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VOLTAGE-TIME-VOLTAGE COMPUTATION CIRCUIT 
USING R-C EXPONENTIAL DECAY CIRCUITS TO 
PERFORM MULTIPLICATION, DIVISION, ROOT 
FINDING AND LOGARITHMIC CONVERSION 

The present invention relates to non-linear electronic cir 
cuitry and, more particularly, to analogue circuitry which can 
perform non-linear computations or calculations with preci 
ston. 

Linear computations such as addition, subtraction, integra 
tion, and differentiation can be performed with precision by 
electronic analogue computational circuits constructed from 
the so-called linear components — resistors. capacitors, and 
inductors. Computational circuits of this type derive their 
precision from the temperature stability and precise linearity 
of these components. It is not uncommon for linear computa 
tional circuits to give accuracies of hundredths of a percent 
over computational ranges of many powers of ten. 

Non-linear computations such as multiplication, division, 
exponentiation, and logarithmic conversion cannot be per 
formed directly by circuits containing only linear components. 
Therefore circuits capable of performing non-linear computa 
tions almost always include non-linear components — com 
ponents in which voltage and current are not linearly related. 
The most commonly used non-linear component is the junc 
tion diode, but other non-linear components are also widely 
used. Typically both linear and non-linear components are in 
terconnected in such a manner that the resulting circuit has 
the desired non-linear input-output characteristic. 
The design of non-linear circuits is usually emperical and is 

often accomplished through a tedious procedure of trial and 
error. Precision is usually achieved only at the price of ex 
treme complexity, and often hundreds of components must be 
used to give a speci?ed degree of accuracy. While some non 
linear components have characteristics which are logarithmic 
over a range ofa few powers often, these components are al 
most always highly temperature sensitive and require either a 
controlled temperature environment or else careful tempera 
ture drift compensation. At their best, the precision of such 
logarithmic components cannot approach the precision of a 
linear resistor or capacitor. 

Accordingly, a primary object of the present invention is the 
production of non-linear computational circuits whose non 
linear characteristics are entirely determined by linear com 
ponents and which, therefore, have the same potential for 
precision as conventional linear computational circuits. 
Another object of the present invention is the production of 

simple computational circuits which can perform multiplica 
tion or division, ?nd any power or root, and carry out both 
logarithmic and antilogarithmic conversions to any desired 
degree of precision. 
A further object of the present invention is the production 

of computational circuits which can perform any non-linear 
transformation that can be represented by a power series ex 
pansion. 
Yet another object of the present invention is the produc 

tion of logarithmic conversion and antilogarithmic conversion 
computational circuits which can be combined with each 
other and with conventional linear computational circuits so 
as to perform any non-linear computation on any number of 
variables with any desired degree of accuracy. 

Further objects and advantages of the present invention are 
apparent in the drawings and in the detailed description which 
follows. The features of novelty which characterize the 
present invention are pointed out with particularly in the 
claims annexed to and forming a part of this speci?cation. 

In brief, the present invention contemplates using exponen 
tial growth or decay circuits constructed from linear com 
ponents to convert voltages or currents into logarithmically 
related time intervals and to convert time intervals into an 
tilogarithmically related voltages or current. A typical circuit 
includes a single resistor and a single capacitor. The resistor 
discharges the capacitor from a first voltage level down to a 
second voltage level. The time interval required for this 
discharge to oécur is measured, usually by another similar cir 
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2 
cuit. The time interval thus de?ned is then proportional to the 
logarithm of the ratio of the ?rst voltage to the second voltage. 
Similarly, the ratio of the ?rst voltage to the second voltage is 
proportional to the antilogarithm of the time interval. 
A typical computational circuit might include two exponen 

tial decay circuits. The first exponential decay circuit is al 
lowed to decay from an initial voltage level V, to a ?nal volt 
age level V,. Simultaneously, the second exponential decay 
circuit is allowed to decay from an initial voltage level V, to a 
?nal voltage level V4. The voltage V, is then given by: 

V4: Va (Va/Vi) K 
where K is the ratio of the exponential decay circuit time con 
stants. As the equation clearly shows, this simple computa 
tional circuit can perform multiplication. division, reciproca 
tion, or exponentiation. Numerous alternative circuit configu 
rations can be constructed which can perform numerous other 
non-linear computations, as is apparent in the detailed 
description which follows. 

