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MULTI-MODE COMPUTING CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electrical circuit 

capable of calculating an output voltage V0 as a func 
tion of variable input voltages, V,,, VB, and V6, accord 
ing to the general formulae, 

V0 = VA( VC/VB)" 01' V0 = K In where 1n represents a natural logarithm and n, K, and 

T, are determinable constants of the circuit. 
2. Description of the Prior Art . . 

A digital computer is capable of calculating a plural 
ity of mathematical modes, such as division, multiplica 
tion, and the like, only if programmed to perform the 
desired function. However, many of such digital com 
puters involve complicated and expensive structure, 
rendering their use impractical for many potential us 
ers. Beyond the cost of the physical structure, the de 
gree of technical sophistication needed to program and 
operate such computers further adds to their'total cost. 
A non-electrical system may often be reproduced in 

its electrical equivalency by an analog computer. While 
many mechanical elements have simple and inexpen 
sive electrical analogs, still others require costly electri 
cal hardware. Additionally, the assembly and operation 
of the analogous electrical circuit requires the exercise 
of a high degree of technical skill. 

Still other computers are hybrid combinations of dig 
ital and analog logic. While unique capabilities may 
often be obtained with such systems, the inherent high 
costs of structure, programming, and operation are still 
present. 

SUMMARY OF THE INVENTION 

A single multi-mode computing circuit is capable of 
calculating an output voltage V0 as a function of vari 
able input voltages V,,, V,, and V6, according to the gen 
eral formulae, 

V0 = VA (Vc/Vny' 01' V0 = K 1" (Va/VH1‘! ’ 
where V,‘ is greater than V,, and n, K, and T, are deter 
minable constants of the circuit. 
The circuit has enerigzing means for simultaneously 

charging a ?rst relaxation oscillator with VC and a sec 
ond relaxation oscillator with V0 for a determinable ? 
nite time period. After the time period expires, the os 
cillators are simultaneously permitted to decay. The 
voltages and response times required for V6 to fall to V” 
and for V0 to fall to VA are'sensed and compared in ?rst 
and second comparator means, respectively. Correc 
tion means are provided to adjust the value of V0 for 
urging the difference in the response times to decrease. 
Sequencing means are operated by the comparator 
means for causing V0 to be successively recalculated. 
When the response times are equal, the circuit calcu 
lates V0 = V, (VC/ VB)". Alternatively, an element of the 
second relaxation oscillator may be replaced; and a ca 
pacitor may be supplied with constant circuit, selec 
tively dischargeable to ground. While the ?rst relax 
ation oscillator decays, the capacitor is permitted to 
charge. The correction means adjusts and calculates 
V0. The sequencing means causes V0 to be recalcul 
ated, thereby to compute V0=K in (V c/ VB)T| when the 
response times are equal. 
~ The time required by the circuit to calculate V0 is ad 
justable regardless of the general formula selected. 
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One object of the‘present invention is to provide a 
single electrical circuit capable of calculating an output 
voltage V0 as a function of variable input voltages V,,, 
V,,, and V6, according to the general formulae, V0 = V,, 
(VG/VB)" or V0 = K In (VC/VB)TI , where VC is greater 
than V, and n, K and T, are determinable constants of 
the circuit. 
Another object is to provide a computing circuit 

which calculates an output voltage V0 by driving the re~ 
sponse times of two decaying relaxation oscillators into 
phase and frequency equality. 
Another object is to provide a computing circuit ca 

pable of providing a variable analog output signal as a 
function of variable analog input signals through the 
use of intermediate digital logic. 
Another object is to provide a computing circuit ca 

pable of varying the time required to obtain a desired 
calculation. 
Another object is to provide a computing circuit 

wherein the output or calculated signal is sampled and 
employed as a feedback signal. 
Another object is to provide a computing circuit 

wherein the calculation of V0 is mathematically exact. 
Still another object is to provide a relatively simple 

and inexpensive computing circuit. , 
These and other objects and advantages will become 

apparent from the foregoing and ongoing specification, 
the drawings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the circuit 
producing an output voltage V0 as a function of input 
voltages V,,, V,,, and V0. 
FIG. 2 is a schematic wiring diagram of the circuit de 

picted in FIG. 1 and capable of performing the func 
tions, ' ’ 

V0 = VA A (Vc/VB)" of V0 = K 1" (Va/VH7‘! , 
where n, K and T, are determinable constants of the 
circuit. 
FIG. 3 is a graphical illustration of the operation of 

the circuit in calculating V0 = V, (VG/VB)", as the input‘ ' 
voltages are varied. 
FIG. 4 is a graphical illustration of the operation of 

the circuit in calculating V,, = K In (VL-/V,,)T1 , as the 
input voltages are varied. 
FIG. 5 is an elevational view of a cylindrical pipe dis 

cussed in the hypothetical practical illustration. 
FIG. 6 is a schematic view depicting the manner in 

which three circuits and a differential ampli?er may be 
combined to solve the complicated equation of the hy 
pothetical practical illustration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the inventive multi-mode com 
puting circuit is generally indicated at 10 and is shown 
receiving three variable input voltages, VA, VB, and V6, 
on circuit input terminals 11, 12 and l3,lrespectively, 
and producing an output voltage V0 at circuit output 
terminal 15 as a function of the input voltages. If V6 is 
greater than V,,, the single circuit 10 is alternatively ca 
pable of producing V0 according to the following gen 
eral equations: 

