MAE334 - Introduction to Instrumentation and Computers

Final Examination

December 11, 2007
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Given: a normally distributed data set containing 500 points spanning 0.5 seconds with
a Excel standard deviation, STDEV(data), of 2 units and a mean value,

AVERAGE(data), of 5 units. [For use with the next 9 questionsl] it 0 ,g
1. What is the Nyquist frequency of the data set? Iﬂ i Z g
a. 250 Hz c. 1000 Hz Ay= /£ Rt - %
@ 500 Hz d. None of the above % /; z
2. What is the frequency spacing, Af, of this data set after a Fourier transform? L
a. 1/1000 Hz (d)2Hz SR= 1000 ,7/3
b. 1/500 Hz e. None of the above
c. 1Hz
3. What is the iowest frequency that can be captured by this data set?
a. 0.5Hz c.4 Hz

b. 1Hz @None of the above 1 H%

4. What range should 19 out of 20 of the data points be between?

a. X t500,950%5% d. X £ ts99,050%5 ,t g
b. %+ ts00,950 5% e. None of the aboveX’ M- '!%%
a\:} X & 499,950 5x
5. Wh tpercentage of the data fall in the range of 3 to 5 units?
34 % d. 68 % "j:;Z
548 % e. 95 % _ ,
c. 50% E ¥ X Nb\)

6. If the input signal contained a periodic signal at 525 Hz at what frequency would it
appear in the data set?

a. 525 Hz c.25Hz
by 475 Hz d. None of the above
7. How would you define your estimate of the true mean value, x'?
a. x, =X i tsoolp%sx C. x, =X i t500,p%555

' = « o =
b x" =X % tyogposSx @x = X & t499,p9 5%

8. The standard deviation of the means, Sy, for this data set is

S,
CED 2500 < A 0. | Z Ik — 57
. Tos 7200, d. None of the above

9. If this data set was collected from a stationary signal. Would you expect repeating the
data collection using the same parameters to
’%\) increase the precision of your estimate of the mean value, X.
have mean values normally distributed about x".
¢. increase the frequency resolution in the Fourier domain.

_.d.-have-no effect on your estimation of the signal statistics.
) Botha. and B,

i
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Given: An infrared image captured with a digital camera with a 1000 x 1000 pixel sensor.
From this image we are able to determine the surface temperature of the material being
photographed. The lens magnification results in each pixel recording a 1 mm x 1 mm area.

[For use with the next 7 questions!] i > -
. . . (T) X = [m= 1000 mm
10. What is the highest spatial frequency that can be resolved? \
@ %4 cycle/mm d. 2 cycles/m /7 i N = ™
1 cycles/mm e. None of the above ﬁ >< % hin
c. 1cycle/m K= H){)!}/

11. This type of temperature sensor behaves like a first order system 308000 /

a. True False z}ﬁgf{ "i: 50/?% /g://g;%
12. The iowest spatiai frequency thai ¢ n be captured in this image is

a. "2cycle/mm @ cycle/m

b. 1 cycle/mm €. None of the above

c. Y2cycle/m

13. If the temperature resolution of this particular camera setup is @gr_e_e/@_el% what
~ is the zero order uncertainty in the measurement? + 1 |
a. £%°C c.+1°C —7 = ‘%«i«a—m f..:—;,f/f/
| (@ Y4 °C d. None of the above )&
14 The manufacturer lists the linearity error associated with this camera as + 1% of the
- reading in degrees Kelvin. What would the design stage uncertalnty be in determining
a srngle pixel temperature reading at 400 °K?

