dicator tube 135 will be operated and in time this
will cause a pulse to be transmitted over conduc-
tor 131 and thence in one direction through tube
181 to start the positive generator and in the
other direction through tube 149 to the conduc-
tor 118. When the overdraft occurs then g pulse
will be sent over conductor 136 in one direction
through tube {46 to start the negative generator
and in the other direction through tube 148 to
conductor {11 to fire tube 112. When the over-
draft is restored the final pulse will be one trans-
mitted over conductor 137 to start the positive
generator and to pass a pulse through tube 112
to fire the tube 113 to cause the shift.

Thus where the quotient is going to be negative
the operation is one in inverted division and re-
gardless of the actual sign of the dividend as en-
tered it will be transferred from the entry tubes
to the accumulator register tubes as a negative
number (the complement of the number regis-
tered in the entry register).

When the quotient which has been calculated
is to be displayed a pulse is transmitted over con-
ductor 150. There is a pair of memory tubes 151
and 152 which mutually confrol each other and
which are fired over the conductors (38 and 37,
respectively. Now when the quotient is positive
(conductor 122) the final remainder on the res-
toration of the last overdraft will be positive and
therefore the memory tube 51 will have been
fired over the conductor 136. Hence the display
pulse over conductor 158 will fire both tubes {53
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and {54 as well as tube 1T1. The firing of tube {74
creates a pulse which is now transmitted through
the memory tube I5{, and the tube 153 to flre
the positive sign display tube 155. Likewise if
the quotieni is to be negative (conductor (44)
the final remainder ot the restoration of the last
overdraft will be negative so thai the memory
tube 152 will be fired so that the pulse created
by the display control fube 171 will be transmitted
through tubes 152 and {84 to fire the negative
sign display tube 158,

Square root

Square root extraction, like division, may be
performed in two ways, (1) by the iterative ad-
dition of the complement of the root divisor to
exhaust the number whose root is being sought
and herein for convenience called the square and
(2) by the iterative addition of the root divisor
to exhaust the complement of the square. Let
us call the first root extraction and the second

Anverted root extraction. The result in both cases

Is the same for the root digits consist of the
counts of the number of summing operations
using synthesized subtrahends. The sign of the
root will be the same as the sign of the square,
a minus sign of a root representing the square
root of minus 1.

In either case the procedure is to iteratively
add the synthesized subtrahends until an over-
draft is made, whereupon the last used subtra-
hend is restored and then a shift is made to start
the computation of the next root digit. If the
first root digit proves to be five (by way of exam-
ple) these operations will produce a succession
of five remainders and upon the sixth trial a
negative remainder whereupon the addition of
the last used subtrahend to restore the overdraft
which caused the negative remainder will pro-
duce a positive sum. Thus a sign indicating
means will report a succession of five plus signs,
a single negative sign and finally a plus sign. In
thiz (square root) case the negative sign con-
stitutes a signal to shift preparatory to the syn-
thesis of the next subtrahend and the calcula~
tion of the next root digit. In a similar manner,
if this had been inverted root extraction, then
the sign indicating means would report a sue-
cession of five minus signs, a single plus sign and
finally a minus sigh and the single plus sign
would constitute a signal to shift. In the first
case, the circuits must be non-responsive to the
first succession of five plus signs and in the sec-
ond case they must be non-responsive to the first
succession of five minus signs. In the first case
the single negative sign must be used to prepare
the circuits to be responsive to the generator and
pulse and likewise in the second case the single
plus sign must be used to prepare the circuits to
be responsive to this generator end pulse. The
first succession of like signs in either case cannot
be used in a preparatory way since this succession
may vary from 0 to 9 and hence there may or
may not be such a sighal. Hence in the first case,
the single negative sign is the first to be usefully
employed and likewise in the second case the sin-
gle plus sign is the first to be usefully employed.

In Fig. 13 the first succession of plus signs in
square root or of minus signs in inverted square
root is transmitted as g succession of pulses over
conductor 157 but since the tube 159 is not in con-
trol of the shift these pulses are not usefully em-
ployed for this purpose. The following single
negative sign in square root or the single plus
sign In inverted square root is transmitted as a
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pulse over conductor 168 and passes through tube
{80 to fire tube 181 whereby the pulse at the end
of the generator cycle used for the restoration of
the last used root divisor may be passed through
tube 161 to cause the shift from one subtrahend
synthesizing counter to the next and to fire tube
189 so that it will be responsive to the last posi-
tive sign in square root or negative sign in in-
verted square root when transmitted after the
completion of the carry operations as a pulse over
conductor 167. Tubes 159 and 16{ are in mutual
control of each other so that as soon as {69 is
fired it will cause 181 to be extinguished prepara-
tory to the following operations for the calcula-
tion of the next root digit.

Now let us consider the organization of the
slgn circuits to bring this result above. There
are only two sign combinations that are used
since the entry of the number whose square root
is to be subtracted is always on the tubes used
otherwise for entering a multiplier or a dividend.
Hence the sign tubes associated with the entry
tubes for the multiplicand, the divisor, an augend
or an addend are always positive that is the pius
sign tubes 118 and |19 will invariably be operated,
and in the case of a positive square the start
pulse will be transmitted through tubes 11 and
i 18 to the positive root wire 122 and in the case
of a negative square the start pulse will be trans-
mitted through tubes 142 and 119 to the negative
root wire i44. Since the square root key 163 has
previously fired the two tubes 124 and 125 the
results will be the same as described under divi-
sion except that in division the tubes 140, (41,
148 and 149 are operative whereas in square root
the tubes 164 to 167, inclusive are operative.

One other difference is to be noted. In division
the first succession of like pulses over conductor
110 is not usefully employed since the divisor dur-
ing the calculation of any one quotient digit re-
mains fixed. The like succession of pulses over
conductor 157 is however usefully employed in
square root for the purpose of changing the root
divisor on each operation. Hence the arrange-
ment for shifting between subtrahend synthesiz-
ing counters is slightly different from the previ-
ously described arrangement for shifting between
quotient digit or root digit counters. The shift
control tubes 159 to 161 and 164 to 167 are labeled
3-—4 to indicate they are active only in square
root whereas the tubes 112 to (15, 140, 141, 148
and 149 are labeled 3—3 to indicate that they are
active both in division and square root.

The memory tubes

There is a palr of memory tubes, so called be-
cause their function is to remember the sign of
s quantity once placed in the accumulators and
not thereafter changed which are used at the
time the display is to be made to report this sign
and to control the display so that the number
although perhaps calculated in the form of its
complement is displayed in its true form.

In the arrangement herein disclosed the high-
est (the thousands) order accumulator serves
a dual purpose, that of a sign indicator and of
an extra left-hand order for the accumulation
of carries. It will be realized that for the ut-
most accuracy separate accumulators must be
provided for these two separate functions, but
the present arrangement is sufficiently operative
to illustrate the principle of operation of a device
of enough greater capacity to have practical util-
ity. It is, of course, understood that while digits
other than zero may be entered in the thousands
place it is intended that only three digit num-
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bers (hundreds, tens and units) be used in the
calculations and that the thousands place be used
for entry only when the operator understands the
Hlmitations of the device and makes due allow-
ance for operations thereof. It is intended that
every number entered be in the form of a zero
followed by the three digits of the number used
in calculation. The zero is a sign indicator and
stands for plus or the positive sign. When a
minus sign is entered to characterize a number
the zero entered is inverted in transfer from the
entry tubes to the accumulator register to nine,
its nine’s complement and thus the nine stands
for minus or the negative sign. :

Therefore, in the accumulator the zero tube
controls the positive memory tube and the num-
ber nine tube controls the negative memory tube.
If at the end of a calculating operation the posi-
tive memory tube is in operation the display sig-
nal will cause the plus sign to be displayed and
the aceumulated sum to be displayed in the form
in which it is registered in the accumulators. If
on the other hand the negative memory tube i8
in operation at this time, this will be an indica-
tion that the accumulated number is in its com-
plemental form, so the minus sign will be dis-
played and the number inverted in its transfer
from the accumulator tubes to the display tubes
so as to be displayed in its true form.

On the start of & new operation the accumu-
lators are all automatically set to zero. There-
fore, the positive memory tube is fired and this
tube will remain in its fired condition through-
out an indefinite number of accumulations until
the nine tube of the thousands accumulator is
deflnitely fired. Let us assume the following ex-
ample of calculation 3454-823--7564-242=2166.
At the start of operations the four accumulators
will be set to 0000, and the plus memory tube will
be operated. Thereupon the number 0345 is en-
tered and transferred to the accumulators,
whereupon a signal to operate the plus memory
tube is again transmitted but is ineffective since
this tube is already in operation. The partial re-
sult is displayed as -+4-0345. Next the number
0823 is entered and then transferred to the ac-
cumilators so that the accumulation becomes
1168. No signal to the memory tubes is sent at
this time, but the plus memory tube having pre-
viously been fired remains in operation so that
the partial result is displayed as {1168. Now
the number 0756 is entered, accumulated and the
partial result +1924 is displayed. Agein the
number 0242 is entered and accumulated, now
changing the registration in the thousands ac-
cumulator from one to two. No new signal is
sent to the memory tubes so that the plus memory
tube continues to be operative and thus the now
final result is displayed as --2166.

Now it will be understood that the present ar-
rangement is for the purpose of illustration and
that it is not intended that the device be oper-
ated for the addition of more and more numbers
until the digit in the thousands place changes to
& nine, so it will be recognized here that the ap-
parent erroneous operation that would resuld
from such circumstances is not a sign of inop-
erativeness but rather an operation of the device
beyond its capacity and that for the purpose of
illustration it is not necessary to provide the extra
apparatus needed to make extraordinary calcu-
lations. Likewise in multiplication it is possible
by multiplylng two numbers such as 0950 or
higher together to produce a nine in the thou-
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sands place and thus cause the (erronecus’ dis-
play of a negative number. When these limita-
" tions, which in a full sized practically useful de-
vice would be eliminated in known manner, are
understood, it will be seen that the memory tubes
will operate over a wide range. 'Thus in addition
the plus memory tube, once fired, will continue to
operate regardless of any digit other than nine
which may appear in the thousands accumulator.
Likewise if the algebralec sum of —0567, —0844
and —0799 equalling —2210 is calculated the
device is first set to zero and the plug memory
tube is fired. However, the first minus number
(—0567) is entered and in transfer to the ac-
cumulator is inverted to its complement 8433 so
that the minus memory tube is fired (extinguish~
ing the previously fired plus memory tube) and
the partial result is displayed as —05687, thus be~
ing again inverted in transfer from the accumu-
lator to the display tubes. Now the number
~—0844 is entered and upon transfer to the ac-
cumulator is inverted to 9156 which added to the
number 9433 already in the accumulator produces
the sum 8589. This time there is no new signal
to the minus memory tube but it nevertheless
remains in operation so that the display becomes
—1411. Lastly, the number —0799 is entered and
in transfer to the accumulator is inverted to 9201
which added to the 8589 in the accumulator
makes the sum 7790. The minus memory tube
remains operated and the now final result is dis~
played as —2210.

_As another example let us explain the alge-
braic sum of the numbers —0567, 10321 and
"+0428 equalling 4-0182. At the start of the op-
eration the accumulators are set to zero and
therefore the plus memory tube is flred. Now
the number —0567 is entered and in transfer to
the accumulators is inverted to 9433 so that now
the minus memory tube is fired. Therefore, the
minus sign display tube is flred and in transfer
from the accumulators to the display tubes the
number 9433 is inverted and thus displayed as
—0567. Next the number 40321 is entered and
upon being added to the number 9433 in the ac~-
cumulators produces the sum 9754, so that the
operation of the minus memory tube is not dis-
turbed and this sum is displayed as —0246,
Lastly, the number 0428 is entered and being
added to the 9754 in the accumulator produces
the sum 0182. Therefore, the plus memory tube
{s now fired, the minus memory tube is extin-
guished and the number is displayed as +0182.

In multiplication, it will be remembered that
"the sign of the product is determined by the com-
bination of the signs of the multiplicand and the
multiplier and that regardless of the individual
signs of the factors both the muiltiplicand and
the multiplier are transferred to the accumula-
tors in their true forms if the product is to be
plus or in the forms of complements if the prod-
uct is to be minus.

In the first case the plus memory tube is fired
when the accumulators are set to zero and since
no latter accumulation will increase the digit in
the thousands accumulator to nine the plus
memory tube will be in operation when the dis-
play is to be made. ‘

In the other case the plus memory tube is fired
when the asccumulators are set to zero but upon
the first transfer of the multiplicand inverted
to its complement the minus memory tube is fired
(thus extinguishing the plus memory tube) and
since no later accumulation will produce a zero in
the thousands accumulator the minus memory
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tubg will be in operation when the display is to be
made,

In divisivn and square root the actions of the
memory tubes are much more intricate. It will
be rememkered that the sign of the quotient is
determined by the combination of the signs of the
dividend and the divisor and that regardless of
the individual signs of either the dividend is
transferred to the accumulators as a positive
number and the divisor as a complement when
the quotient is tc be positive and the dividend is
transferred as a complement and the divisor in its
true form when the quotient is to be negative.
It will be remembered also that in the first case
the final remainder will be positive and in the
second case the final remainder will be negative.

Now where the remainder is positive the cir-
cuits are arranged so that the following entry of
the divisor will be negative, that is in the form of
a complement and therefore the negative genera-
tor selecter tube is fitred. However, the final re-
mainder is positive and therefore the plus mem-
ory tube is operative so when the signal to dis-
play is transmitted it is passed through this posi-
tive memory tube to not only cause the display of
the plus sign but to fire the plus generator selec~
tor tube and to extinguish the minus generator
selector tube.

Likewise where the remainder is negative the
circuits are arranged so that the following entry
of the divisor will be in its true form, or positive
and therefore the positive generator selector tube
is fired. However, the final remainder is negative
and therefore the minus memory tube is opera-
tive so when the signal to display is transmitted
it is passed through this negative memory tube to
not only cause the display of the minus sign but
to fire the negative generator selector tube and o
extinguish the plus generator tube.

It should also be noted that the quotient is al-
ways positive, that is it consists of three digits
resulting from a count of the number of opera-
tions performed and hence it is never calculated
in the form of & complement. Therefore, re-
gardlesss of whether or not the remainder is in-
verted in transmission from the accumulators to
the display tubes and regardless of whether the
plus or minus sign is displayed, the quotient is
always transferred and displayed in its calculated
form. Thus we have one instance in which part
of the final display comes to the display tubes in
one form and another part in another form.

In square root calculations the same operations
as in division take place. If the square is posi~
tive, then it, like the dividend is transferred to the
accumulators as a positive number and the root
and the remainder are displayed as positive num-
pbers. II the square is negative, then it like the
dividend is transferred to the accumulators as &
complement and the display is of a negative sign
representing the square root of minus one with
the root and the remander in their natural forms,

In Fig. 12 it will be noted that when the display
signal is transmitted over the conductor 158, five
tubes, namely 153, 164, 171, 112 and 113 are si-
multaneously fired. If the plus memory tube {51
has been fired then the pulse created by the tube
111 will pass through tube 153 to cause the dis-
play of the plus sign and pass through tube {12 to
fire the plus generator selector tube (32. If on the
other hand the minus memory tube had been
fired, then the pulse from tube IT{ would pass
through tube I84 to cause the display of the
minus sign and pass through tube 173 to fire the
minus generator selector tube (33 so that the re-

ey
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mainder will be inverted in transmission to the
display tubes.

The start circuit

Since most of the operations in the device dis-
closed herein depend on a cycle of operation of
the pulse generator the various means of starting
the generator are of interest and should be clear-
1y understood.

The generator Is flrst used in entering the digits
of the numbers comprising the factors of the
problem. This is represented in Fig. 14 by a num-
ber of digit keys 180, 181, 182 and 183, any one of
which on operation will cause a tube 184 to be
fired and which in turn will transmit a pulse into
the start wire 188 of the generator.

After the problem has been entered and the de-
vice is ready to start the computation the oper-
ator will operate the start key 188. This will
transmit a start pulse through a combination of
sign tubes, flred to characterize the entered
factors. Where by way of example the problem
is to be one in multiplication, the tube 187 will be
fired for a positive multiplier, i88 for a negative
multiplier, 189 and 190 for a positive multiplicand
and (81 and 192 for a negative multiplicand. If
the multiplier and multiplicand are both positive
then the start pulse will be passed thrcugh tubes
181 and 189 to the positive product wire 193
thence through a positive gate tube 194 to the
start wire 198. Under any condition the start
pulse from the key 1868 will reach the start wire
198, and under any condition it will fire the tube
196 to clear or extinguish the display tubes, fired
at the end of a previous calculation, by affecting
the triode 197.

It will be noted that there is a tube for each
type of problem which will pass the start pulse.
Thus for addition the tube 198 will immediately
pass the start pulse to the generator start wire
185. For multiplication the tube (99 will be ef-
fective to pass the start pulse to fire a tube 200
which in turn will, through a delay network fire
the tube 201. Tube 201 transmits a pulse into the
generator start wire i88. For division, a tube 202
and for square root a tube 203 will pass the start
pulse to fire a tube 204 which in turn will trans-
mit a pulse into the generator start wire 188,

During the calculation and at the end of each
operation of the accumulator when the carry
operations have been completed a pulse will be
transmitted over the wire 205 to fire the tube
208. In addition (or subtraction) there will be
one cycle of the generator to transfer the amount
from the entry tubes to the accumulators and
then the final cycle to transfer the accumulated
amount to the display tubes. Therefore, the
pulse over wire 208 and through tube 206 will be
by-passed through a tube 207 to fire the addition
display signal tube 208 which in turn fires the
final display signal tube 209 to transmit a pulse
into the generator start wire 185.

In all other types of computation there will
be a series or plurality of operations controlled
by counting means, in multiplication to count
the iterative additions of the multiplicand, and
in division and square root to count the iterative
subtraction of the divisor or the co-called root
divisor. Therefore, in all intermediate opera-
tions in multiplication the pulse from tube 208
will cause the operation of one or another of the
counting tubes 210, 211 or 212 any one of which
will transmit a pulse into the generator start
wire (85, After the computation has been com-
pleted the final pulse from the tube 2068 will fire
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the tube 213 which thereupon fires the final dis-
play signal tube 209 to start the generator on its
final cycle for the transfer of the accumulated
product to the display tubes.

In divislon or square root at the end of each
subtraction of the divisor or the root divisor the
pulse from tube 208 will pass through tube 2(4
to fire some one or another of the counting tubes
215, 218 or 2171 any one of which will transmit

-8 pulse into the generator start wire 188. After

the computation has been completed the final
pulse from the tube 208 will fire the tube 213
which thereupon fires the final display signal
tube 209 to start the generator on its final cycle
for the transfer of the calculated quotient or
root and the accumulated remainder to the dis-
play tubes.

It is believed that with the help of Figs. 12 and
13 showing schematically how the positive and
negative generators are selected and with Fig, 14
showing schematically how the selected genera-
tor is started under various conditions, the com-
plete circuit diagrams may be easily followed.

GENERAL ORGANIZATION OF THE SYSTEM

The remaining part of this specification will
comprise a description of the system as a whole.
While it will be more convenient to describe
certain parts as units, such parts are all shown
together in the drawings as indicated in PFig. 15.
It is to be observed that the various numerals
applied to the elements of the circuits each con-
sists of four digits, the first two of which corre~
spond to the number of the fligure. It may also
be observed that where a circuit extends through
several figures its figure designating numeral will
Indicate in whieh figure the circuit originated
so that the reader may at once turn to such
figure to find the origin thereof. It will also be
helpful to have Fig. 11 at hand so as to identify
the various power leads and have & quick refer-
ence to the conditions under which they are op-
erative or the conditions under which the poten-
tials thereof are depressed.

The system In general consists of a bank of
operating keys for controlling a bank of vacuum
tubes. There is one key for each different pat-
tern of operation, that is, one key for addition
or subtraction, one key for multiplication, one
key for division and one key for square root.
Next there is a positive and a negative sign
key and ten digit keys. This single set of digit
keys is used for writing up the digital values in
all the various decimal denominational orders
for all the factors of a problem.” There is also
a clearing key for erasing any amount standing
on the accumulators and resetting them to zero
as well as for initially setting the accumulators
to zero at the start of a new problem when the
device is first put into operation. And lastly
there is a start key to start operations after a
problem has been properly entered. -

The system next includes a system of sign
tubes, four for the first factor entered and two
for the second factor entered whereby the sign
of the result when it depends on the signs of the
entered factors alone is at once determined. The
determined sign of the result will control the
pattern of operations, that is, by way of example,
if in multiplication the signs of the multiplicand
and the multiplier are different it is at once ap-
parent that the product will be negative and in
this case the calculation will be performed by
the iterative addition of the complement of the




23,807

multiplicand in accordance with the value of the
multiplier digits.

The system next includes a set of entry regis-
ters each consisting of ten tubes to register the
ten digital values. In the system disclosed for
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called s positive gensrator and the other a neg-
ative generator. V'aen the positive generator
18 used to transfer z number from one place o
another it will do o without change, but when
the negative generstor is used the number will

the purpose of demonstrating the operativeness 8 be inverted to its nine’s complement in transfer.
of the means employed there are eight registers The generator includes a selecting means where-
for registering two four-digit factors. The de- by the positive or the negative generator may be
vice is capable of making simple additions of  selected, a starting raeans for starting the select-
two four-digit numbers where no carry %tc a }, ed generator and a stopping means whereby the
higher decimal order is produced or any acidi- action of the generator may be stopped at any
tions of two three-digit numbers. The device  stage of its operation although this means is only
may also perform multiplication with reasonable employed in one particular operation.. Upon
accuracy of two three-digit numbers or with each operation of & digital key the positive gen-
strict accuracy of two two-digit numbers. In j; erator is invariably selected and started and
division the device will produce a three-digit functions to cause the operation of the tube in
quotient, the accuracy of which will depend on the register now associated with the entry keys
the number of digits used in the dividend anc corresponding to the key depressed. The digits
divisor. In square root the root will also be are thus invariably entered into the entry reg-
limited to three digits. g0 isters in their true form regardless of the en-

If the eight entry registers are listed in the tered sign of the factor. The negative or com-
order in which they are filled through the opera- plemental form of a factor does not appear until
tion of the digit keys, then the numbers written after transfer from the entry tubes to the ac-
up will be as follows: cumulator register tubes.

