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Work to Date 
April 8, 1994 

The attached reports and proposal summarize the work to date for the revised Ultrasonic 
Resonance Interferometry system. The most recent set of experiments, to determine the 
accuracy of the implementation of a new calibration curve to account for the variation of the 
wave speed with temperature, were never completed due to lack of funding. 

The general focus of the ongoing work, outlined in the weekly reports, had been improvements 
in accuracy of the measurement system using software modifications. 

The future focus of the project, as outlined in the attached proposal, was to incorporate a 
thermal conductivity probe with the ultrasonic measurement system to allow measurement of 
fluids which have a bimodal wavespeed vs. molarity relation. 
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Weekly Report 
Week Ending October 8, 1993 

A simple test of the accuracy of the revised Ultrasonic Resonance Interferometry system was 
completed, and new error bounds were calculated to reflect the temperature dependence of 
the system. 

The test consisted of measurement of three samples of "unknown" molarity, with steps taken 
to account for the variation of wave speed with temperature. In addition, a new calibration 
curve was used, based upon the data gathered during the previous temperature experiments 
(Refer to weekly report dated 9/17/93). Care was taken to ensure complete mixing of the 
samples prior to measurement, with three measurements taken for each sample. 

The following table presents the mean of the three measurements taken, the expected error in 
the measurement (including temperature dependence), the molarity of the "unknown" sample, 
and the expected error in the molarity of this sample. 

Sample # Measured 
Molarity 

Molarity 1 within 
Tolerance? 

1 0.818 t 0.062 0.750 2 0.007 Yes (+.001) 

2 3.084 & 0.062 3.234 & 0.028 NO (-.06) 

3 (1.825+0.062 I 1.900 t 0.017 IYes(fI604)  

Both samples 1 and 3 were measured within expected error bounds, while sample 2 was 
outside of the expected error bounds. The measurement error in Sample 2 may be due to the 
"systematic error" which is discussed in the Weekly report dated 9/17/93. This error 
appears to grow greater as sample Molarity increases. Correction of this error requires 
additional data gathering to prepare a more accurate calibration curve. 

The temperatures which the above samples were measured at varied between 23.6 and 24.6 
degrees C. The good agreement between measured and known molarity (at lower molarity) 
suggests that the temperature correction within the computer code is suitable. It appears, 
however, that thorough sample mixing is required to assure accurate readings, an observation 
which must be considered when the system is used in a slab tank configuration. 



Weekly Progress Report - Week Ending 2/5/93 

Jeff Huhta 

The following were completed during the week 

0 Familiarity in using computer software including Labwindows and QuickBasic to operate 
the laboratory data acquisition system, set up to monitor the output from ultrasonic 
transducers placed on either side of various concentrations of NaCl solution. The 
software drives a frequency generator in a sweep mode through a range of frequencies 
and records this raw data for further analysis. 

0 Use of the fast Fourier transform (FFT) technique to process time domain data into 
frequency domain data was achieved using functions in QuickBasic. In addition, time 
was spent using an existing FFT algorithm on the DEC stations for analysis of the raw 
data. The form of the transformed data as processed on the PC in the lab was compared 
to the data from the DEC stations to ensure that the QuickBasic Algorithm performs the 
desired operations. 

0 A Laboratory notebook with appropriate sections has been assembled for use during the 
research project. 

0 Administrative details including acquisition of keys and preparation of the GRA contract 
were completed. 

0 One program, which drives the frequency sweep in the ultrasonic transducers, samples 
data from the output of these transducers, displays this raw data, performs a spectral 
analysis of this data (FFT),  displays the spectral data, then picks out the desired peak 
data and saves this data to a fde for curve fitting has been developed. Integrating the 
curve fitting function directly into this program is still ongoing. 
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Colorado State University 
Faculty Research Grant Application Form 

9/93 

Please forward copies of this form and its attachments directly to the 
Graduate School by November 15, 1993. 