TTa. uy =+ (U2 +22) (95%) 0

) Ug =/ (u¢ + 42) (95%) ==~ jﬁi%} gg%} “&4 §<
c. uy =+/(ug +42) (95%)
d. uy = (ug+82) (95%)

e. None of the above

15. Is this camera going to give accurate measurements of thermal gradients, AT/Ax
in the range of 2 °C/1 mm at 400 °K? e,

- a: Yes A - B
B> N6 B g g "‘%”%, L\

st
Dy
A

c. Insufficient infor‘matlon

16. The input impedance of this type of temperature sensor is very low, Yol 2 W
a. True st}:alse ~ e
17. Temperature is an effort variable.
s%g“} True b. False
18. The area under a properly normalized probability distribution function is T00., L
a. True b)False
19. The static sensitivity of a thermocouple is constant regardless of the convective heat
transfer coefficient. ’ Lo A g g
a. True w!, B"*ﬂ False (M’Q

20. Bias error is effectively eliminated by a proper static calibration.
@ True b. False
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Figure 1.6 Representative static calibration curve.

21. Using the static calibration data from Figure 1.6 above it can be stated that the static
sensitivity of the instrument is greater at an input value of 1 [units] than at a value of 3
[units]. S

a. True . b. False

22.There are 21 measured values in the calibration data set. How many degrees of
“freedom are there in the 2™ order calibration curve y = Ax + Bx*?

a. 18 \ c. 20
b 19 d. 21 N =2,

23. The calibration of Figure 1.6 could be used for data spanning the range of 0 o 5 input
units.
@ e

a. True Cboralse

24.The uncertainty interval around the computed value )i}m the curve fit is defined as

a. tty poSyx C. *t, p% @ NOVE  pf AROVE
b. *t, pySz d. +r? (where ris the-edrrelation coefficient)

25. Calibration hysteresis error IS@’@&"‘@W random application of the input signal.
a. True # { bjFalse

e (,?( e, Cf%i
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26. A zero order sensor will delay the pufput signal with respect to the input signal.
a. True b/ False

27.The frequency bandwidth in radians/sec of a first order sensor is 1/(time constant), 1/t .

a.i True b. False
28. A Bourdon Tube pressure transduger is modeled as a fifgt order sensor.
a. True False $5¢ cond
29. The standard deviation of a signal is also known as its variance.
a. True (b False o =4t
30. What portion of a data set is within 2 standard deviations of the data set mean value.
a. 50 % @95 %
b. 68 % “e. 99 %
c. 75%
31.The polynomial, y = ag + a1x + a;x* + asx°, fit to a data set with N points has how many
degrees of freedom? 7
a. N-3 f,‘,cmra\l-1 N %[ ) Lféuﬁgéf}gvﬁ‘ N
b. N-2 @None of the above
32. A correlation coefficient of 0.5 for af_Jj ear fit to a data set indicates a good quality fit.
a. True rb./False
33. The ADC architecture normally associated with the highest precision is
a. Flash c. Pipelined
{6 Sigma-delta d. Successive approximation

34. A large thermocouple will reach a steady state value sooner if subjected to a small step
input than a large step input.

a. True False B Ck()@'g {““}(I% (;L/zf;w’g ((jj&i,
35. A null device has z,%input impedance
a. True b, False

36. Which of the following are effort variables
a. temperature, voltage, heat flux, pressure
b. current, pressure, heat flux
c. voltage, pressure, force
@ velocity, force, voltage

37. A 65 Hz sine wave sampled at 100 Hz will result in a sampled data set with what

frequency
a. 15 Hz d. 30 Hz
b. 65 Hz ‘None of the above
c. 45Hz

I
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Magnitude ratio of first-order system
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Figure 1. Magnitude ratio, (outputinput vs. frequency), of a first-order system.
38. The bandwidth of the first-order sy, (sj/ response plotted in Figure 1 is

a. 10Hz 00 Hz
b. 50Hz . None of the above
c. 80Hz

39. If you needed to make a simple single pole RC filter to match the magnitude response
plotted in Figure 1 you would pick RC to equal
@' 1/(27f;) c. 1/t where 7 is the time constant
b. 1/, d. None of the above

40.Can you determine the value of the time constant, t, from a magnitude response
function of a first order system like the one plotted in Figure 1?
@ Yes b. No

41.If the first order system whose magnitude response function is plotted in Figure 1 was
subjected to a 1 [units] magnitude 300 Hz input signal what would the amplitude of the
_ output signal be?
. a. 0.1 units d. Cannot be determined from Figure 1
/Lﬁ b. 20 lo 10) units e. None of the above

