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Name:______________________ 

ID No.:___xxx-xx-___________ 

MAE 2381:  EXPERIMENTAL METHODS AND 
MEASUREMENTS 

Fall 2005 

FINAL EXAMINATION 

December 7, 2005 

8:00 — 10:30 a.m. 

INSTRUCTIONS 

• This is a closed-book/closed-notes examination.  All formulas and constants will be given to you. 

• This quiz is conducted in accordance with University rules regarding academic honesty. 

• There is only one correct answer per question/problem.  Two points for each correct answer.  The total score is 
50. 

• You have 2½ HOURS. 

• This booklet consists of fourteen (14) pages. 
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Information you may need 

• The error  of a function  where the errors of the independent parameters are 

 is given by 
yw ( nxxxfy ,,, 21 K=

nwww ,,, 21 K
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• The range over which the possible values of the true mean value might lie at some probability level P based on 
sampled values is given as  

S
N

t
x P,ν±  (P%) 

 
• The total number of measurements  needed to establish a certain precision interval CI is given iteratively 
by 

TN

2
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,11
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where 2CId =  and the subscript 1 refers to an initial test with a small sample. 
 

Confidence interval z Confidence level % Level of significance α  
3.30 99.9 0.001 
3.0 99.7 0.003 
2.57 99.0 0.01 
2.0 95.4 0.046 
1.96 95.0 0.05 
1.65 90.0 0.10 
1.0 68.3 0.317 

=• A measurement is expressed as follows:  xx + Δ   (% confidence level), where x  is the estimated mean 
and σ  is the estimated standard deviation.  The confidence interval expresses the probability that the mean value 

will lie within a certain number of σ  values and is given by the symbol  such that z nz /σ=Δ  where n  is the 
sample size. 
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Gaussian probability and cumulative distributions 
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Probability values for normal error function 

One-sided integral solutions for ( ) ( )∫ −=
1

0

2
1 2exp

2
1 z

dzp ββ
π

 

z1 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359 
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753 
0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141 
0.3 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517 
0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879 
0.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224 
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549 
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852 
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133 
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389 
1.0 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621 
1.1 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830 
1.2 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015 
1.3 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177 
1.4 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319 
1.5 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441 
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545 
1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633 
1.8 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706 
1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767 
2.0 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817 
2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857 
2.2 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890 
2.3 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916 
2.4 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.4936 
2.5 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952 
2.6 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964 
2.7 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974 
2.8 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981 
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986 
3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990 
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Student t distribution 

ν t50 t90 t95 t99

1 1.000 6.314 12.706 63.656 
2 0.816 2.920 4.303 9.925 
3 0.765 2.353 3.182 5.841 
4 0.741 2.132 2.776 4.604 
5 0.727 2.015 2.571 4.032 
6 0.718 1.943 2.447 3.707 
7 0.711 1.895 2.365 3.499 
8 0.706 1.860 2.306 3.355 
9 0.703 1.833 2.262 3.250 
10 0.700 1.812 2.228 3.169 
11 0.697 1.796 2.201 3.106 
12 0.695 1.782 2.179 3.055 
13 0.694 1.771 2.160 3.012 
14 0.692 1.761 2.145 2.977 
15 0.691 1.753 2.131 2.947 
16 0.690 1.746 2.120 2.921 
17 0.689 1.740 2.110 2.898 
18 0.688 1.734 2.101 2.878 
19 0.688 1.729 2.093 2.861 
20 0.687 1.725 2.086 2.845 
21 0.686 1.721 2.080 2.831 
30 0.683 1.697 2.042 2.750 
40 0.681 1.684 2.021 2.704 
50 0.679 1.676 2.009 2.678 
60 0.679 1.671 2.000 2.660 

 
• The range over which the possible values of the true mean value might lie at some probability level P based on 
sampled values is given as  

S
N

t
x P,ν±  (P%) 