(Eqn- 1) V0 = VA (VG/VB)", 
where n is a determinable constant or, 

(Eqn. 2) Vo= K In ( VC/VBFI , where K'and T, are dc.- , , 
terminable constants. 
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As used herein, the term “mode" refers to a mathe~ 
matical calculation or computation, such as multiplica 
tion; division; raising a number (or a ratio) to a power; 
extracting a root from a number (or a ratio); taking the 
natural logarithm of a number (or a ratio); or multiply 
ing a natural logarithm by a constant to obtain, for ex 
ample, a logarithm to a different base. Either of the al 
ternative general formulae speci?ed above are capable 
of performing more than one mode of operation. 

In Equation 1: if VB= l and n = l, Vo= V), VC (simple 
multiplication); if V,, = 1 and n = l, V0= VC/VB (simple 
division); if n = 1, V0 = V,, (VC/VB) (a multiplier times 
a ratio); if V, =1, VB =1, and n = 3, Vo= V63 (cube); 
if V, = 1, V,, = l, and n = 1/3, V0 = Vol/3 (cube root); 
and so forth. . 

Similarly, in Equation 2: if V,,, K, and T, each equal 
1, V0 = ln VC (natural logarithm of a number); if K= 
a constant, and VB and T, = 1, V0 = K in V0 (constant 
times a natural logarithm of a number); and so on. 
Thus, several modes of operation may be obtained re 
gardless of the general equation selected. 

THE CIRCUIT (FIG. 2) 

A computing circuit capable of calculating V0’ as a 
function of the variable input voltages according to the 
general formulae speci?ed in Equations 1 and 2 is sche 
matically illustrated in FIG. 2. 

15 

25 

The three input terminals 11, 12 and 13 are shown \ 
receiving their respective voltages, V,,, V,;, and V6. The 
output voltage V0 is available at output terminal 15. 
The circuit broadly includes two identical voltage com 
parators A, and A2, an AND gate, a monostable multi 
vibrator, a voltage source V, a constant current source 
1'“, two RC relaxation oscillators, a buffer ampli?er, and 
a capacitor C,, along with a plurality of electronic (ES) 
and manual. (MS) switches and resistors,(R). 
The identical voltage comparators A, and A, have a 

high input impedance and receive their input voltages 
at terminals 2 and 3 to produce an output signal ‘at ter’ 
minal 6. If the voltage on terminal 3'is greater than at 
terminal 2, the comparator will produce a positive out, 
put signal at terminal 6; if the voltage at terminal 3 
equals that at terminal 2, the comparator. will produce 
a null or zero signal at terminal 6; if the voltage at ter 
minal 3 is less than that at terminal 2, the comparator 
will producea negative output signal. 
’ The monostable multivibrator may be excited or trig 
gered into its quasi-stable state to produce a positive 
pulse output for a ?nite period of time, rd, after expira 
tion of which it reverts to its stable state having a nega 
tive output. Preferably, the multivibrator has an adjust 
able quasi-stable state to permit 1,, to be varied, thereby 
to alter the length of time of the triggered positive 
pulse. With the capability of adjusting the length of 
time t,, that the monostable multivibrator remains ex 
cited in its quasi~stable state, the time required for the 
circuit to calculate V0 may be varied. Thisfeature is of 
tremendous signi?cance. For example, if the circuit is 
merely to perform a mathematical calculation, 2,, may ' 
be set to a very small value, thereby enabling the circuit 
to rapidly calculate the value of V0. However, if the cir 
cuit is employed to monitor a chemical process or the 
like, t,, can be set to a large value to afford a “wait and 
see" capability of operation. In this latter application, 
I, could be adjusted to equal or approach one of the 
process parameters. 
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4 
In the well known manner,’ the AND gate ‘will pro 

duce a positive output‘ only if its'input signals are both 
positive. If either'or both of its input signals are nega 
tive, the AND gate‘will maintain a negative output. 
The buffer amplifier has‘ a high input impedance and 

a low output impedance and has a gain of approxi 
mately one, which need not be stable or linear. 
Input voltage V, is applied to the computing circuit 

at input terminal 11 and is directed to terminal 3 of 
comparator A2 through manual switch MS,, andvcon 
ductor 20. Input voltage V,, is applied at input terminal 
12 and is directed, to terminal'3 of comparator A, 
through conductor 21, Input voltage V6 is applied at 
terminal 13 and is directed to terminal 2 of comparator 
A, through conductor 22, electronic switch ES,,‘ and 
conductors 23, 24. ' 

A ?rst relaxation oscillator network is connected to ' 
terminal 2 of comparator A, between conductors 23 
and 24 by a conductor 25. 
The ?rst relaxation oscillator has a variable resistor 