@ 10(1 ) units

42. The thermocouple connection pictured in Figure 8.40 would
output a signal proportional to what temperature?

a. Ty c.T1+215+02°C
QD Ti-215+02°C d. None of the above L
nnecting

block

j ”?%wa
Figure 8.40 Thermocouple
circuit for Problem 8.24.
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Pressure Transducer Reponse
to a 2 PSI Step Input
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Figure 2. Second order system response to a step input signa

43. The rise time and settling time of the pressure transducer plotted in Figure 2 is
a. 0.4 and 1.1 seconds respectively.

b. 0.4 and 3.4 seconds respectively.
c. 0.45 and 6+ seconds respectively.

Q None of the above

0.8 and 2.6 seconds respectively.

44. The damped natural frequency, og, of the second order system plotted in Figure 2 is

a. 1.6 Hz d.0.8 Hz
b. 1/0.8 Hz e. None of
the above

©)ssHz YL H¥

45. What is the gain of the amplifier circuit

diagramed to the right?
a. Ri/R;
b. -Ri/Rz
c. RiR2/(R1+ Ry)

46. The area under a delta function goes to zero
as the width of the function appro/aches zero.

a. True
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47. An ideal operational amplifier has the following characteristics
a. zero input and output impedance
b. infinite input and output impedance
c. zero input and infinite output impedance
d. infinite output impedance and infinite bandwidth
@ infinite bandwidth and infinite input impedance

48.\What is the uncertainty of a normal analog car speedometer with a +4% accuracy and
5 MPH gradations at an average speed of 60 MPH?

a. +2.4MPH c) £v2.5+2.42
b. +2.5MPH .+\/252+242
49. If a 10 Hz sine wave is sampled for 3 seconds at 52 Hz would the spectra have Fourier

component spectral leakage into several frequencies?
a. Yes c. Not enoygh information to determine

@y No (g 1o an \v\t’m%z( ISR

50. In designing an instrument system to achieve a given level of precision, it is usually
most economical to choose components

Q each of which contributes about the same amount to the overall precision error.

b. such that most of the precision error is contributed by one of the components.

c. such that the data acquisition system has the lowest precision error.

d. such that the sensor has the lowest precision error.

51. The zero order uncertainty of a 4 % digit voltmeter with a range of O to ZOQ/Vﬁlts“IS* ;
a. +05V ¢. +0.0005 V O~ M%“t Q: o)
b. +0.005V (d)£0.05V L

The accelerometer ina Nmtendo Wii Remote (ADXL330, Analog Devrces) lists tHe~~..

Sensitivity Accuracy +10% Nonlinearity Error +1% Itis connected up to a 12 bit ADC

(ADuC7020) with a range of +3 V. %0 )2V
52.What is the zero order uncertainty, u,, of the Wii Remote in engineering unrts [a]. %
+3/2'%/0.3 g d. +1.5/2'%/0.003 g i+ i« ) L WV 9
p. +5/2'% g e. None of the above 2 gt 3\/

(c.) £10/2"% g
53. What is the Wii Remote accelerometer uncertainty, uc, for a nominal 1 g acceleration?

a. +,/(0.03)2+(0.003)2g d.+/(0.03)2g éﬁ" o
b. +/(30)2+(3)%¢g e. None of the above /&r %;ATE

c.\+/(0.1)% + (0.01)2 g T{ l/& |
54. What is the design stage uncertainty, ug, of the Wii Remote? g
@) /g + c. +yug + 12 % g
b. +up + u? +u d. None of the above ¢

55. A single pole Butterworth low pass filter made with a simple resistor and capacitor will
have what cutoff frequency?

a. RC d. 1/RC
@ 1/(2rRC) e. None of the above
c. 1/V1+RC?

