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Preface

The purpose of this book is to prepare you for the
National Council of Examiners for Engineering and Sur-
veying (NCEES) fundamentals of engineering (FE) exam.

In 2014, the NCEES adopted revised specifications for
the exam. The council also transitioned from a paper-
based version of the exam to a computer-based testing
(CBT) version. The FE exam now requires you to sit in
front of a monitor, respond to questions served up by
the CBT system, access an electronic reference docu-
ment, and perform your scratch calculations on a reu-
sable notepad. You may also use an on-screen calculator
with which you will likely be unfamiliar. The experience
of taking the FE exam will probably be unlike anything
you have ever, or will ever again, experience in your
career. Similarly, preparing for the exam will be unlike
preparing for any other exam.

The CBT FE exam presented three new challenges to
me when I began preparing instructional material for it.
(1) The subjects in the testable body of knowledge are
oddly limited and do not represent a complete cross
section of the traditional engineering fundamentals sub-
jects. (2) The NCEES FE Reference Handbook (NCEES
Handbook) is poorly organized, awkwardly formatted,
inconsistent in presentation, and idiomatic in conven-
tion. (3) Traditional studying, doing homework while
working towards a degree, and working at your own
desk as a career engineer are poor preparations for the
CBT exam experience.

No existing exam review book overcomes all of these
challenges. But, I wanted you to have something that
does. So, in order to prepare you for the CBT FE exam,
this book was designed and written from the ground up.
In many ways, this book is as unconventional as the exam.

This book covers all of the knowledge areas listed in the
NCEES Mechanical FE exam specifications. And, with
the exceptions listed in “How to Use This Book,” for
better or worse, this book duplicates the terms and
variables of the NCEES Handbook equations.

NCEES has selected, what it believes to be, all of the
engineering fundamentals important to an early-career,
minimally-qualified engineer, and has distilled them into
its single reference, the NCEES Handbook. Personally, I
cannot accept the premise that engineers learn and use
so little engineering while getting their degrees and dur-
ing their first few career years. However, regardless of
whether you accept the NCEES subset of engineering
fundamentals, one thing is certain: In serving as your
sole source of formulas, theory, methods, and data

during the exam, the NCEES Handbook severely limits
the types of questions that can be included in the FE
exam.

The obsolete paper-based exam required very little
knowledge outside of what was presented in the previous
editions of the NCEES Handbook. That NCEES Hand-
book supported a plug-and-chug examinee performance
within a constrained body of knowledge. Based on the
current FE exam specifications and the NCEES Hand-
book, the CBT FE exam is even more limited than the
old paper-based exam. The number (breadth) of knowl-
edge areas, the coverage (depth) of knowledge areas, the
number of questions, and the duration of the exam are
all significantly reduced. If you are only concerned about
passing and/or “getting it over with” before graduation,
these reductions are all in your favor. Your only deter-
rents will be the cost of the exam and the inconvenience
of finding a time and place to take it.

Accepting that “it is what it is,” I designed this book to
guide you through the exam’s body of knowledge.

I have several admissions to make: (1) This book con-
tains nothing magical or illicit. (2) This book, by itself,
is only one part of a complete preparation. (3) This book
stops well short of being perfect. What do I mean by
those admissions?

First, this book does not contain anything magical. It’s
called a “practice problems” book, and though it will
save you time in assembling hundreds of practice prob-
lems for your review, it won’t learn the material for you.
Merely owning it is not enough. You will have to put in
the “practice” time to use it.

Similarly, there is nothing clandestine or unethical
about this book. It does not contain any actual exam
questions. It was written in a vacuum, based entirely on
the NCEES Mechanical FE exam specifications. This
book is not based on feedback from actual examinees.

Truthfully, I expect that many exam questions will be
similar to the questions I have used because NCEES and
I developed content with the same set of constraints. (If
anything, NCEES is even more constrained when it
comes to fringe, outlier, eccentric, original topics.) There
is a finite number of ways that questions about Ohm'’s
law (V=1IR) and Newton’s second law of motion
(F=ma) can be structured. Any similarity between
questions in this book and questions in the exam is
easily attributed to the limited number of engineering
formulas and concepts, the shallowness of coverage, and
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the need to keep the entire solution process (reading,
researching, calculating, and responding) to less than
three minutes for each question.

Let me give an example to put some flesh on the bones.
As any competent engineer can attest, in order to calcu-
late the pressure drop in a pipe network, you would
normally have to (1) determine fluid density and viscos-
ity based on the temperature, (2) convert the mass flow
rate to a volumetric flow rate, (3) determine the pipe
diameter from the pipe size designation (e.g., pipe sched-
ule), (4) calculate the internal pipe area, (5) calculate the
flow velocity, (6) determine the specific roughness from
the conduit material, (7) calculate the relative roughness,
(8) calculate the Reynolds number, (9) calculate or
determine the friction factor graphically, (10) determine
the equivalent length of fittings and other minor losses,
(11) calculate the head loss, and finally, (12) convert the
head loss to pressure drop. Length, flow quantity, and
fluid property conversions typically add even more com-
plexity. (SSU viscosity? Diameter in inches? Flow rate in
SCFM?) As reasonable and conventional as that solution
process is, a question of such complexity is beyond the
upper time limit for an FE question.

To make it possible to be solved in the time allowed, any
exam question you see is likely to be more limited. In
fact, most or all of the information you need to answer a
question will be given to you in its question statement. If
only the real world were so kind!

Second, by itself, this book is inadequate. It was never
intended to define the entirety of your preparation
activity. While it introduces problems covering essen-
tially all of the exam knowledge areas and content in the
NCEES Handbook, an introduction is only an introduc-
tion. To be a thorough review, this book needs
augmentation.

By design, this book has four significant inadequacies.

1. This book is “only” 231 pages long, so it cannot
contain enough of everything for everyone. The num-
ber of practice problems that can fit in it are limited.
The number of questions needed by you, personally,
to come up to speed in a particular subject may be
inadequate. For example, how many questions will
you have to review in order to feel comfortable about
divergence, curl, differential equations, and linear
algebra? (Answer: Probably more than are in all of
the books you will ever own!) So, additional exposure
is inevitable if you want to be adequately prepared in
every subject.

2. This book does not contain the NCEES Handbook.
This book is limited in helping you become familiar
with the idiosyncratic sequencing, formatting, vari-
ables, omissions, and presentation of topics in the
NCEES Handbook. The only way to remedy this is
to obtain your own copy of the NCEES Handbook
(available in printed format from PPI and as a free
download from the NCEES website) and use it in
conjunction with your review.

3. This book is not a practice examination (mock exam,
sample exam, etc.). With the advent of the CBT
format, any sample exam in printed format is little
more than another collection of practice questions.
The actual FE exam is taken sitting in front of a
computer using an online reference book, so the only
way to practice is to sit in front of a computer while
you answer questions. Using an online reference is
very different from the work environment experi-
enced by most engineers, and it will take some get-
ting used to.

4. This book does not contain explanatory background
information, including figures and tables of data.
Though all problems have associated step-by-step
solutions, these solutions will not teach you the
underlying engineering principles you need to solve
the problems. Trying to extrapolate engineering prin-
ciples from the solutions is like reading the ending of
a book and then trying to guess at the “whos, whats,
wheres, whens, and hows.” In other words, reviewing
solutions is only going to get you so far if you don’t
understand a topic. To truly understand how to solve
practice problems in topics you’re unfamiliar with,
you’ll need an actual review manual like the one PPI
publishes, the FE Mechanical Review Manual. In it,
you'll find all the “whos and whats” you were pre-
viously missing and these problems’ “endings” will
make much more sense.

Third, and finally, I reluctantly admit that I have
never figured out how to write or publish a completely
flawless first (or, even subsequent) edition. The PPI
staff comes pretty close to perfection in the areas of
design, editing, typography, and illustrating. Subject
matter experts help immensely with calculation check-
ing. And, beta testing before you see a book helps
smooth out wrinkles. However, I still manage to muck
up the content. So, I hope you will “let me have it”
when you find my mistakes. PPI has established an
easy way for you to report an error, as well as to review
changes that resulted from errors that others have
submitted. Just go to ppi2pass.com/errata. When
you submit something, I'll receive it via email. When 1
answer it, you'll receive a response. We’ll both benefit.

Best wishes in your examination experience. Stay in
touch!

Michael R. Lindeburg, PE
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To my granddaughter, Sydney, who had to share her
Grumpus with his writing, I say, “T only worked when
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How to Use This Book

This book is written for one purpose, and one purpose
only: to get you ready for the FE exam. Because it is a
practice problems book, there are a few, but not many,
ways to use it. Here’s how this book was designed to be
used.

GET THE NCEES FE REFERENCE
HANDBOOK

Get a copy of the NCEES FE Reference Handbook
(NCEES Handbook). Use it as you solve the problems
in this book. The NCEES Handbook is the only reference
you can use during the exam, so you will want to know
the sequence of the sections, what data are included,
and the approximate locations of important figures and
tables in the NCEES Handbook. You should also know
the terminology (words and phrases) used in the
NCEES Handbook to describe equations or subjects,
because those are the terms you will have to look up
during the exam.

The NCEES Handbook is available both in printed and
PDF format. The index of the print version may help
you locate an equation or other information you are
looking for, but few terms are indexed thoroughly. The
PDF version includes search functionality that is similar
to what you’ll have available when taking the computer-
based exam. In order to find something using the PDF
search function, your search term will have to match the
content exactly (including punctuation).

There are a few important differences between the ways
the NCEES Handbook and this book present content.
These differences are intentional for the purpose of
maintaining clarity and following PPI's publication
policies.

e pressure: The NCEES Handbook primarily uses P for
pressure, an atypical engineering convention. This
book always uses p so as to differentiate it from P,
which is reserved for power, momentum, and axial
loading in related chapters.

®  velocity: The NCEES Handbook uses v and occasion-
ally Greek nu, v, for velocity. This book always uses
v to differentiate it from Greek upsilon, v, which
represents specific volume in some topics (e.g., ther-
modynamics), and Greek nu, v, which represents
absolute viscosity and Poisson’s ratio.

® specific volume: The NCEES Handbook uses v for
specific volume. This book always uses Greek upsi-
lon, v, a convention that most engineers will be
familiar with.

e ynits: The NCEES Handbook and the FE exam gen-
erally do not emphasize the difference between pounds-
mass and pounds-force. “Pounds” (“Ib") can mean
either force or mass. This book always distinguishes
between pounds-force (Ibf) and pounds-mass (Ilbm).

WORK THROUGH EVERY PROBLEM

NCEES has greatly reduced the number of bubjCCtb
about which you are expected to be knowledgeable and
has made nothing optional. Skipping your weakest sub-
jects is no longer a viable preparation strategy. You
should study all examination knowledge areas, not just
your specialty areas. That means you solve every prob-
lem in this book and skip nothing. Do not limit the
number of problems you solve in hopes of finding enough
problems in your areas of expertise to pass the exan.

The FE exam primarily uses SI units. Therefore, the
need to work problems in both the customary U.S. and
SI systems is greatly diminished. You will need to learn
the SI system if you are not already familiar with it.

BE THOROUGH

Being thorough means really domg the work Some
people think they can read a problem statement, think
about it for ten seconds, read the solution, and then say,
“Yes, that’s what I was thinking of, and that’s what I
would have done.” Sadly, these people find out too late
that the human brain doesn’t learn very efficiently that
way. Under pressure, they find they know and remem-
ber very little. For real learning, you’ll have to spend
some time with a stubby pencil.

There are so many places where you can get messed up
solving a problem. Maybe it’s in the use of your calcu-
lator, like pushing log instead of ln, or forgetting to set
the angle to radians instead of degrees, and so on.
Maybe it’s rusty math. What is In(e”) anyway? How
do you factor a polynomial? Maybe it’s in finding the
data needed or the proper unit conversion. Maybe
you're not familiar with the SI system of units. These
things take time. And you have to make the mistakes
once so that you don’t make them again.
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If you do decide to get your hands dirty and actually
work these problems, you’ll have to decide how much
reliance you place on this book. It’s tempting to turn to
a solution when you get slowed down by details or
stumped by the subject material. It’s tempting to want
to maximize the number of problems you solve by
spending as little time as possible solving them. How-
ever, you need to struggle a little bit more than that to
really learn the material.

Studying a new subject is analogous to using a machete
to cut a path through a dense jungle. By doing the work,
you develop pathways that weren’t there before. It’s a
lot different than just looking at the route on a map.
You actually get nowhere by looking at a map. But cut
the path once, and you’re in business until the jungle
overgrowth closes in again. So do the problems—all of
them. And, don’t look at the solutions until you’ve
sweated a little.




Analytic Geometry and
Trigonometry

1. To find the width of a river, a surveyor sets up a
transit at point C on one river bank and sights directly
across to point B on the other bank. The surveyor then
walks along the bank for a distance of 275 m to point A.
The angle CAB is 57° 28'.

B

275 m

What is the approximate width of the river?
(A) 150 m
(B) 230 m
(C) 330m
(D) 430 m

2. In the following illustration, angles 2 and 5 are 90°,
AD=15,DC=20, and AC=25.
D

4o

1 2|5 6

A
B

C

What are the lengths BC and BD, respectively?
(A) 12 and 16
(B) 13 and 17
(C) 16 and 12
(D) 18 and 13

3. What is the length of the line segment with slope 4/3
that extends from the point (6,4) to the y-axis?

(A) 10
(B) 25
(C) 50
(D) 75

4. Which of the following expressions is equivalent to
sin 267

(A) 2sinfcosd
(B) cos®8 —sin’@
(C) sinfcosé

1 — cos 20
(D) 1020

8. Which of the following equations describes a circle
with center at (2,3) and passing through the point
(—3,—-4)7?

(A) (z+3)°+(y+4)°=85
(B) (z+3)*+(y+2°=V74
(C) (z—3)%+ (y—2)°=T74
(D) (z—2)°+(y—-3)*=74

6. The equation for a circle is 72 +4z+ 3>+ 8y=0.
What are the coordinates of the circle’s center?

(A) (_4’ _8)
(B) (—4,-2)
(C) (=2,-4)
(D) (2) _4)

7. Which of the following statements is FALSE for all
noncircular ellipses?

(A) The eccentricity, e, is less than one.
(B) The ellipse has two foci.

(C) The sum of the two distances from the two foci
to any point on the ellipse is 2a (i.e., twice the
semimajor distance).

(D) The coefficients A and C preceding the 2® and y°
terms in the general form of the equation are
equal.
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1-2 FE MECHANICAL PRACTICE PROBLEMS

8. What is the area of the shaded portion of the circle
shown?

(a) 21

®) (33)(6m-3)

50n
3

(D) 49n - V3

(€

9. A pipe with a 20 cm inner diameter is filled to a
depth equal to one-third of its diameter. What is the
approximate area in flow?

(A) 33 cm®
(B) 60 cm?®
(C) 92 cm®
(D) 100 cm®

10. The equation y= a; + e,z is an algebraic expression
for which of the following?

(A) a cosine expansion series
(B) projectile motion

(C) a circle in polar form
(D) a straight line

11. For the right triangle shown, z=18 cm and
y =13 cm.

ly=13cm

D
x=18cm

Most nearly, what is csc8?
(A) 0.98
(B) 1.2
(©) 1.7
(D) 15

12. A circular sector has a radius of 8 cm and an arc
length of 13 cm. Most nearly, what is its area?

(A) 48 cm®
(B) 50 cm®
(C) 52 cm®
(D) 60 cm?®

13. The equation —3z? — 43® = 1 defines
(A) a circle
(B) an ellipse
(C) a hyperbola
(D) a parabola

14. What is the approximate surface area (including
both side and base) of a 4 m high right circular cone
with a base 3 m in diameter?

(A) 24 m®
(B) 27 m*
(C) 32 m®
(D) 36 m®

15. A particle moves in the oy plane. After ¢ s, the &
and ycoordinates of the particle’s location are
z = 8sint and y = 6 cos t. Which of the following equa-
tions describes the path of the particle?

(A) 364 + 641 =2304
(B) 364% 6437 = 2304
(C) 647% + 363° = 2304
(D) 642% — 369 = 2304
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ANALYTIC GEOMETRY AND TRIGONOMETRY ]1-3

SOLUTIONS

1. Use the formula for the tangent of an angle in a right
triangle.

tanf = BC/AC
BC = AC tanf = (275 m)tan 57° 28’

=431.1m (430 m)
The answer is (D).

2. For right triangle ABD,
(BD)? + (AB)? = (15)*
(BD)’ = (15)° - (AB)’
For right triangle DBC,
(BD)? + (25 — AB)? = (20)°
(BD)? = (20)2 — (25 — AB)?
Equate the two expressions for (BD)?.
(15)% — (AB)? = (20)* — (25)? + 50(AB) — (AB)?

_(15)* - (20)? + (25)*
AB= = =

BC=25-AB=25-9=16
(BD)? = (15)* - (9)°
BD =12

9

Alternatively, this problem can be solved using the law
of cosines.

The answer is (C).

3. The equation of the line is of the form
y=mzr+b

The slope is m=4/3, and a known point is
(z,y)=(6,4). Find the y-intercept, b.

4=(3(6)+0
b=4- (§)(6) = —4
The complete equation is
y=3r-4

b is the y-intercept, so the intersection with the y-axis is
at point (0,—4). The distance between these two
points is

d= /(v = 1) + (22 - )?

= /(4= (-9)* + (6 -0
=10

The answer is (A).

4. The double angle identity is
sin 26 = 2sin 6 cos

The answer Is (A).

0
3]
2
©
E
)
£
bt
]
=

8. Substitute the known points into the center-radius
form of the equation of a circle.

r2 = (z - h) + (y — k)°
=(-3-2)%+(-4-3)°
=74
The equation of the circle is
(z-2)°+(y-3)° =74
(r* =74. The radius is v/74.)

The answer is (D).

6. Use the standard form of the equation of a circle to
find the circle’s center.

©?+4z+y* +8y=0
?+4r+4+y*+8y+16=4+16
(z+2)°+(y+4)°=20
The center is at (—2, —4).

The answer is (C).

7. The coefficients preceding the squared terms in the
general equation are equal only for a straight line or
circle, not for a noncircular ellipse.

Az’ 4+ Bzy+ Cy* + Dz + Ey+ F =0
The answer is (D).

8. The area of the circle is

_ oy(2m rad) _ 5w
6= (150°) (g ) =75 rad
A= (¢ — sin @)

2
2(5m _ . OW
_(7) (6 sin 6)
2

@)E-
(-

The answer is (B).
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9. Find the angle ¢. 13. The general form of the conic section equation is

Az’ + Bzy+ Cy» + Dz + Ey+ F=0

A=-3, C=-4, F=-1, and B=D=E=0. A and C
are different, so the equation does not define a circle.
Calculate the discriminant.

=
o
=y
=3
)
3
o
=
0
o

B? —4AC = (0)* — (4)(-3)(—4) = —48

This is less than zero, so the equation defines an ellipse.
¢ = 2{arccos[(r — d)/r]}

10 cm — 6.67 cm)

10 cm 14. Find the total surface area of a right circular cone.
= 2.462 rad The radius is r = d/2 =3 m/2 = 1.5 m.

The answer is (B).

=2 arccos(

Find the area of flow. A = side area + base area = m‘('r + m)
A=[r*(¢ —sing)]/2
(10 cm)2(2.46 rad — sin(2.462 rad))

= (1.5 m)(l.s m+ /(15 m)® + (4 m)z)
=272m? (27 m?)

2
=91.67 cm? (92 cm?) The answer is (B).
The answer is (C). 15. Rearrange the two coordinate equations.
. z
10. y=mz+ b is the slope-intercept form of the equa- sint = 8
tion of a straight line. a; and a2 are both constants, so y
y= a, + apx describes a straight line. cost= 6

The answer is (D).
® Use the following trigonometric identity.

11. Find the length of the hypotenuse, r.
sin@ + cos’ =1

r=vZ@+ ¢ = /(18 cm)’ + (13 cm)® = 22.2 em (2)2 + (2)2 —1

8 6

Find csc 6. To clear the fractions, multiply both sides by
2 2
= 2304.
esch=r/y= 222cm_ (8)" x (6)
13 cm
362 + 64y° = 2304
The answer is (C).

The answer is (A).
12. Find the area of the circular sector.

(13 ¢m)(8 cm)

) =52 cm?

A=sr/2=

The answer is (C).
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1. What is the name for a vector that represents the
sum of two vectors?

(A) scalar
(B) resultant
(C) tensor

(D) moment

2. The second and sixth terms of a geometric progres-
sion are 3/10 and 243/160, respectively. What is the
first term of this sequence?

(A) 1/10
(B) 1/5
(C) 3/5
(D) 3/2

3. Using logarithmic identities, what is most nearly the
numerical value for the following expression?

logs 3 + logs 12 — logy 2

(A) 0.95
(B) 1.33
(C) 2.00
(D) 2.20

4. Which of the following statements is true for a power
series with the general term a;z'?

I An infinite power series converges for z < 1.

II.  Power series can be added together or subtracted
within their interval of convergence.

III.  Power series can be integrated within their inter-
val of convergence.

(A) Ionly
(B) II only
(C) Iand III
(D) II and III

5. What is most nearly the length of the resultant of the
following vectors?

3i+4j — 5k

7i+ 2§ + 3k

~16i — 14j + 2k
(A) 3
(B) 4
(C) 10
(D) 14

6. What is the solution to the following system of simul-
taneous linear equations?

10z +3y+102=25
8z —-2y+92=3
8z+y—10z=7

(A) z=0.326; y=—0.192; 2=0.586
(B) z=0.148; y=1.203; 2=0.099
(C) z=0.625; y=0.186; z=—0.181
(D) £=0.282; y=-1.337; z=—0.131

7. What is the inverse of matrix A?

el

2 3
(A) ) 1]

(3 2
® |} ]

[ 1 -3
(© = 2]

(-1 3
o7 )
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2-2 FE MECHANICAL PRACTICE PROBLEMS

8. If the determinant of matrix A is —40, what is the
determinant of matrix B?

43 2 1 2 15 1 05
01 2 -1 0 1 2 -1
A= B=
2 3 -1 2 3 -1 1
11 1 2 1 1 1 2
(A) —80
(B) —40
(C) -20
(D) 0.5

9. Given the origin-based vector A =i+ 2j +k, what is
most nearly the angle between A and the z-axis?

(A) 22°
(B) 24°
(C) 66°
(D) 80°

40. Which is a true statement about these two vectors?

A=i+2j+k
B=i+3j-7k

(A) Both vectors pass through the point (0,-1,6).
(B) The vectors are parallel.

(C) The vectors are orthogonal.

(D) The angle between the vectors is 17.4°.

11. What is most nearly the acute angle between vec-
tors A =(3,2,1) and B =(2,3,2), both based at the
origin?

(A) 25°

(B) 33°

(C) 35°

(D) 59°

12. Force vectors A, B, and C are applied at a single
point.

A=i+3j+4k
B=2i+7—k
C=-i+4j+2k
What is most nearly the magnitude of the resultant
force vector, R?
(A) 13
(B) 14
(C) 15
(D) 16

13. What is the sum of 12 + 135 and 7 — 957
(A) 19 ~-225
(B) 19 + 4j
(C) 25 225
(D) 25 + 45

14. What is the product of the complex numbers 3 + 4;
and 7 — 257

(A) 10+2j

(B) 13 +22j
(C) 13+ 34j
(D) 29+ 225




2-3

ALGEBRA AND LINEAR ALGEBRA

SOLUTIONS

1. By definition, the sum of two vectors is known as the
resultant.

The answer Is (B).

2. The common ratio is

l=ar™!
l_e._ arS! _ T4
lz - ar?-1 -
YL
=i
243
_ ‘1160
3
10
=3/2
The term before 3/10 is
3
a = % = 1/5
2

The answer is (B).
3. Use the logarithmic identities.
logzy = logz +log y
logz/y=logz —logy

B
2

logs g + log3 12 — logz 2 = logs
=logz 9

Since (3)* =9,
logz 9 = 2.00

The answer is (C).

4. Power series can be added together, subtracted from
each other, differentiated, and integrated within their
interval of convergence. The interval of convergence is
-l<z<1.

The answer is (D).

5, The resultant is produced by adding the vectors.

3+ 4j — 5k
7i + 2§ + 3k
—16i — 14j + 2k

—6i — 8j + Ok

The length of the resultant vector is

IR| = \/(=6)* + (~8)° + (0)?
=10

Mathematics

The answer is (C).

6. There are several ways of solving this problem.

AX=B
10 3 107[z 5
8 1 -10 z 7
AA"IX=A"'B
IX=A'B
X=A"B
r11 20 47
806 403 806 | r5
= |76 =90 =5
X= 403 403 403 [3
12 7 22| L7
1203 403 403
- (11 2 47
(5)(%) + (3)(55) + (7)(806)
_ 76 —90 =5
= (5)(403) + (3)(403) + (7)(403)
12 7 —22
6)(z5) + O + O(5)
[ 0.625
=] 0.186
| -0.181 .

(Direct substitution of the four answer choices into the
original equations is probably the fastest way of solving
this type of problem.)

The answer is (C).

7. Find the determinant.
[A]=2x1-1x3=-1

The inverse of a 2 x 2 matrix is

by —az
A-l= adj(A) — [ —b ay
|A] |Al
1 -3
[—1 2
T
-1 3
- [ 1 -2

The answer is (D).
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2-4 FE MECHANICAL PRACTICE PROBLEMS

8. The first row of matrix B is half that of A, and the
other rows are the same in A and B, so the determinant
of B is half the determinant of A.

The answer is (C).

9. The magnitude of vector A is

Al = ()2 + 2P + (1) = V6

/1

The zcomponent of the vector is 1, so the direction
cosine is

cosf, = L

3

The angle is

6=cos™! (%) =65.9° (66°)

The answer is (C).

10. The magnitudes of the two vectors are

A= /(02 + (22 + (1) = VB

[Bl= /(1) + (3 + (-7 = V59

The angle between them is

_, {azbs + ayb, + a;b,
# = cos ‘( AT )
() +@B) + WD)
=cos l( /650 )

=90°

The vectors are orthogonal.
The answer is (C).

11. The angle between the two vectors is
a1 AB
6 = cos 1(——)
|A(B]

azb: + a,b, + a,b
___COS..I(zz y Yy zz)
|A[|B]

, (3)(2) + (2)3) + (1)(2)
VB2 + @7+ (1?27 + 3 + (2
=24.8° (25°)

= cos”™

The answer is (A).

42. The magnitude of R is

Rl= /(1 +2- 12 +@+7+4) + (4 - 1+2)?

=+14+196+ 25
= /225
=15

The answer Is (C).

13. Add the real parts and the imaginary parts of each
complex number.

(a+3b) + (c+jd)=(a+c)+5(b+ d)
(12 + 135) + (7 - 95) = (12 + 7) + §(13 + (-9))
=19 +4j

The answer is (B).

14. Use the algebraic distributive law and the equiva-
lency 72 = —1.

(a+ jb)(c+ jd) = (ac — bd) + j(ad + bc)
(3 + 45)(7 — 2j) = 21 — 85% + 285 — 65
=214 8+28j — 65
= 29 + 22j

The answer is (D).
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Calculus

PRACTICE PROBLEMS ===~~~ .
1. Which of the following is NOT a correct derivative?
(A) 4 cosz = —sinz
dz
d 3 2
B) —(1-2)"=-3(1-
®) L(1-2=-31-2)
dl1_ 1
© G~ 2
(D) 4 cscz= —cotz
dz

2. What is the derivative, dy/dz, of the expression
Fy— & =siny?
2e?2
() 72 —cosy
2e2* -2
(B) 2—””?/
2 — cosy
(C) 2€* —2zy

(D) z%2 —cosy

3. What is the approximate area bounded by the curves
y=8—2% and y= -2+ 2%?

(A) 22
(B) 27
(C) 30
(D) 45

4. What are the minimum and maximum values,
respectively, of the equation f(z) =5z° — 22+ 1 on the
interval [—2,2]?

(A) —47,33
(B) —4,4

(C) 0.95,1
(D) 0,0.27

5. In vector calculus, a gradient is a

I vector that points in the direction of a general
rate of change of a scalar field

II.  vector that points in the direction of the max-
imum rate of change of a scalar field

III.  scalar that indicates the magnitude of the rate of
change of a vector field in a general direction

IV. scalar that indicates the maximum magnitude of
the rate of change of a vector field in any partic-
ular direction

(A) I only
(B) II only
(C) Tand II
(D) II and IV

6. Which of the illustrations shown represents the vector
field, F(z, y) = —4i + zj, for nonzero values of z and 3?7

(A) ,
N7
RN
y
e

(B)
N
/X
©
y
AN
NEE
(D)
y
Y
AN
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3-2 FE MECHANICAL PRACTICE PROBLEMS

7. A peach grower estimates that if he picks his crop
now, he will obtain 1000 lugs of peaches, which he can
sell at $1.00 per lug. However, he estimates that his crop
will increase by an additional 60 lugs of peaches for each
week that he delays picking, but the price will drop at a
rate of $0.025 per lug per week. In addition, he will
experience a spoilage rate of approximately 10 lugs for
each week he delays. In order to maximize his revenue,
how many weeks should he wait before picking the
peaches?

(A) 2 weeks
(B) 5 weeks
(C) 7 weeks
(D) 10 weeks

8. Determine the following indefinite integral.

‘”3+”2”+4dx
I

z 4

(&) F+la-~+C

(B) 5 +logz—8z+C
7 2

C) = ——

()2+mm 5+0C
2 4

D) Z _42

(D) 2+ln|:::| x+C

9. Find dy/dz for the parametric equations given.

z=202 -t
y=1—-2t+1
(A) 32
(B) 3£/2
(C) 4t—1

(D) (32-2)/(4t—1)
10. A two-dimensional function, f{z, y), is defined as
flz,y)=22> -y’ +3z—y

What is the direction of the line passing through the
point (1, —2) that has the maximum slope?

(A) 4i+2j
(B) 7i+3j
(C) Ti+4j
(D) 9i—Tj

11. Evaluate the following limit.

lim 2 -4
22\ 1 —2

(A) 0
(B) 2
(C) 4
(D) o0

12. If f(z, y) = 2y* + 2 + sin £+ cos® 2+ sin® y, what is
of/ox?

(A) (2z+y)y* +3sin’ ycos y

(B) (4z—3¢")z” + 3sin’ycosy
(C) (3z+4y°)zy+3sin’ ycosy

(D) (2z+ )y’ + (1 —2sinz)cosz

13. What is dy/dz if y= (22)7
(A) (22)"(2 + In2z)
(B) 22(1 + In 20)°
(C) (2z)*(In22?)
(D) (22)(1 +1n2x)
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CALCULUS

SOLUTIONS

1. Determine each of the derivatives.

4 cosz= —sinz [OK]

dz
L (1-2° = @)1 - 2*(-1) = (-3)(1 - 2)* [0K]
414 o)) =3 (0K

4 e z= —cotz [incorrect]
dz

The answer is (D).

2. Since neither z nor y can be extracted from the
equality, rearrange to obtain a homogeneous expression
in zand .
T’y — ¥ =siny
f(z,y)=2*y— & —siny =0
Take the partial derivatives with respect to z and y.

of (-"7, y) _ 9,21
Y- 2zy — 2e

Of(z,y) _
dy

Use implicit differentiation.

—af(x’ y)
Oy __ 9z _2¢%—2zy
8z Of(z,y) 22— cosy

Oy

? —cosy

- The answer is (B).

3. Find the intersection points by setting the two func-
tions equal.

24+ 2=8-71°
222=10
w=t\/5

The integral of f(z) — fo(z) represents the area between
the two curves between the limits of integration.

A= / " (1(@) = fa(@)) da

V5
- / (8 = 2% — (=2 +2%)) dz

V5
Vs

=/ (10 — 2z%)dz
-V5

VB
= (102 -%%)| 4
=298 (30)

The answer is (C).

4. The critical points are located where the first deriv-
ative is zero.
f(z)=52°-222+1
f(z)=152% — 4z
1522 —4z=0
z(152-4)=0
z=0 or z=4/15

Test for a maximum, minimum, or inflection point.

f(z)=30z-4
f"(0) = (30)(0) — 4
=-4
f"(e) <0 [maximum]
P (4Y _ 30 (L) -
f (B) = (30) (15) 4
=4
f’(a) >0 [minimum)
These could be a local maximum and minimum. Check

the endpoints of the interval and compare with the
function values at the critical points.

f(=2)= (5)(=2)° - (2)(-2)* + 1 = —47
f2)=(5)2)° - (2)(2°* +1=33
£(0) = (5)(0)* - (2)(0)* +1 =1
4 4\3 4\?
(%) =06(5) -0(F) +
=0.95

The minimum and maximum values of the equation,
—47 and 33, respectively, are at the endpoints.

The answer Is (A).
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3-4 FE MECHANICAL PRACTICE PROBLEMS

5. A gradient (gradient vector) at some point P is
described by use of the gradient (del, grad, nabla,
etc.) function, Vfp-a, where a is a unit vector. In
three-dimensional rectangular coordinates, the gra-
dient is equlvalent to the partial derivative vector

Vf-a= —I —[k This is a vector that points in

the dlrectlon of the maximum rate of change (i.e., max-
imum slope).

The answer is (B).

6. From —yi, it can be concluded that for

(a) positive values of y, the vector field points to the
left, and

(b) negative values of y, the vector field points to the
right.

From +zj, it can be concluded that for

(a) positive values of z, the vector field points upward,
and

(b) negative values of z, the vector field points
downward.

The answer is (C).
7. Let z represent the number of weeks.
The equation describing the price as a function of time is

PrIC _ ¢1 — $0.025z
lug
The equation describing the yield is
lugs sold = 1000 + (60 — 10)z
= 1000 + 50z

The revenue function is

R= (prlce) (lugs sold)

= (1 — 0.025z)(1600 + 50z)
= 1000 + 50z — 25z — 1.2522
= 1000 + 25z — 1.2522

To maximize the revenue function, set its derivative
equal to zero.

4R _ 95 _95:=0
dz
z = 10 weeks
The answer is (D).

8. Separate the fraction into parts and integrate
each one.

B+z+4, [ T 4
/ 2 dx—/$2dx+/—x—2-dz+/?dx
=/$dm+/ldx+4/%dx
T

+ ln|:z|+4( >+C

w[% w]f{,

+lnjz -2+ ¢
z
The answer is (D).

9. Calculate the derivatives of z and y with respect to ¢.

d?/ 2

s =3t° -2
dz _ ,,
T 44t -1

The derivative of y with respect to z is

dy
dy_dt
dz dz
dt
_32-2
T 4t-1

The answer is (D).

10. The direction of the line passing through (1,-2)
with maximum slope is found by inserting z=1 and
y =—2 into the gradient vector function.

The gradient of the function is

Ve, = LE0A, Ao HEn),
3(23’2 ¥ +3z— y)
oz
3(21'2 ¥ +3z-1),
Oy \
= (42+3)i— (2y +1)j
At (1’ _2)5
Vi1, -2)= ((91) +3)i - (2)(-2) +1)j

=7i+3j

The answer is (B).
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11. The expression approaches 0/0 at the limit.

-4 _o
2-2 0

Use L’Hopital’s rule.

d
li-»z (:fc — ) }:l—rz d:; ( ) al:l_.z (21117)
dz (€-2)
(2)(2)

This could also be solved by factoring the numerator.

The answer is (C).

12. The partial derivative with respect to z is found by
treating all other variables as constants. Therefore, all

terms that do not contain z have zero derivatives.

of _ 4 .

e 223 + y* + cos z + 2 cos z(—sin 1)
=(2z+y)y® + (1 — 2sinz)cos z

The answer is (D).

13. From the table of derivatives,

D(f(x))g(z) — g(m) (f(x))g(l)—lDf(z) ‘E
+In (£(2))(f(2))*“ Dy(a) g
f(:li) =2z g
gz)==¢
%?I = 2(22)"7(2) + (In22)(22)"(1)
= (2z)" + (22)"In2z
= (2z)°(1 + In27)
The answer is (D).
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PRACTICE PROBLEMS === ol 5. What is the complementary solution to the following
differential equation?
1. What is the solution to the following differential

equation? ¥ — 4y +Zy = 10cos8z
¥ +5y=0
(A) y=2Cz+ Coz — Csz
(A) y=5x—_§-510 (B) y= C1€¥ + Cae"*
(B) y= 0651 (C) y= C1e**cos 1.5z + Cre**sin 1.5z
(C) y=Ce (D) y= Cie*tanz + Cae’cotz

(D) either (A) or (B)
6. What is the general solution to the following differ-

2. What is the solution to the following linear difference ential equation?
equation? v+
+y +y=0
(k+1)(y(k+1)) — ky(k) =1 .
1 (A) y=¢e?° (Cl cos%zm + Cysin gz)
(A) y(k)=12-3 1
. g (B) y=e?7 (C1cosdz + Cysinz)
(B) y(k)=1- & (©) y= e‘“(Cl cosﬁzﬁz + C, sinﬁzéx)
(C) y(k) =12+ 3k (D) y= e 2*(Cycosdz+ Cysindr)

(D) y(k)=3+3 . . N
k 7. What is the solution to the following differential

3. What is the general solution to the following differ- equatt x /

: -
ential equation? 122 d? ;3 +4% dz +8z=5
2 J dt dt
Y Yy
2(@)—4(d)+4y 0 (A) = e 4 4te 4t
) (B) z=3e"%(cos2t +sin2t) +3
(A) y= Cicosz+ Cssinz (C) o= et 4 dtett 43

(B) y= Ci1e* + Cre™®
(C) y=e*(Cicosz— Cysinz)

(D) y=¢e*(Cycosz + Cysinz) 8. In the following differential equation with the initial
condition 2(0) =12, what is the value of 2(2)?

(D) z=3¢* +dte™* +3

4. What is the general solution to the following differ-
dz

ential equation? 4o
Py | dy dt

222 42y=0 N
d? " “do (A) 3.4x10

-3

(A) y= C;sinz— Cycosz (B) 4.0x10 )
(B) y=Cicosz— Cysinz (C) 5.1x10

(D) 6.2x1073

(C) y=Cicosz+ Cysinz
(D) y=e*(Cyicosz+ Cysinz)
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the sawtooth wave shown?

=
o
8
>
]
3
)
=
o
)

9. What are the three general Fourier coefficients for

e
1 |'/l/|/

T 2n

(A) a9=0, an =0, b,,=;—i
(B) ao=%, an =0, b"=;_rlz
©) a=1, an=1, b,,_;-—n
0 w=1 a=1 =1

10. The values of an unknown function follow a Fibo-
nacci number sequence. It is known that f(1)=4 and

£(2)=1.3. What is f(4)?
(A) —4.1
(B) 0.33
(C) 2.7
(D) 6.6

SOLUTIONS

1. This is a first-order linear equation with characteris-
tic equation 7+ 5=0. The form of the solution is

—5z

y=Ce
In the preceding equation, the constant, C, could be
determined from additional information.
The answer is (B).
2. Since nothing is known about the general form of
y(k), the only way to solve this problem is by trial and

error, substituting each answer option into the equation
in turn. Option B is

—1_12

Substitute this into the difference equation.

(k+1)(y(k+1)) — k(y(k)) =1
12 12\
(k+ 1)(1 m) —k(l —7) =1
k+1-12\ | (k—12) _
(k“)( k+1 ) W) =1
k+1-12—-k+12=1
1=1
y(k) =1 — 12/k solves the difference equation.
The answer is (B).

3. This is a second-order, homogeneous, linear differen-
tial equation. Start by putting it in general form.

Y +2ay +by=0
2 —4yf +4y=0

Y -2y +2y=0
a= -2
b=2

Since a® < 4b, the form of the equation is
y= e**(C} cos Bz + Cssin F;)

——e_=2_
a= 2 = =1

_ V4b— a?
2

V@@ - -2
- 2

=1
y= €*(C)cosz + Cssinz)

B

The answer is (D).

PPl ¢ www.ppi2pass.com
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4. The characteristic equation is
24+2r+2=0
a=2
b=2

The roots are

ne2=

—at+ Va2 —4b
2

-2+ 4/(2)° - (4)(2)
2
=(-1414),(-1-19)

Since a? < 4b, the solution is

y= e**(C) cos Bz + C2sin fz)

Vab—a2 _V(4(2) - (2)°
2 2

ﬂ:
=1

y= e *(Cycosz+ Cssinz)
The answer is (D).

5. The complementary solution to a nonhomogeneous
differential equation is the solution of the homogeneous
differential equation.

The characteristic equation is

?+ar+b=0

2_ 4 2_5_=
T r+4 0

So, a=—4, and b=25/4.
The roots are

—a+Va2—4b
2

o - ()
2

2=

=2 1.5:¢

Since the roots are imaginary, the homogeneous solution
has the form of

y= e**(C; cos Bz + Cssin fz1)
a=2
B=*1.5

The complementary solution is

y= €**(C) cos 1.5z + Casin 1.5z)

= C1e¥* cos 1.5z + Cze**sin 1.5z

n
&)
=
©
E
Q
L
-~
©
=

The answer is (C).

6. This is a second-order, homogeneous, linear differen-
tial equation with a = b= 1. This differential equation
can be solved by the method of undetermined coefficients
with a solution in the form y = Ce™. The substitution of
the solution gives

(r’+ ar+b)Ce™ =0

Because Ce™ can never be zero, the characteristic equa-
tion is

r+ar+b=0

Because a® = 1 < 4b = 4, the general solution is in the
form

y = €**(C, cos Bz + Casin fz)

Then,
a=-a/2=-1/2

_fw-_ [0 -1 _ 3
A= 2a_ 2 T2

Therefore, the general solution is

1
y= e’2’(Cl cos jg:r: + Cssin ‘/Tix)

The answer is (A).
7. Multiplying the equation by 2 gives
7" + 821 + 162 = 10

The characteristic equation is
r4+8r+16=0
The roots of the characteristic equation are
rN=r9=-4
The homogeneous (natural) response is

-4t -4t
Tnatural = Ae”" + Bte

PPl ¢ www.ppi22pass.com
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By inspection, z=5/8 is a particular solution that solves

QZ, the nonhomogeneous equation, so the total response is T r .
= 1
= %:(1/T)/f(t)dt=(1/T)/ tat=12 =1_¢
3 o= Ae ¥ 4 Bte™* +2 0 o 2
Q 8 0
e Since z=1 at t=0, = %

1= Ae +% The general a term is

A=3 r

8 an=(2/T) / £(2) cos (nuwpt) dt
0

Differentiating z,

1
= g(_4)e-4‘ + B(—4te™ + 1) 40 = 2/0 t cos(2nnt)dt
Since 2 = 0 at t=0, =0

0= _g +BO0+1) The general b term is

T
3
B=3 ba = (2/T) / F(t)sin(ruwpt)dt
_3 a3, -4 5 0
= 8 e+ 2 te" + 8 i
=2 / tsin(2nnt)dt
The answer is (D). 10

" 8. This is a first-order, linear, homogeneous differential Tomn
equation with characteristic equation r+4=0.

The answer Is (B).
2 +4z=0
4t 10. The value of a number in a Fibonacci sequence is
I=Zge the sum of the previous two numbers in the sequence.
z(0) = Zoel =) Use the second-order difference equation.
=12
x9=12
z=12¢~#
7(2) = 12~
=12¢78

=403 x 107 (4.0x107%)
The answer is (B).

9. By inspection, f(t) = t, with the period T = 1. The
angular frequency is

2n
1

=2x

N[

Wy =

The average is

PPl ¢ www.ppi2pass.com




1. The given section of pseudocode approximates the
integral of some function, F(z), over the interval from a
to b. Assume that a separate subroutine has already
been written to calculate the value of F(x).

1 INPUT a, b, n

2 d=(b—-a)/n

3 S=F(a)

4 FORkKkFROM1TO (n-1)
5 S=S+F(a+k*d)

6 NEXTk

7 S=8*

Which numerical method does this code represent?
(A) Euler’s method
(B) Newton’s method
(C) Simpson’s rule

)
(D) trapezoidal rule

2. Using Newton’s method with an initial estimate of
zp = 2 through two iterations, what is most nearly the
root of the following equation?

flz)=2—4z-5

(A) 2.47
(B) 2.60
(C) 2.63
(D) 16.7

3. Use Euler’s approximation to determine z(1.5), the
value of a function at ¢ = 1.5, given increments of t of
0.25, z(1) = 1, and dz/dt = 2z.

(A) 0

(B) 0.75
(C) 1.5
(D) 2.3

Numerical Methods

4. The given section of pseudocode approximates the
integral of some function, F(z), over the interval from a
to b. Assume that a separate subroutine has already
been written to calculate the value of F{(z).

INPUT a, b, n

d=(b-a)/n

S=F(a)/2+F(b)/2

FORkKkFROM1TO (n—1)

S=S+F(a+k*d)

NEXT k

S=5*d

Using the pseudocode’s algorithm with n =4, what
would be the approximation of / : sinz dz?

(A) 1.4
(B) 1.6
(C) 1.9
(D) 2.0

N U W N =

5. Using two iterations of Newton’s method and with
an initial estimate of 7y =2, what is most nearly the root
of the following equation?

fl@y=2"-2z-7

(A) 2.00
(B) 2.26
(C) 2.30
(D) 2.34

PPl ¢ www.ppl2pass.com
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5-2 FE MECHANICAL PRACTICE PROBLEMS

SOLUTIONS 3. Euler’s approximation is

1. The pseudocode compiles a sum, S, which is used to Tpyl = Tx + At%

approximate the integral. Starting with line 3, dt
z(1+0.25) = z(1) + At(2x(1))

=
o
=
=3
)
3
o
=3
o
o

S = F(a)
z(1.25) =1 + (0.25)(2)(1) = 1.5
The FOR...NEXT loop (lines 4, 5, and 6) is effectively
a summation. #(1.25 +0.25) = 2(1.25) + At(22(1.25))
-1 n-1 z(1.5) = 1.5 + (0.25)(2)(1.5)
S=85+4+) Fla+kd)=F(a)+ ) F(a+kd
kgl ( ) (@) kg'l (a ) =225 (2.3)
n-1
= Z F(a+ kd) The answer is (D).
k=0
4. Use the algorithm provided to approximate the
Finally, line 7 multiplies the previous sum by d. integral.
n-1 _b—a_n-0_1mn
S=d(ZF(a+kd)) d=—5—="7 =1
k=0
This is an implementation of Euler’s method. The integral is equal to approximately
The answer is (A).
F
oy H@) | FO) | pla+ dy+ Fla+24)
2. Newton’s method for finding a root is 2
+ F(a+ 3d)
aj1 = a; — f{—(x—’ RO F®) o
(wﬂ) — (E) 2 2
The function and its first derivative are 4 + F(—) +F (3_7:)
2 4
flo)=o ~do-3 =% 0+0+2 1142
f(z)=32% -4 4 2 T
The first iteration, with n= 10, results .n =189 (1.9)
To=ay=2 The answer is (C).
3
f(zo)=f(2)=(2) -(4)(2)-5=5 5. The function and its first derivative are
flz)=F(2)=(3)(2)"-4=8
Fa) ; f(z)y=2-22-7
0 —
a3 = ao — (o) 2——8— df(:r) — 3%
= 2.625

For the first iteration, n=0.
The second iteration, with n=1, results in

71 = a) = 2.625 ag=2 3
f(z1) = f(2.625) = (2.625)° — (4)(2.625) — 5 = 2.588 df(rco) = 1;(2) =2P-(2)©2 -
f(z1) = £(2.625) = (3)(2.625)* — 4 = 16.672 f(gzo) af(2) — (3)(2) -

_ g _J@) _ _ 2588 )

T P T T 16672 ao—d;;m))—fz-l—g:z.s

=2470 (2.47) o2
The answer is (A).

