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This invention relates to a device which produces a 
Voitage whose amplitude is proportional to the product of 
the amplitudes of two signal voltages without the use of 
mechanical transformations and moving members for use 
in computers and the like. 

It is believed that in the present invention voltages are 
multiplied directly with precision for the first time. The 
usual means of multiplying voltages requires transforma 
tion of one signal voltage into a mechanical displacement 
which is then combined with the second signal to produce 
the desired product, as in a potentiometer for instance. 
The multiplying device of this invention contains two 

Similar thermal units each of which consists of three re 
Sistors in close thermal contact, but which are electrically 
Liccipied. One resistor of each unit is constructed of 
iow temperature coefficient material and is connected in 
Series with the corresponding resistor of the second ther 
mal unit across a center tapped constant voltage supply. 
The remaining two resistors of each thermal unit are 
made of high temperature coefficient material. One cf 
the high temperature coefficient resistors of one thermal 
Init is connected in series with the corresponding resistor 
of the other thermal unit across a center tapped voltage 
Supply whose amplitude is proportional to one multi 
pier, y. 
An input voltage whose amplitude is proportional to 

the other multiplier x, applied between the junction of 
the low temperature coefficient resistors and the center 
tap of their voltage supply, creates an unbalance in the 
temperatures of the thermal units as a result of the dif 
ference in the current through the low temperature co 
efficient resistors. The resistance values of the high tem 
perature coefficient resistors are thereby unbalanced so 
that an output voltage is produced between the junction 
of the high temperature coefficient resistors and the cen 
ter tap of their voltage supply which corresponds, in 
amplitude, to the product of their excitation voltage 
amplitude and the temperature difference, or corresponds 
to ty. 

For practical application in computer circuits the time 
censtant of the device thus far described is too long. To 
reduce the time constant the third resistor of one thermal 
unit is connected in Series with the corresponding re 
Sistor of the cther thermal limit across a constant center 
tapped voltage supply of the same frequency as the volt 
age Supply for the low temperature coefficient resistor, 
and the voltage developed between the junction of the 
resistors and the center tap of the power supply is fed 
back degeneratively to the input. This results in a re 
duction of the time required for the temperature dif 
ference of the thermal units to reach the steady state and 
therefore reduces the time constant of the device. 
Another equally important reason for use of the de 

generative feedback is the improvement provided thereby 
in the linearity of response, so that the output voltage is 
truly proportional to the product xy. 

For a more complete understanding cf the invention 
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2 
reference may be had to the accompanying diagram, in 
which: 

Fig. 1 is a schematic representation of the basic thermal 
unit; 

Fig. 2 is a schematic wiring diagram of the multiply 
ing device; and 

Fig. 3 shows two typical curves illustrating the opera 
tion of the thermal unit with and without feedback, 

In the preferred embodiment of this invention, as herein 
described, the signal voltages and constant voltage sup 
ply are alternating voltages, although direct current power 
supplies and signals can be used. Thus, the description 
should not be construed as limiting the invention to the 
use of alternating voltage supplies. 
The basic thermal unit 10 shown in Fig. 1 of the 

drawings is composed of three resistors i, 12, 13 wound 
non-inductively on a non-magnetic core 4, such as 
ceramic for instance, enclosed within case 15 which may 
be evacuated. Resistor 11 is constructed of low tem 
perature coefficient material while resistors 12, 13 are 
made of high temperature coefficient material. Resistors 
13, E2, E3 are electrically uncoupled but are in close 
therinal contact so that the temperature of resistors 12, 
13 is always exactly equal to the temperature of resistor 

, as nearly as practicable. 
Figure 2 shows two similar thermal units 10, 10 elec 

trically connected so as to form a computing circuit in 
Which signal voltages whose amplitudes are proportional 
to x and y are applied to terminals 6 and 17 respectively 
and a signal voltage whose amplitude is proportional to 
xy, the product of x and y, is available at terminals 
i8. The values x, y, and xy may be read respectively 
on the scales of voltmeters 16', 17' and 18. 

Similar resistors i, 1 of thermal units 10, 10' are 
connected in series across secondary winding 9 of trans 
former 29, the primary winding 2 of which is supplied 
with a constant alternating voltage. 
The output terminals 22 of voltage amplifier 23 which 

is of any standard design are connected between center 
tap 24 of secondary winding 9 and junction 25 of resistors 
11, 1’. 

Resistors 2, 2’, similar to each other, are connected 
in series with secondary winding 26 of transformer 20, 
the center tap 27 of which is connected to one of the 
terminals 29 while the junction point 30 of resistors 12, 
12' is connected to the other of terminals 29. 