R, connected to conductor 25 by a conductor 26, and 
connected to ground wire 28 by conductor 29; and has 
a capacitor C, connected in parallel with R, by conduc 
tors 30, 31 connected to conductor 25 andrto ground 
wire 28, respectively. The ?rst relaxation oscillator 
means includes this ?rst relaxation oscillator network. 
The calculated voltage V0 is supplied to terminal 2 of 

comparator A2 from the buffer ampli?er through con 
ductors 33, 34 and 35, electronic switch E52, and con 
ductors 36, 37 and 38. 
The second relaxation oscillator network is con 

nected to terminal 2 of comparator A2 between con 
ductors 37 and 38 by a conductor 39, manual switch 
MS,, and conductor 40. The second oscillator has a re 
sistor R2 connected to conductor 40 by conductors 41 
and 42 and manual switch MS,,, and connected to, 
ground wire 43; and has capacitor means such as a ca 
pacitor C2 connected in parallel with Rziby a conductor 
44 connected to conductor 40 and by conductor 45 
connected to ground wire 43. The'second relaxation 
oscillator means includes this second relaxation oscilla 
tor network. ' i I i 7 

Manual switch MS, maybe moved to its phantom po 
sition to disconnect the second relaxation oscillator 
network’from terminal 2 of comparator A2 and to con 
nect conductor 40 to a constant circuit source iK. 
Manual switch MS, may be selectively closed to pro 

vide a shuntv around electronic switch ES, and is con 
nected by conductor 46 between conductors 36 and 
37, and by conductor 48 between conductors 35 and 
34. ' 

Manual switch MS,, may be moved to its phantom po 
sition to disconnect R2 from conductor 42 and to con 
nect a branch in parallel with C2 including conductor 
49, electronic switch E83, and conductor 50 connected 
to ground wire 43. 
Manual switch MS, may be moved to its phantom po 

sition to disconnect input voltage V,, and to connect 
conductor 20 to conductor 41 through an intermediate 
conductor 51. 
The output signal produced at terminal 6 of compar 

ator A, is received as a ?rst input signal to the AND 
gate through conductor 52. Similarly, the output signal 
produced at terminal 6 of comparator A2 is received as 
a second input signal to the AND gate through conduc 
tor 53. If the signals in‘ conductors 52 and 53 are both 
positive, the AND gate will trigger the monostable mul 
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tivibrator into its quasi-stable state through conductor 
54. When so excited, the multivibrator produces a posi 
the pulse output for a predetermined period of time, 1,, 
which is employed to close B8,, B8,, and ES, for a cor-v 
responding period of time, as shown schematically by 
dashed lines 55, 56, 58, 59 and 60. The sequencing 
means includes the AND gate. 
A voltage source V is grounded through a series cir 

cuit including conductor 61, electronic switch E84, re 
sistors R, and R3, electronic switch ES,” and ground 
wire 62. Electronic switches ES, and ES,I are operated 
by the comparator output signals in conductors 53 and 
52, respectively, as shown schematically by dashed 
lines 63 and 64. Therefore, ES, will close when the out~ 
put signal of comparator A, is positive, and open when 
it is negative. Similarly, ES, will close when the output 
signal of comparator A, is positive, and open when it 
is negative. The correction means thus comprises a 
voltage supply circuit including voltage source V, ES, 
and resistor R4; and a voltage drain circuit including R3, 
ES, and ground wire 62. 
A capacitor C, is grounded by ground wire 65 and is 

connected between resistors R, and R, by series con 
ductors 66 and 68. Conductor 32 is shown connected 
between conductors 66 and 68. 
The energizing means includes the monostable multi 

vibrator and electronic switches ES,, ES, and ES, The 
?rst electronic switch means comprises ES,; and sec 
ond electronic switch means comprises ES,; and the 
third electronic switch means includes ES_,. 
The first and second comparator means includes 

comparators A, and A,, respectively. 
As used herein, the term “relaxation oscillator 

means” broadly includes other known and functionally 
equivalent RC and RL circuits wherein a voltage may 
be permitted to decay to a lower value in a reproduc 
ible manner. 
Derivation of V, = V, (VG/VB)" 
With the four manual switches M8,, MS,, MS, and 

, ‘MS, moved to the positions indicated by the solid 
1 ’lines in FIG. 2, the circuit is prepared to calculate 

The three input voltages, V,, V, and V,-, are each ap 
plied to their respective input terminals, ll, 12 and 13. 
V, is either selected or scaled to a greater value than 
V,,. Similarly, the internal voltage source V is provided 
at a greater value than V,,. I 
Assume that initially the circuit is arranged such that 

all electronic switches are open and the several capaci 
tors are discharging to low values. VB and V, will be ap 
plied to terminals 3 of comparators A, and A,, respec» 
tively. Since ES, is open, V, will not be applied to ter 
minal 2 of comparator A,. Since ES, is open, V, will not 
be applied to terminal 2 of comparator A,. Therefore, 
the voltage at terminals 3 will be greater than that at 
terminals 2 of both comparators A, and A,. _ 
At this instant, the output signals of both compara 

tors will simultaneously be positive. ES, and ES, will be 
closed, grounding voltage source V through series re 
sistors R, and R, and charging capacitor C, to some 
value. Receiving two positive input signals, the AND 
gate triggers the monostable multivibrator into its 
quasi-stable state to close ES, and ES, and to apply VC 
and V0 to comparators A, and A,, respectively. Since 

_ lfg is greater than little outputrof comparator A, will 

l 
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6 
‘?ip from positive to negative, opening E57,, andadjusltl 
ing} the‘ value of V0. 