1 2 3 4 5 6 7 8
g‘n"&g dErlelg; Tens | Units E;]xféls- dHrggs- Teny | Units

Additlon._ .- e mnommmm—————— Augend or Addend
Subtraction. ..ot Minuend or Subtrahend
Multipliestion. .. .ooooooomom e Moultiplicand Multiplier
DIVISION oot Divisor Dividend
Bauare Root oo Square

From the above it will be noted that the fifth, Next, in furn, come what may be termed the
sixth, seventh and eighth registers are not em- pattern tubes. Each pattern key controls a plu-
ployed in addition and subtraction and that in rality of different pattern tubes which determine
square root the first, second, third and fourth the particular sort of circuit changes that must
registers are not employed. _ be performed for each different kind of opera-

The reason for serially listing the eight regis- 49 tion. In addition to the individual pattern tubes
ters as above is found in the fact that a progress there are others common to the pattern keys
circuit is employed for progressively associating operated by the individual pattern tubes which
the entry keys with each of these registers in control the power supply to various groups of
turn, that is, upon the depression of cne digit . tubes. There are mainly three power supply
key a corresponding digital value will be regis- 50 jeads (Fig. 11), none of which is active for ad-
tered in the frst register and the progress cir- dition, one of which (3—2) is active for multi-
cuit advanced so that upon the next decression plication, another of which (3—3) is active for
of either the same or any one of the other digit division and two of which (3—3 and 3—4) are
keys a digital value will be registered in the next _  aective for square root. : S
register. - 85 There are a plurality of what are known as

One aspect of the entry registers is that upo shift tubes which control the paths between the
the operation of a pattern key such as the addi- entry tubes and the accumulator register tubes.
tion key or the multiplication key each of the For instance in multiplication four tubes are
registers has its zero tube automatically fired used to provide four paths from the thousands,
and the plus sign tubes for both factors auto- 60 hundreds, tens and units entry registers to the
matically fired thus automatically setting the corresponding ‘accumulator register orders for
entry registers to read +0000 40000 before transferring the multiplicand. In addition,
any digital or sign key is operated. The later there is a multiplier digit shift tube to provide
operation of other digital or sign keys will change communication between the entry register hold-
this setting. ' 85 ing the first multiplier digit and the means for

For the purpose of operating the tubes of the counting the number of iterative additions of
registers from the digital keys and for the pur- the multiplicand to be made. When this count
pose of transferring numbers from the entry reg- has been satisfled a shift is made, the shift tubes
isters to the accumulator registers and from the Just used being dismissed and a new set fired.
accumulators to the display means as will shortly 70 After this flrst shift is made then the thousands
appear, a pulse generator is employed. This com- place in the entry register is put in communica-
prises an open chain of tubes which when started tion with the hundreds accumulator register
will sequentially transmit a pulse over each of and so on and the next multiplier digit to be used
ten digital conductors. The generator, so called, is put in communication with the counting
actually comprises two such generators, one 73

means. As many sets of shift tubes as there are
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multiplier digits to be used are provided, here-
in, by way of example, three sets. At the end
of the operations on the third shift another
shift is made this time to produce ga signal to dis-
play whereby the amount standing on the ac~
cumulators is transferred to the display tubes
and all the patterns and shift tubes dismissed.

There are also provided tubes to automatically
fill in zeros (or nines in the case of a complement)
in those orders of the accumulator registers when
the shift carries such orders beyond communica-
tion with an entry register.

Next in order should be mentioned the accu-
mulators and their registers. Each such unit
consists of two closely associated sets of tubes, the
accumulator being a closed ring of ten tubes and
the accumulator register being an open chain of
ten tubes. When a number or its complement is
transferred from an entry register to the accu-
mulator register the tube in the latter correspond-
ing to the fired tube in the former is fired. Im-
mediately this fires the next primed tube in the
accumulator, which results in the firing of the
next primed tube in the accumulator register
which results in the firing of the next primed
tube in the accumulator and so on until the ac-
cumulator register is run down to zero and the
accumulator is run up a corresponding number.
Thus the value brought over from the entry regis-
ter is accumulated.

As part of the accumulator there is an eleventh
tube which is operated each time the value in the
accumulator passes from its number nine to its
number zero tube which controls the carry circuit.
Also there is a tube assoclated with each accu-
mulator register which is fired each time such
register becomes completely run down as a signal
that the number transferred thereto has been
completely accumulated. These last tubes con-
trol what is known as the carry circuit so that
when all four (in the presently disclosed calcula-
tor) are in operation ane of the two carry start
tubes will forward the signal to the carry circuit.
Two carry start tubes are provided, one operated
whenever & value is transferred without change
from the entry registers and the other when a
value is inverted in transfer. The latter operates
to add one to the lowest order accumulator to
compensate for the fact that inversion is on the
basis of the nine’s complement. In the following
operation any carries which are registered or
which are produced during the carry operations
are added to the next higher order accumulator.
When all such carries are satisfied a carry com-
plete signal is produced for the purpose of starting
the next transfer operation.

The highest or thousands order accumulator is
used for sign control. Zero is an indication of
plus and nine is an indication of minus. By the
use of a palr of memory tubes, once the zero tube
of this first order has been fired to indicate &
positive quantity the sien indication will remain
positive until the No. 9 tube has been definitely
fired even though any one or all of the other tubes
1 to 8, inclusive, come from time to time in opera-
tlon. Likewise, after the No. 9 tube has been
fired the indication will remain negative until
the No. 0 tube is definitely fired even though any
one or all of the other tubes 8 to 1, inclusive,
come from time to time in operation. The mem-
ory tubes exercise an important function in the
display operations which will be shortly de-
seribed.

The next elements of importance are the count-
ing tubes. There is one string of counting tubes
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for multiplication and three strings for division,
In the arrangement for multiplication some one
of the counting tubes is selectively fired by each
multiplier digit and the string is then counted
down to zero whereupon the shift tubes are op-
erated and another muitiplier digit is used. There
is a special zero tube used when s zero multiplier
digit is encountered. Since the generator must
be in operation to transfer any value including
the value of a multipller digit to the counting
tubes and the shift takes place as soon as a count-
ing tube, including this special zero tube, fires the
generator must be stopped so that no value may
thereafter be transferred until the next generator
operation. For this purpose the signal for caus-
ing the shift is also transmitted to the stop tube
of the generator.

In the arrangement for division and for square
root three quotient digits or root digits are cal-
culated so that as many strings of counting tubes
are provided. Each counting tube chain counts
up as the divisor or root divisor, so called, is
iteratively subtracted from the dividend or square.
When the proper quotient digit is found, by cal-
culsting an overdraft and then restoring it, a shift
tube of a string individual to these quotient digit
shift tubes operates and brings into operation
the next string of counting tubes, leaving the pre-
viously calculated quotient digit registered until
it can be transferred to the display tubes.

For division there is provided in the sign circuit
a group of four tubes forming. a double-pole,
double-throw switching arrangement, popularly
known as a flip-flop, for controlling the successive
selection of the plus and minus generators in
accordance with the sign of the previously cal-
culated remainder and another such organization
of tubes to control the shift from the counting of
one quotient digit to another. An additional shift
control set of tubes alternatively employed with
the last-named set is used for square root opera-
tions. The same set is not used for both opera-
t:ons because the iterative subtractions in division
and square root are not exactly the same. In
division it is the divisor which is iteratively sub-
tracted from the dividend while in square root &
synthetically produced root divisor, changed on
each operation, is subtracted from the square.

For this latter purpose there is provided three
strings of what might be termed counting tubes
for synthesizing the values to be successively sub-
tracted from the square. They may roughly be
called counting tubes for they are numbered and
are equal to a digital string of tubes and they do
operate according to successive numbers though
in this case in accordance with successive odd
numbers (the serles 1, 3, 5,7 and so forth). When
an overdraft has been made there is a8 peculiar
or novel arrangement for subtracting one from
the last number synthesized in order to form the
next so called root divisor.

There is among the shift tubes, hereinbefore
mentioned, a set of four tubes.for putting the
root divisor synthesizing tubes into communica-
tion with the shift tubes and thus into com-
munication with the accumulator registers so
that this synthetic value may be handled in the
same manner as a divisor in the operations of
divisicn.

Further, there are among the square root tubes,
certain additional tubes for carry and transfer
purposes necessary in the synthetic formation of
the root divisor and progress tubes for properly
changing the growth of this value as roots are
successfully calculated. This can be understood
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when it is mentioned that the root divisor grows
according to the following succession of values
1,3,5,7, 9,11, 13, 15, 17 when the square root
of 81 is being calculaied and the following suc-
cession of values 1, 3, 41, 43, 441, 4421 and so on
when the square root of 489 is being calculated.

Among these square root tubes is a zero set-
ting tube, operated as part of the pattern con-
trol to establish an initial value 0 1 0 0 as a root
divisor (the first root divisor being invariably
one.)

Common to the system is one set of tubes re-
sponsive to the signal to display, a set of tubes
to bring the display tubes into operation and to
transiently depress the potential on the power
leads to the various pattern and shift tubes so
that at the end of any calculation all these tubes
are automatically released. Another arrange-
ment similar in nature is a set of tubes respon-
slve to a start signal for transiently lowering
the potential on the power leads to the display
tubes so that the result of any previous calcula-
tion displayed even through the entry of a new
calculation may be erased when the order to start
the new calculation is given. A third arrange-
ment of tubes to transiently depress the poten-
tial to the accumulator tubes is controlled by the
clearing key. This additionally creates a zero
setting pulse which automatically sets the ac-
cumulators all to zero after the potential of their
power lead is restored.

Lastly, there is a set of display tubes. There
are four strings of digitally arranged tubes for
displaying the four digits of calculated sums,
remainders and products and the remainders
produced in division and square root and three

32 ,
playing or recording the results of the caleu-
lation.

As disclosed, the device 1s capable of perform-
ing simple algebraic ualculations but, of course,
may be used as a caleulator in a large computer
where other means are employed to select factors
from various tapes and registers in accordance
with a prepered routine, present such factors

~ to the calculator and dispose of the results again
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other strings also digitally arranged for display-

ing calculated quotients and roots. Each dis-
play tube controls a lamp to make a visual dis-
play. It may also be mentioned here that each
of the entry register tubes controls a like display
lamp so that the operator, before depressing the
start key, may observe not only the result of a
previous calculation but the factors entered for
fhe next problem. If a mistake in entry has
been made the entry may be erased by the clear-
ing key and the factors entered anew.

There is an entry tube for each display regis-
ter to put the display register into communica~
tion with the accumulators for the transfer of
products and so forth and into communication
with the quotient counting tubes for the transfer
of quotients and roots. There is also a pair of
sign tubes and their entry tubes for placing these
tubes in communication with the sign circuit by
way of the memory tubes. Finally there are
three carry tubes associated with the units, tens
and hundreds strings of display tubes controlled
by the minus sign display tubes for the purpose
of adjusting the number displayed when it is in-
verted in transfer to the display tubes.

General operation of the system

The device of the present invention as dis-
closed is a key operated device manipulated in
a conventional manner. Appearing before the
operator is a bank of keys hereinbefore described
and a bank of lamps to display the factors en-
tered and the results calculated. It will be un-
derstood that the invention is not limited to the
use of entry keys and to lamps for visual dis-
play but resides in the use of electronic means
for calculating in combination with any convern-
tional means for entering the data for calculation
and any conventional means for indicating, dis-

40

45

50

70

78

in accordance with the sald prepared routine.

In the present disclosure, the operator will
first operate a pattern control key, such as the
addition key, the multiplication key, the divizion
key or the square root key. This will result in
the immediate operation of the corresponding
pattern control tubes. If the device is then to
be used for the first time the clearing key is de-
pressed to be sure that the accumulators are
clear and to set them to zero. The lamps asso-
ciated with the entry tubes will indicate the
values 000040000 so that the operator may
now enter the sighs and the digital values of
the factors. When this has been completed and
the operator has checked the entry lamps she
will operate the start key and then read the re-
sult of the calculation from the display lamps.

It is to be noted that in addition the function
key will have to be operated for each factor, that
is each factor, the augend and the addend is en-
tered as a separate problem, a number to be
added to whatever value s standing on the ac-
cumulators at the time, be it zero or the result
of some previous calculation. In multiplication
and division both factors are entered and the
function key has to be operated only once. In
zquare root only a sihgle factor, the square, is
entered.

Solution of algebraic expressions

The device of the present invention may be
used as any conventional calculator is used to
solve algebraic problems, and will naturally re-
quire some ingenuity on the part of the operator.
In addition or subtraction the number on display
at any time is the amount accumulated and is
the amount standing on the accumulators and
may, therefore, be used as an augend or a miny-
end, to which some other number now entered
may be added or subtracted. It must be remem-
bered that the operation is essentially algebraic
so that if the number displayed is —1234 and it
is wished to add 40567 to this to produce the
algebraic result —0867, the orders written up on
the keys will be Add 40567 Start. If it is in-
tended that the problem be one in algebraic sub-
traction as (—1234) — (4 0567) =—1801 then the
orders written up on the keys will be Add —0587
Start. Long columns of flgures may be added
with this one precaution in mind, that the device
is intended tc be a demonstration of the opera-
tiveness of electronic means and three decimal
denominational orders have been provided for
calculation and only one order for sign control
and for this reason if the operator attempts to
add some undully long column of figures the ca-
bacity of the sign control order may be exceeded
in adding carries so that a wrong sign may be
reported. Under simple operation the device will
respond with perfect accuracy in addition and
subtraction.

In multiplication, the accuracy does not ap-
proach perfection simply because the decimal de-
nominational orders necessary are not provided
but otherwise the operation is satisfactory. Usu-
ally the problem is entirely entered and the ace
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cumulators are cleared of any previously accu-
mulated result. However, such a previously ac-
cumulated result may be used as a factor by the
proper manipulation of the device. Let us say
by way of example that the previously accumu-
lated result 41234 is displayed and that it is
desired to multiply this by --0222. In this case,
the problem entered on the keys must be Multiply
41234 -1-0122 Start. In other words since the
multiplicand is already in the accumulator, the
first multiplier digit must be entered one less
than its true value. Strictly speaking a previ-
ously accumulated value cannot be used as a
multiplier or a multiplicand and the new problem
should be entered as Multiply, clear, +1234
+0222 Start. That is, the accumulator should
he cleared and the complefe problem entered
anew.

In division and square root a previously ac-
cumulated result may be used as the dividend by
entering zero as the new dividend. Thus if the
previously accumulated result is displayed as
41234 and it is desired to divide this by 0222 the
problem will be entered as Divide, -+0222 40000
Start. Thereupon, the value 0000 will be added
to the amount previously accumulated so that
the value 41234 will stand on the accumulator as
the dividend.

Should the display have been —1234 then the
orders entered will be Divide -1-0222 —0000 Start,
because when the display is negative it means
that the complement thereof or 8766 stands on
the accumulator and unless the dividend is en-
tered as minus the device will faithfully divide
the number 8766 by 0222 rather than perform
the operation of inverted division for which the
negative dividend calls.

The same considerations hold for operations in
square root. If the square root of a number
standing on the accumulators is to be calculated,
the problem must be entered as plus or minus
zero as the square in accordance with the sign
displayed, or the accumulators must be cleared
and the problem entered in the regular way.

No calculated quotient or root may be used as
a factor except when the accumulators are cleared
and the problem entered anew for the quotient or
the root does not stand on the accumulators at
the end of a calculation.

It may be stated that if this device were to be
invariably employed to solve separate problems
and in every case the accumulators were to be
cleared and reset to zero, then the sign of the
display might be operated directly from the posi-
tive or negative sum, product, quotient or root
conductors. The use of the memory tubes, then,
makes it possible to use the guantities standing
on the accumulators in further computations,
that is for algebraic purposes.

Further details of operation will appear in
the following detailed description of the draw-
ings shown on Fig. 15.

The generator circuit

Fig. 16 shows the positive generator; Fig. 19
shows the negative generator and Fig. 22 shows
certain common controls for both. There are
four common control leads to these generators,
the positive generator selecting lead 1600, the
negative generator selecting lead 1900, the start-
ing lead 2200 and the stop lead 2201. There are,
in addition, four groups of ten wires each lead-
ing to various parts of the device for priming and
firing the tubes therein. The bundle in Fig. 16
designated 1601 are priming leads and contain
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ten wires digitally arranged and which will be
shown iIn various parts of the circuit diagram
with hyphenated digital designations. Thus the
individual conductor 1601—0 represents the con-
ductor leading from the “0” tube of the generator.
Likewise, the individual conductor 1601{—$§ repre-
sents the conductor from the “9” tube of the gen-
erator. The next group of conductors 1802 are
ten digitally arranged firing conductors. Like-
wise, the groups 1603 and {804 are priming and
firing conductors respectively. These conductors
extend from a group of transformers in the posi-
tive generator and a similar group of trans-
formers in the negative generator. The conduc-
tors in the group 1603 are inverted as they come
from the transformers in the negative generator
so that the conductor 1603—0 extends from the
“0” transformer of the positive generator and
also extends from the “9” transformer of the
negative generator. This group in Pig. 19 is
labelled as “Priming-Inverted” to indicate that
when the negative generator is in operation the
priming pulses generated thereby are inverted in
order.

In operation, either the positive generator
selecting conductor 1800 or the negative gen-
erator selecting lead (900 is first affected, that
is, a pulse is sent over one or the other. Let us
assume that a pulse is sent over the positive lead
1608. This will cause the positive generator se-
lector tube 1605 to fire. If, just prior to this
operation, the negative generator selector tube
1905 had been in operation, then the firing of
the tube {605 would have transmitted from its
slotted anode a negative pulse through the con-

"denser 1808 to extinguish the selector tube 1908.

- After a generator is thus selected, a pulse is
transmitted over the start wire 22060 and this
results in the firing of the start tube 2202. The
firing of this tube results firstly, in the trans-
mission of & pulse over the conductor 2208 to
fire the two priming tubes 180T and 1907. [Under
the present assumption, the firing of the priming
tube in the negative generator is without effect
but the firing of the priming tube in the positive
generator will result in the priming of the “0”
tube of this device.] The firing of the priming
tubes primes the “0” tube. However, under the
assumed conditions no pulses are delivered to the
negative generator so that the firing of the prim-
ing tube and the priming of the 0 tube of this
generator are without further effect at this time.

.Associated with the start tube 2202 there is a
transformer 2204 whereby, upon the firing of
the tube 2202, a priming and a firing pulse will
be simultaneously transmitted to one of the
driver tubes 2205, This driver tube will there-
upon fire and transmit into the driving condue-
tor 2207 a pulse which will be extended over an
electronic circuit through the fired tube 180¥ to
the common firing conductor 1608 of the posi-
tive generator whereby this driving pulse will be
delivered in parallel to all ten of the generator
tubes. Only the “0” tube 1608, however, will
respond since it is only this tube which has been
primed by the priming tube 1607. As the tube
1608 fires it transmits a pulse into a common
output circuit connected to conductor 2208
whereby a pulse is transmitted to the driver
tubes 2208 and 2208. At this point, the tube
2205 is in operation and therefore the tube 2208
has been primed so that the tube 2206 will now
respond to this pulse over the conductor 2208.
As the tube 2208 operates, it transmits a nega-
tive pulse from its slotted anode through the
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condenser 2209 to extinguish the tube 2208. The
firing of tube 2206 transmits another pulse into
the conductor 2207 through the tube 1608 to the
conductor 1698 which now results in the firing
of the “1” tube 1611 of the generator. When
the tube 16808 had fired, it transmitted a nega~-
tive pulse through the condenser 18i0 to ex-
tinguish the priming tube 1607. Now as the
“1” tube 1611 fires, it in turn transmits a pulse
through the condenser (812 to extingulsh the
“0” tube of the generator.

In this manner, the generator will automati-
cally run through a complete cycle during which
tubes 0, 1 to 9, inclusive, are fired sequentially,
finally ending up with the last tube 1613 which
signals the completion of the cyecle.. Upon the
firing of this last tube, a pulse is fired into the
stop wire 2201 so that this results in the firing
of the end tube 22i0. This tube in firing trans-
mits a pulse over the end-of-cycle signal con-
ductor 221i for various purposes as will herein-
after appear.

Upon the firing of the “0” tube 1609 a pulse
is transmitted through the primary windings of
two transformers {614 and (615. Through the
secondary windings associated therewith, prim-
ing pulses are transmitted over the conductor
i1610—0 and 1603—0, and firing pulses are trans-
mitted over the conductors 1802—0 and 1604—0.
In like manner, when the “1” tube of this gen-
erator fires, priming and firing pulses are trans-
mitted over the “1” wires of these groups.

The operation of the negative generator is
similar to that of the positive generator the

only exception being that during the operation -

of the negative generator the digitally arranged
conductors of the group 1603 are effected in in-
verse order, that is, the zero tube 1909 will cause
a pulse to be transmitted over the conductor
1603—3, and so on,

It may be noted that after the generator has
been started it will automatically operate
through a complete cycle. If another pulse is
transmitted over the start conductor 2200 it will
have no effect for the start tube 2202 having
been flred will in no way respond to another fir-
ing pulse unless it has in the meantime been ex~
tinguished. In the normal operation of these
generators, the tube such as 1613 which signals
the completion of the cycle causes the firing
of the end tube 2210. This tube, in firing, be-
sides delivering a pulse Into the wire 2211 acts
to restore the generator to its normal condi-
tion. It may be noted that in these three fig-
ures, most of the positive potential is designated
as coming from the (4) lead. This is a lead
which is indicated in Fig. 11 and shown in Fig.
22 as being connected to the impedance coil
2212 associated with an impedance coil 2213
and a condenser 2214, The two coils together
derive their plus battery potential from the
main source of positive potential (0), here, for
convenience, numbered 2215. Upon the firing
of the end tube 2210, the previously described
action takes place, that is, the rush of current
through the coil 2213 upon the firing of the
tube 2210 and through the action of the con-
denser 2214 transiently depresses the potential
on the (4) power lead whereby all of the tubes
connected thereto are extinguished. Thus, the
tube 2205 or 2208, whichever one is at this time
in operation, will be extinguished. Likewise, the
tube 1613 will be extinguished.

In starting the generator when, for instance,
the start tube 2202 is operated, the first use of
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current over the (4) power lead fed through the
coil 2212 will thereby and through the action of
the condenser 2214, transiently depress the po-
tential derived from the coil 2213 and thereby
extinguish the end tube 2210.

In most operations of the generator the end
tube 2210 will be fired from one of the tubes such
a8 (813 signaling the completion of the cycle.
There are, however, instances in which the gen-
erator must be stopped before it has advanced in
its cycle. Thus in the case of a “0” multiplier
digit, after the “0” priming and firing pulses have
been transmitted, so that the “0” counting tube
respective to the multiplier digit, operates. The
generator must be stopped before it can transmit
any other digital pulses. Therefore, “0” multi-
plier counting tube is arranged to transmit g pulse
into the stop conductor 2201 and this has the ef-
fect of immediately stopping further action of
the generator.