 
• The total number of measurements  needed to establish a certain confidence interval CI is given iteratively 
by 
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2CI=d  and the subscript 1 refers to an initial test with a small sample. where 
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Values for  2
αχ

 
ν χ2

0.99 χ2
0.975 χ2

0.95 χ2
0.90 χ2

0.50 χ2
0.05 χ2

0.025 χ2
0.01

1 0.000 0.001 0.004 0.016 0.455 3.841 5.024 6.635 
2 0.020 0.051 0.103 0.211 1.386 5.991 7.378 9.210 
3 0.115 0.216 0.352 0.584 2.366 7.815 9.348 11.345 
4 0.297 0.484 0.711 1.064 3.357 9.488 11.143 13.277 
5 0.554 0.831 1.145 1.610 4.351 11.070 12.832 15.086 
6 0.872 1.237 1.635 2.204 5.348 12.592 14.449 16.812 
7 1.239 1.690 2.167 2.833 6.346 14.067 16.013 18.475 
8 1.647 2.180 2.733 3.490 7.344 15.507 17.535 20.090 
9 2.088 2.700 3.325 4.168 8.343 16.919 19.023 21.666 

10 2.558 3.247 3.940 4.865 9.342 18.307 20.483 23.209 
11 3.053 3.816 4.575 5.578 10.341 19.675 21.920 24.725 
12 3.571 4.404 5.226 6.304 11.340 21.026 23.337 26.217 
13 4.107 5.009 5.892 7.041 12.340 22.362 24.736 27.688 
14 4.660 5.629 6.571 7.790 13.339 23.685 26.119 29.141 
15 5.229 6.262 7.261 8.547 14.339 24.996 27.488 30.578 
16 5.812 6.908 7.962 9.312 15.338 26.296 28.845 32.000 
17 6.408 7.564 8.672 10.085 16.338 27.587 30.191 33.409 
18 7.015 8.231 9.390 10.865 17.338 28.869 31.526 34.805 
19 7.633 8.907 10.117 11.651 18.338 30.144 32.852 36.191 
20 8.260 9.591 10.851 12.443 19.337 31.410 34.170 37.566 
30 14.953 16.791 18.493 20.599 29.336 43.773 46.979 50.892 
60 37.485 40.482 43.188 46.459 59.335 79.082 83.298 88.379 
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For each problem, mark the most appropriate or correct answer in the corresponding box 

 
1. The zero-order uncertainty of an instrument is 2

1
0 ±=u resolution (95%).  The 2

1± resolution is 

a. Arbitrary  a b c d e 
     b. Governed by state and federal regulations 

c. Required by the International Standards Organization 

d. None of a. – c  

e. All of a. – c  
 

2. A digital display shows 4 digits.  Such a display is known as a 

a. 3 digit display 

b. 3 ½ digit display  

c. 4 digit display 

d. 4 ½ digit display  

a b c d e 
 

e. Cannot say for sure since it depends on the accuracy of the transducer 
 

3. Only one of the following is MOST appropriate concerning uncertainty analysis 

a. It is used to determine the major independent parameters that govern an 
experiment 

b. It is a statistical evaluation of the error or uncertainty of a measurement  

c. It is used to determine if the methodology can be justified on theoretical grounds 

d. It is used to compare the results against those obtained elsewhere or against handbook data 

e. It is used to calibrate instruments that is affected by multiple inputs  
 

4. One of the following is not a reason for bias to occur.  Bias can occur due to the following reasons.   

a. Random fluctuations in the data 

b. Instrumentation is unable to resolve the data 

c. Human error 

d. Un-calibrated instrumentation  

e. Electromagnetic interference 

    

a b c d e 
     

a b c d e 
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5. In order to perform statistical analysis on time-series data, the data must 

a b c d e 
a. Be sufficiently large in order to display a Gaussian behavior      
b. Be filtered to prevent aliasing 

c. Be steady in the mean sense  

d. Be sufficiently resolved 

e. Not be saturated 

 

