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Preface 

The purpose of this book is to prepare you for the National 
Council of Examiners for Engineering and Surveying 
(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, solve problems served up by the 
CBT system, access an electronic reference document , 
and perform your scratch calculations on a reusable 
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 sec­
tion 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 toward 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 chal­
lenges. 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 Electrical and Computer FE exam specifica­
tions. With the exceptions listed in "How to Use This 
Book," for better or worse, this book duplicates the 
terms, variables, and formatting of the NCEES Hand­
book 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 dur­
ing the exam, the NCEES Handbook severely limits the 
types of problems 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 problems, and the duration of the exam are 
all significantly reduced. If you are only concerned 
about passing and/or "getting it over with" before grad­
uation, these reductions are all in your favor. Your only 
deterrents will be the cost of the exam and the inconven­
ience of finding a time and place to take it. 

Accepting that "it is what it is," I designed t his 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 will not 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 
problems. It was written in a vacuum, based entirely on 
the NCEES Electrical and Computer FE exam specifi­
cations. This book is not based on feedback from actual 
examinees. 

Truthfully, I expect that many exam problems will be sim­
ilar to the problems 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, or original topics.) 

There are a finite number of ways that problems involv­
ing Ohm's law (V = IR) and Newton's second law of 
motion (F = ma) can be structured. Any similarity 
between problems in this book and problems in the 
exam is easily attributed to the limited number of 
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engineering formulas and concepts, the shallowness of 
the coverage, and the need to keep the entire solution 
process (reading, researching, calculating, and respond­
ing) to less than three minutes for each problem. 

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 nor­
mally have to (1) determine fluid density and viscosity 
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 
schedule), ( 4) calculate the internal pipe area, (5) calcu­
late the flow velocity, (6) determine the specific rough­
ness from the conduit material, (7) calculate the relative 
roughness, (8) calculate the Reynolds number, (9) calcu­
late 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 complexity. (SSU viscosity? 
Diameter in inches? Flow rate in SCFM?) As reasonable 
and conventional as that solution process is, a problem 
of such complexity is beyond the upper time limit for an 
FE exam problem. 

To make it possible to be solved in the time allowed, any 
exam problem you see is likely to be more limited. In 
fact, most or all of the information you need to answer a 
problem will be given to you in its problem 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 essentially all of the exam 
knowledge areas and content in the NCEES Handbook, 
an introduction is only an introduction. To be a thor­
ough review, this book needs augmentation. 

By design, this book has four significant inadequacies. 

1. This book has a limited number of pages, so it 
cannot contain enough of everything for everyone. 
The number of practice problems that can fit in it 
is also limited. The number of problems needed 
by you, personally, to come up to speed in a par­
ticular subject may be inadequate. For example, 
how many problems 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 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 Hand­
book. This book is limited in helping you become 
familiar with the idiosyncratic sequencing, for­
matting, variables, omissions, and presentation of 
topics in the NCEI!S Handbook. The only way to 
remedy this is to obtain your own copy of the 
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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 does not contain 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 problems. The actual FE exam is taken 
sitting in front of a computer using an online refer­
ence book, so the only way to practice is to sit in 
front of a computer while you answer problems. 
Using an online reference is very different from the 
work environment experienced by most engineers, 
and it will take some getting used to. 

4. This book does not contain explanatory back­
ground 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 extrap­
olate engineering principles 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 Electrical and Computer 
Review Manual. In it, you'll find all the "whos and 
whats" you were previously 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 
checking, 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 I answer it, 
you'll receive a response. We'll both benefit. 

Best wishes in your examination experience. Stay in 
touch! 

l\'Iichael R. Lindeburg, PE 
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Codes and References Used to 
Prepare This Book 

This book is based on the NCEES FE Reference Hand­
book (NCEES Handbook), ninth edition (June 2016 revi­
sion). The other documents, codes, and standards that 
were used to prepare this book were the most current 
available at the time. 

NCEES does not specifically tie the FE exam to any edi­
tion (version) of any code or standard. Rather than 
make the FE exam subject to the vagaries of such codes 
and standards as are published by the American Chemi­
cal Society (ACS), the American Concrete Institute 
(ACI), the American Institute of Chemical Engineers 
(AIChE), the American Institute of Steel Construction 
(AISC), the American National Standards Institute 
(ANSI), the American Society of Civil Engineers 
( ASCE), the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE), the Amer­
ican Society of Mechanical Engineers (ASME), ASTM 
International ( ASTM), the International Code Council 
(ICC), the Institute of Electrical and Electronic Engi­
neers (IEEE), the National Fire Protection Association 
(NFPA), and so on, NCEES effectively writes its own 
"code," the NCEES Handbook. 

Most surely, every standard- or code-dependent concept 
(e.g., flammability) in the NCEES Handbook can be 
traced back to some section of some edition of a stan­
dard or code (e.g., 29CFR). So, it would be logical to 
conclude that you need to be familiar with everything 
(the limitations, surrounding sections, and commen­
tary) in the code related to that concept. However, that 
does not seem to be the case. The NCEES Handbook is a 
code unto itself, and you won't need to study the parent 
documents. Nor will you need to know anything pertain­
ing to related, adjacent, similar, or parallel code con­
cepts. For example, although square concrete columns 
are covered in the NCEES Handbook, round columns are 
not. 

Therefore, although methods and content in the 
NCEES Handbook can be ultimately traced back to 
some edition (version) of a relevant code, you do not 
need to know which. You do not need to know whether 
that content is current, limited in intended application, 
or relevant. You only need to use the content. 
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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 its 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. 

• 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, whi~h rep­
resents specific volume in some topics (e.g., thermo­
dynamics), 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 

upsilon, v, a convention that most engineers will be 
familiar with. 

• units: The NCEES Handbook and the FE exam gen­
erally do not emphasize the difference between 
pounds-mass and pounds-force. "Pounds" ("lb") can 
mean either force or mass. This book always distin­
guishes between pounds-force (!bf) and pounds-mass 
(lbm). 

WORK THROUGH EVERY PROBLEM ........................................................................................ ································ 

NCEES has greatly reduced the number of subjects 
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 num­
ber of problems you solve in hopes of finding enough 
problems in your areas of expertise to pass the exam. 

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 doing the work. Some peo­
ple think they can read a problem statement, think 
about it for 10 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 remember 
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. I\faybe it is in the use of your calcula­
tor, like pushing log instead of ln, or forgetting to set 
the angle to radians instead of degrees, and so on. 
Maybe it is rusty math. What is ln( 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 do not make them again. 
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If you do decide to get your hands dirty and actually 
work these problems, you will have to decide how much 
reliance you place on this book. It is tempting to turn to 
a solution when you get slowed down by details or 
stumped by the subject material. It is 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 is 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 are in business until the 
jungle overgrowth closes in again. So do the problems­
all of them. Do not look at the solutions until you have 
sweated a little. 
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Units 

PRACTICE PROBLEMS ........................................ ·······-

1. What SI unit is equal to the combination of base 
units kg·m2 /s2? 

(A) joule 

(B) pascal 

(C) tesla 

(D) watt 

2. What is a kip? 

(A) 1000 in-lbf (torque) 

(B) 1000 lbm (mass) 

(C) 1000 lbf (force) 

(D) 1000 psi (pressure) 

3. What is a metric ton? 

(A) 200 kg 

(B) 1000 kg 

(C) 2000 kg 

(D) 2000 N 

SOLUTIONS 

1 . Kinetic energy is calculated in the SI system as % m v2
, 

with units ofkg-m2/s2, which are equal to joules (J). 

The answer is (A). 

2. The abbreviation kip is used for kilopound, which is 
1000 lbf (pounds of force). 

The answer is (C). 

3. A metric ton, also known as a tonne, is 1000 kg. 

The answer is (BJ. 
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Algebra 

PRACTICE PROBLEMS 
····· ..... ········ ........................... . 

1. 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 

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

3 
log3 - + log3 12 - log3 2 

2 

(A) 0.95 

(B) 1.33 

(C) 2.00 

(D) 2.20 

3. Which of the following statements is true for a power 
series with the general term a;xi? 

I. An infinite power series converges for x < l. 

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

III. Power series can be integrated within their 
interval of convergence. 

(A) I only 

(B) II only 

(C) I and III 

(D) II and III 

4. What is the sum of12 + 13j and 7 - 9j? 

(A) 19- 22j 

(B) 19 + 4j 

(C) 25 - 22j 

(D) 25 + 4j 

5. What is the product of the complex numbers 3 + 4j 
and 7- 2j? 

(A) 10 + 2j 

(B) 13 + 22j 

(C) 13 + 34j 

(D) 29 + 22j 
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SOLUTIONS 

1. Use the formula for geometric progression to find the 
common ratio. 

= 4 
160 
3 

10 

= 3/2 

The term before 3/10 is 

The answer is (B). 

3 

a1 = 1Q_ = 1/5 
3 

2 

2. Use the logarithmic identities. 

logxy = logx+ logy 

log x / y = log x - log y 

3 (~)(12) 
log3 2 + log3 12 - log3 2 = log3 --

2
--

= log3 9 

Since (3)2 = 9, 

The answer is (C). 