The tubes 2216, 2217 and 2218, shown among
the generator control tubes, are employed for cer-
tain purposes which will be described hereinafter.

In the following description, reference will be
made to the various conirol conductors of the
generators but no further description of the op-
eration thereof will be given, it being understood
that when a selection of either the positive or
negative generator is made and then a start pulse
is sent, that the digitally priming and firing pulses
as described and finally an end-of-cycle pulse
over the conductor 2201 will be transmitted.

The entry registers

‘When a problem is to be entered one of the
pattern keys is first operated. These consist of
the four keys, {801, (802, 1803 and {804. ‘The
key 1801 will operate the pattern tubes for square
root operations, the key 1802 will operate the pat-
tern tunes for operations in division, the key 1803
will operate the pattern tubes for operations in
addition (or subtraction) and the key 1804 will
operate the pattern tubes for operations in multi-
plication. As it appears hereinafter, the first tube
of the progress circuit for the entry registers
will be operated. This is tube 2600. If the prob-
lem is to be one in multiplication then after the
operation of the pattern key {804 and the opera-
tion of the clearing key, if that be necessary, the
diglt keys are used to enter the first and second
factors of the problem. Let us suppose that the
first factor is & negative quantity, then minus
sign Key 1805 will be operated and plus potential
from the (3) source will be connected to the con-
ductor 1808 whereby it will find & path through
the fired tube 2600 to the conductor 260( to simul-
taneously fire the two negative tubes 2602 and
2803. This effect will merely be noted at this
time and explained in detail hereinafter. The
operation of the sign key (1808 also connects the
positive potential to the conductor 1807 which is
without effect at this moment.

Thereafter the operator will press some one of
the digit keys to enter the first digit of the first
factor. Let us assume this to be “1.” Therefore,
the digit key 1808 is operated. This will result
in the connection of positive battery to the com-
mon conductor 1809 which extends to the com-
mon firing circuit for all progress tubes for the
elght entry registers. Since the first register
progress tube 2800 is now in operation, the next
progress tube 2604 has been primed and therefore
the tube 2604 will respond to the pulse delivered
to it over the conductor 1808, At the same time,
the “1” key 1808 will connect the firing conductor
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1802—1 from the generator to the common con-
ductor 1806 so that it will now be in communica-
tion through the tube 2804 to the firing conductor
2605 leading to the “1” to “9” tubes of the first
denominational order register for the first factor.
Since the “1” tube 2606 is primed over the prim-
ing conductor 1601—i, then the tube 2608 will
respond to the “1” pulse from the generator.
The operation of this tube will derive current
through the impedance coil 2607 and through the
action of the condenser 2608, will cause the po-
tential derived through the companion coil 2608
to be depressed transiently to extinguish the “0”
tube 2610. The positive potential applied to con-
ductor 1809 fires tubes 22iT and 2218 to select
the positive generator and to then start it. It
should be especially noted that every factor on
entry is entered as a positive number by the posi-
tive generator regardiess of its sign and that signs
do not enter into the calculations.

Prior to the firing of the tube 2608, a two-ele-
ment glow lamp 2611 remains dark but as soon
as the tube 2608 fires, this lamp glows to indi-
cate that the digit “1” has been registered.

In similar manner, the remaining seven digits
of the two factors of the problem may be entered
on the registers shown in Figs. 26, 30, 27 and 31,
As each digit of a factor is entered, the progress
tube for its register is operated and the generator
pulse selected by the digit key is passed through
this fired progress tube to fire the corresponding
tube of the register. There are in all, ten prog-
ress tubes for the entry of the sign and the four
digits of each of the two factors. Variation of the
use of these registers in accordance with the pat-
tern of the calculations wil be noted hereinafter.
It is only necessary at this time to note that the
tubes of the entry registers each consist of an
array of ten tubes for registering one of the ten
digits in each of the four denominational orders
of each of the factors. The repeated use of the
digit keys advances the progress circuit and en-
ters the numerical values in these registers. After
the entry of the sign and the four digits of the
first factor, then the sign for the second factor
must be entered, even though, as will appear here-
inafter, the plus sign tube has been previously
fired. This is for the purpose of advancing the
progress circuit.

A special arrangement for breaking into the
progress circuit to operate the sign tube for the
second factor, is provided in square root opera-
tions where the four registers for the first factor
are not employed.

The clearing-out key

The clearing-out key circuit is shown in Fig. 21,
This is what might otherwise be termed a general
release means, for by its operation any value
standing on the accumulators is dropped and the
accumulators are returned to zero. The means
also is useful for putting the device in condition
for operation on the initial start of operations,
for the accumulators must have some value such
as 0000 standing thereon in order to be responsive
to the transfer of a value from the entry registers.
This means is operated by the momentary de-
pression of the clearing key 2100 in the operator’s
keyboard.

Upon the operation of key 2100, positive battery
from the source (3) is extended through the
resistance 2181 and the key 2100 to fire the tube
2102. Tube 2§02 creates and transmits a pulse
to fire the tube 2103 and this so affects the voltage
divider point between the resistances 2{04 and
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2108 that the grid of the triode 2106 is_made
sufficiently positive to operate this triode. Con-
sequently, the current drain caused thereby
through the resistance 2107 lowers the potential
on the conductor 2108 constituting the source
(3) that all tubes depending thereon are extin-
guished. This includes the tube 2102 which In
returning to its non-conducting state produces
a rise of potential constituting a positive pulse at-
its slotted anode. This pulse is slightly delayed
in its effect by the delay network consisting of
the resistances 2109 and 2110 and the condenser
2111 but in time causes the tube 2112 to fire. Tube
2i12 in firing extinguishes the tube 2103 by
means of the connection through condenser 2113
between the slotted anodes of these two tubes.
The tube 21038 in returning to normal releases
the triode 2106 which therefore restores the po-
tentlal on the conductor 2108, source (3). The
rise of potential at the slotted anode of tube 2103
now constitutes a positive pulse which is extended
through the delay network consisting of the re-
sistances 2114 and 2{15 and the condenser 2118
to fire the tube 2117. Tube 21471 creates and
transmits a pulse into conductor 2118 which will
later be seen to be employed for setting the accu-
mulator carry circuit to zero. The pulse created
by the tube 2117 will also be transmitted through
a delay network consisting of resistances 2118
and 2120 and the condenser 2121 to fire the tube
2{22. This tube 2122 now creates and transmits
a pulse into the conductor 2123 which will later
be seen to be employed to set the accumulators to
Zero.

During the ensuing operations tubes 2012, 2417
and 2122 will remain in operation. At some later
time when the clearing key 2100 is again operated
the firing of tube 2103 will extinguish tube 2112
and the depression of the potential of the source
(3) will release the tubes 21{T and 2122 ready
for another operation as above described.

Therefore the practical result of the depres-
sion of the clearing-out key is to transiently de-
press the potential of the source (3) and after

5 that is restored to transmit zero setting pulses

over the conductors 2118 to the carry tubes and
over 2123 to the accumulators.

The start key

After the problem has been entered the opera-
tion of the calculating means is started by the
operation of the start key 1800. This directly fires
the start tube 1810 which creates and transmits
a start pulse into the conductor (81 for pur-
poses and with results which will be described
hereinafter. The potential for the operation of
the tube 1810 is derived from the source (3)
(conductor 2(08) and therefore the start tube

"may be extinguished by the operation of the

clearing key 2100. It may also be noted that upon
the operation of any one of the tubes deriving
their potential from the source (3—86) or (3—7)
by the operation of the network inctuding the in-
ductances (812 and 1813 and the condenser 1814
the potential supplied to the tube 1810 is tran-
slently depressed so that this tube is extinguished.
By the same token when the tube 1810 is fired the
potential of the sources (3—6) and (3—7) is
transiently depressed so that all tubes depending
thereon will be released. The source (3—6) sup-
plies the progress tubes for the entry registers for
the first factor and the source (3—7) supplies
the progress tubes for the entry registers for the
second factor and therefore upon the operation of
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the start key the progress tubes will be entirely
- released.

It may also be noted here that through the net-
work consisting of the inductances 1815 and 1816
and the condenser 1817 the two sources (3—6)
and (3—7) become mutually controlling so that
when one is used the tubes depending on the
other are released. The use of this arrangement
is described elsewhere,

The accumulators

The accumulators, one for each of the four de-
nominational orders are shown in Figs. 40, 42, 45
and 48. A description of one will suffice to ex-
plain the operation of all. The accumulator, so
called, is actually the combination of an accumu-
jator and s register. Each is a counting chain,
the accumulator in the form of & closed ring and
the accumulator register in the form of an cpen
chain. When a digital value is offered for accu-
mulation, that value is placed in the register
whereupon an sutomatic transfer from the accu-
mulator register to the accumulator takes place,
the register counting down to zero and the ac-
cumulator counting up an equal number of steps.
Each has a common firing circuit and each has
& common output circuit, the common firing cir-
cuit of one being connected to the common out-
put circuit of the other, The tubes of the register
may be selectively fired while only the zero tube
of the accumulator may be so fired either to start
a new calculation or on clearing out the result
of a previous calculation.

In Fig. 40 the tubes 4000, 4001 and 4009 are the
0, 1 and 9 tubes respectively of the closed ring
accumulator and the tubes 4004, 4005 and 4008
are the 9, 8 and 0 tubes of the register. The con~
ductor 3403 constitutes the common firing cir-
cuit of the register and the common output cir-
cult of the accumulator. The conductor 4008
constitutes the common firing circuit of the ac-
cumulator and the common output circuit of
the register. The one exception to this is that the
zero tube of the register is not connected to this
common ocutput circuit since the zero tube when
fired, does not advance the accumulator but
merely extinguishes the No, 1 tube of the register
and reports the completion of the operation of
the register to the carry circuit.

By way of example, let us suppose that the digit
0 is registered in the first denominational order
register of the first factor, that is that tube 2610
has been fired, and that this is to be transferred
to the accumulator as part of the multiplicand.
Let the multiplier digit be any one of the digits
1 to 8. When the transfer is signaled and the
positive generator is started on its eycle, a prim-
ing pulse will be transmitted from the transform-
er 1615 over conductor (603—0 to the priming
point for tube 4006, Simultaneously a firing
pulse will be transmitted from transformer 1619
over conductor 1604—0 through tube 2610, con-
ductor 2623, tube 3506, conductor 3403, {o the
firing circuits of all the accumulator register
tubes of the higest order in common. The tube
4008 being the only register tube thus simul-
taneously affected, will fire. Each of the other
tubes may be similarly selectively fired.

If the negative generator has been operated.
as when the product is determined to be nega-
tive, then the priming pulse would come from
transformer {915, over conductor (603—9 to
prime tube 4004, The flring pulse would be
transmitted in the same manner as above over
conductor 1604—0 and consequently the number
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9 tube representing the iine’s complement of
zero would be fired.

Now upon the firing of tube 4004, a pulse is
created and transmitted into conductor 4008
whereupon that one of the accumulator tubes
which is primed will be fired. Tube 4004 primes
tube 4008 so that when tube #4001 (assuming
the accumulator to be set to zero) fires, it creats
a pulse, transmits it to conductor 3408 and there-
by in turn causes the No. 8 tube 4005 of the regis-
ter to fire. In this manner the register is counted
down to zero and the accumulator is counted up
to 8.

One aspect of the particular accumulator
shown in Fig. 40 should be noted. This accu~
mulator is the first or extreme left-hand denomi-
national order accumulator and its function pri-
marily is to act as a sign indicator. Tube 4000
fired represents a positive number registered and
tube 4008 represents a negative number regis-
tered. Each of these tubes when active may be
used to pass a sign indication. By way of ex-
ample, a transformer 4014 is connected to the
tube 4000 spo that when the signal that the ac-
cumulation has been completed is passed over
conductor 4015 it will be transformed by trans-
former 4016 to a negative pulse, passed through
the grid and main anode of tube 4000, and trans-
former 4014 to transmit a pulse over the positive
conductor 4002. In like manner a transformer
4017 is connected to tube 4008 so that when the
signal that an accumulation has been completed
is passed over conductor 4018 it will be trans-
formed by transformer 4018 to a negative pulse,
passed through the grid and main anode of tube
4009 and transformer 4017 to transmit a pulse
over the negative conductor 4003. It should be
noted that when either tube 4000 or 4009 is fired
a pulse will be created in the associated trans-
former and passed to either conductor 4002 or
4003 but that such pulse is negative and will have
no effect on the circuits to which these con-
ductors extend,

It should be noted that after the clearing out
key 2100 is operated, a pulse is passed over con-
ductor 2123 which will pass through transformer
4019 to fire the zero tube 4000 and thus set the
accumulator to zero. Through transformer 4020
a zero setting pulse is also passed to the positive
conductor 4002 for the purpose of firing the posi-
tive memory tube initially. Other aspects of
this accumulator will be found in the following
description of the carry circuits,

The carry circuits

Since each accumulator is in the form of a
closed ring on a decimal basigs there must be
means for carrying over one whenever an ac-
cumulator exceeds its original capacity. ‘Thus,
in Fig. 40 the three tubes 4000, 4001 and 4009
represent the ten tubes in the ring. The No. 9
tube is arranged to prime the No. 0 tube and at
the same time it primes a carry tube 4019 so that
when the accumulation passes from the 9 tube
into the 0, 1, 2 or 3 tubes beyond, the tube 4010
will be operated and left in this condition. There
is a similar tube for each of the other decimal
order accumulators, namely, tubes 4210, 48(0
and 4810.

There is also associated with each accumu-
lator register a tube which is triggered off to
indicate that the register has completely count-
ed down. In Fig. 40 this tube is that numbered
4007 and will become operated as soon as the
register has completely counted out. Similar and
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corresponding tubes in the other accumulator
registers are the tubes 4207, 4507 and 4801.
There is a tube in Fig. 41 designated 4100 which
may be put in operation when and if bcth the
tubes 4007 and 4207 arc triggered on. Corre-
spondingly, a tube #101 will be fired when and
if both of the tubes 4507 and 4807 are triggered
on. In like manner the tube 4102 will be fired
when and if both tubes 4100 and 4101 have been
fired. Thus, when and only when all of the
various accumulator registers have completely
discharged their functions the signal is given
to operate the carry means. This consists in the
creation and transmission of a pulse by the tube
4102 over the conductor 4103 and thence through
either tube 4820 or 4821. It may be noted that
these latter two tubes have their firing circuits
connected respectively to the plus and minus gen-
erator selecting wires 1609 and (900, respectively.
Thus, if the last operation which resulted in the
operation of the accumulators was one performed
under the positive generator cycle the tube 4820
would have been operated so that the pulse over
conductor #4103 would then be transmitted to
the conductor 4822. If during the accumulation
the carry tube 4810 had been operated it would
have caused the tube 4811 to be extinguished.
It may be noted that on the zero setting pulse
over conductor 2118, that the four tubes 4011,
4211, 4511 and 4811 were originally triggered on.
Now, if the tube 4810 has been triggered on and
left in operative condition it would have trig-
gered the tube 4811 off and then left this tube
in g primed condition so that now with the pulse
being delivered to the carry wire 4812 by the
tube 4820, the tube 4811 will be operated. This
will create a pulse and transmit it into the con-
ductor 4508 which will cause the next higher
denominational order accumulator to be ad-
vanced one. Let us assume in this case that
the tube 4510 has not been triggered on nor will
it be triggered on by this addition of the one
carried into this order. Some one of the tubes
of the accumulator which have thus been fired
will create and transmit into the accumulator
output conductor 3405 a pulse which will be
passed through the transformer 4523 as a nega-
tive pulse and thence through the grid and main
anode of the tube 4507 thence through the trans-
former 4524 as a positive pulse to now operate
the carry tube 4812 for the purpose of creating
and transmitting a pulse into the conductor 4828.
The pulse in contactor 4828 will cause the tube
4812 to fire since in this case the tube 4811 has
been left undisturbed since it was originally set
on a zero settting operation. The tube 4512 will
create and transmit a pulse into the conductor
4525 so as to trigger on tube 4211 if the tube
4210 is operated or otherwise to trigger on tube
42{2. If the tube 421( is triggered on at this
time then a carry 1 will be added to the tubes of
the first or extreme left-hand decimal denomi-
national order and in turn a pulse will be sent
back over conductor 3403 through the trans-
former 4023, the tube 4007, the transformer 4024
to fire the tube 4212, It will thus be seen that
eventually the four tubes 4812, 4512, 4212 and
4012 must be fired in turn so that the tube 4912
will create and transmit into the conductor 4028
a pulse which constitutes a signal that the carry
operation is complete. This signal in one di-
rection will be transmitted through the trans-
former 4026, the tube 4011, the transformer 4027,
the conductor 4015 and thence either through
the tube 4000 or 4009 to establish the plus or mi-
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nus sign indication. The sign indications will
be transmitted over the conductors 4082 for pos-
itive and 40808 for negative where they in one
case will operate the positive memory tube 4402
or the negative memory tube #403 as the case
may be.

The pulse on conductor 4028 performs its main
function by firing the tube 4104, This tube per-
forms two functions, firstly, it creates a pulse
and transmits it over conductor 1713 to advance
the counting relays in multiplication by way of
example and secondly, it operates the triode 4108
which through the action of the impedance coils
4108 and 4107 with the condenser 4§08 momen-
tarily or transiently depresses the potential on
the source (3—1). Since this source supplies po-
tential for the tube such as 4812 and all the
tubes of the register circuit as well as the com~
mon tubes 4100 to #102 such tubes will at this
time be extinguished leaving in each case either
the tube such as 4010 or the tube 40{{ in opera-
tion.

The tube #1089 functions in the frst or ex-
treme left-hand accumulator order to pass a
carry pulse from this order to cause the firing
of tube 4012. This carry pulse is lost as far as
registration goes.

In the event that the operation of the accu-
mulator has been carried out by a negative cycle
then the conductor (900 will have received a
pulse and this will of course cause the tube 4821
to operate instead of the tube 4820 and to ex-
tinguish this tube #4820. When therefore the
pulse is received over the conductor 4103 the
tube 4821 will transmit a pulse into the con-
ductor #4308 to add one to the amount extending
on this last order accumulator. Thereafter, the
operation is as previously described. Thus each
time & number in the form of a complement is
transferred to the accumulator a one is auto-
matically added through the operation of the
tube 4121,

The column shift tubes

The tubes which are included under this gen-
eral heading are shown in Figs. 34, 35, 38 and 38.
In Figs. 34 and 38 there are shown two sets of
tubes for establishing electronic circuits from
the second factor entry registers to the accu-
mulator registers. In Flg. 27 it will be noted
that the first denominational order register of
the second factor will transmit over the con-
ductor 2111, the second register over the con-
ductor 2712 and in Fig. 31 the third order register
will transmit over conductor 3182 and the fourth
order register over the conductor 3103. These
four conductors 2711, 27i2, 3102 and 3103 are
pracketed together and shown as the group 2118
leading to Fig. 3¢ where they are again individ-
ually identified as leading to tubes 3400, 3401,
3800 and 3801. These four tubes in turn extend
the connections to the four conductors 3408, 3404,
3405 and 3408 leading to corresponding decimal
denominational order accumulator registers.
The tubes 3400, 3401, 3800 and 3801 therefore
act as gates for the transfer of the dividend in
division or for the square in square-root. An-
other tube in this group is designated 3802 and
acts as an extinguisher for the above-named
tubes.

The tubes 3402, 3803 and 3804 which are fired
sequentially function to extend the conductors
2712, 3102 and 3103 to the counting relays for
use in multiplication whereby the counting relays
may be set in accordance with the multiplier dig-
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its, the multiplier being always registered on the
second factor entry registers. A fourth tube in
this group namely, tube 3808 acts as & means to
extinguish the other three tubes 3402 3803 and
3804 respectively suczessively.

In Fig. 35 there are shown four tubes 3501, 3502,
3503 and 3804 which function to establish elec-
tronic circuits between the square-root subtra-
hend synthesizer and the accumulator registers.
There are four denominational order transmit-
ting conductors from the four counters in Figs.
33 and 37 grouped under the designation 3300.
The first of these conductors 3301 leads to the
tube 3501, the second 3302 to the tube 3802, the
third 3700 to the tube 3503 and the fourth 3701
to the tube 3804. During square-foot operations
the four tubes 3601 to 3804 extend these four
conductors 3301, 3302, 3700 and 370{ to the con-
ductors 2623, 2624, 3002 and 8003, respectively
s0 that the synthetic subtrahends may be shifted
in their column relations by the other tubes in
Figs. 35 and 39.

The four transmitting conductors from the first
factor entry registers are grouped under the des-
ignation 2622 and consist of the wires 2623, 2624,
8002 and 3003. The tubes 3508, 3607, 3508 and
3509, respectively will extend these conductors to
the four conductors 3403, 3404, 3405 and 3408,
respectively so that when the tubes 3506 to 3503
are operated the first factor will be transferred
to the corresponding decimal denominational or-
ders in the accumulator. In square-root opera-
tions with all eight tubes 350t to 3509 operated
the synthetic subtrahends used for calculating
the first digit of the root will be transferred to
the corresponding decimal denominational order
accumulator registers.

After the first digit of the root or the first digit
of the quotient, or the first multiplier digit has
been calculated, the tubes 3808 to 3509 will be
extinguished and in their place the tubes 3901
to 3904 inclusive will be fired. These tubes will
extend circuits from the transmitting conductors
of the first factor or from the square-root sub-
trahend synthesizers shifted one place to the
right. By way of example, the tube 3902 will ex-
tend the conductor 26283 to the conductor 3404
whereby the first denominational order value
transmitted will be connected into the second de-
nominational order accumulator register. The
tube 3901 automatically produces a zero value for
the first denominational order accumulator reg-
ister,

In the same manner when the third root digit
or the third quotient digit or the third multiplier
digit is being calculated, the tubes 390(, 3908,
3906 and 3907 will be operated and these will
function to shift the value two places to the right.
The tube 3901 will supply a zero value for the
first denominational order accumulator register
and the tube 3905 will do the same for the sec-
ond denominational order accumulator register.

When the calculations are completed the tube
3908 will operate to cause the display in problems
of addition and the tube 3909 will cause the dis-
play in multiplication, division and square root.

The four tubes 3509, 3904, 3907 and 3909 act
as a control for the column shift tubes. When
the column shift tubes are flrst fired the tube
3609 will be triggered on. When the calculation
under this condition is complete a pulse will be
transmitted into the conductor 1712 which will
thereupon cause the tube 3904 to fire since this
tube was previously primed by the tube 3509. It
will now be triggered on and will result in the
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extinguishment of the tube 3808 and the prim-
ing ¢: the next tube 3801. In a similar mmanner
when the next calculation has been completed
another pulse will be fired into the conductor
{121 io cause the firing of tube 3907 which now
extinguishes the tube 3904 and primes the tube
3809. At the end of the third calculation and
therefore the end of the problem another pulse
transmitted into the conductor iT21 will cause
the tube 3809 to be triggered on and the tube
3907 to be extinguished. The tube 3909 as pre-
viously noted will cause the result calculated to
be displayed.

