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CONSTANT CURRENT LOOP IMPEDANCE
MEASURING SYSTEM THAT IS IMMUNE TO THE
EFFECTS OF PARASITIC IMPEDANCES

The invention described herein was made by an em-
ployee of the United States Government and may be
manufactured and used by or for the Government for
governmental purposes without the payment of any
royalties thereon or therefor.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

This invention relates to a constant current loop mea-
suring system for generating measurable voltages across
a resistor disposed in an environment and a reference
resistor and determining a difference between these
voltages to calculate a change in the voltage across the
resistor disposed in the environment, this change repre-
senting a predetermined condition of the environment.

2. Description of the Prior Art

‘When performing scientific experiments, it is impera-
tive that measurements taken during these experiments
are as accurate as possible. When measuring a charac-
teristic or a change in a characteristic of an environ-
ment, it is common to dispose in the environment a
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resistor whose resistance varies in proportion with the

characteristic of the environment being measured.

It is common to use such a resistor as part of a Wheat-
stone bridge system. A Wheatstone bridge is a two-
branched voltage divider network usually consisting of
three fixed resistors and a variable resistor. The variable
resistor is disposed in the environment to measure the
predetermined characteristic. A current is passed
through the resistors and a voltage difference or current
difference appearing at the output of the Wheatstone
bridge is measured. This voltage or current difference is
proportional to the change in the variable resistor due
to the predetermined characteristic. The magnitude of
the predetermined characteristic is then calculated
based on this voltage or current change.

A problem that exists in using a Wheatstone bridge is
the existence of parasitic resistances throughout the
Wheatstone bridge system. These parasitic resistances
are due to the connecting wires or additional compo-
nents such as slip rings, etc., which couple the resistors
together. The parasitic resistances generate parasitic
voltages when current is passed through the resistors in
the Wheatstone bridge. These parasitic voltages can
cause erroneous voltage or current differences to ap-
pear at the output of the Wheatstone bridge and there-
fore cause inaccurate measurements. Furthermore,
these parasitic resistances may vary due to thermal,
mechanical, chemical or other conditions of the envi-
ronment and thus, it is extremely difficult to provide
circuitry to compensate for these parasitic resistances.

Examples of circuits known in the art which attempt
to eliminate the effect of parasitic resistances are four-
wire Kelvin circuits or a circuit which connects three
wires to the remote variable resistor disposed in the
environment. This three wire circuit attempts to electri-
cally subtract the parasitic resistance variations in each
of the current carrying leads connected to the variable
resistor. The subtraction is effected by connecting the
leads to adjacent arms of the Wheatstone bridge so that
the parasitic resistances effectively cancel each other at
the output of the Wheatstone bridge.
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This approach is effective in moderate temperature
environments but causes the measurement system to be
less sensitive due to the increase in circuit resistance
caused by the lead wires. Also, because the wires and
associated components are not identical, in severe tem-
perature environments, the parasitic resistances vary.
This results in an unreliable output and inaccurate mea-
surements.

Another method for reducing the effect of parasitic
resistances in the Wheatstone bridge or Kelvin circuit is
to pass a constant current through the Wheatstone
bridge or Kelvin circuit. This approach satisfactorily
reduces the parasitic effect of the wiring connecting the
constant current source to the Wheatstone bridge or
Kelvin circuit. But, this approach does not reduce the
effects of the parasitic voltages caused by the parasitic
resistances within the Wheatstone bridge or Kelvin
circuit.

There are other problems that occur when using
Wheatstone bridge circuits. One is that the variations in
voltage output are very small in comparison to the
voltage drop across the arms of the Wheatstone bridge
circuit. That is, for example, the voltage across each
arm of the Wheatstone bridge can be several volts while
the variation voltage due to the resistance change
caused by the predetermined characteristic in the envi-
ronment is usually on the order of several millivolts.
Another is that the electrical output (either voltage or
current) of the Wheatstone bridge circuit is always a
nonlinear function of the resistance change of the vari-
able resistor. This non-linearity characteristic causes the
data processing necessary for determining the value of
the environmental characteristic in proportion with this
voltage or current variation to be more complex. Fur-
thermore, the output of a Wheatstone bridge circuit is a
function of the internal resistances of the circuit and not
a function of the change in the variable resistor alone.
This makes calibration more difficult.