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

The answer is (D). 

PPI • ppl2pass.com 

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

(a+ jb) + (c+ jd) = (a+ c) + j(b+ d) 

(12 + 13j) + (7 - 9j) = (12 + 7) + j(l3 + (-9)) 

= 19 + 4j 

The answer is (BJ. 

5. Use the algebraic distributive law and the equiva­
lency j2 = - 1. 

(a+ jb)(c+ jd) = (ac- bd) + j(ad+ be) 

(3 + 4J)(7 - 2J) = 21 - sj2 + 2sJ- 6J 

= 21 + 8 + 28j - 6j 

= 29 + 22j 

The answer is (D). 
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Vectors 

PRACTICE PROBLEMS 

1. What is the name for a vector that represents the 
sum of two vectors? 

(A) scalar 

(B) resultant 

(C) tensor 

(D) moment 

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

(A) 3 

(B) 4 

(C) 10 

(D) 14 

3i + 4j - 5k 

7i + 2j + 3k 
-16i- 14j + 2k 

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

(A) 22° 

(B) 24° 

(C) 66° 

(D) 80° 

4. 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°. 

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

(A) 25° 

(B) 33° 

(C) 35° 

(D) 59° 

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

A= i + 3j +4k 

B = 2i + 7j-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 

PPI • ppi2pass.com 
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SOLUTIONS 

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

The answer is (8). 

2. The resultant is produced by adding the vectors . 

3i + 4j - 5k 
7i+2j+3k 

-16i- 14j + 2k 
-6i - 8j + Ok 

The length of the resultant vector is 

/R/ = ~ ( -6)2 + ( -8)2 + (0)2 

= 10 

The answer is (C). 

3. The magnitude of vector A is 

IAI= ~ (1)2 + (2)2 + (1)2 = .J5 

X 

The :v-component of the vector is 1, so the direction 
cosine is 

The angle is 

1 
B = arccos .J5 = 65.9° (66°) 

The answer is (C). 
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4. The magnitudes of the two vectors are 

IAI = ~ (1)2 + (2)2 + (1)2 = .J5 
IBI = ~ (1)2 + (3)2 + (- 7)2 = .f59 

The angle between them is 

= goo 

The vectors are orthogonal. 

The answer is (C). 

5. The angle between the two vectors is 

A·B 
() = arccos IAI IBI 

axbx + aiY + a,bz = arccos ~~~~~~ 
IAIIBI 

(3) (2) + (2) (3) + (1) (2) 
= arccos ,=======--;=======-

~ (3)2 + (2)2 + (1)2 ~ (2)2 + (3)2 + (2)2 

= 24.8° (25°) 

The answer is (A). 

6. The magnitude of R is 

IRI = ~ (1 + 2 - 1)2 + (3 + 7 + 4)2 + ( 4 - 1 + 2)2 

= ..j 4 + 196 + 25 

= ..)225 
= 15 

The answer is (C). 

www.EngineeringEBooksPdf.com



Analytic Geometry 

PRACTICE PROBLEMS 

1. 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 

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

(A) (x+ 3)2 + (y+ 4) 2 = 85 

(B) (x+ 3)2 + (y+ 2)2 = ffe 

(C) (x-3)2+(y 2)2 = 74 

(D) (x-2) 2 +(y - 3)2=74 

3. The equation for a circle is i2- + 4x+ y2 +Sy = 0. 
What are the coordinates of the circle's center? 

(A) (-4, -8) 

(B) (-4, -2) 

(C) (-2, -4) 

(D) (2, -4) 

4. 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 i2- and y2 
terms in the general form of the equation are 
equal. 

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

(A) 51r - 1 
6 

(B) ( :: )(s1r - 3) 

(C) 
501r 
--

3 

(D) 491r - ../3 

6. 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 cm2 

(B) 60 cm2 

(C) 92 cm2 

(D) 100 cm2 

7. The equation y = a1 + ~x 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 

PPI • ppi2pass.com 
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8. A circular sector has a radius of 8 cm and an arc 
length of 13 cm. Most nearly, what is its area? 

(A) 48 cm2 

(B) 50 cm2 

(C) 52 cm2 

(D) 60 cm2 

9. The equation -3:i? - 4y2 = 1 defines 

(A) a circle 

(B) an ellipse 

( C) a hyperbola 

(D) a parabola 

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

(A) 24 m 2 

(B) 27 m2 

(C) 32 m2 

(D) 36 m2 

11. What is the approximate area of a circular sector 
with a radius of 4 and a central angle of 10°? 

(A) 0.2 

(B) 0.8 

(C) 1.4 

(D) 2.8 

PPI • ppi2pass.com 

SOLUTIONS 

1. The equation of the line is of the form 

y= mx+ b 

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

4=(f)(6)+b 

b = 4 -( f )(6) = -4 

The complete equation is 

4 
y = -x-4 

3 

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

d = ~ (Y2- Y1)
2 + (x2- X1)

2 

= ) (4-(-4))2 +(6-0)2 

= 10 

The answer is (A). 

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

r 2 = (x- h)2 + (y- k) 2 

= ( -3 - 2)2 + ( -4 - 3)2 

= 74 

The equation of the circle is 

(x- 2)2 + (y- 3)2 = 74 

r2 = 74, so the radius is .,/74. 

The answer is (D). 

3. To find the circle's center, put the equation of the 
circle into standard form. 

x 2 + 4x+ y 2 + 8y = 0 

x 2 + 4x+ 4 + y2 + 8y + 16 = 4 + 16 

(x+ 2)2 + (y + 4)2 = 20 

The center is at (-2, -4). 

The answer is (C). 
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4. The general form of the equation for an ellipse is 

Ax 2 +Bxy+ Cy 2+Dx+Ey+F= 0 

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

The answer is (D). 

5. The angle ¢ expressed in radians is 

¢ = (1500)( 271" rad) = 571" rad 
360° 6 

The area of the circular segment (the shaded region) is 

r 2(¢- sin¢) 
A= -----

2 

(7) 2(571" . 571') - - s1n-
6 6 

= - - -----
2 

= ( ~ )(5; -f) 
= ( :: )(571" - 3) 

The answer is (B). 

6. Find the angle¢. 

¢ = 2{arccos[(r- d)/r]} 

2 
10 cm - 6.67 cm 

= arccos -------
10 cm 

= 2.46 rad 

Find the area of flow. 

A = [r2(¢-sin¢)]/2 

(10 cm)2(2.46 - sin2.46) 

2 

= 91.5 cm2 (92 cm2
) 

The answer is (C). 

ANALYTIC GEOMETRY 4-3 

7. y= mx+ bis the slope-intercept form of the equation 
of a straight line. a1 and a2 are both constants, so 
y = a1 + ll2X describes a straight line. 

The answer is (D). 

8. Find the area of the circular sector. 

A= sr /2 = (13 cm)(S cm) = 52 cm2 

2 

The answer is (C). 

9. The general form of the conic section equation is 

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. 

B 2 -4AC= (0) 2
- (4)(-3)(-4) = -48 

This is less than zero, so the equation defines an ellipse. 

The answer is (B). 

1 O. Find the total surface area of a right circular cone. 
The radius is r = d/2 = 3 m/2 = 1.5 m. 

A= side area+ base area= nr( r+ Jr2 + h2
) 

= n(l.5 m)(l.5 m+ ~ (l.5 m)2 + (4 m)2 ) 

= 27.2 m2 (27 m2
) 

The answer is (B). 

11. Convert the central angle to radians. 

(10°)( 
3
!~0) = 0.175 rad 

Use the formula for the area of a circular sector. 

2 (0.175 rad)(4)2 

A = ¢r /2 = = 1.4 
2 

The answer is (C). 
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Trigonometry 

PRACTICE PROBLEMS 

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 

57°28' 

What is the approximate width of the river? 

(A) 150 m 

(B) 230 m 

(C) 330 m 

(D) 430 m 

2. In the triangle shown, angles ABD and DBC are 90°, 
AD= 15, DC= 20, and AC= 25. 

D 

A ~ C 
B 

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. Which of the following expressions is equivalent to 
sin 2()? 

(A) 2 sin ecos e 
(B) cos2 e- sin2 0 

(C) sin ecos e 

(D) 
1- cos2B 

2 

4. For the right triangle shown, x= 18 cm and y= 
13cm. 

~ y ~ 13om 

x = 18cm 

Most nearly, what is csc e? 

(A) 0.98 

(B) 1.2 

(C) 1.7 

(D) 15 

5. A particle moves in the x-y plane. After t seconds, 
the x- and y-coordinates of the particle's location are 
x = 8 sin t and y = 6 cos t. Which of the following 
equations describes the path of the particle? 

(A) 36:il + 64y2 = 2304 

(B) 36:il- 64y2 = 2304 

( C) 64:il + 36y2 = 2304 

(D) 64:il - 36y2 = 2304 
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SOLUTIONS 

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

tan8 = BC/AC 

BC= ACtanB = (275 m)tan57°28' 

= 431.1 m (430 m) 

The answer is (DJ. 