Teriiniinals 6 are connected in series with terminals 29. 
and the input terminals 31 of amplifier 23 so that the 
amplitude of the voltage at terminals 3 is the algebraic 
difference of the amplitudes of the voltages at terminals 
6 and 29. 
in operation, the voltage output of secondary wind 

ing 26 is small so that no self-heating of resistors 12, 12' 
occurs due to the current through these resistors. With 
Zero signal at terminals 22, thermal units 10, 10' are 
heated to the same temperature since the same current 
flows in resistors 11, is due to the output voltage of 
Secondary winding 19. There is, therefore, no signal at 
terminals 29 since the voltage drop across resistor 12 
is equal to the drop resistor 12. 
ASSline for the moment that terminals 29 are discon 

nected from terminals 31, 16, and that terminals 16 are 
connected directly to input terminals 3 of amplifier 23. 
An input signal at terminals 16 of the same frequency 

as the supply voltage to primary winding 21 and having . 
an amplitude proportional to the multiplier x results in a 
proportional voltage being applied between terminals 22. 
This voltage causes current to flow through the resistors 

, Ei, which adds to the current in the resistor due to 
the constant voltage of secondary winding 9 in one of 
the resistors and subtracts from that current in the other 
resistor. Thus the signal yoltage at terminals 16 causes 

  



3. 
more current to flow in one resistor, resistor 11 for ex 
ample when in phase with the voltage across resistor 11, 
and less current to flow in resistor 11. The temperature 
of resistor 11 therefore increases and the temperature of 
resistor i1 decreases, the difference in temperature in 
creasing substantially exponentially to a value propor 
tional to the multiplier x. If the voltage at terminals 22 
should be out of phase with the voltage of secondary 
winding 19 by an angle p, the resulting quadrature coin 
ponent of current produces no heating in the resistors so 

- - - - 2,841,829 - - - - 
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that the temperature difference of resistors i and i' 
will be proportional to the in-phase component, X cos (p. 
Considerable phase difference can be tolerated, although 
it will be assumed here that q} is zero. 
The temperature difference of resistors , 11 causes 

an identical temperature difference of resistors 2, 12' and 
therefore a proportional difference in the resistance 
values of resistors 2, 2’. A voltage appears between 
terminals 27, 30 since there is a greater voltage drop 
across resistor 2 than across resistor 12 (for the as 
Sumed phase of the input signal) and the amplitude of 
this voltage between terminals 27, 30 corresponds to x in 
the steady state condition. - 
The gain, G, or the ratio between the signal amplitude 

at terminals 27, 30 and the signal amplitude at terminals 
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16, is derived from an electrical analog of the thermal 
unit. If the heat energy supplied to the unit is considered 
as being partly stored in heating the unit and partly lost 
through dissipation by radiation, for example, the unit 
can be compared to a parallel connected capacitance and 
resistance circuit connected to a step current source, 
where the energy supplied is partly stored by charging the 
capacitor and is partly lost in the resistor. The charging 
of the condenser is evidenced by a rising voltage across 
the condenser (or resistance). If such electrical circuit 
is Supplied by a constant current i, the voltage drap Er 
across the resistor and capacitor follows the exponential 
C.We 

- - la Y Er-iRV1-ECF ) 
Similarly, the absorption of heat energy by the thermal 
unit is evidenced by a change in the temperature accord 
ing to the analogous relationship . 

. . . . -1 v 
- (1-7) Temp = KHiV1-E 

Where Temp is the temperature of the unit 
Hi is the heat energy input 
T is the time-constant 
K is a proportionality factor 

. It can be shown that the heat energy input to the device 
of Fig. 2 is proportional to the magnitude of the voltage 
E22 at terminals 22, and that the output voltage Eo be 
tween terminals 30 and 27 is proportional to the differ 
ence between the temperatures of units 10 and 6'. It 

- follows then that - 

bo-KE2(1-e') Eo-KE22V1-E 
Since E22 is proportional to A times Ei where A is the 
gain of amplifier 23 and Ei is the amplitude of the input 
signal to amplifier 23, it may be written that 

I 

E-Gi-Ak(-e ) 
This equation may also be expressed aS 

- . AEK 

... " G1-fiz 
in which the ratio 

AK 
1--DT 
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4 
is a differential operator indicating an exponential rise in 
the output voltage for a step voltage input signal where 
A is the voltage gain of amplifier 23, K is the ratio be 
tween the amplitudes of the signals at terminals. 27, 30. 
and terminals 24 in the steady state, T is a constant, com 
monly referred to as the time constant, and D is the dif- . 
ferential operator d/dt. The curve representing the rise 
of the output voltage according to this relationship is 
shown as curve I of Figure 3. At the present time the 
lowest obtainable value of T in practical construction 
has been on the order of 3 seconds, making the response 
of the unit as described too slow for those computers or 
such other devices which can tolerate only a short time 
delay. - - 

The voltage developed between terminals 27, 30 is 
therefore fed back degeneratively to the input of amplifier 
23 as shown in Fig. 2, to reduce the time constant of the 
circuit. This may be shown most easily in the following 
manner: The voltage gain of the device between termi. 
r12ls 6 and 29 without feedback has been expressed as 
G=AK/1--DT. It is well known that with 100% de 
generative feedback the gain becomes . 