It is therefore necessary and desireable to develop a
measurement system having a reliable output that is
unaffected by parasitic resistances that may exist in the
system. Furthermore, it is also beneficial that the output
of the system be linear thus simplifying the data process-
ing necessary to calculate the change in environmental
characteristic based on the change in output voltage or
current.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
system for accurately measuring the characteristic of an
environment such that the measurements are unaffected
parasitic voltages caused by parasitic resistances in the
system.

It is further an object of the present to provide a
system having an output that varies linearly in propor-
tion with a variation in the characteristic of the environ-
ment.

To achieve these and other objects, an embodiment
of the present invention provides a constant current
loop measuring system for measuring a characteristic of
an environment comprising a first impedance position-
able in the environment, a second impedance coupled in
series with the first impedance, a parasitic impedance
electrically coupled to the first and second impedances
and a current device, electrically coupled in series with
the first and second impedances, for providing a con-
stant current through the first and second impedances
to produce first and second voltages across the first and
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second impedances, respectively, and a parasitic volt-
age across the parasitic impedance. The measuring sys-
tem further comprises voltage measuring means for
measuring a voltage difference between the first and
second voltages independent of the parasitic voltage to
produce a characteristic voltage representative of the
characteristic of the environment.

In an embodiment of the present invention, the volt-
age measuring means comprises first and second ampli-
fying means for independently measuring the first and
second voltages, respectively, and third amplifying
means, electrically coupled to the first and second am-
plifying means, for differencing the first and second
voltages to provide the characteristic voltage. The volt-
age measuring means in another embodiment of the
measuring system comprises flying capacitor multiplex-
ing means electrically coupled to the first and second
impedances, for differencing the first and second volt-
ages to provide a difference voltage and first amplifier
means, electrically coupled to the first impedance and
the flying capacitor multiplexing means, for amplifying
the difference voltage to provide the characteristic
voltage.

Another embodiment of the voltage measuring means
comprises further combinations of instrumentation am-
plifiers. Still another embodiment of the voltage mea-
suring means comprises a data current generating cir-
cuit.

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will from the description, or may be learned by
practice of the invention. The objects and advantages of
the invention may be realized by means of the instru-
mentalities and combinations particularly pointed out in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an embodiment of
the constant current loop measuring system of the pres-
ent invention.

FIG. 2 is a schematic diagram of another embodiment
of the constant current loop measuring system of the
present invention having multiple variable impedances.

FIG. 3 is a schematic diagram of an embodiment of
the voltage difference measuring system of the present
invention.

FIG. 4is a schematic diagram of another embodiment
of the voltage difference measuring system of the pres-
ent invention using a flying capacitor multiplexer.

FIG. 5 is a schematic diagram of another embodiment
of the voltage difference measuring system of the pres-
ent invention using two instrumentation amplifiers.

FIG. 6 is a schematic diagram of another embodiment
of the voltage difference measuring system of the pres-
ent invention using a data current generating circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the present invention provides a
constant current loop measuring system as shown sche-
matically in FIG. 1. A single series current loop com-
prises a voltage source V and a constant current regula-
tor I which maintains the current (e.g., 10 mA) at an
essentially constant level within a predetermined range
regardless of the value of the impedances in the current
loop series circuit. Parasitic impedances Rwl, Rw2,
Rw3, and Rw4 are present throughout the measuring
system as illustrated and are due to, for example, the
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impedances in the lead wires, connections between the
components of the system, fault protection circuit ele-
ments. For simplicity, such impedances will be referred
to as “lead wire impedances”.

A single transducer impedance, e.g. a strain gauge or
a temperature sensitive impedance, such as Rg is cou-
pled in series with the constant current regulator I. This
transducer impedance Rg is illustrated as having an
initial impedance value R or, for example, 120 or 350
ohms in series with a variable impedance value AR
which varies in proportion with the characteristic of the
environment being measured. A reference impedance
Rref is coupled in series with the transducer impedance
Rg and is further coupled to the voltage source V. A
high input impedance voltage difference measuring
system M is electrically coupled to the constant current
loop. The voltage difference measuring system M com-
prises four input leads each having a high impedance on
the order of ten megaohms or greater.

Input terminal M1 is coupled to the constant current
loop between the constant current regulator and the
transducer impedance. Input terminal M2 is coupled to
the constant current loop between the transducer impe-
dance Rg and the reference impedance Rref. Input
terminal M3 is coupled to the constant current loop
between the transducer impedance Rg and the refer-
ence impedance Rref. Input terminal M4 is coupled to
the constant current loop between the reference impe-
dance Rref and the voltage source V.