2. For right triangle ABD, 

(BD)2 + (AB)2 = (15)2 

(BD)2 = (15)2 
- (AB)2 

For right triangle DBC, 

(BD)2 + (25 - AB)2 = (20)2 

(BD)2 = (20)2 - (25 - AB)2 

Equate the two expressions for (BD) 2• 

(15)2 
- (AB)2 = (20)2 

- (25)2 + 50(AB) - (AB)2 

(15)2 
- (20)2 + (25)2 

AB= = 9 
50 

BC = 25 - AB = 25 - 9 = 16 

(BD)2 = (15)2 
- (9)2 

BD = 12 

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

The answer is (CJ. 

3. The double angle identity is 

sin 28 = 2 sin (;I cos 8 

The answer is (AJ. 

4. Find the length of the hypotenuse, r. 

r = ~ x 2 + y 2 
= ~ (18 cm)2 + (13 cm)2 = 22.2 cm 

Find csc 8. 

22.2 cm 
csc8 = r/y = = 1.7 

13 cm 

The answer is (CJ. 
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5. Rearrange the two coordinate equations. 

sint = ~ 
8 
y 

cost= 6 

Use the following trigonometric identity. 

To clear the fractions, multiply both sides by 
(8)2 

X (6)2 = 2304. 

36x 2 + 64y2 = 2304 

The answer is (A). 
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Linear Algebra 

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

lOx+ 3y+ 10z = 5 

8x- 2y+ 9z = 3 

8x+ y-10z = 7 

(A) x= 0.326; y = -0.192; z= 0.586 

(B) x= 0.148; y= 1.203; z= 0.099 

(C) x=0.625; y=0.186; z=-0.181 

(D) X= 0.282; y= -1.337; Z= - 0.131 

2. What is the inverse of matrix A? 

(A) [i ~] 
(B) [f ;] 

(C) [ 1 -3] 
-1 2 

(D) [
-1 31 

1 -2 

A=[; ~] 

3. If the determinant of matrix A is - 40, what is the 
determinant of matrix B? 

4 3 2 1 2 1.5 1 0.5 

A= 0 1 2 -1 B= 0 1 2 -1 
2 3 -1 1 2 3 -1 1 
1 1 1 2 1 1 1 2 

(A) -80 

(B) - 40 

(C) -20 

(D) 0.5 

SOLUTIONS 

1. There are several ways of solving this problem. One 
is to write the equations in matrix form and solve for the 
variable matrix, X. 

X 

AX=B 
10 3 10 X 5 
8 -2 9 Y = 3 
8 1 -10 z 7 

11 20 
- -
806 403 
76 -90 

403 403 
12 7 

403 403 

5 ( 11 ) ( ) 806 + 

(5)(~) 
403 + 

AA-1X = A-1B 

IX= A-1B 
X = A- 1B 

47 
-
806 

5 -5 
- 3 
403 7 
-22 

403 

(3)(~) 
403 

+ 

(3)(-90) 
403 

+ 

(7)( £_) 
806 

(7)( ~~) 

(5)(E.-) 
403 

+ (3)( 4~3) + (7)(-22) 
403 

0.625 
0.186 

-0.181 

However, substituting the four answer options directly 
into the original equations is probably the fastest way. 

The answer is (C). 

2. Find the determinant. 

IAI = 2 x 1- 1 x 3 = -1 
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The inverse of a 2 x 2 matrix is 

K 1 = adj(A) = 
IAI 

l-~ -~J 
-1 

= r-~ -~l 
The answer is (D). 

3. 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). 
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Calculus 

PRACTICE PROBLEMS 

1. Which of the following is NOT a correct derivative? 

(A) 

(B) 

(C) 

(D) 

d . 
- cos x = -sin x 
dx 

d 3 2 -(1-x) = -3(1-x) 
dx 

d l 1 

dx x x 2 

d 
-cscx= -cotx 
dx 

2. What is the derivative, dy/dx, of the equation x?y­
e,'2x = sin y? 

(A) 
2e2x 

2 x - cosy 

(B) 
2e2x - 2xy 

x 2
- cosy 

(C) 2e2
x - 2xy 

(D) x 2
- cosy 

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

(A) 22 

(B) 27 

(C) 30 

(D) 45 

4. What are the mm1mum and maximum values, 
respectively, of the equation f (x) = 5x3- 2r + 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 maxi­
mum 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 par­
ticular direction 

(A) Ionly 

(B) II only 

(C) I and III 

(D) II and IV 
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6. Which of the illustrations shown represents the vector 
field, F(x, y) = -yi + xj , for nonzero values of x and y? 

(A) 

* 
/ 

X 

(B) 

(C) 

(D) 

* 
/ 

X 

7. If a crop of peaches is picked now, 1000 lugs of 
peaches will be obtained, which can be sold at $1.00 per 
lug. For each week that picking is delayed, the crop will 
increase by 60 lugs, but the price will drop by $0.025 per 
lug. In addition, 10 lugs will spoil for each week of delay. 
In order to maximize revenue, after how many weeks 
should the peaches be picked? 

(A) 2 weeks 

(B) 5 weeks 

(C) 7 weeks 

(D) 10 weeks 

PPI • ppi2pass.com 

8. Determine the following indefinite integral. 

X 4 
(A) - + ln !xi - - + C 

4 X 

(B) 
-x - + logx- 8x+ C 

2 

(C) 
x 2 2 - + ln Ix! - - + C 
2 x2 

x 2 4 
(D) - + ln I xi - - + C 

2 X 

9. Find dy/dxfor the parametric equations given. 

(A) 3t2 

(B) 3t2/2 

(C) 4t- l 

X = 2t2
- t 

y = t3
- 2t + 1 

(D) (3t2- 2)/(4t-1) 

10. A two-dimensional function, J(x, y), is defined as 

f(x,y) = 2x 2 -y2+3x-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) 7i+ 4j 

(D) 9i - 7j 

11. Evaluate the following limit. 

(A) 0 

(B) 2 

(C) 4 

(D) oo 

1
. x 2 

- 4 
rm-­

x->2 x-2 
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12. If f(x, y) = i2y'> + xy4 + sin x+ cos2 x+ sin3 y, what 
is Bf/Bx? 

(A) (2x+ y)y'> + 3 sin2 ycos y 

(B) (4x- 3y2)xy2 + 3 sin2 ycos y 

(C) (3x+ 4y2)xy+ 3 sin2 ycos y 

(D) (2x+ y)y'> + (1- 2 sin x)cos x 

13. What is dy/dx if y = (2x)"? 

(A) (2x)"'(2 + ln2x) 

(B) 2x(l + ln2x)"' 

(C) (2x)"'(ln2x 2
) 

(D) (2x)"'(l + ln2x) 

C A L C U L U S 7 -3 

SOLUTIONS 

1. Determine each of the derivatives. 

..!!:_ cos X = -sin X (OK] 
dx 

d! (1- x)3 = (3)(1-x)2(-1) = (-3)(1- x)2 [OK] 

..!!:_.!_ = ..!!:_ x-1 = (-l)(x-2) =-=._!_ (OK] 
dx X dx x 2 

d 
- csc x = -cot x [incorrect] 
dx 

The answer is (D). 

2. Since neither x nor y can be extracted from the equa­
tion, rearrange to obtain a homogeneous equation in x 
and y. 

2 2x · xy-e =smy 

f(x,y) = x 2y- e2x-siny= 0 

Take the partial derivatives with respect to x and y. 

of(x, Y) 2x 
---= 2xy-2e 

ox 
8f(x,y) 2 ---= x -cosy 

8y 

Use implicit differentiation. 

-of(x, y) 
oy ox 2e2x - 2xy 

OX of(x, y) x 2
- cosy 

oy 

The answer is (B). 

PPI • ppi2pass.com 

www.EngineeringEBooksPdf.com



7-4 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

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

-2+x 2 =8-x2 

2x 2 = 10 

x=±../5 

y 
-2 + x 2 

X 

8 - x 2 

The integral of f1(x) - h(x) represents the area between 
the two curves between the limits of integration. 

= J../5 ((8- x 2
) - (-2 + x 2))dx 

-../5 

= J../5 (10 - 2x 2)dx 
- ../5 

= (lOx- fx3) I:~ 
= 29.8 (30) 

The answer is (C). 

4. The critical points are located where the first deriva­
tive is zero. 

f(x) = 5x3
- 2x 2+ 1 

f'(x) = 15x2 -4x 

15x2
- 4x = 0 

x(l5x- 4) = 0 

x= 0 or x = 4/15 

Test each critical point to determine whether it is a 
maximum, minimum, or inflection point. 

f"(x) = 30x- 4 

f"(O) = (30) (0) - 4 
= -4 
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This is less than zero, so the critical point at x= 0 is a 
maximum. 

!"( 1:} = (30)( 1: }-4 
=4 

This is greater than zero, so the critical point at 
x = 4/15 is a minimum. 

These two critical points could be a local maximum and 
minimum. Compare the values of the function at the 
critical points with the values of the function at the 
endpoints. 

