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S-83,691
Patent Application

ULTRASONICSENSOR AND METHOD OF USE

GOVERNMENT RIGHT!j

The UnitedStatesGovernment has rights in this invention pursuant to Contract No

DE-AC04-94AL85000between the U.S. Department of Energy (DOE) and Sandia

Corporation.

5 FIELD OF THE INVENTION

The present inventionrelates to an apparatus and method to mtxisurethe transit time

of an ukrasotic wave through a sample, specifically useful for identifyingcharacteristics of

interest in liquid samples.

BACKGROUNDOF THE INVENTION

10 Certain characteristicsof liquids have traditionally been measuredin order to

develop a compositeof the overall quaMy of the liquid. IJquid characteristics that have

been mwtsuredto developsuch a composite include the following: pH, turbidity, amount

of dissolved oxygen, suspendedsolids, and dissolved solids. Devices used for performing

these measurements(specificexamples being the pH meter and dissolvedoxygen and

15 turbidity probes) typicallyrequire special handling, frquent adjustment, and manual

calibration.

Sensor probes for remotely monitoring impurity levels in a liquid, such as water, are

typically based on pH sensors, which require special handling and periodic calibration, thus

limiting their use in remoteapplications. Other sensors for water, such as dissolved oxygen

20 and turbidity probes, require even more frequent calibration. Water samplingkits, such as

the Hach Kit, are inexpensive;however, the need for manual interventionduring tests using

such equipmentis high, therefore rendering the process costly and inconvenient. Also,

known sensors for monitoringliquids in process control systemsin manufacturingmustbe
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vigilantly maintained, adjusted,and manually calibrated by specially trained technicians.

Becauseof the harsh environments within which some of the known sensors must be

capableof operation, they are expensive to maintain, as well as to buy.

U. S. Patent No. 5,473,934, “UltrasonicFluid Composition Monitor,” issued to

5 WesleyCobb on December 12, 1995, describes a method of, and apparatus for,

continuouslymonitoring the compositionof a fluid mixture traveling through a conduit,

where the fluid mixture can be a liquid/liquid or a liquid/solid. Ultrasonic propagation

parameters and temperature are measured and compared to calibrated data based on

analytical measurements of samples of the process fluid mixtures. Since this monitoris

10 directed only to analyzing a flowing sample with equipment clamped to the outsideof a

condui~ it is not conducive to field (remote) use.

U.S. Patent No. 5,060,507, “Methodand Apparatus for Fluid Mixture Monitoring,

ConstituentAnalysis, and CompositionControl,“ issued to John Urmson, et al, on June 21,

1989, describes another methodand apparatus for fluid mixture monitoring and controlling

15 using an acoustic sensing technique. A fluid sample and a reference fluid in elongated

chambersare pulsed by sound waves; the system sen~ either the resonant @uencies in

the chambers or the time lapse for the sound waves to traverse the chambers and determines

compositionof the fluid mixture by ratiometrically comparing the time-based

measurements. The complexityof the device and the nature of the interactionbetweenthe

20 refkrencefluids indicate that this monitor is also not conducive to field work.

U.S. Patent No. 4,630,482, “Methodand Apparatus for Ultrasonic Measurementsof

a Medium,” issued to John Traina on June 17, 1985, describes yet another methodand

apparatusfor measuring the time required for an ultrasonic tone burst to traverse a mexhm

fiwn a transmitter to a receiver. Two transducersare required; a demodulatorfor high

25 turbulenceenvironments is preferred.

There is a need for a simple sensor system designed to speediiyand easily identify

chosencharacteristics in liquids that avoids the problems typical of known monitors, i.e.,

complexequipment, elaborate electronics, complex sampling techniques, continual

maintenance,frquent adjustment, and manurdadjustment. There is also a need for a low-
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maintenancesensor system suitable for remote operation, i.e., that can be used without

human operatorsand/or in situ. There is, still further, an ongoing need for miniaturized,

easily handledsensor systems.

SUMMARY OF THE INVENTION

5 Accordingly, the above-identified needs are met by the present invention, which

provides a sensor system that measures transit time through a sample to detect non-uniform

or non-emforming constituents in a liquid sample. Differences in transit time through the

actual sample, in comparison to a predetermined reference transit time through a “pure”

sample, represent small changes in the velocity of sound transmitted.

