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1. Check that your exam includes all 5 pages.

2. Complete the information requested in the spaces above.

3. PRINT your name and student number in the spaces at the top of all remaining pages of this exam.

4. Read all problem statements carefully. Points will be deducted for failure to follow instructions.

5. The back side of this cover page contains a data sheet.

6. Show ALL of your work on these pages. The pages in this exam will be separated for grading; therefore, if
you need extra space for a particular problem, write on the back of the page for that problem. The instructions

for a specific question may limit the amount of space allowed for an answer.

7. You are permitted one sheet (82 x 11), double-sided of handwritten notes. Use of any other notes, books, or

other resources is prohibited.

8. Calculators are permitted; however, you are not allowed to use the calculator memory to store notes, etc.

9. This exam lasts for 45 minutes. Point values are listed for each problem to assist you in best using your time.
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(14 points possible)
(16 points possible)
(12 points possible)

( 8 points possible)

(50 points possible)
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Problem 1. (14 points)

For each of the following questions, circle the letter in the right-hand column that corresponds to the best answer.

A. Using the Tail-End Z-function, Z(x), the fraction of the normal distribution a b ¢ d
between —1.5 ¢ and +3.0 o is given by which of the following computations?
(a) Z(3.0)—Z(1.5) (c) Z(1.5)-Z(3.0)
(b) Z(3.0) + Z(-1.5) (d) Z(-1.5)-7Z(3.0)

B. The percentage of the normal distribution within +1.2 standard deviations of the a b ¢ d
mean is most closely equal to which of the following values?
(a) 11.5% (c) 77.0%
(b) 23.0% (d) 89.5%

C. The design specification for a part characteristic is 600 + 40. The manufacturing a b ¢ d

process has an actual mean of 615 and a standard deviation of 10. The fraction
of parts that are defective (out of spec) is given by which of the following computations?

(a) Z(2.5)+ Z(5.5) (c) Z(4.0) + Z(4.0)
(b) 1-2(2.5)-7Z(5.5) (d) (1-22.5)+ 1 -2(5.5))
D. The reliability of a system can be increased by adding a redundant element in parallel, a b ¢ d
provided only one functioning element is required for the system to function correctly
and the reliability of the added element is the reliability of the original element.
(a) less than (c) greater than
(b) equal to (d) all of the above
E. To improve reliability, a single resistor (of value R) is replaced by the “quadded a b ¢ d

component” shown (each resistor has the value R). Assuming resistors may fail as
either an open-circuit or as a short-circuit, what is the minimum number of resistors
that must fail before the quadded component stops functioning as a resistor?

@ 1 © 3
—m ®) 2 @ 4

F.  Which of the following is not a possible equivalent resistance for the quadded a b ¢ d
component from question E, after it “partially fails” but still functions as a resistor?
(a) R/2 (c) 3R/2
(b) 2R/3 (d) 2R

G. Which of the following steps is not required to become a registered (licensed) a b ¢ d

professional engineer?

(a) complete a master’s degree (c) pass the Fundamentals of Engineering exam
(b) work as an engineer (d) pass the Principles and Practices exam
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Problem 2. (16 points)

Just as manufacturers may use “binning” to select components close to a desired value, “speed grading” may be used
to identify microprocessors that will work correctly at faster speeds, so that they can be sold for a higher price.
Assume a manufacturer wishes to sell a particular microprocessor, with two possible speeds: 100 MHz and 150
MHz. Each chip is first tested at 150 MHz; those that fail are then tested again at 100 MHz. Chips that fail the
second test are discarded, while the others are labeled based on the speed at which they passed the test.

While the manufacturing process is intended to produce devices that work at a particular clock speed, assume that
the highest speed at which a specific chip will function is normally distributed. A and B, below, describe the
distribution of maximum clock speeds for two possible manufacturing processes.

A. Actual mean: 120 MHz Standard Deviation: 10 MHz

B. Actual mean: 145 MHz Standard Deviation: 15 MHz
Using the axis provided below, sketch both distributions (label the curves “A” and “B”). For each option, compute

the following values: percent sold as 150 MHz, percent sold as 100 MHz, and percent discarded. Write your
answers in the boxes at the right margin. Show your work; if you need more space, use the back of this page.

Process A:

150 MHz

100 MHz

Discarded

Process B:

150 MHz
1 1 1 1 1 1 1
80 100 120 140 160 180 200 100 MHz
clock speed (MHz)
Discarded
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Problem 3. (12 points)

Answer each of the following questions by circling either TRUE or FALSE in the left-hand column.

TRUE FALSE The primary purpose of accelerated stress testing is to reduce the failure rate during the
“useful lifetime” of a product.

TRUE FALSE Under normal economic circumstances, the present value of a future transaction decreases
as the time interval increases.

TRUE FALSE The “utilitarian” model of morality emphasizes maximizing the benefit of a decision; i.e.,
“the most good for the most people”.

TRUE FALSE One of the major advantages of experiment-based design methods is that they produce
globally-optimal solutions.

TRUE FALSE Engineering licensure was instituted by states to protect the life, health, and property of
the general public.

TRUE FALSE The use of sampling techniques to characterize a product or process is more accurate for
parameters that have a small standard deviation.