If V, is greater than V,,, the output signal of compara 
tor A, will simultaneously ?ip from positive to negative, 
opening BS4. When ES, and ES, are both open, the 
voltage across capacitor C, is ?xed. Accordingly, the 
value of V, will be ?xed. 
ES, and ES, are closed when the multivibrator is trig 

;gered into its quasi-stable state. During this time t,,, ca 
epacitor C, is charged to V0 and capacitor C, is charged 
to V0 

_ After time period t, expires, the multivibrator reverts 
to its stable state, opening 158,, ES,, and ES, Both ca 
:pacitors of the relaxation oscillator networks begin to 
.decay which is sensed at terminals 2 of the respective 
‘comparators. During such decay, the current in the ?rst 
éoscillator is given by the formula, i, =1}, e-‘/"1c1. 
Tlhi?ally, iF-Vc/R» svbs?mtins, idVC/RQKWQFLL 
‘When'the ‘?rst relaxation oscillator decays to the ?ip 
voltage V,,, the current will be i,,, m,=V,,/R,. Substitut 
ing for i, and and solving for At,, the time required for 
this decay: 

VII/VG = e _ A ' mlcl. 

VC/VB : e + A lI/RlCl 

Ati : 1" (VC/VBVHC; 
where At, = response time of ?rst relaxation oscillator 
to decay from V, to V,,. 
Similarly, the decaying current in the second oscillator 
is given by the formula: 

,2 : ioe 4/1220, 
When ES, opens, 

in = Vo/R2 
or, 

i2 = —”R2CZ 
After the second oscillator decays from V, to V,, the 
?ip voltage, 

i2 m ?ip: Vx/Rz 
Substituting and solving for At,: 

VO/VA : e + A 121x202 
At, = ln (Vol V, )"f; 
where t, = response time for second oscillator to decay 
from V0 to VA. A 

If At, is less than At,, ES, will close before E84, drain 
ing C, and decreasing V, until V, = V,,. Conversely, if 
:the second oscillator decays to ?ip A, before the ?rst 
oscillator decays to ?ip A,, At, will be less than At,, 
closing ES, before ES, to charge C, and to increase V0. 
Thus, the value of V0 is adjusted and caused to be read 
justed on every sequence to urge the response times to 
equal each other. 

Finally, when the response times are equal such that 
At] : Atz, 

V0 : VA (Vc/VB) ?lcll "262 
If n = R,C,/R,C,, the following derivation obtains: 
V0= VA (Va/Vs) '' 

'where n may be selectively varied by adjusting variable 
resistor R,. 
Derivation of V0 = K In (VG/VB) Tr, 
With manual switches MS,, M5,, M8,, and MS, 

moved to the positions indicated by the phantom lines 
of FIG. 2, the circuit is rented tqsalsslatslio 5.15.111 
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’ ’_“( VC/VB) T, where K and T, are determinable constants 
of the circuit. When so moved to their phantom posi 
tions, MS, connects C2 to a constant current source i“, 
MS2 provides a shunt around E82, M8,, disconnects VA 
and connects C2 to terminal 3 of comparator A2. 

In this con?guration, the constant current source in 
is continuously applied to capacitor C2. When E83 
closes, the current source is grounded and C2 is permit 
ted to discharge. 
With the monostable multivibrator in its stable state, 

ES, and ES, are open. Voltage V,, is applied to‘terminal 
3 of comparator A2, generating a positive A, 
comparator output signal to the AND gate‘and closing 
BS5. Since BS, is open, the current source begins to 
charge C, which is also sensed on terminal 3 of compar 
ator A2. Capacitor C2 charges according to the formula,‘ 

Since, i = i,,, a constant, 

In some time interval Atz, capacitor C, will have 
charged with a voltage E62 equal to V0. Substituting 
and solving for t,: 

Again V0 is adjusted and readjusted such that the re 
sponse time of the capacitor to the value of V0 is urged 
to equal the response time of the ?rst relaxation oscilla 
tor during decay. Finally, the response times will be 
urged into equality, or, 