J(-2) = (5)(-2)3 
- (2)(-2)2 + 1 = -47 

1(2) = (5)(2)3 
- (2)(2)2 + 1 = 33 

J(O) = (5)(0)3 
- (2)(0)2 + 1 = 1 

1( 1:} = (s)( 1: r -(2)( ts r + l 
= 0.95 

The minimum and maximum values of the equation 
over the entire interval , - 47 and 33, respectively, are at 
the endpoints. 

The answer is (A). 

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

8f. 8f. 8f VJ· a= -1+-J+-k 
ax 8y 8z 

This is a vector that points in the direction of the maxi­
mum rate of change (i.e., maximum slope) . 

The answer is (8). 

6. From the term -y i, it can be concluded that 

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

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

From the term +xj, it can be concluded that 

(a) for positive values of x, the vector field points 
upward 
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(b) for negative values of x, the vector field points 
downward 

The answer is (C). 

7. Let x represent the number of weeks. The equation 
describing the price as a function of time is 

price 
-- = $1 - $0.025x 

lug 

The equation describing the yield is 

lugs sold = 1000 + (60 - lO)x 

= 1000+ 50x 

The revenue function is 

R = ( price )(lugs sold) 
lug 

= (1- 0.025x)(1000 + 50x) 

= 1000 + 50x- 25x- l.25x 2 

= 1000 + 25x- l.25x2 

To find the maximum of the revenue function, set its 
derivative equal to zero. 

The answer is (D). 

dR = 25 - 2.5x = 0 
dx 

x = 10 weeks 

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

3 3 

J
x + x+ 

4 
dx = f.E..._dx+ f_!_dx+ J_±_dx 

x2 x2 x2 x2 

= f xdx+ f ~dx+ 4 J :2 dx 

= .E..._ + ln I xi + 4 !____ + C 2 [ -1 i 
2 -1 

x 2 4 
=-+lnJxl--+C 

2 X 

The answer is (D). 

C A L C U L U S 7 -5 

9. Calculate the derivatives of x and y with respect to t. 

dy = 3t2 - 2 
dt 
dx 
- = 4t- l 
dt 

The derivative of y with respect to xis 

dy 
dy dt 
dx dx 

-
dt 

3t2
- 2 

4t- l 

The answer is (D). 

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

The gradient of the function is 

aJ(x,y,z). aJ(x,y,z). aJ(x,y,z) 
'ilf(x,y,z)= ax 1+ ay J+ az k 

= a(2x
2 

- y
2 + 3x- Y) i 

ax 
a(2x 2 

- y2 + 3x- Y). 
+ ay J 

=(4x+3)i-(2y+l)j 

At (1, -2), 

'i7 f(l, -2) = ( ( 4) (1) + 3)i - ( (2) ( -2) + 1 )j 
= 7i + 3j 

The answer is (B). 

11. The expression approaches 0/0 at the limit. 

(2)2 
- 4 0 

2- 2 0 
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7 -6 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

Use L'H6pital's rule. 

d 2 
2 -(x -4) 

1
. X - 4 

1
. d,x 

1
. 2x 

1m--= 1m _;.;.;;;.--- = 1m-
x ..... 2 x- 2 x-,2 i__(x- 2) x-2 1 

dx 
(2)(2) 

---
1 

=4 

This could also be solved by factoring the numerator. 

The answer is (C). 

12. The partial derivative with respect to xis found by 
treating all other variables as constants. Therefore, all 
terms that do not contain x have zero derivatives. 

Bf . 
- = 2xy3 + y4 + cosx+ 2cosx(-smx) 
Bx 

= (2x+ y)y3+ (1- 2sinx)cosx 

The answer is (D). 

13. From the table of derivatives, 

D(f(x))g(x) = g(x)(J(x))g(x) - lDJ(x) 

+ (lnf(x)) (f(x) )9(")D g( x) 

J(x) = 2x 

g(x) = X 

d(2xy 
----;;;;- = x(2xY- 1(2) + (ln2x)(2xY(l) 

= (2xY + (2xYln2x 

= (2xY(l + ln2x) 

The answer is (D). 
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• • Differential Equations 

PRACTICE PROBLEMS 

1. What is the solution to the following differential 
equation? 

y' + 5y = 0 

(A) y=5x+ C 

(B) y= ccsx 

(C) y= cf!>x 

(D) either (A) or (B) 

2. What is the solution to the following linear difference 
equation? 

(k+ l)(y(k+ 1)) - ky(k) = 1 

1 
(A) y(k) = 12 - k 

(B) 
12 

y(k) = 1- -
k 

(C) y(k) = 12+3k 

(D) 
1 

y(k) = 3+ k 

3. What is the general solution to the following differen­
tial equation? 

d2y dy 
2- - 4-+4y= 0 

dx 2 dx 

(A) y = C1 cosx+ C2 sinx 

(B) y = C1 ex+ C2e-x 

(C) y=e-x(C1 cosx-C2 sinx) 

(D) y=ex(C1 cosx+C2 sinx) 

4. What is the general solution to the following differen­
tial equation? 

d 2y dy 
-+2-+2y= 0 
dx 2 dx 

(A) y= C1 sinx- C2 cosx 

(B) y= C1 cosx- C2 sinx 

(C) y = 0 1 cosx+ C2 sinx 

(D) y= e-x(C1 cosx+ C2 sinx) 

5. What is the complementary solution to the following 
differential equation? 

25 
y 11 -4y'+-y= I0cos8x 

4 

(A) y = 2C1x+ C2x- C3x 

(B) C 2x +· C l.5x y = le 2e 

(C) y = C1e2
x cos l.5x+ C2e2x sin l.5x 

(D) y= C1extanx+C2excotx 

6. What is the general solution to the following differen­
tial equation? 

y" + y' + y = 0 

( ) -2x( C 3 C . 3 ) D y = e l coszx+ 2Slll2X 
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8-2 F E E L E C T R I CA L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

7. What is the solution to the following differential 
equation if x= 1 at t= 0, and dx/ dt= 0 at t= O? 

1 d2x dx 
-- + 4-+8x= 5 
2 dt2 dt 

(A) x = e- 4t + 4te-41 

(B) x= fe- 21(cos2t+ sin2t) + % 

(C) x = e-4t + 4te-4t + l 
8 

(D) x = :!.e-4t + 1te- 4t + l 
8 2 8 

8, In the following differential equation with the initial 
condition x(O) = 12, what is the value of x(2)? 

(A) 3.4 x 10- 3 

(B) 4.0 x 10-3 

(C) 5.1 x 10- 3 

(D) 6.2 x 10-3 

dx 
-+4x= 0 
dt 

9. What are the three general Fourier coefficients for 
the sawtooth wave shown? 

f(t) ~ 

1 ~.c:::::::1~ 
1 2 t 

(A) 
. -1 

ao = 0, an = 0, bn = -
1rn 

(B) 
1 -1 

ao = - , an = 0, bn = -
2 1rn 

(C) 

(D) 

10, The values of an unknown function follow a Fibo­
nacci number sequence. It is known that f(l) = 4 
andf(2) = 1.3. What isf(4) ? 

(A) -4.1 

(B) 0.33 

(C) 2.7 

(D) 6.6 
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11. A tank with a cross-sectional area of 12 m2 and a 
height of 10 m is filled with oil at a rate of 2.2 m3 /min. 
The density of the oil is 847 kg/r:µ 3• The oil leaks out of 
the tank from an open tap at the bottom of the tank. 
The leak rate is 0.11 t m3 /min, where t is the time in 
elapsed minutes. Most nearly, what is the level of oil in 
the tank after the tank has been filled for 6 hr? 

(A) 5.2 m 

(B) 6.6 m 

(C) 7.1 m 

(D) 9.4 m 
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D I F F E R E N T I A L E Q U A T I O N S 8-3 

SOLUTIONS Since a2 < 4b, the form of the equation is 

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

G -5x y= e 

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 

12 
y(k) = 1- -

k 

Substitute this into the difference equation. 

(k+ l)(y(k+ 1)) - k(y(k)) = 1 

(k+ 1)( 1 - k~ l )- k( 1 -
1
:) = 1 

(k+ 1)( k+k~~ 12 )- k( k~ 12 J = l 

k+l-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 

2y 11 -4y' + 4y = 0 

y 11 -2y 1 +2y = 0 

a= -2 
b=2 

y = eax(C1 cos,Bx+ C2sin,Bx) 

-a -2 
a=-=-=1 

2 2 

,B = J 4b- a
2 

2 

J ( 4)(2) - (-2)2 

2 
=1 

y = ex(C1 cosx+ C2 sinx) 

The answer is (D). 

4. The characteristic equation is 

The roots are 

r 2 + 2r+ 2 = 0 
a=2 
b=2 

2 

= (-l+i), (-1-i) 

Since a2 < 4b, the solution is 

y = e"x( C1 cos,Bx+ C2 sin,Bx) 

-a -2 
a=-=-=-1 

2 2 

~ 4b-a2 J (4)(2)-(2)2 

,B= = ----
2 2 

=1 
y = e-x(C1 cosx+ C2 sinx) 

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 

r 2 +ar+b=O 
2 25 

r -4r+- = 0 
4 

So, a=-4, and b=25/4. 
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8-4 F E E L E C T R I C A L A N D C O M P U T E R P A A C T I C E P R O B L E M S 

The roots are 

-a± ~ a2 -4b 

2 

-(-4)± (-4)2-(4)(¥-) 

2 
= 2 ± l.5i 

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

y = e"x(C1 cosf3x+ C2 sinf3x) 

a= 2 
f3 = ± l.5 

The complementary solution is 

y = e2x( C1 cos l.5x+ C2 sin l.5x) 

= C1e
2

x cos l.5x+ C2e2
x sin l.5x 

The answer is (CJ. 