- G 
1--G ... -- 

or (AK/1--DT)/(1-- (AK/1--DT)). This may be re 
duced algebraically to - 

which shows that while the new gain G' is close to unity 
in the steady state (since AK/1-i-Aks 1 if A K is much 
greater than one), the time-constant has been materially 
reduced to T/1--AK. The exponential curve correspond 
ing to these values is shown as curve I in Figure 3. 

It is well known that negative feedback also decreases 
the distortion which may be present in the output signal 
without feedback, so that the difference in temperature 
between the units 10, 10' is proportional to the magni 
tude of the input signal. . . . . . . . . 

Evidently the increase in the temperature difference of 
units 10, 10' may be represented by a curve similar to II 
which, therefore, also describes the increase in the tem 
perature difference between resistors 3, 13. 

Similar resistors 13, 13' are connected in series across 
Secondary winding 32 of transformer 33, the primary 
winding 34 of which is energized by a voltage whose am 

The center 
tap 35 of secondary winding 33 and the junction point 
36 of resistors 13, 13' are connected to output terminals 
18 across which voltmeter 18' is connected. 

Since resistors 13, 13' are in close thermal contact with 
resistors 12, 12' they are at different temperatures, and 
their resistances are of different values so that the voltage 
drop across resistor 13 for the previously assumed phase 
of x is greater than that across resistor 13. Furthermore 
since the resistance of the resistors 13, 13 varies directly 
with their temperature, a voltage appears at terminals 18 
which is proportional in amplitude to the temperature 
difference of resistors 13, 13 for a constant excitation 
voltage energizing transformer winding 34. It has been 
shown that the difference in temperature of the units 10, 
10' and resistors 13, 13 is proportional to x so that the 
voltage produced at terminals 18 is consequently pro 
portional to A. However, the voltage at terminals 18 is 
also proportional to the amplitude of the voltage across 
winding 34 which is proportional to the multipliery. 
The voltage at terminals 18 is, therefore, proportional to 
the product of the two controlling influences, viz the tem 
perature difference of resistors 13, 13 and the voltage at 
winding 34, or is proportional to the product of x and y. 
This can be shown mathematically as follows: 

For a voltage y at winding 32, the current I through 
resistors 13, 13 is . . . . . . . 
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Where R and R' are the resistance of resistors 3 and 3' 
respectively. The voltage E18 between center tap 35 and 
junction 36 is equal to /2 the voltage at winding 32 less 
the voltage drop in resistor 13. Thus: 

-21- 2E -gie R. E18-1 -: EE 
However 

E-R. 
R’--R 

is proportional to x, so that 
22) E18 cc 2 

inspection of curve II Fig. 3 shows that the xy signal 
at terminals 18 is not obtainable after a time interval 
equal to the time constant but that more time must elapse 
before the correct answer (i. e. the steady state) is ob 
tained. For accuracy within one percent the necessary 
time interval is approximately 4.6 times the time constant, 
while for accuracy within A0 of one percent the required 
time interval is about 7 times the time constant. (These 
are derived mathematically from the equation for the 
exponential curve.) 

It is expected that the time constant of the device (with 
feedback, as in Fig. 2) can be made to approach .02 Sec 
ond so that considerable accuracy is obtained after an 
elapsed time of about .15 second. 
The phase of the voltage at terminals 18 is dependent 

on the relative phases of the signals at terminals 6, 17. 
The phase of the voltage at terminals 18 may be considered 
"positive' when signals corresponding to multipliers x, y 
of like signs are applied to terminals 16, 17, and for signal 
inputs corresponding to multipliers x, y of opposite signs 
the phase of the output signal at terminals 18 is of "nega 
tive' phase. The frequency of the output signal is deter 
mined by the frequency of the signal voltage supplied to 
terminals 7. 

It will be seen that the invention herein disclosed has 
much wider application than the multiplying circuit de 
scribed. For example, it may be used as a frequency 
changer by supplying a constant voltage to terminals 7 
of the desired output frequency; in this instance its use 
may be extended to demodulation by using alternating 
current on the input side and direct current in the output 
circuit. 

claim: 
1. In a device of the character described, an electrical 

circuit having a pair of inputs and an output and a pair 
of similar thermal units electrically connected to said 
inputs and said output, each of said units having three 
resistors in close thermal contact with each cither, one 
resistor of each unit being constructed of low teringerattire 
coefficient of resistance material, the other two resi 
of each unit being of high tenaperature coefficient 
resistance material, said resistor of each unit of low ten 
perature coefficient of resistance material being connected 
in series with the corresponding resistor of the other unit, 
one of said high temperature coefficient resistors being 
connected in series with the corresponding resistor of 
the other unit and the third resistor of one unit being 
connected in series with the corresponding resistor of the 
other unit. 