10 The sensor system of the invention is capable of remote operation. “Remote,” as

used herein, is defined as the capability of autonomousand/or in situ function, i.e., the

present inventionmay be operated away from a testing facility and human operators, and

does not steedto be “pluggedin” or connected to other equipment.

The inventive system comprises at least one ultrasonic transducer coupled to a

15 precision electronic timing circuit to det=t tmnsit time and a means for comparing

reference transit time data obtained in a calibration step to data obtained during testing, all

in a packagesuitable for autonomous operation. The timing circuit captures changes in

transit timeover the necessarily small time intervals (nanoseconds)required. The entire

system maybe miniaturized. For example, it is anticipatedthat miniature piezoelectric

20 ultrasonic transducers may be used to stimulate responses.

In operation, using a liquid sample as an example, a pulse of ultrasonic energy is

applied to the sample in a vessel of known dimensions. The elapsed time between the

applied pulseand an echo signal from the oppositeend of the vessel (i.e., transit time) is

precisely measured. The properties of the pure liquid and the reference transit time have

25 been predeterminedin the only calibration step required for this system and have been

programmedinto the apparatus. Data representing transit time through the actual sample

are obtainedand compared to the predetermined transit time. Differences (even very small

changes) betweentheactual transit time and the reference transit time indkate
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changes in the liquid’s physical characteristics, more specifically in the purity of the liquid,

and those changes are communicated to the user.

Other objects, advantages and novel features, and further scopeof applicabilityof

the present invention will be set forth in part in the detailed description to follow, taken in

5 conjunction with the accompanying drawings, and in part will becomeapparent to those

skilled in the art upon examination of the following, or maybe learnedby practice of the

invention. The objects and advantages of the invention maybe realized and attained by

means of the instrumentalities and combinationsparticularly pointed out in the appended

claims.

10 BRIEF DESCRIPTION OF THE DRAWING(S]

The accompanyingdrawings, which are incorporated into and form apart of the

specification, illustrate several embodiments of the present inventionand, together with the

description, serve to explain the principles of the invention. The drawingsare only for the

purpose of illustrating a preferred embodiment of the invention and are not to be construed

15 as limiting the invention. In the drawings:
.

Figure 1 is a block diagram showing the major componentsof a preferred

embodiment of the invention in a single transducer system.

F@me 2 is a graph of transit time measurementsversus sugar concentrationin

water.

20 Figure3 is a block diagram showing the major componentsof anotherembodiment

of the invention in a two-transducer system.

F&me 4A is a graph of the complete stimuluskcho signal waveformat the

transducer and amplifier output.

Figure 4B is an expanded view of the echo sigmdwaveformfrom Figure 4A.

25 DESCRIPTIONOF THE PREFERREDEMBODIMENTS

The present invention provides a small, rugged, low-cost, low-maintenancesensor,

which includes at least one ultrasonic transducer and a low-powerelectronic timing circuit

for making precise transit time measurements. In the preferred embodiment,the
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transducer(s) are miniature and the timing circuit is more specifically a precision timing

interval counter (TIC). The sensor system of the invention measuresvariation in transit

time of an ultrasonic wave, in comparison to a pre-determined reference transit time,

through a liquid sampl~ the variations in t~sit time we repre*n@tive of ch~ges in

5 certain properties of the sample. Using the variation in actual transit time from the

reference transit time, the inventive sensor system is then used to identify non-conforming

constituents in a liquid. This inventionexploits the fact that the veloci~”of sound througha

liquid varies with the concentrationof impurities present in the liquid, and transit time is a

fimction of sonic velocity. For example, the transit time of seawatervaries by about one

10 percent for a one-percent change in salinity.

Figure 1 is a block diagram showing the major component parts of a preferred

embodiment of the present invention. The invention, according to F@re 1, comprisesa

system controller 1 connectedto a pulse generator 2 and two voltage comparator circuits3

and 4. As shown in Mgure 1, theliquid sample is contained in a vessel 9; pulse generator

15 2 is connected in operable communicationwith one wall of vessel 9. The puke generator2

output ( a stimulus signal)is connectedto an ultrasonic transducer 5, voltage comparator3,

and an echo signal amplifier 6; the stimulus signal from pulse generator 2 acts as a drive

signal for ultrasonic transducer5 and voltage comparator 3. The amplifier 6 output is also

connected to voltage comparator4. Amplifier 6 is used to amplify the ultrasonic wave

20 returnedby transducer S after it has passed through the sample, i.e., the echo signal. An

amplifier is not required for the sensor system if it is determined that the echo signal is

strong enough to effect an output signal from voltage comparator 4.. Both the reference

voltage and the inhibit signal for voltage comparator 4 are provided by system controller 1.