In the drawings: 
FIG. I is a circuit diagram of the basic resistor-capacitor ex 

ponential decay circuit which is the basic building block for all 
voltage-time-voltage computational circuits; 

FIG. 2 is a circuit diagram of a voltage-time logarithmic 
conversion circuit; 

FIG. 3 is a circuit diagram of a practical embodiment of the 
basic circuit shown in FIG. 2; 

FIG. 4 is a circuit diagram of a voltage-time-voltage 
logarithmic conversion circuit; 

FIG. 5 is a circuit diagram of a silicon controlled recti?er 
embodiment of the basic circuit shown in FIG. 4; 

FIG. 6 is a block diagram of a peak reading audio 
decibelmeter that includes a combined recti?er and voltage 
time-voltage logarithmic conversion circuit; 

FIG. 7 is a circuit diagram of the combined recti?er and 
voltage-time-voltage logarithmic conversion circuit used in 
the decibelmeter of FIG. 6; 

FIG. 8 is a circuit diagram of a voltage-time-voltage an 
tilogarithmic conversion circuit; 

FIG. 9 is a circuit diagram of a basic voltage-time-voltage 
non-linear computational circuit that can perform multiplica 
tion, division, reciprocation, and exponentiation; 

FIG. 10 is a circuit diagram of an instantaneous pulse 
frequency meter which includes a voltage-time-voltage 
reciprocal computation circuit; 

FIG. 11 is a circuit diagram of a voltage-time-voltage com 
putational circuit which performs multiple multiplications and 
divisions of voltages by addition in the logarithmic time 
domain; and 

FIG. I2 is a circuit diagram of a voltage-time-voltage com 
putational circuit which can perform a power series transfor 
mation. 
The basic concept underlying the present invention is that 

of performing logarithmic conversion by measuring the time it 
takes a capacitor to discharge exponentially between two volt 
age levels. Consider the capacitor C shown in FIG. 1. The time 
A: which it takes the capacitor C to discharge from a voltage 
level V, to a voltage level V, is: 

AI==RC 1n (IQ/V, (Eqn. t) 
Hence, the time interval At is proportional to the logarithm of 
the voltage ratio V,/V,, and the voltage ratio K] V, is propor 
tional to the antilogarithm of the time interval Ar. 

FIG. 2 shows what can be called a voltage-time logarithmic 
conversion circuit. A switch S periodically charges a capacitor 
C to a voltage level V,. This charging procedure is carried out f 
times each second. The capacitor C is discharged f times each 
second through a resistor R. The time it takes the capacitor C 
to discharge between a ?rst voltage level Vl and a second volt 
age level V, is measured by a comparator. A low pass ?lter 
converts the rectangular wave output signal of the comparator 
into a DC. voltage V, which is applied to a voltmeter M. The 
voltage V4 is given by: 
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4 .= f n[V2 for V‘ expRCf (2) 
V, = comparator peak-to-peak output voltage 
f = oscillator frequency 

Hence, V, is proportional to the logarithm of V. divided by V,. 
Accuracy and range can be traded against each other in this 

circuit by varying the magnitude of the product (RCf). If the 
voltage V. is displayed on a meter accurate to within 1 percent 
of full scale, for example. an input voltage range of 60 decibels 
(l millivolt to 1 volt) can be measured with an accuracy of 
about 7 percent, while an input voltage range of 3 decibels 
(0.7 volt to L0 volt) can be measured with an accuracy of 
about 0.3 percent. A single circuit can be adapted to either of 
these modes of operation simply by changing the value of R, of 
C, or of f. 

FIG. 3 illustrates a more sophisticated version of the basic 
circuit shown in FIG. 2. The switch S is a high speed relay that 
is actuated f times each second. The capacitor C is charged to 
a potential level higher than the incoming voltage V... and is 
then discharged through a resistor R. Two comparators and an 
AND gate are used to generate a rectangular waveform whose 
D.C . component is proportional to the logarithm of V.... A ?ip 
?op FF disables the AND gate while the capacitor C is 
recharged. The accuracy and range of this circuit are limited 
only by the accuracy and range of the comparators and of the 
meter. This circuit could conceivably handle input signals 
which vary over a range of I60 decibels (l0 microvolts to 
1,000 volts). If a second input voltage is used in place of the 
reference voltage V...” this circuit generates an output that is 
directly proportional to the decibel difference between the 
two incoming voltages and therefore can measure the gain of 
an ampli?er in decibels directly. 
A voltage-time-voltage logarithmic conversion circuit is 

