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(57] ABSTRACT 
This abstract describes an instrument for the statistical 
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study of the various analog parameters of a physical 
operation, which vary with time. The parameters may 
be, for example, voltage, pressure, volume, etc. A se
lected one of these parameters is converted by means 
of a transducer to an electrical voltage, which is pro
portional to the value of the parameter at all times. 
This voltage is continuously compared with a refer
ence voltage of a selected magnitude, and means are 
provided in response to this comparison to record the 
accumulated time intervals during which the parame
ter voltage is different in a selected manner from the 
reference voltage. Means are also provided for deter
mining the number of such times when the parameter 
voltage is different from the reference voltage, during 
a selected total time interval. By using a plurality of 
such systems each with a different reference voltage, 
statistical data can be accumulated in a simple and in
expensive manner. 

In an improved embodiment, the voltage comparator 
is designed to provide a hysteresis characteristic, in 
which it turns on at a given value of the variable and 
turns off at a lower or higher value of the variable. 
Also, in the use of an electrolytic cell to count pulses, 
the embodiment includes the design of an improved 
pulse shaper. Means are also provided for limiting the 
time duration ol' the entire test period and providing 
means to shut off power when the time limit is 
reached. 

11 Claims, 9 Drawing Figures 
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ST A TISTICAL ANALOG MONITOR 

CROSS REFERENCE TO RELATED APPLICATION 

2 
and time duration, so that each pulse will contribute a 
selected magnitude of electrical charge to the cell. Also 
means are provided for limiting the total time duration 
of the testing period to a selected value and providing This application is a continuation-in-part of Ser. No. 

302, I 04 of the same title, by the same inventors, filed 
Oct. 30, 1972, and abandoned as of the date of this ap
plication. 

5 means for turning off the applied voltage to the test ap
paratus when this time limit occurs. 

BACKGROUND OF THE INVENTION 

This invention is in the general field of electrical 10 
measuring instruments. More particularly, it is con
cerned with the acquisition of statistical data of the per
formance of analog variables. 

In the prior art, parameters of an operation which 
vary with time are generally studied by making a time 15 
record of the variations. This can be an analog record 
which is later scanned to provide whatever statistical 
information may be needed. Also, it is possible to digi
tally record the value of a parameter as a function of 
time. This digital record of the analog function can be 20 
analyzed in a computer, in such a way as to provide sta
tistical information similar to that provided by this ap
paratus. However, these prior art systems are much 
more clumsy and expensive, and is not readily available 
for measurements of such functions in the field. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of this invention and a better 
understanding of the principles and details of the inven
tion will be evident from the following description 
taken in conjunction with the appended drawings, in 
which: 

FIG. 1 is a block diagram representation of the sys
tem of this invention. 

FIGS. 2 and 3 provide alternative details of the appa
ratus. 

FIG. 4 provides a detailed circuit diagram of a por
tion of the amplification and voltage comparison por
tions of the apparatus. 

FIG. 5 illustrates an improved electrical circuit dia
gram of the statistical monitor apparatus. 

FIG. 6 shows the detailed electrical circuit of the 
charge integrator and pulse counter. 

FIG. 7 illustrates one means for deriving a plurality 
of reference voltages. 

SUMMARY OF THE INVENTION 

It is the primary object of this invention to provide a 
small, self-contained portable instrument that can be 
used in field operations to make statistical measure
ments on analog variables. 

FIG. 8 illustrates an embodiment of the means for se
lecting value of time for the duration of the test, and for 
shutting down the experiment when that selected time 

30 duration is achieved. 

These and other objects are realized and the limita
tions of the prior art are overcome in this invention by 
which a varying D.C. voltage is provided which is pro
portional at all times to the analog variable being stud- 35 

ied. This voltage is scanned as a function of time, at one 
or more levels of reference voltage, so that the total ac
cumulated time during which the signal voltage is 
greater than a selected reference voltage is recorded. 
Also the number of times that the signal voltage is 40 

greater than a reference voltage within a selected total 
duration of test is recorded. These measurements are 
made with simple, small, portable instruments so that 
they can be taken to the field. They are completely self
contained and self-powered. The apparatus provides 45 

means for carrying out the following steps: providing a 
regulated voltage, utilizing a means to convert the vari
able parameter to a variable voltage, amplifying the 
transduced voltage, comparing the amplifier output 
with a reference voltage of selected magnitude, and 50 

during a given total duration of tests measuring the ac
cumulated or integrated time during which the signal 
voltage applied to the comparator is greater than the 
selected voltage, and counting also the number of times 

55 
that the signal voltage is greater than the reference 
voltage. 