MAE 334 — Final Exam, December 11, 2007 8 of 14




56. What is the magnitude ratio of dy single pole Butterworth RC filter at 20x Hz?

a. 1/,/1+ (10RC)?
b. 1/V1+ RC?

c. 1/ /1+(Ric)2

d. 20n/RC
@ None of the above

57.What is the magnitude ratio of a 3-pole Butterworth filter at the cutoff frequency?
@) -3dB

-9 dB

0.3

2/3

None of the above

58. Which filter has a linear phase shift?
a. Butterworth

b. Chebyshev

c. Elliptic

<dy None of the above

59. What is the fundamental frequency of y = 5sin(20mnt) + 8sin(12nt) + cos (251t)?

i

o0

a. 1Hz d.5Hz
©) 6 Hz e. 8 Hz
’ c. 125Hz
60. Referring to the figure to the right, as the supply
voltage, E;, gets larger the % error introduced by R
the meter, Ry, gets smaller. » 2
a. True b.\FFalse A
61. Referring to the figure to the right, if R, is the 4_:_; E
‘meter resistance and R; is an RTD what is the 1T
.output impedance of the curcujt? rlS| g >
-_a. Rm 2{3% 1 " g ’ ;Rl
b. Ri{Rw/(R1+Rp) €. None of the
above B
c. Ro+ R1Rm/(R1+Rm) -

62. Heat flux should be measure with a_very high input impedance sensor.
a. True @False

63. T’h(e; put impedance of a volt meter should be very large.
-a. ylrue b. False

64. In the circuit to the right, if R1=Rz this is
a. an inverting amplifier
"b.} a non-inverting amplifier
c. avoltage follower
d. a differential amplifier
e. None of the above
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65. The voltage E; in this op amp circuit to the right is
’ a.} Ein
b. Eo
. linRin
d. Zero
e. Eo/Ein

- 66. The gain of this op amp circuit is
a. Rf/Rin
b. Ri/R¢

& (Rin*R9)/Rin

..d:y None of the above

67. The circuit to the right is
a. a2-pole passive high pass filter
b. an active 2-pole high pass filter
@ a 2-pole passive low pass filter
. .a band pass filter
e. a notch filter

68. The circuit to the right is
a. a high pass filter b} a low pass filter
b. an inverting amplifier c. a differentiator

69. In lab 4s, Strain Gage Experiences, a strain gauge
was placed on a cantilevered beam. The input
impedance of the strain gauge should have been
very high.

a. True @alse

70. A strain gage does not require material

deformation to sense force. ™~
- a. True (\E./‘False

71.The output of an accelerometer like the one used in the last lab, can be integrated to
accurately obtain velocity and ultimately position information for very long periods of

time.
a. True @False

72. The best signal to noise ratio that can be achieved with an 8 bit ADC is
a. £/2Q where Q is the resolution c. log(256)
«(0.) 20 log(256) d. None of the above

73.1f a sensor’s performance can be modeled with the equation, y(t) = 4 + 12F(t), where
F(t) is the input to the sensor, itis
(a.) a zero order sensor
b. afirst order sensor
c. asecond order sensor
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74.If you are given the time constant of a thermocouple can you determine the attenuation
of .10 Hertz input temperature signal?

a.}Yes b. No - need more information
75. The area under a probability density function (PDF) from -c to +c is 0.68.
< a)True b. False

76. If you are given only the PDF of a data set then you can determine
“a.> the first and second moments
b. the frequency response of the system
c. the accuracy and precision of your measurement
d. None of the above

77.The ringing of an under damped second order system in response to a step input will
decay exponentially.

FayTrue b. False
78. The ringing frequency of any damped second order systemis w; = w,/1 — (2.
a. True @False
79. The magnitude of the deflection of,a_sensor is proportional to its impedance.
a. True “h. False
80. The magnitude of the deflection of a sensor is proportional to its sensitivity.
‘@) True b. False
81 jPiezoeIectric pressure transducer is a null device.
i oa True @False
1
82 gThe frequency spectra of a square wave has only odd harmonics.
. a)yTrue b. False
83. A sine wave is an even function. ___
a. True ¢bFalse. 4
84. The accuracy of the mean value of a dlscretelywsampled S|gnal is linearly proportional
to the number of data points sampled. i
a. True b.¥alse ol %r%j’
85. Amplitude ambiguity in the Fourier Transform of a signal can be reduced by sampling
‘lon er
True b. False