shown in FIG. 4. This circuit produces a stable output voltage 
which does not require ?ltering. Initially the switches S., 8,, 
8,, and S, are in the positions shown in FIG. 4. The switches S. 
and S, are closed momentarily and are then opened. C. is thus 
charged to a voltage level V. and C, is charged to a voltage 
level V,. The switches S, and S. are then thrown simultane 
ously. The resistor R now discharges the capacitor C. ex 
ponentially, and simultaneously the constant current source I 
discharges the capacitor C, linearly. When the voltage across 
the capacitor C. decays to a voltage level V,, a comparator 
throws the switch S. back to the position shown in FIG. 4. The 
?nal voltage across the capacitor C, is then: 

The voltage V. is thus proportional to the logarithm of the 
voltage ratio V../V.. The voltage V, is also proportional to the 
current I. Hence, this circuit can be used to perform the fol 
lowing non-linear calculation: 

(3) 

. V: I y‘: I. 1.. l 1 where K = constant (4) 

FIG. 5 is a simple practical version of the circuit shown in 
FIG. 4. A silicon controlled recti?er SCR. discharges a capaci 
tor C. whenever the voltage across a resistor R drops below 
V... minus the threshold voltage of the recti?er SCR.. When 
ever the recti?er SCR. is triggered. it triggers a second silicon 
controlled recti?er SCR,, and the recti?er SCR, discharges a 
capacitor C,. The capacitor C, is continuously charged by a 
constant current I which ?ows from the collector of a current 
source transistor T.. A peak detector transistor T, samples and 
holds the maximum voltage developed across the capacitor C, 
and presents this voltage as an output voltage V...“ which is 
given by: 

@H l“ i (12+ Vout : C2 (5) 
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Hence, V“. is proportional to the logarithm of V... Both 8+ 
and I can be used as additional input variables, if desired. 

FIGS. 6 and 7 disclose an audio peak reading decibelmeter 
which includes a voltage-time-voltage log conversion circuit. 
The decibelmeter output meter has a scale that is calibrated 
linearly in decibels. The input range of this meter is from one 
millivolt to ten volts, or 80 decibels full scale. The decibelme 
ter recti?er and logarithmic conversion circuits can handle 
only a 30 decibel range of signals, so automatic ampli?er gain 
changing circuits keep the signal supplied to the rectifier and 
logarithmic conversion circuits within the proper range. When 
the ampli?ers are operating at low gain, they generate D.C. 
correction signals for the output meter. These correction 
signals add to the meter reading the same number of decibels 
as the ampli?ers subtract from the meter reading when the 
ampli?ers switch to low gain. The meter thus gives the same 
reading regardless of the ampli?er gain settings. 

FIG. 7 is a simpli?ed schematic diagram of the recti?er and 
logarithmic conversion circuits used in the decibelmeter 
shown in FIG. 6. Normally a ?rst switch S. is closed, and nor 
mally second and third switches S, and S, are open, as shown. 
A diode D. charges a capacitor C 1 to the peak positive value of 
an incoming signal Vx, and a diode D, charges a capacitor C, 
to the peak negative value of the incoming signal Vx. Once 
every tenth of a second, a bistable rnuIti-vibrator momentarily 
closes the third switch S, to discharge the output capacitor C, 
and triggers a one-shot multivibrator. The one-shot mul 
tivibrator opens the ?rst switch S. and thus disconnects the 
diodes D, and D, from the incoming signal Vx. The one-shot 
multivibrator then closes the second switch 5,. When the 
second switch S, is closed, the capacitors C. and C, are inter 
connected in such a manner that the peak-to-peak value of the 
signal Vx is applied to a resistor R. From this point on, the cir 
cuit functions in exactly the same manner as the circuit shown 
in FIG. 4. A comparator allows a constant current I to charge 
the output capacitor C, until the voltage across the resistor R 
falls below a reference voltage level V”. The voltage across 
the capacitor C, is then the logarithm of the peak-to-peak 
value of Vx. This whole process takes about a millisecond. 
The one-shot multivibrator then opens the second switch S, 
and closes the ?rst switch S. so that the circuit returns to its 
normal state. 

This circuit is able to follow signal level increases and 
decreases in a tenth of a second or less, yet it has a frequency 
response that is absolutely ?at down to 20 Hz. The circuit 
response time is so fast that an oscilloscope or oscillograph is 
required to give an accurate record of the output signal fluc 
tuations. This decibelmeter can easily follow the envelopes of 
audio speech patterns. 
A simple antilogarithmic conversion circuit is shown in FIG. 