6. This is a second-order, homogeneous, linear differen­
tial equation with a= b = l. This differential equation 
can be solved by the method of undetermined coeffi­
cients with a solution in the form y = Cerx_ The substi­
tution of the solution gives 

(r 2 + ar+ b)Cerx = 0 

Because Cerx can never be zero, the characteristic equa­
tion is 

Because a2 = 1 < 4b = 4, the general solution is in the 
form 

Then, 

a= -a/2 = -1/2 

(4)(1) - (1)2 ./3 
=--

2 2 

Therefore, the general solution is 

The answer is (A). 
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7. Multiplying the equation by 2 gives 

x" +8x' + 16x =· 10 

The characteristic equation is 

r 2 + Br+ 16 = 0 

The roots of the characteristic equation are 

The homogeneous (natural) response is 

A -4t Bt -4t 
Xnatural = e + e 

By inspection, x= 5/8 is a particular solution that solves 
the nonhomogeneous equation, so the total response is 

Since x = 1 at t = 0, 

Differentiating x, 

l=Ae0+~ 
8 

A=! 
8 

x' = !(-4)e-41 + B(-4te-41 + e-41
) + O 

8 

Since x' = 0 at t= 0, 

3 
0= - 2 +B(O+l) 

B=i 
2 

x = !e-4t + !te- 4t + ~ 
8 2 8 

The answer is (DJ. 
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8. This is a first-order, linear, homogeneous differential 
equation with characteristic equation r+ 4 = 0. 

x' +4x = 0 
-4t x = x0e 

x(O) = x
0

e(-4)(0) 

= 12 
Xo = 12 

X = 12e-41 

x(2) = 12e(-4l(2l 

= 12e-8 

= 4.03 X 10-3 (4.0 X 10-3
) 

The answer is (B). 

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

271' 271' 
Wo= - = - = 271' 

T l 

The average is 

T T 11 1 
a0 = (l/T)l f(t)dt= (l/T)l tdt= it2 = --0 

0 0 0 2 
1 

2 

The general a term is 

an= (2/T) for f(t) cos(nw0t)dt 

= 2 fa\ cos(27rnt)dt 

=0 

The general b term is 

bn = (2/T) for f(t)sin(nw 0t)dt 

= 2 fo 1 

tsin(27rnt)dt 

-1 

7l'n 

The answer is (B). 

1 O. The value of a number in a Fibonacci sequence is 
the sum of the previous two numbers in the sequence. 

D I F F E R E N T I A L E Q U A T I O N S 8-5 

Use the second-order difference equation. 

f(k) = f(k-1) + f(k-. 2) 

!(3) = !(2) + f(l) = 1.3 + 4 

= 5.3 
f(4) = f(3) + f(2) = 5.3 + 1.3 

= 6.6 

The answer is (D). 

11. The general equation for the unsteady-state mass 
balance is 

maccumulation = min - mout 

The mass flow rates can be converted to volumetric flow 
rates. 

maccumulation = min - mout 

pQaccumulation = pQin - pQout 

Qaccumulation = Qin - Qout 

The volume of oil accumulating in the tank changes 
with time. 

dV dt = Qin - Qout 

m3 m3 
= 2.2 - -0.llt -

min min 

Since the cross-sectional area is constant, the volume of 
oil accumulating can be expressed in terms of the leak 
rate. 

dh m3 m3 

A-= 2.2 - -0.0llt -
dt min min 

dh 

dt 

3 
2.2 ..E:__ 

min 
A 

m3 
O.Ollt -

min 
A 

3 m3 
2.2 ..E:__ 0.0llt -. 

min mm 

12 m 2 12 m 2 

= 0.1833 m/min - 0.0009167t m/min 
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8-6 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

Integrate both sides with respect to time. 

r\ dh dt = l 6
h(o.1833 ~ - o.0009161t ~)dt 

Jo dt o mm mm 

h = [o.I833t ~ -( 0.0009167,)t2 ~J16h 
mm 2 mm 

0 

= (0.1833 m)(6 h)(6o m~n) 

-[ [ 0 0~9167 )[ (6 bl( 60 mt) n 
= 6.585 m (6.6 m) 

The answer is (BJ. 
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Transforms and Convolution 
Theory 

PRACTICE PROBLEMS ··········· ··· ········· ................ .. ... .......... ............. ........ . 

1. The Fourier transform of an impulse ab( t) of magni­
tude a is equal to 

(A) a 

(B) asint 

(C) aefl"Jt 

(D) 1/ a 

2. The Fourier transform of a discrete-time signal is 

(A) always a periodic function 

(B) a periodic function only if the signal is periodic 

(C) a nonperiodic analog function 

(D) a nonperiodic discrete function 

3. A discrete linear time-invariant system has an 
impulse response given by 

[n 2'. l ] 

[n < 1] 

The difference equation representation for the system is 

(A) y(n) = 0.5x(n-1) 

(B) y( n) = x( n) + 0.5y( n) 

(C) y(n) = x(n-1) + 0.5y(n -1) 

(D) y(n)=0.5x(n)+y(n-1) 

4. A linear time-invariant discrete-time filter has an 
impulse response given by h( n) = (-o.5r. What is the 
filter's steady-state value in response to a unit step? 

(A) 0.00 

(B) 0.67 

(C) 1.0 

(D) 2.0 

5. A digital filter is observed to have the outputs shown 
here in response to a unit impulse, c5( n). 

x(n) = 8(n) ~ y(n) ={0,1,2,3,0,0,0, ... } 

What is the filter's likely response to a unit pulse of 
three samples (e.g., x(n) = {1, 1, 1, 0, 0, 0, ... } )? 

(A) 0, 1, 2, 3, ... 

(B) o, 1, 3, 6, ... 

(C) 1, 1, 1, 0, ... 

(D) 1, 2, 3, 0, ... 

6. If x(n) is a discrete, imaginary, and even function, its 
Fourier transform, X( w), is 

(A) a real and even function 

(B) a real and odd function 

(C) an imaginary and odd function 

(D) an imaginary and even function 

7. The transfer function, H( s), and the input function, 
X(s), for a circuit are 

2 
H(s) = -

s 
3 

X(s) = -­
s+ 5 

Using the convolution property, what is the inverse 
Laplace transform of H(s)X(s) fort> O? 

(A) 1.2(1 - e-5t) 

(B) 6( e51 - e-t) 

(C) 5( e5t _ e-4t) 

(D) 30( e4t - e-t) 

8. Two time-domain functions are 

x( t) = 2 

y(t) = e- t 
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What is the convolution x( t) * y( t) for t > O? 

(A) 1 - e-t 

(B) 2( e-t - 1) 

(C) 2- e-t 

(D) 2(1- e-t) 

9. The convolution of two continuous time-domain 
functions is 

(A) the Fourier transform of the product of the 
functions 

(B) a function representing the overlap of one func­
tion that has been shifted over another 

(C) the integral representing the ratio of the area 
under the functions 

(D) a process used to obtain the product of the real 
roots from functions 

1 O. The function F( z) is a z-transform given by 

z 
F(z) = -­

z-5 

What is the inverse transform of F(z)? 

(A) c5i 

(B) 2k 

(C) 2k 

(D) 5k 

11. Two sequences begin as shown. 

x[n]=3,2,1,0, .. . 

y[n] = 1,2,3,0, .. . 

The convolution sum of the two sequences is v[n]. 

00 

v[n] = x[n] * y[n] = L x[k]y[n- k] 
k=-oo 

~ / l oo x[k]y[n- k] 

What is the value of v[O]? 

(A) o 

(B) 3 

(C) 4 

(D) 5 
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[n 2: OJ 

[n < OJ 

12. A time-domain function is given as 

f(t) = sin3t+ 2e-3 t+4 

What is the Laplace transform for this function? 

(A) 
s+ 3 109.2 
--+--
s2+ 9 s+ 1 

(B) 
3 109.2 

--+--
s2 + 9 s+ 3 

1 55.6 
(C) +--

(s+ 9)2 s+ 3 

1 2 
(D) --+--

s2+9 s+7 

13. An s-domain function is 

F(s) = 4s+ 8 
(s+2)2+9 

What is the time-domain inverse Laplace transform for 
this function? 

(A) e- tcost 

(B) 2e- 4tcos3t 

(C) 4e- 2icos 3t 

(D) 8c 2tcos9t 

14. An s-domain function is 

1 
F(s) ----­

- (s+ l)(s+ 2) 

What is the time-domain inverse Laplace transform for 
this function? 