The counter for multiplication

The string of counting tubes shown in Fig. 25
are ysed for the purpose of controlling the num-
ber of times a multiplicand is added in accord-
ance with a given multiplier digit. There are
10 tubes ih an open chain here represented by
the tubes 2804, 2502, 2803 and 2504. When a
problem in multiplication is to be performed
some one of. the multiplier digit shift tubes 3402,
3803 or 3804 will establish an electronic connec-
tion to operate some one of these tubes. If the
multipler digit is 8 then the tube 2803 will be
simultaneously primed over the lead (80{—8 and
fired over the common conductor 1713. While all
of the counting tubes in this string will be se-
quentially primed over the conductors 1601—0
to 1801—8 only the tube to be fired will receive
a firing pulse over the lead 1713, ‘The firing of
the tube 2803 will transmit a pulse into the start
lead 2200 to start the generator to transfer the
multiplicand to the accumulators. When the ac-
cumulating operation is complete another pulse
over the common firing conductor 1713 will cause
the next lower-numbered counting tube to be op-
erated since each of these tubes primes the next
lower-numbered one. In this manner, this chain
will count down until the zero tube 280{ is op-
erated. Upon the operation of this tube a pulse
will be transmitted into the stop wire 220f. The.

. generator will be stopped and a pulse will be

transmitted through the tube 1719 (see descrip-
tion of the operation of the pattern tubes for
multiplication hereinafter described under the
heading “Multiplication”) and thence over the
conductor 1721 to cause the next set of shift tubes

' to be fired. Assuming this to have been the first

multiplier digit then it will be remembered that
tube 3809 was operated so that when this pulse
is put onto conductor 1121 it will cause the tubes
3901, 3802, 3503 and 3904 to become fired. The
tube 3903 in Aring wili create and transmit into
conductor 3918 a pulse which will traverse the
windings of the transformer 2506 to cause the
firing of tube 2505. This is delayed slightly by
the delay circuit consisting of the resistances 2507
and 2508 and the condenser 2509 in order to give
the generator time to reach its starting position.
Thereupon the tube 2505 in firing creates and
transmits a pulse into the starting conductor 2202
s0 that the next operation can take place.

In case any one of the multiplier digits is zero
then the tube 2500 is operated instead of one
of the tubes in the counting chain itself. This
operation takes place through the fact that tube
2500 is simultaneously primed over the trans-
former 25i0 and fired over the common con-
ductor (713. Tube 2500 immediately stops the
generator by transmitting a pulse into the wire
2201 and restores the tube 2505 if this has been
left operated from some previous operation. The
pulse transmitted into the stop wire 2201 is also
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passed through the tube 719 to the conductor
1721 to cause the shift in the decimal column ar-
rangement as above described. When this shift
takes place one of the shifting tubes, such as
3903 or 39086 transmits a pulse into the conductor
3810 with the result hereinbefore described, that
is, the tube 2508 wil be operateq to start the
generator on its next cycle. Thus the shift is
made on a zero multiplier digit without the gen-
erator advancing to a point where it could trans-
fer any value from an enfry register to an ac-
cumulator register.

The counters for divislon and square root

In Fig. 29 there are shown three groups of
tubes used as a means for counting the digits of
a calculated quotient or a calculated root. The
group of tubes 2900 to 2906 inclusive count the
first quotient digit, the group of tubes 2907 to
292 inclusive count the second quotient digit
and the group of tubes 2913 to 2918 inclusive
count the third denominational order quotient
digit. General control over these tubes is ex-
ercised by the tubes of Fig. 28. The three tubes
2800 to 2802 constitute pattern tubes and are
fired by a pulse over the conductor 2007 when the
division or square root key 1s operated. The tube
2800 in firing creates and transmits into the con-
ductor 2810 a pulse for firing the three priming
tubes 2900, 2907 and 2913 as well as the first
tube 2806 in the division counter progress cir-
cuit. This puts the counter in operative condi-
tion.

The tube 2801 establishes an electronic circuit
from the output of tube 2884 to the conductor
1121 for the purpose of signaling the successful
completion of a shift. Upon the initial operation
of the tube 2801 it creates and transmits a pulse
into the conductor 2811 which fires the tube 2408
whose function it is to extinguish the tube 2409,
The tube 2408 should not be fired at this time
put the firing of the tube 2408 will assure the
fact that 2409 is in its proper condition.

The tube 2802 functions to establish an elec-
tronic circuit between the generator start wire
2200 and the firing circuit of tube 2805 so that on
every subsequent starting operation of the gen-
erator the tube 2805 will become. operated and
will function to extinguish the tubes 2803 and
9804. Upon the initial operation of the tube
2802 it will create and transmit into the start
conductor 2200 a pulse for starting the generator.
This will operate through one cycle to transfer
the dividend from the second factor entry reg-
isters to the accumulators as will be fully de-
scribed hereinafter under the heading “Division.”

Upon the operation of either the division key
or the square root key both the tubes 2403 and
2404 will have become operated. If both the
dividend and the divisor are plus quantities or
are both minus quantities then we know through
the principles of algebra that the quotient will
be positive. Therefore, when the start key is op-
erated a pulse will be sent over the plus quotient
wire 2612 and will be transmitted through the
tube 2404 to the positive conductor 2408, This
will result in the firing of the tubes 2440, 2411,
2412, 2413 and 2414. The tube 2414 creates and
transmits a pulse into the conductor 1600 to
select the positive generator. With the positive
generator selected as just described and the gen-

erator started as previously described the dividend
will be transferred as a positive quantity to the
As @ result of this the positive
pulse at the end of

accumulators.
conductor 4002 will caIrTy a
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the carry operations. This pulse will be trans-
mitted through two of the four tube combinations
in Fig. 24. In the first place it will pass through
tube 2412 to transmit a pulse into conductor 1900
for the purpose of selecting the negative gen-
erator. This is because the dividend having been
transferred as a positive quantity the divisor must -
next be transferred as a negative quantity. The

pulse on conductor 4002 will also pass through the

tube 2410 to the primary conductor 2418 leading

to the tube 2409, However, this tube is not op-

erated at this time and will not pass this piilse.

To anticipate the operation of this eircuit it may

be noted- at this time that in the calculation of

the first quotient digit there will be a series of

pulses over the conductor 4002 corresponding to

a series of positive remainders calculated. When

the dividend has been exhausted however, &

negative remainder is produced and this will

transmit a pulse over the conductor 4003 thence

through the tube 2411 to the secondary conductor

2418, This causes the tube 2409 to be fired at the

same time extinguishing the tube 2408. The pulse

through the tube 2403 is a signal that a negative

remainder has been produced so that the error

will have to be rectified by restoring the divisor

in its natural form. The pulse over conductor

4903 finds a path also through the tube 2413 to

the positive generator selector conductor 1800

so that the next operation of the generator after

the overdraft has occurred will be an operation

of the positive generator to restore the divisor.

This produces a positive remainder (one having

a zero in the first denominational order) so that

the next pulse is one over conductor 4002 and

this finds a path to the primary conductor 2418

thence through tube 2408 which is now operated,

the conductor 2407 through the tuhe 2013 thence

over conductor 2014 to fire the tubes 2803 and

2804. ‘The tube 2803 creates and transmits. a

pulse to the common flring circuit of the tubes

2507, 2808 and 2809 of the progress chain. This

firing pulse is slightly delayed by the network

consisting of the resistances 2812, 2813 and the

condenser 2814. The tube 2808 fired before the

calculation of the first quotient or root digit,

primes the tube 2807 so that now upon the firing

of tube 2803 the tube 2807 will respond and will

extinguish the tube 2808. The tube 2804 also

fired at this time will transmit a pulse into the

conductor 2811 for the purpose of firing the tube

2408 and thus extinguishing the tube 2408.

Tt may now be noted that if the dividend and
divisor had had unlike signs that then the nega-
tive quotient or the negative root conductor 2613
would have been used for transmitting the start
pulse. In this case the start pulse would have
been transmitted through the tube 2403 to the
conductor 2405 thereby firing the tubes 2811, 2418,
2419, 2420 and 2421. The tube 242{ would have
created and transmitted a pulse into the conduc-
tor 1900 for selecting the negative generator so
that the first operation of the generator would
cause the dividend to be transferred to the ac-
cumulators as a negative quantity. This, of
course, would result in a pulse at the end of the
carry operations over the negative conductor 4003
thence through the tube 2420 to the conductor
{600 to select the postive generator. This is be-
cause the dividend having been transferred as &
complement the divisor must be used in its nor-
mal form. The pulse over conductor #0038 would
also find s path through the tube 2418 to the pri-~
mary conductor 2415 leading to the tube 2408 but
without effect since the tube. 2409 is not operated




23,807

47

at this time. In a manner like to that hereinbe-
fore described during the operation of diminish-
ing the dividend g series of negative remainders
will be calculated followed by a positive remainder
when an overdraft occurs followed in turn by a
negative remainder when the error has been recti-
fled. Thus a series of pulses will be transmitted
over the primary wire 2415 which will be ineffec-
tive.  This is followed by a single pulse over the
secondary wire 2418 which fires the tube 2409

and prepares it to pass the next pulse created on

the restoration of the divisor.

Returning to the operation of the counters it
may be stated that upon the completion of an
accumulating operation the signal that the ac-
cumulation is complete is in the form of a pulse
transmitted over the conductor 1113. This will
be transmitted through the tube 2015 and thence
over the conductor 2016 where it finds a path
through the tube 2806 to the common firing cir-
cuit of the first counter here numbered 28(5.
Thus when the dividend has been entered into
the accumulators and the operation is complete
a pulse over conductor 2815 will fire the tube 2901
primed by the start tube 2900. The tube 2801
therefore counts the transfer of the dividend, and
transmits a generator starting pulse into the con-
ductor 2200. This as before stated produces a
positive remainder (if the dividend is transferred
as a positve quantity). The divisor is now en-
tered and causes another operation of the ac-
cumulator and at the end of this operation a pulse
over the conductor 2815 will cause the operation
of the counting tube 2902. If this produces a
negative remainder (meaning that the first quo-
tient digit is zero) then an overdraft will have
occurred at the end of which the tube 2902 is
fired as described. Upon the restoration of this
overdraft the tube 2903 will be fired and this
counter will thereafter remain in this condition,
that is, with the tube 2903 fired. It may now be
noted that when the display takes place & firing
pulse will be transmitted over the conductor
1602—0 through the tube 2903 to the conductor
2920 leading to the means for displaying the first
digit of the calculated quotient.

In this manner it will be understood that the
first counter will register first to the transfer of
the dividend, then the number of proper re-
mainders produced up to and including the over-
draft and finally the restoration of the overdraft
so that the proper counting tube is operated for
purposes of controlling the display.

When the overdraft has been restored then the
progress circuit will be operated as hereinbefore
described so that the next series of pulses trans-
mitted over the conductor 2018 will be trans-
mitted through the tube 2807 to the second coun-
ter consisting of tubes 2907 to 2812 inclusive.
This counter is the same as the counter above de-
scribed with the exception that the dividend does

_not have to be counted and hence there is one less
tube in this string than in the counter above.
This is also true of the third counter consisting
of the tubes 2913 to 2918 inclusive.

Upon the restoration of the divisor after the
third quotient digit has been calculated the tube
2809 is operated. The only function of this tube
is to extinguish the tubes 2808.

It may be noted that all the tubes in Pigs. 28
and 29 derive their positive potential from the
source (3—3). This is also true of the tubes in
Fig. 2¢ which are used only in division and square
root operations.
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The theory of square root

From the mathematical standpoint the square
root of a number may be extracted in a step by
step process through the use of a series of odd

numbers. Let us consider these numbers.
Series. .o 135 7 911 13 15 17
Sum of séries. ... . _.._.___ .-1 4 9 16 25 36 49 64 81

123 4 6 6 7 8 9

The method used is to create a series of syn-
thetic subtrahends based on this series of odd
numbers and to then diminish the number whose
square root is sought. By way of example, if the
square root of 4 is sought, the first of the series
is subtracted therefrom leaving a remainder of
3. Then the next in the series, 3, is subtracted
from this remainder, leaving now a remainder of
0. The count of the number of synthetic sub-
trahends is the square root, in this case, 2.

Let us take another example, to extract the
square root of 81. Arithmetically, this looks as
follows:

81
1

8|
3

7
5
7
7
65
9
%
1

1

45
13
32
15
17
17
00 .
In this example the synthetic subtrahends were
1, 3,519, 11, 13, 15 and 17, the count being 9
5o that since the last remainder is zero, 9 appears
to be the square root of 81. .
Now, let us advance another step, to see how
the synthetic subtrahend is formed when the root
proves to have more than one digit. Let us ex-
tract the square root of 529. This will appear
as follows:

[ W Y-
il

=
=2

|a=lagl

00

In this case, blocking the number out in groups
of two digits, we first diminish the first group by
using 1 and 3 of the series and when we reach
a remainder less than the next number of the se-
ries, we terminate this operation and put down
as the first root digit the count of these numbers
of the series used, in this case 2. Now, the next
operation consists in bringing down the next
group of two digits so as to form a new minuend
128. The new synthetic subtrahend is formed
by taking the last subtrahend used, 3, increas-
ing it by 1 (to 4), shifting it one place to the
right and then adding, in another denominational
place to the right the first number, 1, of our



serles. Thus using the synthetic subtrahends 41,
43, 45 we diminish the remainder to zero. There
was a count of 3 in this last operation, so the
square root of 529 appears to be 23.

Let us go further, to illustrate the formation
of a synthetic subtrahend when a zero appears
in the root. Take the number 1695204 and block
it out in groups of two digits whereupon we find
the first group to be 01. Therefore:

01 69 52 04
1
069
21
48
2
25
2|

5

00 52
2 61
This synthetic subtrahend formed in the man-
ner above described evidently cannot be used, so
we take the 26, which is the last synthetic sub-
trahend used, 25, increased by 1 and shift it
another place, add a zero and then begin the use
of our series of odd numbers. Thus:

005204
2601

2603
2603

0000

and having produced a remainder of zero we find
that the counts have been 1302, the exact square
root of 1695204.

In the device of the present invention where the
count must be determined by making an over-
draft, we make a virtue of a necessity. The last
synthetic subtrahend used is always a value 2
greater than the last previous subtrahend, and
hence the next synthetic subtrahend used may be
formed by subtracting 1 from the subtrahend used
to produce the overdraft, rather than go back
to the last subtrahend which produced a positive
remainder and add 1 thereto. This may be illus-
trated as follows:

b

=5
084
therefore, 41 the next subtrahend must be (5—1) 1=4l

43
43

00

As a last example, let us extract the square
root of 450, as follows:

Count
450
1 1
3
3 2
0
[
Overdraft. . . e -5
ReStOre. o oo +5
050
41 1
(i3]
43
Overdraft. .. .o.oooem v ~34
ReStOT. e e veeece e cmcmme e 443
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Overdraft. ..o
RESEOTO.. - - oo mcem e e mmwmmemm e

Overdraft. . amaeenen
RestOre. .o ncamceoeniacen

1848079100
424204061
The counts have been 21213203 and simple
scanning will indicate the next one to be 4. The
proof of this operation will be to square the
root 212132034 whereupon the number

44999999848877156

is produced.

It is interesting to note the growth of the
synthetic subtrahend in this last example. Those
which were valid are listed in the following
column:

Using this method of calculation it will be
found that the square root of 99.999999 and so on
indefinitely is 9.999998 and so on indefinitely
and that the synthetic subtrahend approaches
19989999 and so on indefinitely.
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The counters for square root aubtrzhends

In Figs. 33 and 37 there are shown the four .

counters for synthetically producing the subtra-
hends used in square root operations. The two
tubes 3303 and 3304 comprise the counter for
producing the first denominational order digit
which is transmitted over the conductor 330i.
The next horizontal row of tubes 3308 to 3312
inclusive represent the counter for producing the
second denominational order digit of substrahend
which is transmitted over the conductor 3302.
The tubes 3308 to 3310 inclusive represent the
0,1, 2, 3, 8 and 9 tubes of a digital arrangement of
a counter made up of a closed ring of tubes in a
special arrangement. This special arrangement
consists of two firing conductors one for the odd-
numbered tubes and one for the even-numbered
tubes. Each odd-numbered tube when fired
primes the next odd-numbered tube and the pre-
ceding even-numbered tube. Thus the No. 1 tube
3306 when fired primes the No. 3 tube 3308 as
well as the No. 0 tube 3308. Each even-numbered
tube when fired primes the next odd-numbered
tube.

It will be remembered that in the calculation
of a root digit the method employed consists in
successively subtracting, from the square, odd
numbers beginning with one and in some cases
going as far as I71.
exhausted so that the next odd number to be
subtracted would produce an overdraft the last
odd number used successfully is increased by one
and made the basis for the next shifted synthetic
subtrahend. Since the device is unable to fore-
cast that another subtraction will produce an
overdraft this overdraft must be calculated and
therefore the last subtrahend used will be two
greater than the last one which might have heen

successfully used. Therefore, instead of increas- -

ing this by one, the value which produced the
overdraft is decreased by one.

Therefore in synthetically producing these sub-
trahends the firing conductor to the odd-num-
bered tubes is used to advance the valves through
the series of odd numbers until the overdraft has
been calculated. At that time, a change in sign
of the remainder will cause a pulse to be trans-
mitted over the firing conductor for the even-
numbered tubes whereby & tube one less in value
than the last one fired will now be triggered on.
For instance, if the subtrahend which produced
the overdraft had caused the No. 3 tube 3308, rep-
resenting either the digit 3 or 13, to be fired, then
upon the calculation of this overdraft a pulse
would be fired into the even-numbered tubes to
cause the tube 3307 to be triggered on.

In further calculations this condition arrived
at will remain fixed unless there is a carry from
a subsequently used counter. In that case, an-
other pulse will be fired into the odd-numbered
firing conductor 3313 to now cause the No. 3 tubhe
to again become triggered on.

In the counter now under description the tube
3311 is primed by the No. 9 tube 3310 s0 that as
the series of odd numbers increases from 9 to 11
the tube 3311 will be operated to carry a one into
the counter for the first denominational order
consisting of the two tubes 3303 and 3304,

It may be interesting to note at this time that
the counter for the first denominational order
consists of only two tubes because the value of
the synthetic subtrahend in this denominational
order will never exceed the value . It may be
noted as a point of interest that the greatest

‘When the square has been’
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syisthetiz subtvshernd 18 1909 with the value 8 re-
curring indefinitely when the value 99 foilowed
by a string of 9’s recurring indefinitely is used
as the square.

The last tuke in this counter namely the tube
3312 is used to extinguish the carry tube 33i1i.

A group of tubes 3718 to 3717 inclusive com-
prises the third denominational order counter and
these tubes correspond in function exactly to the
tubes 3308 to 3312 respectively. The odd-num-
bered tubes of this counter will be fired over the
conductor 3103 and the even-numbered tubes over
the conductor 3702,

A tube 3704 represents the zero tube of the next
counter, that is, the counter for the last denomi-
national order digit of the synthetic subtrahends.
Since in the present arrangement the first col- -
umn shift of the synthetic subtrahend will take
the conductor 310§ out of use the other tubes of
this counter would never be usefully employed
though in a larger computer built for greater ac-
curacy this counter would be complete and the
arrangement would be exactly similar to the
counters for the second and third denominational
orders,

It may be noted that when square root opera-
tions are started the firing of the tube 3802 will
transmit a pulse into the conductor 3601 to estab~
lish the first synthetle subtrahend 0100. The
pulse on conductor 3801 will operate through the
transformer 3318 to forcibly fire the zero tube of
the first counter, through transformer 3316 to
forcibly fire the No. i tube 8308 of the next coun-
ter, through the transformer 3708 to forcibly fire
the zero tube 3718 of the next counter, and to
directly fire the tube 3704.

The control of the synthetic subtrahend coun-
ters resides in a number of tubes shown in Figs.
32 and 36. When the square root key 1801 is
operated a source of positive potential is con-
nected to conductor 1818 which thereupon causes
the tubes 3602, 3603, 3604 and 3603 to fire. The
tube 3802 in operating creates and transmits a
pulse over the wire 3801 for the purpose of set-
ting up the initial subtrahend 0100,

The tube 3603 establishes an electronic circuit
from the conductor 2311 to the firing circuit of
the start tube 3206 for shifting between the odd-
numbered firing circults and the start tube 3207
for shifting among even-numbered firing circuits.
It may be mentioned that this tube 3803 fires
simultaneously with the tube 230i and hence a
pulse created by the tube 3603 and backflred into
the conductor 23i{ will not be communicated
through the tube 2301 to the start conductor 2300.

Tube 3804 creates an electronic circuit from
the secondary wire of the “flip-flop” consisting of
the tubes 3200 to 3203 for the purpose of firing the
tube 3208 when a change In sign has been de-
tected.

The tube 3808 fires the tube 3204 and com-
pletes an electronic circuit from the primary wire
of the “flip-flop” to the eircuit for counting the
number of subtractions made in calculating the
square root of a number. The tubes 3204 and
3205 are mutually controlling so that the firing
of tube 3204 at this time will extinguish 3208 or
at least prevent it from operating.

When at some later time the start pulse is
transmitted it will cause the operation of tubes
3208 and 3201 if the root is to be positive or
3202 and 3203 if the root is to be negative. Dur-
ing the calculation of the root and upon the com-
pletion of the carry operation there will be a
series of pulses sent over the wires 4002 and
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4003. If the root 1s to be positive there will be
a series of pulses over the positive wire 4002
followed by a single pulse over the negative wire
4003 followed in turn by another single pulse
over the positive wire 4002 for each root digit
calculated. If the positive wire 2408 is operated
then this results in a series of pulses over the
electronic circuit established by the tube 3204
and extended thence through the tube 3206 to
the conductor 3313 for advancing the second de-
nominational order counter shown in Fig. 33.
When an overdraft has been made then a pulse
over the conductor #4003 will pass through the
tube 3201, the secondary wire of the “flip-flop”
through the tube 3604 to cause the tube 3208 to
operate. Tube 3205 in firing extinguishes the
tube 3204 and establishes an electrenic circuit
from the end of cycle pulse conductor 2211 to the
firing circuit for the tubes 3208, 3610, 3611 and
3614. It may be noted that the tube 3201 has
primed the tube 3208 and that the tube 3208 has
primed the tube 3610, Therefore this pulse
causes the tubes 3208 and 36(0 to now become
fired and the tubes 3208 and 3207 are extin-
guished. The firing of tube 3208 creates and
transmits into the conductor 3314 a pulse for
firing an even-numbered tube one less in value
than the last previously fired odd-numbered
tube. By way of example, if the No. 3 tube 3308
had been fired by the first series of pulses then
the No. 2 tube 3307 would now be fired.