Means are provided for operation the voltage com
parator on a hysteresis characteristic, so that there will 

FIG. 9 illustrates an improved apparatus for utiliza
tion of the electrolytic cells. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the study of various types of electrical, mechani
cal, hydraulic, etc., apparatus, it is important to know 
how these parameters vary with time. The customary 
method of recording and displaying the manner in 
which these parameters vary with time is to provide a 
record trace on which a line varies in amplitude as a 
function of time. 

It is very difficult to utilize this trace record in con
verting it to quantities of interest. One way that these 
data can be utilized is to convert the analog trace into 
a series of digital numbers, insert these numbers into a 
computer, and using the computer to statistically ana
lyze data, to provide information regarding, for exam
ple, the fraction of total time that the parameter of in
terest is greater or less than a selected value, and the 
number of times during a given total interval of time 
during which the parameter is greater or less than a se
lected value. These data on integrated time, and num
ber of times, that the selected parameter is greater or 
less than a reference value are of interest in determin-
ing the work cycle, or duty cycle, of that parameter and 
are useful in determining possible failure characteris
tics and other problems associated with such equip
ment. 

By the use of computers it is possible to analyze digi
tal representation of the analog variations of the pa
rameter, to provide the statistical data just discussed. 
However, the recording apparatus is complex, heavy 

be a gap in the values of the characteristic variable at 60 
which the comparator turns on, and the lower or higher 
value of the variable at which it turns off. This is for the 
purpose of making the system insensitive to noise varia
tions, or noise pulses, which are of a magnitude less 
than this interval between the value of turn-on and 
turn-off. Also, in the use of an electrolytic cell as a 
pulse counter, the invention involves the use of a pulse 
shaper to provide square pulses of selected amplitude 

65 and expensive and the computer time is also expensive. 
Thus, this type of statistical analysis does not lend itself 
well to the kind of instrumentation that is needed today 
for studying parameter variations in the field. 
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This invention utilizes a very simple principle to ac
quire the statistical information, so that by the use of 
simple, small, inexpensive apparatus these data can be 
accumulated and utilized for practical purptises. 

4 
a coulometer 50. The pulse generator 36 of FIG. 1 can 
be thought of as a fast acting electronic switch equiva
lent to the pulse generator 56 of FIG. 2 operating a me-
chanical switch 52 so that during each pulse of the 
pulse generator, current will flow from the regulated 
voltage 46 through the resistor 48 and a precisely mea-
sured quantity of charge will flow through the coulome
ter 50. The total accumulated quantity of current, or 
charge, is therefore a measure of the number of individ
ual pulses since each pulse provides a measured precise 
value of charge passing into the coulometer. Another 
way of measuring the number of counts, of course, is 
by means of a conventional electrical pulse counter 58, 
which is connected to the output of the pulse generator 

Referring now to FIG. 1, there is shown in block dia- 5 
gram the essential features of this invention. A voltage 
regulator 12 is provided to produce a regulated voltage 
which goes by lead 14 to a transducer 16 which trans
duces the analog parameter and produces an electrical 
voltage on lead 18. The magnitude of this voltage is 10 
proportional to the magnitude parameter being mea
sured. This voltage is amplified in an operational ampli
fier 20 of conventional design and the output of the op
erational amplifier goes by way of lead 22 to a voltage 
comparator. 15 56. 

This voltage comparator is an amplifier that has two 
inputs, one of which is the signal from the transducer, 
and the other is a regulated voltage of selected magni
tude against which the signal is to be compared. When 
the signal voltage is less than the reference voltage the 20 
output of the voltage comparator is logical zero. When 
the signal voltage is higher than the reference voltage 
the output voltage of the comparator is a logical I, that 

Referring now to FIG. 3, the voltage comparator 24 
is equivalent to the same element of FIG. 1. This is 
equivalent to a switch. The switch is closed whenever 
the signal voltage is greater than the reference voltage 
and open at all other times. The total time duration of 
this closing can again be measured by the flow of a me
tered constant current from a regulated voltage source 
64 through the switch 66, through resistor 68, through 
the coulometer 70. The total indication on the coulom-

25 eter gives a measure of the total time during which the 
switch 66 has been closed within a total time duration 

is, a constant D.C. voltage of selected magnitude. The 
voltage comparator is a commercial device and is well 
known in the art and needs no further description. Suf
fice to say that it acts like a voltmeter that closes a 
switch whenever the signal voltage is higher than the 
reference voltage. This switch then applies a voltage of 
selected D.C. magnitude through lead 30, for example, 30 
to a current integrator 32 or coulometer, which will be 
described in detail later. 