A1, = A1, 
At, = ln (VG/VB) "1C1 
Atg : VoCg/iK 

Substituting and solving for V0, 

V0 : iK/CZ 1" (Vt/VB) R1. C1 
or, I 

V0=Kl"(Vc/VB) Tl ' 1 

where T, = R,C, and K = iK/CZ, all determinable con 
stants of the circuit. 
When performing this function, the relaxation oscilla 
tor means includes ?rst relaxation oscillator. 
Operation of V,, = V,, (VG/V1,) " Function (FlG. 3) 
FIG. 3 graphically represents the operation of the cir 

cuit in computing the function, V,, = V, (VG/VB) " . The 
numbered pulses of the monostable multivibrator are 
vertically aligned with the corresponding peak voltages 
in C, above and C, below, respectively. 
At the ?rst and second mono pulses, the circuit is de 

picted calculating V,, = 4 when V,, = 2, V,, = l, and V, 
= 2. The response times Al, and At, are shown to be 
equal, indicating that V,, = 4 is the desired calculation. 
Voltage V,, is then increased from 2.0 to'2.5 in the in 

terval between pulse 2 and the completion of pulse 3. 
Capacitor C, is again charged with VC and is permitted 
to decay to V5. Since V, = 4 is still greater than the in-v 
creased value of V,,, capacitor C2 is again charged with 
V0 = 4, but decays to the lesser value, V, = 2.5, faster, 
than VC decays to V,,. In this situation, At, is less than. 
-At,. Hence, ES, closes before ES5, increasing V0 to 
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pulse 4. Voltage Vt still decays to voltage V8 in the" 
same time, At,. However, adjusted voltage V,, now de_ 
cays from a higher value, tending to increase At,. The 
"response between pulses 4 and 5 illustrates'Vo at some 
intermediately adjusted value. Upon decay, Ar, is still 
,less than A1,, again causing V0 to increase. Sequential 
pulse 5 represents a readjusted value of V0. When Vo 
has performed the desired calculation, At, will equal 
Atz, as shown in the intervals between pulses 5 and 6 i 
and pulses 7 and 8. 

If VC is'decreased from 2.0 to L5 betweenpulses 7 
and 8, capacitors C, will charge to the now lowered 
value of VC = 1.5. The change in V6 is not immediately 
known to V,,, which again charges to V, = 5. After rd 
‘expires, VC will decay to V, before V,, will decay ‘to VA 
or, At, is less than Atz. ES, will open before ES, to ad 
just V,, to some decreased value, represented at pulse 
9. Voltage V0 will be sequentially readjusted until At, 
equals Atz, as represented by the equal response times 
between pulses 10 and 11‘. When At, equals Atz, V0 
equals 3.75, the desired computation. 
Now if V,, is decreased from 1.0 to 0.75 between 

‘pulses l1 and 12, capacitor C, will take longer to decay 
to the decreased value of V8 than'capacitor C2 will take 
to decay from the previous V0 to VA or, At, will be 
greater than At2. Hence, ES, will close before E55, 
causing V0 to increase as shown at pulse 13. Again V0 
is sequentially readjusted to urge At, to equal At‘,, A 
which situation is illustrated between pulses 14 and 15, 
and pulses l5 and 16. ' 
Voltages VC and V,, are shown increased to 2.0 and 

1.0, respectively, between pulses 16 and 17. At‘ pulse 
17, C, will charge to the higher value of ‘ V,‘ and take 
longer to decay to the lower value of V,,, as shown be 
tween pulses l7 and 18. If V, is decreased to 2 between ~ 
pulses 17 and 18, V0 will also take longer to decay. 
Electronic switch ES, will ‘open ?rst, increasing V, at 
pulse 18. Finally, At, will equal'At, and the desired 
computation will have been performed, as in pulses l9 
and 20, and pulses 21 and 22. . 
By varying adjustable resistor R,, the exponent n can 

be varied according to the formula, n = R,C,/R2C2. In 
the response graphically depicted in the rightward por 
tion of FIG. 3, R, has been adjusted such that, n = 2 to 
perform a squaring function. The response times are 
initially shown to be equal between pulses 28 and 29 
and pulses 29 and 30 so that V,, = 2.25 when V,, = 1, 
V,, = l, and V@ = l.5. If Vc is increased to 2.0 between 
pulses 30 and 31, Vc will charge to this higher value at 
pulse 31. When ES, and ES, are open, the response 
time of the ?rst oscillator to decay from V6 to V,, will 
take longer than the corresponding decay of the second 
oscillator from the previous V0 to VA. Hence, At, will be 
greater than Atz, causing ES, to open ?rst and adjust 
the value of V,,, as represented in sequential pulse 32. 
The adjustment of V0 continues until At, equals At,, in 
dicating performance of the desired computation, as 
indicated at pulses 33, 34 and 35. 3 
Operation of V, = K In (VC/V") Tl Function (FIG. 4) 
FIG. 4 graphically represents the operation of the cir 

cuit in computing V., = K in (VG/VB) Ti. lf initially, V” 
= 4, VC = 8, K = l, and T, l, the circuit is initially 
shown as calculating V, = 1n (2) at pulses 1, 2 and 3. 
When the monostable multivibrator closes ES, and 

ES, for time t,,, C, is charged with VC and C, is permit 
;ted to discharge through conductors 44, 41, 42, 49, 50 
‘and 43. Hence, when C, is permitted to charge, C2 is 

‘some higher adjustedlalgeias illustratedg sequential fpermitted to discharge. After rd expires‘, ES,‘>-and'ES3 
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open, permitting capacitor C, to decay and permitting 
capacitor C2 to be charged with ix. Hence, C, is decay 
ing when C2 is charging. 

