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This invention relates to an improved elec 
trical computer for use in solving linear simul 
taneous equations. More specifically the inven 
tion is an electrical apparatus having a plu 
rality of transformers in Specially arranged cir 
cuits whereby a plurality of simultaneous equa 
tions, such as the type, 2iAixi=Mi may be 
Solved. 

In connection with present day research on 
analysis work, it is frequently necessary to solve 
many Simultaneous equations to determine the 
desired mathematical Values. As a result, there 
are now available various electrical computers 
which Save a considerable amount of time for 
their users. 

Briefly, the improved electrical computer of 
this invention comprises in combination a plu 
rality of n--1 identical transformers, where n is 
the number of unknowns which may be handled 
by the particular apparatus, with each trans 
former having a multiple number, n of identical 
Secondaries, an alternating current voltage Sup 
ply connecting to each primary of each of the 
plurality of transformers, means for dividing or 
controlling the Voltage Supply to all but one of 
the primaries of the Series of identical trans 
formers, additional voltage dividing means con 
necting to each of the identical Secondaries pro 
viding thereby means to individually adjust the 
voltage output from each secondary, lines con 
necting a Secondary and accompanying voltage 
dividing means from each of the transformers 
into a multiple number of n circuitS, current or 
voltage indicating means, and means connecting 
the latter to each of the circuits between the 
secondary of the transformer normally having no 
Voltage adjustment means Connecting to its pri 
mary coil and the remaining Serially connected 
Secondaries of each of the identical transformers, 
whereby each circuit may be individually bal 
anced upon adjusting the Woltage dividers at each 
Secondary to known values obtained from each 
linear equation, and the variable voltage dividing 
means connecting to each primary of each trans 
former is successively adjusted to provide a bal 
ancing of all circuits. 
This transformer type of apparatus has an ad 

vantage over most of the present types of voltage 
dividing computers, in that it has a simpler con 
Struction and may be operated in an easy man 
ner. Desirable control features may also be read 
ily adapted to or incorporated with, this in 
proved computer to provide an eficient and 
rapidly operated machine. For example, with 
the use of servo-motors in combination there 
with, the apparatus may be made to readily han 
dle slowly converging systems of equations which 
can not be easily solved on the usual manually 
operated computer. Also, with the servo-motor 
embodiment of the computer, it may be made to 
operate substantially automatically and thereby 
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eliminate the otherwise necessary manual read 
justment of the potentiometers to effect the bal 
ancing operation. Certain of these additional 
features will be more fully described and ex 
plained following the description of the construc 
tion and operation of the basic transformer type 
of Simultaneous equation computer. 
The accompanying drawing illustrates dia 

grammatically and in a Simplified einbodiment, 
the arrangement of the identical transformers 
and of the circuitS which make up the computing 
apparatus. It should be understood that the 
apparatus is not to be limited in any Way by the 
number of transformerS indicated in the drawing, 
for the computer may well contain any number of 
transformers and circuits to permit its use in 
Solving any number of unknowns, 

Referring now to the drawing, there are indi 
cated therein a plurality of identical transformers 
T1, T2, T3 and Tim. Each of the transformers 
have identical primary coils and a multiple nun 
er in of identical Secondaries. The Secondaries 

of the first transformer T1 are indicated by the 
Symbol S11, S12, and S13. The Secondaries of the 
next transformer T2, are indicated by the Symbols 
S21, S22, etc. and the Secondaries of the remain 
ing transformerS are Similarly designated by the 
mark S with Suitable Sub numbers, except for the 
last transformer Of the Series im, Where the 
Secondaries are indicated by the Symbols Sml, Sm2, 
and Sm3. 
An alternating current is Supplied to the pri 

mary of each of the transformers by Way of 
lines and 2, however, the Woltage to each of 
the primary coils of each of the transformerS is 
controlled by a variable voltage divider, such as, 
potentiometers P1, P2 and P3, auto-tiransformers, 
Or the like, which connect between the Supply 
lines i and 2 at each of the primary coils il, T2, 
and T3. The primary coil of the transforner Tin 
may operate on the full Woltage and it is there 
fore unnecessary that a Voltage dividing means 
be placed acroSS the lines 3 and 4 which connect 
to this transformer. 
In the embodiment illustrated, each of the 