1. Only full time, tenure-track academic faculty are eligible for 
these awards. Assistant Professors will be given priority but Associate andFull 
Professors may be considered if a long-term research or artistic thrust has 
reached a logical conclusion and significant retooling is necessary. 
Instructors, Lecturers, and Faculty Affiliates are not eligible nor are those 
with positions whose class codes are 008000 to 009991 (generally non-academic 
faculty or administrative professionals). Persons who in previous years have 
received more than one Faculty Research Grant are likewise ineligible. 

Eligibility: 

2. Name of applicant/principal investigator Qf? fl ;c-\-t&L I4 iril~ 0 ia 
4 

3 .  Rank, Department, and College k € S S a R  O W U I c f f L  t Z 4  /GW/d? 
4 .  Number of years at Colorado State University 2 5  
5.  Title of project and concise statement of project objectives: 

\hs 1QL) s o ~ f l ~ o h :  c O ' ~ ~ ~ % " I o @  
L > L T W A 3 l C  k m m l u e  ImGl2-~~Ty' 

6 .  Abstract of proposal 

7.  Attachments: 

A. Past Faculty Research a description of past Faculty 
Research Grants, if of the final report submitted 
on each. If you Grant activities still in 
progress, attach a reports must include a copy 
of an appropriate 

B. ProDosal Narrative: Attach a proposal narrative of no more than 3000 
words. Since an all-University committee will review this proposal, 
the narrative should assume an intelligent academic reader, but not one 
-- who is expert in your field. 

The narrative must consist of three parts: 

1. Project Description: The following or reasonable adaptations 
thereof are suggested as components of the project description: 

a. Statement of problem and its relationship to existing 
literature or practice. 

b, Hypotheses to be tested; elements to be described; proposition 
to be examined whether interpretive, speculative, empirical, 
artistic, or philosophical. 



WeekIy Report 
Week Ending September 17, 1993 

Ongoing efforts to improve the accuracy of the Ultrasonic Resonance Interferometry system 
have focused on two areas, isolation of the temperature vs. wave speed relationship, and 
conceptual design for configuration of the system to be used on a slab tank. 

Preliminary measurements of wave speed at various temperatures were completed, and the 
data is presented in Figure 1. In addition to the obvious dependence of wave speed on 
temperature, there is a significant decrease in the slope of the curve as molarity increases. 

The comparison of the measured wave speed values to the published values' at 20 degrees C 
(I'known'' in the legend of Figure 1) exhibit some discrepancy. The measured values at low 
(0-1) molarities appear to be in good agreement with published values, while there is an 
increasing difference between published and measured values as molarity increases. This 
suggests a systematic error. 

Verification of the systematic error can be carried out by performing measurements upon 
several different samples of the same molarity, and obtaining a statistical average of the wave 
speed for that molarity at the temperature of interest (20 deg. C). Use of a large sample 
group will reduce the variation which is expected due to inaccuracies in preparing samples 
(refer to Weekly Report dated 8/13/93). 

Further enhancement of the conceptual design which was presented in the 8/20/93 weekly 
report (Figure 2) has focused upon the expanded use of the apparatus for various heights of 
slab tanks. The "transducer m s "  can be equipped with a sliding plate (Figure 3) which the 
transducers are positioned upon to allow vertical motion along the wall of the slab tank. 
Mobility of the transducers in this direction will ensure that the readings taken are 
characteristic of the fluid in the tank, and not of the portion of the tank where there is air. 
The sliding plate can be easily exchanged for a longer plate when required by tank geometry. 

1. Landolt-Bornstein, Numerical Data and Functional Relationships in Science and 
Technology, Vol. 5 ,  1967. 



Figure 1 - Temperature vs. Wavespeed 
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Weekly Report 
Week ending August 20,1993 

Improvement of the accuracy of the Ultrasonic Resonance Interferometry system is continuing, 
in addition to conceptual development of the equipment which will be necessary to perform 
accurate measurements with this system on liquid in a slab tank configuration. 