If VB is decreased to 1.0 between pulse 4 and pulse 
5, C, will take longer to decay to the lowered value of 
VB. If capacitor C2 charges to the value of V0 ?rst, At2 
will beless than At,, causing ES, to close ?rst, increas 
ing V0. Again the system urges At, to equal Atz as shown 
between pulses 6 and 7 and pulses 7 and 8. Thus, if VC 
= 8 decays to V8 = l in A2,, C2 will charge to a higher 
value of V, = ln (8) in the same time, indicating per 
formance of the desired computation. 

If Va is increased to 15 between pulses 7 and 8, C, 
will be charged with VC during pulse 8. Hence, At, will 
be longer for capacitor C, to decay from 15 to 1; C2 will 
cause ES, to close ?rst, increasing V0. At At, = Atz, V, 
= In (15) will be calculated. 

If V, is increased to 5 between pulses l0 and 11, the 
response time of C, in decay will be shortened, opening 
E85 before 88,, to decrease V0. As Atz is shortened, ca 
pacitor C2 charges to a lower value, ?nally when At, = 
A1,, V0 = In (5) is calculated. 

PRACTICAL ILLUSTRATION 

For purposes of illustrating the utility of further com 
binations of the inventive circuit, assume that it is de 
sired to calculate the heat conducted through some or 
all of the pipes in an oil re?nery. 
Referring to FIG. 5, a long hollow pipe 80 is depicted 

as having an inner radius r, and an outer radius r,,. As 
sume that a ?uid heats the inner surface to T, while the 
outer surface is at temperature To. The rate of heat con 
duction, q, is given by the general formula, 

2'rr = a constant 

K = coef?cient of thermal conductivity 
L = length 

T,- = temperature inside pipe 
To = temperature outside pipe 
r0 = outer radius 

r, = inner radius _ 

Three circuits and a differential ampli?er may be 
uniquely combined to calculate q,‘ as a function of mul 
tiple variables, as best shown in FIG. 6. 

In FIG. 6, circuit No.1 is prepared to calculate V0 
V4 (VF/V”) "“‘ . The input voltages are selected such 
that V,, = K, a variable; V,, = l/21r, a constant; and V6 
= L, a variable. Substituting the input voltages into the 
general equation produces an output voltage ‘V0x = 
21rKL. 
Circuit No.2 is prepared to calculate Voz= (ix/C2) In 

(Va/VB) T1 , where T, = l, and MC, = K= 1. Input volt 
ages VB and V0 are selected to represent the radii, r, and 
r0, respectively. Substituting the input voltages of VB 
and VC into the general equation produces an output 
signal V02; In (r,/r0). ~ 
A differential ampli?er receives the voltages analog 

of two temperatures, T, and To, produces an output sig 
nal equal to their difference, (T, -— To). 

Circuit No.3 is prepared to calculate V0= VA (VG/VB) 
"=1 with n=l. The output voltage V0l of the circuit No.1 
is received as input voltage V43 to circuit No.3; the out 
put voltage V02 of circuit No.2 is received as input volt 
age Vna; and the output voltage of the differential am 
pli?er, (T, — To), is received as input voltage V03. Sub 
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10 
stituting these input voltages into circuit No.3 produces 
an output‘signal, V0a = 21'rKL (T, — T,,),/[ ln (r,/r,,)], 
the desired computation. Thereafter, any of the vari 
ables K, L, T,, T,,, r,, and r0 may be varied. 
The foregoing practical illustration is intended 

merely to demonstrate that two or more of the unique 
circuits herein disclosed may be combined to perform 
a more complicated computation. The practical illus 
tration further demonstrates that the inventive circuit 
may be combined with a differential ampli?er, as 
needed. Should an equation involve addition, a sum 
ming‘ ampli?er could be used. ' 
The various electrical and electronic components 

discussed hereinabove are well known to the skilled in 
the art and therefore require no more speci?c descrip 
tion. 
What is claimed is: 
l. A multi-mode computing circuit capable of calcu 

lating an output voltage V0 as a function of three vari 
able input voltages, V,,, V,,, and V6, according to the 
general formula, V0 = V,,( VC/ V,,)'‘, where Va is greater 
than VB and n is a determinable value of the circuit, 
comprising: 

?rst and second relaxation oscillator means; 
energizing means for simultaneously charging said 

?rst oscillator means with VC and said second oscil 
lator means with V0 for a ?nite time period and for 
permitting decay of both of said oscillator means 
after said time period expires; 

?rst comparator means for comparing the voltage in 
said ?rst oscillator means with VB and for sensing 
the response time of said ?rst oscillator means dur 
ing decay; 

second comparator means for comparing the voltage 
in said second oscillator means with VA and for 
sensing the response time of said second oscillator 
means during decay; 

correction means controlled by the voltages com 
pared at said ?rst and second comparator means 
for adjusting the value of V0 and for urging the dif 
ference of said response times to decrease; and 

sequencing means operated by said ?rst and second 
comparator means for successively activating said 
energizing means after V0 has been adjusted to 
cause V0 to be readjusted and to calculate V,, = V, 
(V(:/ V,,)" when said response times are equal. 