The voltage drop Vg across transducer impedance
Rg is measured at terminals M1 and M2 by the voltage
difference measuring system M. The voltage difference
the Vref across the reference impedance are measured
at input terminals M3 and M4 by the voltage difference
measuring system M. Because the impedance of the
input terminals M1 through M4 is very high, virtually
no current flows into these input terminals and there-
fore virtually no parasitic voltage is generated across
parasitic resistances Rw3 and Rw4. Also, virtually no
parasitic voltage is generated at the connections of M3
and M4 to the current loop system.

The output voltage Vout of the voltage difference
measuring system M is equal to the difference of the
two input voltages Vg and Vref multiplied by voltage
amplification factor G (e.g. 100~1000) as illustrated in
equation 1 as follows:

Vout=(Vg~—Vref) G .
Voltage drop Vg=(R+AR) I can be measured accu-
rately in the presence of large and/or varying lead wire
impedances Rw3 and Rw4. The voltage Vout is linear
and can be further illustrated by equation 2 as follows:

Vout=[AR+®—RreH)[I) (G) @.

Because the current provided the constant current
regulator I is constant, neither voltage Vg across trans-
ducer Rg nor voltage Vref across the reference impe-
dance Rref are affected by any other impedances such
as lead wire impedances which may cause parasitic
voltages in the current loop. The output voltage Vout is
therefore a linear function of the impedance transducer
Rg. Also, the output voltage Vout is greater than (e.g.
double) the output voltage of a Wheatstone bridge cir-
cuit employing a similar transducer impedance and
excitation power dissipated in the transducer impe-
dance.
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The zero offset, that is, the initial stable output Vout
can be made arbitrarily small by selecting or adjusting
the impedance value of the reference impedance Rref to
be essentially equal to the initial value R of the trans-
ducer in impedance Rg.

The overall measurement system sensitivity is ob-
tained by inducing a2 known impedance reduction impe-
dance ARcal in the reference impedance Rref. This is
performed by coupling a calibration impedance Rcal
having a value, for example, of 5 k ohms to 50 k ohms
(e.g. 50 to 200 times the impedance of Rref) in parallel
with reference impedance Rref when switch S1 is
closed. Switch S1 can be a mechanical switch, power
MOSFET switch or the like. Both the calibration impe-
dance Rcal and reference impedance Rref are fizxed
resistors in a controllable environment. The known
resistance reduction ARcal can be represented by the
following equation (3):

ARcal=Rref—[(Rref) (Real)/(Rref+Rcal)] Q).
This calibration induces a known change in impedance
similar to the unknown change in impedance AR of the
transducer impedance Rg. That is, during this stable
calibration condition, AR=ARcal. Also, because the
current is regulated to be constant by the constant cur-
rent regulator I, the calibration output magnitude is not
a function of the transducer impedance or of any para-
sitic impedance in the circuit loop. Hence, this measure-
ment system calibration indication is a function of only
AR (ARcal), the current produced by the constant cur-
rent regnlator I and the amplification factor G.

This system is also capable of determining whether
any electrical noise is induced in the measurement sys-
tem. That is, when the current provided by the constant
current regulator I is zero, the voltages Vg, Vref and
therefore Vout are all zero unless energy is induced in
the measurement system through, for example, electro-
static coupling, electromagnetic coupling, thermal
gradience crossing discontinuities in the system causing
thermally induced electrical potentials. Mechanical
energy can also develop unwanted electrical currents in
the system. That is, for example, changes in the spacing
between conductors may act as a variable capacitor
holding a constant charge which can vary the voltage
sensed by the system.

Induced energy (voltage or current) can be detected
by activating the poles of switch S2 at the inputs to the
voltage difference measuring system M. Switch S2 can
be a mechanical switch, power MOSFET switch or the
like. When the poles of switch S2 are activated, the
inputs M1 and M2 are shorted together, and inputs M3
and M4 are shorted together. This provides a zero dif-
ference between terminals M1 and M2, and between M3
and M4. Hence, because terminal M1 is coupled via
constant current regulator I to a terminal of V and
terminal M4 is coupled to the opposite terminal of V,
terminal group M1 and M2 and terminal group M3 and
M4 are held at the extremes (i.e. opposite ends) of the
total voltage difference caused by the constant current
and any additional common mode effects that the trans-
ducer impedance and wiring may add to the system.
Any non-zero output at Vout is therefore caused by
common mode rejection problems or malfunction in the
voltage difference measurement system M.