In the same manner if inverse square root is
being performed, and the minus conductor 2408
is effective rather than the plus conductor 2406,
then tubes 3203 and 3204 will have been oper-
ated. Under these conditions a series of the
pulses over the minus conductor 4003 followed
by a single pulse over the positive conductor
4002 will have exactly the same effect through
the tubes 3204 and 3208 as that just described.

The tube 3208 functions to advance the sec-
ond denominational order counter, the tube 3610
tunctions to advance the third denominational
order counter and the tube 3611 merely acts as
an extinguisher for the tube 3610 though if the
fourth denominational order counter were com-
plete, would function in the same manner as
the tubes 3208 and 3610, The tube 3614 func-
tions like the tube 3208 to trigger off the next
lower-numbered tube in a counter. It will be
realized that a palr of tubes such as 3610 and
36 14 will be furnished for each complete counter.

The display

The display circuits are shown in Figs. 43, 46
and 49. In Fig. 43 the string of ten tubes of
which 4300 to 4302 are shown represents the dis-
play means for the first decimal denominational
order of a sum, a product or a remainder. The
tubes 4310, 4311, 4312 and 4313 represent the
display means for the second denominational
order. The last of these tubes 4313 is used as a
carry means whose action will shortly be de-
scribed. In Fig. 46 the tubes for the third and
fourth denominational orders are shown. In Fig.
49 there are three open chains of tubes for dis-
playing the first, second and third calculated quo-
tient or root digits. To the right of each of these
groups of tubes there
ing to each group constituting means for estab-
lishing electronic circuits to the display means.

‘Whenever either one of the tubes 3908 or 3809
which order the display to be made is triggered
on, a pulse is transmitted over the conductor
3812 for the purpose of firing the four tubes 4404,
4408, 4408 and 4407. The tubes 4404 and 4488

is a single tube correspond-’
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will establish electronic circuits from the output
of the positive memory tube 4402, while the tubes
4408 and 4407 establish an electronic circuit from
the output of the negative memory tube 4403.
The memory tubes, of course, will respond and
register the sign of the final accumulation and
will therefore control the sign of the display.
By way of example, if the final accumulation is &
positive quantity then the plus memory tube
4492 will have been operated so that when the
display is ordered a pulse created by the tube
4700 and transimitted over conductor 47101 will
be transmitted through the tube #4402 and thence
through the tube 4484 to operate the positive sign
and display tube 4408. If, oh the other hand,
the final accumulation had proved to be a nega-
tive quantity then the pulse over coriductor 4701
would be transmitted through the negsative mem-
ory tube 4403 thence through the tube 4486 to
the negative sign display tube 4408,

Also, if the final accumulation had proved to be
a positive quantity then the pulse over conductor
4181 would have found a path through the posi-
tive memory tube #4402, the tube 4408 to the
conductor 1800 for selecting the positive genera-
tor to be used in transferring the result from
the accumulators to the display tubes. In like
manner, if the final accumulation proves to be
a negative quantity then the pulse over con-
ductor 4101 would find a path through the nega-
tive memory tube 4403, the tube 4407 to the con-
ductor 1900 to select the negative generator for
use in transferring the final result to the display
tubes. It should be noted that in this case the
amount standing on the accumulators is inverted
to its complemental value and hence a one will
have to be automatically added before the dis-
play can take place. This Is provided for by the
tube 4408, since in addition to lighting the nega-
tive sign display lamp 4410 also provides an elec-
tronic peth from the end of generator cycle con-
ductor 2211 over conductor 4411 to the common
firing circuit of the lowest order display counter
consisting of the tubes 4604 to 4807 inclusive.

- Therefore, at the end of the generator cycle in

which the final result is transferred from the
accumulators to the display counters a one will
be automatically added to the lowest denomina-
tional order counter. The carry tubes 4607, 4603
and 4312 are provided in case the automatic addi-
tion of this one produces a carry through any
one or more of the other decimal orders of the
display counters. The operation of these devices
is believed to be obvious. For, if the No. 9 tube
4808 had been operated, then the pulse over
conductor #4811 would have caused the operation
of the primed tube 4807 which thereupon trans-
mits a pulse to the common firing circuit of the
next in order denominational counter consisting
of the tubes 4500 to 4603 inclusive.

When the display is ordered as hereinbefore
stated through the operation of either one of the
tubes 3908 or 3909 the pulse on the conductor
3912 fires the tube 4100 and the tube 4702. The
tube 4702 establishes an electronic circuit where-
by the tube 4108 may be fired at the end of the
generator cycle, that is, the pulse at the end of
the generator cycle in which the guantity to be
displayed is transferred will find a path through
the tube #4702 and will cause the firing of the
tube 4703. Tube #4703 operates the triode 4704
which through the operation of the two imped-
ance toils 4105 and 4708 and the condenser 4701
will transiently depress the potential of the con-
ductor #4708 constituting the source (1). This
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will extinguish all of the pattern tubes, the shift
tubes and others concerned in the actual calcu-
lation.

The pulse over conductor 3912 will also cause
the operation of the tubes 4303, 4304, 4608, 4609,
4900, 4901 and 43902, whereby the electronic paths
hetween the output conductors from the accumu-
lators and the firing circuits of the display coun-
ters are closed. By way of example, the conduc-
tor 4033 is extended through the tube 4303 to the
firing circuit 4308 of the first display counter
consisting. of the tubes 4300 to 4302. Therefore,
when the generator is put in operation a priming
pulse over conductor 1603—0, 1803—1 or 1603—9
as the case may be will prime one of the tubes
4300, 4301 or 4302 respectively. At the same time
a firing pulse over conductor 1804, let us say &
particular conductor 1804—1, will find a path
through the operated accumulator tube 4001, con-
ductor 4033 through the tube 4303, conductor 4308
and in common to all of the tubes of this first dis-
play counter and that tube 43081 which by way
of example is primed at this time will respond
and will cause the lighting of its associated dis-
play lamp 4308. In the same manner the other
three display counters will be operated.

It should be noted that since the tubes of the
display counters may be primed over the conduc-
tors 1803 they may be either positive or negative.
The last three display counters shown in Fig. 49
however, are primed over the conductor 1801 and
therefore may not be inverted.

Thus a calculated quotient or root may be
transferred from the counters of Fig. 29 to the
display counters of Fig. 49 only as positive quan-
tities, whereas the sums, products and remain-
ders. which are transferred from the accumula-
tors to the display counters of Pigs. 43 and 46 may
be transferred either as positive or as negative
quantities.

It will appear elsewhere in this specification
" that at one time or another when a start pulse
is transmitted over the conductor 2308 that the
display will be erased through the automatic op-
eration of the power control circuit.

The power control—On start

A start pulse over the conductor 2300 will cause
the operation of the tube 47189. This tube in
operating will cause the operation of the triode
4710 which through the action of the two im-
pedance coils 4711 and 4712 and the condenser
4718 will momentarily or transiently depress the
potential on the conductor 4714 constituting the
source (2). ‘'The momentary depression of the
potential on this source (2) will erase and ex-
tinguish any display which may be in existence
at the time.

At the end of the calculation which takes
place in response to the starting pulse the tube
4700 will be operated as hereinbefore described
and this will cause the extinguishment of the
tube 4709 so that it will be in condition to re-
spond to a start pulse on a subsequent opera-
tion. -

At the end of the calculation as hereinbefore
deseribed the tube 4702 will be operated and
shortly thereafter a pulse will be passed there-
through from conductor 22{1 to fire the tube
£703. The firing of tube 4703 will result in the
noeration of the trlode 4704 and therefore the
momentary depression of the potential on the
source (1). The momentary depression of the
source (1) will extinguish the tube 4702 and this
tube 1n restoring to its normal non-operated con-
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dition will cause the operation of the tube 4118
through the sudden rise in potential on the
slotted anode of the tube 4702 constituting a
positive pulse. The tube 4118 acts as an ex-
tinguisher for the tube 4703 and therefore will
extinguish this tube and allow the triode 4704
to restore to its normal non-operated condition.
The tube 4718 will remain in operation until the
potential of the source (2) is momentarily de-
pressed or until the tube 4703 is operated.

Further operations of the circuits of this com-
puter will be found in the following description
of the sequence of operations taking place under
the conditions encountered when problems in ad-
dition, multiplication, division and square root
are performed.

Addition

The first operation in a problem of addition is
the operation of the addition key {803. This
results in the immediate and direct firing of
tubes 1700, {101, (702, 1703, {104 and 1705. The
actual firing of the last of these, 1708, is delayed
slightly by the network consisting of the re-
sistances 1708 and {107 and the condenser 1708
to prevent a false pulse being transmitted into
the start wire 2200. It will be seen that the
tube 1701 fires tube 2801 and that this tube
back-fires into the start wire 2300. While the
firing of tubes 1705 and 2301 is practically simul-
taneous the delay network is introduced into
the firing circuit of tube 1708 to make it equal
to or even slightly later than the firing of tube
2301 thus avoiding a false pulse created by the
back-fire of tube 2301 being communicated
through the tube 1708 if this tube has fired and
is ready to pass the pulse from 2301. The results
1of the firing of these six pattern tubes is as fol-
ows: )

Tube 1700 creates and transmits a pulse into
conductor 1708 to fire the tube 2302 which op-
erates the triode 2303 which by creating an IR
drop in the resistance 2304 so lowers the poten-
tial of the source (3-——4) that none of the tubes
depending thereon will operate.

Tube 1701 creates and transmits a pulse into
conductor {710 to fire the tube 2301 which op-
erates the triode 2308 which by creating an IR
drop in the resistance 2308 so lowers the poten-
tial of the source (3—3) that none of the tubes
depending thereon will operate. Conductor 1110
also extends to the firing circuit of tubes 2481
and 2402 so that these two tubes also fire at
this time to establish electronic circuits between
the negative sum conductor 2813 and the nega-
tive generator selector wire 1900 and the positive
sum conductor 28i2 and the positive generator
selector wire 1800 respectively.

Tube 17102 creates and transmits a pulse into
conductor 17{( to fire the tube 2307 which oper-
ates the triode 2308 which by creating an IR
drop in the resistance 2309 so lowers the poten-
tial of the source (3—2) that none of the tubes
thereon will operate. Thus the three sources of
positive potential (3—2), (3—3) and (3—4) are
rendered ineffective for addition.

Tube {703 establishes an electronic circuit be-
tween the conductors 718 and {114 for use at a
later stage of the operations when the order to
display is given.

Tube (704 creates and transmits a pulse into
conductor 1718 to fire the first tube 2800 of the
progress circuit of the enftry registers and the
rero tubes 2610, 2820, 3000 and 3801 of the four
registers for the first tactor.
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Tube (708, as hereinbefore noted, establishes
an electronic circult between the conductors
2300 and 2200 so that when the start pulse is
transmitted over conductor (811 it will find a
path closed to the start conductor 2200 of the
generator.

Tube 2307 in addition to operating the triode
2308 creates a pulse and transmits it into con-
ductor 2319 to fire the positive sign tubes 2814,
2618 and 2700 as well as the tubes 2616 and 2611
which establish start circuits between the posi-
tive sum conductor 2812 and the start wire 2300
and between the negative sum conductor 2613
and the start wire 2300 respectively. Thus
initially the start wire 1811 is extended over an
electronic circuit including the plus sign tube
2700, conductor 2701, plus sign tube 26(4, posi-
tive sum conductor 2612, tube 2816, start wire
2300, tube (105 to the generator start wire 2200
so that when the start pulse is transmitted the
generator will be started. It may also be noted
here that if later the minus sign tubes 2602 and
2603 are fired this start clrcuit will be altered
without changing this last result. The circuit
will then be traced from conductor 2701, through
tube 2602, the negative sum conductor 2643, the
tube 2617 to conductor 2308 so that the start pulse
in this case will also be transmitted to properly
start the generator. '

The pattern for the calculation in addition is
now all set. Since subtraction is algebraically the
same as addition either problem may now be per-
formed the result depending on the intelligent
use of the sign keys in entering the factors.

At this stage, if the problem is the first use of

_the device, then the clearing out key 2188 will be
operated and this will result in setting the ac-
cumulators to zero. If this is a later stage of a
calculation and the factor is an addend, the
augend having previously been accumulated
either by direct entry or as the result of some
previous calculation the clearing out key will not
be operated. In any case the accumulators must
have some value standing thereon. If the value
is g previously accumulated one it will be on dis-
play but if it is zero from the action of the clear-
ing out key it will not be on display.

In any case the factor, augend, addend, minu-
end or subtrahend is now entered by the opera-
tion of one of the sign keys followed by the opera-
tion of the digit keys to register four digits (read-
ing from left to right of a number).

The single factor consisting of a sign, plus or
minus, and four digits is then entered in the first
factor registers shown in Figs, 26 and 30. If the
quantity is positive the positive sign tubes 2614
and 2615, heretofore fired, will remain in opera-
tion with the ultimate result that a path will
have been established from the start conductor
1811, through tube 2700, conductor 27101, the
positive sign tube 2614, the positive sum conduc-
tor 2612, tube 2402 to conductor (600, the posi-
tive generator selecting conductor. If the quan-
tity is negative, as when the factor is being en-
tered as a negative addend or a positive subtra-
hend, then the negative sign tubes 2602 and 2603
will be fired and an electronic circuit will be es-
tablished from the start conductor 1811, through
tube 2100, conductor 2181, the negative sign tube
2602, the negative sum conductor 2813, tube 2401
to conductor 1900, the negative generator select-

" ing conductor. The operation of one of the sign
keys will cause a transmission of & pulse either
through the plus tube 2618 or the minus tube

26817 to the conductor 2300 which will then be
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transmitted through the pattern tube 788 to the
start conductor 2200. Upon the operation of any
one of the digit keys a pulse will be transmitted
over conductor (309 which extends into Mig. 22
where it causes the tube 2217 to fire which in turn
transmits & pulse to the start wire 2208. Thus,
the generator is started upon the depression of
each of the entry keys to cause the entry of &
selected digit into the appropriate register. As
each of these entry keys is operated the sequence
or progress circuit is advanced through the suc-
cessive firing of the tubes 2808, 2604, etc. Each
digit of the factor is entered on one of the regis-
ters whose zero tubes are respectively tubes 2610,
2620, 3000 and 3001, When the factor has been
completely entered and checked by the operator
through observation of the entry register lamps
such as the lamp 2611, the device is ready to be
started.

" If & mistake has been made in entry the de-
vice may be cleared by the operation of the clear-
ing out key. This of course will also release the
amount standing on the accumulators at this
time, no provision being made herein for the in-
dividual release of the entry registers, though if
this is believed important, any conventional
means might be employed.

The device being ready to start, the start key
1800 is operated and & pulse is transmitted over
conductor 1811, reaching the positive generator
selector tube 1685 or the negative generator se-
lector tube 1805 over one or the other of the elec-
tronie circuits above described.

The pulse on the positive sum conductor 28i2
or the negative sum conductor, as the case may
be, will then either pass through the tube 168
or the tube 2611, to conductor 2300 whereby it
finds a path through the tube (708 to the gen-
erator start wire 2200 to fire the start tube 2202.

It may be noted that when the addition key
1803 was operated the tubes (705 and 2301 si-
multaneously back-fired into the start conduc-
tor 2300. The only effect which thig could have
had at that time was to erase the display. This
is brought about as follows:

The pulse on conductor 2300 as hereinbefore
described causes the tube 4709 to fire and operate
the triode 4110, wheréby the source (2) is tran-
siently depressed and thus erases the display.

The transmission of the start pulse will also
cause the operation of the generator through a
single cycle. If the quantity entered in the first
factor registers is a plus quantity then the posi-
tive sum wire 2812 will be effective and hence the
start pulse over conductor i8i! through tube
2108, conductor 27101, tube 26i4 and conductor
2612 will be transmitted through the fired tube
2402 to thereby select the positive generator over
the conductor 1600. At the same time this pulse
will be passed through the tube 2818 and thence
to the start wire 2300 to pass a pulse through the
tube 1708 to the generator start wire 3200. Under
this condition the accumulator registers will be
primed over the wires of the group (603 and fired
over the conductors of the group 1664 through the
entry tubes, conductor 2622 and the flrst group
of shift tubes 3508 to 3809 heretofore fired over
conductor 231{ through tube 2381 from the start
pulse on conductor 2380 in the manner herein-
before set forth.

At the end of this accumulation and upon the
firing of the tube 4012 the tube 4104 is fired to
transmit a pulse over the conductor 1713. This
puise will be transmitted through the tube 1703
over conductor i7(4 through the tube 3088 and
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over the conductor 3812 to start the display as
hereinbefore described under the title “The Dis-
play.” It will also be noted that the pulse on
conductor 3812 will transiently depress the po-
tential on the source (1) so that all of the pat-
tern tubes and shift tubes concerned in this cal-
culation are returned to normal, '

The pulse on conductor 39{% also extends to
the tube 2218 in the generator circuit which re-
sponds and transmits a pulse into the generator
start wire 2200 to cause the transfer of the
amount standing on the accumulator to the dis-
play tubes.

Had the amount entered in the entry tubes
been & negative quantity then the start pulse
would have been tranamitted over the negative
sum wire 2613 through the tube 248{ into the
negative generator selector conductor (389 to
thus select the negative generator for the next
operation. The pulse on conductor 2613 would
pass through the tube 2817 to transmit the pulse
over the start wire 2308 thence through the tube
1708 to the generator start wire 2288 in the same
manner as hereinbefore described.

It should be noted th&t the memory tube 4402
or 4483 controls the selection of the generator
for the transfer of the amount standing on the
accumulator to the display tubes in the manner
also hereinbefore deacribed.

In problems of addition and of subtraction each
amount iz entered as & separate problem, that is,
the augend is entered as one problem and when
that has been accumulated and displayed, the
operator must then again press the additon pat-
tern key and enter the addends. As hereinbefore
stated, a pulse on conductor 3312 at the end of an
accumulation will transiently depress the poten-
tial on source (1) so that all of the pattern tubes
and shift tubes are returned to riormal. There-
fore, the amount accumulated is retained and
other amounts may be added to this. As many
augends, minuends, addends or subtrahends as
wished may thus be entered, each as a separate
problem. It may be noted in Fig. 12 that the con~
ductor 122 is labeled plus product, plus quotient,
plus root, plus augend, addend and minuend, and
minus subtrahend. This last label is what might
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be termed an algebraic fiction because the sub- -

trahend is entered in exactly the same manner
as an addend with the reservation that the opera-
tor will always reverse the sign. A subtrahend
therefore which is actusally minus in its charac-
teristics must be entered as a positive quantity
and hence will effect this positive wire 122 in
Pig. 12 or 26812 in the more detailed drawings.

Multiplication

The first operation in a problem in multipli-
cation is the operation of the multiplying key
1884. This results in the immediate and direct
firing of tubes 118 to 1720, inclusive.

Tube 1718 creates and transmits a pulse into
conductor 2318 to fire the positive sign tubes
2614, 2618 and 1700 as well as the tubes 2616 and
2817 which establish start circuits to the wire
2388 as hereinbefore described. Since both fac-
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tors the multiplicand and the multipler will be .

entered and since the multiplier may be nega-
tive a path 2782 is provided for use when the
minus sign tube is fired. Again the ultimate re-
sult will be the same, the provision of a starting
path between the start wire (81! and the conduc-
tor 2300,

Tube 1717 creates and transmits a pulse Intb
conductor 1109 to fire the tube 2382 which oper-
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ates the triode 2303 which operating sn the re-

resistance 2304 renders the source (3—4) ineffec-

tive during multiplication.

Tube 1T7(8 creates and transmits a pulse intc
conductor 1718 to fire the tubes 2301, 2481 and
2481, Tube 2301 operates the triode 2388 which
renders the source (3—3) ineffective during mul-
tiplication, and tubes 240§ and 2482 connect the
negative product wire 2613 to the negative gen-
erator selector wire {388 and the positive product
wire 26812 to the positive generator selector wire
1888 respectively. »

Tube 1719 closes an electronic circuit from the
zero counting tubes 25080 and 2801 and the stop
conductor 2281 to conductor {121 to the common
firing circuit of the controlling group of shift
tubes 3508, 39004, 3847 and 3989 s0 that a shift
may be made as soon as one of the zero counting
tubes is energized. -

“Tube 17128 creates and transmits a pulse into
con:luctor 1722 to fire the two tubes 1113 and
i124.

Tube 17123 creates and transmits a pulse into
conductor (11§ to fire the first tube 2800 of the
progress circuit of the entry registers and the zero
tubes 2819, 2628, 3008 and 3881 of the four regis-
ters for the first factor, in this case the multi-
plicand. -

Tube 1724 creates and transmits into conduc~
tor 1128 a pulse to fire the tube 27184 which pre-
pares to fire the sixth tube in the progess cir-
cuit and the tubes 2108, 2708, 3100 and 3184,
the zero tubes respectively of the four registers
for the four digits of the second factor, in this
case the multiplier. It should be noted that the
source (3—2) is effective now and that the
sources (3—3) and (3—4) are rendered ineffec-
tive. The counting tubes of Fig. 25 are energized
from source (3—2).

The device is now ready for the entry of the
factors. The clearing-out key may be operated
or not as hereinbefore described. If some value
is standing on the accumulators then if the
clearing-out key is not operated the product of
the two entered factors will be added to such
number. If it is Intended to use that number as
a factor in the problem then the better practice
is to erase it by operating the clearing-out key
and enter that number as one of the factors. It
may, however, be done by entering that number
as & multiplicand (the first factor) and then en-
ter the multipler with a value of its second digit
(the actual first digit of the true factor) de-
creased by one. That is, if 0222 is to be used as a
multiplier it should be entered as 0122, because
the effect of the number which is to be the muiti-
plicand standing on the accumulators is as
though it had already been transferred once from
the entry registers.