The output signals from voltage comparator 3 and 4 are connected to the start and stop

25 inputs of a TIC!circuit 7. The TIC 7 digital outputs are connected to systemcontroller 1.

System controller 1 alsoconnectsto the ouqut of a temperature sensor 8 aff~ed to a vessel

9, which contains the sampleto be tested. Although measuring the temperatureof the

sample greatly increases the accuracyof the measurements, in the event that the temperature

of the sample is otherwisecontrolled, temperature sensor 8 would not be necessary.
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Systemcontroller 1 computes the sample property of interest by comparison of

obtaineddata to calibration data that has been programmedinto system controller 1.

Systemcontroller 1 is “pre-calibrated” with knownvalues for the specific sample to be

tested. Calibration in connection with the present inventionis defined to mean the

5 determinationof the response or rading of an instrumentrelative to a series of known

valuesover the range of the instrument. In manufacturingthe inventive sensor for use, it is

calibrated once using data obtained from a reference sample, then made (constructed) to a

tolerancechosen for the specific “real-time” samplebeing tested. Once the calibration is

performed, the sensor system of this invention can be used to measure the desired property

10 of interest in the liquid sample.

F~g-ure2 is an example of the only tilbration step needed for the present invention.

TIMgraph in Figure 2 shows how calibration data is obtained simply and speedily in

advancefrom a reference sample by plotting measurementof transit times in microseconds

(horizontalaxis) versus concentration of aqueous sugar solutions (using sugar in deionized

15 water) in glml (vertical axis). Data was taken for various solutionsby an apparatus similar

to that of Figure 1 in a vessel of dimension 0.9 inches, at a constant temperature of 18°

Centigrade. The characteristic of interest, e.g., sugarconcentration, was calculated from

measuredTIC 7 elapsed time data, i.e., transit time. In this example, sugar concentration

(Cs), was obtained from the transit time measurement(T.t)by applying the linear

20 dationship Cc = (O.164 g/m/uS)*(31. l-Tt), whereCc is sugar concentration in

gradmilliliter, and Tt is transit time in microseconds. In this example, concentration is

only a function of transit time. If a family of curvesis obtained at different temperatures,

then the temperature value is also included in the computationof Cc. The graph in Fiwre

2 can be generated using any liquid of interest with any known additive or any known

25 propertychange of interest. In the field, concentrationversus transit time can be obtained

fw anyfixedvessel.

Figure3 is a schematic bbck diagram of an apparatusaccording to another

embodimentof the invention. In

addedto the system of Figure1;

this embodiment, a second

both transducer5 (referred

6

ultrasonic transducer 11

to as the“transmitting
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transducer” in this embodiment)and transdutir 11 (referred to as the “receiving transducer”

in thisembodiment)are placed in operative communication with the samplevessel 9.

Ultrasonic transducer 5 generates an ultrasonic wave in the sample, and ultrasonic

transducer 11 detects the ultrasonic signal as it arrives at the oppositewall of the sample

5 vessel 9, rather than allowing the signal to be reflected off the vessel9 wall. As shown in

Figure 3, receiving transducer 11 returns the ultrasonic wave directly to voltage comparator

4 throughamplifier 6. Again, amplifier 6 will not be included in the system if the signal

from the ultrasonic wave after it has passed through the sample is determinedto be strong

enough to eff=t the output of voltage comparator 4 without amplification. In this

10 embodiment, since receiving transducer 11 is not exposed to the output signalof puke

generator 2, no inhibit function is needed.