2. The circuit of claim I wherein said energizing 
meanspermits simultaneous decay of both of said oscil 
lator means. 

3. The circuit of claim 1 wherein said energizing - 
means is adjustable to permit said ?nite time period to 
be varied. 

4. The circuit of claim 2 wherein said ?rst oscillator 
means includes a RC circuit having a resistor R, ' 
arranged in parallel with a capacitor C,. 

5. The circuit of claim 4 wherein said second oscilla 
tor means is a RC circuit having a resistor R2 arranged 
in parallel with a capacitor C2. 

6. The circuit of claim 5 wherein n = R,C,/R2C2. 
7. The circuit of claim 6 wherein R, is an adjustable 

resistor for permitting n to be varied. - 

8. The circuit of claim 1 wherein said ?rst compara 
tor means is a voltage comparator capable of generat 
ing a positive output signal when the voltage in said ?rst 
oscillator means is greater than VB, a negative signal 
when such voltage is less than VB, and a null signal 
when such voltage is equal to V”. 
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9. The circuit of claim 1 wherein said second oscilla 

V tor means is a voltage comparator capable of generat-_ 
ing a positive output signal when the voltage in said sec 
ond oscillator means is greater than VA, arnegative sig-‘ 
nal when such voltage is less than V,, and'a null signal 
whenysuchevoltage is equal to, VA; ' I ' 

10. The circuit of claim 3 wherein saidenergizing 
means includes ?rst electronic switch means between 
VC and said ?rst oscillator means, second electronic 
switch means between V0 and said second oscillator 
means, and a monostable multivibrator operatively-as 
sociated with said ?rst and second electronic switch 
means to close said switch means when said multivibra 
tor is excited into its quasi-stable state and to open said 
switches when said multivibrator reverts to its stable 
state. 

11. The circuit of claim 10 wherein said monostable 
multivibrator is adjustable to vary said ?nite time pe 
riod. 

12. The circuit of claim 1 wherein said sequencing 
means includes an AND gate. 

13. The circuit of claim 1 wherein said correction 
means includes a voltage supply circuit operated by 
said second comparator means to increase V0 when 
said response time of said second oscillator means is 
less than said response time of said ?rst oscillator 
means. 

14. The circuit of. claim 13 wherein said correction 
means further includes a voltage drain circuit operated 
by said ?rst comparator means todecrease V0 when 
said response time of said ?rst oscillator means‘is less 
than said response time of said second oscillator means.‘ 

15. The circuit of claim 14 wherein said correction 
means further includes capacitor arranged in parallel 
with said voltage drain circuit. 

16. The circuit of claim 15 further comprising a 
buffer ampli?er between said correction means and 
said second comparator means. 

17. A multi-mode computing circuit capable of cal 
culating an output voltage V0 as a function of two vari 
able input voltages, VB and V6, according to the general 
formula, V0 = K ln (VC/V")T1 , where VC is greater than 
V" and where C and T1 are determinable values of the 
circuit comprising: 

relaxation oscillator means; 
a source of constant current; 
capacitor means supplied with said constant current; 
energizing means for simultaneously charging said 

oscillator means with VC and for draining said ca 
pacitor means for a ?nite time period and for per 
mitting said oscillator means to decay and said ca 
pacitor means to charge after said time period ex 
pires; 

?rst comparator means for comparing the voltage in 
said oscillator means with VB and for sensing the 
response time of said oscillator means during de 
cay; 

second comparator means for comparing the voltage 
in said capacitor means with V0 and for sensing the 
response time of such capacitor means during 
charging; 

correction means controlled by the relative voltages 
compared at said first and second comparator 
means to adjust V0 for urging the difference be 
tween said oscillator response time and said charg 
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12 
ing capacitor means response time to decrease; and 

sequencing means for successively activating said en 
ergizing means after V0 has been adjusted to cause 
V0 to be readjusted and to calculate ‘ V0 = K 
ln( Vc/ VB')T1 when said response times are equaLi 

~ 18. The circuit/‘(of claim .17 wherein said yen‘ergizin'g 
means simultaneously permits said capacitor means to 
charge and said oscillator means begins to decay. 

19. The circuit of claim 18 wherein said oscillator 
means includes an RC circuit having a resistor R1 
arranged in parallel with a capacitor C1. 
20. The circuit of claim 19 wherein T1 = R1C,. 
21. The circuit of claim, 20 wherein R1 is an adjust 

able resistor for permitting T, to be varied. 
22. The circuit of claim 17 wherein said energizing 

means is adjustable to permit said ?nite time period to 
be varied. 

23. The circuit of claim 22 wherein said ?rst compar 
ator means is a voltage comparator capable of generat 
ing a positive output signal when the voltage in said os 
cillator'means is'greater than V,,, a negative signal when 
such voltage is less than VB, and a null signal when such 
voltage is equal to V8. 