(A) e-t_ e-2t 

(B) ct- 2e- 2t 

(C) e-t_ te-Zt 

(D) tct - e-2t 

www.EngineeringEBooksPdf.com



TRANSFORMS AND CONVOLUTION THEORY 9-3 

SOLUTIONS 

1. The Fourier transform X of a given signal x ( t) is 
given by 

X(f) = Jx(t)e-j2rrft dt 

Since x( t) = 8( t) = 1 for t = 0 s, and 8( t) = 0 elsewhere, 
then for x( t) = 8( t), X(!) = a. 

The answer is (A). 

2. The Fourier transform of a discrete-time signal is 
always a periodic function. 

The answer is (A). 

3. Leth'( n) = (o.5r. From a table of z-transform pairs, 

h'(z) - --
1
--

- 1 - 0.5z-1 

Using the shift property, since h(n) = h'(n-1), H(z) = 
H'(z)z-1. 

z-I Y(z) 
H(z)- - -

- 1 - 0.5z- 1 - X(z) 

Y(z) - 0.5 Y(z)z- 1 = z-1X(z) 

Take the inverse z-transform of this expression. 

y(n) - 0.5y(n-1) = x(n- 1) 

y(n) = x(n- 1) + 0.5y(n- l) 

The answer is (C). 

4. The filter's z-domain representation as obtained from 
the transform pair table is 

1 
H(z)- ---

- 1 + 0.5z- 1 

If the input is a unit step (i.e., x(n) = u(n)), then 

1 
X(z) = 

1 1- z-

Y(z) = X(z)H(z) 

1 =-------
(1- z-1)(1 + 0.5z- 1) 

Using the final value theorem, 

lim y(n) = lim(l - z-1
) Y(z) 

n---)oo z----.1 

=---
1 + 0.5 

= 0.667 (0.67) 

The answer is (B). 

5. Obtain y( n) by convolution. 

y(n) = x(n) * f(n) 
00 

= L x(k)J(n- k) 
k=-oo 

00 

y(O) = L x(k)f(-k) 
k=-oo 

= x(O)J(O) 

= (1)(0) 

=0 
00 

y(1) = I: x(k)J(1- k) 

00 

k=-oo 

= x(O)J(l) + x(l)J(O) 

= (1)(1) + (1)(0) 

= 1 

y(2) = I: x(k)J(2 - k) 
k=-00 

= x(O)f(2) + x(l)f(l) + x(2)f(O) 

= (1)(2) + (1)(1) + (1)(0) 

=3 
00 

y(3) = I: x(k)J(3 - k) 
k=-oo 

= x(O)J(3) + x(l)f(2) + x(2)J(l) 

= (1)(3) + (1)(2) + (1)(1) 

=6 

The answer is (B). 
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6. The Fourier transform of a discrete signal x(n) is 
given by 

X(w) = I:x(n)e-j.ln 

= I:x(n)(coswn+ j sinwn) 

= I:x(n) coswn+ iLx(n) sinwn 

In the second term, x( n) is an even function and sin wn 
is an odd function, so the entire term is equal to zero, 
and 

X(w) = I:x(n)coswn+O 

= I:x(n)coswn 

The function x(n) is imaginary, so X(w) is an imaginary 
function. The functions x( n) and cos wn are both even, 
so X( w) is an even function. 

The answer is (D). 

7. The inverse Laplace transforms of the functions H(s) 
and X(s) are 

.c-1(H(s)) = h(t) = .c-1
( ~ J = 2 

.c-1(X(s)) = x(t) = .c-1
(-

3-J = 3e-5
t 

s+5 

The inverse Laplace transform of the product of two 
functions in the Laplace domain is the convolution of 
the time-domain functions. 

v(t) = h(t) * x(t) = .c-1(H(s)X(s)) 

= fo 00 

x(t- r)h(r) dr 

= fat 3e-5(t- r)2 dr 

= 6e- 5t fot e5t dr 

_ 6 -5t( st l) - 5e e -

= 1.2(1 - e-51
) 

The answer is (A). 
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8. The convolution integral is 

v(t) = x(t) * y(t) = fo 00 

x(t- r)y(r) dr 

= fo
1
2e-r dr 

= 2(e-T -1) 

The answer is (B). 

9. The convolution integral is 

v(t) = x(t) * y(t) = fo 00 

x(t- r)y(r) dr 

A convolution integral can be visualized as the amount 
of overlap of one function, x( t) , as it is shifted by time r 
over another function, y( t) . 

The answer is (B). 

10. From a table of z-transforms and their inverses, the 
inverse transform is 

With /3 equal to 5, this is 

F-l(F(z)) = p-l(_z_) = 5k 
z-5 

The answer is (D). 

11. At n= 0, the values of x[k] and y[O - k] for k= -3 
through 3 are 

x[k] = ... o,o,o,3,2,1,0, .. . 

y[O-k)= ... 0,3,2,1 , 0, 0, 0, .. . 

The overlap of the input x[ k] and the shifted signal 
y[ n - k] occurs at k = 0 with the values of x[ k] = 3 and 
y[n- kj = 1. Their product is (3)(1) = 3. At all other val­
ues of k, either x[k] or y[n- k] is zero, so their product is 
also zero. Therefore, at n = 0 the value of v[OJ is 3. 

The answer is (B). 

12. In a table of Laplace transform pairs, find expres­
sions that are equivalent to the terms in the function. 

The first term, sin 3t, is equivalent to the expression e-«t 
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sin /3t with a= 0 and /3 = 3. Use the Laplace transform 
pair that includes this expression to find the Laplace 
transform for the first term. 

-at · /3t /3 esm F' 
2 2 (s+a) +/3 

Ot . 3 3 e ·sm t F' ------
( s + 0)2 + (3)2 

. 3 3 sm t F' -
2
--

s +9 

The second term can be divided by 2 e4 to give the 
expression e-at with a= 3. Use the Laplace transform 
pair that includes this expression to find the Laplace 
transform for the second term. The factor 2e4 is approxi­
mately 109.2. 

-at 1 e :;=='c--
s+a 

- 1 e 3t F' __ 

s+3 

2e4( e-3t) F' 2e 4
(-

1
-) 

s+3 

2e-3t+4 F' 109.2 
s+3 

Add the Laplace transforms of the individual terms to 
get the Laplace transform of the entire function. 

F(s) = _3_+ 109.2 
s2+9 s+3 

The answer is (8). 

13. The inverse Laplace transform can be derived using 
the Laplace transform pair for e-at cos /3t with a = 2 and 
,8=3. 

s+ a -at /3 
---

2
--

2 
F' e cos t 

(s+a) +/3 

s+2 -2t 3t - ----- :;=='c e cos 
(s+ 2)2 + (3)2 

4s+ 8 -2t F(s) = F' f(t) = 4e cos3t 
(s+2)2 +9 

The answer is (C). 

14. The function F(s) can be decomposed into partial 
fractions that have known transform pairs. The 
unknown numerators of the partial fractions are repre­
sented by A and B. 

1 A B 
F(s)- =--+--

(s+ l)(s+ 2) s+ 1 s+ 2 

A(s+ 2) B(s+ 1) 
----- +-----
(s+ l)(s+ 2) (s+ l)(s+ 2) 

As+Bs+2A+B 
(s+ l)(s+ 2) 

Because As+ Es+ 2A + B must equal 1, the two s­
terms must cancel (that is, A+ B must equal 0) and 2A 
+ B must equal 1. Solving the simultaneous equations 
A+B=O and 2A+B=l gives A=l and B=-1, so 
the function can be expressed as 

1 -1 
F(s)=--+--

s+ 1 s+ 2 

The inverse Laplace transform can be found using the 
Laplace transform pair for 1/(s + a), with a= 1 for the 
first term and a = 2 for the second term. 

1 -at --:;=='ce 
s+a 

F( ) 1 1 !( ) -t -2t s=-----:;=='c t=e -e 
s+l s+2 

The answer is (A). 
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' Numbering Systems 

PRACTICE PROBLEMS 

1. What is the 4-bit binary equivalent of the decimal 
number 13? 

(A) 0111 

(B) 1011 

(C) 1101 

(D) 1110 

2. Various base-b numbers of the form Nb are combined 
in an expression. 

(1101)2 - (A) 16 + (34)8 + (17)10 

(22h 

What is the binary equivalent of the evaluated 
expression? 

(A) (110)2 

(B) (1000h 

(C) (10100)2 

(D) (110010)2 

3. What is (101010111010)2 in decimal form? 

(A) 1373 

(B) 2738 

(C) 2746 

(D) 5492 

4. Most nearly, what is the decimal difference between 
(700)16 and (700)8? 

(A) 0 

(B) 60 

(C) 1300 

(D) 5600 

5. Most nearly, what is the decimal equivalent of the 
number (3620)7? 

(A) 200 

(B) 1300 

(C) 3600 

(D) 9400 

6. What is (352)6 in decimal form? 

(A) 100 

(B) 140 

(C) 180 

(D) 350 
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SOLUTIONS 

1. The decimal (base-10) number 13 is the sum of 8, 4, 
and l. 

1310 = (1)(2)3 + (1)(2)2 + (0)(2) 1 + (1)(2)0 = (1101)z 

The binary equivalent is 1101. 