2. In a device of the character described, an electrical 
circuit having a pair of inputs and an output and said 
circuit including a pair of similar thermal units, each of 
said units having three resistors in close thermal contact 
with each other, one resistor of each unit being con 
structed of low temperature coefficient of resistance ma 
terial, a constant voltage power supply for said low ten 
perature coefficient of resistance resistors, the other two 
resistors of each unit being of high temperature coefficient 
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of resistance material, a second constant voltage power 
supply and a third variable power supply for said two 
resistors, said resistor of each unit of low temperature co 
efficient of resistance material being connected in series 
with the corresponding resistor of the other unit, one of 
said high temperature coefficient of resistance resistors 
being connected in series with the corresponding resistor 
of the other unit and the third resistor of one unit being 
connected in series with the corresponding resistor of the 
other unit across said second constant center tapped volt 
age stipply of the same frequency as the first voltage 
supply for the low temperature coefficient of resistance 
resistors, the voltage developed between the junction of 
the third named resistors and the center tap of the second 
power supply being fed back degeneratively to one of 
said inputs, the difference between said developed voltage 
and the voltage at said one input being used to modify 
the effect of said first named constant voltage power slip 
ply on said low temperature coefficient of resistance re 
sistors. 

a device of the character described, an electrical 
aving a pair of inputs and an output and a pair 

electrically uncoupled, one resistor of each unit being 
constructed of low temperature coefficient of resistance 
material and baing connected in series with the corre 
sponding resistor of the other unit across a center tapped 
constant yoltage supply, the other two resistors of each 
unit being of high temperature coefficient of resistance 
material and one of said high temperature coefficient of 
resistance resistors of one unit being connected in series 
with the corresponding resistor of the other unit across 
a center tapped voltage supply, and the other of said 
resistors being connected in series with the correspond 
ing resistor of the other unit across a constant center 
tapped voltage supply of the same substantial frequency 
as the voltage Supply for the low temperature coefficient 
resisters. 

4. in a device of the character described, an electrical 
circuit having a pair of inputs and an output and a pair 
of similar thermal units electrically connected to said in 
puts and said output, said units each consisting of three 
resistors in close thermal contact but electrically un 
coupled, one resistor of each unit being constructed of 
how temperature coefficient of resistance material and 
being connected in series with the corresponding resister 
of the other unit across a center tapped constant voltage 
supply, the other two resistors of each unit being of high 
temperature coefficient of resistance material and one 
of said high temperature coefficient of resistance resistors 
of one unit being connected in series with the correspond 
ing resistor of the other unit across a center tapped volt 
age supply, and the other of said resistors being connected 
in series with the corresponding resistor of the other 
unit across a constant center tapped voltage supply of 
the same Substantial frequency as the voltage supply for 
the low temperature coefficient resistors, the voltage de 
veloped between the junction of the third named resis 
tors and the center tap of the third named power supply 
being fed back degeneratively to said input. 

5. in a device of the character described, an electrical 
circuit having a pair of inputs and an output and a pair 
of similar thermal units electrically connected to said 
inputs and said output, each of said units consisting of a 
plurality of resistors in close thermal contact with each 
other, one resistor of each unit being connected in series 
with a corresponding resistor of the other unit across 
one of Said center tapped constant voltage supplies, 
another resistor of said first unit being connected in series 
with a corresponding resistor of the other unit across 
said center tapped variable voltage supply provided by 
the voltage at one of Said inputs whose amplitude is pro 
portional to one multiplier, the amplitude of the voltage 
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at the other of said inputs being proportional to the other 
multiplier, a third resistor connected in series with the 
corresponding resistor of the other unit across the other 
of said constant center tapped voltage supplies, the ampli 
tude of the voltage at said output being proportional to 

... the product of the amplitudes of the voltages at said in 

6. In a device of the character described, an electrical 
circuit. having a pair of inputs and an output and a pair 
of similar thernal units electrically connected to said in 
puts and said output, each of said units consisting of a plu 
rality of resistors in close thermal contact with each other, 
a pair of center tapped constant voltage Supplies of the 
same frequency, a center tapped variable voltage supply, 
one resistor of each unit being connected in series with 
a corresponding resistor of the other unit across one of 
said center tapped constant voltage supplies, another re 
sistor of said first unit being connected in series with a 
corresponding resistor of the other unit across said ceil 
ter tapped variable voltage supply provided by the yoltage 2 
at one of said inputs whose amplitude is proportional to 
one multiplier, the amplitude of the voltage at the other 
of said inputs being proportional to the other multiplier, 
a third resistor connected in series with the corresponding 
resistor of the other unit across the other of said coin 
stant center tapped voltage supplies of the same frequency 
as the voltage supply for the first named resistors, the 
voltage developed between the junction of the third 
named resistors and the center tap of the third named 
power Supply being fed back degeneratively to said input, 
the airplitude of the voltage - at said output being pro 
portional to the product of the amplitudes of the volt 
ages at said input. - 