T. This indication is an integral of the time during 
which the signal voltage is higher than the reference 
voltage. 

It is, of course, equivalent to use an electrical clock 
74 tied across the circuit in parallel with a coulometer 
to measure total time duration during which the switch 
66 of the voltage comparator is closed. The voltage comparator output goes by way of leads 

34 to a pulse generator 36. This is a device, many ver
sions of which are available on the market, which when 
an input voltage goes from zero to a positive value ( or 
to a negative value) will generate a pulse of selected 
amplitude and time duration. A common version of this 
instrument is what is called a "one shot multivibrator" 
well known in the art. When the input voltage goes 
from a positive ( or negative) value to zero nothing hap
pens and no additional pulse is provided until the volt
age input again goes from zero to a positive ( or to a 
negative) value. Having a pulse generated of constant 
voltage and of precise time duration it is possible to 
count these pulses by means of an electrical pulse 
counter, or as will be shown in FIG. 2 to provide a cur
rent integrator which will, in effect, count the number 
of pulses generated by the element 36 in terms of the 
total charge passed in the form of these short current 
pulses. 

A group of boxes 16A, 168 ... 16N etc., go to indi
vidual operational amplifiers such as 20. Each opera
tional amplifier such as 20 has a plurality of voltage 
comparators such as 24, which are set to different lev
els of reference voltage. Thus, the statistical quantities 
of integrated duration and number of times can be ac
cumulated as a function of the different values of the 
reference voltage. It is these data taken at different ref
erence levels, which provide the type of information 
that is required. Similarly each of the voltage compara-
tor boxes 24A, 248, 24N are connected to correspond-
ing pulse generators 36A, 368, 36N. 

Conventionally, one might therefore be expected to 
35 use an electrical pulse counter 58 to measure the num

ber of pulses during a given total duration T and/or an 
electrical clock 74 to measure the integrated time 
within the period T that the switch 66 of the voltage 
comparator is closed. However, by the use of the cou-

4o lometer a very simple, inexpensive, small lightweight 
rugged device can be produced. Such a coulometer is 
a commercial device and may be purchased on the 
market from Curtis Instruments, Inc., 200 Kisco Ave
nue, Mount Kisco, New York 10549. These instru-

45 rhents are patterned on the principle of U.S. Pat. No. 
3,045,178, and operate on currents as low as one mi
croampere to provide an indication, on a scale of ap
proximately 0.65 inches length, representing full scale 
hours of from 100 up to 3,000 or more. These coulom-

50 eters are approximately one-quarter inch square by 
about one inch long and are simple, rugged, light
weight and inexpensive. Their indications can be read 
easily and with good precision. Their accuracy is ap-

55 proximately plus or minus 2 percent. Consequently, by 
using circuits such as those shown in FIGS. 2 and 3 and 
using a simple, regulated voltage from a zener diode or 
equivalent, a simple, rugged device for the purpose of 
obtaining the typical data, that is, a simple precise sta-

60 tistical analog monitor can be provided. 

In FIG. 2 is shown a means by which the number of 65 
pulses produced by the clement 36 can be counted. 
Here is shown a source of regulated voltage 46, the 
ouput of which goes through switch 52 to resistor 48 to 

Sin~e the art on parameter transducers such as those 
for measuring displacement, pressure, etc. which are 
resistive or inductive in nature are well known in the 
art, it is not necessary to provide detailed information 
on these. The operational amplifier 20 is illustrated in 
the dashed box 130 while the voltage comparator is 
shown in detail in the dashed box 132 and the integra
tor 32 is shown in box 134. 
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The operational amplifier 108 is provided with a plus 
voltage of six volts and a minus voltage of five volts 
through leads 132 and 134. The input signals from the 
transducers come on leads 100 and 102 into the ampli
fier. The output of the operational amplifier 108 ap
pears on lead 110, and part of this energy is fed back 
to the input through resistor 106. This amplifier in op
eration has a gain of about five to one. It is of conven
tional design well known in the art. 