PPl ¢ www.ppi2pass.com
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For the second iteration, n=1.
[7)]
o =23 =
[y}
flm)=(23)° - (2)(23) - 7 £
= 0.567 =
b=
= 13.87
f(m)
= a ———=
T
dz
0.567
23 13.87
=2.259 (2.26)

The answer is (B).
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1. What is the approximate probability that no people
in a group of seven have the same birthday?

(A) 0.056
(B) 0.43
(C) 0.92
(D) 0.94

2. A study gives the following results for a total sample
size of 12.

3,4,4,5,8,8,8,10,11, 15,18, 20

What is most nearly the mean?
(A) 8.9
(B) 9.5
(C) 11
(D) 12

3. A study gives the following results for a total sample
size of 8.

2,3,5,8,8,10,10,12

The mean of the sample is 7.25. What is most nearly the
standard deviation?

(A) 2.5
(B) 2.9
(C) 3.3
(D) 3.7

4. A study gives the following results for a total sample
size of 6.

10,12,13, 14, 14,15
The mean of the sample is 13. What is most nearly the
sample standard deviation?
(A) 0.85
(B) 0.90
(C) 1.6
(D) 1.8

Probability and Statistics

5. A study has a sample size of 5, a standard deviation
of 10.4, and a sample standard deviation of 11.6. What
is most nearly the variance?

(A) 46
(B) 52
(C) 110
(D) 130
6. A study has a sample size of 9, a standard deviation

of 4.0, and a sample standard deviation of 4.2. What is
most nearly the sample variance?

(A) 16

(B) 18

(C) 34

(D) 36
7. A bag contains 100 balls numbered 1 to 100. One
ball is drawn from the bag. What is the probability that

the number on the ball selected will be odd or greater
than 807

(A) 0.1

(B) 0.5

(C) 0.6

(D) 0.7
8. Measurements of the water content of soil from a
borrow site are normally distributed with a mean of
14.2% and a standard deviation of 2.3%. What is the

probability that a sample taken from the site will have a
water content above 16% or below 12%?

(A) 0.13
(B) 0.25
(C) 0.37
(D) 0.42
9. What is the probability that either exactly two heads

or exactly three heads will be thrown if six fair coins are
tossed at once?

(A) 0.35
(B) 0.55
(C) 0.59
(D) 0.63

PPl ¢ www.ppli2pass.com
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6-2 FE MECHANICAL PRACTICE PROBLEMS

10. Which of the following properties of probability is
NOT valid?

(A) The probability of an event is always positive
and within the range of zero and one.

(B) The probability of an event which cannot occur
in the population being examined is zero.

(C) If events A and B are mutually exclusive, then
the probability of either event occurring in the
same population is zero.

(D) The probability of either of two events, A and B,
occurring is P(A + B) = P(A) + P(B) — P(A, B).

41. One fair die is used in a dice game. A player wins
$10 if he rolls either a 1 or a 6. He loses $5 if he rolls any
other number. What is the expected winning for one roll
of the die?

(A) $0.00
(B) $3.30
(C) $5.00
(D) $6.70

12. A simulation model for a transportation system is
run for 30 replications, and the mean percentage utiliza-
tion of the transporter used by the system is recorded for
each replication. Those 30 data points are then used to
form a confidence interval on mean transporter utiliza-
tion for the system. At a 95% confidence level, the
confidence interval is found to be 37.2% + 3.4%.

Given this information, which of the following facts can
be definitively stated about the system?

(A) At 95% confidence, the sample mean of trans-
porter utilization lies in the range 37.2% + 3.4%.

(B) At 95% confidence, the population mean of
transporter utilization lies in the range
37.2% + 3.4%.

(C) At 95% confidence, the population mean of
transporter utilization lies outside of the range
of 37.2% * 3.4%.

(D) At 5% confidence, the population mean of trans-
porter utilization lies inside of the range of
37.2% + 3.4%.

13. What is the approximate probability of exactly two
people in a group of seven having a birthday on
April 157

(A) 1.2x107'8
(B) 2.4x 107"
(C) 7.4x107®
(D) 1.6 x10™*

14. What are the arithmetic mean and sample standard
deviation of the following numbers?

71.3,74.0,74.25,78.54,80.6

(A) 74.3, 2.7
(B) 74.3, 3.7
(C) 75.0, 2.7
(D) 75.7, 3.8

15. Four fair coins are tossed at once. What is the
probability of obtaining three heads and one t~il?

(A) 1/4 (0.25)
(B) 3/8 (0.375)
(C) 1/2 (0.50)
(D) 3/4 (0.75)

16. Set A and set B are subsets of set @. The values
within each set are shown.
A=(4,7,9)
B=(4,5,9,10)
Q=(4,5,6,7,8,9,10)
What is the union of the complement of set A and set B,
AU B?
(A) (4,5,6,7,8,9,10)
(B) (4,5,7,9,10)
(€C) (4,5,6,8,9,10)
(D) (5,10)

17. Set A consists of elements (1,3, 6), and set B con-
sists of elements (1,2,6,7). Both sets come from the
universe of (1,2, 3,4,5,6,7,8). What is the intersection,
AnB?

(A) (2,7)

(B) (2,3,7)
(©) (2,4,5,7,8)
(D) (4,5,8)




PROBABILITY AND STATISTICS
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SOLUTIONS

1. This is the classic “birthday problem.” The problem
is to find the probability that all seven people have
distinctly different birthdays. The solution can be found
from simple counting.

The first person considered can be born on any day,
which means the probability they will not be born on
one of the 365 days of the year is 0.

P)=1-Pmot1)=1-0=1 (365/365)

The probability the second person will be born on the
same day as the first person is 1 in 365. (The second
person can be born on any other of the 364 days.) The
probability that the second person is born on any other
day is

1 _364

P(2)=1—P(not 2)=1—§-63—365

The third person cannot have been born on either of the
same days as the first and second people, which has a 2
in 365 probability of happening. The probability that
the third person is born on any other day is

—1- —1--2 _363
P3)=1-Pmot 3)=1 365 = 365

This logic continues to the seventh person. The prob-

ability that all seven conditions are simultaneously
satisfied is

P(7 distinct birthdays)
= P(1) x P(2) x P(3) x P(4) x P(5)
x P(6) x P(7)

- (568) G2) (oss) Ge2) o)
* (563) (383)
=0.9438 (0.94)
The answer is (D).

2. The mean is

X- (1/n>§"1x,-

3+4+4+5
+8+8+8+4+10

+114+154+18+20
=95

The answer is (B).

3. The standard deviation is calculated using the
sample mean as an unbiased estimator of the population
mean.

o= \J(/NX(Xi - ) =\ (I/MT (X - X)?
(2 - 7.25)2 + (3 — 7.25)°
(l) + (5-17.25)% + (8 — 7.25)?
8 + (8 -7.25)" 4 (10 — 7.25)
+ (10 - 7.25)% + (12 — 7.25)?
=334 (3.3)
The answer Is (C).

4. The sample standard deviation is

’= \/ [1/(n - 1)@"](&- %)

(10 - 13)% + (12 - 13)®
+ (13 - 13)% + (14 — 13)*
+ (14 - 13)% + (15 — 13)?

1.79 (1.8)
The answer is (D).
8. The variance is
o2 =(10.4)2 =108 (110)
The answer is (C).
6. The sample variance is
£=(42)>=1764 (18)
The answer is (B).

7. There are 50 odd-numbered balls. Including ball 100,
there are 20 balls with numbers greater than 80.

50

P(A) = P(ball 1S Odd) = ﬁ =0.5
= =20 _
P(B) = P(ball > 80) = =24 = 0.2

It is possible for the number on the selected ball to be
both odd and greater than 80. Use the law of total
probability.
P(A + B)= P(A) + P(B) — P(A, B)
= P(A) + P(B) — P(A)P(B)
P(odd or > 80) = 0.5 + 0.2 — (0.5)(0.2) = 0.6

The answer is (C).
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6-4 FE MECHANICAL PRACTICE PROBLEMS

8. Find the standard normal values for the two points
of interest.

T—B_ 16% — 14.2%

Z =
16% - 2.3%
= 0.78 [use 0.80]
g T _12% —14.2%
2% ="y 2.3%
= —0.96 [use —1.00]

Use the unit normal distribution table. The probabilities
being sought can be found from the values of R(z) for
both standard normal values. R(0.80)=0.2119 and
R(1.00) =0.1587. The probability that the sample will
fall outside these values is the sum of the two values.

P(z < 12% or 7 > 16%) = 0.2119 + 0.1587
=0.3706 (0.37)

The answer is (C).

9. Find the probability of exactly 2 heads being thrown.
The probability will be the quotient of the total number
of possible combinations of six objects taken two at a
time and the total number of possible outcomes from
tossing six fair coins. The total number of possible out-
comes is (2)6 = 64. The total number of possible combi-
nations in which exactly two heads are thrown is

n! e
ri(n—r)! "~ 21(6 —2)!
=15

C( n, 7’) =

The probability of exactly two heads out of six fair
coins is

P(A) = P(2 heads) = 22 = 0.234

The probability of exactly three heads being thrown is
found similarly. The total number of possible combi-
nations in which exactly three heads are thrown is

_ nl _ 6!
Clm ) = =731 = 36 = 3]
=20

The probability of exactly three heads out of six fair
coins is

P(B) = P(3 heads) = = = 0.313

From the law of total probability, the probability that
either of these outcomes will occur is the sum of the
individual probabilities that the outcomes will occur,
minus the probability that both will occur. These two

outcomes are mutually exclusive (i.e., both cannot
occur), so the probability of both happening is 0.

The total probability is

P(2 heads or 3 heads) = P(A) + P(B) — P(4, B)
=0.234+0.313-0
=0.547 (0.55)

The answer is (B).

10. If events A and B are mutually exclusive, the prob-
ability of both occurring is zero. However, either event
could occur by itself, and the probability of that is non-
Zero.

The answer is (C).

11. For a fair die, the probability of any face turning up

is 1/6. There are two ways to win, and there are four
ways to lose. The expected value is

E[X]= élzkf(u) = 610)(@(3)) + (-39 (@(3))
= $0.00

The answer is (A).

12. A 95% confidence interval on mean transporter utili-
zation means there is a 95% chance the population (or true)
mean transporter utilization lies within the given interval.

The answer is (B).

13. Use the binomial probability function to calculate
the probability that two of the seven samples will have
been born on April 15. =2, and the sample size, n, is 7.

The probability that a person will have been born on
April 15 is 1/365. Therefore, the probability of “suc-
cess,” p, is 1/365, and the probability of “failure,”
g=1-p, is 364/365.

Py(z) = —(——z')—,Px e

Pa(2) = (2'(77_l2)') (365) (32‘;) .

= (21) (365) (ggg)
=1.555x 107 (1.6 x 10™%)

The answer is (D).




PROBABILITY AND STATISTICS

6-5

14. The arithmetic mean is
_ n
X=(1/n)D.X;

i=1

= (%) (T1.3 + 74.0 -+ 74.25 + 78.54 + 80.6)
=75.738 (75.7)

The sample standard deviation is

§= \/[1/(11 - 1)]2()(.- - X

(71.3 — 75.738)% + (74.0 — 75.738)*
+ (74.25 — 75.738)?
+ (78.54 — 75.738)*
+ (80.6 — 75.738)%

()
=3.756 (3.8)

The answer is (D).

15. The binomial probability function can be used to
determine the probability of three heads in four trials.
p= P(heads) = 0.5
g = P(not heads) =1-0.5=0.5
n = number of trials = 4

z = number of successes = 3

From the binomial function,

Pu() = oy n"i L
=025 (1/4)
The answer is (A).

16. The complement of set A contains all of the mem-
bers of set @ that are not members of set A: (5,6, 8, 10).

The union of the complement of set A and set B is the
set of all members appearing in either.

AUB=(5,6,8,10)U (4,5,9,10)
= (4,5,6,8,9,10)
The answer is (C).

17. Set “not A” consists of all universe elements not in
set A: (2,4,5,7,8).
The intersection of “not A” and B is the set of all
elements appearing in both.
ANB=(2,4,5,7,8)N(1,2,6,7)
= (27 7)

The answer is (A).

PPl ¢ www.ppi2pass.com

-
>
=
el
3]
a
o
—
o

0
3]
=
0
=
©
-
2]




Fluid Properties

1. A leak from a faucet comes out in separate drops
instead of a stream. The main cause of this phenomenon is

(A) gravity

(B) air resistance
(C) viscosity

(D) surface tension

2. A solid cylinder is concentric with a straight pipe.
The cylinder is 0.5 m long and has an outside diameter
of 8 cm. The pipe has an inside diameter of 8.5 cm. The
annulus between the cylinder and the pipe contains
stationary oil. The oil has a specific gravity of 0.92 and
a kinematic viscosity of 5.57 x 10™* m?/s. The force
needed to move the cylinder along the pipe at a constant
velocity of 1 m/s is most nearly

(A) 5.9N
(B) 12N
(C) 26 N
(D) 55 N

3. Kinematic viscosity can be expressed in
(A) m*/s
(B) §°/m
(C) kgs*/m
(D) kg/s

4. Which three of the following must be satisfied by the
flow of any fluid, whether real or ideal?

I Newton’s second law of motion
II.  the continuity equation
III.  uniform velocity distribution
IV. Newton'’s law of viscosity
V.  conservation of energy

(A) L, II, and III

(B) L II,and V

(C) LII,and V

(D) ILIV,and V

5. 15 kg of a fluid with a density of 790 kg/m® is mixed
with 10 kg of water. The volumes are additive, and the
resulting mixture is homogeneous. The specific volume
of the resulting mixture is most nearly

(A) 0.0012 m®/kg
(B) 0.0027 m*/kg
(C) 0.0047 m*/kg
(D) 0.0061 m®/kg

6. The rise or fall of liquid in a small-diameter capillary
tube is NOT affected by

(A) adhesive forces
(B) cohesive forces
(C) surface tension
(D) fluid viscosity

7. A capillary tube 3.8 mm in diameter is placed in a
beaker of 40°C distilled water. The surface tension is
0.0696 N/m, and the angle made by the water with the

wetted tube wall is negligible. The specific weight of

water at this temperature is 9.730 kN/m>. The height
to which the water will rise in the tube is most nearly

(A) 1.2 mm
(B) 3.6 mm
(C) 7.5 mm
(D) 9.2 mm

PPl ¢ www.ppi2pass.com
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7-2 FE MECHANICAL PRACTICE PROBLEMS

SOLUTIONS

1. Surface tension is caused by the molecular cohesive
forces in a fluid. It is the main cause of the formation of
drops of water.

The answer is (D).

2. Treat the cylinder as a moving plate, and use Newton’s
law of viscosity. Find the absolute viscosity of the oil.

v=E
p
2
p=vp= (5.57 x 1074 m?) (0.92) (1000 -Il;%)
= 0.512 Pa:s

The width of the separation between the cylinder and
the pipe is

5= dpipe - dcylinder - 85cm—-8cm
92 2
=0.25 cm

The interval surface area of the cylinder is

A=1tdL=1t( 8 cm )(0.5 m)

100 £2
m

=0.126 m?

Find the force needed.
F_ (4
A dy
F=Au (dy) N A (Ay)
1

= 2 . 8 cm
= (0.126 m?)(0.512 Pas) (0.25 cm) (100 m)

=258N (26 N)

The answer is (C).

3. Typical units of kinematic viscosity are m*/s.
The answer is (A).
4. Newton’s second law, the continuity equation, and

the principle of conservation of energy always apply for
any fluid.

The answer is (B).

5. Calculate the volumes. Use a standard water density
of 1000 kg/m®.

=
=y
=1
p
Vwater = m = “% = 0.010 3
P 1000 2
m
Vﬂuld = n = _—15 kkg =0.019 ma
790 ==
m'

The total volume is

Viotal = Vwater + Vinia = 0.010 m? +0.019 m?
= 0.029 m?

The density of the mixture is the total mass divided by
the total volume.

Peni — Mwater + Mfluid _ 10 kg + 15 kg
mixture Viotal 0.029 m3

= 862 kg/m3

The specific volume of the mixture is the reciprocal of its
density.

Uninture = 1 1
mixture — -
Prmixture 862 Lg_
m3
= 0.00116 m3/kg (0.0012 m3/kg)
The answer is (A).

6. The height of capillary rise is
h =40cosB/vd

o is the surface tension of the fluid, 3 is the angle of
contact, < is the specific weight of the liquid, and dis the
diameter of the tube.

The viscosity of the fluid is not directly relevant to the
height of capillary rise.

The answer is (D).
7. Since the contact angle is neglible, use 0° for 8. The
capillary rise in liquid is
h=4o0cos3/vd
N o mm
e (0.0696 )coso (1000 a )

m.

- (9730 ‘;—I‘j) (1000 %) (3.8 mm)

=753x10"3m (7.5 mm)
The answer is (C).
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1. A barometer contains mercury with a density of
13600 kg/m®. Atmospheric conditions are 95.8 kPa
and 20°C. At 20°C, the vapor pressure of the mercury
is 0.000173 kPa. The column of mercury will rise to a
height of most nearly

(A) 0.38 m

(B) 048 m
(C) 0.72 m
(D) 0.82 m

2. The manometer shown contains water, mercury, and
glycerine. The specific gravity of mercury is 13.6, and
the specific gravity of glycerine is 1.26.

glycerine

—

1.0m

mercu
& 0.5m

What is most nearly the difference in pressure between
points A and B?

(A) 35 kPa
(B) 42 kPa
(C) 55 kPa

(D) 110 kPa

Fluid Statics

3. An open water manometer is used to measure the
pressure in a tank. The tank is cylindrical with hemi-
spherical ends. The tank is half-filled with 50 000 kg of a
liquid chemical that is not miscible in water. The
manometer tube is filled with liquid chemical up to the
water.

10 m
\/Q=2m | /Samg\
K\ 5 7
|
7 7 T S
water\.

chemical
400 mm

225 mm

50 mm

What is most nearly the pressure in the tank relative to
the atmospheric pressure?

(A) 1.4 kPa
(B) 1.9 kPa
(C) 2.4 kPa
(D) 3.4 kPa

PPl ¢ www.ppi2pass.com
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8-2 FE MECHANICAL PRACTICE PROBLEMS

4. A pressure vessel is connected to a simple U-tube open 6. A 1 m x 2 m inclined plate is submerged as shown.
to the atmosphere as shown. A 10 cm deflection of mer-

cury is observed. The density of mercury is 13 600 kg/m®>. % —
The atmospheric pressure is 101 kPa. - 200\/,,/

-

5m

\ water
/
\

The normal force acting on the upper surface of the
plate is most nearly

mercury (A) 32 kN
(B) 56 kN
g The vacuum within the vessel is most nearly (C) 68 kN
; (A) 1.0 kPa (D) 91 kN
§ (B) 13 kPa
5 (C) 39 kPa
& (D) 78 kPa 7. The water tank shown has a width of 0.3 m. The
rounded corner has a radius of 0.9 m.
X A
5. A tank contains a gate 2 m tall and 5 m wide as 0.6_m_; B
shown. The tank is filled with water to a depth of 10 m. i‘\
i 0.9m
Cc

gate The magnitude and direction (in degrees from the hori-
zontal) of the water force over the length of wall from
point A to point C is most nearly

(A) 3400 N, 46°
(B) 3400 N, 73°

The total force on the gate is most nearly (C) 4800 N, 46°
(A) 90 kN (D) 4800 N, 73°
(B) 440 kN
(C) 880 kN
(D) 980 kN

PPl ¢ www.ppl2pass.com




FLUID STATICS 8-3

SOLUTIONS  Bquating these two equations for p, and solving for the
pressure difference py — pp gives

1. Find the height of the mercury in the column.
Pa—DPB= g(pgiycerinch‘l‘2 - pwnterh3-4 - pthZ-ﬁ)

pa=pp+pgh
- P4 —Dp _ SGglycerinehl-‘Z = SGwaterh'S-d
— 24 —F8 = GPwater
P9 — SGugha-3
Pa
(95.8 kPa — 0.000173 kPa)( 1000 — B m kg
_ . ( kPa.) - (9.81 S—,,) 1000 £
( 13600 —%) (9815)
m s (1.26)(0.5 m) — (1.00)(0.125 m)
X
=0.7181 m (0.72 m) —(13.6)(1.0 m — 0.125 m)

The answer is (C). = —111785 Pa (110 kPa)

. The answer is (D).
2. The manometer can be labeled as shown. )

0
L
=
]
<
3
@
=
12)
=
L.

3. Calculate the density of the chemical from the vol-
ume and mass. The total volume of the tank is

V=dnr + nr?(L - 2r)
= in(2 m)* + n(2 m)*(10 m — (2)(2 m))
=108.9 m®

The contents have a mass of 50000 kg, and the tank is

1.0m \EopERE s T
g 1 half full, so the density of the chemical is
mercury 0.5m Pchemical = % = —]M
2 3
(2) (108.9 m?)
= 918.2 kg/m®

The relative pressure is

The pressure at level 2 is the same in both (left and

right) legs of the manometer. For the left leg, Po — P2 = Pyater P2 — Pehemical 91

P2 = pp+ pwatergh‘3'4 + pmcrcuryghz':i = (1000 k—%) (981 92) L] _Il'?gl =
m s 1000 —
m
For the right leg, K
g m 225 m
— 1 918.2 —-) 9.8l =) | ——==
P2 = P + Pyiycerine -2 ( m? ( 52) (1000 ——mnrln)

=1407 Pa (1.4 kPa)

The answer is (A).

PPl @ www.ppi2pass.com
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8-4 FE MECHANICAL PRACTICE PROBLEMS

4. Vacuum is the difference between the atmospheric
pressure and the absolute pressure in the vessel (i.e., is
the gage pressure). The vacuum is

Pgage = —Pgh

= kg 10 cm
= —(13600 E) (081 5) (100 cm)
m

=—13342 Pa (13 kPa)

The answer is (B).

5. h; =10 m — 2 m = 8 m. The average pressure is

P=3p9(h1 + ho)

The total force acting on the gate is

R=7pA = (88290 Pa)((? m)(5 m))
= 882900 N (880 kN)

The answer is (C).

6. The upper edge of the plate is at a depth of

hi=5m-(2m)sin20° =4.32 m

The average pressure is

P=3pg(h1 + ha)
kg m
(2) (1000 ) (9.81 5—2) (4.32 m +5 m)
= 45605 Pa

The normal force acting on the plate is

R=7A = (45695 Pa)((1 m)(2 m))
=91390 N (91 kN)

The answer is (D).

7. Find separately the horizontal and vertical compo-
nents of the force acting on the wall from point A to
point C. For the horizontal component, b, = 0 m, and
hp=06m+09m=15m.

P = 3p9(h1 + ha)

(2) (1000 kg) (9 81 —) (0 m+1.5 m)

= 7358 Pa

The horizontal component of the force is

R.=7p,A = (7358 Pa)((1.5 m)(0.3 m))
=3311 N

For the vertical component, calculate the weight of the
water above the section of wall from point B to point C.
The volume consists of rectangular prism 0.3m x
0.6 m x 0.9 m plus a quarter of a cylinder, which has
a radius of 0.9 m and a length of 0.3 m.

V=Vi+V,

n(0.9 m)*(0.3 m)
4

= (0.3 m)(0.6 m)(0.9 m) +
=0.3529 m3

The vertical component of the force equals the weight of
this volume of water.

Ry = pgV
(1000 )(9.81 S2)(0.3529 md)

=3461 N

The resultant force acting on this section of wall is

R= /R + . = /(3311 N)? + (3461 N)?
=4790 N (4800 N)

The direction of the resultant force from the horizontal is

_ R, _ 3461 N
@ = arctan E = arctan BN

=46.27° (46°)

The answer is (C).
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1. 2750 kg/min of water are pumped between two reser-
voirs through 55 m of 150 mm inside diameter pipe. The
pipe has a Darcy friction factor of 0.02. The water has a
density of 1000 kg/m®. The friction head loss over the
entire length of the pipe is most nearly

(A) 0.96 m
(B) 1.7m
(C) 21m
(D) 25 m

2. Minor losses are decreases in pressure due to friction

(A) in fully developed turbulent flow through pipes
of constant area

(B) in valves, tees, and elbows
(C) that can usually be ignored

(D) in fully developed turbulent flow in nonconstant
area pipes

3. Water flows at constant velocity through a horizon-
tal pipe. The gage pressure at point 1 is 1.03 kPa, and
the gage pressure at point 2 downstream is 1.00 kPa.
The head loss between points 1 and 2 is most nearly

(A) 31x107%m
(B) 23x 1072 m
(C) 31x107%m
(D) 23 m

4. The hydraulic radius of a fluid conduit is the

(A) mean radius from the center of flow to the
wetted side of the conduit

(B) cross-sectional area of the conduit divided by the
wetted perimeter

(C) wetted perimeter of the conduit divided by the
area of flow

(D) cross-sectional area in flow divided by the
wetted perimeter

Fluid Dynamics

5. Water flows through a multisectional pipe placed
horizontally on the ground. The velocity is 3.0 m/s at
the entrance and 2.1 m/s at the exit. If friction is
neglected, the pressure difference between these two
points is most nearly

(A) 0.20 kPa
(B) 2.3 kPa
(C) 28 kPa
(D) 110 kPa

6. Fluid flows at 5 m/s through a section of 5 cm
diameter pipe. This section is connected to a section of
10 cm diameter pipe. The velocity of the fluid in the
10 cm diameter section is most nearly

(A) 1.0 m/s
(B) 1.3 m/s
(C) 25m/s
(D) 10 m/s

7. An open channel has a cross-sectional area of flow of
0.5 m?, a hydraulic radius of 0.15 m, and a roughness
coefficient of 0.15. The slope of the hydraulic gradient
needed to achieve a flow rate of 10 L/s is most nearly

(A) 1.1x10™*
(B) 6.7x 107
(C) 1.1x1073
(D) 6.7x 1073

8. A pipe carrying an incompressible fluid has a diam-
eter of 100 mm at point 1 and a diameter of 50 mm at
point 2. The velocity of the fluid at point 1 is 0.3 m/s.
What is most nearly the velocity at point 27

(A) 0.95 m/s
(B) 1.2 m/s
(C) 2.1 m/s
(D) 3.5m/s
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O-2 FE MECHANICAL PRACTICE PROBLEMS

9. Water flows through a converging fitting as shown
and discharges freely to the atmosphere at the exit.
Flow is incompressible, and friction is negligible.

D, =75 mm

D, = 150 mm
' P2 = Paim
—

The gage pressure at the inlet is most nearly
(A) 10.2 kPa
(B) 10.8 kPa
(C) 11.3 kPa
(D) 12.7 kPa

10. A 90° reducing elbow connects a vertical and hori-
zontal water pipe. Water discharges to the right, as
shown.

p, = 200 kPa

vy =15 m/s

If the mass of the fluid is neglected, the horizontal force
needed to hold the reducer elbow in a stationary posi-
tion is most nearly

(A) 24 kN to the right
(B) 57 kN to the left
(C) 64 kN to the right
(D) 71 kN to the left

11. The basis of the Bernoulli equation for fluid flow
is the

(A) principle of conservation of mass

(B) principle of conservation of energy

(C) continuity equation

(D) principle of conservation of momentum

12. The open channel shown is constructed of smooth
concrete. It has a slope of 0.005, and the Hazen-Williams
roughness coefficient is 130.

2m

i concrete
channel

If the fluid depth is reduced to half of what it is now, the
flow rate will be most nearly

(A) 0.80 m®/s
(B) 1.0 m%/s
(C) 1.5m%s
(D) 2.2 m%/s




FLUID DYNAMICS O-3

SOLUTIONS

1. The flow area is

_ ﬁ _ m(150 mm)?

A==2 —— = 00177 m?
m
(4)(1000 -m—)
The flow rate is
" 9750 X8
Q= i e mn = 0.0458 m®/s
S
(1000 rn3) (60 min)
The flow velocity is
3
Q 00438 m?
V= AT orTme = 259 m/s

Use the Darcy equation to find the friction loss.

_Lv?

hy = D2g

2
(55 m)(looo ﬂ"L) (2.59 E)
=(002) 150 mm = ° m
@) (9.81 8—2)
=25lm (2.5m)
The answer is (D).

2. Minor losses are friction losses caused by fittings,
changes in direction, and changes in flow area. The flow
regime (laminar or turbulent) and the pipe cross section
are irrelevant.

The answer is (B).

3. From the energy conservation equation,

2 2
L2 RPN S - PRI
Py 29 pg 29
2y = 2y
Vi =Va
h_P
P9 P9
D1 — P2
hy =122
1= g
Pa
_ (103 kPa—1.00 kPa)(lOOO F%1)
kg . m
(1000 F) (9.81 3—2)
=31x10"2%m
The answer is (A).

4. The hydraulic radius is defined as the cross-sectional
area in flow divided by the wetted perimeter.

__ cross-sectional area
wetted perimeter

The answer Is (D).

5. From the Bernoulli equation,

2 2
V. A4
&.’._2.{.2 --2.].'._‘._1.{.21

Py 29 Py 29

2zp =2z |[since the pipe is horizontal]
Ap=p,—p 8
2_ .2 c
_ Vi— Vs ©
B pg( 29 ) E

_ (P (v2 2

= (5)(vi —v3) ©
(e~ :
1000 -8 -

—=| (20 2)"- (21 2)")

=2295 Pa (2.3 kPa)

The answer Is (B).

6. @ is constant.

viAy = vads
V]Al Vng
VZ = =
4 - IE

(5 %) (5 cm)2(100 %)2
(10 cm)2(100 95)2
=125m/s (1.3 m/s)

The answer is (B).

7. The volumetric flow rate is

10k
Q= SL =0.01 m3/s
1000 =
m

The velocity needed is

o 001 m?
v=-z=——‘0‘5 ) =0.02 m/S

PPl ¢ www.ppl2pass.com
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Use Manning’s equation to find the slope needed to 10. The free-body diagram of the fluid control volume
achieve this velocity. in the reducer is

v=(K/n)RY*S'?

2
= ()

iﬂuid weight
’xl
F: forces on reducer
(0.02 %) (0.15) Fr NI
(1.0)(0.15 m)?/? Y

0.0001129 (1.1 x 107%) U_m_“j X

PA; —V,

A
- The answer Is (A).
g_' 8. Use the continuity equation for an incompressible T
= fluid and solve for the velocity at point 2. V1
(5]
% Avi = Agvy The pipe areas are
3
o nD? nD2 D? 2
E (T‘)w = (72) v2 A== A0 em)  _ 0.1257 m?
, (4)(100 C—'E)
vae (P1Y v = (100 mm)z(o.3 g) ) m2
2 D2 ! 50 mm S A2 — TC_D2 = n(30 Cm) = 0.0707 m2
4 cm )
=12 c¢m
m/s (4)(100 m)

The answer is (B). From the continuity equation,

=A =A
9. From the continuity equation for incompressible Q 1 2v2
flow, Aoy, (01257 m2)(15 9)
vy = AV s
A1V1 = A2V2 Az 0.0707 m?
Ve Avi _ (—D—‘)2v1 = 26.67 m/s
Ay D, The horizontal force on the elbow comes from the hori-
_ (1 50 mm)2( 0 E) zontal pressure and the change in fluid momentum.
75 mm § F; = (pyA2 + Qpvy)sina
=48 m/s
Since & =90° and sin90° =1,
Use the Bernoulli equation. Fz;=p,A2 + Qpva
2 2 = p2A2 + A2PV§
P22y g=Bly 1y 2
St tag= > T2 219 = (200 kPa)(0.0707 m*)
- 2
A= 2 (0.0707 m?) (1000 k—‘i) (26.67 E)
m s
p2=0 [gage] + N
1000 —
n= g("% -v) kN
ke = 64.40 kN [to the right]
1000 —=
= m m\~® _ m e force exerted by the fluid on the reducer is equal an
31 ( (a8 ™) _ (12 ™)° The f d by the fluid on the reducer i land
s s opposite to this force, so the z-component of the resultant
force on the reducer is F,=—64.40 kN to the left. The
= 10800 Pa (10.8 kPa) horizontal force, F,, required to hold the reducer in a
stationary position is F,=64.40 kN (64 kN) to the right.
The answer is (B). The answer is (C).
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FLUID DYNAMICS O-5

11. The Bernoulli equation is derived from the principle
of conservation of energy.

The answer is (B).

12. The flow has the cross-sectional shape of an equi-
lateral triangle. When the depth of flow is halved, the
triangle will have three sides of 1 m. The new depth of
flow will be

_V3m
d—T

The area in flow will be

A= (2)(d)bd = bd
= ¢m)(E m)

The wetted perimeter is

wetted perimeter=1 m+1m=2m

The hydraulic radius is

[S
EN

__cross-sectional area _ 4

wetted perimeter 2m

Use the Hazen-Williams equation to find the new veloc-
ity of flow.

v = k; C RS 5054

>

0.63
— (0.849)(130) (? m) (0.005)°

= 2.408 m/s

The rate of flow will be

Q= Av= (? mz) (2.408 %)

=104 m?/s (1.0 m3/s)

0
L
c
]
£
3]
]
=
°
3
o

The answer is (B).
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1. A pitot tube is used to measure the flow of an incom-
pressible fluid with a density of 926 kg/m®. The velocity
is measured as 2 m/s, and the stagnation pressure is
14.1 kPa. The static pressure of the fluid where the
measurement is taken is most nearly

(A) 10.4 kPa
(B) 11.7 kPa
(C) 12.2 kPa
(D) 13.5 kPa

2. A sharp-edged orifice with a 50 mm diameter open-
ing in the vertical side of a large tank discharges under a
head of 5 m. The coefficient of contraction is 0.62, and
the coefficient of velocity is 0.98.

SAUIRIIHITININITNNNNY

RN

\ ' N

SN

The rate of discharge is most nearly
(A) 0.00031 m®/s
(B) 0.0040 m%/s
(C) 0.010 m%/s
(D) 0.012 m%/s

Fluid Measurement and
Similitude

3. The velocity of the water in the stream shown is
1.2 m/s.

atmospheric

Il

V -

The height of water in the pitot tube is most nearly
(A) 3.7cm
(B) 46 cm
(C) 7.3 cm
(D) 9.2cm

4. A horizontal venturi meter with a diameter of 15 cm
at the throat is installed in a 45 cm water main. A
differential manometer gauge is partly filled with mer-
cury (the remainder of the tube is filled with water) and
connected to the meter at the throat and inlet. The
mercury column stands 37.5 cm higher in one leg than
in the other. The specific gravity of mercury is 13.6.

Neglecting friction, the flow through the meter is most
nearly

(A) 0.10 m®/s
(B) 0.17 m*/s
(C) 0.23 m*/s
(D) 0.28 m®/s
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10-2 FE MECHANICAL PRACTICE PROBLEMS

5. A 1:1 model of a torpedo is tested in a wind tunnel
according to the Reynolds number similarity. At the
testing temperature, the kinematic viscosity of air is
1.41x107° mz/sb and the kinematic viscosity of water
is 1.31 x 107 m?®/s. If the velocity of the torpedo in
water is 7 m/s, the air velocity in the wind tunnel should
be most nearly

(A) 0.62 m/s

(B) 7.0 m/s

(C) 18 m/s

(D) 75 m/s

6. A 2 m tall, 0.5 m inside diameter tank is filled with
water. A 10 cm hole is opened 0.75 m from the bottom of
the tank. Ignoring all orifice losses, the velocity of the
exiting water is most nearly

(A) 4.75 m/s
(B) 4.80 m/s
(C) 4.85 m/s
(D) 4.95 m/s

7. Water flows from one reservoir to another through a
perfectly insulated pipe. Between the two reservoirs,
100 m of head is lost due to friction. Water has a specific
heat of 4180 J/kg-K. The increase in water temperature
between the reservoirs is most nearly

(A) 0.23°C
(B) 0.52°C
(C) 0.70°C
(D) 1.0°C

SOLUTIONS

1. Solve the equation for velocity in a pitot tube for the
static pressure.

v= (%) (Po = ps)

2

Vv
Ps= Py — pT
2
(926 1‘53) (22)
m S
=14.1 kPa — B
(2)(1000 =
=122 kPa

The answer is (C).

2. The area of the opening is
nD? _ (50 mm)’
4 mm)?
(4) (1000 T)

= 0.00196 m?

A=

The coefficient of discharge is
C=C.C,=(0.62)(0.98)

= 0.6076
The discharge rate is
Q= CAov2gh
= (0.6076)(0.00196 m2)\/ (2) (9.81 S92)(5 m)
=0.012 m3/s
The answer is (D).

3. The difference in height between the pitot tube and
the free-water surface is a measure of the difference in
static and stagnation pressures. Solve for the height of
the water.

=0.073m (7.3 cm)
The answer Is (C).

PPl ¢ www.ppi2pass.com
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4. The areas of the pipes are
7 D2 (45 cm)®
4 (w00 —)

A= =0.159 m?
nD2 n(15 cm)

Ay =
4 (4)(100 am)

== 0.0177 m?

The equation for flow through a venturi meter can be
written in terms of a manometer fluid reading. For
horizontal flow, z; =

Q= CA2 \/29 pl+21———22)

— CVA2 2g(pm — p)h
(@)
A

Because friction is to be neglected, C, =1. (For venturi
meters, C, is usually very close to one because the
diameter changes are gradual and there is little friction

loss.)
(

0= CvA; /29(0,,. —ph
_ (4’ P
\V* (Al)

(

(1)(0.0177 m?)

L (0.0177 m?\*
k 0.159 m?

m kg
(981 5) (1000 )

x (13.6 — 1)(37.5 cm)

(1000 kg) (100 %)

(0.17 m3/s)

=0.171 m3/s

The answer is (B).

5. From the Reynolds number similarity,

5, -2 -2, -

The scale is 1:1, so the lengths of the prototype and
model are the same (1, = ;).

The similarity equation reduces to
().~ (%)
e/, \u/n
©,=C).
w=n(22)= (")

=753 m/s (75 m/s)

2
1.41 x 1075 95-

2
1.31 x 1078 m?

The answer is (D).

6. The hydraulic head at the hole is
h=2m~-075m=12m

For an orifice discharging freely into the atmosphere,

Q = CA()\/2gh.

As orifice losses are neglected, C = 1. Dividing both
sides by Ay gives

v=Cy2gh = 1\ﬁ2) (9.81 -s’%)(l.zs m)
=4.95 m/s

The answer is (D).
7. Convert the frictional head loss to specific energy loss.
AE = hyg = (100 m) (9.81 S%)
=981 m?/s? (981 J/kg)

The temperature increase is

g % —lf
AT=5% = ——§— =0.2347K (0.23°C)
C» 4180 ——
kg-K

The temperature difference in kelvins is the same as in
degrees Celsius.

The answer is (A).
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1. An aircraft flies through 20°C air at 1700 km/h. The
molecular weight of air is 29 g/mol, and its ratio of
specific heats is 1.4. What is most nearly the aircraft’s
Mach number?

(A) 0.98
(B) 1.4
(€) 1.9
(D) 5.3

2. At a point along the centerline of an isentropic noz-
zle, air is flowing at 300 m/s. The static temperature at
that point is 40°C. The specific gas constant of air is
287 J/kg-K, and the ratio of specific heats is 1.4. What is
most nearly the static air temperature at another point
along the centerline of the nozzle where the Mach num-
ber is 27

(A) —74°C
(B) —20°C
(C) 45°C
(D) 84°C

3. At a particular point in an air turbine, the pressure is
135 Pa, and the temperature is 440K. Air behaves as an
ideal gas with a specific gas constant of 287 J/kg-K.
What is most nearly the specific volume of the air at
that point?

(A) 710 m3/kg
(B) 830 m3/kg
(C) 940 m®/kg
(D) 1100 m®/kg

4. At a particular point in a wind tunnel, supersonic air
has a static temperature of 320K. The specific gas con-
stant of air is 287 J/kg-K, and the ratio of specific heats
is 1.4. If the Mach number at that point is 1.5, the
velocity of air is most nearly

(A) 400 m/s
(B) 450 m/s
(C) 480 m/s
(D) 540 m/s

Compressible Fluid
Dynamics

5. For a particular gas, the acoustic velocity varies only
with which of the following parameters?

(A) specific gas constant
(B) ratio of specific heats
(C) channel wall friction
(D) absolute temperature

6. An aircraft flies at 26,000 ft above mean sea level
where the temperature of the air is —~30°C. The aircraft’s
speed is Mach 1.5. Most nearly, what is the Mach num-
ber just behind a normal shock attached to the aircraft’s
nose?

(A) 0.6

(B) 0.7

(C) 0.8

(D) 0.9

PPl ¢ www.ppi2pass.com
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FE MECHANICAL PRACTICE PROBLEMS

SOLUTIONS

1. The molecular weight is

(2 22 (0 )

MWy, = = 29 kg/kmol
1000 -k—g
The speed of sound in the air is
kRT
kRT =
MWajr

(1.4)(8314 = J )(20°C +273°)
m = kg
c
; \ 2 kmol
2 = 3429 m/s
=
S. The Mach number is
9
[72]

(1700 k—m-) (1000 )

M=Y= h km/ _ 338 (14)
¢ (3429 ) (3600 2)
( s h
The answer is (B).

2. The speed of sound at the first point in the nozzle is

= kRT

J 0 o
= J(1.4) (287 kg—_K) (40°C + 273°)

= 354.6 m/s

Calculate the total (stagnation) temperature.

2
Dore (352 )Ma,_u(kzl)(q)
300 2
=i+ (1.42_ 1) (354.6 SE)
S

=1.143
Ty = (1.143)(40°C + 273°) = 357.8K

The total temperature does not change as the air passes
though the nozzle. The air temperature when the Mach
number is 2 is

%=l+(ﬂ)Ma§=l+(14

Ty=20

)(2) =18

357.8K
1.8

The answer is (A).

= 198.8K (—74°C)

3. The specific volume of the air is

RT
V= —
p
~ (287 ke K) (440K)
- 135 Pa
=935 m%/kg (940 m®/kg)
The answer is (C).

4. The velocity of air is

v= (Ma)c = MavkRT

- 1.5\/ (1.4) (287 kgLK) (320K)

=5379 m/s (540 m/s)

The answer is (D).

5. The acoustic velocity is
=+vkRT

For a particular gas, the ratio of specific heats, k, and
the specific gas constant, R, are constant. Wall friction
will reduce the gas velocity, but it won’t affect the
acoustic velocity. Only temperature, T, can vary
independently.

The answer is (D).

6. The Mach number behind the shockwave is

(k—1)Ma? +2

Ma, =
2=\ 2kMaZ — (k- 1)

(1.4 —1)(1.5)2 + 2
(2)(1.4)(1.5)* — (1.4 — 1)
=0.701 (0.7)

The answer is (B).




1. A blower-type fan delivers air at the rate of
110 m®/min against a static gage pressure of 6 cm of
water. The air density is 1.2 kg/m®, and the head
increase delivered by the pump is 50 m of air.

water

110 m3/min €———0 fan

Neglecting velocity pressure, the net power delivered by
the fan is most nearly

(A) 0.0016 W
(B) 110 W
(C) 1100 W
(D) 110000 W

2. A turbine receives steam at a rate of 12 kg/s. At the
inlet, the steam is at 200°C and 0.10 MPa (enthalpy of
2875.5 kJ/kg). At the outlet, the steam is at 250°C and
0.20 MPa (enthalpy of 2971.3 kJ/kg). In addition, the
steam experiences an increase in kinetic energy of
192 kJ/kg. Assume the turbine is adiabatic. The fluid
power imparted by the turbine is most nearly

(A) 200 kW

(B) 350 kW
(C) 1200 kW
(D) 3500 kW

Fluid Machines

3. A pump that draws 500 kW of power operates at
2000 rpm. The diameter of the pump impeller is
310 mm. A homologous second pump has an impeller
diameter of 265 mm and operates at 1400 rpm. Both
pumps run water, and the density of the water is con-
stant. The power drawn by the second pump is most
nearly

(A) 78 kW
(B) 92 kW
(C) 220 kW
(D) 500 kW

4. A compressor receives superheated steam. The steam
is initially at 200°C and 0.20 MPa (entropy of
7.5066 kJ/kg-K). The compressor increases the pressure
and temperature of the steam to 0.60 MPa and 370°C.
(Steam at 0.60 MPa has an entropy of 7.3724 kJ /kg-K
at 300°C, an entropy of 7.5464 kJ/kg-K at 350°C, and
an entropy of 7.7079 kJ/kg-K at 400°C.) The thermal
efficiency of the compressor is most nearly

(A) 74%
(B) 82%
(C) 85%
(D) 91%

5. Steam is compressed isothermally at a rate of 15 kg/s.
The steam is compressed from 0.2 MPa to 0.8 MPa. The
inlet temperature of the steam is 250°C, and the effi-
ciency of the compressor is 80%. The molar mass of water
is 18.02 kg/kmol. The power driving the compressor is
most nearly

(A) 320 kW
(B) 630 kW
(C) 3.2 MW
(D) 6.3 MW

PPl ¢ www.ppli2pass.com
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12-2 FE MECHANICAL PRACTICE PROBLEMS

SOLUTIONS

1. The net power delivered is

Wiid = pgH Q

(1 2 kg) (9.81 2)(50 m) (110 %Z)

- 60 —S—
mm

=1079 W (1100 W)

The answer is (C).

2. Determine the fluid power imparted by the turbine.

2
‘) = m(he — hi + AKE)

2 _
ve—V

Wturb = Th(he - hi +

—(12%8) (29713 % _9g755 K 4 190 1J
s kg kg ke

=3453.6 kJ/s (3500 kW)

it
=
a
=
@
Q
>
D
=
o
0

The answer iIs (D).

3. Use the similarity law and solve for the power in the
second pump. The terms for density are equal and can-

cel out.
#5),~ )
pN3D?), \pN3D%/,
NiD}
rev\? 5
_ (500 kW)(1400 22%)"(265 mm)
3
(2000 22%) (310 mam)?
min
=783 kW (78 kW)
The answer is (A).