6. For a Gaussian distribution, ±2σ (2 TIMES the standard deviation) corresponds to a probability of 
approximately 

a. 25% a b c d e 
     b. 50% 

c. 68% 

d. 95%  

e. 99% 

 

7. Implicit in the use of the Gaussian (or normal) distribution is that 
a b c d e 
   

a. There is a finite data set with a well-defined mean and standard deviation 
  

b. There is an infinite data set with a well-defined mean and standard deviation  

c. One can ignore the mean and standard deviation 

d. The data can be fitted by any mathematical function with an arbitrary confidence level 

e. It allows bad data to be rejected with objective criteria 

 

8. If a measurement is expected to follow the Gaussian distribution, one of the following CANNOT be done 

a. The mean and standard deviation can be computed a b c d e 
 b. The probability that a certain range of occurrences can be computed     

c. An upper bound can be computed given the probability for its occurrence 

d. A level of significance can be assigned to the mean, from which the minimum number of measurements 
that is needed to estimate the mean can be computed 

e. The bias of the data can be estimated   
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9. One of the following is NOT true regarding regression analysis  

a. It assumes that the dependent variable (y say) follows a Gaussian distribution about each fixed value of the 
independent variable (x say) a b c d e 

   b. It is commonly a polynomial fit but need not be so  

c. The term least squares is usually associated with regression analysis and it refers to minimization of the 
sum of the squares of the deviations between the actual data and the curve fit 

d. The type of fit chosen depends on the amount of data gathered  

e. It establishes a functional relationship between the dependent variable and the independent variable which 
may or may not be physical 

 

10. The Gaussian distribution is used as the basis to produce the statistics of many engineering processes.  The 
PRIMARY reason for its widespread use is  

a. It is familiar 

b. Most engineering processes require only a mean and a standard deviation for 
characterizing their statistical variations  

c. A result from the central limit theorem which states that an infinite sum of actual distributions would 
average to be a Gaussian distribution  

d. Most of the important features of real statistical variations are captured by the Gaussian distribution 

e. It is the basis of other distributions such as the T and chi distributions 

 

11. Strictly speaking, the observed mean value from a series of observations  

a. Is dependent on the confidence level assigned to the observation 

b. Must undergo the Student T test to be valid 

c. Can only be made if the observations are expected to follow a Gaussian distribution 

d. Can only be valid if the large dataset is broken up into a number of smaller sets, with their individual 
means obtained and then averaged 

e. Is only an estimated value that approaches the (theoretical) true value as the number of observations 
approach infinity   

 

12. One of the following is NOT an implicit assumption made for performing an uncertainty analysis.  

a. The test objectives are known 

b. Data are obtained under fixed operating conditions (steady or otherwise)   

c. The operators have some experience with the test hardware and procedures 

d. The experimental data can be fitted by a regression analysis  

e. The measurement itself is a clearly defined process in which all known calibration corrections for bias have 
been applied 

  

a b c d e 
     

a b c d e 
     

a b c d e 
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13. The topic of infinite statistics refer to 

a. Statistical analysis based on the Gaussian distribution 

b. The assumption that the value of any statistical measure (mean, standard 
deviation, etc.) can range from  to ∞− ∞+  

c. The assumption that an “infinitely large” dataset is available for performing the statistics  

a b c d e 
  

d. There is no bias in the data 

e. There is a curvefit which will yield a correlation coefficient of unity 

 

14. Consider a probability distribution function ( )xp .  The probability of an event ξ≤x

)

 happening can be 
evaluated by 

a. ( ) (ξξ px =≤Pr  

b. ( ) ( ) ( ∞−−=≤ ppx )ξξPr  

c. ( ) ( )
dx
xpdx ξξ =

=≤Pr  

d.  ( ) ( )dxxpx ∫
∞−

=≤
ξ

ξPr

( ) ( )e. dxxpx ∫=≤
ξ

ξ
0

Pr  

 