The inventive sensor system, in either embodiment, maybe sized (miniaturized)

desired;theuse of TIC 7 in particular allows the miniaturizationof the system. The

electronics (properly packaged), which, in operation, are physicallyseparate from, but

as

15 ekctricallyconnected to, transducer 5 and sample vessel 9, are approximatelythe size of a

standarddeck of playing cards and maybe hand-held by the user of the sensor. The

dimensionsof samplevessel 9 can affect the outcome of the measurementand are primarily

governedby the amount of attenuation that can be tolerated in the signal. For example, the

longer the path through the sample traveled by the ultrasonic wave, the more attenuation in

20 the signal; however, the longer the path, the more change in transit time resulting in a

clearer reading of the property of interest. If the path is too long, there is greater

backgroundnois, therefore, approximately 1 -1.5 inches is the longestacceptable

dimensionfor vessel 9. One version of vessel 9 that has been fabricatedis about 0.75

x 0.75 inch x 1.5 inch in size. Walls of about 0.6 inch in lengthhave also been used.

inch

25 A@ sincetheTIChas a dynamic range of approximately 32 microseconds(with two

nanosecondsof resolutionand four nanoseconds of accuracy), spacingand dimensions

primarily depend on the nature of the sample, e.g., if a liquid sampleis unusuallydense.

The electronics(properlypackaged)are approximately 2 inches x 3 inches x 3/8 inches (or

the sizeof a standarddeck of playing cards).



There are many readily available components that can be used for the circuits shown

in F@ms 1 and3. Except for the TIC, the major components of the sensor system

(system controller, generators, transducer(s), temperature sensor, amplifier, etc.) are off-

the-sheif items that are made by several manufacturers. Preferably, the transducersare high

5 frequency to enhance the resolution of the desired fluid constituent measuremen~ as a

practical matter, the highest possible frequency is typically used in order to obtain the best

measurement resolution, e.g., 10 MHz, or even 20 MHz. The voltage comparator(s) may

be a chip having one or more integrated circuits; for instance, one chip with one, two or

four circuits may be used.

10 With regard to the timing interval counter, the TIC is a high-density, low-power

electrical circuit utilizing Complimentary Metal Oxide Semiconductor (CMOS) logic

technology for measuring the time interval between the occurrence of an initial electrical

pulse and a subsequentelectrical pulse. The TIC is capable of providing a measurementof

arbitrarily long time intervals with high resolution and may be assembled with relatively

15 low-speed, low-power, inexpensive, high-densityCMOS technology. Again, it provides

measurement of time intervals of up to thirty-two microseconds in duration with two

nanoseconds of resolution and four nanosecondsof accuracy while utilizing an 8 MHz

clock. The TIC has a dual interpolator circuit (one interpolator circuit for each pulse

stretcher circuit) whichperforms interpolation of the time interval between the electrical

20 pulse and the rising edge of the clock pulse which is the second clock puke to occur after

the pulse rising edge. The physical size of the TIC is minimized because the input circuit

block, start counter, stop counter, arithmetic logic unit, main counter and auto-calibration

block are all formed on a single forty-four (44) pin grid array completely using CMOS

technology, such as the UT160D chip manufacturedby United Technologies. CMOS

25 technology is employedin the pulse stretcher and other respective circuits to minimize

power consumption. Also, both pulse stretchers are implemented on a single twenty-six

(26) lead flat-pack hybrid microcircuit. The total operating power for both the UT160D

chip and the hybrid is limited to two hundred (200) millhdts.

Rather than using a high-speed, typically high-power, voltage comparator, the
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interpolatorcircuit incorporates a simple CMOS inverter and an analog switch as a

comparatorby implementing an autobahmce technique, which significantly lowers power

consumptionof the circuit without affecting accuracy. Both critical matching transistor

characteristicsand temperature compensation of the interpolator circuit are not required

5 becauseof the auto-calibration feature of the TIC implemented within the gate array. The

TIC has been further described in U.S. Patent No. 5,333,162, incorporated herein by

reference.

In operation, according to Figure 1, system controller 1provides a trigger signal to

pukegenerator 2 to initiate a stimulus signal from pulse generator 2 to ultrasonic transducer

10 5. Simultaneously, system controller 1provides an inhibit signal to voltage comparator4 to

preventits operation during the time the stimulus signal from pulse generator 2 to ukrasonic

transducer5 is active. Voltage comparator 3 has been pre-programmed with a set

(unvarying)reference voltage. The signal from pulse generator 2 causes voltage

comparator3 to switch state when the stimulus signal voltage exceeds the reference voltage,

15 thusproviding the start signal to TIC 7 and initiating the transit time measurement.

Ultrasonictransducer 5 responds to the stimulus signal from pulse generator 2 by producing

an ultrasonicwave and transmitting it into the sample. The ultrasonic wave passes through

the sample, is reflected by the vessel 9 wail opposite the direction the signal is traveling,

travelsback through the sample, and imposes an echo signal on ultrasonic transducer5.