4. Find the isentropic temperature, T,,. This is the
temperature at which the pressure is equal to the exit
pressure of 0.60 MPa, while the entropy, s, is equal to
the input entropy, s; = 7.5066 kJ/kg-K. Interpolate
between the entropy values at 300°C and 350°C to find
the temperature corresponding to an entropy of
7.5066 kJ/kg K.

T,;,—T1+(2 )(T2_Tl)

kJ kJ
7.5066 keK 7.3724 keK

kJ kJ
464 —— — 24 —
7.546 kg K 7.37 kg K

x (350°C — 300°C)
= 338.56°C

= 300°C +

Determine the efficiency of the compressor.
— Tes — Ti
Ne= Te _ Ti
_ 338.56°C — 200°C
370°C — 200°C
=0.8151 (82%)

The answer is (B).
5. The initial absolute temperature is
T; = 250°C + 273° = 523K

Use the equation for rate of work for isothermal
compression.

. RT:
Wcomp = M’r]l In %
[4 1
(8314 = )(523K) 08 P .
= n(o.z MP (15 )

(18 02 kkg )(0 80)
=6.27x10° J/s (6.3 MW)

The answer is (D).
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Properties of Substances

1. When the volume of an ideal gas is doubled while the
temperature is halved, the pressure is

(A) doubled
(B) halved

(C) quartered
(D) quadrupled

2. 1.004 g of superheated ammonia occupy 500 mL. The
internal energy of the ammonia is 1.57 kJ. The pressure
is four times standard atmospheric pressure. What is
most nearly the specific enthalpy of the ammonia?

(A) 1600 kJ/kg
(B) 1800 kJ/kg
(C) 2000 kJ/kg
(D) 2700 kJ/kg

3. 0.8 kg of helium is in a cube-shaped vessel with edges
measuring 1.3 m. The pressure is two times standard
atmospheric pressure. What is most nearly the temper-
ature of the helium?

(A) 80K
(B) 130K
(C) 160K
(D) 270K

4. A 5.4 kg mixture of nitrogen, oxygen, and butane in
a 3 m® container is at atmospheric pressure and has a
temperature of 300K. What is most nearly the molecular
weight of the mixture?

(A) 28 kg/kmol
(B) 32 kg/kmol
(C) 44 kg/kmol
(D) 58 kg/kmol

5. An ideal gas inside a closed system is initially at
atmospheric pressure and a temperature of 300K. The
pressure is increased by 0.5 bar. Most nearly, what is the
final temperature of the gas?

(A) 150K
(B) 200K
(C) 300K
(D) 450K

6. A 1 m long cylindrical vessel with a diameter of 0.5 m
contains water in a saturated thermodynamic state. The
total internal energy of the water is 36.93 MJ, and the
density is approximately 1 g/cm®. What is most nearly
the specific internal energy?

(A) 47 kJ/kg

(B) 190 kJ/kg
(C) 240 kJ/kg
(D) 470 kJ/keg

PPl ¢ www.ppi2pass.com
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SOLUTIONS

1. Using the equation of state for an ideal gas,

Div1 _ Dot
T, Ty
Vg = 2'01
T
Ty = -2—'
T,
_hu T, P4 (7)
T1U2 T1 (2’01)
=h
4

The pressure is quartered.
The answer is (C).

2, Find the specific internal energy of the ammonia.

= 1563.7 kJ /kg

Find the specific volume of the ammonia.

(o4
i
3=

£
(500 mL) (1000 kg)

" (Loodg) (1000 L) (1000 2E)

=0.498 m3/kg
The specific enthalpy of the ammonia is

h=u+pv
_ kJ m’
= 1563.7 ke + (4)(101.3 kPa) (0.498 kg)

= 1765.5 kJ/kg (1800 kJ/kg)

The answer is (B).

3. Atmospheric pressure is 101.3 kPa. From the ideal
gas equation, the temperature of the helium is

pV =mRT
_pV
T= mR
_(2)(101.3 kPa)(1.3 m)°®
- kJ
8.314 —~—
(0.8 kg) | ——KmoLK
4.0026 —&—
kmol

=267.9K (270K)

The answer is (D).

4. Substitute the equation for the specific gas constant
into the ideal gas equation. Rearrange to find the molec-
ular weight of the mixture.

pV =mRT

=m( R )T
mol. wt

mRT
pV
kJ
_(54kg) (8.314 kmol.K) (300K)
(101.3 kPa)(3 m?3)
= 44 kg/kmol

mol. wt =

The answer is (C).

5. The temperature of the gas after the increase in
pressure is

PiV1 _ P2

T, T,

Ty= (@) T,
h
kPa

101.3 kPa + (0.5 bar)(lOO -—)
- bar/ | (300K)
101.3 kPa

= 448K (450K)

The answer is (D).

PPl ¢ www.ppi2pass.com




PROPERTIES OF SUBSTANCES

6. Find the volume of the vessel.
V=n2L=n(2)
=nr‘Ll = n(i) L

_ n(°'52m)2(1 m)
=0.196 m?

Find the mass of water in the vessel.

m= Vp
3(1 &) (108 e
(0196 m )(1 cm3) (10 m3)
- £
1000 &
=196 kg

Find the specific internal energy of the water.

v
m

36.93 MJ kJ
( 196 kg ) 1000 MJ)

188.08 kJ/kg (190 kJ/kg)

The answer Is (B).

13-3
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1. The forebay of a dam feeds 900 Mg/s of water to an
electrical generating plant. The water has a specific vol-
ume of 0.001 m®/kg. It enters the generators at 900 kPa
and leaves at 200 kPa. Kinetic and potential energy
changes are insignificant. What is most nearly the power
generated by the dam?

(A) 180 MW
(B) 630 MW
(C) 810 MW
(D) 900 MW
2. Which of the following principles is the closest inter-

pretation of the first law of thermodynamics for a closed
system?

(A) The mass within a closed control volume does not
change.

(B) The net energy crossing the system boundary
equals the change in energy inside the system.

(C) The change of total energy is equal to the rate of
work performed.

(D) All real processes tend toward increased disorder.
3. What is the origin of the energy conservation equa-
tion used in flow systems?

(A) Newton’s first law of motion

(B) Newton’s second law of motion

(C) the first law of thermodynamics

(D) the second law of thermodynamics

4. Steam flows into a turbine at a rate of 10 kg/s, and
10 kW of heat are lost from the turbine.

inlet conditions  exit conditions

pressure 1.0 MPa 0.1 MPa
temperature 350°C —
quality - 100%

Elevation and kinetic energy effects are negligible. What
is most nearly the power output from the turbine?

(A) 4000 kW
(B) 4400 kW
(C) 4800 kW
(D) 5000 kW

Laws of Thermodynamics

5. For which type of process is the equation dQ = TdS
valid?

(A) irreversible
(B) isothermal
(C) reversible

(D) isobaric

6. Steam is quickly compressed by a piston in a cylinder
with a compression ratio of 4:1. Before compression, the
temperature of the steam is 400K, and the steam is at
atmospheric pressure. After compression, the tempera-
ture of the steam is 600K. What is most nearly the work
per unit mass done by the piston?

(A) 300 kJ/kg
(B) 315 kJ/kg
(C) 325 kJ/kg
(D) 330 kJ/kg

7. Steam enters an isentropic turbine at an initial pres-

sure of 800 kPa. As the steam leaves the turbine, its

pressure is 120 kPa and its quality is 0.94. The mass flow
rate is 1.7 kg/s. Kinetic and potential energy changes
are insignificant. What is most nearly the power pro-
duced by the turbine?

(A) 370 kW
(B) 570 kW
(C) 600 kW
(D) 960 kW

8. Superheated steam at 300°C enters a turbine at
1 MPa. The mixture of saturated liquid water and steam
leaving the turbine is at atmospheric pressure and has a
quality of 0.87. No heat is lost in the turbine, and the
mass flow rate is 2 kg/s. What is most nearly the work
output of the turbine?

(A) 500 kW
(B) 700 kW
(C) 1.1 MW
(D) 1.3 MW

PPl ¢ www.ppi2pass.com
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14-2 FE MECHANICAL PRACTICE PROBLEMS

9. 7 kg of neon is stored in a rigid tank at three times
atmospheric pressure and a temperature of 70°C. 30 kJ
of heat is added to the neon. What is most nearly the
final temperature of the neon?

(A) 70°C

(B) 73°C

(C) 74°C

(D) 77°C

10. A device expends 130 kJ of energy while pressuriz-
ing 10 kg of water initially at 17°C. The isentropic
efficiency of the device is 50%. Inefficiencies are repre-
sented by a heat loss from the device casing. What is
most nearly the final temperature of the water?

(A) 18°C

(B) 19°C

(C) 20°C

(D) 21°C

11. An adiabatic pump receives 1.5 kg/s of 15 kPa
water and discharges it at 15 MPa. The specific volume
of the entering water is 0.001055 m®/kg. Consider the
water to be incompressible. The isentropic efficiency of
the pump is 0.82. Velocity and elevation changes are
insignificant. The water does not increase in tempera-
ture significantly. Most nearly, what is the minimum
electrical power required to drive the pump?

(A) 13 kW
(B) 20 kW
(C) 23 kW
(D) 30 kW

12, An engine operates at a constant temperature of
80°C. Through a reversible process, the engine’s work
output is 5.3 kJ, and the heat loss is 4.7 kJ. What is
most nearly the change in entropy during the process?

(A) 0.013 kJ/K
(B) 0.014 kJ/K
(C) 0.015 kJ/K
(D) 0.016 kJ/K

13. In a heat treating process, a 2 kg metal part (spe-
cific heat =0.5 kJ/kg-K) initially at 800°C is quenched
in a tank containing 200 kg of water initially at 20°C.
What is most nearly the total entropy change of the
process immediately after quenching?

(A) 2.3 kJ/K (decrease)
(B) 0.65 kJ/K (decrease)
(C) 0.90 kJ/K (increase)
(D) 1.4 kJ/K (increase)

SOLUTIONS

1. The generators are driven by hydraulic turbines.
Since the process is adiabatic, and since velocity and
elevation changes are insignificant, all of the terms in
the steady flow energy equation drop out except work
and enthalpy. The turbine work per unit mass is

Weurbine = hi — ke

In the absence of compressed water tables (giving
enthalpies of subcooled and compressed water), the tur-
bine work must be calculated from more basic princi-
ples. Enthalpy is defined as h=pv+ u, so the turbine
work per unit mass is

Wpump = hi — he = pv; — PeVe

Since the water is incompressible, the specific volume is
unchanged. The turbine work per unit mass is

Wpump = vi(pi - pe)
The power generated by turbines is
W= mvi(p; ~ Pe)
Mg m3
900 —=}{ 0.001 E (900 kPa — 200 kPa)

=630 MW
The answer is (B).

2. The first law is
Q-W=AU

@ is the heat transfer into the system across the system
boundary. W is the energy transferred across the system
boundary to the surroundings in the form of work. AU is
the change in energy stored within the system in the
form of internal energy. This expression shows that the
energy transferred across the system boundary comes
from a change in stored energy.

The answer is (B).

3. The energy equation is based on the first law of
thermodynamics.

The answer is (C).
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4. From the steam tables,

h; = 3157.7 k] /kg
he = 2675.5 kJ /kg
W = m(hi — h) + Q

= (10 X8 (31577 X _ 26755 X)) _ 10 kW
s kg kg

= 4812 kW (4800 kW)

The answer is (C).

5. Since the two sides are separated by an equal sign,
the process must be reversible. For an irreversible pro-
cess, dQ < Tds.

The answer is (C).

6. The steam is contained in the cylinder, so the process
is closed. Since the steam is compressed quickly, the
time available for heat loss is low, and this process can
be assumed to be adiabatic. Use the first law of thermo-
dynamics for a closed system.

Wou= Q—AU=0—(Up— Uy)

=U-U,
Win="' out
= Uz— Ul

The steam is initially at 400K — 273° =127°C. From the
saturated steam table, the saturation pressure cor-
responding to 127°C is higher than 1 atm
(0.10135 MPa), so the steam is superheated. (Alterna-
tively, the temperature of 127°C is higher than the
saturation temperature corresponding to 1 atm, which
is 100°C, so the steam is superheated.)

The initial temperature and pressure are 127°C and
0.10135 MPa. For convenience, calculate the internal
energy and specific volume of the steam from the super-
heated water table at 0.10 MPa with an interpolated
temperature of 127°C.

u; = 2548 kJ /kg
v; = 1.826 m®/kg
For reciprocating machines, the compression ratio is a

ratio of volumes, not of pressures. The final specific
volume is

_u__ ke _ 3
w="t : 0.4565 m®/kg

The final pressure temperature is 600K — 273° = 327°C.

Search the superheated steam table for a combination of
these values. The values correspond roughly to a pres-
sure of 0.60 MPa. At 0.60 MPa and 327°C, the inter-
polated internal energy is

up = 2844 kJ/kg
The work required to compress the steam is

Win = U2 — U
— 0844 K _ o549 KI
= 28443 - 2548 1

=296 kJ/kg (300 kJ/kg)

The answer is (A).

7. At the turbine exit, the steam is a liquid-vapor mix-
ture at 120 kPa. From the saturated water table, this
roughly corresponds to a saturation temperature of
105°C, which will be used for the exit properties. The
exit entropy is

§ = ISy + 5S¢

_ kJ kJ
= (0.94) (5.9328 _kg-K) + 1.3630 —kg~K
= 6.940 kJ/kg-K
The enthalpy of the steam at the exit is
he= :L'hjg + hf
kJ kJ
= (0. = A5 —
(0.94) (2243 7 kg) +440.15 ke
= 2549.23 kJ /kg

Since the turbine is isentropic, the entrance entropy is
the same as the exit entropy, so the entrance state is
defined by the pressure (800 kPa) and entropy
(6.940 kJ/kg-K). Locate the known entropy in the
0.8 MPa superheated water table. By interpolation,
the entrance temperature is approximately 228°C, and
the entrance enthalpy is approximately 2901 kJ/kg.

Since the turbine is isentropic, it is adiabatic, and the
heat loss term is zero. The work performed by the
turbine is

Wout = m(hi - he)

— (1.7 ¥8) (2001 XJ _ 254923 k—J)
s kg kg

=598.0 kW (600 kW)

The answer is (C).
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14-4 FE MECHANICAL PRACTICE PROBLEMS

8. From the superheated steam table at 1 MPa and
300°C, the properties of the steam entering the turbine are
h; = 3051.2 kJ /kg
= 7.1229 kJ /kg-K
From the saturated water table at 0.10135 kPa (atmo-
spheric), the heat of vaporization, Ay, is 2257.0 kJ/kg.

The enthalpy of the liquid-steam mixture leaving the
turbine is

he= hs + thg
=419. 04 + (0.87) (2257 0 I )
= 2382.6 kJ /kg
The power generated is

I;Vout = m(h - e)

2 %) (3051.2 K _ 03806 KJ

_ s kg kg
W
1000 $rw

=1337 MW (1.3 MW)

The answer is (D).

9. Use the first law of thermodynamics and the equa-
tion for change in internal energy to calculate the final
temperature. The heat capacity of neon at a constant
volume is 0.618 kJ/kg-K.

Q—W=AU=mc, AT =mc,(T2 — T1)
Q-W

T + T
— 30 k] -0 k].:J +70°C
=76.93°C (77°C)
The answer is (D).

10. The heat loss and net work are

Qout =0.50 Wm
=65 kJ

= (0.50)(130 kJ)

From the first law,

Qi — Wou =AU

Alternatively,
Win - Qout = AU

For any substance i any state, dg ., dT. The specific

heats, ¢, and c,, for liquids are esse. - identical. The
specific heat is essentially constam a relatively
large range of temperatures. The speciuc heat of water
is 4.18 kJ/kg-K.

Qout mAy = mcv(T2 - Tl)

130 kJ — 65 kJ = (10 kg) (4 18 E‘i) (Tz — 17°C)

T,=1856°C (19°C)

The answer is (B).

11. Since the pump is adiabatic, and since velocity and
elevation changes are insignificant, all of the terms in
the steady flow energy equation drop out except work
and enthalpy. The pump work per unit mass is

In the absence of compressed water tables (giving enthal-
pies of subcooled and compressed water), the pump work
must be calculated from more basic principles. Enthalpy
is defined as h= pv+ v, so the pump work per unit mass is

Wpump = hi — he = pv; — p.v.

Since the water is incompressible, the specific volume is
unchanged. The pump work per unit mass is

Wpump = Ui(p:' - pe)
The power required to operate the pump is

W = mvi(pi - pc)
s

3
(1 5 kg) (0.001055 ﬂ)
kg

x (1 kPa — (15 MPa) (10° Ii‘dl;a )
0.82

= -28.9 kW (30 kW)

By the standard thermodynamic convention, a negative
“work out” represents “work in” (i.e., work being done
on the system).

The answer Is (D).
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12. The change in entropy is

reservoir
- 4.7 kJ
90°C + 273°
=0.013 kJ/K
The answer is (A).
13. Calculate the final temperature, T7.

(mcAT)era + (MmcAT)

water

(2 kg) (o 5 k—) (800°C — Ty)

+ (200 kg) (4 18 —) (20°C - Ty)

=0
Ty =20.93°C (21°C)

For a solid or liquid, the total entropy is

AS=mch %

So, considering a system consisting of the metal part
and the water in the quenching tank,

ASetal = mcln I

T
kJ 21°C + 273°
=(2ke) (0 5 )h‘ 800°C + 273°
= ~1.295 kJ /K
Ty
ASwa[er - mcln ?l
kJ 21°C + 273°
= (200 kg) (4 18 1 K)ln 20°C + 273°
= 2.655 kJ/K
AStotal = ASmetal + ASwaber
kJ kJ

= —1.295 R—+2655 K

=136 kJ/K (1.4 kJ/K)

The answer is (D).
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1. Two Carnot engines operate in series such that the
heat rejected from one is the heat input to the other.
The heat transfer from the high-temperature reservoir is
500 kJ. The overall temperature limits are 1000K and
400K. Both engines produce equal work. What is most
nearly the intermediate temperature between the two
engines?

(A) 400K
(B) 500K
(C) 700K
(D) 1000K

2. At the start of compression in an air-standard Otto
cycle with a compression ratio of 10, air is at 100 kPa
and 40°C. A heat addition of 2800 kJ/kg is made. What
is most nearly the thermal efficiency?

3. A Carnot refrigerator receives heat from a cold reser-
voir at 0°C. The power input is 1750 W per ton of
refrigeration. What is most nearly the system’s coeffi-
cient of performance?

(A) 1.4

(B) 1.6

(C) 1.8

(D) 2.0

Power Cycles and Entropy

4. Which of the following is a proper statement of the
second law of thermodynamics?

(A) It is impossible for a heat engine to produce net
work in a complete cycle if it exchanges heat
only with bodies at a lower temperature.

(B) It is impossible for a system working in a com-
plete cycle to accomplish, as its sole effect, the
transfer of heat from a body at a given temper-
ature to a body at a higher temperature.

(C) It is impossible for a system working in a com-
plete cycle to accomplish, as its sole effect, the
transfer of heat from a body at a given temper-
ature to a body at a lower temperature.

(D) It is impossible for a heat engine to produce net
work in a complete cycle if it exchanges heat
only with bodies exhibiting a temperature
differential.

5. How does an adiabatic process compare to an isen-
tropic process?

(A) adiabatic: heat transfer=0; isentropic: heat
transfer # 0

(B) adiabatic: heat transfer#0; isentropic: heat
transfer =0

(C) adiabatic: reversible; isentropic: not reversible

(D) both: heat transfer =0; isentropic: reversible

6. A Carnot cycle refrigerator operates between —11°C
and 22°C. What is the coefficient of performance?

(A) 0.25

(B) 1.1

(C) 4.3

(D) 7.9
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7. What are the processes in an ideal Otto combustion
cycle?

(A) two constant volume processes and two isentro-
pic processes

(B) two constant pressure processes and two isentro-
pic processes

(C) two constant volume processes and two constant
temperature processes

(D) two constant pressure processes and two con-
stant temperature processes

8. Which of the following statements is FALSE?

(A) The Carnot cycle is dependent on the source and
sink temperatures, not the working fluid.

(B) The thermal efficiency of a power cycle is defined
as the ratio of useful work output to the supplied
input energy.

(C) The maximum work obtained from a cycle is
dependent on the temperature of the local
environment.

(D) Maximum work output will be obtained in an
irreversible process.

—
=
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=
3
o
Qo
<
3
o
3
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SOLUTIONS

1. Let Ty, Ty, and Ty represent the high, intermediate,
and low temperatures, respectively.

For the two cycles,

W= W,

Tth,1 Qu1= M2 Qua
However,

Qua= Qr1=(1—1n1)@n,

To—-T; (L= T\(,_Te Ty

- Ty+ Ty — 1000K + 400K
2 2
= 700K

Ty

The answer is (C).
2. Find the thermal efficiency.
p=1—rl"F=1-10"-4
=0.602 (60%)
The answer is (B).
8. The coefficient of performance, COP, is the ratio of the

rate of heat transfer to power input. In the SI system, one
ton of refrigeration corresponds to 3516 W. Therefore,

_ 9
COP = W
W
_ (@ tow) (3516 to—n)
1750 W
=201 (2.0)
The answer is (D).

4. Option B is the Clausius statement of the second
law.

The answer is (B).
8. An adiabatic process is one in which there is no heat

flow. It is not necessarily reversible. An isentropic pro-
cess has no heat flow and is reversible.

The answer is (D).

PPl ¢ www.ppi2pass.com
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6. The coefficient of performance for a Carnot refrigera-
tion cycle is

Ty
COP. = 7L
_ —11°C + 273°
22°C + 273°) — (—11°C + 273°)
=79

(As can be seen, it is not necessary to convert tempera-
tures to absolute temperatures when calculating tem-
perature differences.)

The answer is (D).

7. An Otto combustion cycle consists of the following
processes.

A to B: isentropic compression
B to C: constant volume heat addition
C to D: isentropic expansion
D to A: constant volume heat rejection
p
v s
The answer is (A).

8. Maximum work output will be obtained in a revers-
ible process. The difference between the maximum and
the actual work output is the process irreversibility.

The answer is (D).
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1. A gas mixture with volumetric proportions of 30%
carbon dioxide (specific heat of 0.867 kJ/kg-K) and 70%
nitrogen (specific heat of 1.043 kJ/kg-K) is cooled at con-
stant pressure from 150°C to 50°C. What is most nearly
the energy released as heat per unit mass of mixture?

(A) 46 kJ/kg

(B) 97 kJ/kg

(C) 160 kJ/kg

(D) 210 kJ/kg

2. By weight, atmospheric air is approximately 23.15%
oxygen and 76.85% nitrogen. What is most nearly the
partial pressure of oxygen in the air at standard pressure?

(A) 21 kPa
(B) 23 kPa
(C) 26 kPa
(D) 30 kPa

3. In an air-water vapor mixture at 30°C, the partial
pressure of the water vapor is 1.5 kPa and the partial
pressure of the dry air is 100.5 kPa. The saturation
pressure for water vapor at 30°C is 4.246 kPa. The gas
constant for water vapor is 0.46152 kJ/kg-K, and the
specific gas constant for air is 0.28700 kJ/kg-K. What is
most nearly the relative humidity of the air-water vapor
mixture?

(A) 0.0090

(B) 0.042

(C) 0.35

(D) 0.65

4. Water at 25°C has a saturation vapor pressure of
3.1504 kPa. Liquid compound B (molecular weight of
52.135) at 25°C has a saturation vapor pressure of
7.2601 kPa. If 75 g of liquid water are mixed with 45 g
of liquid compound B, what is most nearly the resulting
vapor pressure of the solution?

(A) 3.4kPa
(B) 3.9 kPa
(C) 4.7 kPa
(D) 5.2 kPa

Mixtures of Gases,
Vapors, and Liquids

5. Atmospheric air has a relative humidity of 60% at a
dry-bulb temperature of 23°C. What is most nearly the
humidity ratio of the air?

(A) 0.011 kg/kg
(B) 0.018 kg/kg
(C) 0.022 kg/kg
(D) 0.300 kg/kg

6. An air-water vapor mixture at 25°C has a partial
pressure of water vapor of 1.75 kPa, and a partial
pressure of dry air of 100.2 kPa. The humidity ratio
of the air-water vapor mixture is 0.01086. The gas
constant for water vapor is 0.46152 kJ/kg'K, and the
gas constant for dry air is 0.28700 kJ/kg-K. If the mass
of water vapor in the mixture is 5 kg, what is most
nearly the mass of dry air?

(A) 130 kg

(B) 190 kg

(C) 270 kg

(D) 460 kg

7. Atmospheric air has a wet-bulb temperature of 24°C
and a dry-bulb temperature of 31°C at a pressure of
101.325 kPa. What is most nearly the humidity ratio of
the sample?

(A) 0.002 kg/kg

(B) 0.006 kg/kg

(C) 0.016 kg/kg

(D) 0.018 kg/kg

8. A closed container is partially filled with a mixture
of two volatile liquids. The mixture consists of 2 moles
of liquid A and 3 moles of liquid B. The vapor pressures
of the pure liquids A and B are 6.0 kPa and 8.5 kPa,
respectively. The mixture behaves ideally. At equilib-
rium, what is the mole fraction of component B in the
vapor?

(A) 0.32

(B) 0.59

(C) 0.68

(D) 0.74

PPl ¢ www.ppi2pass.com

0
k4
1S
©
=
>
T
o
E
.
Q
e
=



-
=
(523
=
3
o
o
<
S
job)
3
[
N

16-2 FE MECHANICAL PRACTICE PROBLEMS

9. A gas mixture contains 2 moles of helium, 1 mole of
neon, and equal numbers of moles of argon and krypton.
The mixture is sealed in a container with a volume of
0.03 m® and is kept at three times atmospheric pressure
at a temperature of 30°C. What is most nearly the mass
fraction of argon in the mixture?

(A) 0.08
(B) 0.16
(C) 0.19
(D) 0.39

10. What does Dalton’s law of partial pressures state
about gases?

(A) The total pressure of a gas mixture is the sum of
the individual gases’ partial pressures.

(B) The total volume of a nonreactive gas mixture is
the sum of the individual gases’ volumes.

(C) Each gas of a mixture has the same partial pres-
sure as that of the mixture.

(D) The gas pressure of a mixture is the weighted
average of the individual gas pressures.

11. An air-water vapor mixture is at a temperature of
20°C. The partial pressure of water is 2.3 kPa, and the
partial pressure of the dry air is 99.1 kPa. The satura-
tion pressure for water vapor at 20°C is 2.339 kPa.
What is most nearly the humidity ratio of the air-water
vapor mixture?

(A) 0.014

(B) 0.26

(C) 0.35

(D) 0.38
12. Normal air is approximately 78.1% Ns, 20.9% O,
0.9% Ar, and 0.1% COz by volume. A closed container
with a volume of 1 m® holds a sample of normal air at

atmospheric pressure and a temperature of 20°C. What is
most nearly the partial pressure of Ar in the container?

(A) 1.0 kPa

(B) 4.0 kPa

(C) 10 kPa

(D) 21 kPa
13. 1.3 g of helium, 2.4 g of hydrogen, and 3.7 g of
oxygen are sealed in a container with a volume of

0.01 m3. The box is heated to 50°C. What is most nearly
the pressure exerted on the walls of the container?

(A) 70 kPa

(B) 100 kPa
(C) 320 kPa
(D) 440 kPa

SOLUTIONS

1. The volumetric fractions are given. For ideal gases,
the mole and volumetric fractions are the same., However,
the gravimetric fractions are needed to calculate the
mixture’s specific heat. The gravimetric fraction of CO, is

.'t,‘M;‘

i Z.’E,‘M

(0.30) (44 ki(ril)
v = (0.30) (44 e ) +(0.70) (28 ﬁ%)

= 0.402

The gravimetric fraction of Ny is
N, = 1- yco2 =1- 0.402
= 0.598

From Gibbs rule, the specific heat is gravimetrically
weighted.

Cp= Zi‘/icp,i

B kJ
= (0.402) (o 867 oK K)

kJ
+ (0.598) (1 043 E_K)

= 0.972 kJ /kg-K
The heat released is

_Q_ — O o o
o AT = (0 972 ke K )(50 C-150°C)

= —972 kJ/kg (97 kJ/kg released)

The answer is (B).

2. Partial pressure is volumetrically weighted, or
weighted per mole. Calculate oxygen’s mole fraction.

Yi
;= ——Mi
t S Z&
M;
0.2315
Yo, kg
oo = M02 = 32 kmOl
% = o, U~ 02315 0.7685
MOz MN2 32 kg 2 kg
kmol kmol
= 0.209
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Atmospheric pressure is 101.3 kPa. The partial pressure
of 02 is

Po, = Zo,p = 0.209p
= (0.209)(101.3 kPa)
=21.1 kPa (21 kPa)
The answer is (A).

3. The relative humidity is

b= Py_ 15 kPa
p; 4.246 kPa
=0.3533 (0.35)
The answer is (C).

4. The number of moles of water is

N=ﬂ=L§=4.17mol
M 15 &
mol

The number of moles of compound B is

45 g

m___ 295
M 59135 &

N= g
mol

= 0.863 mol

The mole fractions are

4.17 mol

4.17 mol + 0.863 mol
0.863 mol

4.17 mol + 0.863 mol

= 0.828

Twater =

=0.172

IB =
The partial pressures are

Pwater = TwaterPyater = (0.828)(3.1504 kPa)
= 2.6098 kPa
pe = Tapy = (0.172)(7.2601 kPa)
= 1.2459 kPa

The total pressure is

p=D.p; = 2.6098 kPa + 1.2459 kPa
=3.856 kPa (3.9 kPa)

The answer Is (B).

5. Use the psychrometric chart (SI units). Locate the
dry-bulb temperature of 23°C along the bottom of the
chart, and find the intersection point with the curve for
60% relative humidity.

The humidity ratio can be found by following the hori-
zontal grid line which intersects this point to the right.
The line intersects the vertical humidity ratio scale at
0.0105 kg/kg (0.011 kg/kg).

The answer is (A).

6. The mass of dry air is

_m,__5 kg
Ma = = 0.01086
= 4604 kg (460 kg)
The answer is (D).

7. Use the psychrometric chart (SI units). Locate the
dry-bulb temperature of 31°C on the horizontal axis
along the bottom of the chart. Follow the vertical grid-
line for the dry-bulb temperature up to the point of
intersection with the dashed diagonal line for a wet-bulb
temperature of 24°C. Follow horizontally to the right to
the vertical humidity ratio scale. The humidity ratio of
the sample is 0.016 kg/kg.

The answer is (C).
8. The total number of moles of liquid mixture is
N= N, + Ng =2 mol + 3 mol =5 mol

The mole fraction of component A in the liquid mixture is

)
i)
£
]
c
>
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o
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_Na_2mol _
=N _5mol-0'4

The mole fraction of component B in the liquid mixture is
zp=1—-2p=1-04=0.6
From Raoult’s law, the partial pressures of the vapors are
pa = zaP} = (0.40)(6.0 kPa)
= 2.4 kPa
pg = zgpy = (0.60)(8.5 kPa)
= 5.1 kPa

The total pressure above the liquid mixture is
P=2pi=Pr+Ps
= 2.4 kPa + 5.1 kPa
=17.5 kPa

The mole fraction of component B in the vapor is equal
to the partial pressure ratio.

The answer is (C).
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9. Use the ideal gas equation to find the total number of
moles in the mixture.

PV
RT

(3)(101.3 kPa)(0.03 m3)(1000

Nrixture =

)

KJ ; .
kmol‘K) (30°C + 273°)

(8.314

= 3.6 mol

The number of moles of krypton is equal to the number
of moles of argon.

Nmixture _NHe+NNe
2

_36 mol — 2 mol — 1 mol

2

Nge= Npr =

= 0.3 mol

Find the mole fraction of each of the gases in the

- mixture.
=
§ Do = Nye _2 mol
o Npixture 3.6 mol
é = 0.553
NNe 1 mol

g‘ Ne = Noixure 3.6 mol

= 0.276

Nar  _ 0.3 mol

TKr = TAr = N

= 0.086

mixture - 3-6 mol

Solve for the mass fraction of argon in the mixture.

yn = TacMar
A Tte Mye + TNeMe + TarMar + T My,

(0.086)(40 ;go-l)
" (0553) (4 fo—]) +(0.276) (20 fa)

- £

+(0.086) (40 mol) + (0.086) (84 mol)
=0.187 (0.19)

The answer is (C).

10. Dalton’s law states that the total pressure of a gas
mixture is the sum of the partial pressures.

The answer is (A).

11. The humidity ratio is

w=0.6222%

a

2.3 kPa )

= (0622) (99.1 Pa

=0.014

The answer is (A).

12. Use the ideal gas equation to find the total number
of moles of air in the container.

pV
Ny = =—
alr RT

(101.3 kPa)(1 m?) (1000 221

— kmol
) . .
(8.314 m) (20°C + 273°)

= 41.6 mol

Find the number of moles of argon in the container.

Nar= 2o Nair
= (0.009)(41.6 mol)
= 0.3743 mol

Find the mass of argon in the container.

Mmar = NarMar
- -
= (0.3743 mol) (40 mol)
=14970 g

Find the partial pressure of argon in the container.

macRA: T
Par= "N

kJ
8.314
(14.970 g) —%‘*—K (20°C + 273°)

kmol
3 £
(1m )(1000 kg)
=0.91 kPa (1.0 kPa)

The answer is (A).
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13. Find the partial pressure of each component.

= m.~R,~T
pl V
8.314 &
(1.3 g) —kg— (50°C + 273°)
4 B

P = .
3 2
(0.01 m )(1000 kg)

= 87.28 kPa
kJ

8.314 =
(24 g) ——k:-— (50°C + 273°)
2 —=
kmol

3 R
(0.01 m )(1000 kg)
= 322.25 kPa

kJ

8.314 S
(3.7 g) —kgg—— (50°C + 273°)

Py, =

kmol
01 m3 £
(0.01 m )(1000 kg)
= 31.05 kPa

Po, =

The total pressure exerted on the walls of the container is

p= Zpi
= Pue + Pu, + Po,
= 87.28 kPa + 322.25 kPa + 31.05 kPa
= 440.58 kPa (440 kPa)
The answer is (D).
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1. The chemical equation for ethane combustion is
702 + 2CyHg — 6H0 + 4COy

The gases behave ideally. Most nearly, what volume of
O, at 298K and 1.0 atm is required for complete com-
bustion of 10 L of C,Hg (gas) at 500K and 1 atm?

(A) 16 L
(B) 19L
(C) 21L
(D) 22L

2. Complete combustion of 13.02 g of a compound (C_H,)
produces 40.94 g of CO; and 16.72 g of H,O. What is the
empirical formula of the compound?

(A) CH
(B) CH,
(C) CH,
(D) CH,0

3. What are the products of complete combustion of a
gaseous hydrocarbon?

I carbon monoxide
1I. carbon dioxide
III. water

IV. ammonia

(A) Ionly

(B) II and III
(C) L 11, and III
(D) L, III, and IV

Combustion

4. Theoretically, how many kilograms of air are needed

to completely burn 5 kg of ethane (C,Hg) gas?

(A) 0.8 kg
(B) 19 kg
(C) 81 kg
(D) 330 kg

8. Eleven grams of propane (molecular weight of
44 g/mol) are burned with just enough pure oxygen
for complete combustion. What is most nearly the
mass of combustion products produced?

(A) 31g
(B) 39g
(C) 41¢g
(D) 51¢g

6. Excess air is required in combustion because it
(A) allows the reaction to occur stoichiometrically
(B) reduces air pollution
(C) reduces the heat requirements

(D) allows complete combustion

7. Octane (CgH,g) is burned with 150% theoretical air
in a steady combustion process. Combustion is com-
plete. The total pressure is 1 atm. What is most nearly
the air-fuel ratio?

(A) 10 kg air/kg fuel
(B) 15 kg air/kg fuel
(C) 23 kg air/kg fuel
(D) 31 kg air/kg fuel
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SOLUTIONS

1. Calculate the number of moles of ethane in the
reaction.

:JJII'G
NI<

Negwg =
(1.0 atm)(10 L)
atm-L
(0.0821 mol.K) (500K)
= 0.24 mol

The chemical equation coefficients represent molecules,
volumes, and moles.

&z 7 mol/2 mol

N CaHg

The number of moles of oxygen in the reaction is

_ (7 mol
No, = (2 mol) (0.24 mol)

= 0.85 mol

From the ideal gas law, the volumes are directly related
to the absolute temperatures.

Vassk _ Toosx _ 298K
Vesre Tstp 273K
= 1.09

The volume of 1 mole of ideal gas at standard temper-
ature and pressure (STP) is 22.4 L. The volume of O,
required at 298K is

Vo, = (0.85 mol)(1.09) (224 =)

mol
=208L (21L)

The answer is (C).

2. Use z to represent the number of carbon atoms in
the fuel molecule. For the combustion of carbon,
C+ 0O, — COg, each atom of carbon uses one molecule
of oxygen and produces one molecule of carbon dioxide.
Let y represent the number of hydrogen atoms in the
fuel molecule. From the combustion of hydrogen,
2H, + O, — 2H,0, each atom of hydrogen gas uses one
half of an oxygen atom (one quarter of an oxygen mole-
cule) and produces one half of a water molecule. The
stoichiometric equation for combustion is

CH, + (+ %) 0; — 2CO; +{H;0

40.94
mol

= 0.93 mol

’2-/= Nuo = 16'72gg = 0.93 mol
8 _
mol
= Ny/2

y= Ny = 1.86 mol

z_ Nc _ 0.93 mol
vy Ny 1.86 mol

=1/2

The empirical formula for the compound is CH,.
The answer is (B).
3. A gaseous hydrocarbon reacts with oxygen to form

carbon dioxide and water. Carbon monoxide only forms
with incomplete combustion.

The answer is (B).

4. The balanced reaction equation is
2C3Hg + 702 — 4CO, + 6H,0
(2)(30) (7)(32) (4)(44) (6)(18)

combining
weights

The ratio of oxygen to ethane combining masses is

0, _(MB2)_ =z
CHg  (2)(30)  5kg
z=18.67 kg

Air is 23.15% O, by weight. The mass of air required is

18.67 kg
0.2315

=806 kg (81 kg)

The answer is (C).
8. The balanced combustion reaction equation is
CsHg + 50, — 3COy + 4H,0

combining
weaéfﬂ: 4 (5)(32) (3)(44) (4)(18)

The mass of combustion products produced when 44 g
of propane is burned is

Mproducts = (3)(44 g) + (4)(18 g) =204 g

The mass of combustion products produced when 11 g
of propane is burned can be found by simple proportion.

204 g= T
4g 1llg
z=05lg

The answer is (D).
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COMBUSTION

6. Excess air is required for complete combustion to
occur.

The answer is (D).

7. The stoichiometric combustion reaction equation is

CsHis + 12.5(02 + 376N2)
— 8CO2 + 9H,0 + (12.5)(3.76)N,
With 150% theoretical air,

CgHis + (1.5)(12.5)(02 + 3.76)N,
— 8CO; + 9H20 + (1.5)(12.5)(3.76)N,
+(0.5)(12.5)0;

Alternatively,

CsH;s + 18.750, + 70.5N,
— 8COy + 9H,0 + 70.5N; + 6.250,

The coefficients represent the number of molecules, vol-
umes, and moles. The air-fuel ratio is

— mass of air
A/F= mass of fuel
kg
(18.75 kmol) (32 kmol)

kg
+ (70.5 kmol) (28.014 M)

kg
(8 kmol)(12.01 kmol)

kg
+ (9 kmol) (2.016 kmol)

= 22.54 kg air/kg fuel (23 kg air/kg fuel)

The answer is (C).
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Heating, Ventilating, and
Air Conditioning (HVAC)

1. A room’s sensible space load is 72.5 kW. The latent
load from occupants and infiltration, but excluding
intentional ventilation, is 3.2 kW. A total of 600 L/s of
outside air is required. What is most nearly the room
sensible heat ratio?

(A) 0.12
(B) 0.39
(C) 0.96
(D) 1.1

2. The inside design conditions for a conditioned space
are 20.1°C dry-bulb and 15.2°C wet-bulb. The air tem-
perature increases 10.6°C as it passes through the con-
ditioned space. The apparatus dew point is 11.9°C. The
heat transfer rate is 456 kW. What is most nearly the
volumetric flow rate of the air passing through the
space?

(A) 12 m’/s
(B) 19 m®*/s
(C) 22 m¥/s
(D) 36 m®/s

3. The inside design conditions for a conditioned space
are 23.9°C dry-bulb and 16.9°C wet-bulb. The dry-bulb
temperature as it enters the air-conditioned space is
12°C. The room sensible heat ratio is 0.89. What is most
nearly the wet-bulb temperature of the air entering the
space?

(A) 9.0°C

(B) 10°C

(C) 11°C

(D) 12°C

4. The inside design conditions for a conditioned space
are 19.5°C dry-bulb and 17.8°C wet-bulb. The outside
air is at 31.5°C dry-bulb and 26.7°C wet-bulb. The dry-
bulb temperature of the air entering the space is 12.5°C.
The apparatus dew point is 10.0°C. Air leaves the con-
ditioner saturated. What is most nearly the system
bypass ratio?

(A) 0.11
(B) 0.26
(C) 0.35
(D) 0.48

5. A recirculating air bypass system is used to deliver
conditioned air to a room at a rate of 5.8 m%/s. Air
leaves the air conditioner saturated at 13.5°C dry-bulb.
The indoor design dry-bulb and wet-bulb temperatures
are 24.1°C and 18.2°C, respectively. The system bypass
factor is 0.34. After the conditioned air is mixed with the
bypassed air, what is most nearly the dry-bulb temper-
ature of the air entering the space?

(A) 15°C
(B) 17°C
(C) 18°C
(D) 21°C

6. An auditorium is designed to seat 4500 people. The
ventilation rate is 4.54 x 10° m®/h of outside air. The
outside temperature is —18°C dry-bulb, and the outside
pressure is 100.6 kPa. Air leaves the auditorium at 21°C
dry-bulb. The sensible heat load from the occupants is
297 kW. The specific heat of air is 1.0048 kJ/kg-K.
There is no recirculation, and the auditorium’s temper-
ature is maintained by varying the amount of outside
air. The temperature at which the air should enter the
auditorium is most nearly

(A) 11°C
(B) 13°C
(C) 17°C
(D) 19°C
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18-2 FE MECHANICAL PRACTICE PROBLEMS

7. An auditorium is designed to seat 200 people. The
ventilation rate is 2.50 x 10* m®/h of outside air, or
3.3x 10" kg/h. The outside temperature is —10°C
dry-bulb, and the outside pressure is 101.3 kPa. Air
leaves the auditorium at 23°C dry-bulb. The air temper-
ature entering the auditorium is 21.6°C. Most nearly,
how much heat should be supplied to the ventilation air?

(A) 120 kW
(B) 290 kW
(C) 540 kW
(D) 780 kW

8. A batch of green lumber is dried by passing air at
50°C dry-bulb and 20°C wet-bulb over it in an unheated
evaporation booth. The lumber decreases in mass at the
rate of 2.6 kg/h. The air leaving the dryer is at 80%
relative humidity. Most nearly, what is the incoming air
volume?
(A) 170 m3/h
(B) 220 m®/h
(C) 270 m®/h
(D) 350 m*/h

9. Atmospheric air leaves an air conditioning coil sat-
urated at 10°C. The air passes through a reheater,
which raises the temperature sensibly to 22°C. Most
nearly, what is the saturation percentage of the air
leaving the reheater?

(A) 47%

(B) 61%

(C) 84%

(D) 100%

SOLUTIONS

1. The room sensible heat ratio is

SHR = - Qsensibl.e
Qsensible + Qlatent
_ 72.5 kW
T 725 kW 4+ 3.2 kW
= 0.96
The answer is (C).

2. The dry-bulb temperature of the air as it enters the
conditioned space is

Tin = T;—10.6°C = 20.1°C — 10.6°C = 9.5°C
Calculate the airflow through the space.

__9
V_pc,,AT

456 kW
kg

B kJ . o
(1.2 F) (1 f(g~—K> (20.1°C — 9.5°C)

=358 m3/s (36 m3/s)
The answer is (D).

3. Locate the room inside design condition (23.9°C dry-
bulb, 16.9°C wet-bulb) on the psychrometric chart (SI
units). Use the sensible heat ratio protractor on the chart
to determine the psychrometric chart slope corresponding
to a sensible heat ratio of 0.89. Draw a line (the condition
line) back (to the left) with a sensible heat ratio of 0.89.
The point corresponding to the room entrance conditions
is where the condition line crosses the dry-bulb vertical
scale of 12°C. Follow the diagonal web-bulb temperature
lines up and to the left to 11.2°C (11°C).

The answer is (C).

4. The room’s indoor design conditions are the proper-
ties of the air that is withdrawn from the room. These
are the same properties of the air that is recirculated,
bypasses the air conditioner, and is mixed with the
conditioned air.

Air-mixing problems are usually solved graphically
using the psychrometric chart. A straight line is drawn
between the points representing the two airflows, and
the bypass factor calculated as the ratio of the bypass
volume (an approximation of the ratio of mixing
masses) to total mixture volume.

That could be done in this problem, but since the dry-
bulb temperatures of the mixture and the two mixing
airflows are given, it is easier to calculate the bypass
factor directly using the lever rule. This can be done
because the dry-bulb temperature is a linear scale on the
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psychrometric chart, and it doesn’t matter if the other

scales are inclined.

— Tmix'.ure - Tconditioned
BF = Troom - Toonditioned
_125°C - 10.0°C

19.5°C - 10.0°C
=0.263 (0.26)

The answer is (B).

5. The room’s indoor design conditions are the proper-
ties of the air that is withdrawn from the room. These
are the same properties of the air that is recirculated,
bypasses the air conditioner, and is mixed with the
conditioned air.

Air-mixing problems are usually solved graphically
using the psychrometric chart. A straight line is drawn
between the points representing the two airflows, and a
ratio of the mixing volumes (an approximation of the
ratio of mixing masses) to the total mixture volume (i.e.,
the bypass factor) is used to locate the mixture point.

That could be done in this problem, but since the mix-
ture dry-bulb temperature is needed, and the dry-bulb
temperatures of the two mixing airflows are given, it is
easier to calculate the dry-bulb temperature directly
using the lever rule. This can be done because the dry-
bulb temperature is a linear scale on the psychrometric
chart, and it doesn’t matter if the other scales are
inclined.