The first input to the voltage comparator 112, that is, 
to the V,, (or voltage of the parameter input) comes 
from the output 110 of the operational amplifier. The 
input Vn ( or reference voltage input) is fed with a con
stant regulated D.C. voltage through lead 116 from a 
potentiometer 138 of fixed precision resistors. These 
are tied between the minus five volts, lead 134 and 
ground lead 136. By this means a series of reference 
voltages 116, 116A, 1168 . .. 116N are provided, each 
of which goes to a separate voltage comparator 112. 
The voltage on lead 116 is a negative voltage of less 
than five volts to ground. The output of the amplifier 
108 is a negative voltage which varies from zero in a 
negative direction. When it is more negative than the 
reference voltage, the switch such as 66 in FIG. 3"doses 
and current then flows to the coulometer 70. The ouh 
put of the voltage comparator on lead 118 now goes to 
the coulometer circuit which comprises a diode 120, 
series resistor 122, and a coulometer 124, such as that 
described in conjunction with FIG. 3. 

This diagram does not show details of the pulse gen
erator, which will be described in conjunction with 
FIG. 6. The pulse generator would be connected be
tween line 118 and ground line 128. Additional voltage 
comparators such as 112A are shown in the diagram. 
Their inputs are all connected in parallel across line 
110, which is the output of the amplifier 108. The ref
erence input of each comparator is connected to a dif
ferent one of the terminals 116A, 1168, etc. of the po
tentiometer 138. Further description of the other volt
age comparators is not necessary except to point out, 
as indicated in the drawing, that the reference voltages 
on succeeding voltage comparators are lower in the 
negative direction than the reference voltage on line 
116 for example. So that the statistics provided on the 
voltage output of the second voltage comparator 112A 
will provide different statistical data than that provided 
by voltage comparator 112. 

FIG. 5 shows a modification of the circuit of FIG. 4 
which differs from the conventional apparatus systems 
in the use of a precision voltage regulator 200 to which 
a D. C. voltage source is applied between the input lead 
202 and the lead 204 to ground 206. The output of the 
voltage regulator 200 at the points A and 8, is a precise 
value of voltage of selected value, such as 8.0 volts. The 
line 208 represents the plus 8 volts and line 210 repre
sents ground. A transducer T indicated by numeral 216 
is supplied with voltage from lines 208 and 210, 
through the medium of leads 212 and 214. The output 
of the transducer 216 between lines 218 and 220 repre
sent an electrical voltage which is a function of the 
magnitude of a selected variable V. The traf!sduced sig
nal between leads 218 and 220 is fed to the input of an 
operational amplifier 230, through a selected resis
tance 222. Voltages are supplied to the amplifier 230 
by means ofleads 232 and 235. The output of the oper
ational amplifier 230 is fed back from the output lead 
228 through a selected resistance 226 to the input, to 

6 
provide an improved amplifier characteristic. The lead 
228 now represents the instantaneous value of the vari
able Vin terms of signal voltage Es. As will be shown 
in FIG. 7, means arc available to provide a plurality of 

5 reference voltages numbers 1, 2 ... N. These represent 
selected values of reference voltage against which the 
value of these signal voltages !:,'.~ will be compared in 
the apparatus of FIG. 5. Lead 236A, for example, con
nects to the first lead of the resistor combination of 

10 FIG. 7, and represents a constant selected value of volt
age ER against which the value of signal voltage Es on 
line 228 will be compared. Voltage Es on lead 228 is 
applied through resistor 234A to the input of an inte
grator circuit number l indicated as numeral 232A. 

15 The details of the integrator circuit will be clarified in 
connection with description of FIG. 6. The output on 
line 240A of the integrator 232A is a voltage which 
represents the relation between Es and En. When the 
voltage Es and En differ in a selected manner, for ex-

20 ample, when the voltage /:.,~~ is less than En the output 
on line 240A is zero. When the voltage Es on line 228 
is greater than the value En on 236A, the output on line 
240A will be a selected constant voltage Ep. Ep will be 
used to control an event counter 242A, the details of 

25 which will be shown in greater detail in FIG. 6. There 
are a plurality of pairs of circuits similar to integrator 
1 and counter 1, such as integrator 2, counter 2, and so 
on. Each of these pairs of circuits are supplied with a 
different value of reference voltage En on leads 236A, 

30 2368 and so on. Supply voltages are supplied from line 
208 to each of the units 232 and 242 by the leads 237 A, 
243A, 2378, 2438 and so on, and similar voltage con
nections to ground 238A, 244A, 2388, 2448 and so on. 