24. The circuit of claim 18 wherein said second com 
parator means is a voltage comparator capable of gen 
erating a positive output signal when the voltage in said 
capacitor means is greater than V0, a negative signal 
when such voltage is less than V0, and a null signal 
when such voltage: is equal to V0. ‘ 
25. The circuit of claim. 22 wherein said energizing 

means includes ‘?rst electronic switch'means between 
VC and said oscillator means, third electronic switch 
means arranged in parallel with said capacitor means, 
and a monostable multivibrator operatively associated 
with said ?rst and third electronic switch means to 
close said switch means when said multivibrator is ex 
cited into its quasi-stable state and to open said switch 
means when said multivibrator reverts to its stable 
state. 

26. The circuit of claim 25 wherein said monostable 
multivibrator is adjustable to vary said ?nite time pe 
riod. 

27. The circuit of claim 18 wherein said sequencing 
means includes an AND gate. 

28. The circuit of claim 18 wherein said correction 
means includes a voltage supply circuit operated by 
said second comparator means to increase V0 when 
said response time of said capacitor means during 
charging is less than said response time of said oscilla~ 
tor means during decay. 

29. The circuit of claim 28 wherein said correction 
means further includes a voltage drain circuit operated 
by said ?rst comparator means to decrease V0 when 
said response time of said oscillator means during 
decay is less than said response time of said capacitor 
means during charging. ‘ 

30. The circuit of claim 29 wherein said correction 
means further includes a capacitor arranged in parallel 
with said voltage drain circuit. 
31. The circuit of claim 30 further comprising a 

buffer amplifier between said correction means and 
said second comparator means. 
32. The circuit of claim 17 wherein said capacitor 

means is a capacitor. 
* * * * * 



"Mm UNITED STATES PATENT OFFICE 

‘m ' CERTIFICATE OF CORRECTION 

Patent No. 3,784,803 Dated January 8, 1974 

Invento?s) C "Thomas A. Brendle 

It is certified that error appears in the'above-identified patent: 
and that said Letters Patentare hereby corrected as shown below: 

rE‘Ditle page: the identified Attorney should be -|—Sommer & Weber-5,? ' 
ABSTRACT, line 4:, ‘the second equation should be- —-VO=Kln,(VC/VB) l--; 
Col. 1, line 41: "enerig'zing" should be --energizing--; ‘ ‘ ' 

Col. 2,! line 36.: the first equation should be --V0=V (VG/VB) 
Col. 6, line 18% Iaifiéer "Substituting," the equation éhould be 

. --i=<vc/Rl>e 1,1“; v' ' " 

Col. 7, line 22: "#2" should be‘-~At‘ -_-; Col. 8, line 12,: "capacitors" should ge .--_->oapacitor-—; . 7 

Col. 9, line 21: "value, finally" should be --'- value._' Finally---; 
, line 1mg‘. "V0" should 'be -—Vo_l-V—; _ 

n " 

Col. 10, line 2; the equation should be’ 

--V03=2‘lTKL (Tvi~--To)/[ln(ri/ro)]-—;\ ,_ 
, line 14: "the" should be ‘—-—those-—; , - - _ 

Claim 15, line 2:I "includes capacitor"-fshould be v-—incl_udes.a 
capacitor—-; ' t , * 

Claim 17, line 5: "C" should be --K-—; 4 
Claim 18, line 3: "begins" should be deleted. 

Signed and sealed this 23rd day; "of April: l97h. 

(SEAL) 
Attest: 

EDWARD I~I.FLETCHER,JR. ' ' C . ,'l‘-IARSHALL DAL-{'11 
Attesting; Officer - , Commissioner of Patents 



Col. 7, line 22: "t " should be‘ --Atg-v—; 

mg?" um'rmn s'rA'rEs PATENT OFFICE 
‘ CERTIFICATE OF CORRECTION 

Patent No. 3,784,803 Dated January 8, 1974 

Invento?s) "Thomas A. Brendle 

It is certified that error appears in the above-identified patent 
and that said Letters Patentare hereby corrected as shown below: 

Title page: the identified Attorney should be -‘-Sommer & Weber-5;‘ 
ABSTRACT, line 4:]the second equation should be- —-V0=Kln.(VC/VB) l--; 
Col. 1, line 41: "enerig'zing" should be -—energizing--; ' ~ 
Col. 2,-' line 36: the first equation should be --V0=V (Veg/VB) 
Col. 6, line 18': after "Substituting," the equation éhould be 

n I 

Col. 8, line 12': "capacitors" should e -l-capac'itor-—; . 
Col. 9, line 21: "value, finally" should be -—‘ value." Finally--; 

, line 1L7: ."Vo'.I should “be --V0l-,-; > 

Col. 10, line 2,: the equation should be‘ 
--V03=2‘|TKL (T,i--To)/[ln (ri/ro)]——; , 

\ 

, line- 14: "the" should be --—-those-—; ' - ’ 

Claim 15, ‘line 2:‘ "includes capacitor'P'should be -—includes,a 
capacitor-—; ' . ' 

Claim 17, line 5: "C" should be --K——;‘. 
Claim 18, line. 3: "begins" should be deleted. 

‘Signed and sealed this 23rd day of April‘ ‘197R. 

(SEAL) 
Atte st: ’ , 

229mm) I~I.FLETc2~LE§->§,JR. ' I v c. " MARSHALL Din-{11 
Attesting Officer I ‘ V Commissions? of Patents 