Additional measurements of wavespeed at various temperatures were made for molarities ranging 
from 0 to 4.0 M NaCl. The results indicate that there is a distinct difference in the slope of 
temperature vs. wavespeed curves as the molarity of the solution increases. By accurately 
determining the slopes of these curves at various molarities, and the ranges of wave speeds for 
which each curve is representative, an appropriate correction for the temperature dependence of 
the wavespeed can be incorporated into the computer code. 

Emphasis has been placed on conducting the wavespeed measurements for temperatures between 
16 deg. C and 24 deg. C. Care has been taken to ensure that the solutions are well mixed 
during the test period to avoid both thermal and chemical stratification within the sample bags. 
Verification of the data points which have been gathered will be required before an accurate set 
of curves can be completely established. 

The final desired configuration of the Ultrasonic Resonance Interferometry system is for use on 
slab tanks. Initial development of a simple and accurate attachment device, which can be used 
on a variety of sizes of slab tanks, is depicted in the attached Figure 1. 

The apparatus is essentially a frame which sits upon leveling screws atop the slab tank. The 
desirable attributes of this apparatus ensure accurate placement of the ultrasonic transducers, 
provide a means of accurate measurement of the distance between them, and provide a positive 
holding force between the transducers and the tank. 

This initial sketch does not entirely address each of these requirements in detail. However, with 
developmental design work 

The transducer’s placement on the tank can be controlled by an adjustable vertical 
arm, which forms each side of the apparatus, and has an imprinted scale to 
precisely locate each transducer. 

Distance between the transducers can be adjusted and measured horizontally in 
a similar matter, with another imprinted scale to precisely measure distance 
between transducers. The stiffness of the overall support frame will be designed 
to ensure minimal error. 

Positive holding force can be provided by a compression mounting plate, shown 
in conceptual detail in Figure 1, which uses thumb screws to provide the 
compression force. The transducers can be configured with a locating scale, 
which used in combination with the above horizontal scale, will provide an 
accurate indication of distance between the faces of the transducers. 
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Weekly Report 
Week ending July 16, 1993 

Fabrication of the new test jig (ref. sketches included in Report for week ending July 9, 1993) 
was completed using 1/8" thick carbon steel plates. Fabrication of 1/8" stainless steel plates will 
be completed shortly, due to a short lead time for the material. 

Initial system calibration and subsequent test runs were completed and results are promising. 
The previous system calibrations are inadequate due to the increased thickness of the plates. As 
expected, the new test jig provides a simple means of assuring repeatable sample set up. 
Problems associated with acoustic coupling, which is extremely important to obtain clear 
resonance data for analysis, appear to be greatly reduced as well. 

Final system testing and data analysis will be completed using an upgraded approximation for 
the frequency sweep range (refer to Report for week ending July 9, 1993). Work on this 
approximation is ongoing. System testing protocol will be in accordance with testing protocol 
established during previous testing (refer to paper titled Ultrasonic Resonance Interferometry , 
dated May 10, 1993). 

The Gaussian peak function which is currently being used in the analysis program is a symmetric 
function, not non-symmetric as stated previously (refer to Report for week ending July 9, 1993). 
The form of the peak is similar to that of a Lorentzian peak function. The Gaussian peak does 
taper off more quickly than the Lorentzian peak, however, which may explain the increased 
measurement accuracy obtained when using this function. 

I i 



Weekly Report 
Week ending July 23, 1993 

Several areas are being investigated to improve the accuracy and reliability of the ultrasonic 
resonance system through software modification. The following have been completed or are in 
progress. 

Previous studies have used the Phillips frequency generator driven in "continuous" 
frequency sweep mode. This mode repeats the frequency sweep as programmed until the 
generator is instructed to do otherwise. 

By switching to "single" sweep mode, the frequency generator returns to the initial 
frequency and freezes immediately after completing one frequency sweep. Using the data 
acquisition system several data points may be gathered after the frequency sweep has 
been completed. With the possibility of a new sweep beginning before data acquisition 
is complete, there was a possibility, using earlier software, of points being included in 
the data set that were not a result of the first frequency sweep. 