Referring now to FIG. 6 there is shown a portion of 
35 the circuit of FIG. 5 beginning at the operational ampli

fier 230 showing the input resistance 222 and the sec
ond lead 220, which carry the signal voltage Es from 
the transducer 216 corresponding to the variable V. 
The feedback resistance 226 is shown from the output 

40 lead 228 back to the input of the amplifier 230. The 
dashed box 232 represents the integrator circuit shown 
by box 232A in FIG. 5. The dashed box 242 shows the 
internal circuit corresponding to the counter 242A, 
and so on. The instantaneous voltage Es of the variable 

45 V which appears on line 228 is fed into the voltage 
comparator 250 through input resistance 234 and the 
other input terminal is connected through lead 236 to 
the first reference voltage. The output lead 240 of the 

50 
voltage comparator 250 is fed back through resistance 
252 to the• input, for a particular purpose. 

The voltage comparator is a device for comparing the 
voltage on the input leads, one of which is connected 
to an unknown voltage and the other of which is con-

55 nected to a reference voltage. When the unknown volt
age /:,~~ is, for example, less than the reference voltage 
En the output on line 240 is zero. When the voltage Es 
on the input becomes equal to or greater than the En 
then a constant voltage of selected magnitude EP ap-

60 pears on line 240. Similarly, when the voltage Es de
creases and becomes less than the value of t,R the volt
age Ep disappears from line 240. This is the normal 
method of operation of a voltage comparator. 

However, if there should be electrical noise on the 

65 line 228, it will be clear that the signal being compared 
.by the voltage comparator will be /:.,~~ plus noise. As
sume that the signal voltage on line 228 corresponding 
to the transducer signal Es is just slightly less than En. 
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Then when an oscillating noise appears on line 228 so 
that the noise plus the signal Es is greater than Eu then 
voltage EP will appear on line 240. When the noise be
come zero or negative, the voltage Es plus noise is less 
than Eu and the voltage Ep disappears. Thus the num- 5 
ber of times the voltage E,, appears on line 240 will vary 

sume that the value oft.~, fluctuates from a value below 
E,. to a value above E,., and back below and so on. The 
number of times that the value of Es crosses the value 
of E,. is recorded in the counter indicated by the dashed 
box 242. 

The counter 242 comprises a mono-stable multi
vibrator 262 which can be set by a drop in voltage on 
its input on line 266. This drop in voltage occurs when 
the voltage Ep disappears from the line 240, in other 

in accordance with the number of times that the noise 
value becomes large enough to cause switching of the 
voltage comparator, and may have nothing to do with 
the number of times that the voltage of Es is greater 
than Eu, which is the quantity of interest. 

The feedback of voltage provided by resistor 252 
serves the important purpose of making the dropout 
voltage of the voltage comparator, that is, the voltage 
on the input leads Es. which will cause dropout of the 
voltage Ev at 240, to be less than the value of Er on 
lines 236. In other words it takes a higher voltage of Es 
to turn on the voltage EP on line 240 than it does to turn 
it off. This is a type of hysteresis characteristic. If the 
spread between the turn-on and turn-off voltage of Es 
or the !::,,.E_, is larger than the amplitude of noise on line 
228 which is added algebraically to the signal Es, then 
this circuit will be insensitive to noise variations, and 
the voltage Ev on line 240 will occur only when Es is 
greater than the value of Er to trigger the voltage com
parator. 

The output voltage Ev on line 240 is present only 
when the value of voltage E., is greater than Er and it 
is desired to integrate the total time that this occurs. 
This is done by applying the voltage on line 240 
through a resistor 254, which provides a current which 
is proportional to the voltage Ep on 240. This current 
is passed through an electrolytic cell 256 in which an 
electrode is plated by metal, from solution, the amount 
of metal plated being exactly proportional to the total 
charge passed through the cell. Thus, even though the 
current goes in short variable length pulses the total 
metal plated will be the integral of the time during 
which the voltage Ev appears on leads 240. 