Tmixture = 1 conditioned BF( Troom - conditioned)
=13.5°C + (0.34)(24.1°C — 13.5°C)
=17.1°C (17°C)

The answer is (B).
6. The absolute temperature of outside air is
T = -18°C +273° = 255K

There is no moisture in the air at —18°C. From the ideal
gas law, the density of outside air is

s =(1006kPa)(1000 5
RT (

J
287.03 @) (255K)

= 1.374 kg/m?

The mass flow rate is

. 3
m=pV= (1 374 kg) (4.54 x 10° mT)

= 6.238 x 10° kg/h

The air temperature entering the auditorium is

Q = mcp( Tout,air - Tin,air)
oo @
in,air out,air 'rhc,,

(297 kW) (3600 %)

kg kJ
5 26 .
(6.238 x 10 h) (1 0048 ke K)

=21°C—

=19.3°C (19°C)
The answer is (D).
7. The specific heat of dry air is approximately

1.0 kJ/kg-K. The heat needed to heat dry ventilation
air from —10°C to 21.6°C is

Q= mc,AT

(3.3 x 10¢ %) (1 0 kf C) (216°C - (-10°0))

3600 K
=280.7 kW (290 kW)

The answer is (B).

[}
&)
=
«Q
c
)
ke
o
E
S
()
=
fa

8. Use the psychrometric chart (SI units). Locate the
starting point at 50°C dry-bulb and 20°C wet-bulb. The
humidity ratio is approximately 0.0024 kg/kg dry air.
The specific volume is approximately 0.918 m®/kg dry air.

Since no heat is applied, this is an adiabatic (saturation)
process. On the psychrometric chart, the air follows a
path of constant enthalpy up and to the left. (Lines of
constant enthalpy are almost parallel to lines of constant
wet-bulb temperature.) Locate the ending point at 80%
relative humidity along a line of constant enthalpy. The
humidity ratio is approximately 0.0135 kg/kg dry air.

The incoming air mass flow rate is

kg
=T 2%
a
A 0135 X8 _ 0.0024 KE
k kg
= 234.2 kg/h

The incoming air volume is

. m
Va = =mva

3
(234 2 ) (0.918 9‘—)
kg

215 m*/h (220 m3/h)

The answer is (B).
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9. Saturation percentage is the same as relative humid-
ity. Use the psychrometric chart (SI units). Locate the
starting point (saturated at 10°C). At that point, the
relative humidity is 100%. Sensible heating is represented
by a horizontal straight line on the psychrometric chart.
Move to the right to a dry-bulb temperature of 22°C. At
that point, the relative humidity is approximately 47%.

The answer is (A).

—
=
o
=
3
o]
Q

<<
3
Q
3
O
n

PPl ¢ www.ppi2pass.com
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1. A wall is constructed of 25 mm thick white pine
boards and insulated with 75 mm thick fiberglass insu-
lation. The thermal conductivities of the two materials
are 0.11 W/m-K and 0.048 W/m K, respectively. The
internal and external wall temperatures are 22°C and
—10°C, respectively.

75 mm 25 mm

c

outside

inside
" T=-10C

T=22C N

5335&5?333

fiberglass insulation /

k= 0.048 W/m-K k=0.11 Wm-K

What is most nearly the rate of heat loss per unit area of
wall?

(A) 6.7 W/m?

(B) 18 W/m?

(C) 19 W/m?

(D) 35 W/m?

2. A composite wall constructed of a slab of 2.5 em of
steel (k= 60.5 W/m-K) and a slab of 5.0 cm of alumi-
num (k = 177 W/m-K) separates two liquids. The liquid
on the steel side has a film coefficient of 15 W/m? K and
a temperature of 400°C. The liquid on the aluminum side
has a film coefficient of 30 W/m* K and a temperature of
100°C. Assuming steady-state conditions, what is the
approximate temperature at the steel-aluminum interface?

(A) 420K
(B) 470K
(C) 520K
(D) 570K

Conduction

3. Heat transfer occurs by conduction through a com-
posite wall as shown. The air temperature on one side of
the wall is —5°C; on the other, the air temperature is
25°C. The thermal conductivities and film coefficients
are 0.065 W/m K and 0.059 W/m'K, and 30 W/m*K
and 12 W/m?%K, as shown.

03m 1.5

T

T2 = —-5°C T1 = 25°C

hy = 30 W/m2K hy = 12 Wim2:K

k, = 0.065 W/m-K Ky = 0.059 W/m-K

What is most nearly the rate of heat transfer through
the wall per unit area?

(A) 1.0 W/m?
(B) 3.1 W/m?
(C) 9.8 W/m?®
(D) 17 W/m?

4. In order to use the lumped capacitance model to
evaluate transient heat transfer, the Biot number must be

(A) less than 0.1
(B) less than 1

(C) greater than 0.1
(D) greater than 1

5. A two-layer wall has a total exposed surface area of
120 m®. The temperature of the hotter side is 550°C; the
temperature of the cooler side is 200°C. The layer closer
to the hotter side is 0.3 m thick and has a thermal
conductivity of 200 W/m-K. The layer closer to the
cooler side is 0.5 m thick and has a thermal conductivity
of 50 W/m-K.

PPl # www.ppi2pass.com
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wall cross section
Most nearly, what is the thermal resistance of the wall?

(A) 2.7 x 1075 K/W

(B) 6.3 x 10™° K/W

(C) 7.1 x 107° K/W

(D) 9.6 x 107° K/W
6. The stead g -state heat transfer rate through a 10 cm
thick by 1 m” homogeneous wall section is 10 W. What
is most nearly the temperature difference between the

two wall surfaces if the thermal conductivity of the wall
material is 1 W/m-°C?

(A) 1.0°C

(B) 2.3°C

(C) 7.8°C

(D) 10°C
7. A 5 em diameter copper sphere with a uniform tem-
perature of 1000K is suddenly exposed to a fluid with a
constant temperature of 300K. The film coefficient is
400 W/m* K. The density and specific heat of copper
are 8933 kg/m® and 385 J/kg K, respectively. Using the

lumped capacitance method, the temperature of the
sphere after 30 seconds is most nearly

(A) 650K
(B) 760K
(C) 850K
(D) 950K

8. Heat flows steadily through a composite wall made
up of two materials, A and B, of equal thickness. The
thermal conductivity of material A is twice that of
material B.

80°C4 25°C

If the temperature of the outside surfaces of A and B are
80°C and 25°C, respectively, the temperature of the inter-
face surface between materials A and B is most nearly

(A) 54°C

(B) 58°C

(C) 62°C

(D) 66°C
9. A 4 c¢m diameter insulated steel pipe with 3 cm of
insulation carries steam at 120°C. The thermal condue-

tivity of the insulation is 0.04 W/m-°C. Neglect the
resistance to heat transfer from the steel pipe.

3ecm {2cm

What is most nearly the thermal resistance of the insu-
lation per unit length of pipe?

(A) 0.90 °C/W

(B) 3.6 °C/W

(C) 9.9 °C/W

(D) 11 °C/W

10. A solid copper sphere (8 cm diameter) at 400K is
suddenly exposed to air at 26K. The average convective
film coefficient is 25 W/m -K. The density, specific heat,
and thermal conductivity of copper are 8933 kg/m !
410 J/kg-K, and 380 W/m-K, respectively. What is most
nearly the time required to cool the sphere to 200K?

(A) 12 min

(B) 16 min

(C) 20 min

(D) 25 min
11. Two long pieces of copper wire (1.6 mm diameter)
are connected end to end with a hot soldering iron,
forming an infinite cylindrical fin. The thermal conduc-
tivity of the copper is 372.1 W/m-K. The minimum
melting temperature of the solder is 230K. The surround-
ing air temperature is 27K. The unit film coefficient is
17 W/m*K. Disregard radiation losses. The minimum

rate of heat application to keep the solder molten is most
nearly

(A) 1.3 W
(B) 3.3 W
(C) 6.0 W
(D) 14 W
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CONDUCTION

SOLUTIONS

1. For a composite wall,

. AT
Q Rtotal
_—(Tc—Ta)
R+ Ry
_—(Tc—Ta)
Ly | Iy

WA A
—(Tc— Ta)
L L
ky * k2
—(~10°C — 22°C)
+ 0.025 m
w w
0.048 e 0.11 m

=17.88 W/m? (18 W/m?)

Q.
A

~ 0.075m

The answer is (B).

2. Determine the total thermal resistance.

_s_ 1 L
R=2iat 2

1 Latumi Lgteel 1
RA = + uminum stee +
haluminum kaluminum ksteel hsteel
S S 5.0 cm
- W W cm
0 =g (7 op) (10 3)
2.5 cm 1
+ +
)\ cm W
(60'5 m-K) (100 m) 15 m?-K

= 0.1007 m2-K/W

The aluminum and steel contribute little to the overall
thermal resistance.

Calculate the conductive heat transfer per unit area.

Q

Q= Thot — Teold
A RA
(400°C + 273°) — (100°C + 273°)

2_K
0.1 m--B
007 W

= 2979 W/m?

Calculate the thermal resistance from the steel-side fluid
to the interface.

L 1
ksteel  Psteel
_00%m 1
- w W
60.5 —— 15 ——

= 0.06708 m2-K/W

The heat transfer is known. Solve the conduction equa-
tion for the unknown temperature.

Q_ Thot = Tinterface
4

RA
o190 ¥ _ (400°C + 273°) ~ Tt
m 0.06708 ™K

w
Tinterface = 473K (470K)

The answer is (B).

3. Determine the total thermal resistance.

1 . 4L L 1
R AT A T ha
1 L, L 1
RA=—+ZL 4242
hi ki ky ho
_ 1 1.5m ks
=Tw W ®
12 = 0059 — E
+ 0.3 mW + lw §
0065 —— 30 —— 2
= 30.16 m>K/W

Determine the conductive heat transfer per unit area.

_26°C - (-5°C)
- m?-K
30.16 W

=0.995 W/m?> (1.0 W/m?)

The answer is (A).
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4. The Biot number is a ratio of the conductive (inter-
nal) thermal resistance to the convective (external)
thermal resistance.

hV

Bl:kAs

When the Biot number is much less than 1.0 (typically
0.1 or less), surface resistance dominates and internal
resistance can be neglected.

The answer is (A).
8. The thermal resistance is

L L
R=Rp+ Rp =k_AA/—1+kB_lil

-G (&)

_ ( 1 ) 0.3 m + 0.5m
120m?*/ | 990 W~ 50 W
m-K m-K

=958 x 107 K/W (9.6 x 10~° K/W)

The answer is (D).

6. Solve the conduction equation for the temperature
difference.

3 ; dT AT

) = _kASS af

g:!{ Q=—-kA Iz kA Az

§ AT = -@—x

o kA

g _ (10 W)(10 cm)
- w 2 ¢m

(1 m-°C)(1 m )(100 m)
=1.0°C
The answer is (A).

7. Calculate 3, the reciprocal of the time constant.

_hA, __hnd® _ 6h
pVe, p(%)dac,, pdc,

(6) (400 EIXV—K) (100 %)

kg J
(8933 ;13) (5 cm) (385 kg-K)

=0.01396 1/s

B

The temperature variation of the body with time is

T—Ty = (T, — ch)e‘/"

Solve for T.

T= Too + (Ti — Too)e™
= 300K + (1600K — 300K)e~(0.013%6 1/3)(30 )
=760.5K (760K)

The answer Is (B).

8. For conduction through a plane wall, with T5 as the
intermediate temperature,

— Tl—T2= T2-T3=kAA(Tl"'T‘2)

Q RA RB LA
_ —ksA(T: — Ts)
Lp
ka = 2kp
Lya=1ILg

Substitute and solve.

2k ATy — T3) _ kpA(Tp = Ts)
Ls Is
2)(Ty - To)=T>— Ts
(2)(80°C — Tp) = T — 25°C
T,=617°C (62°C)

The answer is (C).
9. Find 7.
ro = 71 + thickness =2 cm+ 3 cm = 5 cm

The thermal resistance is

ln5cm

2 cm
W

m-°C

" en) (0.04
=3.6°C/W

) (1 m)

The answer is (B).
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10. The Biot number for a sphere is

3

;"

(3nr
k(4n'r2)

(25 — K) (4 cm)

"3 (380 %) (100 %)
= 0.00088

h

~—

Bi=

%Ii‘

Since Bi < 0.1, the lumped capacitance method can be
used. The temperature variation of a body with time is

T - Too = (Tt — Too)e-ﬁt = (Tz —_ Too)e'(hAs/Pvcp)t

The equations for the area and volume of a sphere are

A, = nd?

Solve for t.

()
Por\"6
I

hrd? T—Te
Ti— Too

_ {pcpd
- ( 6h )h‘ T— To
'—K) (8 cm)

(ss33 58) (10 55

400K ~ 25K

410
(6) (25 WK) (100 cm 200K — 25K

60 —
min

=24.8 min (25 min)

The answer is (D).

11. Calculate the perimeter length.

n(l 6 mm)
1000

=5.027x 103 m

1l

Calculate the cross-sectional area of the fin.

2
= =n(%) = (T2
Ac_nrz—n(g) (4)d

T 2
_ (Z) (1.6 mm)
= 2

(1000 22)

m
=2.011 x 1078 m?
Each side of the fin extends outward for an (essentially)

infinite distance, so the corrected length is infinite. Since
tanh oo =1, tan(mL;) =1.

With two fins joined at the middle,

Q= QW(TI; -
( )(5 027 x 10~% m)

Too)tanh(mL;)

=2
-6 2
X (372.1 K) (2.011 x 107° m?)

x (230K — 27K)(1)
=325W (33W)

The answer is (B).
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1. A counterflow heat exchanger is used to cool 0.1 kg/s
of oil from 100°C to 70°C. Cooling water enters the heat
exchanger at 30°C and leaves at 70°C. The specific heat
of oil is 1.9 kJ/kg-°C, and the overall heat transfer
coefficient is 0.32 kW/m?°C. The mean temperature
difference correction factor is 0.9. The required heat
exchanger area is most nearly

(A) 0.1 m®

(B) 0.3 m*

(C) 0.6 m*

(D) 0.8 m?

2. A white, uninsulated, rectangular duct passes
through a room. The duct is 45 cm wide and 30 cm
high. Air at 40°C enters the duct flowing at 4.0 m/s.
For air at 40°C,

p= 191 x 107 kg/s‘m

p=1.130 kg/m?3

¢ = 1.0051 kJ/kg-K

k=0.02718 W/m-K

What is most nearly the Reynolds number of the air
entering the duct?

(A) 6.5 x 10*

(B) 7.0 x 10*

(C) 8.5x10*

(D) 9.0 x 10*

3. What dimensionless number does the combination of
variables shown represent?

Cplt
k
(A) Reynolds
(B) Prandtl
(C) Nusselt
(D) Grashof

Convection

4. The transition between laminar and turbulent flow
for smooth tubes usually occurs at a Reynolds number
of approximately

(A) 900
(B) 1200
(C) 1500
(D) 2300

5. A bare, horizontal conductor with a circular cross
section and an outside diameter of 1.5 cm dissipates
25 W per meter of wire length. The conductor is cooled
by free convection, and the surrounding air temperature
is 15°C. The film temperature is 38°C. The film coeffi-
cient is 10.27 W/m? K. The conductor’s surface temper-
ature is most nearly

(A) 29°C
(B) 43°C
(C) 54°C
(D) 67°C

6. 10 kg/s of oil must be cooled from 120°C to 50°C in a
counterflow heat exchanger. Water at a temperature of
15°C with a flow rate of 8 kg/s is available. The specific
heats of oil and water are 2 kJ /kg-°C and 4.18 kJ /kg-°C,
respectively. The process is adiabatic. If the overall heat
transfer coefficient is 0.8 kW/m?.°C, the heat transfer
area is most nearly

(A) 22 m®
(B) 28 m?
(C) 37T m?
(D) 51 m?

7. A fluid in a tank is maintained at 30°C by an
immersed hot water coil. The hot water enters at 90°C
and leaves at 70°C. The logarithmic mean temperature
difference is most nearly

(A) 49°C
(B) 53°C
(C) 62°C
(D) 71°C
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20-2 FE MECHANICAL PRACTICE PROBLEMS

8. An electrically heated plate is mounted vertically in
25°C air. The plate has a surface area of 0.1 m?, has a
height of 0.3 m, and is maintained at a uniform tem-
perature of 130°C. The average kinematic viscosity of
air is 20.92 x 10~% m?/s, the thermal conductivity is
30 x 10~* W/m-K, and the Prandtl number is 0.7. The
power dissipation is most nearly

(A) 45 W
(B) 60 W
(C) 66 W
(D) T4 W

9. A large horizontal flat heater at 110°C is used to boil
water. The density of the water vapor is 0.826 kg/m®,
and the density of the liquid water is 951 kg/m®. The
surface tension between the water vapor and the liquid
water is 0.057 N/m. What is most nearly the heat flux
from the heater?

(A) 9.5 kW/m®
(B) 14 kW/m?
(C) 21 kW/m?
(D) 26 kW/m?

SOLUTIONS

1. The heat transfer is

Q = M4 CpoitA Toi
(o1 kg kJ \ ,
- (0.1 S) (1.9 kg.OC)(wo C - 70°C)
=57 kW

The logarithmic mean temperature difference is

(Tho — Tci) = (Tui — Tco)

ATy =
m In Tho — Tci
Thi— Tco
_ (70°C — 30°C) — (100°C — 70°C)
= 1o 70°C —30°C
100°C — 70°C
= 34.76°C
Q= UAFAT,
= kW °
5.7 kW = (0.32 - C)A(o.g)(34.76 )

A=0.569 m* (0.6 m?)

The answer is (C).

2. The duct is rectangular. The hydraulic diameter is

Dy = 4 x cross-sectional area _ _ 4WH
wetted perimeter 2(W+ H)

_ (4)(45 cm)(30 cm)
cm
(2)(45 cm + 30 cm) (100 am)

=0.36 m

The Reynolds number is

kg m
D (1.130 F) (4.0 ;) (0.36 m)
Re= = —X
= 1.91 x 1075 —&
=852 x 10" (8.5 x 10%)
The answer is (C).

3. The equation calculates the Prandtl number.

= Sk

Pr %

The answer is (B).
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CONVECTION

4. Laminar flow in smooth tubes occurs at Reynolds
numbers less than 2300.

The answer is (D).

5. The wire diameter is

d=12m _0015m
100
m

The heat transfer from the wire is

Q= hA(Ts - To) = hndL(Ts — To)

The surface temperature is

Q
=L
To=qrat Too
__\_’V_
lm +15°C
(10 27 — )n(0.015 m)

=66.7°C (67°C)
The answer is (D).
6. The heat transfer from the hot oil is

Qn = mycpu(Thi — Tho)

kg kJ °C _ £(°
(10 )( kg‘oc)(lzoc 50°C)

= 1400 kW

Since the process is adiabatic, this is also the heat gain
by the cold water.

Qu = Qc = mgepe(Teo — Tai).

1400 kW = (8 ksg) (4 18 k—)(TCO - 15°C)

Tco = 56.87°C

(Two — Tci) — (Twi — Tco)
In Tho — Tci
Tui — Tco

_ (50°C — 15°C) — (120°C — 56.87°C)
= 50°C — 15°C
120°C — 56.87°C

AT =

In

= 47.69°C

Solve for area.

Q= UAFAT\
_ @
A= UFAT,
1400 kW

- ( kW )(1 0)(47.69°C)
= 36.60 m2 (37 m2)

The answer is (C).

20-3

~

7. The logarithmic mean temperature difference is

(Tho — Tco) — (Thi — Tci)
THo - TCo
In ——T T

ATy =

_ (70°C = 30°C) — (90°C — 30°C)

T0°C—30°C
90°C — 30°C
= 49.3°C  (49°C)

In

The answer is (A).

8. The absolute surface and air temperatures are

Ts=130°C + 273°
= 403K
To = 25°C +273°
= 298K

The coefficient of volumetric expansion is the reciprocal
of the absolute temperature of the film, which is the
average of the surface and local temperatures.

2
Ts+ Teo

-2
~ 403K + 298K

= 0.00285K"!

ﬂ:

Heat Transfer
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20-4

The Rayleigh number is

_ 3

m 1
(9.81 3_2) (0.00285 ﬁ)
x (403K — 298K)(0.3 m)®
= (0.7)
(20.92 x 1076 ’-ns—)

=1.27x 108

At this value of Ra, from tabulated values, C=0.59,
and n=1/4. The heat transfer coefficient is

O

30 x 107 —VLK
3 —2 | (127 108)1/4

= (0.59)
= 6.26 W/m?K
Q= hAAT

— w 2 _
= (626 mZ_K) (0.1 m?)(403K — 298K)

=658 W (66 W)

The answer is (C).

I
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9. From the steam tables, the enthalpy of evaporation
for water at 110°C is 2230.2 kJ/kg. Use the Zuber

equation for minimum heat flux.

1/4
, aglp — p,
Gmin = 0.09p, 1, (i(”'_p_).)

(o1 +p,)’
_ kg kJ
= (0.09) (0.826 m3) (2230.2 kg)
N m 1/4
( (0057 2) (081 %) \
x (951 ke _0.826 k—gs)
x o -
(951 Xe 1+ 0.8% 3‘%)
m m

=258 kW/m? (26 kW/m?)

The answer is (D).
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Radiation

1. Which statement concerning radiant heat transfer is
FALSE?

(A) The radiation emitted by a body is proportional
to the fourth power of its absolute temperature.

(B) For a body of a particular size and temperature,
the maximum energy is emitted by a black body.

(C) For an opaque body, the sum of absorptivity and
reflectivity is always equal to 1.0.

(D) Radiant energy cannot travel through a vacuum.

2. A 1200°C, 25 cm radius thin-walled cylinder is
located concentrically within a hollow, 750°C, 50 cm
radius thin-walled cylinder. Both cylinders behave as
black bodies.

T=1200°C
T=750°C

Neglecting conduction, convection, and end effects,
what is most nearly the net radiation exchange per unit
length between the two cylinders?

(A) 51 kW/m

(B) 160 kW/m
(C) 320 kW/m
(D) 640 kW/m

3. A small tungsten filament (emissivity of 0.35, surface
area of 3.0 cm®) is placed within a spherical enclosure
whose temperature is 20°C. What is most nearly the
power input needed to keep the filament temperature
at 2800K?

(A) 370 W

(B) 480 W

(C) 970 W

(D) 1100 W

4. If T is the absolute temperature, the intensity of
radiation from an ideal radiator will be proportional to
(A) T
(B) T*
) T°
(D) T

5. Two plates of equal area are placed parallel to each
other in a vacuum. One plate has an emissivity of 0.2
and temperature of 700K, and the other plate has an
emissivity of 0.4 and a temperature of 500K. The view
factor is 0.8. The radiation heat flux is most nearly

(A) 1.0 kW/m®

(B) 1.5 kW/m?

(C) 2.0 kW/m?

(D) 2.5 kW/m®

6. A 3 m x 3 m plate at 500°C is suspended vertically in
a large room. The plate has an emissivity of 0.13. The
room is at 25°C. What is most nearly the net radiant
heat transfer from the plate?

(A) 83 kW

(B) 24 kW

(C) 46 kW

(D) 47 kW

PPl o www.ppi2pass.com
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FE MECHANICAL PRACTICE PROBLEMS

7. At 3:00 p.m. in July, a stone wall reaches a maximum
temperature of 50°C. The stone has an emissivity of
0.95. Most nearly, what is the radiant heat energy
transfer per square meter of the wall?

(A) 1980 W/m®
(B) 590 W/m?®
(C) 1100 W/m?
(D) 3800 W/m?

8. A copper sphere 0.3 m in diameter radiates power
through a vacuum to an environment at 273K. The
emissivity of copper is 0.15, and the sphere is at 60°C.
The radiation emitted is most nearly

(A) 28 W
(B) 30 W
(C) 3T W
(D) 53 W

9. A metal ball with a radius of 2.5 cm is heated to
573K. The emissivity is 0.4. Most nearly, what is the
rate of energy emitted from the surface of the ball?

(A) 0.020 W
(B) 0.70 W
(C) 14 W
(D) 19 W

10. In 1 hour, approximately how much black-body
radiation escapes a 1 cm x 2 cm rectangular opening in
a kiln whose internal temperature is 980°C?

(A) 20 kJ

(B) 100 kJ
(C) 130 kJ
(D) 150 kJ

SOLUTIONS

1. All forms of radiation travel through a vacuum, so
the statement “radiant energy cannot travel through a
vacuum” is false.

The answer is (D).

2. The net radiation exchange is

le =~A1F120(T§ - Tg)
= 2nr LF1p0(T| — T3)

%: 2nr Froo( T} - T3)

The shape factor, Fi,, for a black body enclosed com-
pletely within another black body is equal to 1.

—£3= 2nry Fip0( Tt ~ T3)
(2m)(0.25 m)(l)(5.67 x 107 mZVK“)

B x ((1200°C + 273°)" — (750°C + 273°)*)
= W
1000 -

=321.7kW/m (320 kW/m)

The answer is (C).

3. Let the filament be body 1, and the enclosure be
body 2.
T9=20°C +273° = 293K
Q2= F120Ai(T} - T3)
= E]O‘A)(T}‘ - Tg)
- -8 _W_
= (0.35)(5.67 x 107 —=—)

3.0 cm?®

(o0 )

=365.9 W (370 W)

((2800K)* - (293K)“)

The answer is (A).
4. The intensity of an ideal (black-body) radiator at

absolute temperature, 7T, is given by the Stefan-
Boltzmann law, also known as the fourth power law.

leack =ecAT!

The answer is (D).
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RADIATION 21-3

5. The net heat transfer due to radiation is

Solve for heat flux.

Qu__ o(T{-T)
A 1—61+_1_+1—62
€1 Fig 1)

(5.67 x 1078

\
m2~K4)
x ((700K)* — (500K)*)
1-02, 1 1-04 W
( 02 081 04 ) (1000 EW)
=1.492 kW/m? (1.5 kW/m?)

The answer Is (B).

6. The plate has two surfaces. Disregarding the edges,
the radiating area is

A=(2)(3m)(3 m) =18 m®

The configuration factor for a fully enclosed body is the
emissivity of the body. In this case,

F12 =& = 0.13
Qu = A1F12¢7(Ti - Tg)
2 -5 _W
(18 m?)(0.13) (5.67 x 10 lel,)
x ((500°C + 273°)* — (25°C + 273°)*)
i
1000 ;=

=46.3 kW (46 kW)
The answer is (C).

7. The energy radiated by a gray body is

Q=¢ccAT?
The heat flux is
q= % =eoT!
= (0.95)(5.67 x 1078 %) (50°C + 273°)*

=586 W/m? (590 W/m?)

The answer is (B).

8. The rate of energy emitted is

Q=¢ecAT* = eodnr? T
= (0.15)(5.67 x 1078

)
m2.K4
x (4m) (0—?;2) * (60°C + 273%)!
=206 W (30 W)
The answer is (B).

9. The rate of energy emitted is

Q=eo0AT = eodnr? T!
W

= (04)(5.67x 10 )

2
x (4m) ( 2.5 3“,;!) (573K)"
m.

100
=192 W (19W)
The answer is (D).
10. Calculate the area of the opening,.
A= (1 cm)(2 cm)
=2 cm?

The black-body radiation is

Qblec = €0AT?
(1)(5.67x 107 m"\”-vK“) 2 cm?)
x (980°C + 273°)*
2
(100 %)
m
=28 W
Q=Qt
S
_(8W)(1h) (3600 H)
= I
1000 =

=100.6 kJ (100 kJ)

The answer is (B).
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1. In the system shown, force F, line P, and line Q are
coplanar.

Q

\450 F=300N

25°

P

Resolve the 300 N force into two components, one along
line P and the other along line Q.

(A) Fq=272N; Fp=126 N
(B) Fq=232 N; Fp=186 N
(C) Fo=135N; Fp=226 N
(D) Fo=212 N; Fp=226 N

2. Which type of load is NOT resisted by a pinned
joint?

(A) moment
(B) shear

(C) axial

(D) distributed

3. The loading shown requires a clockwise resisting
moment of 20 N-m at the support.

&15N

T 05m im " 05m

What is most nearly the value of force F?
(A) 25N (up)
(B) 27 N (up)
(C) 38 N (down)
(D) 43 N (down)

Systems of Forces
and Moments

4. A bent beam is acted upon by a moment and several
concentrated forces, as shown.

60N

0.2m X Il 0o2m |
10N 20N 10N F

?}:Li;;l.i’v‘-' R
l

Approximate the unknown force, F, and distance, z,
that will maintain equilibrium on the beam.

(A) F=5N;z=08m

(B) F=10N; z=0.6 m
(C) F=20N;z=0.2m
(D) F=20N; z=04m

5. For the member shown, the 700 N-m moment is

applied at point B.
A/ 200 N
3
4

r—f .’




22-2 FE MECHANICAL PRACTICE PROBLEMS

If the member is pinned so that it rotates around
point B, what counteracting moment must be applied
at point A to keep the member in equilibrium?

(A) 650 N-m
(B) 890 N-m
(C) 1150 N-m
(D) 1240 N-m

6. A force is defined by the vector A=3.5i-
1.5j 4+ 2.0k. What is most nearly the angle between the
force and the positive y-axis?

(A) 20°
(B) 66°
(C) 70°
(D) 110°

7. In the structure shown, the beam is pinned at
point B. Point E is a roller support. The beam is loaded
with a distributed load from point A to point B of
400 N/m, a 500 N-m couple at point C, and a vertical
900 N force at point D.

*500 N-m

Chsm  25m
I l 1.7m

: -‘;—:wE@!—-
7 12m
L 900 N

im

If the distributed load and the vertical load are removed
and replaced with a vertically upward force of 1700 N at
point F, what moment at point F would be necessary to
keep the reaction at point E the same?

(A) —9000 N-m (counterclockwise)
(B) —6500 N-m (counterclockwise)
(C) 3500 N-m (clockwise)

(D) 12000 N-m (clockwise)

8. Where can a couple be moved on a rigid body to have
an equivalent effect?

(A) along the line of action
(B) in a parallel plane

(C) along the perpendicular bisector joining the two
original forces

(D) anywhere on the rigid body

9. The overhanging beam shown is supported by a
roller and a pinned support. The moment is removed
and replaced by a couple consisting of forces applied at
points A and C.

100 N/m

What is the magnitude of the forces that constitute the
couple?

(A) 2.1N
(B) 42 N
(C) 63N
(D) 8.3N

10. A disk-shaped body with a 4 cm radius has a 320 N
force acting through the center at an unknown angle 4,
and two 40 N loads acting as a couple, as shown. All of
these forces are removed and replaced by a single 320 N
force at point B, parallel to the original 320 N force.

40N

Most nearly, what is the angle 67
(A) 0°
(B) 7.6°
(C) 15°
(D) 29°
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SYSTEMS OF FORCES AND MOMENTS 22-3

11. The overhanging beam shown is supported by a 1m 3m 45m
roller and a pinned support. The moment is removed | |

and replaced by a couple consisting of forces applied at

points A and C.

1)}

signal arm

500 N 210 N/m -
sign
t 8.3 N'‘m
AI - [‘/thv~ % .C
‘ 7. 7
e ] | |
0.2m 0.7m 04m 0.5m

What is most nearly the magnitude of the couple that , ;
exactly replaces the moment that is removed? i

(A) 0.080 N-m |
(B) 0.16 N-m .
(C) 8.3 N-m
(D) 15 N'm

12. Which structure is statically determinate and S
stable with the loadings shown? b

I~
As limited by moment on the connection, what is most
nearly the maximum area of the sign?
(A) 1.0 m?
(B) 1.2 m*
(C) 2.8 m*
(D) 5.6 m*

14. A hinged arch is composed of two pin-connected
curved members supported on two pinned supports, as
shown. Both members are rigid. A horizontal force of
1000 N is applied to pin B, as shown. All coordinates are

0 0 in meters.
’ ’ ' ' y‘ 100N
III v '-——" R
m (6,5) member 2
(A) Ionly member 1
(B) Iand III
(C) Iand IV

Most nearly, what are the reactions and moments at
joint A?

(A) F,=500 N; F,=600 N; M =5000 N-m

(D) II and III

13. A signal arm carries two traffic signals and a sign,

as shown. The signals and sign are rigidly attached to (B) F;=600 N; F,=500 N; My =0N-m
the arm. Each traffic signal has a.frontal area of 0.2 m? (C) F,=680 N; F,=400 N; M = 5000 N-m
and weighs 210 N. The sign weighs 60 N per square

meter of area. The design wind pressure is 575 Pa. The (D) F,=616 N; F,=480 N; M, =0 N-m

maximum moment that the connection between the arm
and pole can withstand due to wind is 6000 N-m, and
the maximum permitted moment due to the loads is
4000 N-m.
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SOLUTIONS

1. One of the characteristics of the components of a
force is that they combine as vectors into the total force.
Draw the vector addition triangle and determine all of
the angles and sides.

. m Fa

Fp
Use the law of sines to calculate the components.

F __ Fq _ _Fp
sin110° sin25° sin45°
300N __Fo _ _Fp

sin110°  sin25° sin45°
Fo = (300 N)Siii;'—l% —1349N (135 N)
Fp = (300 N) Ss‘ﬁ‘ 14150 =2257N (226 N)
The answer is (C).

2. A pinned support will resist forces but not moments.
The answer is (A).

3. Clockwise moments are positive. The sum of the
moments around the support is

dYM=0
=20 N-m — (75 N)(0.5 m) — F(1.5 m)
— (15 N)(L.5 m)
F=-267N (27N) [up]

The answer is (B).

4. The sum of the forces in the y-direction is
ZF y=0
=—60N+10N+20N+10N+ F
F=20N

Clockwise moments are positive. The sum of the
moments around point A is

Y My=0
=20 N-m — (20 N)(0.2 m)
- (10 N)(0.2 m + z) — (20 N)(0.4 m + z)

442410z + 8 +20x= 20
30z=6
z=02m

The answer is (C).

5. Let clockwise moments be positive. Take moments
about point B.

D Mg = 700 N-m + (150 N)(4 m)
_ kil
(300 N) ()2 m)
12
—~ (300 N)(—1—3) (4 m)
4
+ (200 N) (g) (8 m)
=1242 N-m (1240 N-m)
The application point of the moment is irrelevant.
The answer Is (D).
6. Calculate the dot product of two vectors.

A=351-15j+2k

B=j
A-B=a;b; + ayby + a,b,
(3.5)(0) + (~1.5)(1) + (2)(0)
=-15

The magnitude of B (a unit vector) is 1. The magnitude
of A (same as F) is

F=\[F2+F2+ F?

= /(35)° + (-1.5) + (2.0)°
—3 4-3

The dot product is defined as the product of the vector
magnitudes multiplied by the cosine of the angle
between them.

A.-B=1A||B|cosf
-1.5=(4.3)(1)cos @

.5 [+] o
=110.4
13 = 11047 (110°)

@ = arccos

The answer Is (D).
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22-5

7. The reaction at point E is unknown, but it is irrele-
vant. Since the reaction is to be unchanged, it is neces-
sary only to calculate the change in the loading.

Assume clockwise moments are positive. Take moments
about point B for the forces that are removed and
added.

D Mg =) Mpremoved — 2 MB sdded

-~ B (2

+ (900 N)(1 m+ 1.5 m+ 3 m)
— (~1700 N)(L5 m + 3 m)

=11800 N-m (12000 N-m) [clockwise]
This is the moment that is applied by the forces that are
removed, reduced by the moment of the new force that
is applied. A 12000 N-m clockwise moment must be

applied to counteract the change. The location of the
new moment is not relevant.

The answer is (D).
8. Since a couple is composed of two equal but opposite
forces, the - and y-components will always cancel, no

matter what the orientation. Only the moment pro-
duced by the couple remains.

The answer is (D).

9, The distance between the forces is

d=04m+02m+05m+0.1m
=12m

The forces are

_M_25Nm
F= d 12m
=208N (21N)
The answer is (A).

10. Assume clockwise moments are positive. Take
moments about the center for the original forces. The
320 N force has no moment arm, so it does not contrib-
ute to the moment. The couple is

M= Fd = —(40 N)(8 cm)
= —320 N.cm
The replacement force must produce a moment of
—320 N-cm. The horizontal component of the replace-

ment force acts through the center; only the vertical
component of the force contributes to the moment.

M = —-320 N-cm = Fr = —(320 N)(sin 6)(4 cm)
9=14.48° (15°)

The answer is (C).

11. A couple is a moment. When a moment of 8.3 N-m
is removed, it must be replaced by the same moment.

The answer is (C).

12. Structure I is simply supported and determinate.
Structure II is a propped cantilever beam, always inde-
terminate by one degree. Structure III is a truss that is
pinned at both ends, also indeterminate by one degree.
Structure IV is a beam with three rollers, two in the

vertical direction and one in the horizontal direction. It
is determinate, but not stable.

The answer is (A).
13. The length of the signal arm is
Im+3m+45m=85m

Set the moment on the arm due to the wind equal to the
maximum allowed.

D Myina = (0.2 m?)(575 Pa)(8.5 m + 4.5 m)
+ Asign(575 Pa)(7.5 m) = 6000 N-m

Set the moment on the arm due to vertical loading equal
to the maximum allowed.

D" Micass = (210 N)(8.5 m + 4.5 m)
N
+ (60 F) Asign(7.5 m) = 4000 N-m

The maximum area of the sign is the smaller of these
two values, 1.04 m? (1.0 m?).
The answer is (A).
14. Sum moments about point C. The z-component of
the reaction at point A has a zero moment arm.
> Mc=10F, — (1000 N)(5) =0
F,=500 N

Point B is a pin, which transmits no moment. Sum
moments to the left of point B.

D Mp = Fy(6) ~ F;(5) =0
= (500 N)(6) — Fz(5) =0
F,=600N

Point A is a pin, which transmits no moment.
The answer is (B).
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Trusses

PRACTICE PROBLEMS 3. For the truss shown, what are most nearly the forces

......................... o members AC and BD?
1. Determine the approximate force in member BC for

the truss shown.

3000 N ¢5°°° Nk
B F % m
= 8
3000 N A ¢ 2 g H_t Eh
75m 1"1 ‘ l 1’:2
| 1
3000 N ~ 8m  8m 8m  8m
A D1y
7 , (A) AC=11000 N; BD=—-7900 N
— ! P e ! (C) AC=1100 N; BD=2500 N
(D) AC=0N; BD=-7900 N
(A) ON
(B) 1000 N 4. The braced frame shown is constructed with pin-
(C) 1500 N connected members and supports. All applied forces
(D) 2500 N are horizontal.
B
100 N 100 N
2. Find the approximate force in member DE for the g =
truss shown.
1B m
B D F
A
200 N - 200 N
15m 15m
E 100 N 7 A 100N
A ) | |
‘ 20 m
I ' | 25000N | Most nearly, what is the force in the diagonal member
10m om  10m BA?
(A) ON
(A) ON (B) 160 N
(B) 6300 N (C) 200 N
(C) 8800 N (D) 250 N
(D) 10000 N
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FE MECHANICAL PRACTICE PROBLEMS

8. For the cantilever truss shown, what is most nearly

the force in member AF?

5000 N 10000 N

oy

5000 N

+

5m

(A) ON

(B) 5000 N
(C) 10000 N
(D) 15000 N

>
10000 N

SOLUTIONS

1. Distance AF is

AF= /(5 m+5m)’+(75m) =125 m
Distance AE is
AE=JAF = (})(125m) =6.25 m
The sum of the moments around point A is
> Mp=0
= (3000 N)(6.25 m) + (3000 N)(12.5 m)
+ (3000 N)(5 m) — Fc,(10 m)
+ (3000 N)(15 m)
Fc,=11625 N [upward]

From trigonometry, the applied forces are inclined from
the horizontal at arctan(7.5 m/(5 m+ 5 m)) = 36.87°.

D Fy=0
= Fj, — (3)(3000 N)cos 36.87°
—(2)(3000 N) + 11625 N
Fp,=1575 N [upward]
D F.=0
= Fy, + (3)(3000 N)sin 36.87°
Fp,=—-5400 N [to the left]
Use the method of sections.

3000N N\ F

7

[}
3000 N \
1 "\ EC

!

B| I

A Y
7. \\
~—— 5400 N

> BC

1575 N

Take moments about point E. The vertical downward
force at point B passes through point E, and it does not
generate a moment.

> Mg=0
= (5400 N)(3.75 m) + (1575 N)(5 m)
— (3000 N)(6.25 m) — BC(3.75 m)
BC=2500 N

The answer is (D).
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23-3

2. Take moments about point G.
> Mg=0
= (=25000 N)(10 m) + F,,(30 m)
Fp,=8333 N [upward]

Use the method of sections.

8 D

15 m

TFAY

Y Fy=0
= 8333 N - DE,
DE, = 8333 N
DE, = (8333 N) (15?%)
— 2778 N
DE = /(8333 N)? + (2778 N)?
=8784 N (8800 N) |[tension]

The answer is (C).

3. Take moments about point H.

> My=0
= (5000 N)(24 m) — F;(32 m)
Fy=3750 N
The angle made by the inclined members with the hori-
zontal is

jm o
arctan =— = 18.435
8§m

(Alternatively, the force components could be deter-
mined from geometry.)

Use the method of joints.

For pin A,
Y F,=0
= F) + ABsin 18.435°
= 3750 N + ABsin 18.435°
AB= —11859 N [compression]
2 F=0
= (—11859 N)cos 18.435° + AC
AC=11250 N (11000 N) ([tension]

For pin C,

D Fy=0

BC=0 ([zero-force member}

5000 N
AV
Y F,=0
= ABcos 18.435° + BE cos 18.435°
+ BD cos 18.435°
0=AB+BE+BD
- Y Fy=0
= ABsin 18.435° + BE sin 18.435°
— BDsin 18.435° — 5000 N
BD sin 18.435° = AB sin 18.435° + (—AB — BD)
x (sin 18.435°) — 5000 N
= sin 18.435°(AB — AB — BD)
— 5000 N
2BDsin 18.435° = —5000 N
BD=-7906 N (—7900 N)

compression in opposite
direction shown

For pin B,

The answer is (A).
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4. Determine the length of member BA by recognizing
this configuration to be a 3-4-5 triangle.

Lpa =25 m

Use the method of sections. Cut the frame horizontally
through member BA.

100N o A = 100 N
cut--l»—y” """""

Z

By inspection, the horizontal component of Fgs bal-
ances the two applied horizontal loads.

A

BA; =100 N+ 100 N =200 N
By similar triangles,
BA= (%)(200 N) =250 N

The answer is (D).

5. Take moments about point B.

D Mp=0
= —(5000 N)(5 m) + (5000 N)(5 m)
+ RAv (5 m)
Ry, =0N
By inspection, the force in member AF is equal to the
vertical component of the reaction at point A.

The answer is (A).
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2 4 Pulleys, Cables, and
Friction

PRACTICE PROBLEMS 3. A rope is wrapped over a 6 cm diameter pipe to
- - support a bucket of tools being lowered. The coefficient
of static friction between the rope and the pipe is 0.20.
The combined mass of the bucket and tools is 100 kg.

b= 0-2

If the coefficient of static friction is 0.2, approximately
how much additional force, F, must be applied to keep
the block from sliding down the incline?

(A) 7.TN
(B) 88N
1<) BLN What is most nearly the range of force that can be
(D) 14 N applied to the free end of the rope such that the bucket
remains stationary?
2. A box has uniform density and a total weight of (A) 560 N to 1360 N
600 N. It is suspended by three equal-length cables, N /
AE, BE, and CE, as shown. Point E is 0.5 m directly (B) BT0N fo 1440 N
above the center of the box’s top surface. (C) 720 N to 1360 N
E (D) 720 N to 1510 N
4. The two cables shown carry a 100 N vertical load.
N
Fee
F (& 3
AE FBE %
A B
| - Fam
0.6 m

Most nearly, what is the tension in cable CE?

(A) 130 N Most nearly, what is the tension in cable AB?
(B) 200 N (A) 40N
(C) 370 N (B) 50N
(D) 400 N (C) 60N
(D) 80 N
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5. Most nearly, what is the tension, T, that must be
applied to pulley A to lift the 1200 N weight?

(A) 75N
(B) 100 N
(C) 300 N
(D) 400 N

SOLUTIONS

1. Choose coordinate axes parallel and perpendicular to
the incline.

The sum of the forces is
2 F;=0=F+F;— Wsin¢
F= Wsin¢g — Fy

= mgsing — u N
= mgsin ¢ — p ,mgcos ¢
= mg(sin ¢ — pcos ¢)
= (2 kg) (9.81 892) (sin 34° — 0.2 cos 34°)
=77N

The answer is (A).

2. The length of the diagonal is

BC= /(0.4 m)? + (0.6 m)® = 0.721 m

The cable length is

2
BE= \/ (0'7221 )"+ (0.5 m)” = 0.616 m

There is nothing to balance the component force in the
direction from point A to the opposite corner, so the
force in cable AE is zero. Cables BE and CE each carry
half of the box weight. The vertical component of force
in each cable is 300 N.

0.5m

C |B
) 0721 m )
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PULLEYS, CABLES, AND FRICTION 24-3

By similar triangles, the tensile force in each cable is

_ (300 N)(0.616 m)

= N
T 05 m 370
The answer is (C).
3. The angle of wrap is
‘2 fone oy (21 rad) _
6= (90° +20°) (%22%) = 1.92 rad

(This must be expressed in radians.)
The tensile force in the rope due to the bucket’s mass is

— — m
F=mg = (100 kg) (9.81 82)
=981 N

The free end of the rope can either be on the tight or
loose side. These two options define the range of force
that will keep the bucket stationary.

The ratio of tight-side to loose-side forces is
Fi_ o _ (0200192 ra9)
Fy
= 1.468

Multiply and divide the bucket-end tension by this
ratio.

981 N
1.468

maximum tension: (1.468)(981 N) = 1440 N

minimum tension:

=668 N (670 N)

The answer is (B).
4. Recognize that the orientations of both cables are
defined by 3-4-5 triangles.

The equilibrium condition for horizontal forces at
point A is

Fr=Tac— Tag=0
8Tac—4Tag=0
Tac=4Tas
The equilibrium condition for vertical forces at
point A is
Fy=Tap+ Tac — 100 N=0
2TaB +3Tac — 100 N=0
Substitute (4/3) Tap for Tac.
3Tpp + (§)(¢) Tan = 100 N
G+ Tas=100N

Tap=60 N
The answer is (C).

5. The free bodies of the system are shown.

ZFy:O

=-1200N+4T+8T
12T =1200 N
T=100N

The answer iIs (B).

Statics
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1. Refer to the complex shape shown.

y

4cm

2cm
What is most nearly the moment of inertia about the 2~
axis?
(A) 1500 cm*
(B) 3400 cm*
(C) 3600 cm*
(D) 5200 cm®

2. Refer to the composite plane areas shown.

N I
85my
. ey
l;
|

What is the approximate polar moment of inertia about
the composite centroid?