TRUE FALSE Most engineering disasters have a single, identifiable cause and could have been avoided
by better design.
TRUE FALSE Given a geometric gradient series of payments over n years, there is always a uniform

series of payments over n years that has the same present value.

TRUE FALSE One of the major causes of failures during the “infant mortality” period is latent defects
that were not detected during the manufacturing process.

TRUE FALSE The “rights-based” model of morality is based on your right to act in your own best
interest.
TRUE FALSE One of the major advantages of experiment-based design methods is that they can

produce designs that are tolerant of normal manufacturing variation.

TRUE FALSE Given the tail-end Z-function, Z(x), the cumulative distribution function can be computed
as follows: CDF(x) = Z(—x).
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Problem 4. (8 points)

Science and engineering often attempt to “maximize opportunity;” i.e., if something can be done, then it should be
done — or at least tried. By contrast, the general public often seeks to “minimize risk.” These attitudes lead to
conflicts over projects as diverse as nuclear power, genetically-altered foods, and experimental medical treatments.
Clearly, a balance must be struck between these two extremes in order for society to function smoothly.

Briefly discuss the issues that you feel are most relevant to this dilemma. What are (or should be) the responsibilities
of scientists and engineers in such situations? How should conflicts be resolved? You may find it helpful to
consider the various ethical models, the nature of professionalism, engineering codes of ethics, or examples of
similar types of conflicts in other fields.

Legibly write your answer on the lines below. Your answer is limited to this space only. DO NOT
write (or continue) your answer on the back of this page or anywhere else on this exam. Think
carefully before beginning to write. It is far better to write a concise response that clearly
demonstrates understanding and thoughtful analysis, rather than a long rambling essay.
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Engineering Economics Formulas
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Manufacturing-Related Formulas
Cp = (USL-LSL)/60¢ Cpk = Cp (1 —k), k=|Actual Mean — Target Mean|/ (USL — LSL) / 2)
Tail-End Z-Table
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.00 .500000 1496011 1492022 488033 484047 480061 476078 472097 468119 464144
0.10 460172 456205 452242 1448283 1444330 440382 436441 432505 428576 424655
0.20 420740 416834 1412936 1409046 405165 1401294 397432 .393580 .389739 .385908
0.30 .382089 378281 374484 .370700 .366928 363169 359424 355691 351973 .348268
0.40 .344578 .340903 .337243 .333598 .329969 .326355 .322758 .319178 .315614 .312067
0.50 .308538 .305026 301532 .298056 .294598 .291160 .287740 .284339 .280957 .277595
0.60 274253 .270931 267629 264347 .261086 .257846 254627 251429 .248252 .245097
0.70 241964 .238852 .235762 .232695 .229650 .226627 .223627 .220650 .217695 214764
0.80 211855 .208970 .206108 .203269 .200454 197662 .194894 1192150 .189430 .186733
0.90 .184060 .181411 .178786 .176186 .173609 .171056 .168528 .166023 .163543 .161087
1.00 .158655 .156248 .153864 .151505 149170 146859 144572 1142310 .140071 137857
1.10 .135666 .133500 .131357 1129238 127143 .125072 .123024 .121001 .119000 1117023
1.20 .115070 113140 111233 .109349 107488 .105650 .103835 .102042 .100273 .098525
1.30 .096801 .095098 .093418 .091759 .090123 .088508 .086915 .085344 .083793 .082264
1.40 .080757 .079270 .077804 .076359 .074934 .073529 .072145 .070781 .069437 .068112
1.50 .066807 .065522 .064256 .063008 .061780 .060571 .059380 .058208 .057053 .055917
1.60 .054799 .053699 .052616 .051551 .050503 .049471 .048457 .047460 .046479 .045514
1.70 .044565 .043633 .042716 .041815 .040929 .040059 .039204 .038364 .037538 .036727
1.80 .035930 .035148 .034379 .033625 .032884 .032157 .031443 .030742 .030054 .029379
1.90 .028716 .028067 .027429 .026803 .026190 .025588 .024998 .024419 .023852 .023295
2.00 .022750 .022216 .021692 .021178 .020675 .020182 .019699 .019226 .018763 .018309
2.10 .017864 .017429 .017003 .016586 .016177 .015778 .015386 .015003 .014629 .014262
2.20 .013903 .013553 .013209 .012874 .012545 .012224 .011911 .011604 .011304 .011011
2.30 .010724 .010444 .010170 .009903 .009642 .009387 .009137 .008894 .008656 .008424
2.40 .008198 .007976 .007760 .007549 .007344 .007143 .006947 .006756 .006569 .006387
2.50 .006210 .006037 .005868 .005703 .005543 .005386 .005234 .005085 .004940 .004799
2.60 .004661 .004527 .004397 .004269 .004145 .004025 .003907 .003793 .003681 .003573
2.70 .003467 .003364 .003264 .003167 .003072 .002980 .002890 .002803 .002718 .002635
2.80 .002555 .002477 .002401 .002327 .002256 .002186 .002118 .002052 .001988 .001926
2.90 .001866 .001807 .001750 .001695 .001641 .001589 .001538 .001489 .001441 .001395
3.00 .001350 .001306 .001264 .001223 .001183 .001144 .001107 .001070 .001035 .001001