There arc many types of electrolytic cells which are 
designed for the purpose of integrating time, or count
ing pulses etc., which operate on the basis of plating 
metal out of solution onto a selected electrode. One of 
these is the E Cell manufactured by Plessey Electro
Products Company of 3860 Centinela Avenue, Los An
geles, Calif. 90066, which is available on the market. 
The integrator, which is the purpose of the box 232, is 
to integrate times when the voltage Ev is on the line 
240. This is done by passing a current Iv proportional 
to the voltage Ev, through the cells 256 and through the 
lead 258 to ground. 

Means are provided, which are applied to the cell at 
some time after the test, to determine the amount of 
metal that has been plated on the electrode. This is 
done by applying a reverse voltage to the cell 26 and 
determining the amount of charge represented by cur
rent, and time, to remove the plating and place it back 
into the solution. This method of readout of the cells 
256 is a subject separate from this invention, and is 
covered by various designs of apparatus which have 
been devised for reading out the integrated measure of 
charge carried by these cells 256. 

A second very important quantity concerned with the 
gathering of statistical data is the number of times, in 
a given total duration of time, that the variable Es is dif
ferent from Er in a selected manner, such as for exam
ple, that Es is greater than the reference value Er. As-

IO words, when the voltage comparator drops its output 
EP to zero, the voltage on one terminal of the capacitor 
260 drops to a low value. The other terminal of the ca
pacitor 260 is held to a selected voltage by the resistor 
264 when the voltage 240 drops to zero a current pulse 

15 is passed through the capacitor 260 to line 266 to the 
multi-vibrator 262 which is then set. This means it puts 
out a constant voltage on the output lead 273. 

The operation of the monostable multi-vibrator is 
such that a capacitor 272 can be connected by line 270 

20 to point 271 and to ground through line 278. When the 
multi-vibrator is set, current flows to the capacitor 272. 
When the capacitor is charged it resets the multi
vibrator, and turns off the voltage on line 273. In other 
words, each time that the monostable multi-vibrator 

25 262 is set by the pulse of current through capacitor 
260, a square pulse of current of selected magnitude 
appears on line 273 and stays there for a selected time 
depending on the time to charge capacitor 272. By 
changing the value of capacitance the time for reset 

30 can be changed up or down. Therefore the square wave 
pulse of voltage can be shortened or lengthened as de
sired. 

This pulse of voltage on line 273 passes through resis
tor .274 and becomes a pulse current which is passed 

35 through the electrolytic cell 276 to ground. A plurality 
of pulses are integrated over the time of the test. Since 
a selected value of charge is passed for each pulse, the 
total charge passed through and integrated in the cell 
276 becomes a measure of the number of pulses 

4o counted. As in the case of the cell 256, the cell 276 can 
be read out at the end of the test by applying a voltage 
in reverse and plating off the metal from the electrode 
and determining the time and current required to re
move the plating. 

45 FIG. 7 illustrates a network of series resistors 282, 
284, 286, 288 etc. connected between a known regu
lated voltage on line 280, for example, and ground 290. 
The junctions between adjacent resistors are known 
values of voltage and leads 263A, ... 236N can be con-

50 nected to the pairs of integrators and counters such as 
No. 1, No. 2, etc ... N. 

In FIG. 8 is shown a variation of part of the circuit of 
FIG. 5, in which means are provided for controlling the 

55 time duration of a test. This is done by placing an elec
trolytic cell 306 across the output of the voltage regula
tor 200, that is, from line 304 through resistor 308 and 
line 310 to ground 206. This electrolytic cell 306 is pre
plated. That is, it has a predetermined amount of 

60 charge passed so as to plate a selected amount of metal 
from solution onto the electrode. When it is placed in 
the circuit in reverse connection, the voltage on line 
304 and resistor 308 create a constant current flow 
through the electrolytic cell 306 in reverse, and cause 

65 the plating on the electrode to go into solution. When 
all the metal is unplated from the electrode, the elec
trolytic cell changes from a device of low resistance, to 
one of high resistance. When it presents a high resis-
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tance, the junction 307 drops in voltage. This junction 
is carried to the base of the transistor 312 and causes 
it to provide an increased voltage on line 318, which is 
carried to the control grid 296 of a voltage controlled 
diode 294. 