8. This circuit is almost identical to the logarithmic conversion 
circuit shown in FIG. 4. The one difference is that the resistor 
R and the current source I are interchanged so that the volt 
age-time conversion is linear and the time-voltage conversion 
is antilogarithmic. The ?nal voltage V. across the capacitor C, 
is given by: 

(T 

V, and I can be used as input variables if desired. 
If the basic logarithmic conversion circuit shown in FIG. 4 is 

modi?ed by the substitution of a resistor for the constant cur 
rent source, it becomes a powerful basic computation circuit 
that can multiply, divide, ?nd powers, and extract roots. FIG. 
9 shows the circuit modi?ed in this manner. The circuit 
operates in exactly the same way as the circuits described 
above. Initially the switches S, and S, are both open. The 
switches S. and S, are both closed momentarily so that the 
capacitors C. and C, are respectively charged to voltage levels 
V. and V,. The switches S, and S4 are then simultaneously 
closed. When the voltage across the capacitor C. drops to the 
voltage level V,, a comparator opens the switch S4. The final 
voltage V. across the capacitor C, is then: 

(6) 
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V3 RICI 
4 g VI where R c 

2 2 
K (7) 

By selecting the proper voltages as independent input varia~ 
bles, this circuit can be made to perform multiplication. divi 
sion. or reciprocation. By selecting an appropriate value for 
the constant K. this circuit can also be adapted to calculate 
powers or roots. The one limitation is that the input voltages 
must never change sign. a limitation which is inherent in all 
logarithmic calculators. 
Table 1 illustrates various ways in which the simple circuit 

shown in FIG. 9 can be used to perform the computations 
listed above. 

FIG. 10 is a schematic diagram of an instantaneous pulse 
frequency meter which utilizes a voltage-time-voltage compu 
tational circuit to calculate the reciprocal of a voltage. Since 
instantaneous pulse frequency is the reciprocal of the time 
which elapses between successive pulses, instantaneous pulse 
frequency can be calculated by measuring the time interval 
between successive pulses and by then calculating the recipro 
cal of this time interval. The simple circuit shown in FIG. 10 
performs this calculation each time a new pulse is received 
and thus calculates and presents the instantaneous pulse 
frequency at the fastest possible rate. The time between suc 
cessive pulses is measured by the amount of a constant current 
ll which ?ows into a capacitor C,. Whenever a pulse occurs, 
?rst a transistor Tl discharges an output capacitor C2. and 
then a transistor T, clamps to ground the end of the capacitor 
C1 that was receiving the current 1,. The capacitor C. im 
mediately discharges exponentially through resistors R, and 
R3 towards a rest potential level slightly positive of ground. 
Simultaneously, a comparator transistor T3 becomes non-con 
ductive and permits the output capacitor C, to charge ex 
ponentially through a diode D and a resistor R, towards a volt 
age level de?ned by a Zener diode D1. When the voltage 
across R, goes slightly positive, the transistor T3 becomes con 
ductive and stops the ?ow of current into the capacitor C2 by 
back biasing the diode D. The voltage across C, is then inver 
sely proportional to the time between the adjacent pulses, or 
directly proportional to the instantaneous pulse frequency. A 
?eld effect transistor presents the voltage across C, to the cir 
cuit output for display on an oscilloscope. As in some of the 
logarithmic conversion circuits described above, when the 
input frequency range of this circuit is increased, the accuracy 
of the measurement is decreased, and vice versa. A tradeoff 
can thus be achieved between range and accuracy. 
The basic concept underlying all of the above circuits is that 

of logarithmic transformation between what can be called the 
linear voltage domain and the logarithmic time domain. Since 
addition and subtraction in the logarithmic time domain are 
equivalent to multiplication and division in the linear voltage 
domain, voltage-time-voltage circuits can be designed which 
will perform almost any arithmetic computation. Addition and 
subtraction are performed in the linear voltage domain by ad 
dition and subtraction of voltages. and multiplication, divi 
sion, reciprocation, and exponentiation are performed in the 
logarithmic time domain by addition and subtraction of time 
intervals. Exponential decay circuits. comparators, and 
switches are used to convert from one domain to the other 
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6 
whenever necessary. Logarithmic and antilogarithmic conver~ 
sions are carried out by using constant current capacitor 
discharge circuits to perform the transformation from one 
domain to the other. as explained above. Constant current 
capacitor discharge circuits can also be used to calculate 
powers and roots when the exponent is a variable. as was also 
noted above. Circuits can thus be designed which will perform 
any computation requiring addition. subtraction. multiplica 
tion. division. or exponentiation. 