(A) 2400 m*
(B) 5500 m*
(C) 12000 m*
(D) 17000 m*

Centroids and Moments
of Inertia

3. Most nearly, what is the area moment of inertia
about the z-axis for the area shown?

3.5cm

45cm

(A) 89 cm*
(B) 170 cm*
(C) 510 cm*
(D) 1000 cm*

4. Refer to the cross section of the angle shown.

- |<— 0.5cm

3cm
0.5cm

7 A
[

X

5cm
Most nearly, what is the z-coordinate of the centroid of
the perimeter line?
(A) 1.56 cm
(B) 1.66 cm
(C) 1.75 cm
(D) 1.80 cm
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5. The centroidal moment of inertia about the z-axis for 7. Most nearly, what are the z- and y-coordinates of the
the area shown is 142.41 cm?. centroid of the perimeter line for the area shown?
Y 8.2cm

4.1cm

Most nearly, what is the centroidal polar moment of

inertia?
(A) 79 cm*
(B) 110 cm* (A) 1.0 cm; 3.8 cm
(C) 330 cm* (B) 1.0 cm; 4.0 cm
(D) 450 cm* (C) 2.3 cm; 4.4 cm

(D) 2.3 cm; 4.8 cm

6. Refer to the complex shape shown.

8. Refer to the composite plane areas shown. The polar
moment of inertia is 3nr.

What is most nearly the polar radius of gyration?

(A) 25m

(B) 2.7m

What is most nearly the y-coordinate of the centroid? (C) 29m

(A) 5.5 cm (D) 31m
(B) 7.3 cm
(C) 9.7cm
(D) 11 cm
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CENTROIDS AND MOMENTS OF INERTIA

25-3

9. The y-coordinate of the centroid of the area shown is
5.8125 cm.

10 cm

3cm

Most nearly, what is the centroidal moment of inertia
with respect to the z-axis?

(A) 82 cm*

(B) 100 cm*
(C) 220 cm*
(D) 300 cm*

10. Refer to the complex shape shown.

y

3cm

L_.I 7 X
1.5cm
What is most nearly the z-coordinate of the centroid?
(A) 2.4 cm
(B) 2.5 cm
(C) 2.8 cm
(D) 3.2 ¢cm

11. The centroidal moment of inertia of area A, with
respect to the composite centroidal z-axis is 73.94 cm®,
The gcoordinate of the composite centroid is 4.79 cm.
The moment of inertia of area A3z with respect to the
composite centroidal z-axis is 32.47 cm?.

14

8cm

4cm
diameter

10 cm

7cm

1cm
Most nearly, what is the moment of inertia of the entire
composite area with respect to its centroidal z-axis?
(A) 350 cm*
(B) 460 cm*
(C) 480 cm*
(D) 560 cm*

12. Most nearly, what are the 2~ and ycoordinates of
the centroid of the area shown?

12cm

4cm

8cm

(A) 4.8 cm; 6.8 cm
(B) 6.0 cm; 7.2 cm
(C) 6.0 cm; 7.6 cm
(D) 6.0 cm; 8.0 cm

PPl ¢ www.ppi2pass.com




25-4 FE MECHANICAL PRACTICE PROBLEMS

13. Refer to the complex shape shown. The moment of
inertia about the y-axis is 352 cm*, and the total area of
the shape is 36.5 cm>.

4

X

What is most nearly the radius of gyration with respect
to the y-axis?

(A) 19cm
(B) 3.1cm
(C) 3.3cm
(D) 4.0 cm

SOLUTIONS

1. Calculate the centroidal moment of inertia, the area,
and the distance from that centroid to the z-axis for
each region.

For region I (rectangular),

A= (2 cm)(4 cm) = 8 cm®

—_— = ————— — K 4
I.= 15 15 10.67 cm
_4dcm _
d_—2 =2

d?A = (2 cm)*(8 cm?) = 32 cm?
For region II (rectangular, including half of region IV),

A= (10 cm)(2.5 cm) = 25 cm?

_ 5k _ (10 cm)(2.5 cm)’
12 T 12
2'52°m =5.25 cm

I. = 13.021 cm*

d=4cm+

d*A = (5.25 cm)*(25 cm?) = 689.0625 cm?

For region III (semicircular, including half of region IV),

A=F=——7% =%
I. = 0.10987* = (0.1098)(5 cm)* = 68.625 cm*
d=4cm+2.5 cm-}-ﬂ
3n
— 6.5 cm + A0.cm)
3n
=6.5 cm + 20 cm
3n
24— 20 . \*(257 2\ = 4
d°A= (6.5 cm+3n cm) ( > cm ) = 2919.33 cm'
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For region IV (circular),

A=nr? =n(1 cm)? = 1 cm?

1'(_7'4 _ n(1 cm)4
=

I.=
4

n
== cm!
4

d=4cm+2.5cm
=6.5 cm
d*A = (6.5 cm)*(n cm?)
= 42.257 cm?

Use the parallel axis theorem for each shape.

I=)I +Yd4
= 10.67 cm? + 32 cm?
+13.021 cm? + 689.0625 cm?
+ 68.625 cm* + 2919.33 cm*

—% cm?® — 42.25% cm?

= 3599.2 cm? (3600 cm?)

The answer Is (C).

2. For a circle,

Use the parallel axis theorem for a composite area.

4 4
I, =(2) ("T" + (nr2)r2) =

2
4 4
=) =%

= 3nrt = 3n(6.5 m)*
=16824 m* (17000 m?)
The answer is (D).

3. Use the formula for the moment of inertia about an
edge for a rectangular shape.

For rectangle HCBA,
;i _ (15 cm)(4.5 cm)®
zl = (75— =
’ 3 3
=45.56 cm?!

(I = bh®/12 could have been used, but the parallel axis
theorem would also have to be used.)

Use the parallel axis theorem to calculate the moment of
inertia of rectangle FEDG. d=6.25 cm is the distance
from the centroid of FEDG to the z-axis.

Io= % + Ad®
(7 cm)(3.5 cm)®
=0
=982 cm!

+ (7 em)(3.5 cm)(6.25 cm)®

The moment of inertia for the total area is

I:t= I::,l + Iz,2
= 45.56 cm? + 982 cm?
=1028 cm? (1000 cm?)

7

The answer is (D).

4. The length of the perimeter is

L=5cm+0.5 cm+4.5 cm
+25em+0.5cm+3 cm

=16 cm

The z-coordinate of the centroid of the line is

Te= Z‘ZlL

= (16 lcm) ((2:5 cm)(5 cm) + (5 cm)(0.5 cm)

+ (2.75 cm)(5 cm — 0.5 cm)

+ (0.5 cm)(3 cm — 0.5 cm)

+ (0.25 cm)(0.5 cm) + (0 cm)(3 cm))
=1.80 cm

The answer is (D).

5. The shape is symmetrical about a vertical axis, so
determine the location of the centroid by inspection.
Determine the centroidal moment of inertia about the
y-axis. Move the y-axis 4.1 cm to the right, so that the 3
axis passes through the centroid. The centroidal y-axis
passes through the centroid of the area, so the parallel
axis theorem is not needed. Since the centroids of the
individual rectangles coincide with the centroid of the
composite area about the centroidal y-axis, I, is simply
the sum of the moments of inertia of the individual areas.

(41 cm)®(2.9 cm) + (8.2 cm)*(3.8 cm)
< 12 12
= 191.26 cm?

1y
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The centroidal polar moment of inertia is

Je=1I, +1,
= 142.41 cm* + 191.26 cm*
=333.7cm? (330 cm?)

The answer is (C).

6. Separate the shape into regions. Calculate the area
and locate the centroid for each region.

For region I (rectangular),

A= (3 cm)(8 cm)

= 24 cm?
_8cm

yc 2
=4 cm

For region II (rectangular, including half of region IV),

A= (2)(4 cm)(5 cm)

= 40 cm?
5 cm
2

y=8 cm+
=10.5 cm

For region IlI (semicircular, including half of region IV),

A_n_rf_"(4cm)2
T2 2
= 81 cm?
y=8cm+5cm+g—;
3n
=13cm+1—6 cm

3n

For region IV (circular),

A=nr? = (1.5 cm)?
= 2.25% cm?

y=8cm+5cm =13 cm

Y= Zyc,n Aﬂ.
c zAn
(4 cm)(24 cm?) + (10.5 cm)(40 cm?)
16 2
+ (13 cm + 3 cm)(Sn cm?)
_ — (13 cm)(2.25n cm?)
" 24 cm? + 40 cm? + 8n cm? — 2.257 cm?

_ 7935 cm®
82.06 cm?
=9.67cm (9.7 cm)

The answer is (C).
7. The total length of the perimeter is

L=25cm+50cm+1.0cm+ 3.1 cm
+45cm+3.1cm+ 1.0 cm+ 5.0 cm
= 25.2 cm

Starting with line segment FG and working counter-
clockwise, the z-coordinate of the centroid of the perim-
eter is

Z{B,'L,‘
L
(0 cm)(3.1 cm) + (0.5 cm)(1.0 cm)

+ (1.0 cm)(5.0 cm)
+ (2.25 cm)(2.5 cm)
+ (3.5 cm)(5.0 cm)
+ (4 cm)(1 cm)

+ (4.5 cm)(3.1 cm) + (2.25 cm)(4.5 cm)
25.2 cm
=225cm (2.3 cm)

Te=

The y-coordinate is

Ye = zyiLi
(0 cm)(2.5 cm) + (2)(2.5 cm)(5.0 cm)
+ (2)(5.0 cm)(1 cm) + (2)(6.55 cm)(3.1 cm)

+ (8.1 cm)(4.5 cm)
25.2 cm
=4.447 cm (4.4 cm)

The answer is (C).

PPl ¢ www.ppi2pass.com
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8. The polar radius of gyration is For region II (rectangular, including half of region IV),

A= (3 cm)(3 cm+ 3 cm)

, =\/_7_=‘/§1£r_“ )
P A 2nr? =18 cm

(2)(3 cm)
= 3= 3 Te=""9
= 'r\/; = (25 m)\/; 2
=31m =3cm
The answer is (D). For region III (semicircular, including half of region IV),
2
9. Use the parallel axis theorem to find the centroidal A= nr? = n(3 cm)
moment of inertia of each rectangular area. 2 2
In 2
' = ? cm
= = = 2
HCBA = area 1 = (3 cm)(6 cm) = 18 cm Ze=3cm [by inspection]

FEDG = area 2 = (10 cm)(3 cm) = 30 cm?
For region IV (circular),

I = (Iea + A1d}) + (Iez + Aadi)
(3 cm)(6 cm)®
= 12
+ (18 cm?)(5.8125 cm — 3.0 cm)?

A=nr? =x(1 cm)?
=n cm?

z.=3 cm [by inspection]

3
MM For the total area,
+ 12
+ (30 cm?)(7.5 cm — 5.8125 cm)® .= TenAn
=304.3 cm! (300 cm?) YA
(0.75 cm)(7.5 cm?) + (3 cm)(18 cm?)
The answer is (D).
@) + (3 cm) (97“ cmz) — (3 cm)(n cm?)
10. Separate the shape into regions. Calculate the area = 9t o 2
and locate the centroid for each region. 7.5 cm? + 18 cm? + < cm—mem

=254cm (2.5 cm)

The answer is (B).

11. The vertical distance between the centroidal loca-
tion of area A, and the composite area’s centroid is

=h_, -10cm_
dl-2 Ye="5 4.79 cm

The moment of inertia is

Io= (Iey + Ard}) = Inp — Ins

(8 ¢cm)(10 cm)?
For region I (rectangular), 12

2
+ (8 cm)(10 cm) (%E —-4.79 cm)

A= (1.5 cm)(5 cm)
= 7.5 cm? —73.94 cm* — 32.47 cm?

1.5
g = =250 563.8 cm? (560 cm?)

=0.75 cm

I

The answer is (D).
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12. Divide the area into two rectangles, HCBA and
FEDG. Their areas are

A; = (4 cm)(8 cm) = 32 cm?
Az = (12 cm)(4 cm) = 48 cm?
The total area is

A=A + A; =32 cm? + 48 cm?
=80 cm?
By inspection, the z-coordinates of the centroids of the

rectangles are z.; = Z,2 = 6 cm. The z-coordinate of
the centroid of the total area is

7. = ch.nAn
¢ A
_ (6 cm)(32 cm?) + (6 cm)(48 cm?)
B 80 cm?
=6.0 cm

By inspection, the y-coordinates of the rectangles are
Y1 =4 cm and y., = 10 cm. The gcoordinate of the

centroid of the total area is

_ zyc,nA"
i
(4 cm)(32 cm?) + (10 cm)(48 cm?)
- 80 cm?
=76 cm
The answer Is (C).

43. The radius of

Ty

The answer is (B).

gyration with respect to the y-axis is

_ [y _ /352 cm’
A 36.5 cm?

=3.1cm
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1. A stress-strain diagram is shown.

[+ 3

What test is represented by the illustration?
(A) resilience test
(B) rotating beam test
(C) ductility test
(D) tensile test

2. A 0.4 m long steel rod has a diameter of 0.05 m and a
modulus of elasticity of 20 x 10* MPa. The rod supports
a 10000 N compressive load. What is most nearly the
decrease in the steel rod’s length?

(A) 1.3x10°%m
(B) 2.5x107%m
(C) 51x107%m
(D) 1.0x10™° m

3. What is the term for the ratio of stress to strain
below the proportional limit?

(A) modulus of rigidity
(B) Hooke’s constant
(C) Poisson’s ratio

(D) Young’s modulus

Material Properties and
Testing

4. What do impact tests determine?
(A) hardness
(B) yield strength
(C) toughness
(D) creep strength

5. The density of a particular metal is 2750 kg/m>. The
modulus of elasticity for this metal is 210 GPa. A cir-
cular bar of this metal 3.5 m long and 160 cm?® in cross-
sectional area is suspended vertically from one end.
What is most nearly the elongation of the bar due to
its own mass?

(A) 0.00055 mm
(B) 0.00079 mm
(C) 0.0016 mm
(D) 0.0024 mm

6. A stress-strain diagram is shown.
(e
(MPa)
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What is most nearly the percent elongation at failure?
(A) 14%
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(D) 28%
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26-2 FE MECHANICAL PRACTICE PROBLEMS

7. What does the value of 40 MPa in the illustration 10. A stress-strain diagram is shown.
shown represent?
(13
(MPa)
stress
{MPa) 00— m e
|
400 —————— L .
| ]
| 1)
PpF-——————————= ] 1
250 |- | !
1 I |
150 : : : " I
1 ] -| : | | II :
5 6 logN I : : / :
| ! | | l/ |
0.00075 | 0.02 0.2 025 0.28 =
1 fatigue limit 0.0013
Il endurance limit What is most nearly the modulus of elasticity of the
1. proportional limit material?
IV. yield stress (A) 20 GPa
(A) T only (B) 80 GPa
(B) Tand II (C) 100 GPa
(C) I and IV (D) 200 GPa

(D) L, 11, and IV

8. If § is deformation, and L is the original length of the
specimen, what is the definition of normal strain, e?

(a) e=L£8
(B) e=L—é’5
©) e=15
(D) e=%

9. Which of the following statements regarding the
ductile-to-brittle transition temperature is true?

1. It is important for structures used in cold
environments.

II. It is the point at which the size of the shear lip or
tearing rim goes to zero.

III. It is the temperature at which 20 J of energy
causes failure in a Charpy V-notch specimen of
standard dimensions.

(A) I only
(B) Iand I
(C) Iand III
(D) II and III
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MATERIAL PROPERTIES AND TESTING

26-3

SOLUTIONS

1. The illustration shows results from a tensile test.
Both resilience and ductility may be calculated from
the results, but the test is not known by those names.
The rotating beam is a cyclic test and does not yield a
monotonic stress-strain curve.

The answer is (D).

2. The area of the steel rod is

4 md® _ m(0.05 m)®
0Ty T 4

The decrease in the rod’s length is

_FL
AL= AoE

=1.96 x 1073 m?

B (10000 N)(0.4 m)
(1.96 x 10~ m?)(20 x 10* MPa)(10°

Pa )
MPa

=1.019x10°m (1.0 x 107° m)
The answer is (D).

3. Young’s modulus is defined by Hooke’s law.
o= Fe

E is Young’s modulus, or the modulus of elasticity,
equal to the stress divided by strain within the propor-
tional region of the stress-strain curve.

The answer is (D).

4. An impact test measures the energy needed to frac-
ture the test sample. This is a toughness parameter.

The answer Is (C).

8. The mass of the bar is

m=pV = pAL
2
= (2750 %) % (3.5 m)
(100 )
=154 kg

The total gravitational force is experienced by the metal
at the suspension point. Farther down the rod, however,
there is less volume contributing to the force, and the
stress is reduced. The average force on the metal in the
bar is half of the maximum value.

Faye= %Fmax = %mg

= (4)(154 kg) (9.81 892)
=755 N

The elongation is

e=4AL
Ly
e =2 =
AL=cly =L Lo=—7lo
2
- ( SN )(3.5 m)(mo c—m)
(160 cm?)(210 x 10° Pa) m
=7.868x10"" m (0.00079 mm)
The answer is (B).

6. The strain at failure used in the equation is found by
extending a line from the failure point to the strain axis,
parallel to the linear portion of the curve. The percent
elongation is an indicator of the ductility of a material,
but it is not the same as the ductility. The percent
elongation is

percent elongation = & x 100%
= 0.25 x 100%
= 25%
The answer is (C).
7. The illustration shows results of an endurance (or
fatigue) test. The value of 40 MPa is called the endur-
ance stress, endurance limit, or fatigue limit, and is

equal to the maximum stress that can be repeated inde-
finitely without causing the specimen to fail.

The answer is (B).

8. Strain is defined as elongation, é, per unit length, L.
The answer is (D).

9. Option II is the only one that is false. A test piece that
breaks at 20 J of energy usually has a small shear lip.
The answer is (C).

10. The modulus of elasticity (Young’s modulus) is the
slope of the stress-strain line in the proportional region.

o= Ee
E=92— 150 MPa
e 0.00075
= 200000 MPa (20 x 10* MPa)
The answer is (D).
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Engineering Materials

PRACTICE PROBLEMS ===~
1. Refer to the phase diagram shown.
C E
[
E
© D
[
KEJ- B F
2
A G
« B

The region enclosed by points DEF can be described as a

(A) mixture of solid 8 component and liquid a
component

(B) mixture of solid 8 and liquid # component

(C) peritectic composition

(D) mixture of solid 8 component and a molten mix-
ture of o and B components

2. Which of the following figures is a cooling curve of a

pure metal?

(A)

(B)

temperature

temperature

time

liquid
and |

|
|
|
liquid
|
! solid | solid

time

temperature

solid solid

temperature

time

3. A composite material consists of 20 kg of material A,
10 kg of material B, and 5 kg of material C. The den-
sities of materials A, B, and C are 2 g/cm®, 3 g/cm?®, and
4 g/cm®, respectively. What is most nearly the density
of the composite material?

(A) 2.1 g/cm®
(B) 2.4 g/cm®
(C) 2.7 g/cm®
(D) 3.3 g/cm®

4. Which of the following characteristics describes

martensite?
I high ductility

II. formed by quenching austenite

III.  high hardness
(A) I only
(B) Iand I
(C) Tand III
(D) 1I and III
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FE MECHANICAL PRACTICE PROBLEMS

5. A mixture of ice and water is held at a constant
temperature of 0°C. How many degrees of freedom does
the mixture have?

(A) -1
(B) 0
(C) 1
(D) 2
6. Given the electrochemical cell shown, what is the
reaction at the anode?

L

Zn*? e 2

(A) Cu— Cu** +2¢”
(B) Cu*"+2¢ —Cu
(C) Zn—Zn** +2¢”
(D) Zn**+2e” —Zn

7. Refer to the phase diagram shown.

temperature

A G
a B

Which line(s) is/are the liquidus line(s)?
(A) CBDFG
(B) CDE
(C) CBFE
(D) ABC and EFG

8. What is the hardest form of steel?
(A) pearlite
(B) ferrite
(C

) bainite
(D) martensite

9. Which of the following processes can increase the
deformation resistance of steel?

I; tempering
I1. hot working
III.  adding alloying elements
IV. hardening

(A) Tand II
(B) Tand IV
(C) II and 111
(D) III and IV
10. Corrosion of iron can be inhibited with a more
electropositive coating, while a less electropositive coat-

ing tends to accelerate corrosion. Which of the following
coatings will contribute to corrosion of iron products?

(A) zinc
(B) gold
(C) aluminum

(D) magnesium

11. Refer to the phase diagram shown.

1500

= c E

o

'@ 1000

= |

3 D

a B F

5 500 -

A 1 1 1 1 G
0 20 40 60 80 B
« 80 60 40 20 0
{wt%)

Approximately how much solid (as a percentage by
weight) exists when the mixture is 30% « and 70% 3
and the temperature is 800°C?

(A) 0%
) 19%
) 30%
D) 50%

(B
(C
(
12. What metal can be used as a sacrificial anode on a
small ocean fishing boat with an aluminum hull?

(A) zinc

(B) magnesium
(C) iron

(D) copper

PPl ¢ www.ppi2pass.com




ENGINEERING MATERIALS

27-3

13. Galvanic corrosion between a steel pipe and an
attached copper fitting is to be counteracted electrically
with a monitored direct current power supply. Most

nearly, what should be the applied voltage to eliminate
the corrosion?

(A) 0.10 V
(B) 034V
(C) 0.44 V
(D) 0.78 V

14. Which of the following methods is the most effec-

tive in reducing galvanic corrosion between faying
objects?

(A) manufacturing both parts from the same
material

(B) eliminating moisture in the atmosphere

(C) plating or painting one or both parts with epoxy
primer

(D) lubricating the parts

SOLUTIONS

1. The region describes a mixture of solid § component
and a liquid of components a and S.

The answer is (D).

2. The solidification of a molten metal is no different
than the solidification of water into ice. During the
phase change, the temperature remains constant as the
heat of fusion is removed. The temperature remains
constant during the phase change.

The answer is (A).

3. Calculate the volume, V, of each material.

) (20 kg) (1000 kig)

Va=TA_
AT oA 2 £
cm
= 10000 cm3
g
10 k 1000 =
ma ( g)( kg)
V=18 - 5
PB 3 —
cm
= 3333 cm®
(5 kg) (1000 E)
me kg
VC =—=
Pc 4 _g_s
cm'
= 1250 cm?®

The total volume is

Vtot = VA + VB + VC
= 10000 cm? + 3333 cm3 + 1250 cm?
= 14583 cm®

The density of the composite material is

p.= Zfipi = fapa + fope + fopc
_ Vapa+ Veos + Verc
Vtot

(10000 cm?*) (2 £5) + (3333 em?) (3 )

m3

+ (1250 cm3)(4 c%)

14583 cm3

=24 g/cm?

The answer is (B).
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27-4 FE MECHANICAL PRACTICE PROBLEMS

4. Martensite is a hard, strong, and brittle material
formed by rapid cooling of austenite.

The answer is (D).

5. Since solid and liquid phases are present simulta-
neously, the number of phases, P, is 2. Only water is
involved, so the number of compounds, C, is 1.

Gibbs’ phase rule is applicable when both temperature
and pressure can be varied. When the temperature is
held constant, Gibbs’ phase rule is

P+F=C+1|  con temperature
F=C+1-P
=1+1-2
=0

The answer is (B).

6. Zinc has a higher potential and will act as the anode.
By definition, the anode is where electrons are lost. The
reaction at the anode of the electrochemical cell is
Zn— Zn** 4 2¢”.

The answer is (C).

7. The liquidus line divides the diagram into two
regions. Above the liquidus line, the alloy is purely
liquid, while below the liquidus line, the alloy may exist
as solid phase or as a mixture of solid and liquid phases.
The liquidus line is CDE.

The answer is (B).

8. Hard steel is obtained by rapid quenching. Martens-
ite has a high hardness since it is rapidly quenched.
Though martensite is hard, it has low ductility.

The answer is (D).

9. Surface hardening processes will increase the defor-
mation resistance of steel. Some alloying metals will
also increase steel hardness. Tempering and hot work-
ing increase the ductility (deformation capability) of
steel.

The answer is (D).

10. Zinc, aluminum, and magnesium are all more elec-
tropositive (anodic) than iron and will corrode sacrifi-
cially to protect it. Gold is more cathodic and will be
protected at the expense of the iron.

The answer is (B).

11. Use the phase diagram to find the fraction of solid.

1500 [
— molten mixture of o + B
e (liquid « + liquid B)
® 1000 |
2
© 800 > ’ | ’
3 asolid > s tine I T B solid
£ 500 A
a solid + B solid : : :
I I I
1 ] L 1 1’
57% 70% 8-
(wt%)
. . T— X3
wt% fraction solid = ——= x 100%
T4 — I3
70% — 5%
= ————C x 100%
83% — 57% ’
= 50%
The answer is (D).

12. Aluminum is near the bottom of the galvanic scale.
Only magnesium is lower, more anocdic, and has a
greater anode half-cell potential. Therefore, magnesium
will become the anode, while the aluminum will become
the cathode. The less noble magnesium gives up its
electrons to the more noble aluminum. During this pro-
cess, the magnesium breaks down (corrodes), resulting
in magnesium oxide plus free electrons flowing through
the electrolyte (sea water) to the aluminum.

The answer is (B).

13. The oxidation potential of the iron in the steel
pipe is 0.440 V; the oxidation potential of the
copper is —0.337 V. The difference in potentials is
0.440 V = (-0.337 V) = 0.777 V (0.78 V).

The answer is (D).

14. Faying parts rub against each other. Any paint,
plating, coating, or lubricant will be abraded off. Since
the parts are already in contact, an electrolyte (mois-
ture) is not needed to complete the circuit. Galvanic
action will be reduced if the parts are manufactured
from the same material.

The answer is (A).

PPl ¢ www.ppi2pass.com




1. A high-speed steel tool has a 5 h life when operated
at 1.5 m/s. What is most nearly the tool life if the speed
is reduced to 1.4 m/s?

(A) 25N

(B) 66h

(C) 71h

(D) 10h
2. A joint is made between two metal pieces by closely
fitting their surfaces and distributing a molten nonfer-
rous filler metal to the interface by capillary attraction.
The pieces to be joined have a melting point of 750°C,

and the filler metal melts at 375°C. This process is most
accurately termed

(A) soldering

(B) brazing

(C) welding

(D) forge welding

3. Which procedure involves molten metal?

(A) rolling

(B) coining

(C) piercing

(D) casting

4. Which of the following grinding procedures results in
essentially NO change in the dimensions of the workpiece?

(A) superfinishing

(B) lapping

(C) honing

(D) all of the above
5. Which operation is NOT a cold-working operation?

(A) milling

(B) grinding

(C) drilling

(D) piercing
6. Which type of welding uses coated electrodes?

(A) SMAW

(B) TIG
(C) MIG
(D) GMAW

Manufacturing Processes

1. n=0.1 for high-speed tool steel. Rearranging Tay-
lor’s equation,

Vi T? = V2 T;

1/0.1
o\ 15 2 /
L=1 (V;) =GW\m
S
=9968h (10h)
The answer is (D).

2. Definitions from the American Welding Society are:

Soldering—A joining process wherein coalescence between
metal parts is produced by heating to suitable tempera-
tures generally below 425°C and by using nonferrous filler
metals having melting temperatures below those of the
base metals. The solder is usually distributed between the
properly fitted surfaces of the joint by capillary attraction.

Brazing—A group of welding processes wherein coales-
cence is produced by heating to suitable temperatures
above 425°C and by using a nonferrous filler metal
having a melting point below those of the base metals.
The filler metal is distributed between closely fitted
surfaces of the joint by capillary action.

Welding—A localized coalescence of metals wherein coa-
lescence is produced by heating to suitable tempera-
tures, with or without the application of pressure, and
with or without the use of filler metal. The filler metal
either has a melting point approximately the same as
the base metals, or has a melting point below that of the
base metals but above 425°C.

Forge welding—A group of welding processes wherein
coalescence is produced by heating in a forge or other
furnace and by applying pressure or blows. An example
is the hammer welding process previously used in rail-
road and blacksmith shops.

The answer is (A).

3. In casting, molten metal is forced into a mold.
The answer is (D).

4. Superfinishing or ultrafinishing is used to remove the
smear metal left on a piece after lapping, honing, or other
grinding procedures have been performed. The change in
material dimensions caused by superfinishing is negligible.

The answer is (A).
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28-2 FE MECHANICAL PRACTICE PROBLEMS

5. Milling, grinding, and drilling are almost always per-
formed at ambient temperatures, much below the
recrystallization temperature of a metal. There are two
definitions of piercing, a cold-working process which is
essentially the same as blanking or die-cutting, and a
hot-working process in which a heated steel billet is
pierced longitudinally to produce seamless pipe.

The answer is (D).

6. Shielded metal arc welding (SMAW) uses electrodes
coated with SiO, and/or TiO,, as well as other metal
oxides.

The answer Is (A).




PRACTICEPROBLEMS 3. What is most nearly the lateral strain, ¢,, of the steel
specimen shown if F,=3000 kN, E=193 GPa, and
1. The element is subjected to the plane stress condition v=0.29?
shown.
oy = —140 MPa
o, = 205 MPa
fry Ty = 100 MPa Fr 15
A=0.04m?
y |__
X
(A) —4.0x107*
(B) -1.1x10™*
,L (C) 1.0x107*
% (D) 4.0x 107
What is the maximum shear stress?
(A) 100 MPa 4. The elements are subjected to the plane stress con-
(B) 160 MPa dition shown. The maximum shear stress is 109.2 MPa.
(C) 200 MPa = -75 MPa
(D) 210 MPa

o, = 110 MPa
fry Ty = 58 MPa

2. A plane element in a body is subjected to a normal

tensile stress in the z-direction of 84 MPa, as well as

shear stresses of 28 MPa, as shown.

y
28 MPa o
84 MPa
—~——
What are the orientations of the stress planes (relative
28 MPa to the z-axis)?

X (A) —74°; 15°

Most nearly, what are the principal stresses? (B) —58°; 32°
(A) 70 MPa; 14 MPa (C) —32°; 58°
(B) 84 MPa; 28 MPa (D) —16°; 74°

(C) 92 MPa; —8.5 MPa
(D) 112 MPa; —28 MPa

e
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=
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20-2 FE MECHANICAL PRACTICE PROBLEMS

5. What is most nearly the elongation of the aluminum 7. The element is subjected to the plane stress condition
bar (cross section of 3 cm x 3 ¢cm) shown when loaded to shown. The maximum shear stress is 300 MPa.
its yield point? The modulus of elasticity is 69 GPa, and
the yield strength in tension is 255 MPa. Neglect the
weight of the bar. o, = —310 MPa
o, = 250 MPa
fry Toy= 110 MPa

———————
Txy

(A) 3.3 mm The principal stresses are most nearly
(B) 9.3 mm (A) 250 MPa; —310 MPa
(C) 12 mm (B) 270 MPa; —330 MPa
(D) 15 mm (C) 330 MPa; —270 MPa

(D) 310 MPa; —250 MPa
6. The column shown has a cross-sectional area of

13 m?.
8. Given a shear stress of 7,,=35 MPa and a shear
F modulus of G=T75 GPa, the shear strain is most nearly
(A) 2.5%x107° rad
(B) 4.7x10* rad
(C) 5.5x107* rad
(D) 8.3x107* rad
£ 9. Which of the following could be the Poisson ratio of a
material?
(A) 0.35
What is the approximate maximum load if the compres- (B) 0.52
sive stress cannot exceed 9.6 kPa?
(C) 0.55
(A) 120 kN
(D) 0.60
(B) 122 kN
(C) 125 kN
(D) 130 kN

=
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STRESSES AND STRAINS

29-3

10. A plane element in a body is subjected to the
stresses shown.

50 MPa

120 MPa
e

120 MPa
—-

50 MPa

What is most nearly the maximum shear stress?
(A) 50 MPa
(B) 64 MPa
(C) 72 MPa
(D) 78 MPa

SOLUTIONS

1. There are two methods for solving the problem. The
first method is to use the equation for 7,,.; the second
method is to draw Mohr’s circle.

Solving by the equation for 7,

Or — Oy\?2
Tmax = + \/ (%) +T3y

_ \/ (-140 MPa ~ 205 MPa

2
) + (100 MPay’

2
=199.4 MPa (200 MPa)
Solving by Mohr’s circle,
step 1: o, = —140 MPa
oy = 205 MPa
Tzy = 100 MPa

step 2: Draw o-T axes.

step 8: The circle center is

C=Xo:+0y)

= (})(~140 MPa + 205 MPa)

= 32.5 MPa
step 4: Plot the points (-140 MPa,-100 MPa) and

(205 MPa, 100 MPa).

step 5: Draw the diameter of the circle.
step 6: Draw the circle.
step 7: Find the radius of the circle.

step 8: Maximum shear stress is at the top of the circle,
Tmax = 199.4 MPa (200 MPa).

7 (MPa)

Tmax = 199.4

P
{205, 100)

Omin = —166.9 Cc.~132.5,0) Omax = 231.9

L o (MPa)

P1
(=140, -100)

Tmin = —199.4

The answer is (C).
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29-4 FE MECHANICAL PRACTICE PROBLEMS

2. 7, is negative according to the standard sign

convention.

Oz — Oy\ 2
= (1)(84 MPa + 0 MPa)

— 2
. (84 MPa,2 0 MPa)

4 (—28 MPa)?
= 42 MPa + 50.478 MPa
= 92.478 MPa; —8.478 MPa
(92 MPa; —8.5 MPa)

The answer is (C).
3. From Hooke’s law and the equation for axial stress,

(3000 KkN) (1000 ﬁ-)

=Tz Fa _ kN
*T E  EA™ 9 Pa 2
(193 GPa) (10 GP&) (0.04 m?)
=3.89x 1074

Use Poisson’s ratio.
gy = —ve; = (—0.29)(3.89 x 1074)
=-113x107* (-1.1x107%)

The answer is (B).

4. Calculate the angles, 8, of the stress planes.
274y

6 = jarctan
oz — 0y

(2)(58 MPa)
—75 MPa — 110 MPa
= —16.04°;, 73.96° (-—16° 74°)

= jarctan

Alternatively, the orientations can be found graphically

from Mohr’s circle.

7 (MPa)

(110, 58)
20 = 148

~

" C(17.5,0) o (MPa)

(-75, —58)

The answer is (D).

8. From Hooke’s law, the axial strain is

(255 MPa) (10° Pa_

MPa/ _ 037

=9
E" (69 GPa)(10° %}

€

The elongation is
6=¢eL =(0.0037)(2.5 m) = 0.00925 m (9.3 mm)
The answer is (B).

6. The maximum force is

Frax = SaA = (9.6 kPa)(13 m?)
— 1248 kN (125 kN)

The answer is (C).

7. The principal stresses are

Omaxs Tmin = 5(0z + 0y) £ Tmax
= (§)(—310 MPa + 250 MPa) + 300 MPa
— —30 MPa + 300 MPa
Omax = 270 MPa
Omin = —330 MPa

The answer is (B).

8. Use Hooke’s law for shear.

(35 MPa)(10° Pa_

G (75 GPa)(10° %)

=467 % 107* rad (4.7 x 1074 rad)
The answer is (B).
9. The Poisson ratio is almost always in the range

0 <v <0.5. Option A (0.35) is the only answer that
satisfies this condition.

The answer is (A).

40. The maximum shear stress is

Oz — Oy\ 2
o= (252) 44

_ /(120 MPa — 0 MPa\? 2
-\/( : )+ (~50 MPa)

= 78.10 MPa (78 MPa)

The answer Is (D).
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PRACTICE PROBLEMS =

1. The maximum torque on a 0.15 m diameter solid

shaft is 13500 N-m. What is most nearly the maximum
shear stress in the shaft?

(A) 20 MPa
(B) 23 MPa
(C) 28 MPa
(D) 34 MPa

2. The unrestrained glass window shown is subjected to
a temperature change from 0°C to 50°C. The coefficient
of thermal expansion for the glass is 8.8 x 107% 1/°C.

/

o
4

1.2m

What is most nearly the change in area of the glass?
(A) 0.00040 m?

)
(B) 0.0013 m*
(C) 0.0021 m?
(D) 0.0028 m*

3. The cylindrical steel tank shown is 3.5 m in diameter,
5 m high, and filled to the top with a brine solution.
Brine has a density of 1198 kg/m®. The thickness of the
steel shell is 12.5 mm. Neglect the weight of the tank.

Thermal, Hoop, and
Torsional Stress

What is the approximate hoop stress in the steel 0.65 m
above the rigid concrete pad?

(A) 1.2 MPa
(B) 1.4 MPa
(C) 7.2 MPa
(D) 11 MPa

4. A steel shaft is shown. The shear modulus is 80 GPa.

B
C
e

L=10m

outside inside
diameter diameter
= 60 mm =30 mm

Most nearly, what torque should be applied to the end
of the shaft in order to produce a twist of 1.5°7

(A) 420 N-m
(B) 560 N-m
(C) 830 N-m
(D) 1100 N-m

PPl ©¢# www.ppi2pass.com
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30-2 FE MECHANICAL PRACTICE PROBLEMS

5. For the shaft shown, the shear stress is not to exceed
110 MPa.

el

rn=0.015m
r; = 0,025 m

What is most nearly the largest torque that can be
applied?

(A) 1700 N-m
(B) 1900 N-m
(C) 2300 N-m
(D) 3400 N-m

6. An aluminum (shear modulus = 2.8 x 10'® Pa) rod is
25 mm in diameter and 50 cm long. One end is rigidly
fixed to a support. Most nearly, what torque must be
applied at the free end to twist the rod 4.5° about its
longitudinal axis?

(A) 26 N-m

(B) 84 N-m

(C) 110 N-m

(D) 170 N-m

7. A circular bar at 10°C is constrained by rigid concrete
walls at both ends. The bar is 1600 mm long and has a cross-
sectional area of 2600 mm?.

Y,

A = 2600 mm?

1000 mm 4

E = modulus of elasticity
= 200 GPa

o = coefficient of thermal expansion
=94 X% 10-61/°C

What is most nearly the axial force in the bar if the
temperature is raised to 40°C?

(A) 92 kN
(B) 110 kN
(C) 130 kN
(D) 150 kN

8. A 3 m diameter solid bar experiences opposing torques
of 280 N-m at each end.

T

©

What is most nearly the maximum shear stress in the
bar?

(A) 2.2 Pa
(B) 31 Pa
(C) 42 Pa
(D) 53 Pa

9. A 12.5 mm diameter steel rod is pinned between two
rigid walls. The rod is initially unstressed. The rod’s
temperature subsequently increases 50°C. The rod is
adequately stiffened and supported such that buckling
does not occur. The coefficient of linear thermal expan-
sion for steel is 11.7 x 107° 1/°C. The modulus of elas-
ticity for steel is 210 GPa.

What is the approximate axial force in the rod?
(A) 2.8 kN
(B) 15 kN
(C) 19kN
(D) 58 kN

3.5m

=

d=125mm
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10. 10 km of steel railroad track are placed when the
temperature is 20°C. The linear coefficient of thermal
expansion for the rails is 11 x 107 1/°C. The track is
free to slide forward. Most nearly, how far apart will the
ends of the track be when the temperature reaches
50°C?

(A) 10.0009 km

(B) 10.0027 km

(C) 10.0033 km

(D) 10.0118 km

11. A deep-submersible diving bell has a cylindrical
pressure hull with an outside diameter of 3.5 m and a
wall thickness of 15 cm constructed from a ductile mate-
rial. The hull is expected to experience an external
pressure of 50 MPa. The hull should be designed as a

(A) thin-walled pressure vessel using the outer
radius in the stress calculations

(B) thin-walled pressure vessel using the logarithmic
mean area in stress calculations

(C) thin-walled pressure vessel using factors of safety
of at least 4 for ductile materials and at least 8
for brittle components such as viewing ports

(D) thick-walled pressure vessel

12. A cantilever horizontal hollow tube is acted upon
by a vertical force and a torque at its free end.

force, F

torque, T

Where is the maximum stress in the cylinder?
(A) at the upper surface at midlength (L/2)
(B) at the lower surface at the built-in end
(C) at the upper surface at the built-in end

(D) at both the upper and lower surfaces at the
built-in end

13. One end of the hollow aluminum shaft is fixed, and
the other end is connected to a gear with an outside
diameter of 40 cm as shown. The gear is subjected to a
tangential gear force of 45 kN. The shear modulus of the
aluminum is 2.8 x 10'° Pa.

40 cm diameter
120 cm >
£ 0

F=45kN—"

_‘_] d;=75cm —/

fixed d, =10 cm

What are most nearly the maximum angle of twist and
the shear stress in the shaft?

(A) 0.016 rad, 14 MPa
(B) 0.025 rad, 220 MPa
(C) 0.057 rad, 67 MPa
(D) 0.25 rad, 200 MPa

14. A compressed gas cylinder for use in a laboratory
has an internal gage pressure of 8 MPa at the time of
delivery. The outside diameter of the cylinder is 25 cm.
If the steel has an allowable stress of 90 MPa, what is
the required thickness of the wall?

(A) 0.69 cm
(B} 0.95 cm
(C) 1.1 cm
(D) 1.9cm
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30-4 FE MECHANICAL PRACTICE

PROBLEMS

SOLUTIONS

1. The polar moment of inertia is

_mrt (m\ (0.15 m\*
=== (2) ( 2 )
=497%x10"° m?
The shear stress is
0.15 m
(13500 N-m)
relr_ ( 2 )

J 4.97 x 1075 m?

=20.37 x 10° Pa (20 MPa)

The answer is (A).

2. Changes in temperature affect each linear dimension.

6width = CYL(T - To)
= (88x 10 o—lc-)(l.Z m)(50°C — 0°C)
— 0.000528 m
N -6 L oM _ \°
brign = (88 x 107 -1)(2 m)(50°C - 0°C)
= 0.00088 m

Aigitial = (2 m)(1.2 m) = 2.4 m?
Afinat = (2 m + 0.00088 m)
x (1.2 m + 0.000528 m)
= 2.40211 m?
AA = Agna — Ainitial
= 2.40211 m? - 2.4 m?
=0.00211 m?® (0.0021 m?)

Alternative Solution

The area coefficient of thermal expansion is, for all
practical purposes, equal to 2a.

The change in area is
AA=2aAAT
— -6 L 2 oy . N°
=(2)(88x10 oc) (2.4 m2)(50°C — 0°C)

=0.00211 m? (0.0021 m?)

The answer is (C).
3. Determine whether the tank is thin-walled or thick-
walled.

t 12.5 mm

o= (%IB) (1000 %) =0.007 < 0.1

Use formulas for thin-walled cylindrical tanks. The pres-
sure is

p=pgh
_ kg m _
= (1198 m3) (981 5)(5 m—0.65 m)
=51123 Pa
The hoop stress is
pr pd (51123 Pa)(3.5 m)

o= T = E-t- =
@) 12.5 mm
1000 22
m

= 7.157 x 106 Pa (7.2 MPa)

The answer is (C).

4. Convert the twist angle to radians.

¢= (1.5°)(2;‘6’(r)‘id) = 0.026 rad

Calculate the polar moment of inertia, J.

r1=15mm (0.015 m)

r,=25mm (0.025 m)
7=2(4 =1 = (3) (0025 m)* - (0015 m)*)
=5.34 x 10”7 m*

The torque is

_9GJ
T= L

(0.026 rad)(80 GPa) (10° %)

x (5.34 x 1077 m?)
1.0 m
(1100 N-m)

=1119 N-m

The answer is (D).

5. Since the shear stress is largest at the outer diameter,
the maximum torque is found using this radius. For an
annular region,
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The torque is 8. Maximum shear stress occurs at the outer surface.
The shear is
Pa —
110 MPa)( 10° 34x 107" m?
o rJ _ ( a)( MP (5 34x107" m ) T(-‘!) (280 N-m) (g_m_)

max — = _ Tr _ 2 _ 2

T2 0.025 m =S == — y
=2349.9 N-m (2300 N-m) 329 (35)3m)

=528 P 53 P
The answer is (C). a 2)

6. Convert degrees to radians. The answer Is (D).

o (52)

— — —6 _l_ o
_ 7.854 x 10-? rad ev=aAT = (117x 107 ;) (50°C)
= 0.000585 m/m

9. The thermal strain is

The polar moment of inertia is

. The thermal stress is

J= "T"d = (12‘-) @(—i‘%&‘;ﬂ‘@—)— o1= Be, = (210 GPa)(10° -G%) (0.000585 ﬁ)
m

= 1.2285 x 10® Pa
=3.83 x 1078 m*
R the twi ) R (This is less than the yield strength of steel.)
twist ti t .
earrange the twist angle equation to solve for torque The compressive force in the rod is

GJ
T= _‘f’L e o
2
_ (7.854 x 1072 rad)(2.8 x 10'° Pa)(3.83 x 10~® m?)
- 50 .cm = (1.2285 x 108 Pa)n '—M‘ﬁ'ﬁr
100 <8 @) (1000 —m—)
=168.7 Nm (170 N-m) =15076 N (15 kN)
The answer Is (D). The answer is (B).
7. The elongation due to temperature change is 10. The total change in length is
§=al(T,— T}) 6t = aLinitiat(T — T,)
— -6 i o _ o
= (9.4 x 1076 716)(1000 mm)(40°C — 10°C) = (11 x 10 OC)(IO km)(50°C — 20°C)

Rearrange the elongation equation to solve for force. Add the change in length to the initial length.

SEA L= Litial + 6
F=== = 10 km + 0.0033 km
(0.282 mm)(200 GPa) (10° %) (2600 mm?) = 10.0033 km
= nm 3 The answer is (C).
) (1000 F) 11. Tanks under external pressure fail by buekling (i.e )
= 146.6 kN (150 kN) collapse), not by yielding. They should not be designed 8?‘2
using the simplistic formulas commonly used for thin- £&
The answer is (D). walled tanks under internal pressure. < g
The answer is (D). %
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30-6 FE MECHANICAL PRACTICE PROBLEMS

12. The torsional shear stress is maximum at the outer
surface and is the same everywhere on the tube. The
maximum moment occurs at the built-in end, tensile at
the upper surface and compressive at the lower surface.
The absolute value of the combined stress at the upper
and lower surfaces at the built-in end will be the same.

The answer is (D).

13. Calculate the torque.

40 cm N
T=rF=|——"———](45kN)(1000 —
(2) (100 <) (1000 )
m
= 9000 N-m
The polar moment of inertia is
J=5(ry =)
4 4
_ (E) 10 cm _ 7.5 cm
2 cm fm
(2)(100 m) (2)(100 m)
=6.71 x 1078 m*

Find the angle of twist.

b= TL_ (9000 N-m)(120 cm)
G (2.8 x 10° Pa) (6.71 x 1076 m¢) (100 %)
= 0.057 rad

Find the shear stress in the shaft.