The answer is (C). 

2. Find the decimal (base-10) equivalents of all terms in 
other bases. In the equation for the decimal equivalent 
of a base-r number, the second term, I.a;r-i, is used for 
digits to the right of a decimal point; this term is not 
applicable to any of the numbers in the given 
expression. 

n m 

D = ~ akrk -t- L a;r-i 

k=O i=l 

(1101)2 = (1)(2)0 + (0)(2)1 + (1)(2)2 + (1)(2)3 = 13 

(A) 16 = (10)(16)0 = 10 

(34)s = (4)(8)0 + (3)(8)1 = 28 

(22)3 = (2)(3)0 + (2)(3)1 = 8 

Replace the terms with their decimal equivalents and 
evaluate the expression. 

(1101h - (A)16 + (34)s + (17)i0 

(22)3 

Convert the result to binary. 

13- 10 + 28 + 17 

8 

=6 

(6)10 = (1)(2)2 + (1)(2)1 + (0)(2)0 = (110)2 

The answer is (A). 

3. Use the equation for the decimal equivalent of a 
binary number. Multiply each digit in the binary num­
ber by its positional value and add the products. 

D = ak2k + ak_ 12k-l + ··· + a0+ a_12- 1 + ··· 
(101010111010h = (1)(2)11 + (0)(2)10 + (1)(2)9 + (0)(2)8 

+(1)(2)7 + (0)(2)6 + (1)(2)5 + (1)(2) 4 

+(1)(2)3 + (0)(2)2 + (1)(2)1 + (0)(2)0 

= 2746 

The decimal equivalent is 27 46. 

The answer is (C). 
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4. Convert (700) 16 and (700)s to decimal (base-10) 
form. 

n 1n 

D = L:>krk+ La;r-i 
k=O i=l 

(700)16 = (0)(16)0 + (0)(16)1 + (7)(16)2 

= 1792 

(700)8 = (0) (8)0 + (0) (8)1 + (7) (8)2 

= 448 

Find the decimal difference between (700) 16 and (700)8. 

(700)16 - (700)s = 1792 - 448 

= 1344 (1300) 

The answer is (C). 

5. Use the formula for the decimal (base-10) equivalent 
of a base-r number. 

n m 

D = ~akrk+ I:a;r- i 
k=O i=l 

(3620h = (0)(7)0 + (2)(7)1 + (6)(7)2 + (3)(7)3 

= 1337 (1300) 

The answer is (BJ. 

6. Use the formula for the decimal (base-10) equivalent 
of a base-rnumber. 

n m 

D = I:akrk+ I:a;r - i 
k=O i=l 

(352)6 = (2)(6)0 + (5)(6)1 + (3)(6)2 

= 140 

The answer is (BJ. 
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Boolean Algebra 

PRACTICE PROBLEMS 
... ··· ···- ·· ·· ········ 

(Note: Similar problems are compiled in Chap. 37.) 

1. A Boolean function of three variables is defined by 

F = A + ( B · C) · C 

What is an equivalent expression for this function? 

(A) A+B+C 

(B) if.lf.c 

(C) A+ (B· C) + C 

(D) (A· B· C) + C 

2. A Boolean function of three variables is defined by 

F = (A + C) · (A· B) 

What is an equivalent expression for this function? 

(A) (A· C) + A + If 

(B) (A- C) + (B· C) 

(C) B+ (A· C) 

(D) A. B· C 

3. A Boolean function of five variables is defined by 

F =(A· B) + (B+ C) +((A· D· E) + B) 

+ ( A · If) + ( ( A · D · E) + ( B · C)) 

What is an equivalent expression for this function? 

(A) A+B+C+(A · D·E) 

(B) A + ( B · C) + ( A · D · E) 

(C) A + C + (If· D · E) 

(D) B+ C+ (D· E) 

4. A Boolean function of three variables is defined by 

F=AE9B+C+B 

What is an equivalent expression for this function? 

(A) (A· B) + B+ C 

(B) (A - If)+ B+ C 

(C) A +B+ C 

(D) A+ C 

5. A Boolean function of two variables is defined by 

F= A · (A+ B) 

What is an equivalent expression for this function? 

(A) A 

(B) A 

(C) A· B 

(D) A E9 B 
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SOLUTIONS 

1. Use De Morgan's first and second theorems. 

F =A+ (B · C) · C 

=A· (B· C) · C 

= A- (B + C). C 

Use the distributive and associative laws. 

F = A · (B + C) · C 

= A · ( ( B · C) + ( C · C)) 

= A · ( ( B · C) + o) 

=A·B·C 

The answer is (8). 

2. Use De Morgan's first and second theorems. 

F = (A + C) · (A· B) 

=(A+ C)+(A-B) 

= (A· C)+(X +ff) 

= (A· C)+A +ff 

The answer is (A). 

3. Use the associative and commutative laws to restate 
the function as the sum of products and bring together 
related terms. The sum of a Boolean expression and 
itself is equal to itself ( that is, A + A = A). 

F = (A- B) + (B+ C) +((A· D· E) + B) 

+(A· B) +((A· D· E) + (B· C)) 

=(A· B) + B+ C+ (A· D- E) + B 

+(A- B) +(A· D- E) + (B· C) 

=(A· B) +(A· B) + B+ (B· C) 

+C+(A·D·E) 

Use the distributive law to simplify the expression. 

PPI • ppi2pass.eom 
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The sum of a Boolean expression and one is equal to 
one ( A + 1 = 1); the product of a Boolean expression 
and one is equal to itself (A· 1 = A). 

F =(A· B) +(A· B) + B+ (B· C) + C+ (A· D· E) 

= ( A · ( B + B)) + B + ( B . C) + C + ( A · D · E) 

= (A-1) + B+ (B · C) + C+ (A· D· E) 

=A+ B+ (B· C) + C+ (A· D· E) 

= A + B + ( B. C) + ( 1 · C) + ( A · D · E) 

= A + B + ( ( B + 1) · C) + ( A · D · E) 

=A+ B+ (l · C) +(A· D- E) 

= A + B + C + ( A · D · E) 

The answer is (A). 

4. The EXCLUSIVE-OR or XOR operator is EB. The 
expression A EB Bis defined as equivalent to 

A EBB= (A· B) +(A· B) 

Use De Morgan's first and second theorems and the dis­
tributive law to evaluate the negated expression A EB B. 

A EBB= (A· B) + (A · B) 

= ( A · B) · ( A · B) 

= (A+ B) . ( A + B) 

=((A+ B) ·A)+ ((A+ B). B) 

=(A·A)+(B·A)+(A·B)+(B·B) 

= o + ( B · A) + ( A · B) + o 
= (A·B)+(A·B) 

Use the associative and distributive laws to simplify the 
original function. 

F=AEBB+C+B 

=(A· B) +(A. B) + C+ B 

= (A·B)+B+(A·B)+ C 

= (A· B) + (1 · B) + (A· B) + C 

= ( ( A + 1) · B) + ( A · B) + C 

= (1 · B) +(A· B) + C 

= B+(A·B)+ C 

= (A·B)+B+ C 

The answer is (B). 
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5. Use the distributive law. 

F =A · (A+ B) 

The answer is (C). 

= (A·A)+(A · B) 

= 0+ (A· B) 

= A-B 

B O O L E A N A L G E B A A 11-3 
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Probability and Statistics 

PRACTICE PROBLEMS 

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 

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 
80? 

(A) 0.1 

(B) 0.5 

(C) 0.6 

(D) 0.7 

8. Measurements of the water content of soil from a bor­
row site are normally distributed with a mean of 14.2% 
and a standard deviation of 2.3%. What is the 
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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 

1 O. Which of the following statements about probabil­
ity 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 Bare 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). 

11. 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 uti­
lization for the system. At a 95% confidence level, the 
confidence interval is found to be 37.2% ± 3.4%. 
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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 
37.2% ± 3.4%. 

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

13. What is the approximate probability of exactly two 
people in a group of seven having a birthday on 
April 15? 

(A) 1.2 X 10-lB 

(B) 2.4 X 10-l? 

(C) 7.4 X 10-6 

(D) 1.6 X 10- 4 

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, 3.8 

(C) 75.7, 2.7 

(D) 75.7, 3.8 

15. Four fair coins are tossed at once. What is the prob­
ability of obtaining three heads and one tail? 

(A) 1/4 (0.25) 

(B) 3/8 (0.375) 

(C) 1/2 (0.50) 

(D) 3/4 (0.75) 

16. A manufactured product consists of two parts, A 
and B, placed end-to-end. The lengths of the parts are 
normally distributed, with the means and standard 
deviations shown. 
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part A 

part B 

mean length 
(cm) 

2.65 

1.45 

standard deviation 
(cm) 

0.12 

0.38 

Most nearly, what is the probability that the combined 
length of the two parts is greater than 4.35 cm? 

(A) 0.20 

(B) 0.26 

(C) 0.55 

(D) 0.90 

17. When introduced, toothpaste brand A took 60% of 
the market in the first month, the remaining 40% being 
shared among various competitors. 75% of the people 
who buy brand A in any given month repeat in the fol­
lowing month. 45% of the customers who purchase a 
competing brand in any given month switch to brand A 
in the following month. No brand-switching occurs dur­
ing the month; all switching occurs at month-end. Most 
nearly, what is the expected market share of brand A at 
the end of the third month? 