Secondaries from each of the transformers has 
a resistance R, connected in Series therewith, for 
the purposes of limiting the currents when the 
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circuit.S. are Out of balance, Without any appre 
ciable loSS in Sensitivity of reaching a, balance. 
However, it may be pointed out, that with the 
use of Suitable current or Voltage indicating 
means in the apparatus, that the R resistors may 
be unnecessary. Also, connecting across each 
Secondary at each transformer T1, T2 and 3, 
are potentiometers or other voltage dividing 
means d1, 1, a1, 2, d.1, 3, 0.2, 1, a2, 2, etc., While acroSS 
each of the Secondary coils of the transformer Tm 
are the voltage dividers m1, m2 and m3. 
One secondary coil, with its accompanying re 
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sistance and potentiometer, from each of the 
plurality of transformers is connected into a bal 
anceable circuit. There are thus formed a mul 
tiplicity of similar circuits, one for each of the 
Secondary coils for each transformer. Upon re 
ferring to the drawing, it may be seen that each 
of the secondaries S11, S21, S31 and Smi are formed 
into a circuit, the line 5 connecting one end of 
the secondary coil. S11 with the center tap of the 
adjustable voltage divider a2, 1, the line 6 Con 
necting coil S21 with the center tap of as, 1, and 
line 7 connecting the secondary coil S31 with the 
secondary coil Smi, while line 8 connects the cen 
ter taps of a 1, 1 and m1 together to make a closed 
circuit. Connecting into line 8 is an indicating 
meter I, such that it may be observed. When there 
is a current flow through the circuit, or more 
particularly, it may be observed when the circuit 
reaches a balance, with no current flow there 
through. 

In like nanner, the Secondaries S12, S22, S32 
and Sm2 are connected into an individual cir 
cuit, with a current indicator I2 being connected 
thereto, to provide means for observing current 
flow within that circuit. The Secondary coils 
S13, S23, S33 and Sm3 are connected into Still an 
Other balanceable circuit with indicator Is Con 
necting thereto between the secondary coil Sm3 
and the other serially connected coils. 
In each case, the adjustable potentiometers or 

dividers a1, 1, a1, 2, a2, 1, etc. may be calibrated to 
provide for the setting of numerical Values there 
to and to thus adjust the output from each Sec 
ondary, or alternately, in a preferable embodi 
ment of the computer, a comparison circuit may 
be provided with a calibrated and adjustable volt 
age divider, such as a decade, with suitable 
switching means and an indicator So that each 
of the aforementioned dividers may be adjusted 
to balance the setting on the decade or other 
calibrated divider of the comparison circuit. 
The voltage to the primary of each transformer 

governs voltage output of each of the second 
aries of the transformer. Thus, having given ad 
justments in the voltage output from the sec 
Ondary coils in any One of the balanceable cir 
cuits, as determined by the set numerical val 
ues, the circuit can be balanced, to obtain no 
current flow, by adjusting any one of the volt 
age controllers P1, P2 or P3. Each of these volt 
age controllers are normally Operated in Succes 
Sion, to bring the entire computer into balance 
with the current indicators I, I2, etc. providing 
means for telling whether or not a particular 
circuit is in balance. 
To illustrate further the operation of the com 

puter, let it be assumed the value of a series of 
unknoWIS 3C1, ac2 and ac3 are desired in the linear 
simultaneous equations of the type: 

CL1, 121-HCl2, 13c2--C3, 133=121 
a1, 2a1--d2, 22--d3, 2a3=m2 
di, 33C1--02, 33:2-(3,333=723 