(9000 N-m) | —12.em__
o (2) (100 <2)
J 6.71 x 10 m"

=67.05 x 10° Pa (67 MPa)
The answer is (C).

14. Assume a thin-walled tank. Solve the equation for
tangential (hoop) stress for the wall thickness. Although
the inner radius is used by convention, the outer radius
can be used.

ﬂ=p(do_2t)z£d_a
20, 20, 20,
_ (8 MPa)(25 cm)

~ (2)(90 MPa)

=111cm (1.1 cm)

t=

Check the thin-wall assumption.

t__t 1.11 cm
r; do—2t 25cm—(2)(1.11 cm)
2 2
=0.098 < 0.1 [thin wall]

The answer is (C).
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1. For the beam shown, what is most nearly the max-
imum compressive stress at section D-D, 1.5 m from the
left end?

45 kN

10cm

125 cm |

section D-D A

(A) 63 MPa
(B) 110 MPa
(C) 230 MPa
(D) 330 MPa

2. Refer to the beam shown. The beam is fixed at one
end. The beam has a mass of 46.7 kg/m. The modulus of
elasticity of the beam is 200 GPa; the moment of inertia
is 4680 cm®.

The upward force at B is 1500 N. What is most nearly
the net deflection of the beam at a point 1.2 m from the
fixed end?

(A) —0.32 mm (downward)
(B) —0.29 mm (downward)
(C) 0.12 mm (upward)
(D) 0.17 mm (upward)

1800 N
. 065m |

A R T R R i

What is most nearly the maximum bending moment?
(A) 340 N-m
(B) 460 N-m
(C) 660 N-m
(D) 890 N-m

4. Refer to the cantilevered structural section shown.
The beam is manufactured from steel with a modulus of
elasticitg of 210 GPa. The beam’s cross-sectional area is
37.9 cm? its moment of inertia is 2880 cm®. The beam
has a mass of 45.9 kg/m. A 6000 N compressive force is
applied at the top of the beam, at an angle of 30° from
the horizontal. Neglect buckling.

6000 N 30°
o “ ]20 cm

What is most nearly the maximum shear force in the
beam?

(A) 3000 N
(B) 3900 N
(C) 5200 N
(D) 6100 N
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5. For the cantilever steel rod shown, what is most
nearly the force, F, necessary to deflect the rod a vertical
distance of 7.5 mm?

| 1.6 m 7

10 cm diameter steel
E =210 GPa

(A) 6900 N
(B) 8800 N

(C) 11000 N
(D) 17000 N

6. Refer to the simply supported beam shown.

2500 N 310N
1.25m | 4m |05 m

L ' |

w—r e
Q( ST ST Ry s B R T A T »'w;"!
e e
. 7.

What is most nearly the maximum shear?
(A) 500 N
(B) 1000 N
(C) 1500 N
(D) 2000 N

7. Refer to the cantilevered structural section shown.
The beam is manufactured from steel with a modulus of
elasticity of 200 GPa. The beam’s cross-sectional area is
74 em?; its moment of inertia is 8700 cm®. The beam has
a mass of 60 kg/m. A 2500 N compressive force is
applied at the top of the beam, at an angle of 22° from
horizontal. Neglect buckling.

2500 N

What is most nearly the approximate absolute value of
the maximum bending moment in the beam?

(A) 5000 N-m
(B) 5200 N-m
(C) 5900 N-m
(D) 6100 N-m

8. A rectangular beam has a cross section of 5 cm
wide x 10 cm deep and experiences a maximum shear
of 2250 N. What is most nearly the maximum shear
stress in the beam?

(A) 450 kPa
(B) 570 kPa
(C) 680 kPa
(D) 790 kPa
9. A simply supported beam supports a triangular dis-

tributed load as shown. The peak load at the right end
of the beam is 5 N/m.
T 5 N/m

il

g R G e T R R T
7 7.
|
|

M0m

What is the approximate bending moment at a point
7 m from the left end of the beam?

(A) 15 N-m
(B) 17 N'm
(C) 28 N-m
(D) 30 N-m

10. Refer to the cantilevered structural section shown.
The beam is manufactured from steel with a modulus of
elasticity of 205 GPa. The beam’s cross-sectional area is
86 cm?; its moment of inertia is 24400 cm®. A 37000 N
compressive force is applied at the top of the beam, at
an angle of 40° from horizontal. A counterclockwise
moment of 600 N'm is applied to the free end. Neglect
beam self-weight, and neglect buckling.

37000 N

N

16m

What is most nearly the deflection at the tip of the
beam due to the external force alone (i.e., neglecting
the beam’s own mass)?

(A) 0.63 mm
(B) 0.82 mm
(C) 1.2 mm
(D) 2.5 mm
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SOLUTIONS The downward deflection is
1. Find the reaction at A. _ [—w? _ 2
Vg2 = (_24131) (22 - ALz + 6L7)
4
2 Mc= Ra(4.5 m) — (45 kN)(1.5 m) =0 — (458 E)(1.2 m)?(100 %)
Ra=15kN = - B
A= 9 _Pa 4
(24)(200 GPa) (10 GP&) (4680 cm?)
The bending moment at section D-D is (1.2 m)? — (4)(2.8 m)(1.2 m))
X
+ (6)(2.8 m)?
M = (15 kN)(1.5 m) = 22.5 kN-m = —0.000103 m (~0.10 mm) [downward]
The maximum compressive stress is at the top fiber of The net deflection is

the beam section.
v= ;) + ;2 = 0.28 mm + (—0.10 mm)

h =0.17mm [upward]
o = Me M3 |
max — -
I %3 The answer Is (D).
. N)(0.10 m 8. Determine the reactions by taking moments about
— (225 kN-m) (1000 kN) ( 2 ) each end.
(0.125 m)(0.10 m)*
12 > Mg = —Rp(0.65 m+ 1 m+0.35 m)
=108 x 10° Pa (110 MPa) + (1800 N)(1 m + 0.35 m)
+ (900 N)(0.35 m) =0
The answer is (B). Ry =13725 N
2. Use the principle of superposition to determine the ZF,, =R+ 13725 N- 1800 N-900 N =0
deflection. The total deflection is the upward deflection Re = 1327.5 N
due to the concentrated force less the downward deflec- B= )

tion due to the weight of the beam.

Draw the shear and moment diagrams.
Distance z is measured from the fixed end. The upward

deflection due to the concentrated force is 1800 N S00 N

Vg1 = (&2-) (3L—1) ¢ *

6E1

1 * 0.65 1m 0.35 m*
(1500 N)(1.2 m)2(100 %) Raf i | e

(6)(200 GPa) (109 (f?a (4680 cm?) '/ 13725N

x ((3)(28 m) — 1.2 m)
=0.000277 m (0.28 mm) ({upward]

The downward deflection is due to the beam’s own
mass. Distance z is measured from the fixed end. The
load per unit length is

w=mg= (46.7 155) (9.81 s%) =458 N/m

m M

“—
[}
n
L.
E5
S
it
Em
mE
b=

M = VR, = (1372.5 N)(0.65 m) = 892 N-m
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The maximum moment occurs 0.65 m from the left end
(where V goes through zero) of the beam and is equal to
892 N-m (890 N-m).

The answer is (D).

4. The maximum vertical shear in the beam will occur

at the fixed end.
V=wL+F,
=mgL+ F,
= (45.9 k—tf) (9.81 ;!;)(2 m) + (6000 N)(sin 30°)
=3900 N

The answer is (B).

8. For a cantilever beam loaded at its tip, with z = L,

v = =PL
max T 3EI
L3
_ 9 Pa
(3)(210 GPa) (10 _GPa)
T
X (Z)(O.OS m)*(7.5 mm)
3 mm
(1.5 m) (1000 ~ )
= —6872 N (6900 N) [downward)
The answer is (A).

6. Determine the reactions by taking the moments
about end B and by taking the sum of the forces.

> Mp= —Rx(1.25 m + 4 m + 0.55 m)
+ (2500 N)(4 m + 0.55 m)
+ (310 N)(0.55 m)

=0
Ry =1990.6 N
Y Fy= Rg +1990.6 N — 2500 N — 310 N
=0
Rp=8194 N

JO Sa1ueyIBN

Draw the shear diagram.

2500 N 310 N
0.55 mJ
1.25m 4m N
Ra | Rg

| 1980.6 N

S
-509.4 N

-819.4N

From the shear diagram, the maximum shear is
1990.6 N (2000 N).

The answer is (D).

7. The maximum bending moment will occur at the
fixed end of the beam. The moment will be affected by
the distributed load and the external force. Since the
force does not act through the centroid of the beam (i.e.,
the force is eccentric), both the vertical and the horizon-
tal components of the external force must be included.

The moment due to the beam’s own mass is

M, = —lwl? = ~ImgL?

- _(%) (60 k—nf) (9.81 S%) (3 m)?

= —2648.7 N'-m

The moment due to the vertical component of the exter-
nal force is

M, = —F,L = —(2500 N)(sin 22°)(3 m)
= —~2809.5 N-m

The force is not applied through the beam’s centroid.
The horizontal component of the force causes the beam
to bend upward, while the other forces bend the beam
downward. The moment due to the eccentricity is

M3 = F,e = (2500 N)(cos 22°) ﬁ‘ﬁj
m
= 289.7 N-m
The total moment is
M=M;+ M+ M;
= —2648.7 N-m — 2809.5 N-m + 298.7 N-m
= —5168.5 N-m (5200 N-m)

The answer is (B).
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8. The maximum shear stress is

(3)(2250 N) (100 En‘?)z
(2)(5 cm)(10 cm)
=675 x 10° Pa (680 kPa)

Tmu=%=

The answer is (C).

9. The total force from the distributed load is

(%)(10 m) (5 g) —25N

This force can be assumed to act at two-thirds of the
beam length from the left end, or one-third of the beam
length from the right end.

Sum the moments around the right end to find the left
reaction.

3 Mugriena = (25 N)(*52) = R (10 m) =0
Ry, =833 N

The load increases linearly to 5 N/m at 10 m. At 7 m,
the loading is (0.7)(5 N/m). The total distributed force
over the first 7 m of the beam is

(B m(en(s X)) =1225n

Sum moments from the point of interest (7 m from the
left end) to either end. The calculation is easier from the
left end.

Y M= (1225 N)(7—3-m) — (8.33 N)(7 m)
=-20.73N-m (30 N-m)

The answer is (D).

10. With z= L, the deflection due to the vertical com-
ponent of the force is

: o 3 cam ¢
~(37000 N)(sin 40°)(1.6 m)° (100 & )
Pa
GP
= —0.000649 m (—0.649 mm) [downward]

o= -PL} _
Y )

(3)(205 GPa) (109 (24400 cm?)

The eccentric application of the force causes an upward
deflection. The deflection due to the end moment is

(600 N-m)(1.6 m)2(100 %)4

_ Mo _
T 2EI ~ 9 Pa 4
(2)(205 GPa) (10 —GPa) (24400 cm?)

=0.0000154 m (0.0154 mm) [upward]

The total deflection due to the external force alone is

v= v + vo = —0.649 mm + 0.0154 mm
= —0.634 mm (0.63 mm) [downward]

The answer is (A).

.
(o]
n
Lm
S
5o
pd
-gm
wE
b=
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1. A steel column with a cross section of 12 cm x 16 cm
is 4 m in height and fixed at its base. The column is
pinned against translation in its weak direction at the
top but is unbraced in its strong direction. The column’s
modulus of elasticity is 2.1 x 10° MPa.

pinned in
2 weak direction

‘ pin

E ﬂ:ed

What is most nearly the maximum theoretical vertical
load the column can support without buckling?

(A) 1.3 MN
(B) 5.2 MN
(C) 6.1 MN
(D) 11 MN

2. A 10 cm x 10 cm square column supports a compres-
sive force of 9000 N. The load is applied with an eccen-
tricity of 2.5 cm along one of the lines of symmetry.
What is most nearly the maximum tensile stress in the
column?

(A) 450 kPa
(B) 900 kPa
(C) 1400 kPa
(D) 2300 kPa

Columns

3. A square column with a solid cross section is placed
in a building to support a load of 5 MN. The maximum
allowable stress in the column is 350 MPa. The column
reacts linearly to all loads. If the contractor is permitted
to load the column anywhere in the central one-fifth of
the column’s cross section, what are most nearly the
smallest possible dimensions of the column?

(A) 12cmx 12 cm
(B) 14 cm x 14 cm
(C) 16 cm x 16 cm
(D) 18 cm x 18 cm

4. What is most nearly the maximum resultant normal
stress at A for the cantilever beam shown?

A ——
7m SmUsm “| [175em
l e
a5 CRI
| I—
7.5¢cm
350N 225N
elevation view cross section
(A) 7.2 MPa
(B) 9.4 MPa
(C) 9.8 MPa
(D) 9.9 MPa

5. A rectangular steel bar 37.5 mm wide and 50 mm
thick is pinned at each end and subjected to axial com-
pression. The bar has a length of 1.75 m. The modulus of
elasticity is 200 GPa. What is most nearly the critical
buckling load?

(A) 60 kN
(B) 93 kN
(C) 110 kN
(D) 140 kN
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6. What is most nearly the Euler buckling load for a
10 m long steel column with unrestrained ends and with
the given properties and cross section?

Iyp = 3.70 x 10 mm?*

E =200 GPa

25 mm

75 mm

(A) 15 kN
(B) 24 kN
(C) 43 kN
(D) 73 kN

SOLUTIONS

1. Since the column is fixed at one end and pinned at
the other, the theoretical end-restraint coefficient, K, is
0.7. The effective length for buckling in the weak direc-
tion is

K¢=(0.7(4m)=28m

The moment of inertia for buckling in the weak direc-
tion is

7 be® _ (16 cm)(12 cm)®
T2 cm\?
(12)(100 ;)

=23x10° m!

Calculate the critical buckling force from Euler’s
formula.

_ n2E]

cr (Ke)z
2 5 6 Pa -5 4
_®(21 % 10° MPa) (10 ) (23 x 10 m?)

(2.8 m)®
=6.09x 105N (6.1 MN)

Check the buckling force in the strong direction. The
column is not braced in that direction, so for a column
fixed at one end and free at the other, K=2.

Kt=(2)(4m)=8m
The moment of inertia for buckling in the strong direc-
tion is
I bR _ (12 cm)(16 cm)®

=15 =4.1x107° m*
cm
(12)(100 m)

Calculate the critical buckling force from Euler’s
formula.

- neE]
cr (Ke)z
2 5 ¢ Pa -5 .4
_®(21x10 MPa)(lO _—MPa.) (4.1 x 10~5 m?)
(8 m)®

=13x10° N (1.3 MN)

This is less than for buckling in the weak direction. This
force controls.

The answer is (A).
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2. The cross-sectional area of a square column is

2
A== (lt)%cgn) =0.01 m?

The moment of inertia of the square cross section is

I=Z=——"—=833x10"%m
(12)(100 ‘2‘)

The distance from the neutral axis to the extreme
fibers is

e=b__10em __o5m

9 cm
(2) (100 m)
The stress is -

=F, Fec
o=Z*7

_ —9000 N
0.01 m2

(—9000 N)(2.5 cm)(0.05 m)
(8.33 x 107 m4)(100 %)
m

= -9 x 10° Pa £ 1.35 x 10° Pa
(—900 kPa + 1350 kPa)
The first term is due to the compressive column load
and is compressive. (Compressive forces and stresses are
usually given a negative sign.) The second term is due to
the eccentricity. The second term increases the compres-

sive stress at the inner face. It counteracts the compres-
sive stress at the outer face.

The maximum tensile stress is

Otmax = —900 kPa 4 1350 kPa = 450 kPa

The answer is (A).

3. The middle one-fifth of the column is a square with
dimensions of b/5 x b/5 (0.2b x 0.2b).

area of permitted
loading pomtof
,/ maximum
—T stress
0.4b

neutral axis .
of bending ™

0.2b

0.4b

The maximum stress will be induced when the middle
one-fifth square is loaded at one of its corners.

The cross-sectional area is
A=¥
The moment of inertia of the square cross section is

b4
1‘12

The distance from the neutral axis to the extreme
fibers is

o
Il
N |o

The maximum eccentricity is
e=0.1b

The stress at the extreme corner is

(350 MPa) (10° 2 Pa

N
\’(2 2)(5 MN) 10° W)
MPa
=0.

177 m (18 cm)

The answer is (D).

4. The beam experiences both axial tension and bend-
ing stresses, so it should be analyzed as a beam-column.

D Ma = (350 N)(7 m) + (225 N)(sin45°)(7 m)
— (225 N)(cos45°)(5 m)
= 2768 N-m
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32..4 FE MECHANICAL PRACTICE PROBLEMS

The stress is

M(3)
o
12

(225 N)(cos45°)(100 %)2

(7.5 cm)(17.5 cm)

Omax =

e

Mec
+I

_175em
cm
(2)(100 E)
(7.5 cm)(17.5 cm)®
(12) (100 %)4

=7.24 x 10% Pa (7.2 MPa)

(2768 N-m)

The answer is (A).

5. Use Euler’s formula. K=1 since both ends are
pinned. Use the moment of inertia for the weak
direction.

ap (00
. _n2£:1_"E<12

TU(Ke? (K

Pa \ [ (50 mm)(37.5 mm)*
GP mm}*
(12)(1000 ?)

((1)(1.75 m))”
=141624 N (140 kN)

72(200 GPa)(109

The answer is (D).

6. /2’ and 3y are centroidal axes. Iy, is computed
from the equation J= bh®/12 about the centroidal axis of
a rectangle. For this cross section, b, =25 mm,
hy =100 mm, by =75 mm, and hy =25 mm.

bih?  byhd
w=p+%

_ (25 mm)(100 mm)° | (75 mm)(25 mm)°
(12)(1000 %) (12)(1000 -“:n—m)

=218 x 10°% m?

Find the Euler buckling load, P, The smallest moment
of inertia (corresponding to the least radius of gyration)
should be used. Iy, is less than I,.

_m?EIl
er — (K_Z)2
72(200 GPa) (10° kPa) 9 18 x 1076 m?)
_ GP
((1)(10 m))?
=43 kN
The answer is (C).
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1. A 0.001 C charge is separated from a 0.003 C charge
by 10 m. Point P identifies the point of zero electric field
between the charges.

0.001C b 0.003C
O O

S l
X

10m

What is most nearly the distance, z, between the
0.001 C charge and point P?

(A) 22m
(B) 3.7m
(C) 6.3 m
(D) 14m
2. A 15 pC point charge is located on the yaxis at
(0,0.25). A second charge of 10 uC is located on the

g-axis at (0.25,0).
y(m)

15 uC ¢ (0,0.25)

(0.25,0)
10 pC x{m)

If the two charges are separated by air, what is most
nearly the force between them?

(A) 0.098 N
(B) 0.34 N
(C) 11N
(D) 34N

3. A charge of 0.75 C passes through a wire every 15 s.
What is most nearly the current in the wire?

(A) 5.0 mA
(B) 10 mA
(C) 20 mA
(D) 50 mA

4. If a potential difference is generated by a single con-
ductor passing through a magnetic field, which state-
ment is FALSE?

(A) The potential difference depends on the speed
with which the conductor cuts the magnetic
field.

(B) The potential difference depends on the length of
the conductor that cuts the magnetic field.

(C) The potential difference depends on the mag-
netic field density that is present.

(D) The potential difference depends on the diame-
ter of the conductor that cuts the magnetic field.

5. A current of 10 A flows through a 1 mm diameter wire.
What is most nearly the average number of electrons per
second that pass through a cross section of the wire?

(A) 1.6 x 10™® electrons/s
(B) 6.2 x 10'® electrons/s
(C) 1.6 x 10" electrons/s
(D) 6.3 x 10'° electrons/s

6. Point charges @, @, and @; are arranged as shown.

y (m)

6 F

5¢ 01 =0.1 }.I.C

4 -

3

2

Q,=-03uC
1+ ]
G 10'4 glc A 1 1 ]
1 2 3 4 5 8 x(m)

What is most nearly the magnitude of the force on @
due to @, and @57

(A) 23x10~°N
(B) 3.0x107°N
(C) 9.8x107* N
(D) 51x1072N
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SOLUTIONS

1. At the point where the electric field intensity E at
point 2 is zero, the electric field due to the 0.001 C charge
equals the field due to the 0.003 C charge in magnitude. r
is the distance between point 1 and point 2.

__ @
dmer?
0.001C_ __ 0.003C
dneoz®  4meg(10 m — z)°
(10 m — z)® = 322
2+ 10z -50=0

Use the quadratic equation to solve for the positive z

value.
_=b+V b — dac
- 2a
~10 m + /(10 m)? — (4)(2)(~50 m?)
B 2)(1)
=366 m (3.7 m)
The answer is (B).

2. The radius is
r=1/(0:25 m)® + (0.25 m)? = —‘2—5 m

For air, € =8.85 x 10712 F/m. The units F/m are equiva-
lent to C2/N-m?. Using Coulomb’s law, the force between
the two charges is

_ Q@ (15x107° C)(10x 107° C)
T 4per? 2
T 4n(8.85 x 10~12 E) (ﬁ m)
m 4

=1079N (11 N)
The answer is (C).

3. Current is the charge per unit time passing through
the wire.

(0.75 ©)(1000 mA

T A)=50mA

1=9-
t
The answer is (D).

4. The potential difference is the induced voltage
described by Faraday’s law.

—Nd¢

dt

The change in magnetic flux, d¢/dt, will be influenced
by the length of the conductor but not by the cross-
sectional area or diameter of the conductor. For a single
conductor, N=1.

The answer is (D).

5. A current of 10 A is equivalent to 10 C/s. One
electron has a charge of approximately 1.6 x 107 C.

10 €
S

electron
= 6.25 x 10" electrons/s (6.3 x 10" electrons/s)
The wire diameter is irrelevant.

The answer is (D).

1.6 x 10~1°

6. The force between @ and @5 is repulsive and is
entirely in the negative y-direction.

The distance between @, and @ is 5 m.
Q@3 (0.1x107°C)(0.4 x 107¢ C)

T Amer? -12 F 2
41:(8.85 x 10 m) (5 m)

F3_,

=144x10°N

The distance between @ and Qs is

(1 m)? 4+ (6 m)®> =6.08 m

The force between @, and @5 is attractive and is partly
in the positive ydirection and partly in the positive z-
direction.

_ @QQ;  (—0.3x107° C)(0.4 x 10°° C)
12 F

" 4mer? - 2
41r(8.85 x 10 m) (6.08 m)

F3_»

=-292x10"° N

The portion of the force between @, and @5 in the
positive y-direction is

- 1m -
—2.92 x 1078 = —4. 6
(—=2.92 x 10 N)(6.08m) 48 x 105 N

The portion of the force between @ and @3 in the
positive z-direction is

_ -5 6m \_ _ -5
(—2.92 x 10 N)(6.08m) 2.88 x 10~° N

The total force is the vector sum of the two forces.

2
(1.44 x 1075 N + (—4.8 x 1076 N))
Frota =

+ (-2.88 x 1075 N)?
=3.04x 10N (3.0x107°N)

The answer is (B).
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Magnetism

Direct-Current Circuits

PRACTICEPROBLEMS What is most nearly the charge on the capacitor on
late A7
1. What is most nearly the equivalent inductance of the P
circuit shown? (A) 83 pC
(B) 120 pC
15 H 5H (C) 83 uC
—I MMM (D) 0.012 C
4. What is most nearly the current, I, in the illustration
310 H }‘IOH shown?
> 5A
(A) 5.0H 10A
(B) 20H 1
(C) 24 H o
(D) 25 H 3A

2. A solid copper conductor at 20°C has the following

characteristics. (A) —12 A
resistivity = 1.77 x 1078 Q-m (B) 3.0 A
diameter = 5 mm (C) 5.0 A
length = 5000 m (D) 15 A

i th i tor?

What is most nearly the resistance of the conductor 5. What is most nearly the voltage across the 5 §
(A) 0.017 Q resistor in the center leg in the illustration shown?
(B) 45Q
(C) 12Q 5Q 5Q
(D) 18 W MN

. - . - + +
3. The circuit shown is in steady state. V= 50 ;_; 30V
R
MWy
+ A
12V = S 1 mF (A) 13V
(B) 16 V
C) 20V
(D) 24V
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9. What is most nearly the voltage drop across the 6 Q

6. In the circuit shown, what is most nearly the current
resistor in the circuit shown?

through CD?

Sm

Sy

Q9 R =050 B R,=100 ¢

Q= 1 80 40
i A —AW-

§R3=1.50 20
2A<D '_;Fmv

cell] =| 1.5V cell '2 =| 1.5V 60
A i - |1l 5
(A) 0.20 A
(B) 0.60 A (A) 60V
(C) 1.0A (B) 90V
(D) 19A (C) 10V
(D) 18V
7. What are most nearly the Norton equivalent voltage,
Vi, and resistance, Ry, values for the circuit shown? 10. A current of 7 A passes through a 12 Q resistor.
V, =10V What is most nearly the power dissipated in the resistor?
+M'ﬁ J (A) 0.1 hp
(B) 0.6 hp
+
V=20V = §H1=100 (C) 0.8 hp
(D) 8hp
AAA N
Ry =100 B
A) VN=5V; BRn=5Q

)

B) Vn=10V; By =20 Q
)
)

8. When a 20 V source is connected across terminals A
and B, a current of 10 A is measured through R;.

Ry A

—Wy

B

Approximately what current would flow through R, if a
30 V source is connected across terminals A and B?

(A) 12 A
(B) 15 A
(C) 17 A
(D) 20 A
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DIRECT-CURRENT CIRCUITS

34-3

SOLUTIONS

1. Inductors combine like resistors.

_ (10 H)(10 H)
Lo=15H+5H+ W0H+10H
=25H
The answer is (D).

2. Calculate the resistance.

_PL_pL
TATIp
4

_(L.77 x 1078 Q.m)(5000 m)

2
(%) (105(’)0 _@)
m

(4.5 Q)

=4.51 Q

The answer is (B).

3. In steady state, all of the voltage is across the
capacitor.
Q=CV=01x103F)(12V)
=0.012 C

The answer is (D).

4, Kirchhoff’s current law states that the sum of the
currents entering a junction will be equal to the sum of
the currents leaving the junction. To apply the law, use
assumed directions for currents.

SIn=I+5A+10A
ZIout=3A
ZIin=zIout
I=3A-5A-10A
=-12A

The answer is (A).

5. Use the loop-current method to solve for the voltage.
This is a three-loop network, so select (3—1), or 2,
loops. Current directions are arbitrary.

50 50

Wy M\

@ §sn @ $3ov

-+
il

oV

Write Kirchhoff’s voltage law for each loop.

0V-L(5Q-(L+1)(52=0 [Eq]
VLG -(L+)(5Q=0 [EqII
Solving for f in Eq. I,
[ 10V —(59Q)I,
1= 10 Q
Substituting into Eq. II,
10 V—(5Q)I, a
30 V- I(10 ) - (—WQ_‘—) =0
I;=10/3 A
L =-2/3A

The voltage across the center resistor is

V=IR= (139 A+ (—% A))(s Q)
=1333V (13V)

The answer is (A).

6. The method of superposition is used to find the
current, I I is the current from cell 1, and I is the
current from cell 2. Separate the circuits.

R =050 B R,=10Q ¢
AMA—
§ R3 = 1.50 TI]
cell1 =15V
—|ilz
E D
{a)
R,=05Q B R=100 ¢
My
§ R3 =150 le
cell2=15V
ahill
—i{1
A £ I I+ D
(b}
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34-4 FE MECHANICAL PRACTICE PROBLEMS

Short-circuiting cell 2 to find I; as shown in illustration (a),
the equivalent total resistance is

RyR;
Ry + R3
(1.0 2)(1.5 Q)
1.092+1.50

Rcotal,l = R +

=052+
=11Q

The current through cell 1 is

V _15 \Y%
Riotain 1.1 82

All of this cell 1 current passes through resistor R,. The
current then splits in inverse proportion to the leg
resistances.

R3
Iy = I
()
_(L8Yy(_ 150
1.19/\100+150Q

=082A

Short-circuiting cell 1 to find L, as shown in illustra-
tion (b), the equivalent total resistance is

RiR
Riotalz = i) :_ :;23 + Ry

_(059)(1.5Q)
T05Q+150

+10Q

The total current is

I=L+I,=082A+11A
=191A (1.9 A)

The answer is (D).

7. A Norton equivalent circuit contains a single current
source and a resistor in parallel, so the options A and B
can be eliminated immediately.

To find the equivalent resistance, turn off all power
sources (i.e., short-circuit the voltage sources). The
equivalent resistance across terminals A and B is

Ry = Pk _ (109010 9)
NT"R+R O 100+10Q
=50

(This eliminates options B and D.)

The Norton equivalent current is the short-circuit cur-
rent through terminals A and B, as shown.

V=10V !
+1 1. —_— A
i
+
— hort
=20V = §R1 =100 <s:ir2uit

M\ 5
R,=100

Apply Kirchhoff’s voltage law to the shorted circuit.
Vi—Vo—RyIn=0
20V —-10 V= (10 Q)Iy
In=1A

No current flows through R, because the terminals of P
are short-circuited.

The answer is (C).
8. The applied voltage increased from 20 V to 30 V, or
1.5 times. By the linearity expressed in Ohm’s law, the
current is

I=(15)10A)=15A
The answer is (B).

9. Redraw the circuit.

c R1=89 B R4=4.Q A
1 M\ My
R2=2Q
+
2A @ l"“’@ =12v
Ry=60Q
D E F

From superposition, with I, designating the current
through the resistor from the current source, and Iy
designating the current through the resistor from the
voltage source,

Iga=Ic+ 1y

The current through the resistor is

_ Ry
fe=(2 A)(32+Rs+34)

_ 40
‘(ZA)(z Q+r60+4 Q)
=0.67 A
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DIRECT.-CURRENT CIRCUITS 34-5

Use Kirchhoff’s voltage law, and solve for Iy.
V—Iy(Ry+ R+ R3)=0

eV
Ry + R3+ Ry

12V

T20+60+40

=1A
The voltage drop across the resistor is

Isa=Ic+Iy=067TA+1A=167A
Vea=IsaR=(1.67 A)(6 Q) =10V

The answer is (C).

10. The power dissipated through the resistor is

2
745.7 —
hp

=0.79hp (0.8 hp)

The answer is (C).
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1. Which measurements are required to determine the
phase angle of a single-phase circuit?

(A) power consumed by the circuit
(B) frequency, capacitance, and inductance
(C) power, voltage, and current
(D) resistance, current, and voltage
2. Which expression correctly relates power factor, pf,

to real power, P, reactive power, @, and complex
power, 57

(4) pf=¢
(B) pf =2
(€) pf=§
() pt=7

3. To replace a heat loss of 2 kW, a 20°C room is heated
by a resistive element heater from a standard 60 Hz
power supply with an rms voltage of 120 V. Most nearly,
what must the element’s resistance be to maintain the
room at 20°C?

(A) 46 Q
(B) 7.2 0
(C) 140
(D) 17 Q

4. What is most nearly the resonant frequency of the
circuit shown?

v 4H

—3uF

(A) 19Hz
(B) 4.6 Hz
(C) 46 Hz
(D) 75 Hz

Alternating-Current
Circuits

5. A 240V alternating source at 60 Hz is connected to a
series- RLC circuit as shown.

R=26Q

M

240V@ }L=0.35H

i
C =40 uF
What is most nearly the total reactance of the circuit?

(A) 66 Q

(B) 130 2

(C) 150 ©2

(D) 200 ©

6. In the circuit shown, approximately what capaci-
tance is needed to achieve a power factor of 1.07

c
I1
1
(100 V)sin377¢ R=1000
Lo/
2H
(A) 1.0 uF
(B) 1.6 uF
(C) 2.0 uF
(D) 3.5 uF
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35-2 FE MECHANICAL PRACTICE PROBLEMS

7. If the capacitor and the inductor in the circuit shown
have the same reactance, what is most nearly the fre-
quency of the AC source?

Ry
MV
50 mH
E,, sin wt
15 uF
M T
Ry
(A) 27 Hz
(B) 180 Hz
(C) 210 Hz
(D) 1200 Hz

8. What is most nearly the resonant frequency for the
circuit shown?

3H 50
_l""\_/\M_sLlf_
S,

(A) Orad/s
(B) 0.2 rad/s
(C) 9rad/s
(D) 200 rad/s

SOLUTIONS

1. The power is
P =1V maxI max cos 6
= VimsIrms cOS0

To find the phase angle, 8, the power, voltage, and
current must be known.

The answer is (C).

2. The power factor is defined as cos#, where @ is the
angle between the real and complex power vectors in the
complex power triangle.

imaginary
power S

P

real power

Standard trigonometric identities provide the relation-
ship between 8 and P, @, and S.

adjacent

_adjacent _ P
hypotenuse S

pf=cosf =

The answer is (C).

3. The heater is a purely resistive element. The resis-
tance can be solved directly by using the effective
voltage.

V2
Pave = Trms
R Vi _ (120 V)?
Pave w
(2 kW) (1000 kW)
=720

The answer is (B).

4. The resonant frequency is

VIc o
fo= 1 _ 1
2VIC  gny/(4 H)(3 x 107 F)
=4594 Hz (46 Hz)
The answer is (C).




ALTERNATING-CURRENT CIRCUITS 35-3

5. The inductive reactance is 7. If the inductor and capacitor have the same reac-

tance, then -
X1 =wlL = 2nfL = 2r(60 Hz)(0.35 H) >£
1 0=
=131.9 Q —o-vl =
1 °Z
The capacitive reactance is w= \/_T? w=
Yoo Lo 1 _ 1
wC  2nfC  2r(60 Hz)(40 x 1075 F) The frequency is
=66.3 jow 1
2n onVLC
The total reactance is 1
X —Xec=131.9 Q2 -66.3 Q2 21:\/(50 % 1073 H)(15 x 10-6 F)
=656 (66 2) —184Hz (180 Hz)
The answer is (A). The answer is (B).
6. A circuit has a power factor of 1.0 when it is reso- 8. The resonant frequency for a series-RLC circuit is

nant. The input frequency is given as 377 rad/s. Size the
capacitor so that the circuit resonates at the input 1

1
Wy = =
frequency. vLC \/ (3H)(8 x 107° F)

1
wol = 2C =204 rad/s (200 rad/s)
1 1
C=——= The answer Is (D).
wiL rad)
(377 ?) (2 H)
=352x10%F (3.5 uF)
The answer is (D).




Rotating Machines

1. A DC generator turns at 2000 rpm and has an output
of 200 V. The armature constant is 0.5 V-min/Wb, and
the field constant of the machine is 0.02 H. What is most
nearly the field current produced by the generator?

(A) 4.0 A
(B) 10 A
(C) 1000 A
(D) 4000 A

2. A two-pole induction motor operates on a three-
phase, 60 Hz line-to-line supply. The motor speed is
3420 rpm, and the rms voltage is 240 V. What is most
nearly the slip?

(A) 5%
(B) 7%
(C) 10%
(D) 20%

3. A DC generator produces 24 V while operating at
1200 rpm with a magnetic flux of 0.02 Wb. The same
generator is operated at 1000 rpm with a magnetic flux
of 0.05 Wb. Disregarding armature resistance, what is
most nearly the new voltage the generator produces?

(A) 20V
(B) 50 V
(C) 60 V
(D) 100 V

4. If the slip in a motor decreases while the torque
remains constant, what is the effect on the motor’s
speed and power?

(A) speed increases, power increases
(B) speed increases, power decreases
(C) speed decreases, power increases
(D) speed decreases, power decreases

8. A four-pole induction motor operates on a three-
phase, 60 Hz line-to-line supply. The rms voltage is
240 V. The slip is 2%. What is most nearly the operating
speed?

(A) 1240 rpm
(B) 1660 rpm
(C) 1760 rpm
(D) 1800 rpm
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36-2 FE MECHANICAL PRACTICE

PROBLEMS

SOLUTIONS

1. The magnetic flux is

Vo= K.né
_Va _ 200 V
T K,no V-min
(0.5 M )(2000 rpm)
=0.2 Wb
Solve for the field current.
=Ky
[ =% _02Wb
Tk T o0n2H
=10A
The answer is (B).

2. The synchronous speed is

_ 120f
Tev
min | 60 1.
(120 HZ) (60 Hz)
- 2
= 3600 rpm
The slip is
slip=22—" x 100%
g
3600 % — 3420 ﬁ%
3600 &V
min
=5%
The answer Is (A).

3. Since the generated voltage is V, = K, ng, the volt-
age is proportional to the rotational speed and the flux.
The new generated voltage will be

Vnew = Vold (M) (_‘én_eg)
Tioid / \ Pola

rev
1200 ¥/ \0.02 Wb
min

=50V

The answer Is (B).

4. Solving the slip equation for the motor speed yields

ns_n

slip=

S

n = n,(1 — slip)

Therefore, the speed of the motor increases as the slip
decreases.

Find the relationship between slip and power, P.

60 ——
P=TQ=T7|—22|,
rad
rev
=T %—rﬂ' ns(l—shp)
rev

Therefore, the power of the motor increases as the slip
decreases.

The answer Is (A).

5. The synchronous speed is

120f

ng=——

p

Tev,
(120 EH“;“) (60 Hz)

4
= 1800 rpm

Solving the slip equation for the operating speed yields

sip=2—1"
§
n= ny(1 — slip)
= (1800 Iev) (1 -0.02)
mi
= 1764 rpm (1760 rpm)
The answer Is (C).
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Kinematics

1. A particle’s curvilinear motion is represented by the
equation s(t) =20t+4# —3t%. What is most nearly the
particle’s initial velocity?

(A) 20 m/s
(B) 25 m/s
(C) 30 m/s
(D) 32 m/s

2. A vehicle is traveling at 62 km/h when the driver
sees a traffic light in an intersection 530 m ahead turn
red. The light’s red cycle duration is 25 s. The driver
wants to enter the intersection without stopping the
vehicle, just as the light turns green. If the vehicle
decelerates at a constant rate of 0.35 m/s?, what will
be its approximate speed when the light turns green?

(A) 31 km/h
(B) 43 km/h
(C) 59 km/h
(D) 63 km/h

3. A projectile has an initial velocity of 110 m/s and a
launch angle of 20° from the horizontal. The surround-
ing terrain is level, and air friction is to be disregarded.
What is most nearly the flight time of the projectile?

(A) 38s
(B) 7.7s
(C) 89s
(D) 12s

4. A particle’s position is defined by

s(t) = 2sinti+4costj [t in radians]

What is most nearly the magnitude of the particle’s
velocity when t =4 rad?

(A) 2.6

(B) 2.7

(C) 33

(D) 4.1

5. A roller coaster train climbs a hill with a constant
gradient. During a 10 s period, the acceleration is con-
stant at 0.4 m/s*, and the average velocity of the train is
40 km/h. What is most nearly the velocity of the train
after 10 s?

(A) 9.1 m/s
(B) 11 m/s
(C) 13 m/s
(D) 15 m/s

6. Choose the equation that best represents a rigid body
or particle under constant acceleration.

(A) a=9.81 m/s? + vo/t
(B) v= ao(t—t?)+v0
(C) v=vo+ [ a(t)dt
(D) a=vi/r"’

7. A particle’s curvilinear motion is represented by the
equation s(t) = 40t + 5t — 8¢3. What is most nearly the
initial acceleration of the particle?

(A) 2 m/s?
(B) 3 m/s?
(C) 8 m/s?
(D) 10 m/s?

8. The rotor of a steam turbine is rotating at 7200 rpm
when the steam supply is suddenly cut off. The rotor
decelerates at a constant rate and comes to rest after
5 min. What is most nearly the angular deceleration of
the rotor?

(A) 0.40 rad/s?
(B) 2.5 rad/s®
(C) 5.8 rad/s’
(D) 16 rad/s?
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37-2 FE MECHANICAL PRACTICE PROBLEMS

9. The angular position of a car traveling around a
curve is described by the following function of time (in
seconds).

0(t) =3 — 22 — 4t + 10
What is most nearly the angular acceleration of the car
at a time of 5 s?
(A) 4.0 rad/s?
(B) 6.0 rad/s?
(C) 26 rad/s®
(D) 30 rad/s’

10. A vehicle is traveling at 70 km/h when the driver
sees a traffic light in the next intersection turn red. The
intersection is 250 m away, and the light’s red cycle
duration is 15 s. What is most nearly the uniform decel-
eration that will put the vehicle in the intersection the
moment the light turns green?

(A) 0.18 m/s®
(B) 0.25 m/s®
(C) 0.37 m/s?
(D) 1.3 m/s®

11. A projectile has an initial velocity of 85 m/s and a
launch angle of 60° from the horizontal. The surround-
ing terrain is level, and air friction is to be disregarded.
What is most nearly the horizontal distance traveled by
the projectile?

(A) 80 m
(B) 400 m
(C) 640 m
(D) 1200 m

42. A particle’s position is defined by
s(t) = 15sinti+ 8.5costj ([t in radians]

What is most nearly the magnitude of the particle’s
acceleration when ¢ =n?

(A) 6.5

(B) 8.5

(C) 15

(D) 17

13. A particle’s curvilinear motion is represented by the
equation s(t) = 30¢ — 8¢2 + 6¢°. What is most nearly the
minimum speed reached by the particle?

(A) 26 m/s
(B) 30 m/s
(C) 35 m/s
(D) 48 m/s

14. A projectile has an initial velocity of 80 m/s and a
launch angle of 42° from the horizontal. The surround-
ing terrain is level, and air friction is to be disregarded.
What is most nearly the maximum elevation achieved
by the projectile?

(A) 2m

(B) 150 m
(C) 350 m
(D) 620 m




KINEMATICS

37-3

SOLUTIONS

_dr_ds
v= dt_dt-—20+8t 9¢?
=20 + (8)(0 s) — (9)(0 5)?
=20 m/s

The answer is (A).

2. The velocity after 25 s of constant deceleration is

v(t) = ao(t — to) + Vo
-0.35 (25 s —0s){ 3600
JComgaeonm)
E
=31 km/h
The answer is (A).

3. The vertical component of velocity is zero at the
apex. Calculate the time to reach the apex.

vy = —gt + vg sin(f)
=— m M) 6in 20°
(981 5) ¢+ (110 Z)sin20
t=384s
The projectile takes the same amount of time to return

to the ground from the apex as it took to reach the apex
after launch. The total flight time is

=(2)(3.845)=7.67s (7.75)
The answer is (B).
4. The velocity is
d

v(t)= Z(:) t(2 sin ti 4 4 cos tj)

= 2cos ti — 4sin tj
At t=4 rad,
v(4) = 2 cos(4 rad)i — 4sin(4 rad)j
= —1.31i — (-3.03)j

V()| = /(~1.31i)? + (3.031)°
=33

The answer is (C).

8. If the train travels for 10 s at an average velocity of
40 km/h, then the distance traveled in 10 s is

(0 %) (1000 ﬁ-)(lo 5)

5
3600 b

S(t) ES Vavet -

=111.1m

Rearrange the equation for distance as a function of
initial velocity and acceleration, and solve for the initial
velocity.

s(t) = ao(t — 10)*/2 + vo(t — to) + 50

s(t) — so —M

t—to

Vo=

(0.4 sﬂz)(m s—05)°
2

1111 m-0m-—
10s—0s

=9.11 m/s

For an 1mt1a1 velocity of 9.11 m/s and an acceleration of
0.4 m/s® over 10 s, the final velocity after 10 s is

vy =vg + agt
= m m
=011 24 (04 $2)(10 )
=13.11 m/s (13 m/s)

The answer is (C).

6. Option A is an expression for acceleration that varies
with time. Option C is an expression for velocity with a
generalized time-varying acceleration. The expression in
option D relates tangential and normal accelerations,
respectively, along a curved path, to the tangential
velocity. For a generalized curved path, these accelera-
tions are not constant.

Option B is the expression for the velocity of a linear
system under constant acceleration.

V(t)=¢lo/dt=ao(t—to)+vo

The answer is (B).

7. The acceleration at t=0 is

_dr_ ds
=10m/s

The answer is (D).
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37-4 FE MECHANICAL PRACTICE PROBLEMS

8. The angular deceleration (velocity) is
wr=uwp — at

e B |
“=T
(7200 £22) (2n 12d) _ g x2d
min rev S
= )
s
(5 min) (60 m)
=2.51 rad/s? (2.5 rad/s?)
The answer is (B).
9. The angular acceleration is
2
aft) = d_9 =6t—
a(5) = (6)(5 s) — 4 = 26 rad/s?

The answer is (C).

10. Rearrange the equation for the distance traveled
under a constant acceleration. Let the initial distance
traveled equal 0 m, and the initial time equal 0 s.

8(t) = ao(t — t0)?/2 + vo(t — o) + o
(2)(=vo(t — to) — 5(t) — o)

a =

(t - t)’
km m
(—70 T) (1000 E)(15 s—0s5)
(2) 3
3600 b
_ +250m—0m
(15s—0s)®
= —0.37 m/s®> (0.37 m/s? deceleration)
The answer Is (C).

11. Calculate the total flight time. The vertical compo-
nent of velocity is zero at the apex.

vy = —gt + vgsin(f)
0=—(9.81 B)e+ (85 )sin60°
t=7.50s

The projectile takes the same amount of time to return
to the ground from the apex as it took to reach the apex
after launch. The total flight time is

t=(2)(750s) =15.0s

The horizontal distance traveled is
z = vgcos(f)t + o

= (85 %)cos60°(15.0 s)+0m
=638 m (640 m)
The answer is (C).

12, The velocity is

ds( t)

v(t)=——+= ——(15sm ti + 8.5 cos tj)

= 15 cos ti — 8.5sin tj

a(t)= dv(t) = —15sin ti — 8.5 cos tj
a(m) = —15 sin7ti — 8.5 cos mj
= 0i 4 8.5j
la(m)l = /(0)® + (8.5§)°
=8.5
The answer is (B).

13. The minimum of the velocity function is found by
equating the derivative of the velocity function to zero
and solving for &.

2 3
v(t) = dt (30t 8¢ + 6¢°)
=30- 16t + 18#
dv
E——(30 16t +18t%) = —16 + 36t =0
t=0444s

Vinin = 30 — 16¢ + 18¢2
=30 — (16)(0.444 s) —
=264 m/s (26 m/s)
The answer is (A).

(18)(0.444 s)°

14. The maximum elevation is achieved when the pro-
jectile is at the apex. The vertical component of velocity
is zero at the apex. Calculate the time to reach the apex.

vy = —gt + vosin(f)

- - m M) cin42°
0=—(9.81 5)t+ (80 Z)sina2
t=5.46s

The elevation at time ¢ is
y= —gt?/2 + vosin(8)t + y,
m 2
- (9.81 s‘z) (5.46 s)
2
+ (80 %)sin 42°(5.46 5) + 0 m

146 m (150 m)
The answer is (B).
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1. The 52 kg block shown starts from rest at position A
and slides down the inclined plane to position B. The
coefficient of friction between the block and the plane is
p = 0.15.