It remains to be explained just how addition in the 
logarithmic time domain is performed. For convenience. let 
the left half of FIG. 9 be de?ned as a voltage-time logarithmic 
conversion circuit and the ‘right half of F IG. 9 be de?ned as a 
time-voltage antilogarithmic conversion circuit. Addition in 
the logarithmic time domain is performed by connecting the 
comparator of a first voltage-time logarithmic conversion cir 
cuit to the discharge switch of a second voltage-time 
logarithmic conversion circuit. The time required for both the 
circuits to discharge sequentially after closure of the discharge 
switch in the ?rst circuit is then the sum of the individual cir 
cuit discharge times. Any number of voltage-time logarithmic 
conversion circuits may be interconnected in this manner, and 
a single time-voltage antilogarithmic conversion circuit may 
be used to measure the total time it takes all the voltage-time 
logarithmic conversion circuits to discharge. in this manner. 
any calculation of the form 

"1 V2 (a) (n) - 
is carried out by addition in the logarithmic time domain. 

FIG. I] illustrates such a combination of voltage-time cir 
cuits R.C., R,C,, and R,Ca used with a single time-voltage cir 
cuit R,C,. The switches 8,, S3, S, and S, are closed momentari 
ly to charge the capacitors C,, C,. C,, and C‘, respectively. to 
voltage levels V., V3, V, and V1. The switch 5, is then closed, 
initiating the discharge of the capacitor C. through R.. When 
the voltage across the capacitor C,.equals V2, a comparator X 
closes the switch S. and initiates the discharge of C, through 
R4, and so on. Ultimately. the ?nal voltage V.I left across the 
capacitor C4 is given by: 

(3) 

Since voltage-time-voltage computation circuits can calcu 
late powers, an array of such circuits can perform a power se 
ries transformation of the type 

FIG. [2 shows such an array. A common voltage-time 
logarithmic conversion circuit REC,‘ is used for all the com 
putation circuits, and each computation circuit has its own 
time-voltage antilogarithmic conversion circuit. The circuit 
outputs are multiplied by appropriate ?xed constants and are 
summed to form V...... V... is required to remain between an 
upper threshold voltage V" and a lower threshold voltage 
V”. 

Initially, all the circuit capacitors are charged by a momen 
tary closure of the circuit charging switches. The capacitor 
C.‘ is then discharged through the resistor Rf’. During the 
period of time when the voltage across the capacitor C.‘ is 
between the upper threshold voltage V" and the input voltage 
V..., a pair of comparators A and B enable a ?rst array of two 
time-voltage antilogarithmic conversion circuits to calculate 
the values of (V,..’) (8+) (Vt-r") and (V,,,“) (8+) (Vt-r4). 
During the period of time when the voltage across the capaci 
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tor C,‘ is between V‘, and the lower threshold voltage V". the 
comparator B and a third comparator C enable a second array 
of three time-voltage antilogarithmic conversion circuits to 
calculate the values of (v,,,-') (8+) (VLT), mp’) (B-H 
(V,_,-'), and mm (13+) (VH8). These calculated values, plus 
the actual value of V”, and of 5+, are then multiplied by the 
appropriate ?xed constants as indicated in the ?gure and are 
summed to form V“. The multiplications by ?xed constants 
and the summing are performed by conventional analogue 
computer circuitry. For example, the voltage developed 
across each capacitor can be ?rst passed through a conven 
tional unity gain, high impedance ampli?er; inverted, if the 
sign of the multiplication constant so requires, by a conven 
tional unity gain inverting ampli?er; and then fed into the 
input node of a conventional analogue computer summing 
ampli?er through a resistor whose ohmic value is proportional 
to the size of the multiplication constant. 