2. The event counter involves a precise pulse shaper, 
so that the use of a charge integrating electrolytic cell 
can be used to precisely count the number of pulses. 

3. Use of an electrolytic cell means to control the 
5 time duration of a test, and to automatically terminate 

the test when the time is up. The input voltage between lead 202 and ground 206, 
goes through a transistor 290 to the input 302 of the 
voltage regulator 200. Normally the voltage controlled 
diode 294 is open circuit and the potential at points 
292 is the same as 202. That is the base of transistor 1 O 

290 is high potential, and causes the transistor 290 to 
conduct and pass current to the voltage regulator via 
lead 302. On the other hand, when the voltage on lead 
318 increases, it causes the diode 294 to conduct. Volt
age on the junction 292 drops to a low value, and cuts 
off the flow of current through the transistor 290. This 
places a high voltage across the resistor 298, causing 
the lamp 300 which is connected across the resistor 
298 to light. 

4. Using a pulsating charge to more precisely inte
grate the charge through an electrolytic cell. 

5. Use of a precise voltage regulator. 
While the invention has been described with a certain 

degree of particularity, it is manifest that many changes 
may be made in the details of construction and the ar
rangement of components. It is understood that the in
vention is not to be limited to the specific embodiments 

15 set forth herein by way of exemplifying the invention, 
but the invention is to be limited only by the scope of 
the attached claim or claims, including the full range of 
equivalency to which each element or step thereof is 
entitled. 

Thus, by presetting the plating on the electrolytic cell 
306 and inserting it into the circuit, it will conduct cur
rent for a selected total time that is adjustable by means 

20 

of resistor 308. When the time is up, its internal resis
tance increases, causes the voltage to appear on lead 25 
318 and to cause the diode 294 to conduct and cause 
the series transistor 290 to open and disconnect power 
from the voltage regulator and thus terminate the ex
periment. The voltage controlled diode 294 continues 
to conduct, however, which keeps the transistor 290 30 
open and the indicator 300 lighted. 

In FIG. 9 is shown an improved circuit for using an 
electrolytic cell as a charge integrator. It has been 
found that a pulsating current passing through the cell 

35 is integrated more precisely than is a more or less con-
stant current of the same average value. So the circuit 
of FIG. 6, box 232, has been modified in FIG. 9. In FIG. 
6, the current from the voltage comparator 250 goes 
directly to the electrolytic cell through resistor 254. In 40 
FIG. 9 the output of the voltage comparator goes to an 
AND gate 334. The other lead to the AND gate 334 is 

50 

What is claimed: 
1. In a statistical analog monitor for use in providing 

data related to the average duty cycle of a selected vari
able parameter of an operation, comprising: 

a. first means to measure the instantaneous value E., 
of said parameter in terms of a selected variable V; 

b. second means to compare the instantaneous value 
E,, of said variable with at least one reference value 
E, of said variable; 

c. third means responsive to said second means to 
compare, to indicate the integrated time T,, that Es 
is selectively different from E,, during a total 
elapsed time T1; and 

d. fourth means responsive to said second means to 
compare, to indicate the total number of separate 
times N during the total elapsed time T1 that E., is 
different from E,; 

the improvement comprising; 
feedback means in conjunction with said second 

means to compare, whereby said second means 
exhibits hysteresis, in that it produces an output 
signal when the instantaneous value of said vari
able !:,'., is equal to or greater than E, and stops 
producing said output signal when said variable 
£., is equal to or less than a value £, - t:..£, where 
t:..£ is of a selected magnitude. 

2. The analog monitor as in claim 1 in which said 
third means comprises electrolytic cell means in which 
a forwardly directed current causes a metal to be plated 
from a solution out onto a first electrode, and a current 
in the reverse direction causes said plated-out metal to 
be placed back into solution, the amount of metal plat
ed-out, and placed into solution being proportional to 
the total charge transferred into and out of, respec-

a train of square waves from oscillator 330 via lead 
322. The square waves on lead 322, shown as train 336 
enables the AND gate 334 each time the lead 322 be- 45 
comes positive. During these intervals when both leads 
240 and 322 are positive, the output of the AND gate 
becomes positive. With an input voltage like the pulses 
338 on lead 240, the output from the AND gate 334 
will be like the train 340, having the duration of 338 
and the frequency of 336. If the period of 336 is short 
compared to 338, the charge passed by 340 will be pro
portional to the charge in 338, and will be integrated 
more precisely than the charge in 338. 