What is most nearly the velocity of the block at
position B?

(A) 24 m/s
(B) 4.1 m/s
(C) 7.0 m/s
(D) 9.8 m/s

2. A 5 kg block begins from rest and slides down an
inclined plane. After 4 s, the block has a velocity of
6 m/s. If the angle of inclination of the plane is 45°,
approximately how far has the block traveled after 4 s?

(A) 1.5m

(B) 3.0 m

(C) 6.0m

(D) 12 m

3. The elevator in a 20-story apartment building has a
mass of 1800 kg. Its maximum velocity and maximum
acceleration are 2.5 m/s and 1.4 m/s?, respectively. A
passenger weighing 67 kg stands on a scale in the eleva-
tor as the elevator ascends at its maximum acceleration.
When the elevator reaches its maximum acceleration,
the scale most nearly reads

(A) 67N

(B) 560 N
(C) 660 N
(D) 750 N

Kinetics

4. A rope is used to tow an 800 kg car with free-rolling
wheels over a smooth, level road. The rope will break if
the tension exceeds 2000 N. What is most nearly the
greatest acceleration that the car can reach without
breaking the rope?

(A) 1.2 m/s’
(B) 2.5 m/s
(C) 3.8 m/s?
(D) 4.5 m/s*

5. An 8 kg block begins from rest and slides down an
inclined plane. After 10 s, the block has a velocity of
15 m/s. The plane’s angle of inclination is 30°. What is
most nearly the coefficient of friction between the plane
and the block?

(A) 0.15
(B) 0.22
(C) 0.40
(D) 0.85

6. If the sum of the forces on a particle is not equal to
zero, the particle is

(A) moving with constant velocity in the direction of
the resultant force

(B) accelerating in a direction opposite to the resul-
tant force

(C) accelerating in the same direction as the resul-
tant force

(D) moving with a constant velocity opposite to the
direction of the resultant force
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38-2 FE MECHANICAL PRACTICE PROBLEMS

7. A 383 N horizontal force is applied to the 65 kg block SOLUTIONS e
shown. Beginning at position A, the block moves down o

the slope at a velocity of 12.5 m/s and comes to a 1. Choose a coordinate system parallel and perpendic-
complete stop at position B. Thg coefficient of friction ular to the plane, as shown. Let the z-axis be positive in
between the block and the plane is p = 0.22. the direction of motion (to the left). Recognize that

this is a 5-12-13 triangle. Alternatively, calculate

.’ﬂ» G : \/(5)2+(12)2= 13.

s
52
g
9]
=
o
3
(2]

/solweuig

What is most nearly the distance between positions A

and B?
(A) 6.1m
(B) 9.1 m From the equations for friction and the equation for the
() 15m radial component of force, the acceleration is
(D) 19m ZFz = ma;

W, — uN = ma,

mgsin @ — pmgcosf = ma,

a; = gsinf — pgcos@ = g(sinf — u cos 6)

- (o1 B)(5 - 0391(3)

= 2.415 m/s?
The velocity at position B is

v =2+ 2a,(z - 79)

Vo=T9 = 0
v =2a,z
= (2) (2.415 s%‘) (20 m)
= 96.6 m?/s?
2
v= ‘/96.6 r:_z =9.83m/s (9.8 m/s)
The answer is (D).

2. Calculate the initial acceleration.

v(t) = a;t + vy
m m
a =V(t)—"0___6 s -0 s
* t 4s
= 1.5 m/s?

PPl ¢ www.ppi2pass.com




KINETICS

38-3

After 4 s the block will have moved

2
= a;t + vot + xo
(1.5 E) (45)°
=~ &/ 7 m
> +(0 s)(4s)+0m
=12m
The answer is (D).

3. Use Newton’s second law. The acceleration of the
elevator adds to the gravitational acceleration.

F=ma=m(a + a3)
= m m
= (67ke)(981 5+14 )
=751N (750 N)
The answer is (D).

4. From Newton’s second law, the maximum accelera-
tion is

F=ma
o= F _2000 N
m 800 kg
= 2.5 m/s?

The answer is (B).
5. Calculate the initial acceleration.

V= ezt + Vo

m m

15 — -0 —

a. =Yz Vo _ s s
.= =

t 10s
= 1.5 m/s?

Choose a coordinate system so that the z-direction is
parallel to the inclined plane. From the equations for
friction, normal force, and the parallel component of
force, the coefficient of friction is

ZF, = ma; = myg, — Fy
ma, = mgsin@ — umgcos ¢
__mgsing — ma,

mgcos ¢
_gsing—a,
~ gcos¢
m) . m
(9.81 S—z-)sm30° -15 5

(9.81 ;—2)00s30°
=0.40

The answer is (C).

6. Newton’s second law can be applied separately to
any direction in which forces are resolved into compo-
nents, including the resultant direction.

Fp=mapg

Since force and acceleration are both vectors, and mass
is a scalar, the direction of acceleration is the same as
the resultant force.

F
a3=—'3
m

The answer is (C).

7. Choose a coordinate system parallel and perpendic-
ular to the plane, as shown. Let the z-axis be positive in
the direction of motion (to the left). Recognize that
this is a 5-12-13 triangle. Alternatively, calculate

V(5)2 + (12)* = 13.
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38-4 FE MECHANICAL PRACTICE PROBLEMS

Using the sum of forces and the equations for friction The velocity is

and normal force, solve for the acceleration.
v2 = vi +2a,(z — 79)

ZF, = ma, vo=12.5 m/s
Wz—Fz—pN=ma¢ V=1:0=0
mygsind — F cosf — p(mgcosd + Fsinf) = ma, The distance between positions A and B is
2
gg a = ("l’) (mgsin@ — Fcos@ — p(mgcos8 + Fsinf)) . -__‘,(2) _ —(12.5 %’-)
= 2 m
53 = g(sinf — pgcosf) — E(cos0 + psin @) o )(_4°157 8_2)
@ " : (19 m)
@ = 1 m
= (981 5)(2- 022) (1)) '
st/ \13 13 The answer is ”
383 N\ /12 5
(65 kg> (35 +022(53))
= —4.157 m/s?
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PRACTICE PROBLEMS

1. A 1530 kg car is towing a 300 kg trailer. The coeffi-
cient of friction between all tires and the road is 0.80.
The car and trailer are traveling at 100 km/h around a
banked curve of radius 200 m. What is most nearly the
necessary banking angle such that tire friction will NOT
be necessary to prevent skidding?

(A) 8.0°

(B) 21°

(C) 36°

(D) 78°

2. Why does a spinning ice skater’s angular velocity
increase as she brings her arms in toward her body?

(A) Her mass moment of inertia is reduced.

(B) Her angular momentum is constant.

(C) Her radius of gyration is reduced.

(D) all of the above
3. A 1 m long uniform rod has a mass of 10 kg. It is
pinned at one end to a frictionless pivot. What is most

nearly the mass moment of inertia of the rod taken
about the pivot point?

(A) 0.83 kg-m?®
(B) 2.5 kg-m?
(C) 3.3 kg:m®
(D) 10 kg-m?®

4. In the linkage mechanism shown, link AB rotates

with an instantaneous counterclockwise angular velocity
of 10 rad/s.

wag = 10 rad/s (counterclockwise)

5m

Kinetics of Rotational
Motion

What is most nearly the instantaneous angular velocity
of link BC when link AB is horizontal and link CD is
vertical?

(A) 2.3 rad/s (clockwise)
(B) 3.3 rad/s (counterclockwise)
(C) 5.5 rad/s (clockwise)
(D) 13 rad/s (clockwise)

5. Two 2 kg blocks are linked as shown.

Assuming that the surfaces are frictionless, what is most
nearly the velocity of block B if block A is moving at a
speed of 3 m/s?

(A) Om/s

(B) 1.3 m/s
(C) 1.7m/s
(D) 5.2 m/s

6. A car travels on a perfectly horizontal, unbanked
circular track of radius r. The coefficient of friction
between the tires and the track is 0.3. If the car’s veloc-
ity is 10 m/s, what is most nearly the smallest radius the
car can travel without skidding?

(A) 10 m
(B) 34 m
(C) 50 m
(D) 68 m
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39-2 FE MECHANICAL PRACTICE PROBLEMS

7. A uniform rod (AB) of length L and weight W is
pinned at point C. The rod starts from rest and accel-
erates with an angular acceleration of 12g/7L.

a
A / S B
== R IO S AT O IR |
Cle— .|
L
\ :
L

What is the instantaneous reaction at point C at the
moment rotation begins?

w
(A) vy
®) ¥
©)
(D)

szl

8. A wheel with a 0.75 m radius has a mass of 200 kg.
The wheel is pinned at its center and has a radius of
gyration of 0.25 m. A rope is wrapped around the wheel
and supports a hanging 100 kg block. When the wheel is
released, the rope begins to unwind. What is most
nearly the angular acceleration of the wheel as the block
descends?

(A) 5.9 rad/s’
(B) 6.5 rad/s®
(C) 11 rad/s®
(D) 14 rad/s®

9. A car travels around an unbanked 50 m radius curve
without skidding. The coefficient of friction between the
tires and road is 0.3. What is most nearly the car’s
maximum velocity?

(A) 14 km/h

(B) 25 km/h

(C) 44 km/h

(D) 54 km/h

10. A uniform rod (AB) of length L and weight W is
pinned at point C and restrained by cable OA. The cable
is suddenly cut. The rod starts to rotate about point C,
with point A moving down and point B moving up.

The instantaneous linear acceleration of point B is

(a) 3

(B) §

© ¥

(D) %
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KINETICS OF ROTATIONAL MOTION

39-3

SOLUTIONS

1. The necessary superelevation angle without relying
on friction is

2
6 = arctan
gr

(100 57) (1000 2)°

= arctan - o2
(9.81 S—2)(200 m) (3600 E)
=21.47° (21°)
The answer is (B).

2. As the skater brings her arms in, her radius of gyra-
tion and mass moment of inertia decrease. However, in
the absence of friction, her angular momentum, H, is
constant.

w=l
I
Since angular velocity, w, is inversely proportional to the
mass moment of inertia, the angular velocity increases
when the mass moment of inertia decreases.

The answer is (D).

3. The mass moment of inertia of the rod taken about
one end is

MI? _ (10 kg)(1 m)®
3 3
(3.3 kg'm?)

Ia=

= 3.33 kg:m?
The answer is (C).

4. Find the instantaneous center of rotation. The abso-
lute velocity directions at points B and C are known.
The instantaneous center is located by drawing perpen-
diculars to these velocities, as shown. The angular veloc-
ity of any point on rigid body link BC is the same at this
instant.

vg = 50 m/s

The velocity of point B is

vp = ABwAB = (5 m) (10 Fa?d-) =50 m/s

The angular velocity of link BC is

m
_VB ___ s
“BC=OB~ 4m

=125rad/s (13 rad/s) [clockwise]

The answer is (D).

5. The instantaneous center of rotation for the slider
rod assembly can be found by extending perpendiculars
from the velocity vectors, as shown. Both blocks can be
assumed to rotate about point C with angular
velocity w.

The velocity of block B is

=JA _ VB
“TCATEBC
m o
_wBC_ (3 ;) (3 m)cos 30
BT7CA (3 m)sin 30°
=5.2m/s

The answer is (D).

6. If there is no skidding, the frictional force, Fj, will
equal the centrifugal force, F.. From the equations for
centrifugal force and frictional force, the smallest possi-
ble radius is

2
Fc= mv
Fy= pN = pmg

m —
——= pmyg

e (0%

19 (03)(9.81 ?5)

r=

The answer is (B).
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39-4 FE MECHANICAL PRACTICE PROBLEMS

7. The mass moment of inertia of the rod about its
center of gravity is

Too = ME _ (W L_2)
T g ) \12

Take moments about the center of gravity of the rod.
All moments due to gravitational forces will cancel. The
only unbalanced force acting on the rod will be the
vertical reaction force, R, at point C.

> Mcc = Rc (%) = Icgace

(- (()(E) (2

The angular velocity is zero, so the center of the mass
does not have a component of acceleration in the hori-
zontal direction. There is no horizontal force component
at point C.

The answer is (C).

8. From the equation for the radius of gyration, the
mass moment of inertia of the wheel is

I
TMhwheel

I= 'm'wheelr2

T=

The unbalanced moment on the wheel is

M= FR = (mg— ma)R=mR(g9— a)
= mplock R(9 — Rex)
The acceleration is given by
M=Ia
Mblock R(g — Ror) = Mypeatax
Combine the equations and solve.
o= Mblock Rg
Mwheel 2 + 'rnfblock}z2
(100 kg)(0.75 m) (9.81 892)

- (200 kg)(0.25 m)? + (100 kg)(0.75 m)®
=10.7 rad/s> (11 rad/s?)

The answer is (C).

9. If the car does not skid, the frictional force and the
centrifugal force must be equal. From the equations for
centrifugal force and frictional force, the car's maximum
velocity is

2

F.=T%
Fy=pN = pmg
mve _
- pmg
v=,/ugr
03) (981 S%) (60 ﬁn)j (60 %)2
1000

50 m )
X —————
m
\ (100" m
=43.67 km/h (44 km/h)

The answer is (C).

10. Point C is L/4 from the center of gravity of the rod.
The mass moment of inertia about point C is

_ 2 oML 2 (DN (TN a2
le=1Icc+Md" == +M(4) ‘(48)ML
The sum of moments on the rod is
3L L
— =M\ 4] (|4
zMC‘ZFT‘(4) 2 (4) 2
WL
4
_ Mgl
T4
The angular acceleration is
MgL
XMe T3 12

" T T

The tangential acceleration of point B is

ap=ra= (ﬁ’) (%) - %

The answer is (C).

PPl ¢ www.ppl2pass.com




1. The 40 kg mass, m, in the illustration shown is
guided by a frictionless rail. The spring constant, k, is
3000 N/m. The spring is compressed sufficiently and
released, such that the mass barely reaches point A.

A

compressed |
position

m=40kg

k= 3000 N/m

What is most nearly the initial spring compression?
(A) 0.96 m
(B) 1.3 m
(C) 14m
(D) 1.8m

2. Two balls, both of mass 2 kg, collide head on. The
velocity of each ball at the time of the collision is 2 m/s.
The coefficient of restitution is 0.5. Most nearly, what
are the final velocities of the balls?

(A) 1 m/s and -1 m/s
(B) 2 m/s and -2 m/s
(C) 3m/sand -3 m/s
(D) 4 m/s and —4 m/s

3. A 1500 kg car traveling at 100 km/h is towing a
250 kg trailer. The coefficient of friction between the
tires and the road is 0.8 for both the car and trailer.
Approximately what energy is dissipated by the brakes
if the car and trailer are braked to a complete stop?

(A) 96 kJ

(B) 390 kJ
(C) 580 kJ
(D) 680 kJ

Energy and Work

4. A 3500 kg car traveling at 65 km/h skids and hits a
wall 3 s later. The coefficient of friction between the
tires and the road is 0.60. What is most nearly the speed
of the car when it hits the wall?

(A) 0.14 m/s

(B) 0.40 m/s

(C) 5.1 m/s

(D) 6.2 m/s

5. In the illustration shown, the 170 kg mass, m, is
guided by a frictionless rail. The spring is compressed
sufficiently and released, such that the mass barely
reaches point B.

- B
1 m] 1
+ A
6m
compressed ¥ m=170kg
position '

What is most nearly the kinetic energy of the mass at
point A?

(A) 20J
(B) 220 J
(C) 390 J
(D) 1700 J

6. A pickup truck is traveling forward at 25 m/s. The
bed is loaded with boxes whose coefficient of friction
with the bed is 0.40. What is most nearly the shortest
time that the truck can be brought to a stop such that
the boxes do not shift?

(A) 23s
(B) 4.7s
(C) 59s
(D) 6.4s
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40-2 FE MECHANICAL PRACTICE PROBLEMS

7. Two balls both have a mass of 8 kg and collide head
on. The velocity of each ball at the time of collision is
18 m/s. The velocity of each ball decreases to 10 m/s in
opposite directions after the collision. Approximately
how much energy is lost in the collision?

(A) 0.57 kJ
(B) 0.91 kJ
(C) 1.8kJ
(D) 2.3 kJ

8. The impulse-momentum principle is mostly useful for
solving problems involving

(A) force, velocity, and time
(B) force, acceleration, and time
(C) velocity, acceleration, and time

(D) force, velocity, and acceleration

9. A 12 kg aluminum box is dropped from rest onto a
large wooden beam. The box travels 0.2 m before con-
tacting the beam. After impact, the box bounces 0.05 m
above the beam’s surface. Approximately what impulse
does the beam impart on the box?

(A) 86N
(B) 12 N's
(C) 36 N's
(D) 42 N-s

10. The 85 kg mass, m, shown is guided by a frictionless
rail. The spring is compressed sufficiently and released,
such that the mass barely reaches point B. The spring
constant, k, is 1500 N/m.

T— 8
im
+A
h=6m
compressed ¥ m =85 kg
position
k= 1500 N/m

What is most nearly the velocity of the mass at point A?
(A) 3.1 m/s
(B) 44 m/s
(C) 9.8 m/s
(D) 20 m/s

SOLUTIONS

1. At the point just before the spring is released, all of
the energy in the system is elastic potential energy;

while at point A, all of the energy is potential energy
due to gravity.

_ [2mgh
=VT%

(2)(40 kg) (9.81 892) (7 m)

3000 N
m

=135m (1.4m)
The answer Is (C).

2. Since the two velocities are in opposite directions, let
the velocity of one ball, v;, equal 2 m/s and the velocity
of the other ball, v,, equal —2 m/s.

From the definition of the coefficient of restitution,
_V%-v

Vi1 — V2

vy — V) = e(vi — vp)

- a5(2 2~ (-22)
=2m/s (Eq. 1|

[

From the conservation of momentum,
myvy + mave = myv + mpvh
But, m; = my.
Vit ve=v]+v,
Since vi=2 m/s and vo=—-2 m/s,
vitve=224 (—2 9) =0
s S

So,
Vitvy=0 (Eq- 1]
Solve Eq. I and Eq. II simultaneously by adding them.
vi=—-1m/s

va=1m/s

The answer Is (A).
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3. The original velocity of the car and trailer is

km m
a (100 )(1000 km) 78

e

Since the final velocity is zero, the energy dissipated is
the original kinetic energy.

m 2
my? _ (1500 kg + 250 kg) (2778 Z)
2 2
=675154J (680 kJ)

The answer is (D).

4. The frictional force (negative because it opposes
motion) decelerating the car is

Fy=—pN = —pmg
=_ m
= —(0.60)(3500 kg) (9.81 52)
= -20601 N
Use the impulse-momentum principle.

Fy(t — ) = m(vi = v2)

Fi(t; —t
Vo= v, — f(lm 2)

km
(65 —) 1000 km)
S min
HCFOICES
_ (20601 N)(0s—3s)
3500 kg
=0.3976 m/s (0.40 m/s)

The answer is (B).

5. At point A, the energy of the mass is a combination
of kinetic and gravitational potential energies. The total
energy of the system is constant, and the kinetic energy
at Bis 0.

Er=Ep
Ur+Ta="Us
2
mgh+—m21-= mg(h+ 1 m)

Ta=mg(h+1m)—mgh

= mg(l m)
= (170 kg)(9.81 ;i;)(l m)
=1670J (1700 J)

The answer Is (D).

6. The frictional force is the only force preventing the
boxes from shifting. The forces on each box are its
weight, the normal force, and the frictional force. The
normal force on each box is equal to the box weight.

N=W=mg
The frictional force is
Fy=pN = pumg

Use the impulse-momentum principle. vo = 0. The fric-
tional force is opposite of the direction of motion, so it is
negative.

Imp=Ap
FiAt = mAv
A m(ve—v1) —mv;
t= = = —
Fy —umg  ug
25 =
- 8
m
(0.40) (9.81 3_2)
=6.37s (645s)
The answer is (D).

7. Each ball possesses kinetic energy before and after
the collision. The velocity of each ball is reduced from
|18 m/s| to |10 m/s|.

AT=T:— T =(2) (""("2 v2))

(1 2)' - (102

= 5

=1792J (1.8kJ)

The answer is (C).

8. Impulse is calculated from force and time. Momen-
tum is calculated from mass and velocity. The impulse-
momentum principle is useful in solving problems
involving force, time, velocity, and mass.

The answer is (A).
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40-4 FE MECHANICAL PRACTICE PROBLEMS

9. Initially, the box has potential energy only. (This
takes the beam’s upper surface as the reference plane.)
When the box reaches the beam, all of the potential
energy will have been converted to kinetic energy.

2
mv;

mghl = T

vi=+V2gh

= \/(2) (o:81 S%) (0.2 m)
=1.98 m/s

|downward)

When the box rebounds to its highest point, all of its
remaining energy will be potential energy once again.

2

mv.
mahy =5
vo = /2ghy

= \/ @) (9.81 S%) (0.05 m)
=099 m/s [upward]

Use the impulse-momentum principle. (Downward is
taken as the positive velocity direction.)

Imp = Ap = m(v1 - V2)
- m_( m
= (12 kg)(1.98 : ( 0.99 s))
=35.66 N-s (36 N-s)

The answer is (C).

10. At point A, the energy of the mass is a combination
of kinetic and gravitational potential energies. The total
energy of the system is constant, and the kinetic energy

at Bis 0.

Er=Ep
Ur+Ta=1Us
2
mgh-l——mzl= mg(h+ 1 m)

Ta=mg(h+1 m) - mgh
= mg(1 m)
= (85 kg) (9.81 ;“5‘)(1 m)
=833.91J

Therefore, the velocity of the mass at point A is

2
Ta= %= 833.9J

ve 2Ta
m
_ [(2)(833.9J)
- 85 kg
=443 m/s (4.4 m/s)
The answer Is (B).
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1. A 54 kg mass is supported by three springs as shown.
The initial displacement is 5.0 cm downward from the
static equilibrium position. No external forces act on the
mass after it is released.

4

4375 N/m

1750 N/m each

What is most nearly the equivalent spring constant?
(A) 6200 N/m
(B) 6800 N/m
(C) 7400 N/m
(D) 7900 N/m

2, A torsional pendulum is composed of a 0.5 m long
shaft with a diameter of 0.5 cm and a shear modulus of
8 x 10* MPa, and a thin 3 kg disk with a radius of 30 cm.
The natural frequency of the pendulum is 8.5 rad/s.
What is most nearly the period of oscillation?

(A) 0.61 s
(B) 0.74 5
(C) 0.87s
(D) 0.96 s

3. A pump with a mass of 45 kg is supported by four
springs, each having a spring constant of 1750 N/m. The
motor is constrained to allow only vertical movement.
The natural frequency of the pump is most nearly

(A) 6.0 rad/s
(B) 9.0 rad/s
(C) 12 rad/s
(D) 15 rad/s

Vibrations

4. A massless sheave is supported by two identical
springs connected through a frictionless band around it.
A mass is carried by a connection to the sheave’s center.

The natural frequency of the system is designed to be
10 rad/s. The spring constant k; is half of spring con-
stant k;, and the mass, m, is 1 kg. The mass associated
with the other components is negligible. For the given
natural frequency, the spring constant k; is most nearly

(A) 3.0 N/m
(B) 40 N/m

(C) 120 N/m
(D) 250 N/m

5. A 68 kg mass is supported by three springs as shown.
The initial displacement is 15 cm downward from the
static equilibrium position. No external forces act on the
mass after it is released. The equivalent spring constant
is 5600 N/m.

v,
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FE MECHANICAL PRACTICE PROBLEMS

What is most nearly the static deflection of the mass?
(A) 0.20 m
(B) 0.25 m
(C) 0.30 m
(D) 040 m

6. A cantilever beam deflects 5 cm when a force of 5 kN
is applied at the end. The beam tip is subsequently
supported by a spring with a stiffness of 1.5 kN/cm.

+5kN
Z

gy
[
—~—
-~
-~

~< 5=5cm

7000kg

1.5 kN/ecm

7

When a 7000 kg mass is attached at the beam’s tip,
what is most nearly the natural frequency of the mass-
beam-spring system?

(A) 1.5rad/s
(B) 3.1 rad/s
(C) 6.0rad/s
(D) 6.3 rad/s

7. What is most nearly the natural frequency, w, of an
oscillating body whose period of oscillation is 1.8 s?

(A) 1.8 rad/s
(B) 2.7 rad/s
(C) 3.5rad/s
(D) 4.2 rad/s

8. What is most nearly the period of a pendulum that
passes the center point 20 times a minute?

(A) 0.2s
(B) 0.3s
(C) 3s
(D) 6s

9. A 28 kg mass is supported by three springs as shown.
The initial displacement is 2 ¢cm downward from the
static equilibrium position. The static deflection of the
mass is 0.21 m, and the equivalent spring constant is
1300 N/m. No external forces act on the mass after it is
released.

7.

What is most nearly the natural frequency?
(A) 4.0 rad/s
(B) 6.8 rad/s
(C) 12 rad/s
(D) 16 rad/s
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VIBRATIONS 4]1-3

SOLUTIONS e For ky="2k;, m=1 kg, w=10rad/s, and k="/sk,
using Eq. I and Eq. I,
1. Since the springs are in paralle], they all share the

applied load. The equivalent spring constant is w= k
m
keq = ki + ko + k3 = 4375 E+1750 E-!—1750-1\i 2
m m m 10 rad _ [k
= 7875 N/m (7900 N/m) s \lkg
The answer Is (D). k1 =250 N/m *g @
= 0
2. The period of oscillation is The answer is (D). - é ©
>2
. . deflection i 25
;= 2_:):_ _ 21;ad —0.737s (0.745) 8. The static deflection is
8.5 —s—' mg= ktssg
m
The answer is (B). 5™ _ (68 ke) (9'81 5—2)
Tk 5600 N
3. Calculate the total spring constant. m
=0.119m (0.20 m)
k= (4)(1750 g) = 7000 N/m

The answer is (A).

Calculate the static deflection. . . .
6. A spring-propped cantilever with an end mass m can

mg = kb be modeled as follows.
= s
_ma_ (45 kg) (9.81 32)
=g
k 7000 N
m

= 0.063 m

Calculate the natural frequency.

m
Y Y b3
6” 0.063 m

=1248 rad/s (12 rad/s)

The answer is (C).

4. The equivalent system is represented by T
P+ (ﬁ) =0 The spring constant k is
N
P (5 kN) (1000 —)
Vm [Eq. 1] ky=5- e 1000 N/cm

-1 -1
(1,1 _ [k + 2k
k= (2k1 +k2) = ( Thiks ) [Eq. 11
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41-4 FE MECHANICAL PRACTICE PROBLEMS

8. A pendulum will pass the center point two times
during each complete cycle. Therefore, 10 cycles are
completed in 60 s.

Both springs undergo the same deflection. The total
spring constant is

k= ks + k, = 1000 %‘F (15 IC(TNI) (1000 %)

_ elapsed time _ 60 s
= 2500 N/cm " no. of cycles 10
=6s

The natural frequency is

<O N cm

= —_ - i ,

g§ e (2500 cm) (100 m) The answer is (D)

52 Y=EVm T 7000 k

53 m g 9. The natural frequency is
26 =598 rad/s (6.0 rad/s)

9.81 2
The answer Is (C). w=. L - s
65¢ 0.21 m

7. The natural frequency is —6.83rad/s (6.8 rad/s)
o2
Wn The answer is (B).
_m_ o
"T 1 18s
= 3.5 rad/s
The answer Is (C).
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1. A bolted joint with a joint coefficient of 0.5 experi-
ences an alternating external tensile load between 0 kN
and 10 kN. The bolt is initially preloaded to 20 kN.
What is most nearly the maximum bolt load?

(A) 15 kN
(B) 20 kN
(C) 25 kN
(D) 30 kN

2. An M12 x 1.75 bolt has an area of 113 mm? and a
tensile stress area of 85 mm® The unthreaded shank
length and the length of threaded section within the grip
are both 12 mm. The modulus of elasticity is 200 GPa.
What is most nearly the stiffness of the bolt?

(A) 540 kN/mm
(B) 680 kN/mm
(C) 750 kN/mm
(D) 810 kN/mm

3. What is most nearly the externally applied load on a
bolt at joint separation if the bolt preload is 200 kN and
the joint coefficient is 0.27?

(A) 40 kN
(B) 200 kN
(C) 300 kN
(D) 1000 kN

Fasteners

4. The maximum bolt load is
Fiymax = CP + F; = (0.5)(10 kN) + 20 kN
= 25 kN

The answer is (C).

2. The stiffness of the bolt is

b= AdAE
YT Agly + Ay

(113 mm?)(85 mm?)(200 GPa) (106
~ /(113 mm?)(12 mm) (1000 =)
+ (85 mm?)(12 mm) m
=809 kN/mm (810 kN/mm)

cra)

The answer is (D).

3. At joint separation, the members are no longer com-
pressed, and the member load, F,,, is 0. Set the member
load equal to 0, and rearrange to solve for the externally
applied load, P.

Fn=(1-C)P-F;=0

__F
P=1=5¢
_ 200 kN
1-02
=250 kN (300 kN)
The answer iIs (C).
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1. A simple epicyclic gearbox with one planet has gears
with 24, 40, and 104 teeth on the sun, planet, and
internal ring gears, respectively. The sun rotates clock-
wise at 50 rpm. The ring gear is fixed. The rotational
velocity of the planet carrier is most nearly

(A) 9.4 rpm
(B) 12 rpm
(C) 17 rpm
(D) 23 rpm

2. A pressure control valve for limiting hydraulic sys-
tem pressure is redesigned to use a helical spring with
squared and ground ends. The spring will be made from
2.5 mm diameter wire having a shear modulus of
83 GPa. The maximum system operating pressure is to
be 1.4 MPa. The effective control area where the spring
ultimately acts to limit system pressure is 80 mm?. The
maximum spring deflection is to be 11 mm. The spring
index is 8. The spring must have

(A) 2 coils
(B) 4 coils
(C) 6 coils
(D) 7 coils

3. Refer to the epicyclic gear set illustrated. Gear A
rotates counterclockwise on a fixed center at 100 rpm.
The ring gear rotates. The planet carrier rotates clock-
wise at 60 rpm. Each gear has the number of teeth
indicated.

N=100

Machine Design

What is most nearly the rotational speed of the sun
gear?

(A) 30 rpm
(B) 60 rpm
(C) 90 rpm
(D) 120 rpm

4. An 18 tooth straight spur gear transmits a torque of
1100 N-mm. The pitch circle diameter is 19 mm, and the
pressure angle is 14.5°. What is most nearly the radial
force on the gear?

(A) 16 N
(B) 30N

(C) 110N
(D) 120 N

8. Two concentric springs are constructed with squared
and ground ends from oil-hardened steel. The spring
dimensions and properties are as follows.

inner spring
wire diameter 4.5 mm
mean coil diameter 38 mm
total number of coils  12.75
outer spring
wire diameter 5.723 mm
mean coil diameter 51 mm
total number of coils  10.25

How many active coils are in the inner and outer spring,
respectively? S

(A) Ninner = 8; Nouter = 11

(B) Ninner = 11; Nouter = 9

(C) Ninner = 12; Nouter =9

(D) MNigner = 155 Nouter = 12
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43-2 FE MECHANICAL PRACTICE PROBLEMS

6. A spring with 12 active coils and a spring index of 9
supports a static load of 220 N with a deflection of
12 mm. The shear modulus of the spring material is
83 GPa. What is most nearly the theoretical wire
diameter?

(A) 15 mm
(B) 17 mm
(C) 18 mm
(D) 19 mm

7. A simple epicyclic gear set has two planets. The sun
gear has 32 teeth, the planets have 16 teeth, and the
ring has 64 teeth. The sun gear turns clockwise at
100 rpm. The ring is fixed. What is most nearly the
rotational speed of the carrier?

(A) 20 rpm
(B) 25 rpm
(C) 33 rpm
(D) 50 rpm

8. For the four-bar linkage shown, at what approximate
angle 3 does wy = w,?

(A) 50°
(B) 100°
(C) 140°
(D) 160°

9. For the four-bar linkage shown, what is most nearly
the angular velocity of link 4 if wp = 2 rad/s (clockwise
rotation) and clockwise rotation is positive?

(A) —0.43 rad/«

(B) -0.22r> ,
(C) 04" /s
(’ / rad/s

«v. vO concentric springs are constructed with plai»
ends from oil-hardened steel. The spring dimensions a1
properties are as follows.

inner spring

wire diameter 6.2 mm

mean coil diameter 30 mm

total number of Hils 15.25
outer spring

wire diame! 8.5 mm

mean co’’ _jameter 63 mm

total aber of coils 13.25

What are ' . nearly the spring indices for the inner
a- 4 -tev springs, respectively?

s Ginner = 3; Couter = 5
\B) Cinner = 55 Couter =7
(C) Ginner = 75 Couter = 5
(D) CGinner = 9; Couter = 8
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SOLUTIONS e
1. If the arm were locked and the ring were free to

rotate, the sun and ring gears would rotate in different
directions. Therefore, the velocity ratio is negative.

Nring _ 104 teeth _
Naun 24 teeth

my = —4.333

The rotational velocity of the sun is
Wsun = MyWring + (1 - 'm'v)wcanier

Since the ring gear is fixed, wying =0, and the rotational
velocity of the carrier is

rev
50 —
Wsun min

Weartier = 1y 1 - (—4.333)
=938 rpm (9.4 rpm)

The answer is (A).

2. Using the relationship D = Cd, the spring rate con-
stant equation is
_d'G __dG¢ _ _dG
8PN 8(Cd)’N 8C°N

The load deflection equation relates the properties of the
spring to the applied force, where F = pA.

F_ _dG
T 8C°N
_ Gdz _ Gdz
N=— =%
8C3F 8CpA
_ (83 x 10° Pa)(2.5 mm)(11 mm)
(8)(8)*(1.4 x 10° Pa)(80 mm?)
=4.975

The total number of spring coils includes both the active
coils and the end coils. For squared and ground ends,
the total number of coils is

Ne=N+2=4975+2
=6.975 (7 coils)

The answer is (D).

3. Since the ring gear rotates in a different direction
from gear A, the rotational velocity of the ring gear is

7o) = (100 520) (- Sop'emet)

= 30 rev/min

Wring = WA (—

[clockwise]

Since the ring and sun gears rotate in different direc-
tions, the velocity ratio is negative.

_ Ning 80 teeth _
M = Neun 40 teeth

The rotational velocity of the sun gear is
Wsup = MyWring + (1 - ”‘v)wmier
= (— rev — (= Iev
= (-2)(30 mm) + (1= (-2) (60 mm)
=120 rpm |[clockwise]
The answer is (D).

4. The tangential force is

_ 2T _(2)(1100 N-mm)
T d 19 mm
=115.8 N

Wi

The radial force is
W, = W,tan¢ = (115.8 N)tan 14.5°
=299N (30N)

The answer is (B).

5. The total number of coils, N,, for squared and ground
ends is equal to N + 2. Therefore, for the inner spring,
the number of active coils, N, is

Nt=N+2
Nimee =N, —2=1275-2=10.75 (11)

For the outer spring,

Nowter = N; —2=10.25-2=28.25 (9)
The answer is (B).

6. Using the relationship D = Cd the spring rate con-
stant equation is
_d'G &G _ _dG

k= = =
8D°N  8(Cd)’N 8C*N

Rearranging and substituting F/z for k, the minimum
wire diameter is

spciy (8220 N)(9)*(12) (moo m_gl)
~ T Gr | (83x 10° Pa)(0.012 m)
= 1546 mm (15 mm)

The answer is (A).
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43-4 FE MECHANICAL PRACTICE PROBLEMS

7. If the arm were locked and the ring were free to
rotate, the sun and ring gears would rotate in different
directions. Therefore, the velocity ratio is negative.

- _ 64 teeth - _
32 teeth

Since the ring gear is fixed, wyipg = 0. For this problem,
assume that clockwise rotation is positive.
Wsun = MyWring + (1 - m'V)wcarrier
rev
—_— = (-2 1—-(-2 .
100 = (=2)(0) + (1 = (—2))Wearrier

Weyoioe = 33.3 rev/min (33 rpm)

carrier

The answer is (C).

8. Rearrange the equation for rotational velocity
about O,.
wy = aws sin(8; — 63)
csin(fy — 63)
_ w9 Sin(ag et 93)
csin(6y4 — 63)
asin(f; — 63)

sin(04 - 03) = c

Substitute 8,=180° — 8 into the equation, and solve
for B.

sin(94 - 03) = _______asm(@z _ 93)

sin ((180" -8) - 300) _@ cm)Si:(c?: —30°)

sin(150° — B) = 0.097057

B=144.43 (140°)

The answer is (C).

9. Angle 6; = 180° — a = 180° — 60° = 120°. The rota-
tional velocity about Oy is

__awy Sin(ag - 03)
" csin(fy — 63)
(2 cm)(—2 r—zg)sm(45° —30°)
~ 7 (4.8 cm)sin(120° — 30°)
= —0.216 rad/s (—0.22 rad/s)

The answer is (B).

10. For the inner spring,

For the outer spring,

C D _ 63 mm
Olltel’_g_sosm

]
I
~
N
—
—~~
~
S

The answer is (B).
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1. In a hydraulic system, the ratio of the change in

stored volume to the change in pressure is known as
the fluid

(A) inductance
(B)
(C) compliance
(D)

impedance

inertance
2. Which formula is NOT used to calculate pipe wall
thickness in a hydraulic mechanism?

(A) Boardman formula

(B) Barlow formula

(C) Lameé formula

(D) Joukowsky formula

3. Which type of valve is represented by the fluid power
circuit symbol shown?

(A) nonreturn valve

(B) pressure reducing valve
)
)

C
D

solenoid-actuated servo valve

shut-off valve

—_— o~

4. A flexible hose is pressurized to more than 1.7 MPa.
What is most nearly the working pressure when taken as
a percentage of the burst pressure?

(A) 5.0%

(B) 10%

(C) 25%

(D) 50%
5. As it relates to hydraulic components, what does the
acronym NPTF mean?

(A) Non-Pressurized Torque Fitting

(B) New Pipe Thermal Fitting

(C) National Pipe Thread for Fuel

(D) Negative Pressure Transfer Fitting

Hydraulic and Pneumatic
Mechanisms

6. Generally, what is the flare angle for flare fittings
used for high-pressure applications?

(A) 30°
(B) 37°
(C) 45°
(D) 60°
7. Which of the following hydraulic hose components

generally determines the pressure at which the hose can
operate?

(A) covering

(B) reinforcement

(C) end fitting

(D) tubing
8. Which of the following fitting types does NOT
require O-rings?

(A) bossed

(B) flared

(C) flat-faced

(D) flanged

9. What are the basic components of a hydraulic
system?

L. fluid

I1. reservoir
IlI. pump
IV. lines

V. valves
VI.  actuator
(A) L II, III, and IV
(B) I, V, and VI
(C) IIL, IV, V, and VI
(D) L, IL, III, IV, V, and VI
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10. Which of the following components is NOT part of
a pneumatic system?

(A) pump
(B) line

(C) valve
(D) actuator

11. In an existing pneumatic application, a larger force
is required to overcome increased friction in an aging
component. The most likely method of obtaining a
larger force is increasing the

(A) working pressure

(B) cylinder size

(C) tubing/line diameter
(D) actuator stroke length

SOLUTIONS

1. The ratio of change in stored volume to the change in
pressure is fluid compliance, also known as fluid
capacitance.

The answer is (C).

2. The Boardman formula, the Barlow formula, and the
Lamé formula are all used to calculate pipe wall thick-
ness in a hydraulic mechanism. The Joukows! y formula
describes the pressure profile of a pressure fluctuation
within a piping system.

The answer is (D).

3. The symbol shown represents a nonreturn valve, also
known as a check valve.

The answer is (A).

4. The working pressure is taken as 25% of the burst
pressure.

The answer is (C).

5. National Pipe Thread for Fuel (NPTF) is used to
designate a class of threaded fittings with tapered heads.
When the male and female fittings are joined, the
threads clash and form a seal that prevents fuel leakage.

The answer is (C).

6. Generally, SAE 45° flare fittings are used for low-
pressure applications such as fuel lines, hot oil lines, and
refrigerant lines. 45° flare fittings are commonly used in
automotive and marine applications that are plumbed
with copper tubing. Hydraulic equipment using higher
pressures is connected by steel (not copper) tubing. A
37° seat angle was adopted because steel tubing gener-
ally cannot be flared to an angle greater than 37° with-
out weakening it. 37° angle seats are commonly used to
join hydraulic hose assemblies to hydraulic system
components.

The answer is (B).

7. The strength of a hose is determined by the strength
of the reinforcement embedded within the hose material.

The answer is (B).

8. Bossed, flat-faced, and flanged fittings have specific
features (e.g., grooves or unthreaded lands) for holding
O-rings. Flared fittings do not require O-rings.

The answer is (B).

9. The pump in a hydraulic system moves hydraulic
fluid from the fluid reservoir through the lines to the
actuator. Movement of the fluid is controlled by valves.

The answer is (D).




HYDRAULIC AND PNEUMATIC MECHANISMS 44-3

10. Hydraulic and pneumatic systems both have lines,
valves, and actuators. Hydraulic include pumps to pres-

surize liquids. Pneumatic systems use compressors to
pressurize gases.

The answer is (A).

11. The easiest way to obtain a larger actuating force in
both hydraulic and pneumatic systems is to increase the
actuating cylinder diameter.

The answer is (B).
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Pressure Vessels

1. Which pressure vessel RT marking designation indi-
cates a joint efficiency of 0.857

(A) RT-1
(B) RT-2
(C) RT-3
(D) RT-4

2. Which nameplate marking indicates a pressure vessel
safety valve?

(A) V

(B) NV
(C) UM
(D) UV

3. In a pressure vessel, a type 2 weld joint is a
(A) double full-fillet lap joint
(B) single-welded butt joint with a backing strip
(C) double-welded butt joint
(D) single full-fillet lap joint without plug welds

4. As it applies to pressure vessels designed in accor-
dance with the ASME Boiler and Pressure Vessel Code
(BPVC), what is a major difference between shakedown
and ratcheting?

(A) Shakedown is elastic, and ratcheting is plastic.
(B) Shakedown is temporary, and ratcheting is

permanent.

(C) Shakedown is static, and ratcheting is
progressive.

(D) Shakedown is thermal, and ratcheting is
mechanical.

5. The preferred fluid used in the hydrostatic testing of
boilers and pressure vessels is

(A) nitrogen

(B) compressed air
(C) water

(D) hydraulic oil

6. Which marking would be applied to a power boiler
designed in accordance with the BPVC?

(A) 8
(B) A
(O E
(D) M

7. What is the name of the feature used to facilitate
cleaning the inside of a water boiler?

(A) inspection plate
(B) flange

(C) nozzle

(D) handhole
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SOLUTIONS

1. The “RT-3” mark indicates that spot radiographic
inspection was performed on all longitudinal and cir-
cumferential seams, but no nozzle connection welds were
radiographed. RT-3 results in a 0.85 joint efficiency.

The answer is (C).

2, A pressure vessel safety valve is indicated by the
“UV” mark.

The answer Is (D).

3. A type 2 weld is a single-welded butt joint with a
backing strip. Backing strips are typically removed after
welding, but the backing strip in a type 2 weld is left in
place.

The answer is (B).

4. Shakedown results in small permanent plastic defor-
mations that do not increase with pressure cycling (i.e.,
it is static). Ratcheting produces plastic deformations
that increase over time (i.e., it is progressive).

The answer is (C).

5. For safety, hydraulic testing uses liquids, not gases.
To reduce costs and to avoid contaminating the pres-
sure vessel, water is used.

The answer is (C).

6. Power boilers are marked with “S.” Boiler assemblies
are marked with “A.” Electric boilers are marked with
“E.” Miniature boilers are marked with “M.” Pressure
piping is marked with “PP.” Pressure valves are marked
with “V.” Heating boilers are marked with “H.”

The answer is (A).

7. Handholes are openings through which a hand or
equipment may be inserted for cleaning.

The answer is (D).
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PRACTICE PROBLEMS

1. A shaft with an interference fit has a maximum
diameter of 3 cm and a nominal diameter of 2.990 cm.
The upper and lower deviations of the shaft are
0.005 em and 0.003 cm, respectively. What is most
nearly the minimum shaft diameter?

(A) 2.990 cm
(B) 2.992 cm
(C) 2.993 cm
(D) 2.995 cm

2. A shaft with a clearance fit has a nominal diameter of
12 mm. The lower deviation and upper deviation are
0.036 mm and 0.028 mm, respectively. What is most
nearly the maximum nominal size of the shaft?

(A) 12.028 mm
(B) 12.032 mm
(C) 12.036 mm
(D) 12.064 mm

3. A shaft has a nominal diameter of 15 mm. The shaft
diameter is specified with a tolerance range of 14.950 mm

to 15.027 mm. What is most nearly the tolerance of the
shaft?

(A) 0.015 mm
(B) 0.023 mm
(C) 0.050 mm
(D) 0.073 mm

Manufacturability,
Quality, and Reliability

4. A hollow aluminum cylinder is pressed over a hollow
brass cylinder as shown. Both cylinders are 5 cm long.
The interference is 0.010 cm. The average coefficient of
friction during assembly is 0.25. The pressure on the
cylinders is 37 MPa.

aluminum alloy, £ = 70 kN/mm?2, v = 0.33
brass, E = 100 kN/mm?2, v = 0.36

5ecm |7.5c¢cm

What is most nearly the initial axial disassembly force
required to separate the two cylinders?

(A) 57 kN
(B) 61 kN
(C) 65 kN
(D) 73 kN
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SOLUTIONS

1. The fundamental deviation, 6, is the smaller of the
upper and lower deviations, which is 0.003 cm.

8min = d + 6F = 2.990 cm + 0.003 cm
= 2.993 cm

The answer is (C).

2. For a clearance fit, the fundamental deviation, ép, is
the upper deviation, §,, which is 0.028 mm.

The maximum nominal size of the shaft is

max = d + 0 = 12 mm + 0.028 mm
= 12.028 mm
The answer is (A).

3. The upper deviation is
6, =15.027 mm — 15 mm = 0.027‘_mm
The lower deviation is

;=15 mm — 14.950 mm = 0.050 mm

The shaft tolerance is

Ag= 6, -6
= |0.027 mm — 0.050 mm|
= 0.023 mm
The answer is (B).