7. In a device of the character described, an electrical 
circuit having a pair of inputs and an output and a pair 
of similar thermal units, each of said units including a 
plurality of resistors in close therinal contact with each 
other but electrically uncoupled, a pair of center tapped 
voltage supplies of the same frequency, a center tapped 
variable voltage supply, one resistor of each unit being 
of low temperature coefficient of resistance and being 
connected in series with the corresponding resistor of the 
other unit across one of said center tapped constant volt 
age supplies, two additional resistors - of each unit being 
of high temperature coefficient of resistance and one of 
Said resistors of one unit being connected in series with 
the corresponding resistor of the other unit across said 
center tapped variable voltage supply whose amplitude is 
proportional to one multiplier, the anilitude of the volt. 
age of one of said inputs being proportional to the other 
multiplier, said input voltage being applied between the 
junction of the low temperature coefficient of resistance 
resistors and the center tap of their voltage supply, the 
third resistor of one unit being connected in series with 
the corresponding resistor of the cither unit across said 
constant center tapped voltage supply of the same fre 
quency as the voltage supply for the low temperature 
coefficient of resistance resistors a high gain amplifier 

- interposed in the connections between one of said inpuis. 
and Said connections to said low temperature coefficient 
of resistance resistors and a center tap on the correspond 
ing power supply. - 

8. In a device of the character described, an electricai 
circuit having a pair of inputs and an output and a pair 
of similar thermal units, each cf said units including a 
plurality of resistors in close thermal contact with each 
other but electrically uncoupled, a pair of center tapped 
voltage supplies of the same frequency, a center tapped 
variable voltage supply, one resistor of each unit being 
of low temperature coefficient of resistance and being 
connected in series with the correspending resistor of 
the other unit across one of said cerater tapped constant 
voltage supplies, two additional resistors of each unit 
being of high temperature coefficient of resistance and 
one of said resistors of one unit being connected in series 
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with the corresponding resistor of the other unit across 
Said center tapped variable voltage supply whose ampli-- 
tude is proportional to one multiplier, the amplitude of 
the voltage of one of said inputs being proportional to the 
Cther multiplier, said input voltage being applied between 
the junction of the low temperature coefficient of resist 
ance resistors and the center tap of their voltage supply, 
the third resistor of one unit being connected in series with 
the corresponding resistor of the other unit across said 
constant center tapped voltage supply of the same fres 
quency as the voltage Supply for the low temperature 
coefficient of resistance resistors, and the voltage de 
veloped between the junction of the third named resistors 
and the center tap of the third named power supply being 
fed back degeneratively to said input a high gain ampli 
fier interposed in the connections between one of said 
ilguts aid said connections to said low temperature co 
efficient of resistance resistors and a center tap on the 
corresponding power supply. . . . . . . - - - i. 

9. In a device of the character described, an electrical 
circuit having a pair of inputs and an output, a pair of 
similar thermal units, each of said units having three re 
sistors in close thermal contact, one resistor of each unit 
being constructed of low temperatures coefficient of re 
sistance material, the other two resistors of each unit 
being of high temperature coefficient of resistance ma 
terial, means for differentially energizing said low ten 
perature coefficient of resistance resistors according to 
one input, means for energizing one of said high-tem 
perature coefficient of resistance resistors of each of said 
thermal units according to the other input, connections: 
between said output and said other input and said ener 
gized high temperature coefficient of resistance resistors, 
means for energizing said remaining high temperature. 
coefficient of resistance resistors with a constant voltage, 
feed-back connections between said remaining high tem 
perature coefficient of resistance resistors and said one 
input. . . . . . . . n . 

10. In a device of the character described, an electrical circuit having a pair of inputs and an output, a pair of . 
similar thermal units, each of said units having three. 
resistors in close thermal contact with each other, one 
resistor of each unit being constructed of a low tempera 
ture coefficient of resistance material, the other resistors 
of each unit being constructed of a high temperature 
coefficient of resistance material, a pair of center tapped 
constant voltage Supplies of the same frequency, one of 
said resistors of each unit of low temperature coefficient 
of resistance material being connected in series with the 
corresponding resistor of the other unit across one of 
said constant voltage supplies, the second of said resistors 
of each unit of high temperature coefficient of resistance 
material being connected in series with a corresponding 
resistor of the other unit across the other of said constant 
voltage supplies, a third center tapped voltage Supply 
variable according to the other input, the third cf said 
resistors of each unit of high temperature coefficient of 
resistance material being connected in series with the 
corresponding resistor of the other unit across said third 
voltage supply, connections between the input and said 
first and second voltage supplies and said first and second 
resistors, connections between the output and said third 
voltage supply and said third resistors. - 

11. A thermal multiplier including in combination a 
pair of resistors and circuit coupling means connected in a 
bridge having a pair of input Eeraminals and a pair of out 
put terminals, thermal means for varying the resistance 

70 

75 

of one of the pair of resistors with respect to the resistance 
of the other of the pair of resistors in accordance with 
a first voltage, means for impressing a second voltage 
across the input terminals of the bridge and means for 
removing a voltage representing the product of the first 
and second voltages from the output terminals of the bridge. 
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12. A thermal multiplier including in combination a 
pair of resistors and circuit coupling means connected in 
a bridge having a pair of ingut terminals and a pair of 
output terminals, thermal means for increasing the re 
sistance of one of the pair of resistors and for decreasing 
the resistance of the other of said pair of resistors in 
accordance with a first voltage, meats for inapressing a 
second voltage across the input terminals of the bridge and 
means for removing a voltage representing the product 
of the first and second voltages from the output terminas 
of the bridge. 