wherein the d, and in Values are known. With 
individually calibrated potentiometers in the de 
vice, a 1, 1, a1, 2 and a1, 3 potentiometers connecting 
to each of the secondary coils of T1 are adjusted 
to the known values d1, 1, d.1, 2, and a1, 3. In like 
manner the other 'a' coefficients are set on to the 
Voltage dividers d2, 1 and 0.3, 1, etc., of the second 
ary coils of the transformers T2 and T3. The 
known m. Values are set into the adjustable volt 
age dividers m1, m2 and m3 which connect With 
the Secondaries of the transformer Tim. The ap 
paratus is thus made ready for balancing and 
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4 
the upper circuit may be balanced by adjusting 
the controller P1 so that the indicator Il shows 
that there is no flow of current within the cir 
cuit. The controllers P2 and P3 are then ad 
justed in Succession to balance the other circuitS 
of the apparatus. Upon adjusting each succeed 
ing controller, the preceding balanced circuit is 
thrown out of adjustment, since the voltage from 
each Secondary of a transformer varies with the 
Woltage Supply to the primary. It is therefore 
necessary to repeat the adjustment of the con 
trollers P1, P2 and P3 in a step-wise manner to 
effect the Successive approximations and the final 
balancing of all circuits. Normally, only a few 
readjustments are necessary to effect a substan 
tially accurate solution. 
The desired a values aci, ac2, and a 3 may be de 

termined from the voltage across any one of the 
Voltage dividers in the secondaries of each of the 
transformers T1, T2 and T3, since each secondary 
is identical in each of the transformers. In an 
alternate and desirable construction of the unit, 
the variable controllers P1, P2, etc. may be se 
lected in manner which would yield the voltage 
output from each of the Secondary coils of the 
plurality of transformer T1, T2, etc. In other 
Words, by proper calibration of the adjustment 
dial of each controller P1, P2, etc., the ac1 value 
may be read directly from the resulting setting 
of the controller P1, the resulting ac2 value may be 
determined from the resulting Setting of the con 
troller P2 and the ac3 value may be determined 
directly fron the resulting setting of the con 
troller P3. 
The accompanying drawing and the operation 

Which has been described hereinabove is of course 
linited to solving 3 unknown values from 3 simul 
taneous equations, but as noted hereinabove, this 
transformer type of electrical computer need not 
be limited to any fixed number of transformers 
and to Solving any set number of Simultaneous 
equations. 
In a preferred embodiment, suitable Switching 

is connected to each of the Secondaries of each of 
the transformers whereby the Wires are reversed 
to accommodate negative values of a and m. 
Also, SWitching means may be connected with 
each of the voltage controllers, P1, P2, etc. So 
that the wires to them may be reversed and nega 
tive values of a may be read and determined from 
each of the latter. 
A preferred embodiment of the apparatus 

should have still another variation from the dia 
grammatic construction and arrangement indi 
cated in the accompanying dra Wing, in that, by 
the use of Suitable SWitching connecting to each 
circuit, a comparison circuit with a single indi 
cator, “electric-eye,' or other Such device, may 
be connected Successively with each of the cir 
cuits, with the result that it is unnecessary to 
have the plurality of current indicators I1, I2, Ia, 
that are shown in the basic diagram. 
A still further desirable feature of this type 

of electrical computer embodies the use of am 
plification means and servo-motors in place of 
each of the current indicators I1, I2, etc., so that 
the apparatus may operate automatically to ef 
fect a balanced Solution in a very rapid manner 
and eliminate the otherwise necessary manual 
readjustment of the potentiometers, variable 
auto-transformers or other variable voltage di 
viding means to effect the successive balancing 
Operation. The proper controls which will pro 
vide balanced circuits may be adjusted to a zero 
or null Value So that each Servo-motor, in each 
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of the plurality of circuits controls its respective 
transformer primary coil to keep the particular 
circuit in balance. Thus, it may be seen in this 
automatic type of computer, that each unbal 
anced circuit would have a Servo-motor to me 
chanically operate an adjustable voltage con 
troller connecting to each transformer and all 
motors would operate to effect a simultaneous 
balancing of all circuits and provide a rapid S0 
lution of the simultaneous equations. A principal 
advantage of the servo-motor operated embodi 
ment of this invention, lies not only in the en 
tire mechanical operation, but in the rapid Solu 
tion of slowly converging systems of equations, 
not usually considered feasible with manually 
adjusted computerS which work on only One 
equation at one time. 
We claim as Our invention: 
1. An electrical computer for Solving linear 