A direct indication of the ability of the voltage differ-
ence measuring system M to accurately subtract volt-
ages is obtained by simultaneously activating the poles
of switch S3 which parallel the Vg input with the Vref
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input. Switch 83 can be a mechanical switch, power
MOSFET switch or the like. This action causes the
input group of terminals M1 and M2 and the input
group of terminals M3 and M4 to be at the same voltage
Vref, respectively. Any non-zero indication at Vout in
this situation is caused by either gain differences, offset
problems, a malfunction in the voltage difference mea-
suring system or the like.

As shown in FIG. 2, more than one impedance trans-
ducer can be included in the current loop system. A
separate voltage difference measuring system M can be
coupled to each transducer. The Vref terminals of each
voltage difference measuring system are paralleled and
coupled across impedance Rref. Therefore, in this em-
bodiment, fewer lead wires are required. Alternatively,
one of the impedance transducers Rgl, Rg2 or Rg3 in
the current loop can be disposed in a stable environment
to serve as the reference impedance Rref. Also, because
the current is constant in all sections of the constant
current loop, the various elements in the constant cur-
rent loop may be arranged in any order.

For simplicity, this invention is described in terms of
direct voltage and current. Alternating current (AC
current) can also be used to, for example, achieve noise
reduction. The noise reduction is obtained by applying
an alternating voltage across the transducer impedance
and reference impedance that has a frequency signifi-
cantly different than the noise frequency. Basically, this
approach translates data energy that is originally in the
same band as noise energy to another frequency band
centered around the frequency of the applied voltage.
The data energy can be recovered by using known
bandpass filtering and phase sensitive demodulation.

An embodiment of the high input impedance voltage
difference measuring system M is shown in FIG. 3. In
this embodiment, the voltage difference measuring sys-
tem M comprises two instrumentation amplifiers Al
and A2 arranged to sense two independent differential
voltages at different common mode voltages. That is,
the first instrumentation amplifier A1 is coupled to the
transducer impedance Rg. The input terminals of the
instrumentation amplifier correspond to the input termi-
nals M1 and M2 of the voltage difference measuring
system M. The input terminals of instrumentation am-
plifier A2 correspond to the input terminals M3 and M4
of the voltage difference measuring system and are
coupled to the reference impedance Rref.

The outputs of the instrumentation amplifiers A1 and
A2 are coupled to the input terminals of a subtracting
amplifier A3. The gains and offsets of these amplifiers
are adjusted to yield an output which is the amplified
difference of the independent voltage inputs Vg and
Vref to the voltage difference measuring system M. The
analog output of the voltage difference measuring sys-
tem may be converted to digital form by an analog/digi-
tal convertor (not shown) for input to a digital com-
puter (not shown) by any suitable circuitry as a matter
of standard practice in the electrical measurement art.

Another embodiment of the voltage difference mea-
suring system M is illustrated in FIG. 4. This voltage
difference measuring system M comprises a flying ca-
pacitor multiplexer Mx (e.g., having 0.1 uf capacitance)
internally driven by a cyclic command signal and single
instrumentation amplifier A4. Amplifier A4 is coupled
to the impedance transducer Rg and senses the voltage
Vg in series with a voltage equal to the steady reference
voltage Vref transferred in an isolated manner by ca-
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pacitor multiplexer Mx. That is, capacitor multiplexer
Mx accepts an electrical charge from Vref and delivers
this electrical potential in series with one input connec-
tion to the instrumentation amplifier A4. The output of
amplifier A4 is the amplified difference between the
two independent potential differences Vg and Vref that
are summed before being provided to the input of the
instrumentation amplifier A4. Again, the analog output
of the voltage difference measuring system may be
converted to digital form for input to the digital com-
puter (not shown) or the like by any suitable circuitry as
a matter of standard practice in the electrical measure-
ment art.

Another embodiment of the voltage difference mea-
suring system M is illustrated in FIG. 5. In this embodi-
ment, two instrumentation amplifiers A1 and A2 are
employed wherein the output of one of the instrumenta-
tion amplifiers A2 is coupled to the reference input
terminal Rin of the other instrumentation amplifier A1
to form the difference output Vout.