20 The echo signal is amplified by the amplifier 6 circuit (in cases where amplifier 6 is needed)

and applied to voltage comparator 4. The duration of the inhibit signal from system

controller1(previously described) to voltage comparator 4 is from the generation of the

stimulussignal until the ultrasonic wave has returned through the sample. The inhibit

signalis active until the emission of the echo signal from the sampleand its passage through

25 transducer5 on its way to amplifier 6 (if an amplifier is included) and voltage comparator

4. The inhibit signal acts to allow the stimulus signal to settle and the transducer fibrillation

to darnpen.

The reference voltage for voltage comparator 4 is set (governed)by system

controller1, typically to one half of the echo signal’s peak amplitude. Therefore, this
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reference voltage may change each time the measurement is taken dependingon the peak

amplitude of each echo signal, i.e., one half the peak value is recalculatedby system

controller 1 every time the measurement is made. The chosen algorithm for determination

of this referencevoltage is governed by the need to activate the stop signal and maybe any

5 value of the peak amplitude (e.g., one third or three fourths) that will cause that activation.

However, accuracyproblems may result if the voltage reference is chosen to be too close

to, or too far from, the peak value of the echo signal. In responseto receipt of an echo

signal higher in value that the reference voltage for comprwator4, the circuit output of

amplifier 6 causesvoltage comparator 4 to switch state, providing the stop signal to the TIC

10 7 circuit. Tlds completesthe transit time measurement.

me TIC 7 circuit precisely measures the time elapsedbetweenthe transmitted

ultrasonic waveand the echo signal. System controller 1 then reads this time interval.

System controller1 also monitors the voltage output from temperaturesensor 8, thereby

obtaining a measurementof the fluid sample temperature. Transit time and temperature

15 data are comparedto calibration data stored the memory of systemcontroller 1, and the

sample propertyof interest is then computed. System controller 1 outputs this property

value in any of severalknown methods. If desired, these steps may be repeated several

times, and averagingtechniques are applied to attain a more accuratevalue for the desired

property of interest.

20 The operationof Figures 1 and 3 is quite similar. Either embodiment (that of

Figure 1 or Figure3) processes the electrical signals produced in response to ultrasonic

waves transmittedby transducer 5 and detected by either transmittingtransducer 5 itself (as

in Figure 1) or by receiving transducer 11 (as in F@me 3). In the single transducer system

of F@re 1, the singleultrasonic transmitterhceiver transducer5 is connected to both

25 pulse generator2 and echo signal amplifier 6. In the two-transducersystem of Figure 3,

transmitting transducer5 is connected to pulse generator 2, and receiving transducer 11 is

connectedto echo signalamplifier 6. Puke genefitor 2, in either embodiment, energizes

transmitting transducer5 to produce high frequency (e.g., 3-20MHz), short duration (e.g.,

1-10 microseconds),pulsed ultrasonic waves. The parametersdesiredfor the wavesare not
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customized specifically for this applicationand are essentially the same in both

em~lments. The choice of transducer is driven by the need for a wave with the highest

possible frequency that will give the best possible attenuation, although, in the two-

transducer embodiment, a wave with as much power may not be needed.

5 The ultrasonic waves producedby transducer 5 serially pass through transducer5,

the sample, receiving transducer 11, and amplifier 6. System cxmtroller1 controls the rate

of pulse produced by pulse generator 2. The pulse amplitude is typically 5 to 20 volts,

preferably with a rise-time of less than 20 nanoseconds. It shouldbe noted that the sensor

system of the invention requires much lower voltage than required for other sensors. Other

10 than that reflection of the echo signal is accomplishedby receiving transducer 11in F~re

3, rather than by the wall of vessel 9 as in Figure 1, and the eliminationof the inhibit

function of Figure 1, operation using the Figure 3 system is identical to that described

above for the apparatus of Figure 1.

Theanalogportions of the sensor system have been built and tested, with

15 satisfacto~ results. Typical waveformsare shown in F~res 4A and 4B. Fqgure4A is a

graph of the complete stimulus/who signal waveform detected overtime usinga single

planar transducer, such as transducer 5, the waveform beiig taken at the outputof amplifier

6. For this test, the structural configurationwas that of Figure 1, with transducerS

mounted on vessel 9 and a pkmr sensorelement with a planar protective facing material

20 (not shown) included. (The ultrasonic transducer 5 stimulus signalpulse of Figure 1 is the

stimulus signal of F&me 4A.) The waveformis one wave travelingdirectly throughthe

liquid sample. Figure 4B is an expandedview of the echo signaIwaveformshownin

Figure 4A.