In the upgraded program, a rigorous approach to determining the correspondence 
between the data set and the frequencies has been formulated (refer to report for week 
ending 7/9/93 for the original approximation which was used). The basic difference is 
that the number of data samples which are taken after the frequency sweep is completed 
is calculated and the data set is truncated to eliminate these points. When this has been 
completed, the upper frequency limit is then calculated as before. 

Verification of the precise time that the frequency sweep lasts and the exact upper 
frequency reached during the sweep is difficult, and at the moment these are being 
assumed to be accurately controlled by programming. Future work may focus upon 
determining these variables independently. 

0 

0 

Inspection of the residuals of the two types of peak fits which have been used, Gaussian 
and Lorentzian, shows that in both cases there are "humps" in the wing regions of the 
peaks, indication that the function shapes are not precise approximations for the real data 
in these regions. There seems to be little difference in the severity of these "humps" 
when comparing the residuals of the two functions. 

Ongoing work includes development of a procedure for testing of the software using 
known inputs, and observation of performance such as accuracy of A/D conversion, 
accuracy of the FFT (and calculation of the first harmonic centroid), and accuracy of the 
frequency range approximation. 

Also ongoing is development of a procedure for determining the approximate time 
required for establishment of steady state resonance in the system. Results of this testing 
will provide insight into the ability of the data acquisition system to accurately reproduce 
the raw data. 



Weekly Report 
Week ending July 9,1993 

The following items are a d h s e d  as requested by K. Viers during a telephone conference with 
Mike Histand. Each item is a clariticatioon of statements put forth in the paper dated 5/10/93 
on Ultrasonic Resonance Interferometry. 

The sweep rate varies the input frequency linearly from 200 to 800 kHz. The Phillips 
PM 5193 frequency generator is controlled to complete this sweep in 9.9 seconds. The 
data acquisition program samples data for a total of 10.05135 seconds. This results in 
a total number of data points sampled which is slightly larger than 2048, the 2" necessary 
to perform a fast Fourier transform (FFT). However, the last few data points which are 
sampled may not be representative of any resonance phenomena. 

The data set is truncated to 2048 data points, resulting in an upper frequency bound of 
slightly less than 800 kHz. Correction for this change in the upper frequency bound is 
as follows: 

The final calculation of wavespeed is reliant upon the range of the frequency sweep, with 
the lower bound precisely known (figew = f1,old = 200 kJ3z). The unknown upper bound, 
f2pew, is approximated using a linear relation, based upon the number of data points and 
the sample rate as follows 

f2pew = f2,01d - FCHG * time 
where 

FCHG = rate of change of frequency = f2,01d - f1,old / 9.9 
time = (# of samples truncated) / (sample rate) 

and 
sample rate = (Total number of samples) / 10.05135 

0 

This provides an approximation of the upper bound of the frequency sweep and may 
result in some error due to data points bcluded in the 2048 which have no relation to the 
frequency. Ongoing work includes development of an approximation which more closely 
predicts the actual upper bound of the frequency sweep. 

The current system uses a-Gaussian curve fit to approximate the fust harmonic peak, 
rather than a Lorentzian fit which has been used in the past. The Gaussian function is 

f(x) = a, exp(-OS((x - al)/aJ2) 

where a, = amplitude of peak, a, = center of peak, and a, = the width of the peak. 
The Lorentzian function is 

f(x) = a, / (1 + ((x - al)/d2) 

where again a, = amplitude, a, = center, and a, = width. 



Using a curve fitting program called w i t ,  data values for fluid densities of various 
solutions were measured using both Gaussian and Lorentzian approximations. The values 
measured using the Gaussian approximation fit the published data better, as shown in 
Figures 3 and 4 of the 5/10/93 paper on Ultrasonic Resonance Interferometry. This 
difference is Uely due to the non-symmetric nature of the Gaussian function. 