The two factors of the problem in multiplcation
each consisting of a sign and four digits are then
entered. The multiplcand is entered in the first
tactor registers shown in Figs. 26 and 30 and the
multipler is entered in the second factor regis-
ters shown In Figs. 27 and 31. A vertical line of
tubes 2680, 2804 and =0 on down through Pigs. 28
and 30 and a similar vertical line of tubes start-
ing with the tube 2768 down through Migs. 27 and
31 comprise the progress circuit hereinbefore de-
scribed. These tubes are sequentially fired dur-
ing the entry of the two factors each consisting
of » sign and four digits. Thus, upon the entry
of the second factor the tube 2708 will be fired.
Upon the operation of the sign key, the other four
tubes in this vertical line will each be fired &3
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four operations of the digit keys are carried out.
Each of these tubes is associated with the horl-
zontal string of tubes to the right thereof so that
the tube 2708 is associated with the sign tubes
2100, 2103, 2704 and 2701 and the next in line
progress tube is associated with the first denomi-
national order tubes beginning with the zero
tube 2705. Thus, the sequential operation of the
entry keys will (walk) the progress circuit along
so that the signs and digits are entered in the
proper registers.
Either factor may be positive or negative and
the sign of the product is at once determined so
" that either the positive product conductor or the
negative product conductor is made effective. If
the positive product conductor 2612 is effective,
then the positive generator will be used and the
multiplication will be performed by the iterative
addition of the multiplicand regardless of the
actual sign thereof. If the negative product con-
ductor 2613 is effective, then the negative gen-
erator will be used and the multiplication will be
performed by the jterative addition of the com-
plement of the multiplicand regardless of the
actual sign thereof.
The following two examples will
mathematical principles involved:

illustrate the

(+§ 0.370 X (+g 0.220=(+) 0.0814
(~)0.370 X (— 0.220m= () 0.0814

Accumulators set 10 Zero...o-----.-- 0000
Tirst addition of multiplicand. ...---

First accumulation. ..o -ooazoeo--
Becond addition of multiplicand.._.-..

Second accumulation__..-coceeen--- First multiplier digit
satisfled

Third addition of multiplicand. ...

Shifted one place.

Third accumulation

Fourth addition of multiplicand. ...

i lace.
St Soomula Second multiplier digit

Fourth accumulation ......ooco-o-- 0814 1
: satisfied
Displayed 85 c-coooamommmmmuson (+) 0814
(4) 0.370 X (=) 0.220=(—) 0.0814
(=) 0.370 X ¢ ) 0.220=(—) 0.0814

Accumulators set t0 Zer0. o uoen 0000

First addition of multiplicand. .. 2630 Complement of 0370
First accumulation. ... .. ------ 9630

Second addition of multiplicand. 9630 Complement of 0370
Becond accumulation ...~ 9260 Fiéstd multiplier digit satis-

8

Third addition of multiplicand.. 9963 Complement of 0037
Shifted one place, —_—

Third accumulation. . ..--..-.--- 9223

Fourth addition of multiplicand. 8963 Complement of 0037
Shifted one place. ) —

Fourth accumulation—shifted._ .. 9186

Displayed BS.-coovmmmmemnne (—) 0814

The two examples above of multiplication and
inverted multiplication show the processes herein
employed. It may be noted that in the device de-
seribed, since no extra denominational order to
the right is actually provided the products will ac-
tually be displayed as (4)0081 and (—)0082 re-
spectively and while it may be argued that this s
insufficiently accurate for practical purposes it
will be noted that applicant herein discloses
means which by simple extension could be made
to give results perfect in accuracy.

The various combinations of fired sign tubes
may be followed by reference to Fig. 12 and the
start circuit may be traced through the tubes of
Figs. 26 and 27. When the entry has been

checked the device is ready to start.

The operator then manipulates the start key
1800 and the start pulse is transmitted as here-
inbefore described to select and start the proper
generator.

If the entered signs of the multiplicand and the
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multiplier are alike then the start pulse will be
transmitted through the sign tubes to the plus
product conductor 2612 so that the plus tube 2402
will be fired to transmit a pulse into the positive
generator selector conductor 1680, 'This pulse will
also be transmitted through the tube 28 18 to the
conductor 2308 through the tube 2301, conductor
2311 to fire the shift tubes 3402, 3508, 3507,. 3808
and 3509. The tube 3808 in firing will create and
transmit a pulse into the conductor 3918 leading
to the transformer 2588. 'This pulse will traverse
the windings of the transformer 2508 and fire
the tube 2505 which thereupon transmits a pulse
into the generator start wire 2208. The positive
generator having been selected and the generator
started, the multiplier digit in the gecond de-
nominational order register of the second factor
will be transmitted by a pulse over one of the
conductors in the group 1802 thence over the
conductor 2712 in the group 2710 and through
tube 3402, conductor 1713 to fire that one of the
counting tubes of Fig. 25 which is primed at this-
time. The priming of these tubes will be over a
corresponding one of the wires in group is0l1.

If this first multiplier digit is a zero then the
tube 2500 will be fired since it receives a zero pulse
over the conductor 1802—9 through transformer
2510 at the same time that a zero pulse is con-
nected to the conductor 17(3. In the manner
hereinbefore set forth the tube 2500 will transmit
s pulse into the generator stop wire 2201 and
cause a pulse to be transmitted over the conduc-
tor 1721 to shift the column arrangement by caus-
ing the operation of the tubes 3801 to 3904, Ac-
tually, the pulse on conductor (121 fires the
tube 3804 which is primed by the tube 3808 and
the tube 3904 in turn transmits a pulse into the
common firing circuit of the tubes 3803, 3801, 3902
and 3903. As this group of tubes is fired each will
cause its companion to be extinguished, that is,
the tube 3903 in firing will extinguish the tube
3508, the tube 3902 in firing will extinguish the
tube 3507, and the tube 3801 in firing will extin-
guish the tube 3506. The end tube of the gen-
erator 2210 also transmits a pulse over the con-
ductor 2211 to fire the tube 3808 and this tube
through the combination of the two impedances
3807 and 3808 and the condenser 3808 will mo-
mentarily depress the potential on lead (3—2)
to the multiplier digit shift tubes 3402, 3803 and
3804 so that by the time the tube 3304 is fired,
the tube 3803 is ready to be fired.

If the multiplier digit had been one of the
digits 1 to ‘9 inclusive, then some one of the
counting tubes 2501 to 2504 would have been
operated and the multiplicand entered in the
first factor registers would have been transferred
to the accumulators in the manner hereinbefore
described. When this amount has been com-
pletely accumulated then the signal that the
carry operation has been completed will be trans-
mitted as a pulse over the conductor 1143 to
fire the next lower-numbered counting tube in
order. In this manner the multiplicand will be
accumulated a number of times equal to the
value of the multiplier digit and when this count-
ing chain has counted out to zero so that the
tube 2501 is operated, then a pulse will be trans-
mitted into the generator stop wire 2204 and the
shift to the next set of column shift tubes will
bemade.

As an example, let us show the multiplication
1234% 0222==273948. If the multiplicand 1234
has been accumulated in some previous opera-
tion and is to be used without clearing the de-
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vice, then the multiplier becomes 122 and the
steps are as follows:

Accumulators are already setat __________ 1234
First addition of multiplicand through shift
tubes 3506, 3307, 3508, 3508 ____________ 1224
First accumulation (first multiplier digit
satisfled) ___.____________________ 2468
Second addition of multiplicand through
shift tubes 3984, 3902, 3908, 3904 ______ 0123
Second accumulation . - = 2591
Third addition of multiplicand through
shift tubes 3901, 3902, $903, 3904 ———mee 0123
Third accumulation (second multiplier sat-
isfled> . __________ 2714
Fourth addition of multiplicand through
shift tubes 3901, 3905, 3906, 3907 ________ 0012
Fourth accumulation .___________________ 2726
Fifth addition of multiplicand through shift
tubes 3901, 3905, 3906, 3807 ________ 012
Fifth accumulation (third multiplier digit
satisfied) .._ e - 2738
Displayed 88 wvomoo oo (+) 2738

It is believed that the rest of the operations
in multiplication are clear since they are dupli-
cations of those just described.

When the final product has been established
the last shift will cause the operation of the tube
3909 which was primed by the tube 3907 and this
tube will, like tube 3808, transmit a pulse into
the wire 3912 with the same results as those
heretofore described.

It is believed to be clear that if the multi-
Plicand and the multiplier have unlike signg that
then the start pulse will be transmitted through
. the sign tubes to the minus product conductor
2613, the tube 2401 to in turn select the minus
generator over the conductor 1900. In this case
the multiplicand will be transferred from the
entry registers to the accumulators as a com-
plement. Also, in this case the final product will
be in the form of a complement and since the
negative memory tube is at that time operated
the transfer of this final product to the display
counters will be by the negative generator so that
the actual result displayed will be positive In
character but accompanied by the minus display
sign.

It may especially be noted at this time that if
there is a plus quantity standing on the accumu-
lators and it is wished to add to this the product
of two factors which would algebraically produce
& plus product that the problem in multiplication
may be entered in the usual manner. It will not
be possible however, to attempt to add s posi-~
tive product to a negative quantity already
standing on the accumulators except in the un-
likely event that the multiplicand accumulated
for the first time will produce a positive quan-
tity, that is, the multiplicand must be greater in
value than the negative quantity standing on the
accurnulators. It has been pointed out hereinbe-
fore that while this device is capable of & num-
ber of algebraic operations, no attempt has been
made to make its operation universal,

Division

The first operation in a problem in division
is the operation of the dividing key 1802, This
results in the immediate and direct firing of the
tubes 2000 to 2004, inclusive.

Tube 2000 creates and transmits g pulse into
conductor 2008 to fire the tubes 2403 and 2404
which close through electronic circuits from the
negative quotient conductor 2613 to the conduc-
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tor 2408 and from the positive quotient conduc-
tor 2612 to the conductor 2408 (conductors (271
and 128 of Figs. 12 and 13) for purposes which
will appear hereinafter.

Tube 2001 closes through an electronic cireuit
from the start conductor 2300 to conductor 2001
for the purpose of placing quotient digit count-
ing circuit in operation. . . .

Tubes 2002 creates and transmits a pulse into
conductor 1709 to fire the tube 2382 which Op-
erates the triode 2308 and which in turn operat-
ing on the resistance 2304 renders the source
(3—4) ineffective during operations in division.

Tube 2003 creates and transmits a pulse into
conductor ITi1 to fire the tube 2387 which op-
erates the triode 2308 and which in turn, oper-
ating on the resistance 2309, renders the source
(3—2) ineffective at this time. It will thus be
noted that during division the source (3—3) is
effective and the sources (3—2) and (3—4) are
rendered ineffective. The source (3—3) ener-
glzes the quotient digit counters, the “flip-flop”
device (Fig. 24) for controlling the shift from
counter to counter and the “fiip-flop” . device
for selecting the positive or negative generator
In response to the sign of the last calculated re-
mainder.

Tube 2004 creates and transmits a pulse into
conductor 17122 to fire the two tubes 1723 and
1124,

Tube 1723 creates and transmits s pulse into
conductor {716 to fire the first tube 2800 of the
progress circuit of the entry registers and the
zero tubes 2610, 2620, 3000 and 3001 of the four
registers for the first factor, in this case the
divisor.

Tube 1724 creates and transmits a pulse into
conductor 1725 to fire the tube 2704 which pre-
pares to fire the sixth tube in the progress circuit
(for the sign of the second factor) and the tubes
2705, 2706, 3100 and 31082, the zero tubes respec-
tively of the four registers for the four digits of
the second factor, in this case the dividend.

The pattern tubes for division now having been
fired the device is ready for further manipula-
tion. The clearing-out key must be operated and
the divisor and dividend entered in the normal
manner. If a number is standing on the ac-
cumulators and it is wished to use this number
as a dividend then the problem is entered in the
normal manner except that the value 0000 is
used in the entry of the dividend. Thus on the
first calculating operation consisting of the
transfer of the dividend from the entry registers
to the accumulator registers, the value 0000 will
be added to the number already standing there
after which the calculation will proceed as fol~
lows. If the number standing on the accumu-
lators is displayed with a minus sign then the
dividend will have to be entered as —0000, other-
wise the device will use the complement of the
number displayed as a dividend.

The two factors of the problem in division each
consisting of a sign and four digits are now
entered. The divisor is entered in the first factor
registers shown in Figs. 26 and 30 and the
dividend is entered in the second factor registers
shown in Figs. 27 and 31.

Either factor may be positive or negative and
the sign of the quotient 1s at once determined so
that either the positive quotient conductor or the
negatlve quotient conductor is made effective,
If the positive quotient conductor is effective,
then the positive generator will be used to trans-
fer the dividend to the accumulators and there-
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after the negative generator will be used to trans-
fer the divisor to the accumulators as a subtra-
hend, the dividend thus being iteratively dimin-
ished to exhaustion. If the negative quotient
conductor is effective, then the negative gen-
erator will be used to transfer the dividend in
the form of a complement to the accumulators
and thereafter the positive generator will be used
to transfer the divisor to the accumulators as an
addend, the complement of the dividend thus
being iteratively diminished to exhaustion. Both
division and inverted dlvision will thus be per-
formed regardless of the actual sign of any par-
ticular factor.

40,223 -0.223

To550 +1.01 - +1.01
Dividend transferred to acermnlrtors ... ... ceiooenno- 0223
Complement of dlvisor—added... ... .. .. . .. .coceeeonn 9779
Pirst remainder . ..o o e eemm i anoe2
Complemenrt of divisor—shifted twiee...... . ... —wooeoien 0907
Final remaednder. . ..o oo cccmemem e 0999
Quotlent+-1.01. . oo remainder.. 0

+0.223 0223

Lo s 10t Togm— 10!
Comrlement of dividend transferred..... . .. ..o.co.ooooo- 9778
Divisor added . ..o e meaceim e eaea e 0220
First remainder__.._ e mm e mmmmoensessene= 9908
Divisor—shifted twice—added .. 0002
Final remainder. ... cvoeooooroccmomccmmmemammm e mcommmm oo 9908
Quotient—1.00. . oot iaemeomareiceaae e remainder_. .001

The two examples above, of division and of in-

verted division, show the processes herein em-
ployed. Due to the fact that the device cannot
know that another subtraction will produce an
overdraft it is necessary mechanically to con-
tinue the iterative addition of the complement of
the divisor until an overdraft has actually
occurred and to then rectify the error. The
above examples are therefore intended to show
only the principles involved in division and in
inverted division. In either case the quotient
digits are the results of counting the number of
operations and are always positive. In the fol-
lowing description it will be shown how the sign
of the final remainder determines the sign of the
quotient.

The operator now manipulates the start key
(800 and the start pulse is transmitted as here-
inbefore described to select and start the proper
generator. If the dividend and the divisor have
like signs then the quotient will be plus and the
positive quotient wire 2612 will be used for the
transmission of the start pulse through the tube
2404, to fire the tube 2414 and thus select the
positive generator over the conductor 1600. At
the same time the pulse on the positive quotient
conductor 2612 will be passed through the tube
2616 to the start wire 2300 through the pattern
tube 2001, the conductor 2007 to fire the tube
2802 as hereinbefore described which in turn will
create and transmit a pulse over the generator
start wire 2200.

The pulse over the plus quotlent conduetor
2612 is also transmitted over the conductor 2406
to operate the tubes 2410, 241, 2412 and 2413 to
control the series of sign indications at the end
of each accumulation so that the shift between
quotient digit counters may be made at the
proper time. Since the quotient is indicated as
being positive, the operation will be one in divi-
sion, that is, the dividend is entered as a positive
number and then diminished step-by-step
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through the iterative addition of the complement
of the divisor until this dividend is exhausted.

The pulse passed through tube 2001 to con- .
ductor 2007 causes the tubes 2013, 2018, 3409,
3401, 3800 and 3801 to fire. The last four of these
tubes constitute means for establishing electronic
circuits between the entry registers and the
accumulators so that the dividend registered
in the second factor registers is now transferred
to the accumulators. By way of example, upon
the operation of the positive generator, if the
tube 3104 has been fired to represent the digit one
in the third denominational order of the divi-
dend, then as the generator transmits its No. 1
pulse a firing pulse will be applied to the tube
3104 over the conductor 1802—( and extended
over the conductor 3192 in the group 2110, thence
through the tube 3808, conductor 3488 to the
common firing circuit of the register tubes in Fig.
45. At the same time a priming pulse will be ex-
tended over the conductor 1803—{ to prime the
No. 1 tube in this register and this No. 1 tube be-
ing simultaneously primed and fired will respond
in the manner hereinbefore described and will
immediately transfer the value one to its asso-
ciated accumulator. The other three denomina-
tional order accumulators will be similarly op-
erated.

It should also be noted at this time that the
pulse passed through tube 2004 to conductor 2087
also results in the firing of tubes 2800, 2881 and
2802. The firing of tube 2800 results in the trans-
misslon of a pulse over conductor 2818 which
fires the tube 2806 and the three priming tubes
of the quotient counters 2000, 2087 and 2913,

When the accumulation is complete a pulse
will be transmitted over the conductor 1713 and
passed by the tube 20186 to the conductor 2016
where it is extended through the tube 2808 to
the common firing circuit of the first quotient
digit counter to count the entry of the dividend.
It should be noted that each of the quotient digit
counter tubes such as 2901, 2902, 2908, 20(4, etc.
when fired transmits a pulse into the start wire
2200 to start the generators on the next cycle.

The pulse on conductor 4028 which through the
firing of tube #4104 gave rise to the pulse on con-
ductor 1718 also causes s sign indication through
the transmission of a pulse over the positive wire
4002 in the manner hereinbefore described under
the heading “The Carry Circuits.” It was there
stated that the pulse on conductor 4028 was
transmitted through the transformer 4026, the
tube 4011, the transformer 4027, the conductor
4015 and thence through either the zero tube
4000 or the No. 9 tube 4008 (in the present case
the zero tube 4000), the transformer 4014 to the
conductor 4002. The pulse on the positive wire
will travel in one direction through the tube 2418
to the primary wire 2413 of the 4-tube arrange-
ment herein called a “flip-flop” and in another
direction through the tube 2412 for transmission
over the negative generator selector wire 1800,
Fhus the fact that a positive dividend has been
transferred to the accumulators now controls the
next operation by selecting the negative gener-
ator to transfer the complement of the divisor to
the accumulators.

At the end of the generator. cycle during which
the dividend was transferred to the accumulators
the generator sends an end-of-cycle pulse over
the conductor 2211 which fires the tube 3802 and
thereby extinguishes the tubes 3400, 3401, 3800
and 380{. The firing of tube 3802 also creates
and transmits into the conductor 2311 a pulse
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which will now cause the operation of the tubes
3506 to 3609 inclusive for the purpose of trans-
ferring the divisor to the accumulators in the
corresponding denominational orders. The oper-
ation of the counter tube 2901 transmits a pulse
into the generator start wire 2200. The accumu-
lator register tubes again are primed over the
conductors of the group 1803 and are fired over
the conductors of the group 1604. Since the
negative generator is now in operation the nine’s

10

complement of the divisor registered in the first .

factor registers of Figs. 26 and 30 will be trans-
ferred to the accumulators. It will be noted that
under normal conditions g number of subtractions
of the divisor will have to be made and in each
case a positive remainder will be produced. In
each case the production of this positive remain-
der will result in a pulse over the positive wire
4002 to thus transmit a pulse over the conductor
2415 which at this time is ineffective since the
tube 2409 has not been fired. Also, the positive
pulse over the conductor 4902 extended through
the tube 2412 will continue the operation of the
negative generator.

When the dividend has been exhausted then
an overdraft will be made so that the next re-
mainder is negative in sign. Therefore, the result
of the overdraft will be the production of a pulse
transmitted over the conductor 4003 which now
is extended through the tube 2411 to the second-
ary conductor 2418 of this “flip-flop” for the pur-
pose of firing the tube 2409. Also the pulse over
the conductor 4003 will find a path through the
tube 2413 to the positive generator selector con-
ductor 1600 so that as a result of the overdraft
the positive generator is selected for the next
operation in order to restore the overdraft. Upon
the next operation of the generator then the di-
visor will be transferred from the first factor
entry tubes to the accumulators in its natural
form and will therefore result in another positive
remainder. This positive remainder is signaled
by a pulse over the conductor 4002 which again
is extended through the tube 2410 to the primary
wire 2415 and in this case through the tube 2409
now operated to the conductor 2407 thence
through the tube 2013 to the conductor 2044 to
cause the operation of the tubes 2803 and 2804.
The tube 2803 advances the progress circuit for
the quotient digit counters by transmitting a
pulse to the common firing conductor for tubes

2807, 2808 and 2808 and the tube 2804 transmits

a pulse into the conductor 281{ to fire the tube
2408 and thus extinguish the tube 2409 prepara-
tory to the calculation of the next quotient digit.
The pulse on conductor 2811 is also transmitted
through the tube 2801 to the conductor 1724
which is used for controlling the column shift
tubes so that the divisor hereafter will be shifted
one place to the right. The pulse on conductor
1121 will fire the primed tube 3904 and thus ex-
tinguish the tube 3509 as well as priming the next
tube 3907. The firing of the tube 3904 also trans-
mits a pulse to fire the tubes 3901, 3902 and 3903,
This pulse is also extended to the tube 3803 but
since the source (3—2) is ineffective at this time
this tube does not respond. The tube 3901 ex-
tingulshes the tube 3508, the tube 3902 extin-
guishes the tube 3507 and the tube 3903 extin-
guishes the tube 3508,

The remaining operations are similar to those
hereinbefore described. )

When the three quotient digits have been cal-
culated the transmission of a pulse over the con-
ductor {72) will fire the tube 3909 which will
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thersupon transmit a pulse into the conductor
3312 for the purpose of ordering the display as
hereinbefore described. It should be noted that
wherever the dividend is positive that then the
last remainder on the restoration of the last over~
draft taken must be positive and hence the posi-
tive memory tube 4402 will be fired to cause the
display of the plus sigh and the transfer of the
quotient digits to the counters of Fig. 49 and the
remainder to the counters of Figs. 43 and 46 in
a positive form.

It may also be noted at this time that had the
signs of the dividend and the divisor been un-
like that then the negative quotient conductor
2613 would have been provided as a path for the
transmission of the start pulse so that the divi-
dend would be transferred from the entry regis-
ters to the accumulators in the form of a com-
plement and the divisor thereafter would be
transferred in its natural form. The norma] ac-
tion thereafter would be the production of a series
of negative remainders and followed by one posi-
tive remainder when the overdraft occurs and
then another negative remainder upon the res-
toration of the overdraft. Under these condi-
tions it will be evident that the final remainder
will be negative so that the negative memory tube
4403 will be operated to control the display of the
sign. In this case the quotient digits will be
transferred in their form without inversion but
the digits of the remainder will be inverted, the
negative sign tube 4409 will be operated and a
one to make up for the nine’s complement will
be transmitted over the conductor 4411.