15. The expression for the mean value of a distribution x , based on the probability distribution function ( )xp , is 
given by 

a. ( )dxxpx ∫
∞

∞−

=  

b. ( )dxxpxx ∫
∞

∞−

=  

c. ( )dxxpxx ∫
∞

∞−

= 2  

d. 
( )dx
x
xpx ∫

∞

∞−

=  

e. ( )dxxpxx ∫
∞

=
0

2  

   

a b c d e 
     

a b c d e 
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16. Only ONE of the processes below is considered to be as close to theoretically 
random as possible a b c d e 

     
a. Daily traffic flow 

b. Growth of a seedling 

c. Flapping of a flag  

d. Passage of a tornado 

e. Rushing sound from an open car window  

 

17. It is a well-observed fact that measurements taken under seemingly identical conditions show variations in their 
measurements (as you have experienced in the laboratory sessions).  One of the following is NOT a source for 
such variability 

a. Resolution of the data acquisition system 

b. Noise in the system 
a b c d e 
  

c. Bias in the measurement system   

d. Sample size 

e. Spatial and/or temporal variations of the measured variable 

 

18. One of the following is INCORRECT regarding design-stage uncertainty 

a. An intelligent guess (guesstimate) of the uncertainties of the hardware  

b. A systematic approach for selecting instruments, measuring techniques and an 
approximate analysis of the uncertainty likely to be encountered 

c. There is no need to distinguish between bias and precision (also known as random) errors 

d. It requires an estimate of uncertainties of individual components and their combined contribution to the 
system uncertainty 

e. It will likely require the use of a manufacturer’s statement regarding instrument error   

 

19. One of the following is INCORRECT regarding bias errors 

a. Bias sometimes depends on experience  

b. Bias can only be estimated by comparison 

c. Bias can be characterized by a Gaussian distribution  

d. Bias can sometimes be eliminated by calibration 

e. Bias may sometimes be detected by performing the experiment using different instruments 

 

   

a b c d e 
     

a b c d e 
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20. Most controlled laboratory experiments involve so-called stationary processes.  Which ONE of the following 
statement is true  

a b c d e 
  

a. The mean can be estimated  
   

b. A polynomial fit can be performed on the data 

c. The design-stage uncertainty can be estimated 

d. The data can be represented as a Gaussian distribution  

e. Higher-order statistics such as skew and kurtosis are meaningless 

 

21. A purpose of calibration is to reduce measurement system errors.  ONE of the following is not a potential 
sources of calibration errors include 

a b c d e a. Calibration technique 

b. Primary to inter-laboratory standard 

c. Laboratory standard to measurement system 

d. Transfer to laboratory standard 

e. Digitizer resolution  

     

 

22. One of the following is NOT associated with data acquisition errors. 
a b c d e 

a. Operating conditions      
b. Sensor installation 

c. Environmental effects 

d. Electromagnetic interference  

e. Signal conditioning limitations 

 

 

23. Mathematically, uncertainty estimation can be considered to be a problem in 

a. Stochastics 
a b c d e 

b. Sequential perturbation   
c. Parallel perturbation 

d. Least-squares regression 

e. Fourier analysis 
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24. It is not possible to determine the true value in experimental work.  Instead, we use the term uncertainty, which 
can be regarded as 

a. An estimate of the probable error of the measurement  
a b c d e 

b. Departure from the Gaussian distribution      
c. An interval of one standard deviation from the mean 

d. An interval of at least three standard deviations from the mean 

e. A lack of agreed standards on the measurement procedure 

 

RVP 2= =25. The power dissipated by a resistor is given by , where 1000R 5 Ω ± % and 2.06 ±=V  V. 
What is the uncertainty in the power measurement? 

a. 1 % a b c d e 
   b. 3 % 

c. 5 % 

d. 7 %  

e. 8 % 
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