simultaneous equations which comprises in com 
bination, a plurality of identical transformers, 
each transformer having a primary coil and a 
multiple number of identical secondaries, and al 
ternating current supply connecting to the pri 
mary coil of each transformer, adjustable Voltage 
control means connecting acroSS Said Supply to 
each of said primaries but one, adjustable volt 
age dividing means acroSS the output from each 
of Said secondary coils in each of said transform 
ers, means connecting one secondary coil and its 
accompanying voltage regulating means from 
each of said transformers into series with one an 
other and forming thereby a plurality of bal 
anceable circuits, current indicating means and 
means connecting the latter with each of said 
balanceable circuits whereby each circuit may be 
adjusted to a balance, and have no current flow 
iing from one portion to another and calibrated 
means connective to first said adjustable volt 
age control means providing a measure of their 
resulting adjustment and a Solution of Said equa 
tions. 

2. An electrical computer for Solving for n un 
known values and in linear Simultaneous equa 
tions, which comprises in combination, a plural 
ity of n--1 identical transformers each having 
a plurality of n identical Secondaries, an alternat 
ing current power supply connecting to the pri 
mary coil of each of said transformers, an ad 
justable voltage divider connecting across Said 
supply to each of Said primaries but. One, an ad 
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justable voltage dividing means connecting across 
each of said secondaries from each of said trans 
formers, means Serially connecting one Secondary 
With itS. accompanying Voltage dividing means 

a plurality of n balanceable circuits, current flow 
indicating means connecting to each of said cir 
cuits between the secondary of the transformer 
having no Voltage control means across its pri 
mary and the remainder of said serially con 
nected Secondaries whereby each of Said circuits 
may be individually balanced to have no current 
flow therethrough upon the adjustment of one 
of Said adjustable voltage dividers connecting to 
a primary coil and all of said plurality of circuits 
brought into balance with one another by the 
Successive adjustment of each of said primary 
coil adjustable voltage dividers, and calibrated 
means connective to first said adjustable volt 
age control means providing a measure of their 

sing adjustment and a solution of said equa 
OS, 
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from each of Said plurality of transformers into 
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3. The electrical computing apparatus of claim 
2 further characterized in that a comparison cir 
cuit having an adjustable and calibrated voltage 
dividing means and a single current flow indicat 
ing device is provided in combination therewith, 
Suitable Switching means connects with said cir 
cuits of Said computer to selectively place said 
Comparison circuit into Operation with any One 
of Said adjustable Voltage dividing means, where 
by Said adjustabie Voltage dividers connecting 
With Said Secondaries may be set to conform 
With known coefficients within Said simultaneous 
equations and each of said adjustable voltage 
dividerS connecting with said primaries may be 
adjusted, to balance Said circuits and said equa 
tions to provide thereby resulting unknown 
Values. 

4. The electrical computing apparatus of claim 
3 further characterized in that additional switch 
ing means connects to each of said circuits and 
is operative to Selectively reverse leads at any one 
of Said adjustable Voltage dividers whereby nega 
tive coefficients in Said equations may be accom 
imodated. 

5. An electrical computer for n unknown 
Values and n simultaneous equations, which com 
prises in combination, a plurality of n--i identi 
cal transformers each having one primary coil 
and a plurality of n identical secondary coils, an 
alternating current power supply connecting to 
the primary coil of each of said transformers, 
an adjustable and calibrated voltage divider 
Connecting acroSS said supply to each of said pri 
maries but One, a current limiting resistance and 
an adjustable and calibrated voltage divider con 
necting acroSS each of said secondaries from each 
of Said transformers, means serially connecting 
One Secondary from each of said plurality of 
transformers with its accompanying resistance 
and Voltage divider into a plurality of n balance 
able circuits, a current flow indicator connecting 
to each of Said circiuts between the secondary 
of the transformer having no voltage dividing 
means acroSS its primary and the remainder of 
Said Serially connected secondaries of the other 
transformers whereby each of said circuits may 
be individually balanced to have no current flow 
therethrough, and all of said plurality of circuits 
brought into balance with one another by the suc 
cessive adjustment of each of said primary coil 
adjustable Voltage dividers, calibrated voltage 
neaSuring means connective With each of said 
transformers Suitable for determining the voltage 
output from a secondary coil of each of said 
transformers, and providing thereby, subsequent 
to the balancing operation, the values of said 
unknowns and the solution of said equations. 
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