13. A thermal multiplier including in coiabination a 
pair of resistors and circuit coupling means connected in 
a bridge having a pair of input terminals and a pair of 
output terminals, thermal means for increasing the re 
sistance of one of the pair of resisters and for decreas 
ing the resistance of the other of Said pair of resistors 
in accordance with a first voltage, means for impressing 
a second voltage across the input teriniinals of the bridge 
and means for removing a voltage representing the product 
of the first and second voltages from the output terminals 
of the bridge, the temperatuire coeficients of resisiarice 
of the resistors and their resistances being equal aid the 
impedance values of the circuit coupling means being 
equal. 

14. A thermal mililtiplier including in combination a 
pair of resistors asid circuit coupling means connected in 
a bridge having a pair of input terminals and a pair of 
output terminals, heating resistor means, means for posi 
tioning one of the resistors of the pair in heat-exchange 
relation with the heating resistor means, means for heat 
ing the heating resisto neaias in accordance with a first 
Voitage to unbalance the bridge, neains for impressing a 
second voltage across the irpit teriminals of the bridge 
and means for removing a voltage representing the prod 
uct of the first and second voitages from the output ter 
minals of the bridge. 

15. A thermal multiplier including in conbination a 
pair of resistors and circuit coupling nea is co 
a bridge having a pair of input terminals and and a pair 
output terminals, the resistances and the thermal coef 
ficients of resistance of the resistors being equal, the ariins 
'of the bridge containing said circuit coupling means hav 
ing equal impedances, a pair of heating resistors, mea is 
for positioning one cf the resistcrs of the pair of resistors 
in heat-exchange relation with one of the heating resistors, 
means for positioning the other resistor of the pair of re 
sistors in heat-exchange relation with the other of said 
heating resistors, means for heating said heating resistors, 
means agreeable to a first voltage for increasing the heat 
ing of the first heating resistor and for decreasing the 
heating of the second heating resistor whereby to in 
balance the bridge in proportion to said first voltage, 
means for impressing a second Voltage across the input 
terminals of the bridge and means for removing a voltage 
representing the product of the first and second voltages 
from the output terminals of the bridge. 

16. A thermal multiplier including in combination a 
first pair of resistors and circuit coupling means connected 
in a bridge having a pair of input and a pair of output 
terminals, a second pair of resistors and a second coupling 
means connected in a second bridge having a pair of input 
terminals and a pair of output terminals, heating resistor 
means, means for impressing a constant voltage acroSS 
the input terminals of the second bridge, means for in 
pressing the output voltage of the second bridge and a 
first voltage in series across the heating resistor means, 
means for positioning one of the resistors of the first pair 
and one of the resistors of the second pair in heat-eX 
change relation with said heating resistor means, whereby 
to unbalance the second bridge to bring its output voltage 
equal to the first voltage and opposite in sign and to un 
balance the first bridge agreeable to the first voltage, 
means for impressing a second voltage across the input 
terminals of the first bridge and means for removing a 
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voltage representing the product of the first and second 
voltages from the output terminals of the first bridge. 

17. A thermal multiplier including in combination a 
first pair of resistors equal in resistance and having the 
same temperature coefficient of resistance, circuit coupling 
means connected in a bridge having a pair of input ter 
minals and a pair of output terminals, a second pair of 
resistors equal in resistance and having the same tem 
perature coefficient of resistance and a second couping 
means connected in a second bridge having a pair of 
input terminals and a pair of output terminals, means for 
impressing a constant voltage across the input terminals 
of the second bridge, a pair of heating resistors, means 
for impressing a second constant voltage across the pair 
of heating resistors whereby to raise their temperatures, 
means for impressing the output voltage of the Second 
bridge and a first voltage across said heating resistors 
in push-pull relationship whereby to increase the ten 
perature of one of said heating resistors and decrease the 
temperature of the other of said heating resistors, nea;:S 
for positioning one of the resistors of the first pair and 
one of the resistors of the second pair in heat-exchange 
relation with one of the heating resistors, means for posi 
tioning the other of the resistors of the first pair and the 
other of the resistors of the second pair in heat-eXchange 
relation with the other of said heating resistors whereby 
to unbalance the Sacond bridge to bring its output voltag 
to a value equal to the first voltage and opposite in sign 
and to unbalance the first bridge in proportion to the fi 
voltage, means for impressing a second voltage across tha 
input terminals of the first bridge and means for remo'- 
ing a voltage representing the product of the first and 
second voltages from the output terminals of the first 
bridge. 