Thus in division, whether the operation be one
in division or one in inverted division will always
produce the quotient as three counted digits
and the remainder even though it be zero will
be displayed in its natural form if the problem
is one in division or in its complemental form
if the operation be one in inverted division, in
which case it will be realized that the remainder
is being shown in its true form because it was
standing on the accumulators at this time in its
Inverted form.

Square root

‘The first operation in a problem in square root
is the operation of the square root key 1801, This
applies positive potential (from the source (1))
to conductor 1818 to fire the tubes 2008, 2008,
2010, 2011, 2707, 3602, 3603, 3604 and 3605.

Tube 2008 creates and transmits a pulse into
conductor 2006 to flre the tubes 2403 and 2404
which close through electronic circuits from the
negative root conductor 2613 to the conductor
2405 and from the positive root conductor 2612
to the conductor 2406 (conductors 127 and 128
of Figs. 12 and 13) for purposes which will ap-
pear hereinafter.

Tube 2009 creates and transmits a pulse into
conductor 1711 to fire the tube 2307 which oper-
ates the triode 2308 and which in turn operating
on the resistance 2309 renders the source (3—2)
ineffective at this time. It will thus be noted that
during square root the two sources (3—3) and
(3—4) are effective and that only the source
(3—2) is rendered ineftective. The source (3—3)
thus renders the root digit counters eflective to-
gether with the double-pole double-throw switch-
ing “Aip-flops’ used for controlling the shift from
counter to counter and the selection of the posi-
tive or negative generator for the next operation.
The source (3—4) renders effective the subtra-
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hend synthesizing counters, the “flip-flop” ar-
rangement for shifting from counter to counter
and varlous other control tubes used only in
square root.

Tube 2010 creates and transmits a pulse into
conductor 2012 for the purpose of operating the
tubes 3501, 3502, 3503 and 3504 used to close elec~
tronie circuits from the four denominational
order conductors from the subtrahend synthe-
gizers to the shift tubes so that the subtrahends
as synthesized may be successively used in the
square root calculations.

Tube 2011 closes through an electronic circuit
from the conductor 2300 to conductor 2007 for
the purpose of placing the root digit counting
circuit in operation.

Tube 2107 operates to prime the sixth tube
2708 in the entry register progress circuit since
in square root the first factor registers are not
used. The square, the number whose roct is to
be extracted is entered in the registers for the
second factor, those shown in Figs. 27 and 31.

Tube 3602 creates and transmits a pulse into
conductor 3601 for setting up an initial synthetic
subtrahend of 0100. The pulse on conductor 3601
will be transmitted through each of the trans-
formers 33 '5, 3316 and 31705.

Tube 3603 establishes an electronic circuit be-
tween conductor 2311 and the firing circuit of
the shift tubes 3206 and 3207 for controlling the
orderly sequence in the synthesis of the sub-
trahends used in square root operations so that
when the first set of shift tubes for transferring
the square from the entry tubes to the accumu-
lator register tubes is fired the subtrahend syn-
thesizing circuit will be enabled.

Tube 3604 establishes an electronic circuit from
the square root “flip-flop” to fire tube 3205 to
respond to the change in sign produced when an
overdraft is produced and to therefore prepare
for a shift from one synthesizer counter to an-
other.

Tube 3605 creates and transmits a pulse to fire
tube 3204 which establishes an electronic circuit
from the square root “fiip-flop” to forward a pulse
to the firing circuit for the odd-numbered tubes
of the synthesizer counters.

The pattern for square root is now established.
Tf g number is standing on the accumulators its
square root may be extracted by entering 0000
as the square, care being taken to operate the
sign key corresponding to the sign displayed.
Otherwise the clearing-out key is operated where-
by any number on the accumulators is dropped
and the accumulators set to zero.

Square root involves but a single factor con-
sisting of a slgn and four digits which are now
entered in the second factor registers shown in
Figs. 27 and 31. It will be understood that when
the square is a minus quantity the root Is equal
to the root as calculated multiplied by the square
root of minus one. The negative sign displayed
with the calculated root therefore represents the
square root of minus one.

Since only one factor is entered the combina-
tion of sign tubes will render the positive or
the negative root conductor active in strict ac-
cordance with the sign of the entered factor and
the calcutlaions will be normal or inverted as in

division. The operations here are essentially the’

same as in division except that there is no divisor
to be used as a subtrahend and so subtrahends
according to a mathematical conception involving
& series of odd numbers must be synthesized. The

10

15

20

25

30

40

50

80

85

70

76

70
following two examples show the mathematical
prineiples involved.

VF.0450=+.210

Count

Square transferred —oooooomee - 0450
Complement of 1st synthetic sub-

trahend 0100 s 9899 0
1st remainder — e 0349
Complement of 2nd synthetic sub-

trahend 0300 .o 9699 1
2nd remainder 0048
Complement of 3rd synthetic sub-

trahend 0500 - .o 9499 2
Overdraft - - e 9547
Restoration o occmememaeeaen 0500
3rd remainder e 0047
Complement of 4th synthetic sub-

trahend 0041 .o o 2958 0
4th remainder ... e 0005
Complement of 5th synthetic sub-

trahend 0043 oo 9956 1
Overdraft - 9961
Restoration - oo 0043
5th remainder . coemaeee 0004
Complement of 6th synthetic sub-

trahend 0004 e 9995 0
overdraft e 9999
Restoration ool 0004
Last remainder . e 0003

The root .210 here calculated is inaccurate due
to two factors, (1) the use of the nine’s comple-
ment without the usual provision for the com-
pensating “fugitive 1” and (2) the fact that only
sufficient decimal denominational places have
been provided to demonstrate the principles in-
volved and not to provide accuracy. The ex-
traction of the square root of 450 to at least nine
places has been set forth at length hereinbe-
fore. When the square is a minus quantity the
operations will be as follows:

/—.0850=+.212 V-1

Count
Complement of square transferred 9549
1st synthetic subtrahend ___ ... 0100 0
1st remainder o . 9649
and synthetic subtrahend . _._____ 0300 1
2nd remainder oo 9949
3rd synthetic subtrahend _________. 0500 2
Overdraft oo 0449
Restoration—complement of 0500__ 9489
3rd remainder oo 9948
4th synthetic subtrahend . ____ 0041 0
4th remainder . ____ 9989
5th synthetic subtrahend. __.____.. 0043 1
Overdraft __ - - - 0032
Restoration—complement of 0043__ 9956
bth remainder ... ________ 9988
6th synthetic subtrahend _________ 0004 0
6th remainder _.._ . ___ 9992
7th synthetic subtrahend ______.__. 0004 1
Tth remainder . ________ 9998
8th synthetic subtrahend ________._ 0004 2
Overdraft - e 0002

Restoration—complement of 0004__ 9995
8th remainder _._ 9997
Displayed as

The display of the minus sign will mean that
the root is to be read as:

root .212v/—1 with remainder .002

The two examples above of square root and
inverted square root show the processes herein
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employed. As in division an overdraft is made
~and then rectifled, so that the above examples

are intended to show only the principles involved.
"In either case the root digits are the results of

counting the number of operations and are al-

ways positive. The sign of the root is taken from

the final remainder and will be explained in de-

tail hereinafter.

The operator now manipulates the start key

1800 and the start pulse is transmitted as hers-
inbefore described to select and start the proper
generator.
. The operations hereafter are exactly like those
described under division with the exception that
the generator is started through the tube 201i
instead of tube 200{. In addition the “flip-flop”
comprising tubes 3200, 3201, 3202 and 3203 are
used for the purpose of synthesizing the sub-
trahends which are used instead of the divisor
under the operations in division. It will be real-
ized that in division the divisor is constant, where-
as in square root the subtrahends are each of a
different value. The synthesis of the subtra-
hends has been explained hereinbefore so that
nothing now remains to be explained. As here-
inbefore pointed out, if the square is entered as
a negative number then the final remainder will
be negative in character, the negative memory
tube 4403 will be operated, and the negative sign
displayed. If will be understood that in the case
of the square root operations the display of the
negative sign is equivalent to the display of the
value, the square root of minus one.

Example in operation—Square root

The following example will be given in the
form of a bare set of facts since the circuits have
~ all been described in detail hereinbefore:

(1) The clearing-out key 2100 is operated re-
sulting in the firing of tube 2102.

(2) Tube 2102 transmits a pulse to fire tube
2103.

(3) Tube 2403 operates the triode 2106 which
lowers the potential on conductor 2108 so that
all tubes depending thereon are extinguished.

(4) Tube 2102 depending upon the source (3)
is extinguished and in the process provides a de-
layed pulse to fire the tube 211(2.

(5) Tube 2§12 extinguishes the tube 2103 and
this allows the triode 2106 to return to normal so
that the potential of source (3) is raised to nor-
mal.

(68) Tube 2103 in becoming extinguished fires
the tube 2111 which in turn transmits a pulse into
conductor 2118 and at the same time fires the
tube 2422,

(7) The pulse on conductor 2{18 is trans-
mitted in parallel to the primaries of four trans-
formers so as to forcibly fire the carry tubes 4011,
42141, 4511 and 4811.

(8) Tube 2122 transmits a pulse into the con-
ductor 2123 which extends in parallel through
four transformers to fire the zero tubes such as
4000 of each of the accumulators, thus setting
such accumulators to-zero.

(9) Square root key 1801 is operated.

(10) The resulting pulse on conductor 18i8
fires tubes 2008, 2009, 2010, 2011, 3602, 3603, 3604,
3605 and 2701.

(11) Tube 2008 transmits a pulse over con-
ductor 20086 and fires tubes 2403 and 2404.

(12) Tube 2008 transmits a pulse over con-
ductor 1711 and fires tube 2307.

(13) Tube 2307 operates triode 2308 to render
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source (3—2) inactive leaving sources (3—33 and
(3—4) active.

(14) Tube 2307 transmits a pulse over con-
ductor 2310 and fires tubes 2614, 265, 2618, 2617
and 2700. ) .

(15) Tube 2010 transmits a pulse over con-
ductor 2012 and fires tubes 3501, 3502, 3503 and
3504, :

(16) Tube 2011 closes an electronic circuit
tween conductors 2300 and 2007.

(17) Tube 3602 transmits a pulse over con-
ductor 3501 to establish the first synthetic sub-
trahend 0180, firing tubes 3303, 3306, 37i0 and
3704.

(18) Tube 3603 closes an electronic circuit be-
tween conductor 2311 and firing circuits for tubes
3206 and 3207.

(19) Tube 3604 closes an electronic circuit be-

be-

tween the negative remainder wire of the square

root flip-flop and the firing circuit for tube 3208.

(20) Tube 3608 fires tube 3204 so that each
positive remainder may be counted on the odd-
numbered tubes of the second denominational
order synthetic subtrahend counter.

(21) Tube 2701 transmits a pulse into conduc-
tor 1125 to fire tube 2704 and the zero tubes 21089,
2706, 3108 and 3101 of the four denominational
orders of the second factor entry registers.

(22) Tube 2707 primes the first progress tube
2708 of the second factor.

(23) The positive entry key is operated and
the resulting pulse on conductor 1807 is extended
through the tube 2704 to operate the progress
tube 2708.

(24) The progress tube 2708 primes the next
progress tube 2713 for the first denominational
order but does not affect the sign tubes since
the sign tube 2700 has already been fired.

(25) The zero entry key is operated to trans-
mit a pulse over the conductor 1809 to fire the
next progress tube 2713 whereupon the progress
tube 2108 is extinguished. The pulse over con-
ductor 1809 is also transmitted to the generator
start circuit where it fires the tubes 2217 and
2218.

(26) Tube 2218 fires a pulse into the plus gen-
erator selector wire {600 and tube 2117 fires a
pulse into the start wire 2200 to start the gen-
erator.

(27) A pulse from the generator over con-
ductor 1602-—0 will be transmitted through the
zero entry key over conductor 1808 through the
progress tube 2713 for the first denominational
order just fired to the zero tube 27085 which is un-
affected at this time since it has already been
fired.

(28) The No. 4 entry key is operated result-
ing in the firing of the next progress tube 2114
and the No. 4 tube in the second denominational
order of the second factor (Fiig. 27), and the con-
sequent extinguishment of the zero tube in this
register. :

(29) The No. 5 entry key is operated result-
ing in the firing of the next progress tube 3108
and the No. 5 entry tube of the third denomina-
tional order (Fig. 31), and the consequent extin-
guishment of the zero tube in this register.

(300 The No. 0 entry key is operated result-
ing in the flring of the next progress tube 318§
and the transmission of a pulse to fire the zero
entry tube 31081 of the fourth denominationai
order, without effect at this time because this tube
has already been fired. The device is now ready
for operation.

(31) The start key 1800 is operated, momen-
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tarily depressing the potential of source (3—5)
and extinguishing tube 3{086.

(32) The start key 1800 operated, transmits a
pulse over the conductor {8i1.

(33) The pulse in conductor 18i{ is trans-
mitted through tube 2700, conductor 2701, tube
2614, conductor 2612, tube 2404, conductor 2406
to fire the tubes 2410, 2411, 2412, 2413, 2414, 3200
and 3201.

(34) The pulse on conductor 2612 is trans-
mitted through the tube 2616, conductor 2300,
tube 2011, conductor 2007 to fire tubes 2013, 2015,
2800, 2801, 2802, 3400, 3401, 3800 and 380i.

(35) The pulse on conductor 2380 causes the
firing of the tube 4709 and the consequent oper-
ation of the triode 4710 thus momentarily de-
pressing the potential on the source (2) to wipe
-out any display. Since there is no display at this
time, this is without effect.

(36) Tube 2414 transmits a pulse into con-
ductor 1600 to select the positive generator, and
to fire tube 4820,

(37) Tube 20i3 closes an electronic circuit
between the conductor 2407 and conductor 2014.

(38) Tube 2015 closes an electronic circuit
from the conductor {T{3 to the conductor 2016.

(39) The tubes 3400, 340{, 3800 and 380/ pre-
pare electronic circuits for transferring the four
digits of the square, registered in the first, sec-
ond, third and fourth denominational orders of
the second factor register into the wires 3403,
3404, 3405 and 3406, respectively, so that these
may be transmitted to the accumulator registers.

(40) Tube 2800 transmits a pulse into the con-~
ductor 2810 to cause the firing of tubes 2806, 2300,
2907 and 2913.

(41) The tube 2801 closes an electronic circuit
between the conductor 28{f and the conductor
1721.

(42) The tube 2802 transmits a pulse into the
start conductor 2200 to start the generator.

(43) The generator having been selected
through tube 2414 and started through the firing
of the tube 2802, the square is now transferred to
the accumulators.

(44) The zero tube 4006 is primed over the
conductor 1603—0 and fired over the conductor
1802—0 extending through the zero tube 2705
of the first denominational order, conductor
2711,
point of the tube 4006.

(45) The No. 4 tube of the second denomina-
tional order accumulator (Fig. 42) is primed over
the conductor 1603—4 and fired over the con-
ductor 1602—4 through the No. 4 tube of the
second denominational order (Fig. 27), con-
ductor 2712, tube 3401, conductor 3404 to the
common firing point of the accumulator register
tubes for the second denominational order (Fig.
42).

(46) The No. 5 tube in the third denomina-
tional order accumulator is fired in a similar
manner.

(47) The No. 0 tube in the fourth denomina-
tional order accumulator (Fig. 48) is fired in a
similar manner.

(48) At the end of the generator cycle the fir-
ing of the last tube 1613 transmits a pulse over
conductor 220( and fires the end tube 2210 which
now transmits a pulse into the end of cycle con-
ductor 2211, This causes the firing of tube 3802

and, therefore, the extinguishment of the tubes
3400, 3401 and 3800.

(49) The firing of tube 3802 transmits a pulse
in conductor 231§ which fires the tube 3402 and

tube 3400, conductor 3403 to the firing ;
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the first set of shift tubes 3508, 3507, 3808 and
3509.

(50) The pulse on conductor 23i1 is also
transmitted through the tube 3803 to fire the
shift tubes 3206 and 3201.

(51) The values in the accumulator registers
are transferred to the accumulators in the man-
ner hereinbefore described.

(62) When the accumulator registers have
completely counted down, then the tubes 4007,
4207, 4307, and 4807 are fired.

(63) The operation of tubes 4007 and 4207
causes the operation of tube 4100 and the opera-
tion of tubes 4507 and 4807 causes the operation
of tube 4101. .

(54) The firing of tubes 4100 and 4101 results
in the firing of tube #i02 and this transmits a
pulse over the conductor 4103 through the tube
4820 to conductor 4822.

(55) Since the carry tubes 4811, 4514, 4211 and
4011 have been left undisturbed, the tubes 4812,
4512, 4212 and 4012 are primed and are now
operated, resulting in a pulse over the conductor
4025.

(668) The pulse in conductor 4025 fires the tube
4{04 which transmits a pulse into the conductor
1T13 which is passed by the tube 28i5 to the
conductor 2016 transmitted through the tube
2006 to the conductor 281§ to the common firing
circuit of the first root digit counter to fire the
tube 2901 and extinguish the tube 2900.

(57) The firing of tube 4104 operates the triode
4105 to" momentarily depress the potential of
source (3—1) to extinguish tubes #i00, &101,
4102, 4012, 4202, 4512, 48i2, 4007, 4201, 4507 and
4807,

(68) The pulse In conductor 4025 is also trans-
mitted through the tube 4811, the transformer
4027, conductor 40i5, the transformer 4018,
through the tube 4000, the transformer 4014, con-
ductor 4002, tube 2412 to conductor 1900, thus
selecting the negative generator for operation.
Memory tube 4402 is fired over conductor 4002.

(59) The pulse on conductor {900 fires the tube
4821 and this through its mutual relation with
tube 4820 causes the latter tube to be extin-
guished.

(60) The negative generator being selected
over the conductor 1900, it i{s now started through
the firing of the first tube 2901 in the root digit
counter, The firing of tube 2901 transmits a
pulse into the start wire 2200.

(61) The complement of the synthetic subtra-
hend 0100 is now transmitted to the accumulator
registers.

(62) The No. 9 tube 4004 of the first denomi-
national order is primed over conductor 1603—9
(from transformer 1915) and filred over con-
ductor 1604—0, tube 3303, conductor 8301, tube
3504, tube 3506, conductor 3403 to the common
firing point for the tubes of the first denomina~
tional order accumulator register (Fig. 40).

(63) The No. 8 tube in the second denomina-
tional order (Fig, 42) is fired through being
primed over conductor 1603—8 and being fired
over conductor 16041, tube 3306, conductor
3302, tube 3502, tube 3507, conductor 3404 to the
common flring cireuit of the second denomina-
tional order accumulator register (Fig. 42).

(64) The No. 9 tube of the register (Fig. 45)
is fired in a similar manner.

(65) The No. 9 tube of the register (Fig. 48)
is fired in a similar manner.

(66) The value 9899 now expressed on the
accumulator registers is transferred to the
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accumulators in the manner hereinbefore ex-
plained (Items 51 to 60) so that the accumu-
lators will then express the value 0349.

(67) At the end of the generator cycle the
pulse over conductor 221( fires tube 3805 and
thereby extinguishes the tube 3402.

(68) During the accumulation the firing of
tube 4102 extingu‘shes tube 4104.

(69) The completion of this accumulation is
also siznalled by a pulse over conductor 402§
which fires the tube 4104, as hereinbefore ex-
plained, placing a pulse on the conductor (T3
which now finds a path through the tube 2015 to
conductor 2016 through the tube 2806, conductor
281§ to the common firing point of the tubes in
the first root digit counter whereupon the tube
2902 primed by the tube 2801 fires and extin-
guishes the tube 2901.

(70) The remainder 0349 is positive and hence
a pulse will go out over conducter 4002,
through tube 2412 to the negative generator se-
lector wire 1900.

(71) The pulse on conductor 4902 is now trans-
mitted through tube 3200, tube 3204, tube 3208,
conductor 3313 to the common firing point of the
odd-numbered tubes in the second denomina-
tional order synthetic subtrahend counter
whereby tube 3308 fires and tube 3306 is extin-
guished. Tube 3312 is also fired.

(72) The firing of tube 2902 transmits a pulse
into the generator start wire 2200 whereupon the
generator goes through another cycle.

('73) During this cycle the second synthetic
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subtrahend 0300 is transferred in its comple- -

mental form 8699 to the accumulator registers in
the same manner as that hereinbefore described,
and the count is advanced from tube 2902 to tube
2903 and the No. 5 tube (Fig. 33) is fired.

(74) The accumulation now becomes 0048 and
since this is positive, another count will be made
and the next synthetic subtrahend will be formed
and transmitted to the accumulator registers as
9499. The count is now advanced from tube 2903
to tube 2904.

(75) This accumulation will be 9547 and hav-
ing a 9 in its first decimal denominational order
will this time cause a pulse to be transmitted over
the conductor 4003 instead of over the conductor
4002. Memory tube 4403 is fired and tube 4482
is extinguished.

(76) The pulse on conductor 4803 will find a
path through the tube 2413 to the positive gen-
erator selector wire 1600.

(T7) The pulse on conductor #4003 is trans-
mitted through tube 2411 to fire tube 2408.

('718) The pulse on conductor 4003 will also
find a path through the tube 3201, thence through
the tube 3604 to cause the tube 3205 to fire.

(79) Through the mutual relation between the
tubes 3204 and 3208, the tube 3204 is now extin-
guished.

(80) In this instance, since the positive gen-
erator is selected, the last synthetic subtrahend
0500 is transferred in its natural form to the
accumulator registers to produce the accumula-
tion 0047 (due to the fact that no provision has
been made herein for the addition of the com-
pensating or fugitive 1, this remainder 0047
differs from the previous remainder 0048). The
count is advanced from the tube 2904 to the No.
2 tube in this first rigit root counter.

(81) At the end of the generator cycle during
which the synthetic subtrahend 0500 in its true
form is transmitted to the accumulators, a pulse
on the end of cycle wire 2210 will be transmitted
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through the tube 3208 to cause the firing of tubes
3204, 3208 and 3810, extinguishing tubes 3208,
3207 and 2206.

(82) The firing of tube 3208 transmits a pulse
over conductor 3314 whereby the No. 4 tube in the
first synthetic subtrahend counter is ﬂred and
the No. 5 tube is extinguished.

(83) The firing of tube 3610 transmits a pulse
over conductor 3708 to the odd-numbered tubes
of the third denominstional order subtrahend
counter, thus advancing this counter by the
firing of tube 37(1 and the extinguishment of
tube 3710. It should be noted at this time that
the synthetic subtrahend stands on the counters
as 0410.

(84) Since the restoration of the value 0500
produces a positive remainder, the resulting
pulse on conductor 4002 will now be transmitted
through the tube 2410, conductor 24185, tube 2409,
conductor 2407, tube 203, conductor 2014 to
cause the tubes 2803 and 2804 to fire.