A fourth embodiment of the voltage difference mea-
suring system is illustrated in FIG. 6. In this embodi-
ment, high impedance operational amplifier OA1 draws
no appreciable current from parasitic impedance Rw3
and operational amplifier OA2 draws no appreciable
current from parasitic impedance Rw#4 or resistor Rsl.
Thus, voltage Vg appears across Rsl. Hence, a data
current ID proportional to the voltage drop Vg across
the transducer impedance Rg is generated. Resistor Rh
(e.g. 100 ohms) provides a sufficient voltage (e.g. 1 V) at
the gate of field effect transistor Q1 to maintain Q1 in its
active range. Insulated gate field effect transistor Q1
acts with OA2 as a current regulator and enables ID to
flow through Rs2 (Rs2=Rsl1). Therefore, Vg appears
across Rs2 and the output voltage Vout can be mea-
sured as a difference between Vref and Vg. Also, the
output voltage Vout can be shorted by shorting switch
S$4 to check for common mode rejection problems or
other electrical malfunctions in the device (e.g. voltme-
ter) used for measuring the output voltage Vout.

As shown in the above embodiments, the constant
current measuring system of the present invention sub-
tracts two independent voltages resulting from the same
constant current independently of any parasitic voltages
caused by parasitic resistances in the circuit. Hence, the
output voltage is immune to the effect of the parasitic
resistances in the circuit.

Although the preferred embodiment of this invention
has been described, it will be obvious to those skilled in
the art that various changes and modifications may be
made therein without departing from the invention.
Therefore, the claims are intended to include all such
changes and modifications that fall within the true spirit
and scope of the invention.

What is claimed is:

1. A constant current loop measuring system for mea-
suring a characteristic of an environment comprising:
a first impedance positionable in the environment;

a second impedance coupled in series with said first

impedance;

a parasitic impedance electrically coupled to said first

and second impedances;

current means, electrically coupled in series with said

first and second impedances, for providing a con-
stant current through said first and second imped-
ances to produce first and second voltages across
said first and second impedances, respectively, and
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a parasitic voltage across said parasitic impedance;
and
voltage measuring means for measuring a voltage
difference between said first and second voltages
independent of said parasitic voltage to produce a
characteristic voltage representative of the charac-
teristic of the environment.
2. A constant current loop measuring system as
claimed in claim 1, wherein said voltage measuring

10 means comprises:
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first and second amplifying means for independently
measuring said first and second voltages, respec-
tively; and

third amplifying means, electrically coupled to said

first and second amplifying means, for differencing
said first and second voltages to provide said char-
acteristic voltage. :

3. A constant current loop measuring system as
claimed in claim 1, wherein said voltage measuring
means comprises:

flying capacitor multiplexing means, electrically cou-

pled to said first and second impedances, for differ-
encing said first and second voltages to provide a
difference voltage; and

first amplifier means, electrically coupled to said first

impedance and said flying capacitor multiplexing
means, for amplifying said difference voltage to
provide said characteristic voltage.

4. A constant current loop measuring system as
claimed in claim 1, wherein:

said first impedance having a variable impedance that

varies in accordance with the characteristic of the
environment; and

said constant current loop measuring system further

comprises calibration means, operatively coupled
to said current means, for calibrating said charac-
teristic voltage in accordance with said variable
impedance independently of said first, second and
parasitic impedances.

5. A constant current loop measuring system as
claimed in claim 4, wherein said calibration means com-
prises:

a calibration impedance; and

first switching means for electrically switching said

calibration impedance in parallel with said second
impedance.

6. A constant current loop measuring system as
claimed in claim 1, further comprising first detecting
means for detecting at least one of common mode volt-
ages and induced voltages present in the constant cur-
rent loop measuring system and an operating error of
the voltage measuring means.

7. A constant current loop measuring system as
claimed in claim 6, wherein:

said voltage measuring means comprises:

first and second terminals electrically coupled to
said first impedance; and

third and fourth terminals electrically coupled to
said second impedance; and

said first detecting means comprises second switching

means for electrically coupling said first terminal to
said second terminal and said third terminal to said
fourth terminal.