18. A thermal multiplier including in combination a 
multiplying bridge, a control bridge and a heating nei 
work, said multiplying bridge comprising a first pair of 
resistors having equal resistances and equai temperature 
coefficients of resistance and circuit coupling means con 
nected in a bridge having a pair of input terminals and a 
pair of output terminals, said control bridge comprising 
a second pair of resistors equal in resistance and having 
the same temperature coefficient of resistance and a sec 
ond circuit coupling means connected in a second biidge 
having a pair of input terminals and a pair of ouipt 
terminals, said heating network comprising a pair of 
heating resistors having equal resistances connected in 
a network with a center tapped secondary winding of a 
transformer having a primary winding, means for in 
pressing a first constant voltage across the input termi 
nals of the control bridge, means for impressing a second 
constant voltage across said heating resistors whereby to 
raise the temperature of said heating resistors, an air 
plifier having a pair of input terminals and a pair of out 
put terminals, means for connecting the output of the 
amplifier to the transformer whereby to increase the vigit 
age across one of Said heating resistors and decrease the 
voltage across the other of said heating resistors, means 
for impressing the output voltage of the control bridge 
and a first voltage in series across the input terminals of 
the amplifier whereby to increase the voltage across one 
of said heating resistors and decrease the voltage across 
the other of said heating resistors in proportion to said 
first Voltage, means for positioning one of the resistances 
of the first pair and one of the resistances of the seccind 
pair in heat-exchange relation with one of the heating re 
sistors, means for placing the other of the resistors of 
the first pair and the other of the resistors of the second 
pair in heat-exchange relation with the other of said heat 
ing resistors, the sign of the first constant voltage being 
Such that the thermal unbalancing cf the control bridge 
will be such that its output voltage will be equal to the 
first voltage and opposite in sign, means for impressing 
a second voltage across the input terminals of the multi 
plying bridge, the construction being such that the multi 

  

  



plying bridge will be thermally unbalanced propor 
tionally to said first voltage, and means for removing a 
voltage representing the product of the first and second 
voltages from the output, terminals of the multiplying 
bridge. - - - - 

19. A thermal multiplier including in combination a 
pair of resistors and a center tapped secondary winding 
of a transformer connected in a bridge having a pair of 
input terminals and a pair of output terminals, thermal. 
means for varying the resistance of one of the pair of 
resistors with respect to the resistance of the other of the 
pair of resistors in accordance with a first voltage, means 
for impressing a second voltage across the input terminals 
of the bridge and means for removing a voltage repre 
senting the product of the first and second voltages frcii 
the output terminals of the bridge. 

20. A thermal multiplier including in combination a 
pair of resistors and a center tapped secondary winding 
of a transformer connected in a bridge having a pair of 
input terminals and a pair of output terminals, thermal 
means for increasing the resistance of one of the pair of 
resistors and for decreasing the resistance of the other of 
said pair of resistors in accordance with a first voltage, 
means for impressing a second voltage across the input 
terminals of the bridge and means for removing a volt 
age representing the product of the first and second volt 
ages from the output terminals of the bridge. 

2i. A thermal multiplier including in combination a 
pair of resistors and a center tapped secondary winding 
of a transformer connected in a bridge having a pair of 
input terminals and a pair of output terminals, thermal 
means for increasing the resistance of one of the pair 
of resistors and for decreasing the resistance of the other 
of said pair of resistors in accordance with a first voit 
age, means for impressing a second voltage across the 
input terminals of the bridge and means for removing a 
voltage representing the product of the first and second 
voltages from the output terminals of the bridge, the 
temperature coefficients of resistance of the resistors and 
their resistances being equal and the impedance of both 
halves of the center tapped secondary winding of said 
transformer being equal. - - 

22. A thermal multiplier including in combination a 
first pair of resistors and a center tapped transformer con 
nected in a bridge having a pair of input terminals and 
a pair of output terminals, heating resistor means, means 
for heating the heating resistor means in accordance with 
a first. Voltage to unbalance the bridge, means for im 
pressing a second voltage across the input terminals of 
the bridge and means for removing a voltage repre 
senting the product of the first and second voltages from 
the output terminals of the bridge. 

