
Practice Final Exam
ME 240: Fundamentals of Instrumentation & Measurement
D. H. Kelley & I. Mohammad • 58 points

Please write the following sentence in the box below in your own handwriting and SIGN:
“I affirm that I have not given or received any unauthorized help on this as-
signment, and that this work will be my own.”

For multiple-choice problems below, please shade the circle or circles next to the correct re-
sponses. For other problems, please write in the boxed area following each problem. Please
do not separate these stapled pages. For maximum partial credit, please make your work
legible and clear. The answers to some problems may depend on prior answers; if you don’t
have the prior answers, you can still earn full credit by using a variable name or making up
a number for the prior answer, as long as you make your thinking clear.
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1. (3 points) Fill in the blanks: A is a random selection of items from a ,
usually made for evaluating its characteristics.

⃝ population, sample

⃝ sample, population

⃝ set, group

⃝ group, set

2. (3 points) The units of probability density are

⃝ the inverse of the units of the quantity whose probability is being considered.

⃝ the same as the units of the quantity whose probability is being considered.

⃝ count.

⃝ always dimensionless.

3. (3 points) According to the central limit theorem, any continuous, random variable
whose value depends on many independent factors has a probability density function
given by a

⃝ Poisson distribution.

⃝ binomial distribution.

⃝ chi-squared distribution.

⃝ normal distribution.

4. (3 points) A linear variable differential transformer is typically used for measuring

⃝ current.

⃝ magnetic field.

⃝ displacement.

⃝ stress.

5. (3 points) Manufacturers typically specify a strain gage’s gain factor, which relates

⃝ strain to fractional change of thermoelectric voltage.

⃝ strain to fractional change of resistance.

⃝ strain to fractional change of magnetic field.

⃝ strain to fractional change of acoustic impedance.

6. (6 points) Sheets of glass used for manufacturing televisions or displays must be free of
bubbles or other defects because each defect prevents diodes from properly bonding to
the glass and therefore causes a faulty pixel, requiring the entire display to be discarded.
In a particular manufacturing process, defects occur at random, at a rate of 1 per 1000 m2

of glass sheet. What is the probability of having two or more defects in a glass sheet
intended for a 98-inch display that has area 2.65 m2?
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7. With nine tests, the standard deviation of the tensile strength of a steel alloy is found
to be 5750 psi.

(a) (3 points) Determine the standard error of the mean.

(b) (5 points) Determine the 99% uncertainty interval of the standard deviation (stat-
ing both its lower and upper bounds).

8. A dynamometer is used to determine the power transmitted to the wheels of an electric
car by simultaneously measuring the torque T and angular rotation rate ω of the wheels.
The power P is determined according to P = Tω. With the car’s settings held constant,
the following measurements are made:

T (N·m) 407 388 408 414
ω (rad/s) 4757 4735 4777 4716

(a) (2 points) Calculate the mean torque T and standard deviation of the torque, ST .

(b) (2 points) Determine the random uncertainty of the torque, with 95% confidence.

(c) (2 points) Calculate the mean rotation rate ω and standard deviation of the rota-
tion rate Sω.

(d) (2 points) Determine the random uncertainty of the rotation rate, with 95% confi-
dence.

(e) (2 points) Calculate the mean power P and standard deviation of the power SP .

(f) (2 points) Determine the random uncertainty of the power, with 95% confidence.

(g) (6 points) According to its manufacturer, the dynamometer measures both torque
and rotation rate with accuracy 1% of the reading, with 95% confidence. Determine
the systematic uncertainty in the power measurement.

(h) (2 points) Determine the total uncertainty in the power measurement at 95% con-
fidence.

(i) (4 points) To reduce the total uncertainty, what would you do first?

(j) (5 points) Which, if any, of the measurements of torque and rotation rate are out-
liers, according to Thompson’s τ test?