In the results section of the paper, there is a noted difference in many instances between 
the standard deviation (spread in the measured data) and the noted measurement accuracy 
(defied as the difference between the mean measured value and known density value), 
indicating an offset of measured values which is greater than the uncertainty *of the 
measurement system. The measurement accuracy (or measurement error) appears 
consistently higher than the standard deviation. This "offset" can be seen in the attached 
plot, "Measured molarities of NaCl Solutions." Except for one data point, all of the 
mean values lie above the standard values, indicating that there is a possible systematic 
error in the measurement system which can either be eliminated or compensated for to 
provide more accurate measurement. Determination of the cause of this error is to be 
a major focus of ongoing work. 

Also attached are data sheets which have been corrected in light of the telephone 
conference referenced above. Changes have been noted with revision "1" triangle. 

To provide greater measurement accuracy, a new test jig has been designed which will provide 
a consistent, known distance between the two transducers (one large source of error), in addition 
to the ability to control "parallelism" between the transducers and reduce problems with 
obtaining good acoustic coupling. The ultimate goal is to remove as many of the unknowns 
from the measurement system setup as possible. Design sketches of the test jig are attached and 
fabrication is ongoing. 

Additional research efforts are being directed at a system for flow monitoring k pipe systems, 
using detection of Acoustic Emissions to determine the severity of turbulent flow (which can be 
related to the severity of corrosion) non-invasively. A closed loop piping system with a variable 
diameter orifice has been designed and fabricated, with a testing pr6tocol currently being 
established. It is intended to present pre- results from this work in a short paper for 
discussion and possible direction for further research. 
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Sample Number Sample Molarity Transducer Distance 

I ( 3  readings) 0.0 9.238 c m  f 

2 ( 3  readings) 2.0 6B? CLLV 
e 3 ( 3  readings) 4.0 9.54 c4 

T e s t  Procedure Result Sheet tl 
' 

The desired goal of the following series of calibration tests is to 
determine an optimum calibration procedure. 

Calibration Test 1, . .  

The f i l e  name which the calibration constants is a:calib 9 . 
This file contains two numbers, the slope and the intercept of a 
straight line which has automatically been fit to the data gathered 
above. These constants are used in determining the molarity of 
unknown samples by measuring its wave speed. 

Check Test 1 

Comparison of measured molarities to known molarities of each 
s e l e  will provide insight to the accuracy of the calibration 
constants obtained above. 
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Ultrasonic Resonance Spectrometry 
Initial Wave Speed Measurements - Protocol 

2/8/93 JMH 

The following procedure is to be followed in determining wave speed 
for various concentrations of NaCl solution, ranging from 0 M to 
4.0 M. Parameters which effect the calculated wave speed, 
including distance between transducers, the number of samples taken 
during the frequency sweep, and the clarity of the measured data, 
are to be observed. The measurements taken are to be used to 
establish a calibration curve which can be used to determine the 
molarity of an unknown concentration by measuring wave speed. 
Measured data are to be compared to established values to determine 
the accuracy of the system. 

1) Record the temperature of the solution to be tested after 
allowing sufficient time for the thermocouple to come into thermal 
equilibrium with the sample. Store all samples together and at a 
constant temperature to further reduce variation of temperature. 

2) Assure that the ultrasonic transducers are moved as far apart 
as possible in the mounting slots. Record the measured distance 
between the two transducers. 

3) Set up the measurement apparatus by applying acoustic gel to 
both sides of the 1/16" thick plates over a sufficient area to 
assure proper contact with the ultrasonic transducers. Place one 
plate against each transducer and assure that proper contact is 
made. Record the measured distance between the inside of the 
plates. 

4) Place sample bag between plates, adjusting bag to assure that 
no lfwrinklesfl or "air-bubbles" occur in the area of the UT 
transducers. 

5) Run the program llDATASCN1.BAS1l and supply the following input: 
number to be appended to data files created (corresponds to test 
run number), molarity of the sample being tested, and the sample 
temperature. The program will display graphs of the raw data and 
the FFT, which should be viewed for any obvious anomalies in the 
form of the data gathered. The as-recorded data should display 
numerous discreet peaks, and the FFT data should show distinct 
resonance spikes. Any noise which is present may effect the 
calculated wave speed and should be noted. The width of the spike 
which is extracted from the FFT data should be thin; a thicker 
spike showing problems in recording the raw data. 