23. A thermal multiplier including in combination a 
pair of resistors and a center tapped secondary winding 
of a transformer connected in a bridge having a pair of 
input terminals and a pair of output terminals, the re 
sistances and the thermal coefficients of resistance of the 
resistors being equal, the impedance of both halves of 
the center tapped transformed secondary winding being 
equal, a pair of heating resistors, means for positioning 
one of the resistors of the pair of resistors in heat-ex 
change relation with one of the heating resistors, means 
for positioning the other resistor of the pair of resistors 
in heat-exchange, relation with the other of said heating 
resistors, means for heating said heating resistors, means. 
agreeable to a first voltage for increasing the heating of 
the first heating resistor and for decreasing the heating 
of the second heating resistor whereby to unbalance the 
bridge in proportion to said first voltage, means for im 

- pressing a second voltage across the input terminals of 
the bridge and means for removing a voltage representing 
the product of the first and second voltages from the 
output terminals of the bridge. 
24. A thermal multiplier including in combination a 

first pair of resistors and a center tapped secondary wind 
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ing of a transformer connected in a first bridge having a 
pair of input and a pair of output terminals, a Second pair 
of resistors and a second center tapped secondary wind 
ing of a transformer in a second bridge having a pair of 
input terminals and a pair of output terminals, heating 
resistor means, means for impressing a constant voltage 
across the input terminals of the second bridge, means for 
impressing the output voltage of the second bridge and a . 
first voltage in series across the heating resistor - means, 
ineans for positioning one of the resistors of the first pair. 
and one of the resistors of the second pair in heat-ex 
change relation with said heating resistor means, whereby 
to unbaliance the second bridge to bring its output voltage 
equal to the first voltage and opposite in sign and to un 
aiance the first bridge agreeable to the first voltage, 

ineains for impressing a second voltage across the input. 
terrainals of the first bridge and means for removing a 
voltage representing the product of the first and second 
voltages from the output terminals of the first bridge. 

25. A thermal nultiplier including in combination a 
first pair of resistors equal in resistance and having the 
same tenniperature coefficient of resistance, a center tapped 
secondary winding of a transformer connected in a bridge. 
having a pair of input terminals and a pair of output 
terminals, a second pair of resistors equal in resistance 
and having the same temperature coefficient of resistance 
and a second center tapped secondary winding including 
a transformer connected in a second bridge having a pair 
of input terminais and a pair of output terminals, means 
for impressing a constant voltage across the input termi 
nals of the second bridge, a pair of heating resistors, 
means for impressing a second constant voltage. across 
the pair of heating resistors whereby to raise their tem 
peratures, means for impressing the output voltage of the 
second bridge and a first voltage across said heating re-. 
sistors in push-pull relationship whereby to increase the . . 
temperature of one of Said heating resistors and decrease 
the temperature of the other of said heating resistors, 
means for positioning one of the resistors of the first pair 
and one of the resistors of the second pair in heat-ex 
change relation with one of the heating resistors, means 
for positioning the other of the resistors of the first pair 
and the other of the resistors of the second pair in heat 
exchange relation with the other of said heating resistors 
whereby to unbalance the second bridge to bring its out 
put voltage to a value equal to the first voltage and op 
posite in sign and to unbalance the first bridge in pro-- 
portion to the first voltage, means for impressing a second 
voltage across the input terminals of the first bridge and 
means for renoving a voltage representing the product 
of the first and second voltages from the output terminals. 
of the first bridge. . . . . 

26. A thermal multiplier including in combination a 
multiplying bridge, a control bridge and a heating net 
Work, said multiplying bridge comprising a first pair of 
resistors having equal resistances and equal temperature 
coefficients cf resistance and a center tapped secondary 
winding of a transformer connected in a bridge having a 
pair of input terminals and a pair of output terminals, 
said control bridge comprising a second pair of resistors 
equal in resistance and having the same temperature co 
efficient of resistance and a second center tapped second 
ary winding of a transformer connected in a second 
bridge having a pair of input terminals and a pair of out 
put terminals, said heating network comprising a pair of 
heating resistors having equal resistances connected in a 
network with a third center tapped secondary winding of 
a transformer having a primary winding, means for im 
pressing a first constant voltage across the input terminals 

70 of the control bridge, means for impressing a second con 
Stant voltage across said heating resistors whereby to raise 
the temperature of said heating resistors, an amplifier 
having a pair of input terminals and a pair of output ter. 

i. minals, means for connecting the output of the amplifier 
75 to the last named transformer whereby to increase the 
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voltage across one of said heating resistors and decrease 
the voltage across the other of said heating resistors, 
means for impressing the output voltage of the control 
bridge and a first voltage in series across the input termi 
nals of the amplifier whereby to increase the voltage 
across one of said heating resistors and decrease the volt 
age across the other of said heating resistors in propor 
tion to said first voltage, means for positioning one of 
the resistances of the first pair and one of the resistances 
of the second pair in heat-exchange with one of the heat 
ing resistors, means for placing the other of the resistors 
of the first pair and the other of the resistors of the sec 
ond pair in heat-exchange relation with the other of said 
heating resistors, the sign of the first constant voltage be 
ing such that the thermal unbalancing of the control 
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bridge will be such that its output voltage will be equal 
to the first voltage and opposite in sign, means for im 
pressing a second voltage across the input terminals of 
the multiplying bridge, the construction being such that 
the multiplying bridge will be thermally unbalanced pro 
portionally to said first voltage, and means for removing 
a voltage representing the product of the first and second 
voltages from the output terminals of the multiplying 
bridge. 
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