While only a few voltage-time, time-voltage, and voltage~ 
time-voltage non-linear computational circuits have been 
presented, it is to be understood that numerous other compu 
tational circuits embodying the same basic inventive concepts 
can be constructed. in addition, while only a single form of ex 
ponential decay circuit has been used in the circuits 
presented, it is to be understood that any exponential growth 
or decay circuit can be used in the construction of such cir 
cuits. in regard to the particular circuits presented, it is to be 
understood that numerous modi?cations and changes will 
occur to those skilled in the art which still fall within the scope 
of the invention. It is therefore intended that the appended 
claims cover all computational circuits, combinations of com 
putational circuits, exponential growth circuits, exponential 
decay circuits, modi?cations, and changes as come within the 
true spirit and scope of the present invention. 
What is claimed as new and desired to be secured by Letters 

Patent of the United States is: 
l. A computational circuit comprising; 
an exponential circuit; 
initializing means for placing said exponential circuit in an 

initial state; and 
timing means for measuring the time interval which is 

required for said exponential circuit to change from said 
initial state to a speci?ed ?nal state, said timing means 
comprising a capacitor, a source of charging current for 
said capacitor, a gate controlling the ?ow of charging cur 
rent to said capacitor, and comparator means for closing 
said gate when the state of said circuit is between said ini 
tial and said ?nal states and for opening said gate when 
the state of said circuit is beyond said ?nal state; 

whereby said time interval, as indicated by the charge on 
said capacitor, is proportional to the logarithm of said ini 
tial and ?nal states. 

2. A computational circuit in accordance with claim 1 
wherein the exponential circuit is a resistor connected to a 
capacitor. 

3. A computational circuit comprising: 
an exponential circuit; 
initializing means for placing said exponential circuit in an 

initial state; and 
timing means for measuring the time interval which is 

required for said exponential circuit to change from said 
initial state to a speci?ed ?nal state, said timing means 
comprising 

a second exponential circuit, second initializing means for 
placing said second circuit in a second initial state simul 
taneously with the initializing of said ?rst circuit, and 
comparator means including state recording means for 
recording the state of said second circuit when said ?rst 
circuit reaches said ?nal state; 
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whereby the recorded state of said second circuit is equal to 
the second initial state multiplied by the ratio of the initial 
and ?nal states of the first circuit raised to a power equal 
to the ratio ot'_the circuit time constants. ‘ _ 
A computational crrcult in accordance wlth claim 3 

wherein the exponential circuits comprise resistances con 
nected to capacitors. 

5. A computational circuit comprising: 
an exponential circuit including a resistance and a ?rst 

capacitance; 
initializing means for charging said ?rst capacitance to an 

initial, non-zero state of charge; 
switching means for connecting said resistance to said ?rst 

capacitance; and 
time measurement means connected to said switching 
means for actuating said switching means for a ?xed 
period of time, said time measurement means comprising 
a second capacitance, 
a current source for charging said second capacitance, 
second initializing means for giving said second 

capacitance a ?rst charge state when said exponential 
circuit is initialized, and ' 

comparator means connecting to said switching means 
for actuating said switching means for the time it takes 
the current ‘source to alter the charge on said second 
capacitance from the ?rst charge state to a second 
charge state; 

whereby the charge remaining on said ?rst capacitance 
after operation of the time measurement means is propor 
tional to the initial ?rst capacitance charge multiplied by 
the antilogarithm of the time interval. 

6. A computational circuit comprising: 
an exponential circuit; 
initializing means for placing said exponential circuit in an 

initial, non-zero state; 
state recording means for recording the ?nal state of said 

circuit; and 
time measurement means energized when said exponential 

circuit is initialized for energizing said state recording 
means after a ?xed period of time elapses following the 
initialization of said circuit, said time measurement 
means comprising 

at least one additional exponential circuit, initializing means 
for placing each of said additional circuits in a plurality of 
?rst states and for energizing a ?rst of said additional cir 
cuits simultaneously with the initialization of said original 
exponential circuit, and 

comparator means for sequentially energizing said addi 
tional circuits one after another as each reaches a 
predetermined second state, and for energizing the state 
recording means when the last additional circuit has 
reached its predetermined second state. 

7. A computational circuit in accordance with claim 6 
wherein the exponential circuits comprise resistors connected 
to capacitors. 

8. A nonlinear transformation computational circuit com 
prising: 

at least one voltage time computational circuit means for 
converting an incoming signal into at least one 
logarithmically related time interval; 

two or more time-voltage computational circuit means hav 
ing two or more different time constants for converting 
the time intervals back into a second array of an 
tilogarithmically related signals; and 

second signal multiplying and summing means for weighting 
the second signals by multiplying the second signals by 
constants and for then summing the weighted second 
signals to form an output signal. 

‘It Ii III II Ill 