While the operation of the apparatus has been de
scribed to integrate the time duration that Es is greater 
than E,, it could equally well be used to integrate time 
duration that !:,'., is less than E,. In general, the integra
tion can be done to integrate time duration that Es var-

55 tively, said cell means. 
3. The analog monitor as in claim 2 in which said 

means to compare produces a selected output voltage 
when said variable Es is selectively different from E, 
and including; 

60 ies in any selected way compared to E,. It has been de-
scribed as a system to integrate time that Es is greater 
than E,, for convenience. · 

This invention involves a number of new and novel 
features, such as: 65 

I. The voltage comparators are adapted to have a 
hysteresis characteristic, so that they turn on at a differ
ent value of voltage differential than they turn off. 

a. oscillator means producing a train of square wave 
pulses of period much shorter than the duration of 
said selected output voltage; and 

b. AND gate means, said selected output voltage 
going to one input terminal, the oscillator output 
going to the other input terminal, and the gate out
put going to said electrolytic cell means. 

4. The analog monitor as in claim 1 in which said 
fourth means responsive to said means to compare 
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comprises pulse generator means and pulse counter 
means. 

12 
Er' during a total elapsed time T; and seventh means 
responsive to said fifth means to compare to indicate 
the total number of separate times N' during the total 
elapsed time T that E., is greater than Er' is greater than 

5. The analog monitor as in claim 4 in which said 
pulse generator means comprises monostable multi
vibrator means adapted to output a square wave pulse 
of voltage of selected constant amplitude and s.elected 
time duration each time that its input terminal changes 
in potential by a selected magnitude. 

5 E,.' during the total elapsed time T; and seventh means 
responsive to said fifth means. to compare to indicate 
the total number of separate times N' during the total 
elapsed time T that E., is greater than Er'. 

6. The analog monitor as in claim 5 in which said 
pulse counter means comprises electrolytic cell means 
to integrate the electrical charge in a succession of said 
square wave pulses. 

10. The analog monitor as in claim I in which said 
10 first, second, third and fourth means are connected to 

a regulated source of voltage. 

7. The analog monitor as in claim 5 in which said 
pulse counter comprises an electrical pulse counter. 

8. The statistical analog monitor as in claim I includ- 15 
ing means to provide a measure of the total time dura
tion of a test, and to remove voltage from said statisti-
cal analog monitor at the end of a selected time period 
of test, comprising; 

a. electrolytic cell means connected across the input 20 
power leads to said monitor; 

b. gate means the output of which is connected to 
said electrolytic cell means; 

c. means to pre-plate a selected quantity of metal on 
a first electrode of said cell said electrolytic cell 25 
connected so that the applied potential will cause 
the preplated metal to pass into solution; and 

d. means responsive to the instant when all the pre
plated metal has passed into solution to open said 
gate. 30 

9. The analog monitor as in claim I including fifth 
means to compare the instantaneous value E., of said 
variable with a second reference value Es of said vari
able with a second reference value Er' of said variable; 
sixth means responsive to sais fifth means to compare, 35 
to indicate the integrated time T,' that E., is greater than 

40 

45 

50 

55 

60 

65 

11. A method of gathering statistical operating data 
concerning a selected variable V in the operation of a 
selected apparatus, comprising the steps of; 

a. generating a voltage Es corresponding to the in
stantaneous value of said variable V; . 

b. comparing said instantaneous value of voltage /:,~, 
with a reference value of voltage E, corresponding 
to a reference value V, of said variable V; 

c. integrating a selected value of voltage during the 
successive times that said voltage /:,~, is selectively 
different from E, in which said integration is car
ried out by passing a current ls proportional to £., 
through an electrolytic cell in which said metal is 
plated on a first electrode, the mass of metal plated 
being proportional to the time integral of I,; 

d. generating an electrical current pulse of selective 
total charge, each time the voltage E., is selectively 
different from Er; 

e. integrating a. series of said current pulses in an 
electrolytic cell as in step ( c); and where 

f. said second value of voltage is switched on when 
said /:,~, bears a selected relation to E,, and is shut 
off when Es bears the same relation to Er ± A.E, 
where AE can be positive or negative. 

* * * * * 