4. The initial force necessary to disassemble the two
cylinders is the same as the maximum assembly force.

Frax = 20T shate W Plinterface

Pa
_ 21(2.5 cm)(0.25)(37 MPa)(5 cm) (1000 i
2
(100 %)
m
=72.65kN (73 kN)

The answer is (D).
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1. It is desired to choose a resistance temperature detec-
tor (RTD) transducer for a measurement. The actual
value of the temperature is not important because the
initial temperature is known by other means, but the
change in temperature as the test item is heated is
important. Which statement is true about the selection
of the RTD?

(A) The precision is important, and the accuracy is
not important.

(B) The accuracy is important, and the precision is
not important.

(C) Neither the accuracy nor the precision is
important.

(D) Both accuracy and precision are important.

2. Using a gage factor of 2.1, what is most nearly the
output sensitivity for the strain gauge bridge circuit
shown?

(A) 0.5 V-em/cm
(B) 3.0 V-em/em
(C) 6.0 V.em/cm
(D) 6.3 V-cm/cm

Measurement and
Instrumentation

3. A resistance temperature detector (RTD) transducer
is to be chosen such that the analog-to-digital conver-
sion will have a resolution of 0.001°C. The conversion
uses 16 bits. The RTD will be in a circuit with a lower
voltage of —0.150 V at the lowest temperature extreme
and an upper voltage of 0.300 V at the highest temper-
ature extreme. The RTD will have an output of 0.000 V
at 0.000°C. What is most nearly the sensitivity of the
RTD, and what is most nearly the temperature range
that the analog-to-digital conversion can represent?

(A) 96.0°C/V; —43.9°C to 98.6°C

(B) 146°C/V; —21.9°C to 43.7°C

(C) 160°C/V; —11.7°C to 38.8°C

(D) 222°C/V; 1.90°C to 78.7°C

4. The output sensitivity of a strain gauge bridge cir-
cuit is 10 V-em/cm. If the output voltage is 10 mV, what
is most nearly the strain?

(A) 0.0001 cm/cm
(B) 0.0010 cm/cm
(C) 0.0100 cm/cm
(D) 0.1000 cm/cm

5. The dimensionless incinerability index, I, of a mate-
rial in a waste stream is given by

100 keal
1=c+—F

In a particular waste stream, the mass percent of chlor-
dane, C, is 0.02, and the heating value, H, is 2.71 kcal/g.
The uncertainty in H is +0.06 kcal/g, and the uncer-
tainty in Cis + 10%. The uncertainty in I is most nearly

(A) 0.06
(B) 0.2
(C) 0.3
(D) 0.8
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SOLUTIONS

1. Precision is a measure of the repeatability of results,
which is important for this measurement. The accuracy
can have a significant bias, and the RTD would be
acceptable for this measurement, so the accuracy is not
important.

The answer is (A).

2. Find the change in resistance, AR.

AR AR

_R_E

GF_éﬁ_ .
L

AR = e(R)(GF)

Substitute the equation for AR into the equation for
reference voltage.

~ (AR) y.

VO ~ (4R) Vm
_ (e(R)(GF) V.
B 4R !

Vo_ Vin(GF) (12 V)(2.1)

e 4 4
=6.3 V.em/cm

(Any linear unit can be used for strain.)

The answer is (D).

3. The resolution of the circuit is

_ Vy—V,_0.300 V—(-0.150 V)
- on - 216
=6.8665 x 10°° V

This voltage is to represent 0.001°C with the RTD;
therefore, the sensitivity of the RTD should be

0.001°C
6.8665 x 1076 v

374

=145.64°C/V (146°C/V)

The temperature range that this sensor can represent is
derived from the number of bits and the value that
represents 0°C. The voltage range is

(0.001°C) (2'¢) = 65.54°C

The value that represents 0°C is 0 V, and one third of
the voltage range is below zero while two thirds of the
voltage range is above zero. The lower and upper limits
the sensor can represent are

—65.354°C = -21.85°C (-21.9°C)
@Lﬁ%@l =43.69°C (43.7°C)

The answer is (B).

4. The strain is

sensitivity = %
e Vo
sensitivity
_ 10 mV
- V-cm mV
(10 o) (1000 57)
= 0.0010 cm/cm

The answer is (B).

8. Use the Kline-McClintock equation.

2 2
wF\/(w,g_;) A .

For the incinerability index,

100 keal
I=C+—7g—
n=C
o=H

w, = we = (0.1)(0.02) = 0.002

wy = wy = 0.06 kcal/g

7

WRr = Wy
of _oC _,
aCc — aC
100 Xeal
7 g keal
H 100 =&
of _ __ g
OH OH H?
2
((0.002)(1))
2
wy = ccal 100 Xeal
+ (0.06 ‘:) - £
\ (2.71 @-)
g
= 0.817 (0.8)

This means that [is 38.9 + 0.8.
The answer is (D).
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1. The frequency response of a system to a sinusoidal
input is given by

M _ Xa(jw)

[0 1 _Xl(jw)

By differentiation, the peak value of M, M,, and the
frequency at which it occurs, w,, are expressed in terms
of the damping ratio, ¢, and natural frequency, w,,.

1

21 -¢2
wr=wypV1-— 2(2

Which curve in the illustration shown best represents
the frequency response?

W
curve 2

/—‘\

Wmax Wy

0 (1 1

Mupax =

M

/—CIW\
(A) curve 1
(B) curve 2
(C) curve 3
(D) curve 4

Controls

2. For the given block diagram, K is set to 16.

Ris) s+( T )__> K > s(s1+ 2)
The damped natural frequency of oscillation in response
to a step input, wy, is most nearly

(A) 3.9
(B) 10
(C) 12
(D) 16

Cls)

3. The frequency response of a second-order system is
given by
M X2(jw)

o Xi(jw)

The peak value of M, M, and the frequency at which it
occurs, w,, are expressed in terms of the damping ratio,
¢, and natural frequency, wy.

1
2¢0v/1 = ¢?

Wr = Wy 1—2(2

M,=

A polar plot of the system is shown.

I g 20,
0 T T
| |
| |
| R
_______ == :
|
e —— ._: _________
|
|
b N
v
N—e
-180° L o -

Where does the peak response in amplitude occur?
(A) point II
(B) point IV
(C) between points I and II
(D) between points II and IIT
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4. A block diagram is shown. 6. Simplify the following block diagram.
G, . 5
+
(EGHT > fl) a (O 8 H> cporin
G, A
G What is the overall system gain?
“’ (ay [ ___ABD _
What is the overall system gain? f(t) 1+ABC-BD
(A) Gi+ G+ GG, (B) it) = _—_—ABD
1+ G1G3 + G1G2 + G2G3 + G1 G2 G3 G4 f(t) 1-ABC+BD
(B) G+ Gi+ G2G3Gy (C) rt)_____ABC
1+ G1G3 + G1G2 + G2G3 + G1G2G3Gy f(t) 1+ABD-BC
©) G1 - Go+ G3G, (D) t) ____ABC
1+ G1Ga2 + G1Gs + G3G4 + G1G2G3 G,y f(t) 1-ABD+BC
(D) G+ G3 + G1G2G3
52 14+ G1G; — GGy — G3G4 ~ G1G2G3Gy 7. A block diagram is shown.
0
=3
g € 5. Simplify the following block diagram. G,
3 1}
=~3 +
=3 £ |- O >
. . Lo
f(t)—»?—» A B > ¢ |->rlt) 2
D Gy
. . What is the system sensitivity if G;=-5dB,
What is the overall system gain? Gr=2dB, Cy g 4dB, and C, = 3 dB? 1
r(t) _ ABE 4
(A) 7 =1T+BC- ABE (A) ~3/34dB
f(t) 1-BC+ABE (C) 3/44 dB~!
r(t) ABC o
—_—r = — D) 9/31dB
(©) f(t) 1+BE-ABD (D) 9/
r(t ABC
(D) () _

7(t) T T-BE+ ABD
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8. A control system with negative feedback is shown.

What is E(s)?

Ris) + Ets)

| Cls) Yol

Gls)

\

His)
(A) E(s) = R(s) - Y(s)
(B) E(s) = C(s)G(s)R(s)
__G(s)R(s)
© PO emaw
(D) B(s) = ——2)
1+ (C(s) G(s)) H(s)

9. A control system with negative feedback is shown.
+
——>O—+
What is the time-domain transfer function of the
system?

Gy =s+3 >

G,=s+3

(A) e sint
(B) €3 cost
t+3
© 1+ (t+3)
-1
(D) 1+ (t+3)°

10. The transfer function for a control system is

bos” + bysP 4.+ b,

T(s) =
(s) s+ a1s" 4+ e

[an # 0]

What is the steady-state response to a step input for the
control system?

(A) by/an
(B) b%/an
(C) by/dl
(D) bP

11. A control system with negative feedback is con-
structed from linear time-invariant elements as shown.

5
s+3

Xis) Hls) = > Yls)

K

What is the requirement of the constant K so that the
closed-loop system is stable?

(A) K <-5/3
(B) K < -3/5
(C) K >-3/5
(D) K >0
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SOLUTIONS

1. As w increases to w,, M should increase to its peak
value. The shape of curve 2 and curve 4 are both correct.
However, since M, is always positive, only curve 2 is
correct.

The answer is (B).

2. The general characteristic equation is
$ +2wps+ Wi =0
The characteristic equation for this system is
£4+25+16=0
Find w,, and (.
wp=V16=4

_ 2s
2w, s
=0.25

¢

PN,

-1
Wn

The damped natural frequency of oscillation is
wg=wp\V1- C2
=44/1 - (0.25)?

=387 (3.9)

The answer is (A).

3. As stated in the problem statement, the peak occurs
at w,. From the equation for w,, when ¢ = 0, the peak
occurs at w, =w,. When ¢ > 0, the peak occurs at
wy < wy (i.e., between points I and II).

The answer is (C).

4. Simplify the block diagram.

step 2
* G.
1
‘1 + G-|Gz+ G3

step 3

o)
+
> 1+ GG, _

Y

G+ Gy + GiG,Gy
1+ GG,

1+ GG,

1-G, (G, + G3 + G,G,G;

)

G, + G3 + G,G,G;

1+ G1G; — G1G3 — G3Gy — G1G,G3G,

The overall system gain is

G+ Gs+ G1G2Gs

1+ GGy — GGy — G3Gy — G1G2G3Gy

The answer is (D).

5. Simplify the block diagram.

f(t) —>|

O

r{t)
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step 1 7 E 7. Simplify the block diagram.

p—>»- r(t)

f(1) ABC > rif)
t bl step 1 [ —@«‘
CA C | +
3 > G >
step ABC 1+ GG, -
="+ amp| "
The overall system gain is Gs
r(t) ABC
—_— tep 2 G,
7() T 1—BE+ABD step —{al <
+ Se
The answer is (D). | G - g8
1+ G-| Gz + 63 - e S
6. Simplify the block diagram. é g
P
& E From step 2 of the simplified block diagram, = E
+
G
f(1) A C fo>rit) =
‘ . _ B G(s) 1+ GG, +Gs
—5dB
= +4dB
step 1 D 1+ (-5 dB)(2 dB)
C =41/9 dB
H (s) = G4
=3dB
41
G(s)H(s) = (-9- dB) (3 dB)
=41/3dB >0
fl ABC > rlt) The system has negative feedback. The sensitivity of the
system is
D_1 §=— 1
C A" 1+ G(s)H(s)
step 3 ABC _ 1
0 —>| i —agp rac| 1+41 4
The overall system gain is =3/44 dB~!
(t) ABC The answer is (C).

f() 1-ABD+BC

The answer is (D).
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8. The error ratio for a closed-loop, negative feedback
system with two forward-loop controllers in series is
defined as

E(s) - 1
RG) ™ 1+ (C(9)G(s)) Hs)

Therefore,
R(s)

E(s) =
1+ (C(s) G(s))H(s)

The answer is (D).

9. The control system circuit reduces to

R(s) G, Yis)
—> 1+G,G, —>

The problem statement specifies this is a negative feed-
back loop, so

Y(3)= s+3
R(s) 1+ (s+3)*

The inverse Laplace transform is

Q(_t_)_ -1 s+3 — =3t
R - (1+(s+3)2) ¢ cost

The answer is (B).

10. Using the final value theorem, obtain the steady-
state step response by substituting 0 for s in the transfer
function.

Y(s) = mT(s) = T(0) = by/an

The answer is (A).

11. The system transfer function, G(s), for the closed-
loop system is

_ H(s)
1+ KH(s)

5
s+3

5
1+ K[ —2—
+ (s+3>

S
s+3+5K

G(s)

In order for the system to be stable, the pole of the
closed-loop system transfer function needs to be at the
left-hand side of the plane (i.e., must be negative).

si=-3-5K<0
K>-3/5

The answer is (C).
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1. Which of the following flowcharts does NOT repre- @
sent a complete program? v
(4) —— -
Y
V £7
Y
Y ( )
(D)
(B) ( )
Y
©
cw
2.2
Q0
P
[/~ "
:V: > - “

Y

L
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2. What flowchart element would be used to represent
an IF... THEN statement?

(A)
C D

(B)

(D)

3. In programming, a recursive function is one that
(A) calls previously used functions

(B) generates functional code to replace symbolic
code

(C) calls itself
(D) compiles itself in real time

4. Structured programming is to be used to determine
whether examinees pass a test. A passing score is 70 or
more out of a possible 100. Which of the following IF
statements would set the variable PASSED to 1 (true)
when the variable SCORE is passing, and set the vari-
able PASSED to 0 (false) when the variable SCORE is
not passing?
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(A) IF SCORE > 70 PASSED =1
ELSE PASSED =0

(B) IF SCORE > 69 PASSED =1
ELSE PASSED =0

(C) IF SCORE < 69 PASSED =1

(D) IF SCORE < 69 PASSED =0
ELSE PASSED =1

5. A structured programming segment contains the fol-
lowing program segment. What is the value of Y after
the segment is executed?

Y=4
B=4
Y=3"B-6

IFY>BTHENY=B-2
IFY<BTHENY=Y+2
IFY=BTHENY=B+2

(A) 2
(B) 6
(C) 8
(D) 12
6. The structured programming segment shown imple-

ments which of the following equations? The variable N
is an integer greater than 0.

A=X
DO UNTIL N =0
Y = A*X
A=Y
N=N-1
END UNTIL
(A) Y=X!
(B) Y =XNH
(C) Y=xN!
(D) Y=XV

7. In the structured programming fragment shown,
what can line 2 be accurately described as?

1 REALX)Y
2 X=3
3 Y =CO08(X)
4 PRINTY
(A) an assignment
(B) a command
(C) a declaration
(D) a function
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8. In a typical spreadsheet program, what cell is
directly below cell AB4?

(A) AB5
(B) AC4
(C) AC5
(D) BC4

9. Which of the following terms is best defined as a
formula or set of steps for solving a particular problem?

(A) program
(B) software
(C) firmware
(D) algorithm

10. Which of the following is the computer language
that is executed within a computer’s central processing
unit?

(A) MS-DOS

(B) high-level language
(C) assembly language
(D) machine language

11. Which of the following best defines a compiler?

(A) hardware that is used to translate high-level
language to machine code

(B) software that collects and stores executable com-
mands in a program

(C) software that is used to translate high-level lan-
guage into machine code

(D) hardware that collects and stores executable
commands in a program

12, The effect of using recursive functions in a program
is generally to

(A) use less code and less memory
(B) use less code and more memory
(C) use more code and less memory

(D) use more code and more memory

13. When can an 8-bit system correctly access more
than 128 different integers?

(A) when the integers are in the range of [-255, 0}
(B) when the integers are in the range of {0, 256)
(C) when the integers are in the range of [—128, 128]
(D) when the integers are in the range of [0, 512]

14. What computer operating system (OS) is required
to view a document saved in HTML (hypertext markup
language) format?

L Apple OS
II. MS-DOS
ITII. Windows
IV.  Unix

(A) TorIll

(B) 1, 11, or III
(C) 1, III, or IV
(D) 1, II, III, or IV

15. A typical spreadsheet for economic evaluation of
alternatives uses cell F4 to store the percentage value
of inflation rate. The percentage rate is assumed to be
constant throughout the lifetime of the study. What
variable should be used to access that value throughout
the model?

(A) F4
(B) $F4
(C) %F4
(D) $F$4

16. Refer to the following portion of a spreadsheet.

1
1 i A2A2
2 i A3r2
3 ; Adr2
4 : Ab5”2

The top-to-bottom values in column B will be
(A) 11,1,2,3,4
(B) 11,1, 3,6, 10
(C) 11,1, 4,9, 16
(D) 11,1, 5, 12, 22

17. Refer to the following portion of a spreadsheet.

1] 10: N 12 13
2] 5 4 B2*A$1
3] 6: 5 B3*B$1
4 7 : 6 B4*C$1
‘8] 8 7 B5*D$1
PPl ¢ www.ppi2pass.com
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The top-to-bottom values in column C will be
(A) 12, 20, 30, 42, 56
(B) 12, 40, 55, 72, 91
(C) 12, 50, 66, 84, 104
(D) 12, 100, 121, 144, 169

SOLUTIONS

1. A flowchart must begin and end with a terminal
symbol. The symbol at the bottom of answer D is the
“off-page” symbol, which indicates that the flowchart
continues on the next page. This is not a complete
program.

The answer is (D).

2. An IF... THEN statement alters the flow of a pro-
gram based on some criterion that can be evaluated as
true or false. The diamond-shaped symbol is used to
represent a decision.

The answer is (B).

3. A recursive function calls itself.
The answer is (C).

4. Answer A will not give the correct response when
SCORE=70. Answer C will not set PASSED to 0.
Answer D will not give the correct response when
SCORE=69. Answer B will set PASSED to 1 for
SCORE =70 to 100 and will set PASSED to 0 for
SCORE =0 to 69.

The answer is (B).
5. The first operation changes the value of Y.
Y=3x4-6=6

The first IF statement is satisfied, so the operation is
performed.

Y=4-2=2

However, the program execution does not end here.

The value of Y is then less than B, so the second IF
statement is executed. This statement is satisfied, so the
operation is performed.

Y=2+2=4

The value of Y is then equal to B, so the third IF
statement is executed. This statement is satisfied, so
the operation is performed.

Y=44+2=6
The answer is (B).

6. The DO loop will be executed N times. After the first
execution, Y =X2. After each subsequent execution of

the loop, Y is multiplied by X. Therefore, the segment
calculates Y = XN+1,

The answer is (B).
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7. Line 2 is an assignment. A command directs the
computer to take some action, such as PRINT. A
declaration states what type of data a variable will
contain (like REAL) and reserves space for it in mem-
ory. A function performs some specific operation (like
finding the COSine of a number) and returns a value to
the program.

The answer is (A).

8. Spreadsheets generally label a cell by giving its col-
umn and row, in that order. Cell AB4 is in column AB,
row 4. The cell directly below AB4 is in column AB,
row 5, designated as ABS.

The answer is (A).

9. A program is a sequence of instructions that imple-
ments a formula or set of steps but is not a formula or
set of steps. Software and firmware are programs on
media. An algorithm is a formula or set of steps for
solving a particular problem that is often implemented
as a program.

" The answer is (D).

10. The central processing unit executes a version of
the program that has been compiled into the machine
language and that is in the form of operations and
operands specific to the machine’s coding.

The answer is (D).

11. A compiler is a program (i.e., software) that con-
verts programs written in higher-level languages to
lower-level languages that the computer can
understand.

The answer is (C).

12. A recursive function calls itself. Since the function
does not need to be coded in multiple places, less code is
used. Each subsequent call of the function must be
carried out in a different location, so more memory is
used.

The answer is (B).

13. An 8-bit system can represent (2)®=256 different
distinct integers. Normally, the 8th bit is used for the
sign, and only 7 bits are used for magnitude, resulting in
a range of [—127, 128] or [—128, 127] (counting zero as
one of the integers). If all of the integers are known or
assumed to have the same sign, a range of 256 integers is
available. All of the answer choices except A contain
more than 256 distinct integers.

The answer is (A).

14. HTML may be viewed on any computer with a
compatible browser.

The answer is (D).

18. The dollar sign symbol, “$”, is used in spreadsheets
to “fix” the column and/or row designator following it
when other columns or rows are permitted to vary.

The answer is (D).

16. Except for the first entry (which is 11), column B

calculates the square of the values in column A. The
entries are 11, (1)%, (2)%, (3)% and (4)%

The answer is (C).

17. Except for the first entry (which is 12), column C is
found by taking the numbers from column B and then
multiplying by the entries in row 1. For example,
B2* A$1 means to multiply the entry in B2, given as 4
in the problem statement, by the number entered in cell
A1, which is 10. This product is 40.

The entries are 12, 4 x 10, 5 x 11, 6 x 12, 7 x 13, or 12,
40, 55, 72, 91.

The answer is (B).

PPl ¢ www.ppi2pass.com
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1. Permanent mineral rights on a parcel of land are
purchased for an initial lump-sum payment of
$100,000. Profits from mining activities are $12,000
each year, and these profits are expected to continue
indefinitely. The interest rate earned on the initial
investment is most nearly

(A) 8.3%
(B) 9.0%
(C) 10%
(D) 12%

2. $1000 is deposited in a savings account that pays 6%
annual interest, and no money is withdrawn for three
years. The account balance after three years is most
nearly

(A) $1120
(B) $1190
(C) $1210
(D) $1280

3. An oil company is planning to install a new 80 mm
pipeline to connect storage tanks to a processing plant
1500 m away. The connection will be needed for the
foreseeable future. An annual interest rate of 8% is
assumed, and annual maintenance and pumping costs
are considered to be paid in their entireties at the end of
the years in which their costs are incurred.

initial cost $1500
service life 12 yr
salvage value $200
annual maintenance $400
pump cost/hour $2.50

pump operation 600 hr/yr

The capitalized cost of running and maintaining the
80 mm pipeline is most nearly

(A) $15,000
(B) $20,000
(C) $24,000
(D) $27,000

Engineering Economics

4. New 200 mm diameter pipeline is installed over a
distance of 1000 m. Annual maintenance and pumping
costs are considered to be paid in their entireties at the
end of the years in which their costs are incurred. The
pipe has the following costs and properties.

initial cost $1350
annual interest rate 6%

service life 6 yr
salvage value $120
annual maintenance $500
pump cost/hour $2.75
pump operation 2000 hr/yr

What is most nearly the equivalent uniform annual cost

(EUAQ) of the pipe?
(A) $5700
(B) $5900
(C) %6100
(D) $6300

5. New 120 mm diameter pipeline is installed over a
distance of 5000 m. Annual maintenance and pumping
costs are considered to be paid in their entireties at the
end of the years in which their costs are incurred. The

pipe has the following costs and properties.

initial cost $2500
annual interest rate 10%
service life 12 yr
salvage value $300
annual maintenance $300
pump cost/hour $1.40
pump operation 600 hr/yr

What is most nearly the equivalent uniform annual cost

(EUAC) of the pipe?
(A) $1200
(B) $1300
(C) $1400
(D) $1500
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6. A construction company purchases 100 m of 40 mm
diameter steel cable with an initial cost of $4500. The
annual interest rate is 4%, and annual maintenance
costs are considered to be paid in their entireties at the
end of the years in which their costs are incurred. The
annual maintenance cost of the cable is $200/yr over a
service life of nine years. Using Modified Accelerated
Cost Recovery System (MACRS) depreciation and
assuming a seven year recovery period, the depreciation
allowance for the cable in the first year of operation is
most nearly

(A) $640
(B) $670
(C) $720
(D) $860

7. A piece of equipment has an initial cost of $5000 in
year 1. The maintenance cost is $300/yr for the total
lifetime of seven years. During years 1-3, the rate of
inflation is 5%, and the effective annual rate of interest
is 9%. The uninflated present worth of the equipment
during year 1 is most nearly

(A) $3200
(B) $3300
(C) $3400
(D) $3500

8. A company is considering buying a computer with
the following costs and interest rate.

initial cost $3900
salvage value $1800
useful life 10 years
annual maintenance $330
interest rate 6%

The equivalent uniform annual cost (EUAC) of the
computer is most nearly

(A) $740
(B) $780
(C) $820
(D) $850

9. A computer with a useful life of 13 vears has the
following costs and interest rate.

initial cost $5500
salvage value $3100
annual maintenance
years 1-8 $275
years 9—13 $425
interest rate 6%

The equivalent uniform annual cost (EUAC) of the
computer is most nearly

(A) $730
(B) $780
(C) $820
(D) $870

10. A computer with an initial cost of $1500 and an
annual maintenance cost of $500/yr is purchased and
kept indefinitely without any change in its annual main-
tenance costs. The interest rate is 4%. The present
worth of all expenditures is most nearly

(A) $12,000
(B) $13,000
(C) $14,000
(D) $15,000

11. A computer with a useful life of 12 years has an
initial cost of $2300 and a salvage value of $350. The
interest rate is 6%. Using the straight line method, the
total depreciation of the computer for the first five years
is most nearly

(A) $760
(B) $810
(C) $830
(D) $920

12. A computer with a useful life of 12 years has an
initial cost of $3200 and a salvage value of $100. The
interest rate is 10%. Using the Modified Accelerated
Cost Recovery System (MACRS) method of deprecia-
tion and a 10 year recovery period, what is most nearly
the book value of the computer after the second year?

(A) $1900
(B) $2100
(C) $2300
(D) $2400
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ENGINEERING ECONOMICS

13. A computer with a useful life of five years has an
initial cost of $6000. The salvage value is $2300, and the
annual maintenance is $210/yr. The interest rate is 8%.
What is most nearly the present worth of the costs for
the computer?

(A) $5200
(B) $5300
(C) $5600
(D) $5700

14. A company must purchase a machine that will be
used over the next eight years. The purchase price is
$10,000, and the salvage value after eight years is $1000.
The annual insurance cost is 2% of the purchase price,
the electricity cost is $300 per year, and maintenance
and replacement parts cost $100 per year. The effective
annual interest rate is 6%. Neglect taxes. The effective
uniform annual cost (EUAC) of ownership is most
nearly

(A) $1200
(B) $2100
(C) $2200
(D) $2300

15. A company purchases a piece of equipment for
$15,000. After nine years, the salvage value is $900.
The annual insurance cost is 5% of the purchase price,
the electricity cost is $600/yr, and the maintenance and
replacement parts cost is $120/yr. The effective annual
interest rate is 10%. Neglecting taxes, what is most
nearly the present worth of the equipment if it is
expected to save the company $4500 per year?

(A) $2300
(B) $2800
(C) $3200
(D) $3500

SOLUTIONS

1. Use the capitalized cost equation to find the interest
rate earned.

A

2

. Aprofic _ $12,000
" Pe  $100,000
=012 (12%)

P=

The answer is (D).
2. Find the future worth of $1000.

F= P(1+ )" = (81000)(1 + 0.06)°
=$1191 ($1190)

The answer is (B).
3. The annual cost of running and maintaining the

80 mm pipeline is

A= (5;2139) (600 hr) + $400 = $1900

Capitalized costs are the present worth of an infinite
cash flow.

_ A _ 81900
P=3 =008
= $23,750 ($24,000)
The answer is (C).

4. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent of all cash flows.
When calculating the EUAC, costs are positive and
income is negative.

EUACs; = Ainitial + Amaintenance
— ($1350)(A/ P, 6%, 6) + $500

$2.75
+ (_}Tr—) (2000 hr)

— ($120)(A/F, 6%, 6)
= ($1350)(0.2034) + $500

+ $5500 — ($120)(0.1434)
=$6257 ($6300)

The answer is (D).
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8. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent of all cash flows.
When calculating the EUAC, costs are positive and
income is negative.

EUACIZO = Ainit'ml + Ama’mtenance
+ Apump - Asalvage
= ($2500)(A/P,10%, 12) + $300

+ (%‘r‘g—’) (600 hr)

— ($300)(A/F, 10%, 12)

= ($2500)(0.1468) + $300 + $840
— ($300)(0.0468)

= $1492.96 ($1500)

The answer is (D).

6. The MACRS factor for the first year, given a 7 year
recovery period, is 14.29%.

D, = (factor)C
= (0.1429)(84500)
=$643 ($640)

The answer is (A).

7. If the unadjusted interest rate is used to calculate the
present worth, the answer will be in dollars affected by
three years of inflation. To find the uninflated worth
three years ago, the effect of inflation during those years
must be eliminated from the calculation. To find the
answer in uninflated dollars, determine the interest rate
adjusted for inflation.

d=i+f+(ixf)
= 0.09 + 0.05 + (0.09)(0.05)
=0.1445

Use this adjusted rate in the single payment present
worth equation, substituting d for i.

P=F(1+d)™
= ($5000)(1 + 0.1445)3
=$3335 ($3300)

The answer is (B).

8. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent to all cash flows.
When calculating the EUAC, costs are positive and
income is negative.

EUAC = Ainitial + Amaintenance — Asalvage
— ($3900)(A/ P, 6%, 10) + $390
— ($1800)(A/F, 6%, 10)
= ($3900)(0.1359) + $390
— ($1800)(0.0759)
—$783 ($780)

The answer is (B).

9. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent to all cash flows.
When calculating the EUAC, costs are positive and
income is negative. An expedient way to find the annual
worth of the maintenance for the computer is to divide
the maintenance costs into two annual series, one of
$275 lasting from year 1 to year 13, and one of $150
(the difference between $425 and $275) lasting from
year 9 to year 13. Find the future value in year 13 for
each series, add them, and then convert the result back
into a single annual amount.

Fsors = A(F/ A, 6%, 13) = ($275)(18.8821)
= $5192.60
Fsis0= A(F/A,6%,5) = (§150)(5.6371)
= $845.60
Funaintenance = Faa75 + Fgis0 = $5192.60 -+ $845.60
= $6038
Amaintenance = Fmaintenance(A/ F, 6%, 13)
= ($6038)(0.0530)
= $320

Now calculate the EUAC.

EUAC = Ainitial + Amaintenance — Asalvage
— ($5500)(A/ P, 6%, 13) + $320
— ($3160)(A/F, 6%, 13)
= ($5500)(0.1130) + $320
— ($3100)(0.0530)
=$777 ($780)

The answer is (B).
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10. The expenditures for the computer are the initial
cost of $1500 and the annual maintenance cost of $500.
The annual costs continue indefinitely, so find the pres-
ent worth of an infinite cash flow.

A _ 8500 _
T =004 $12,500

Praintenance =
The present worth of all expenditures is
Phiotal = Pinitial + Pannual = $1500 + $12,500
= $14,000
The answer is (C).

11. With the straight line method, the depreciation is
the same every year. Find the annual depreciation.

_ C-5. _ $2300 — $350 _ $162.50
n 12

D;
The total depreciation for five years is
D D5 = (5)($162.50) = $812.50 ($810)

The answer is (B).

12. Subtract the first two years’ depreciation from the
original cost.

year factor (%) D;
1 10.00 (0.10)($3200) = $320
2 18.00 (0.18)(83200) = $576
TD;=$896
The book value is

BV = initial cost — ) D; = $3200 — $896
=$2304 ($2300)

The answer is (C).
13. Bring all costs and benefits into the present.

Protal = Phnitial + Prnaintenance — Psalvage
— $6000 + ($210)(P/ A, 8%, 5)
— ($2300)(P/F, 8%, 5)
= $6000 + ($210)(3.9927)
— ($2300)(0.6806)
= $5273  ($5300)

The answer is (B).

14. The effective uniform annual cost (EUAC) is the
annual cost equivalent of all costs. When calculating the
EUAC, costs are positive and income is negative. Find
the annual equivalents of all costs and add them
together to get the EUAC.

EUAC = Cinitia(A/ P,6%, 8)
+ Aclectricity + Amaintenance
+ Ainsurance — S8(A/F,6%, 8)
= ($10,000)(0.1610) + $300 + $100
+ (0.02)($10,000)
— ($1000)(0.1010)
= $2109 ($2100)

The answer is (B).

15. Add the present worths of all cash flows.
— Chnitial — Aelectricity (P/ A, 10%, 9)
~ Amaintenance(P/ A, 10%,9)
— Ansurance(P/ A,10%, 9)
+ Avenetits(P/ A,10%, 9)
+ So(P/F,10%,9)
= —$15,000 — ($600)(5.7590)
- ($120)(5.7590)
— (0.05)(815,000)(5.7590) + ($4500)(5.7590)
+ (8900)(0.4241)
= $2831 ($2800)

Piotal =

The answer is (B).
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1. What must be proven for damages to be collected
from a strict liability in tort?

(A) that willful negligence caused an injury

(B) that willful or unwillful negligence caused an
injury

(C) that the manufacturer knew about a product
defect before the product was released

(D) none of the above

2. A material breach of contract occurs when the

(A) contractor uses material not approved by the
contract for use

(B) contractor’s material order arrives late
(C) owner becomes insolvent

(D) contractor installs a feature incorrectly

3. If a contract has a value engineering clause and a
contractor suggests to the owner that a feature or
method be used to reduce the annual maintenance cost
of the finished project, what will be the most likely
outcome?

(A) The contractor will be able to share one time in
the owner’s expected cost savings.

(B) The contractor will be paid a fixed amount
(specified by the contract) for making a sugges-
tion, but only if the suggestion is accepted.

(C) The contract amount will be increased by some
amount specified in the contract.

(D) The contractor will receive an annuity payment
over some time period specified in the contract.

4. A tort is
(A) a civil wrong committed against another person
(B) a section of a legal contract

(C) a legal procedure in which complaints are heard in
front of an arbitrator rather than a judge or jury

(D) the breach of a contract

Professional Practice

5. If a contract does not include the boilerplate clause,
“Time is of the essence,” which of the following is true?

(A) It is difficult to recover losses for extra hours
billed.

(B) Standard industry time guidelines apply.
(C) Damages for delay cannot be claimed.

(D) Workers need not be paid for downtime in the
project.

6. Which statement is true regarding the legality and
enforceability of contracts?

(A) For a contract to be enforceable, it must be in
writing.

(B) A contract to perform illegal activity will still be
enforced by a court.

(C) A contract must include a purchase order.

(D) Mutual agreement of all parties must be evident.

7. Which option best describes the contractual lines of
privity between parties in a general construction
contract?

(A) The consulting engineer will have a contractual
obligation to the owner, but will not have a
contractual obligation with the general contrac-
tor or the subcontractors.

(B) The consulting engineer will have a contrac-
tual obligation to the owner and the general
contractor.

(C) The consulting engineer will have a contractual
obligation to the owner, general contractor, and
subcontractors.

(D) The consulting engineer will have a contractual
obligation to the general contractor, but will not
have a contractual obligation to the owner or
subcontractors.
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8. A contract has a value engineering clause that allows
the parties to share in improvements that reduce cost.
The contractor had originally planned to transport con-
crete on-site for a small pour with motorized wheelbar-
rows. On the day of the pour, however, a concrete pump
is available and is used, substantially reducing the con-
tractor’s labor cost for the day. This is an example of

(A) value engineering whose benefit will be shared
by both contractor and owner

(B) efficient methodology whose benefit is to the
contractor only

(C) value engineering whose benefit is to the owner
only

(D) cost reduction whose benefit will be shared by
both contractor and laborers

9. In which of the following fee structures is a specific
sum paid to the engineer for each day spent on the
project?

(A) salary plus

(B) per-diem fee

(C) lump-sum fee
(D) cost plus fixed fee

10. What type of damages is paid when responsibility is
proven but the injury is slight or insignificant?

(A) nominal

(B) liquidated
(C) compensatory
(D) exemplary

SOLUTIONS

1. In order to prove strict liability in tort, it must be
shown that a product defect caused an injury. Negli-
gence need not be proven, nor must the manufacturer
know about the defect before release.

The answer is (D).

2. A material breach of the contract is a significant event
that is grounds for cancelling the contract entirely. Typi-
cal triggering events include failure of the owner to make
payments, the owner causing delays, the owner declaring
bankruptcy, the contractor abandoning the job, or the
contractor getting substantially off schedule.

The answer is (C).

3. Changes to a structure’s performance, safety,
appearance, or maintenance that benefit the owner in
the long run will be covered by the value engineering
clause of a contract. Normally, the contractor is able to
share in cost savings in some manner by receiving a
payment or credit to the contract.

The answer is (A).

4. A tort is a civil wrong committed against a person or
his/her property which results in some form of
damages. Torts are normally resolved through lawsuits.

The answer is (A).

5. This clause must be included in order to recover
damages due to delay.

The answer is (C).

6. In order for a contract to be legally binding, it must
® be established for a legal purpose
® contain a mutual agreement by all parties

® have consideration, or an exchange of something of
value (e.g., a service is provided in exchange for a fee)

® not obligate parties to perform illegal activity

® not be between parties that are mentally incompe-
tent, minors, or do not otherwise have the power to
enter into the contract

A contract does not need to use as its basis or include a
purchase order to be enforceable. Oral contracts may be
legally binding in some instances, depending on the cir-
cumstances and purpose of the contract. Oral contracts
may be difficult to enforce, however, and should not be
used for engineering and construction agreements.

The answer is (D).
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7. With a general construction contract, a consulting
engineer will be hired by the owner to develop the design
and contract documents, as well as to assist in the
preparation of the bid ¢ cuments and provide contract
administrative services during the construction phase.
The contract documents produced by the engineer will
form the basis of the owner’s agreement with the con-
tractor. Although the engineer will work closely with the
contractor during the construction phase, and may work
with subcontractors as well, the engineer will not have a
contractual line of privity with either party.

The answer is (A).

8. The problem gives an example of efficient method-
ology, where the benefit is to the contractor only. It is
not an example of value engineering, as the change
affects the contractor, not the owner. Performance,
safety, appearance, and maintenance are unaffected.

The answer is (B).

9. A specific fee is paid to the engineer for each day on
the job in a per-diem fee structure.

The answer is (B).

10. Nominal damages are awarded for inconsequential
injuries.

The answer is (A).
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Ethics

1. An environmental engineer with five years of experi-
ence reads a story in the daily paper about a proposal
being presented to the city council to construct a new
sewage treatment plant near protected wetlands. Based
on professional experience and the facts presented in the
newspaper, the engineer suspects the plant would be
extremely harmful to the local ecosystem. Which of
the following would be an acceptable course of action?

(A) The engineer should contact appropriate agen-
cies to get more data on the project before mak-
ing a judgment.

(B) The engineer should write an article for the
paper’s editorial page urging the council not to
pass the project.

(C) The engineer should circulate a petition through
the community condemning the project, and
present the petition to the council.

(D) The engineer should do nothing because he
doesn’t have enough experience in the industry
to express a public opinion on the matter.

2. An engineer is consulting for a construction company
that has been receiving bad publicity in the local papers
about its waste-handling practices. Knowing that this
criticism is based on public misperceptions and the
paper’s thirst for controversial stories, the engineer
would like to write an article to be printed in the paper’s
editorial page. What statement best describes the engi-
neer’s ethical obligations?

(A) The engineer’s relationship with the company
makes it unethical for him to take any public
action on its behalf.

(B) The engineer should request that a local repre-
sentative of the engineering registration board
review the data and write the article in order
that an impartial point of view be presented.

(C) As long as the article is objective and truthful,
and presents all relevant information including
the engineer’s professional credentials, ethical
obligations have been satisfied.

(D) The article must be objective and truthful, pres-
ent all relevant information including the engi-
neer’s professional credentials, and disclose all
details of the engineer’s affiliation with the
company.

3. After making a presentation for an international
project, an engineer is told by a foreign official that his
company will be awarded the contract, but only if it
hires the official’s brother as an advisor to the project.
The engineer sees this as a form of extortion and informs
his boss. His boss tells him that, while it might be illegal
in the United States, it is a customary and legal business
practice in the foreign country. The boss impresses upon
the engineer the importance of getting the project, but
leaves the details up to the engineer. What should the
engineer do?

(A) He should hire the official’s brother, but insist
that he perform some useful function for his
salary.

(B) He should check with other companies doing
business in the country in question, and if they
routinely hire relatives of government officials to
secure work, then he should do so too.

(C) He should withdraw his company from consid-
eration for the project.

(D) He should inform the government official that
his company will not hire the official’s brother as
a precondition for being awarded the contract,
but invite the brother to submit an application
for employment with the company.

4. If one is aware that a registered cngineer willfully
violates a state’s rule of professional conduct, one should

(A) do nothing

(B) report the violation to the state’s cngineering
registration board

(C) report the violation to the employer
(D) report the violation to the parties it affects
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5. Which of the following is an ethics violation specifi-
cally included in the NCEES Model Rules?

(A) an engineering professor “moonlighting” as a pri-
vate contractor

(B) an engineer investing money in the stock of the
company for which he/she works

(C) a civil engineer with little electrical experience
signing the plans for an electric generator

(D) none of the above

6. A senior licensed professional engineer with 30 years
of experience in geotechnical engineering is placed in
charge of a multidisciplinary design team consisting of
a structural group, a geotechnical group, and an envi-
ronmental group. In this role, the engineer is responsible
for supervising and coordinating the efforts of the
groups when working on large interconnected projects.
In order to facilitate coordination, designs are prepared
by the groups under the direct supervision of the group
leader, and then they are submitted to her for review
and approval. This arrangement is ethical as long as

(A) the engineer signs and seals each design segment
only after being fully briefed by the appropriate
group leader

(B) the engineer signs and seals only those design
segments pertaining to geotechnical engineering

(C) each design segment is signed and sealed by the
licensed group leader responsible for its
preparation

(D) the engineer signs and seals each design segment
only after it has been reviewed by an indepen-
dent consulting engineer who specializes in the

_ field in which it pertains

7. The National Society of Professional Engineers’
(NSPE) Code of Ethics addresses competitive bidding.
Which of the following is NOT stipulated?

(A) Engineers and their firms may refuse to bid
competitively on engineering services.

(B) Clients are required to seek competitive bids for
design services.

(C) Federal laws governing procedures for procuring
engineering services (e.g., competitive bidding)
remain in full force.

(D) Engineers and their societies may actively lobby

for legislation that would prohibit competitive
bidding for design services.

PPl o www.ppi2pass.com

8. You are a city engineer in charge of receiving bids on
behalf of the city council. A contractor’s bid arrives with
two tickets to a professional football game. The bid is
the lowest received. What should you do?

(A) Return the tickets and accept the bid.
(B) Return the tickets and reject the bid.

(C) Discard the tickets and accept the bid.
(D) Discard the tickets and reject the bid.

9. A relatively new engineering firm is considering run-
ning an advertisement for their services in the local
newspaper. An ad agency has supplied them with four
concepts. Of the four ad concepts, which one(s) would
be acceptable from the standpoint of professional ethics?

L an advertisement contrasting their successes over
the past year with their nearest competitors’
failures

II. an advertisement offering a free television to any-

one who hires them for work valued at over
$10.000

III.  an advertisement offering to beat the price of any
other engineering firm for the same services

IV. an advertisement that tastefully depicts their
logo against the backdrop of the Golden Gate
Bridge

(A) Tand III

(B) I, IIL, and IV

(C) 1L, 111, and IV

(D) neither I. II, IIL, nor IV

10. Complete the sentence: “A professional engineer
who took the licensing examination in mechanical
enginecring

(A) may not design in electrical engineering.”

(B) may design in electrical engineering if she feels
competent.”

(C) may design in electrical engincering if she feels
competent and the electrical portion of the
design is insignificant and incidental to the over-
all job.”

(D) may design in electrical engineering if another
engineer checks the electrical engincering work.”
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11. An engineering firm is hired by a developer to pre-
pare plans for a shopping mall. Prior to the final bid
date, several contractors who have received bid docu-
ments and plans contact the engineering firm with
requests for information relating to the project. What
can the engineering firm do?

(A) The firm can supply requested information to
the contractors as long as it does so fairly and
evenly. It cannot favor or discriminate against
any contractor.

(B) The firm should supply information to only
those contractors that it feels could safely and
economically perform the construction services.

(C) The firm cannot reveal facts, data, or informa-
tion relating to the project that might prejudice
a contractor against submitting a bid on the
project.

(D) The firm cannot reveal facts, data, or informa-
tion relating to the project without the consent
of the client as authorized or required by law.

SOLUTIONS

1. The engineer certainly has more experience and
knowledge in the field than the general public or even
the council members who will have to vote on the issue.
Therefore, the engineer is qualified to express his opin-
ion if he wishes to do so. Before the engineer takes any
public position, however, the engineer is obligated to
make sure that all the available information has been
collected.

The answer is (A).

2, 1t is ethical for the engineer to issue a public state-
ment concerning a company he works for, provided he
makes that relationship clear and provided the state-
ment is truthful and objective.

The answer is (D).

3. Hiring the official’s brother as a precondition for
being awarded the contract is a form of extortion.
Depending on the circumstances, however, it may be
legal to do so according to U.S. law. (The Foreign
Corrupt Practices Act of 1977 allows American compa-
nies to pay extortion in some cases.) This practice,
however, is not approved by the NCEES Model Rules:

Registrants shall not offer, give, solicit, or
receive, either directly or indirectly, any commis-
sion or gift, or other valuable consideration in
order to secure work.

The answer is (D).

4. A violation should be reported to the organization
that has promulgated the rule.

The answer is (B).

8. The NCEES Model Rules specifically states that
registrants may not perform work beyond their level of
expertise. The other two examples may be unethical

under some circumstances, but are not specifically for-
bidden by the NCEES code.

The answer is (C).

6. According to the NCEES Model Rules,

Licensces may accept assignments for coordina-
tion of an entire project, provided that each
design segment is signed and sealed by the regis-
trant responsible for preparation of that design
segment.

The answer is (C).

7. Clients are not required to seek competitive bids. In
fact, many engineering societies discourage the use of
bidding to procure design services because it is believed
that competitive bidding results in lower-quality
construction.

The answer is (B).

PPl ¢ www.ppi2pass.com
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8. Registrants should not accept gifts from parties
expecting special consideration, so the tickets cannot
be kept. They also should not be merely discarded, for
several reasons. Inasmuch as the motive of the contrac-
tor is not known with certainty, in the absence of other
bidding rules, the bid may be accepted.

The answer is (A).

9. None of the ads is acceptable from the standpoint of
professional ethics. Concepts I and II are explicitly pro-
hibited by the NCEES Model Rules. Concept III
demeans the profession of engineering by placing the
emphasis on price as opposed to the quality of services.
Concept IV is a misrepresentation; the picture of the
Golden Gate Bridge in the background might lead some
potential clients to believe that the engineering firm in
question had some role in the design or construction of
that project.

The answer is (D).

10. Although the laws vary from state to state, engi-
neers are usually licensed generically. Engineers are
licensed as “professional engineers.” The scope of their
work is limited only by their competence. In the states
where the license is in a particular engineering disci-
pline, an engineer may “touch upon” another discipline
when the work is insignificant and/or incidental.

The answer Is (C).

11. It is normal for engineers and architects to clarify
the bid documents. However, some information may be
proprietary to the developer. The engineering firm
should only reveal information that has already been
publicly disseminated or approved for release with the
consent of the client.

The answer is (D).
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Licensure

There are no problems in this book covering the subject
of licensure.
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