86.An elllptlc low pass filter has a steep roll off and a Im“eaf phase shift.

a. True QFalse 5 /

87. The units of static sensitivity of the thermocouple used in lab 2 is Volts/°C. = jv’
a. True b False

88. Given two second order systems WIth the same natural frequency the one with a
damping ratio of 0 5 will have a shorter settling time than one with a damping ratio of

0.707. .
a. True R b\““False

89. Quantlzatlon error can be reduced by signal amplification.
x%} True b. False
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Linearized Thermocouple Step Input Response
Error Function, T'(t)

Linear Regression Fit
0.5 1 =-0.20t + .482
0
::r 1 .
a _1 5 N
-2
2.5 Y
"3 T T T T T T T
0 2 4 6 8 10 12 14
Time (sec)

Figure 3. Linearized error function obtained from the dynamic calibration of a thermocouple.

90. The time constant of the thermocouple step input response is plotted in Figure 3 is 0.2
.seconds. o
a. True b False

91. What is the highest frequency air temperature fluctuation that could be accurately
tracked using the thermocouple from lab 2.

£ a.%1 cycle/hour
b. 1 cycle/minute
c. 1Hz

92. Careful calibration of an instrument
a. requires an accurate calibration reference input.
b. should cover the entire range of the data to be collected.
c. can correct for bias error.
€4 all of the above are correct.
e. only A and C are correct.
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Figure 4. PDF plot of a data set with a Gaussian (normal) distribution.

93. The normally distributed data set whose PDF if plotted in Figure 4 has a standard

deviation of approximately
a. 2 c.7
b4 d. 10

94. To estimate the 95% confidence interval for a linear curve fit of 15 data points you
would use the formula

a. CL=4t,,S, d. C.L=t,,,5,
b, C.L=4t,,S, (¢e-None of the above

C. C..=+#1,,S.

95. To estimate the 90% confidence interval of the sample mean value, X, about the true
mean value, x” from a 50 point normally distributed data set you would use the formula

S,
a., C.J.=x15,S, a,ﬁ d: SCI. =%ty 7
b. Cl.=%f,,S, e. None of the above

C. Cl.=tty,S;

96. Given a 50 point normally distributed data set. If a 51°! data point where taken, x;, there
is a 90% probability that its value would lie within what confidence interval of the data
set's mean value, ¥.

S,
a. C.L=xt,,S, d. Cl ==ty —5 VB
é;g;; Cld.=ty, 405, e. None of the above

c. C.J.=r1,S;

97. Careful calibration of an instrument
_a. can minimize the effect of precision error.
a,weqwres constant values of extraneous variables.
') can eliminate the effect of pJa error.
JAll of the above , €. nIy B and C are correct.
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s‘y‘* }98 If a -0.3 volt signal was applied - ”
"/ tothe ADC used in the lab what Aalolalilaloltlalill ol
' would the binary output be if the \% sl ol [alalilale V§ \
quantization step SIzewas1 f’< R R REEEEEE } f
, mllllvolt’?‘,.,@ Y 'y - : -+
O S A PN N Ennn AN AR

You have a2yearold mexpensnve 3 digit digital thermometer with XX.X °C display. If it
is to be used to check normal body temperature (~40 °C) find the anticipated design
stage errors given the following manufacturers specifications.

Range: 15to 55 °C
Linearity: 1 %

Bias Error: £ 0.1 °C
Stability: 0.1% per year

You do not need to perform the math, but must neatly and clearly write out the
applicable equations and then insert the appropriate values into the equations. You will
get 1 point for stating the correct equation and 1 point for correct application of the
specified errors.

99. (2 pts) Flnd the zero- order error.

100. (4 pts) Eind-each of the elemental mstrument errors~ -

Joo= 2% 4u ¢ — !

u
/v LA ) —
=y (. i/Q (2)(4 ) ¢

101. (2 pts) Find the design-stage uncertainty of the thermometer
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