As shown in Fq3u~’4A, the stimuluspulse from pulse generator 2 causesthe signal

25 to go off scale. However, amplifier 6 recovers quickly enough to sense the echo signal,

which occurs approximately 32 microsecondsafter the stimulus pulse from transduwr S.

Timing measurementsare made betweenthe rising aige of the stimulussignal to transducer

5 and the rising edge of the return echo signal received by transducer5. It is importantto

note that the exact point chosen on the echo signal for the time interval measurement(such
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as 50% of peak amplitude) is somewhat arbitrary, but whatever is chosen, consistency

should be maintained to improve measurementaccuracy.

The accuracy of the inventive sensor systemdepends both on the ability to

accurately measure temperature variations and the accuracy of the TIC 7 circuit. In water,

5 as an example, transit time variation with temperature is on the order of 0.25 % per degree

Centigrade. For velocity measurement errors to be kept under 10parts per million (ppm),

temperature variations of 0.004°C must be detectable. Also, the TIC 7 circuit must have an

accuracy of better than 10ppm to keep velocity measurementerrors under 10 ppm.

To obtain temperature data, the temperatureof the liquid sample is measured, and

10 the measurementsare used to correct the calculationof the liquid sample composition for

temperature changes. For liquid samples with slowlyvarying temperatures, temperature

sensor 8 is mounted on the external wall of vessel 9 (becausevessel 9 and the liquid being

tested are expected to be at approximately the same temperature). In this case, the sensor

housing is covered with insulation to minimize the effect of temperaturechanges in the

15 environment. For rapid temperature changes in a liquid sample, temperature sensor 8 is

inserted dkxt.ly into the liquid sample, as is temperaturesensor 8 in the lGgure 3 view.

Multiple readings enhance measurement accuracy. For temperaturevariations, the data

obtained by the sensor system of the present inventionprovide a family of curves, from

which the property(ie$ of interest can be derived. Also, it shouldbe noted that, since the

20 transit time of a liquid is dependent on, or sensitiveto, temperature, the inventive sensor

system can be used to accurately measure temperatureof a known liquid.

The inventive sensor system has numerousapplications. A general application is

remote monitoring of liquids for real-time reporting of state. More specifically, in

automobiles, the deterioration of a liquid-likeengine oil or transmissionfluid can be

25 measured. In industrial process control, liquid level in a container, the amount of an

additive in a liquid, or any specific characteristicof interest of a liquid can be monitored.

In the food industry, deterioration of cookingoils or other liquids can be monitored. In the

field of me&cine, specificproperties of bo&ly fluids can be monitored. The inventive

sensor may also be used in the detection of impurities in groundwaterwhich, like saltin

12



seawater, cause a change in velocity of the ultrasonic wave and thus a change in transit time

of that wave through a groundwater sample.

Advantageously,the present invention provides a sensor systemcapable of

autonomousremote operation, which can be remotely queried and which can provide a

5 responsetailored to predetermined queries, without hands-on constantadjustment of the

sensorand without requiring the presence of the system operator, i.e., with virtually no

need for manualadjustmentduring normal operation. In addition, the sensor system of the

present invention is capable of operation in-situ and with initial calibrationonly. Further,

the inventive sensor is capable of operation within environmentsexhibitingextreme ranges

10 of temperature, pressure, and PH. Yet another advantage is that the sensor system of the

present inventioncan be inserted into very small spaces and is easily integrated into existing

process control systems.

Althoughthe invention has been described in detail with particular reference to these

preferred embodiments,other embodiments can achieve the same results. Variations and

15 modificationsof the present invention will be obvious to those skilledin the art, and it is

intendedto cover in the appended claims all such modificationsand equivalents.
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ABSTRACTOF THE DISCLOSURE

An uhrasonic sensor system and method of use for measuring transit time thougha

liquid sample, comprising at least one ultrasonic transducer coupled to a precision time

interval counter. The timing circuit captures changes in transit time, representing small

changes in the velocity of sound transmitted, over necessarily small time intervals

(nanoseconds) and uses the transit time changes to identi~ the presence of

constituents in the sample.

non-conforming
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