(85) The firing of tube 2803 transmits a pulse
through the relay network to the common firing
circuit or tubes 2807, 2808 and 2808. Tube 2801
being primed, now fires and extinguishes the tube
2808,

(86) The firing of tube 2804 transmits a puise
into the conductor 2811 which now finds & path
through the tube 2801 into conductor 1721 which
causes the firing of the primed tube 3804.

(87)Tube 3804 in firing causes the tubes 3803,
3901, 3902 and 3903 to fire. The firing of tube
3803 extinguishes the tube 3805. The firing of
tube 3801 extinguishes the tube 3508. The firing
of tube 3902 extinguishes the tube 3507,
firing of tube 3903 extinguishes the tube 3508.
The firing of tube 3904 extinguishes the tube 3508
and primes tube 3%07.

(88) The negative generator having been
selected by the firing of a pulse over conductor
4002 and thence through the tube 2412, the count
is advanced from the No. 1 tube 2904 to the No.
2 tube and the generator is started by the result-
ing pulse transmitted into the conductor 2200.

(89) The pulse over conductor 2200 is trans-
mitted through tube 2802 to fire tube 2805 and
thus extinguish the tubes 2803 and 2804.

(90) On the next cycle of the generator .the
synthetic subtrahend 0410 is transmitted to the
accumulators. The No. 9 tube 4004 of the first
accumulator register is primed over the con-
ductor {8603—9 (transformer 1918) and fired over
the conductor {604—0, through tube 3801, con-
ductor 3403, to the common firing circuit for the
tubes of the first order accumulator register.

" The No. 9 tube of the second order accumulator
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register is primed over the conductor 18603—%
and fired over conductor {604—0 through tube
3303, conductor 3301, tube 3501, tube 3382, con-
ductor 3404 to the common firing point for the
tubes of the second denominational order accu-
mulator register. In like manner the No. § tube
and the No. 8 tube of the third and fourth orders,
respectively, are flred through the tubes 3700
and 3903, 3791 and 3904 so that the value 9958,
the nine’s complement cf 0041 is tra.nsterred to
the accumulators.

(91) The remaining operations are the same as
those hereinbefore described so that the accumu-
lators will be finally brought to express the value
0003 and the count on the root digit counters
(Fig. 29) will be 210. On the final restoration
the pulse over conductor 2407, through tube
2043, thence over conductor 2014 will fire the
tubes 2803 and 2804 and again restore the tube
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2808. On this last operation the tube 2804 will
transmit a pulse into the conductor 2811, through
the tube 280i, the conductor 1721 to fire the
tube 3909.

(92) Tube 3809 transmits a pulse into the
conductor 3912 to order the display by firing the
tubes 4700, 4404, 4405, 4406, 4407, 4303, 4304, 4608,
4609, 4300, 490i, 4902 and 4702.

(93) The firing of tube 4708 extinguishes the
tube 4709 and the triode 4710.

(94) Tube 4100 in firing transmits a pulse over
conductor 4701 through the plus memory tube
4402, the tube 4404 to fire the tube 4408.

(95) The tube 4408 causes the display of its
associated lamp to indicate a positive sign.

(96) The pulse from the plus memory tube
will also find a path through the tube 4408 to
the plus generator selector wire.

(87) The pulse for starting the generator
came from the firing of the zero tube 2915 in the
third denominational order root digit counter.

(98) The generator now goes through a cycle
and transfers the remainder 0003 to the tubes
4300, 4310, 4600 and the No. 3 tube in the last
denominational order (Fig. 26) and the root
counters to express the value 210.

(99) The No. 2 tube in the first denominational
order of the root digit counters (Fig. 49), by way
of example, is primed over conductor 160{—2
and fired over conductor {802—2.
tube located in the line between tubes 2904 and
tube 2905, conductor 2920, tube 4900 to the com-~
mon firing point for the tubes of the first order
root display tubes. Each of the tubes in Figs.
46 to 49 has associated with it a signal lamp
which now becomes lighted to indicate the
values above stated. )

(100) At the end of this last generator cycle
the pulse over the end of cycle wire 22{2 now
passes through tube 4702 and operates the tube
4703 which in turn operates the triode 4704 and
depresses the potential momentarily on source
(1). This causes a large number of tubes to
become extinguished including tubes 2009, 2010,
2001, 2307, 3501, 3502, 3503, 3504, 390(, 3902,
3903, 3904, 3909, 4700 and 4702.

(101) The extinguishment of tube 4702 causes
the tube 4115 to fire whereupon tubes 4703 and
4704 are extinguished.

(102) This completes the operation of extract~ :

ing the square root of the number 0450.

(103) It may bhe noted that if the clearing
key is operated in order to prepare the device for
another operation, that the following tubes will
be extinguished through the momentary depres-
sion of the potential on source (3): Tubes 2008,
2043, 2015, 2212, 2217, 2410, 2412, 2411, 2413,
2414, 2409, 2614, 2615, 2618, 2617, 2700, 2704,
27017, 2105, the No. 4 tube in the second decimal
denominational order, tube 3101, the No. 2 count-~
ing tube in the first denominational order (Fig.
29), tube 2810, tube 2915, tube 3303, the No. 4
tube in the second denominational order of sub-
trahend counter, tube 3312, tube 3704, tubes 3802,
3805, 4000, 4026, the No. 0 tube of the second
denominational order accumulator, tube 4211,

the No. 0 tube of the third denominational order -

accumulator, tube 4511, the No. 3 tube in the
fourth denominational order accumulator, tubes
4811, 4820, 4104, 2800, 2801, 2802, 2805, 2809, 3200,
3201, 3204, 3614, 3611, 3604, 3605, 3603 and 3602.

(104) It may be further noted that when a
new problem has been entered and the start
key has been operated, the source (2) will be
momentarily depressed through the firing of tube
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4709 and the operation of triode 4718 whereupon
the following tubes will be extinguished: Tubes
4300, 4310, 4303, 4304, 4408, 4404, 4405, 4408,
4407, 4402, 4600, 4608, the No. 3 tube in the fourth
denominational order display, tube 4409, the
No. 2 tube in the first denominational order root
digit display, the No. 1 tube in the second denom-
inational order, the No. 0 tube in the thitd de-
nominational order and tubes #4900, 4901 and 4802.

(105) For the purpose of visualizing some of
the operations the following table is submitted:

Yenerator cycle

No. Purpose Started By

1. EntryofQ.. .o ... Entry key.

) S Entryofd. ... ... Do,

3. Entryof5 _. Do,

4. __. EntryofO...__...______ . . . ______. Do.

5 ... Transfer of 3450 to ac .| Start key.

6 Transfer of 9809, __ .| Tube 2901.

. Transfer of 9699. -.| Tube 2902,

8 _._. | Transfer of 9499 . _ .| Tube 2908,

9 ... | Transfer of 0300___.____.__________________ Tube 2004,

10..._. Transfer of 9958__ .. . .. ______.._____. No. 2tnbe—I1st
counter.

) S Transfer of 9956 . .. ___ ... ___._...___. Thibe 2908,

12.___ | Transferof 0043 . __________._ . _________. Tube 2909,

13.___. Transfer of 9995 __ Tube 2910,

4. Transfer of 0004 ____ -| Tube 2014,

) & T Display of result. ... ... __________. Tube 2015,

What is claimed is:

1. In an electronic calculator, open chains and
closed rings each comprising a plurality of elec-
tronic devices in a circuit arrangement having a
common input circuit and a common output cir-
cuit, the devices of sald chains and rings being
successively responsive to the pulses of a train of
serially relation pulses applied to the said input
circuits thereof, the said chains each being re-
sponsive to a train of pulses not more in number
than the number of devices in a said chain and
the said rings each having reentrant circuits and
being responsive to a train of an unlimited num-
ber of pulses, each saild device upon operation
creating and transmitting a pulse into its output
circuit, & plurality of accumulators each consist-
ing .of the combination of an open chain and a
closed ring having the output circuit of each con-
nected to the input circuit of the other and means
for selectively operating the devices of the open
chains of said accumulators.

2. In an electronic calculator, open chains and
closed rings each comprising a plurality of elec-
tronic devices in a circuit arrangement having a
common input circuit and a common output cir-
cuit, the devices of said chains and rings being
successively responsive to the pulses of a train
of serially related pulses applied to the said input
circuits thereof, the said chains each being re-
sponsive to a train of pulses not more in number
than the number of devices in a said chain and
the said rings each having reentrant circuits and
being responsive to a train of an unlimited num-
ber of pulses, each said device upon operation cre-
ating and transmitting a pulse into its output
circuit, a plurality of decimal accumulators each
consisting of the combination of an open chain of
ten devices and a closed ring of ten devices hav-
ing the output circuit of each connected to the
input circuit of the other and means for selec-
tively operating the devices of the said open
chains of said accumulators.

3. In an electronic calculator, open chains and
closed rings each comprising a plurality of elec-
tronic devices in a circuit arrangement having a
common input circuit and a common output cir-
cuit, the devices of said chains and rings being
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successively responsive to the pulses of a train of
serially related pulses applied to the said input
circuits thereof, the said chains each being re-
sponsive to a train of pulses not more in number
than the number of devices in a said chain and the
said rings each having reentrant circuits and be-
ing responsive to a train of an unlimited num-
ber of pulses, each said device upon operation
oreating and transmitting a pulse into its output
¢ircuit, & plurality of decimal accumulators each
consisting of the combination of an open chain
of ten devices and a closed ring of ten devices
kaving the output circuit of each connected to
the input circuits of the other carry devices for
sach said accumulator consisting of an electronic
flevice responsive to a complete operation of the
sald closed ring thereof for transmitting a pulse
into the said input circuit of the sald closed ring
of the said accumulator of the next higher deci-
mal denominational order, and means for se-
lestively operating the devices of the said open
chains of said accumulators.

[4. In an electronic accumulator, an array of
electronic devices adapted to represent the deci-
mal digits 0 to 9 inclusive, an electronic device
connected to said array and adapted to represent
a "earry of one,” and means whereby energiza-
tion of the “8" representation device will simul-
teneously prime said carry device and said “0”
representation device.l

5. In an electronic ealeulator, a4 closed ring of
ter: electronic devices arranged in the order G to 9,
inclusive in a circuit arrangement including a
comarnon energizing circuit, a priming cireuit con-
irolied by each said device for rendering the next
in. order of said devices capable of response to a
pulse transmitted over said common circuit, and
an extinguishing circuit between each of sald
devices and its preceding in order device for ex-
tinguishing a previously operated device respon-
sive to the operation of the said device, a carry de-
vire connected to said common energizing circult,
said priming circuit from the number 9 of said
devices additionally extending to sald carry de~
vice, whereby said carry device and the number 0
of said devices will simultaneously respond to &
pulse over said common energizing circuit.}

8. In an electronic calculator, open chains and
closed rings each comprising a plurality of elec~
tronic devices in a circuit arrangement having a
common input circuit and a common output cir-
cuit, the devices of said chains and rings being
successively responsive to the pulses of a train of
serially related pulses applied to the sald input
circuits thereof, the said chains being responsive
to a train of pulses not more in number than the
number of devices in a sald chain and the said
rings each having reentrant circuits and being
responsive to & train of an unlimited number of
pulses, each said device upon operation creating
and transmitting a pulse into.its output circuit,
a plurality of decimal accumulators each consist-
ing of the combination of an open chain of ten
devices and a closed ring of ten devices having
the output circuit of each connected to the input
circuit of the other, means for selectively operat-
ing the devices of the said open chains of said
accumulators whereby the devices of said asso-
ciated open chain and closed rings will alternately
operate and transmit a pulse into the input cir-
cuit of the other, the said chain automatically
counting down to zero from the said selectively
operated device and controlling said ring to auto~
matically count up an equal number of steps, car-
ry devices for each said accumulator consisting
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of an electronic device responsive to every tenth
pulse of the said common energizing circuit of
said ring, a normal position electronic device for
each open chain of said accumulators responsive
in operation to the completion of the said count-
ing down to zero of each said open chain and
means jointly responsive to the operation of all of
sald normal position devices for causing each” of
the operated one of said carry devices to transmit
a pulse into the said input circuit of the closed
ring of the next higher order accumulator.

7. In an electronic calculator, open chains
and closed rings each comprising a plurality of
electronic devices in a circuit arrangement hav-
ing a common input circuit and a common out-
put circuit, the devices of said chains and rings
being successively responsive to the pulses of a
train of serially related pulses applied to the
said input circuits thereof, the said chains be-
ing responsive to a train of pulses not more in
number than the number of devices in a sald
chain and the said rings each having reentrant,
circuits and being responsive to a train of an
unlimited number of pulses, each said device
upon operation creating and transmitting a
pulse into its output circuit, a plurality of deci-
mal accumulators each consisting of the com-
bination of an open chain of ten devices and a
closed ring of ten devices having the output cir-
cuit of each connected to the input circuit of
the other, means for selectively operating the
devices of thn said open chains of saild accumu-
lators whereby the devices of said assoclated
open chain and closed rings will- alternately
operate and transmit a pulse into the input cir-
cuit of the other, the sald chain automatically
counting down to zero from the said selectively
operated device and controlling sald ring to
sutomatically count up an equal number of steps,
carry devices for each said accumulator conaist-
ing of an electronic device responsive to every
tenth pulse of the said common energizing cir-
cuit of said ring, a normal position electronic
device for each open chain of said accumulators
responsive in operation to the completion of the
said counting down to zero of each said open
chain and means jointly responsive to the op-
eration of sll of said normal position devices for
causing each of the operated one of sald carry
devices to transmit a pulse into the sald input
circuit of the closed ring of the next higher
order accumulator, and means for signaling the
completion of said carry operations.

8. An electronic accumulator comprising &
closed ring circuit of high vacuum trigger de-
vices each said device connected to an output
circuit for transmitting a pulse thereover and
a common triggering-on circuit for said ring, an
electronic register adapted to register digital
values and comprising an open chain of similar
electronic devices, each said device connected to
an output circuit for transmitting a pulse there-
over and a common triggering-on circuit for
said open chain, means for selectively operating
the devices of said chain and means for there-
upon automatically operating said chain to
count down to zero and said ring to count up a
corresponding number consisting of a connec-
tion between the output circuit of said ring and
the trizgering-on circuit of said chain and a
similar connection between the output circuit
of said chain and the trigegering-on circuit of
sald ring.

9. In an electronic calculator, open chains

‘and closed rings each comprising a plurality of




28,807

81

electronic devices in a circuit arrangement hav-
ing a common input circuit and a common out-
put circuit, and in which each device in oper-
ation prepares the next device in order to re-
spond to energization over its common input
circuit, the devices of said chains and rings be-
Ing successively responsive to the pulses of a train
of serially related pulses applied to the said input
circuits thereof, the said chains each being re-
sponsive to a train of pulses not more in number
than the number of devices in a said chain and
the said rings each having reentrant ecircuits
and being responsive to a train of an unlimited
number of pulses, each said device upon oper-
ation creating and transmitting a pulse into its
output circuit, a plurality of decimal accumu-
lators each consisting of the combination of an
open chain of ten devices arranged in reverse
order 9 to 0 inclusive and a closed ring of ten
devices arranged in normal order 0 to 9 inclusive,
having the output circuit of each connected to
the input ecircuit of the other and means for
selectively operating the devices of the said open
chain of said accumulators.

10. In an electronic calculator, open chains
and closed rings each comprising a plurality of
electronic devices in a circuit arrangement hav-
ing a common input circuit and a common out-
put circuit, the devices of said chains and rings
being successively responsive to the pulses of a
train of serially related pulses applied to the
said input circuits thereof, the said chains be-
ing responsive to a train of pulses not more in
number than the number of devices in a said
chain and the said rings each having reentrant
circuits and being responsive to a train of an
unlimited number of pulses, each said device
upon operation creating and transmitting a pulse
into its output circuit, a plurality of decimal
accumulators each consisting of the combina-
tion of an open chain of ten devices and a closed
ring of ten devices having the output circuit of
each connected to the input circuit of the other,
means for selectively operating the devices of
the said open chains of said accumulators
whereby the devices of said associated open
chain and closed rings will alternately operate
and transmit a pulse into the input circuit of
the other, the said chain automatically counting
down to zero from the said selectively operated
device and controlling said ring to automatically
count up an equal number of steps, carry de-
vices for each said accumulator consisting of an
electronic device responsive to every tenth pulse
of the said common energizing circuit of sald
ring, a normal position electronic device for
each open chain of said accumulators responsive
In operation to the completion of said counting
down to zero of each said open chain and means
jointly responsive to the operation of all of said
normal position devices for causing each of the
operated one of said carry devices to transmit
a8 pulse into the said input circuit of the closed
ring of the next higher order accumulator, a
means associated with each said accumulator for
by-passing a carry device when no carry is indi-
cated, and means for sighaling the completion of
said carry operations.

11. In an electronic calculator, a plurality of
accumulators each of which comprises an array
of electronic devices adapted to represent the
decimal digits 0 to 9, inclusive, an electronic de-
vice connected to said array and adapted to rep-
resent a “carry of one,” and means whereby ener-
gization of the “9” representation device will
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simultaneously prime said carry device and said
“0” representation device, means for concurrently
entering numeral representing signals to g ply-
rality of said accumulators for accumulating the
numerals represented by said signals, and ap-
paratus controlled by and responsive to the com-
pletion of the concurrent entering of signals in
the plurality of said accumulators representing
numerals to initiate a carry operation belween
said accumulators under control of said carry
devices.

12. In an electronic calculator, an accumulator
Jor accumaulating representations of numerals in
each denominational order of multidenoming-
tional order numbers each of which accumulators
comprises a closed ring of ten electronic devices
arranged in the order 0 to 9, inclusive, in a circuit
arrangement including a common energizing cir-
cuit, @ priming circuit controlled by each said de-
vice for rendering the next in order of said devices
capable of response to a pulse transmitted over
said common circuit and an extinguishing circuit
between each of said devices and its preceding
in order device for extinguishing a previously op-
erated device responsive to the operation of said
device, a carry device connected to said common
energizing circuit, said priming circuit jrom the
number 9 of said devices additionally extending
to said carry device whereby said carry device
and the number 0 of said devices will simul-
taneously respond to a pulse over said common
energizing circuil, and means for transmitting
and entering pulses representing numerals of a
multidenominational order number concurrently
over a plurality of energizing circuits of said plu-
rality of accumulators means responsive to the
completion of the concurrent entering of said
pulses representing numerals in said accumula-
tors to transmit a carry initiating pulse for enter-
ing e one from an accumulator of one denomina-
tional order in the accumulator of the next suc-
ceeding denominational order under control of
energization of said carry device of said accuma-
lator of said one denominational order, control
means in said accumulator of the next succeeding
denominational crder responsive to the registra-
tion of said one in said accumulator to initiate
the entering of a one in an accumulator of a
succeeding higher denominational order under
control of another carry device. :

13. In an electronic calculator, an accumula-
tor for accumulating representations of numerals
in each denominational order of multidenomina-
tionael order numbers each of which accumulators
comprises a closed ring of ten electronic devices
aerranged in the order 0 to 9, inclusive, in a cir-
cuit arrangement including a common energizing
circuit, a priming circuit controlled by each said
device for rendering the next in order of said
devices capable of response to a pulse trans-
mitled over said common circuit and an ertin-
guishing circuit between each of said devices and
its preceding in order device for extinguishing a
previously operated device responsive to the oper-
ation of said device, a carry device connected to
said common energizing circuit, said priming
circuit from the number 9 of said devices addi-
tionally extending to said carry device twhereby
said carry device and the number 0 of said de-
vices will simultaneously respond to a pulse over
said common energizing circuit, means for trans-
milting and entering pulses representing nu-
merals of a multidenominational order number
concurrently over a pluralilty of energizing cir-
cutts of said plurality of accumulators, and ap-
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paratus responsive to the completion of the en-
tering of said pulses representing numerals of a
multidenominational order number in said ac-
cumulators for initiating the carry operation for
entering one from an accumulator of one de-
nominational order to the accumulator of the
next succeeding denominational order under con-
trol of the energization of the carry device of
said one denominational order.

14. In an electronic calculator, an accumula-
tor for accumulating representations of numerals
in each denominational order of multidenomina-
tional order numbers each of which accumulators
comprises a closed ring of ten electronic devices
arranged in order 0 to 9, inclusive, in a circuit
arrangement including a common energizing cir-
cuit, a priming circuit controlled by each said
device for rendering the next in order of said

devices capable of response to a pulse transmitted

over said common circuit, and an extinguishing
circuit between each of said devices and its suc-
ceceding in order device for extinguishing a pre-
viously operated device responsive to the opera-
tion of said device, a carry device connected to
said common energizing circuit, said priming cir-
cuit from the number 9 of said devices addi-
tionally extending to said carry device, whereby
said carry device and the number 0 of said de-
vices will simultaneously respond to a pulse over
said common energizing cireuit, means for enter-
ing pulses representing numerals of a multi-
denominational order conmcurrently over a plu-
rality of the energizing circuits of said plurality
of accumulators, means controlled by the com-
pletion of the entering of said pulses represent-
ing numerals of @ multidenominational order
number in said accumulators for transmitting o
carry initiating pulse to the accumulator respon-
sive to the numeral of the lowest denominational
order, apparatus included in said accumulator for
relaying said carry initiating signal to the ac-
cumulator responsive to the next siucceeding high-
er denominational order numeral, means respon-
sive to the energization of said carry device for

entering a one in the accumulator of the next.

highest demominational order instead of relay-
ing said carry initiating pulse, and means re-
sponsive to an eniry of said carry of one in said
accumulator of the next higher denominational
order for transmitiing a carry initiating pulse to
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said accumulator of the next higher denomina-

tional order.

15. In an electronic calculator a plurality of
accumulators each of which comprises an array
of electronic devices adapted to represeat the
decimal digits 0 to 9, inclusive, an electronic
device connected to said array and adapted to
represent a “carry of one,” and means wheredy
the energization of the “9” representation device
will simultaneously prime said carry device and
said “0” representation device and means for
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concurrently entering numerals representing sig-
nals in a plurality of said accumulators for ac-
cumulating the numerals represented by said
symbols, a carsy initlating ircuil interconnected
with each of s::ld accumulators, means in each of
said accumulciors responsive to the completion
of the entering of signals representing a nu-
meral therein to change the electrical condition
of said carry initiating circuit, means responsive
to said changed electrical condition in said carry
inttiating circuit in all of the accumaulators in-
terconnected therewith to initiate said carry op-
eration, and other means interconnected between
satd accumulators and said carry devices respon-
sive to said carry initiating circuit for perform-
ing carry operations between said accumulators.
SAMUEL B. WILLIAMS.
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