6 )  Exit Labwindows, run llPeakfitfl (type p) , and read in the raw 
data (saved in file c:peakN, where N is the file extension number). 
Direct the program to perform a Lorentzian fit to the data, and 
save the data to the a: drive, using "printout, peak summaryll. 
This will save the data to a file called llPRINT1.PF1l on the Irar1 
drive. In addition, note the peak center value calculated by 

4' 



peakfit and the number of iterations required to achieve the curve 
fit. 

7) Run the program I1CSPEED.BASIt in Labwindows. Enter the same 
file extension, the peak center as generated above, and the two 
lengths as recorded above. Exit to DOS and type IIcp Nfl  where N is 
again the file extension number, then l l r m t l .  This will append the 
file lttestN1l with the peakfit data and remove unnecessary files on 
a:. (Note that within I1cspeed.bas1l there is a correction which 
approximates the final frequency of the data sweep which is 
analyzed in the FFT.) 

8 )  Repeat steps 1 - 7 10 times each for samples ranging from 0.0 
Molar NaCl solution (distilled water) to 4.0 Molar NaCl solution in 
0.5 Molar concentration increments. A file containing the results 
of each run will be generated called I1testNtt. 

9 )  Determine the mean and standard deviation of the wave speeds 
measured for each sample. 



Accuracy and Error Estimates 
Ultrasonic Resonance Interferometry 

August 4, 1993 

Investigation into the accuracy and reliability of the ultrasonic resonance interferometry system 
was undertaken in a series of two experiments designed to investigate software and hardware 
variability. 

Experiment 1 

The fist  experiment consisted of supplying a sinusoid of known frequency to the A/D interface 
and using the program to analyze this input. The frequency of the input sinusoid, 8 Hz, 
corresponds approximately to the number of resonance peaks which are generated over a 9.9 
second frequency sweep using a 0.5 Molar NaCl sample. 

The objective of the first experiment was to determine if the FFT routine accurately estimates 
the centroid of the first harmonic, and to estimate the error in this measurement. 

The input signal was an 8.000 Hz signal, with a variation of approximately 
a 1 V peak-to-peak amplitude. The second data set used a 2 Volt peak-to peak signal. 

0.015 Hi, with 

By knowing the accuracy of the input frequency, and the record length, the known range of the 
number of peaks (Le. the centroid of the first harmonic of the FFT) can be calculated. Two 
separate data sets were sampled and the known range of the number of peaks determined. In 
each case the calculated peak (from the software) was within the error bounds. The actual 
numbers are as follows: 

First Data Set 
Calculated = 77.049 2 0.155 

Measured = 76.996 

Second Data Set 
Calculated = 76.977 t 0.155 

Measured = 76.996 

The known error in the location of the peak is a function of the error in the input frequency, 
which in this case is limited to the accuracy of the wave generator, and the duration of the 
record length, the accuracy of which is limited by the time required to complete one A/D 
conversion loop within the program. The known error can be reduced by reducing the error in 
either of these variables. 

The relation of the measured number of peaks to the wavespeed in the solution is assumed to 
be the following linear function: 

c = 0 . 0 2 *  L*SWP/N 



where c is the wavespeed, L the length between transducers, SWP the difference in beginning 
and ending frequencies, and N the measured number of peaks. The variation in L is limited by 
the ability to accurately measure using a caliper and is approximately 0.003 cm. The variation 
in N is known from the previous page. 

The error in S W P  is a function of the A/D conversion time. Using the values for N obtained 
from the first set of data above, the error would be 

c = 1515.2 t 3.2 m/s 

The wavespeed is related to the Molarity by another function, which is assumed to be linear 
(Ref. Paper by M.B. Histand and J. Huhta, Ultrasonic Resonance Interferometry, Dated 
5/10/93) 

M = (C - C,)/SlOpe 

where M is molarity, c is wavespeed, c, is the wavespeed at zero molarity, and the Slope is the 
slope of the line. Using the data for wavespeed above yields the following accuracy for the 
molarity calculation. 

