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Chapter 2

Experiments Solutions
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Homework Problem 2.9

Statement: Consider an experiment where a researcher is attempting to measure the
thermal conductivity of a copper bar. The researcher applies a heat input ¢” to
a copper bar and uses four thermocouples to measure the local bar temperature
T'(x). The thermal conductivity, k;,, can be calculated from the equation

Variables associated with the experiment are the (a) thermal conductivity of the
bar, (b) heater input, (c) temperature of points 1, 2, 3, and 4 from the thermo-
couples, (d) pressure and temperature of the surrounding air, (e) smoothness of
copper bar at the interfaces with the heaters, and (f) position of the thermocou-
ples. Determine whether each variable is dependent, independent, or extraneous.
Then determine whether each variable is a parameter or a measurand.

Solution:

Analysis:
(a) Dependent, Parameter
(b) Independent, Parameter
(c¢) Dependent, Measureand
(d) Extraneous, Parameter
(e) Extraneous, Parameter
(f) Independent, Parameter

Comments:

Often, a specific variable can fall into more than one category.
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Homework Problem 5.6

Statement: A voltage-sensitive Wheatstone bridge (refer to Figure 5.4) is used in
conjunction with a hot-wire sensor to measure the temperature within a jet of
hot gas. The resistance of the sensor (in Q) is Ry = R,[1 + ar(T — T,)], where
R, = 50 Q is the resistance at T, = 0 °C and ar = 0.00395/°C. For E; = 10
V and R3; = R, = 500 €, determine (a) the value of Ry (in Q) required to
balance the bridge at T" = 0 °C. Using this as a fixed Ry resistance, further
determine (b) the value of R; (in Q) at 7' = 50 °C, and (c) the value of E,
(in V) at T = 50 °C. Next, a voltmeter having an input impedance of 1000 2
is connected across the bridge to measure FE,. Determine (d) the percentage
loading error in the measured bridge output voltage. Finally, (e) state what
other electrical component, and in what specific configuration, could be added
between the bridge and the voltmeter to reduce the loading error to a negligible

value.
Solution:
Eo
+
Figure 5.4: The Wheatstone bridge configuration.
Analysis:

(a) When a bridge is balanced R; Ry = Ry R3.
Since R3 = Ry, then Ry = Rs.
Now, at T'= 0°C' (when the bridge is balanced),
Ry = R,[14+ar(0—-0)] =R, =50 Q.
So, Ry = Ry = R, = 50 Q.

(b) From the equation in the problem statement, R; = 50[1+0.00395(50—0)] =
59.88 Q.

_ R _Rs
(C) Eo - El <R1+R2 R3+R4)T:50 OC.
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Homework Problem 6.3

Statement: A first-order system with a time constant equal to 10 ms is subjected
to sinusoidal forcing with an input amplitude equal to 8.00 V. When the input
forcing frequency equals 100 rad/s, the output amplitude is 5.66 V; when the
input forcing frequency equals 1 000 rad/s, the output amplitude is 0.80 V.
Determine (a) the magnitude ratio for the 100 rad/s forcing case, (b) the roll-off
slope (in units of dB/decade) for the wr = 1 to wr = 10 decade, and (c) the
phase lag (in degrees) for the 100 rad/s forcing case.

Solution:
Known:
Input amplitude = 8.00 V = A;
At w =100 rad/s, Ag = 5.66 V= wr =1
At w =1 000 rad/s, Ag = 0.80 V = wr = 10
7 =10 ms
Analysis:
(a) M(w =100 rad/s) = 1/y/(wr)2+ 1 = 1/v/2 = 0.707
(b) M(w = 1000 rad/s) = 1/3/102+ 1 = 1/4/101 = 0.10
3B — 2010g,0(0.10) — 20log,(0.707)
= —20—(—3)
= —17 dB/decade
(c) ¢ = —tan"!(wT) = —tan~1(1)

= —45°
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Homework Problem 7.12

Statement: Pete thinks that he is too dense (physically, that is). To address his
concern, he wants an unbiased engineering student to determine (a) his mass
on the moon (in kg), (b) the density of his body (in kg/m?), and (c) its overall
uncertainty at 95 % confidence. For simplicity, assume that Pete is a cylinder,
having an 8 in. diameter (£2 %) and a 2 m height (£1 %). Further, his SI-
challenged uncle estimates that Pete would weigh 32.3 lbf (£0.2 1bf) on the
moon, where g (£0.01 %) is one-sixth that of earth.

Solution:

(a) Determine m: Won moon — Mon moon = Mon earth

Jmoon

ge ge
_ __Wge
= M = 5373 fgt/s2
322 ff /g2
On moon: W =m-5%——
Ge
5.37 ft/s?
= m——-——-
Ge
— Wgc
= M= 5371/
In the Technical English system, g. = 1 ﬁi‘fig
. . . _ Ibm ft
In the English Engineering system, g. = 32.2 375

Using Technical English:
(32.2 1bf) (1 Suedt)

_ 1bf-s?
MTE = T 3T £t s
kg
= 6 slug = (6 slug)(14.6 —) = 87.6 kg
slug

Using English Engineering;:
(32.2 Ibf)(32.2 tbmdt)

1bf-s?

5.37 ft/s?
= 193.2 Ibm = 6 slug

Mmgp =
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Review Problem 13.5

Statement: A test engineer performs a first-run experiment to measure the time
required for a prototype car to travel a fourth of a mile beginning from rest.
When the car begins motion, a green light flashes in the engineer’s field of vision,
signaling him to start the time count with a hand-held stopwatch. Similarly,
a red light flashes when the car reaches the finish line. The resulting times
from four trials are 13.42 s, 13.05 s, 12.96 s, and 12.92 s. Outside of the test
environment, another engineer measures the first test engineer’s reaction time
to the light signals. The results of the test show that the test engineer over-
anticipates the green light and displays slowed reaction to the red light. Both
reaction times were measured to be 0.13 s. Compute the average travel time in
seconds, correcting for the systematic error in the experimental procedure.

Solution: 12.83 s

Feedback: The experimentalist’s reaction time creates a systematic error in the ex-
periment because it affects the accuracy of the measurements. To correct for
this, subtract the reaction time from each of the four measurements and then
compute the average.
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Homework Problem 14.1

Statement: Prove that a least-squares linear regression analysis fit always goes

through the point (Z,7).

Solution:
Known:
Y = a9 + a1
Analysis:

We need to show that §y = ag + a1 @

The proof follows directly from the first of the two “normal” equations.

g_i?) =0= %Eizil[yl — (ap + a12;)?]

= =28 [y1 — ap — a12]
= Zf\ilyi = Nag + alzﬁilxi
1 1
= Nzij\iwi = ap+ alNZiJ\lei

ory=ag+amx QE.D.
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