8. A constant current loop measuring system as
claimed in claim 1, further comprising second detecting
means for detecting an operating error in said voltage
measuring means.
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9. A constant current loop measuring system as
claimed in claim 8, wherein:

said voltage measuring means comprises:
first and second terminals electrically coupled to

said first impedance; and
third and fourth terminals electrically coupled to
said second impedance; and

said second detecting means comprises third switch-
ing means for electrically coupling said first termi-
nal to said third terminal and said second terminal
to said fourth terminal.

10. A constant current loop measuring system as
claimed in claim 1, wherein said first impedance is one
of a strain gauge and a temperature sensitive impedance.

11. A constant current loop measuring system for
measuring a characteristic of an environment compris-
ing: :

a first impedance, positionable in the environment
and having a variable impedance that varies in
accordance with the characteristic of the environ-
ment;

a second impedance coupled in series with said first
impedance;

a parasitic impedance electrically coupled to said first
and second impedances;

current means, electrically coupled in series with said
first and second impedances, for providing a con-
stant current through said first and second imped-
ances to produce first and second voltages across
said first and second impedances, respectively, and
a parasitic voltage across said parasitic impedance;

voltage measuring means for measuring a voltage
difference between said first and second voltages
independent of said parasitic voltage to produce a
characteristic voltage representative of the charac-
teristic of the environment, said voltage measuring
means comprising:
first and second terminals electrically coupled to

said first impedance; and
third and fourth terminals electrically coupled to
said second impedance;

calibration means for calibrating said characteristic
voltage in accordance with said variable impe-
dance independently of said first, second and para-
sitic impedances, said calibration means compris-
ing:

a calibration impedance; and

first switching means for optionally electrically
coupling said calibration impedance in parallel
with said second impedance;

first detecting means for detecting at least one of
commeon mode voltages and induced voltages pres-
ent in the constant current loop measuring system
and an operating error of the voltage measuring
means, said first detecting means comprising sec-
ond switching means for electrically coupling said
first terminal to said second terminal and said third
terminal to said fourth terminal; and

second detecting means for detecting an operating
error in said voltage measuring means, said second
detecting means comprising third switching means
for electrically coupling said first terminal to said
third terminal and said second terminal to said
fourth terminal.
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12. A constant current loop measuring system as
claimed in claim 11, wherein said voltage measuring
means further comprises:

first and second amplifying means for independently
measuring said first and second voltages, respec-
tively; and

third amplifying means, electrically coupled to said
first and second amplifying means, for differencing
said first and second voltages to provide said char-
acteristic voltage.

13. A constant current loop measuring system as
claimed in claim 11, wherein said voltage measuring
means further comprises:

flying capacitor multiplexing means, electrically cou-
pled to said first and second impedances, for differ-
encing said first and second voltages to provide a
difference voltage; and

first amplifier means, electrically coupled to said first
impedance and said flying capacitor multiplexing
means, for amplifying said difference voltage to
provide said characteristic voltage.

14. A constant current loop measuring system as
claimed in claim 12, wherein said first impedance is one
of a strain gauge and a temperature sensitive impedance.

15. A constant current loop measuring system as
claimed in claim 13, wherein said first impedance is one
of a strain gauge and a temperature sensitive impedance.

16. A constant current loop measuring system as
claimed in claim 1, wherein said voltage measuring
means comprises:

a first amplifier coupled to a first end of said first

impedance;

a second amplifier coupled to a second end of said
first impedance, said first amplifier having an out-
put coupled to an input of said second amplifier;

a transistor coupled to an output of said second ampli-
fier; and

a measuring impedance coupled to said transistor and
said second impedance, said measuring impedance
causing said characteristic voltage to be provided
between a terminal of said tramsistor and said sec-
ond impedance.

17. A constant current loop measuring system as
claimed in claim 16, further comprising detecting means
for detecting at least one of common mode voltages and
induced voltages present in the constant current loop
measuring system and an operating error of said voltage
measuring means, said detecting means comprising
means for electrically shorting said terminal of said
transistor to said second impedance.

18. A constant current loop measuring system for
measuring a characteristic of an environment, compris-
ing:

a constant current loop including

a constant current source,

a first impedance operatively coupled to said con-
stant current source,

a second impedance operatively coupled in series
with said first impedance,

parasitic impedance electrically coupled to said
first and second impedances;

first voltage sensor circuit operatively coupled across
said first impedance;

second voltage sensing circuit operatively connected
across said second impedance; and

a voltage subtracter operatively coupled to said first
voltage sensing circuit and said second voltage
sensing circuit.
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