M = 0.503 0.059 

This value for molarity estimates the accuracy which can be expected using the system as 
currently configured. 

There are several assumptions which have led to these preliminary calculated errors: 

0 

0 

0 

0 

There is no error in the limits of the frequency sweep, i-e. the frequency 
generator performs as programmed. 
There is no error in the frequency sweep rate, again the machine performs as 
programmed. 
The slope of the Molarity vs. Wavespeed curve, determined during calibration, 
has no error. 
The value of c,, the intercept of the Molarity vs. Wavespeed curve, has no error. 

Experiment 2 

The second experiment involved excitation of the system using a wave generator in "burst" mode 
and observation of the time required for the output to reach a steady state resonance. The 
results of this experiment are intended to provide insight into the required instrument settings. 

Using an signal generator, a 20 V peak-to-peak tone burst signal, with burst duration of 0.01 
seconds and time between bursts of 0.07 seconds was applied to the input ultrasonic transducer 
and monitored using an oscilloscope. The output which was sampled by the data acquisition 
system was also monitored using the second channel of the same oscilloscope. 



The resonance signal took approximately 0.001 seconds to reach a steady state (Le. 
approximately 200 cycles), and remained constant for the duration of the burst. An associated 
decay of the signal back to zero took an additional 0.001 seconds after the burst was completed. 
Both the build up and decay were exponential and the duration was the same at both ends. The 
duration of both the build up and decay signals did not significantly change with the use of 
various densities of fluid media. 

Note: The settings of the pulse generator which control the peak detector are set to obtain at 
least two samples every 0.01 second interval (the step time during the frequency sweep). This 
appears to be sufficient to avoid sampling transients in the resonance signal. 



Weekly Report 
Week ending August l3, 1993 

Continued focus upon the ultimate accuracy of the Ultrasonic Resonance Interferometry system 
has been ongoing. Three areas of interest have been explored. 

The accuracy of NaCl test solutions as mixed has been determined and is a function of the 
desired solution density. Solutions which are designed to be 1.000 M NaCl can be expected to 
have a predicted error of t 0.056 M, while solutions which are designed to be 4.000 M can be 
expected to have a predicted error of t 0.234 M. 

Due to the error in measurements made using the system, use of published data relating 
wavespeed to Molarity, at a constant temperature, appears to be a consistent way to calculate 
the Molarity from the measured wavespeed. Previous testing has used system measurements to 
create "calibration curves" (ref. paper by M.B. Histand and Jeff Huhta, Ultrasonic Resonance 
Interferometry, dated 5/10/93). The possible error in measurements made to establish this 
curve may be compounded during measurement of unknown samples, resulting in measurements 
which are inaccurate beyond the predicted error. 

Preliminary results indicate variation in the wavespeed as a function of temperature which, given 
the desired measurement accuracy, cannot be ignored. The preliminary data (attached Fig. l), 
shows the wavespeed-temperature relationship for three samples of different molarity measured 
using the current system. The change of wavespeed with temperature is considerably different 
among different molarities. The preliminary curves are an approximation of the temperature 
effect upon molarity, since the data for the curves was obtained using the Ultrasonic Resonance 
system and has a probable error associated with each data point (refer to Accuracy and Error 
Estimates, 8/4/93). 

Initial wavespeed measurements were made at various temperatures, using an approximation of 
the slope of the wavespeed vs. temperature curve for 0 M solution (shown in Fig. 1). Results 
have shown the resulting system accuracy to be within the predicted error for solutions of 
approximately 0 M concentration (refer to Accuracy and Error Estimates, 8/4/93). However, 
due to the different slope of the curves at higher molarities, the same "correction" cannot be 
used. Further work is necessary to generate a complete set of curves to incorporate this 
information into the measurement system to correct for temperature dependence. An estimate 
of the predicted error, including temperature dependence will made to determine a new system 
tolerance. 