(A) 43% 

(B) 51% 

(C) 56% 

(D) 64% 

18. A student's grade in a class is equal to the mean of 
the student's scores on four homework assignments and 
a final exam. The final exam is four times as important 
as each of the homework assignments. The student 
achieves a score of 68 on the final exam, and scores of 
75, 85, 80, and 73 on the homework assignments. What 
is the student's final score in the class? 

(A) 65 

(B) 68 

(C) 73 

(D) 76 

19. A data set contains 10 measurements: 1.20 occurs 
twice, 1.21 occurs once, 1.22 occurs five times, and 1.30 
occurs twice. What is the mode of the data set? 

(A) 1.20 

(B) 1.21 

(C) 1.22 

(D) 1.23 

PROBABILITY AND STATISTICS 12-3 

20. An engineer builds a simulation model of a small 
factory, runs an experiment with the model using 
15 replicates , and determines, at a 90% confidence 
level, that the mean time an entity spends in the sys­
tem is 24-28 min. Based on this information, which of 
the following is a reasonable assumption about the 
entity time-in-system? 

(A) The population mean time-in-system must be in 
the interval of 24-28 min. 

(B) 

(C) 

The largest mean time-in-system for any one of 
the 15 replicates is 28 min. 

If the engineer were to run a 16th replicate, the 
mean time-in-system for that replicate would be 
in the interval of 24- 28 min. 

(D) The probability that the population mean time­
in-system is greater than 28 min can be esti­
mated as 5%. 

21. An engineer is testing the shear strength of spot 
welds used on a construction site. The engineer's null 
hypothesis, at a 5% level of significance, is that the 
mean shear strength of spot welds is at least 3.1 MPa. 
The engineer randomly selects 15 welds and measures 
the shear strength of each weld. The engineer finds the 
sample mean shear strength is 3.07 MPa with a sample 
standard deviation of 0.069 MPa. Which of the following 
statements is true? 

(A) The null hypothesis should not be rejected. 

(B) The null hypothesis should be rejected. 

(C) The alternative hypothesis should be rejected. 

(D) The null and alternative hypotheses are equally 
likely. 

22. Least-squares linear regression is used to find a 
straight-line correlation of the form y = a+ bx between 
compressive strength, x, and intrinsic permeability, y, of 
various concrete curing rates. Summary quantities are 

n = 14 

LY;= 572 

LYl = 23,530 

Lx; = 43 

I: x? = 1s1.42 

L X;Yi = 1697.80 
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The observed actual value of permeability at x = 3. 7 is 
y= 46.1. Most nearly, what is the absolute value of the 
corresponding residual? 

(A) 1.9 

(B) 2. 7 

(C) 3.5 

(D) 6.7 

23. A given thermometer always measures temperature 
as being 2.5°C higher than the actual temperature. The 
thermometer is used to measure a water sample and 
finds the temperature is 25°C. The random error of the 
measurement is known to be zero. Most nearly, what is 
the true temperature of the sample? 

(A) 23°C 

(B) 25°C 

(C) 28°C 

(D) 30°C 

24. A 1 L water sample has a known sulfate concentra­
tion of 225 mg/L. The sample is separated into ten ali­
quots, and each is tested separately for sulfate 
concentration, producing the test results shown. 

concentration 
aliquot (mg/L) 

1 221 
2 229 
3 221 
4 227 
5 226 
6 223 
7 228 
8 223 
9 222 
10 229 

Most nearly, what is the random error associated with 
the laboratory measurements? 

(A) 3.0 mg/L 

(B) 5.0 mg/L 

(C) 10 mg/L 

(D) 25 mg/L 
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25. A linear model of the form y = (a+ bx;) has 

parameters a= 1.24 and b = 15.35. The observed 
dependent variable, y, has a value of 156.21 at x= 10. 
Most nearly, what is the model residual at x= 10? 

(A) -1.5 

(B) -1.0 

(C) 1.0 

(D) 1.5 

26. Strength tests of aggregate limestone are carried 
out on three field samples, producing the results shown. 

X y f; 
(lbf/ft2

) (lbf/ft2
) (lbf/ft2) 

27.77 22.65 21.31 
56.35 40.22 42.24 
112.74 84.23 83.55 

90 

80 
y = 0.7325x + 0.9655 

R2 = 0.9968 
:;::- 70 
.c 

60 
Ill 
Ill 50 
~ 
ti 40 ... 
ca 

30 Q) 
..c. 
Ill 

20 

10 

20 40 60 80 100 120 

normal stress (lbf) 

The linear model of the relationship is found to be 
y = 0.7325x+ 0.9655 . Most nearly, what is the mean of 
the residuals? 

(A) -2.02 

(B) 0.00 

(C) 0.01 

(D) 0.68 
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SOLUTIONS 

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

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

P(l) = 1- P(not 1) = 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 per­
son can be born on any other of the 364 days.) The prob­
ability that the second person is born on any other day 
is 

1 364 
P(2) = 1 - P(not 2) = 1 - - = -

365 365 

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 

2 363 
P(3) = 1 - P(not 3) = 1 - - = -

365 365 

This logic continues to the seventh person. The proba­
bility that all seven conditions are simultaneously satis­
fied is 

P(7 distinct birthdays) 

= P(l) x P(2) x P(3) x P(4) x P(5) 

xP(6) x P(7) 

= ( ::: )( ::: )( ::: )( ::! )( ::~) 
X ( 360 ) ( 359 ) 

365 365 

= 0.9438 (0.94) 

The answer is (D). 

2. The mean is 

n 

x = (l/n) L Xi 
i =l 

l [3 + 4 + 4 + 5 l = - +8 + 8 + 8 + 10 
( 12 ) + 11 + 15 + 18 + 20 

= 9.5 

The answer is (B). 

P A O B A B I L I T Y A N D ST A T I S T I C S 12-5 

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

a= ~ (l/N)L,(X; - µ) 2 ~ ~ (l/N)L,(X;-X) 2 

( %) 

= 3.34 

(2 - 7.25)2 + (3 - 7.25)2 

+ (5 - 7.25)2 + (8 - 7.25)2 

+ (8 - 7.25)2 + (10 - 7.25)2 

+ (10 - 7.25)2 + (12 - 7.25)2 

(3.3) 

The answer is (C). 

4. The sample standard deviation is 

n 

s = [l/(n- 1)] L,(X; - X) 2 

i = 1 

(10 - 13)2 + (12 - 13)2 

(-
1
-) +(13 - 13)2 + (14 - 13)2 

6-1 
+(14 - 13)2 + (15 - 13)2 

= 1.79 (1.8) 

The answer is (D). 

5. The variance is the square of the standard deviation. 

a
2 = (10.4)2 = 108 (110) 

The answer is (C). 

6. The sample variance is the square of the sample 
standard deviation. 

s2 = ( 4.2)2 = 17.64 (18) 

The answer is (B). 

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

P(A) = P(ball is odd) = ~ = 0.5 
100 

20 
P(B) = P(ball > 80) = - = 0.2 

100 
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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). 

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

x- µ 16% - 14.2% 
Zwr, = -- = - - ---

0 a 2.3% 

= 0. 78 (use 0.80] 

z _ x- µ _ 12% - 14.2% 
12% - a - 2.3% 

= -0.96 [use -1.00] 

Use the unit normal distribution table. The probabil­
ities being sought can be found from the values of R( x) 
for both standard normal values. R(0.80) = 0.2119 and 
R(l.00) = 0.1587. The probability that the sample will 
fall outside these values is the sum of the two values. 

P(x< 12% or x> 16%) = 0.2119+0.1587 

= 0.3706 (0.37) 

The answer is (C). 

9. Find the probability of exactly two 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 
outcomes is (2)6 = 64. The total number of possible 
combinations in which exactly two heads are thrown is 

nl 
C(n,r) = · 

r!(n- r)! 

6! 
= - ---

2!(6 - 2)! 

= 15 

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

15 
P(A) = P(2 heads) = 

64 
= 0.234 
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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 

n! 
C(n,r) = '( _ )' r. n r. 

6! 

3!(6 - 3)! 

= 20 

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

20 
P(B) = P(3 heads)= - = 0.313 

64 

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 zero. 

The total probability is 

P(2 heads or 3 heads)= P(A) + P(B) - P(A, B) 

= 0.234 + 0.313 - 0 
= 0.547 (0.55) 

The answer is (8). 

1 O. If events A and Bare mutually exclusive, the proba­
bility 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 Yo- There are two ways to win, and there are four ways 
to lose. The expected value is 

E[X] = kt xJ(xk) = ($10)((2)( i )) + (-$5)((4)( i )) 
= $0.00 

The answer is (A). 

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

The answer is (8). 

13. Use the binomial probability function to calculate 
the probability that two of the seven samples will have 
been born on April 15. x = 2, and the sample size, n, is 7. 
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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," q = 
1 - p, is 364/365. 

Pn(x) = n! pxqn- x 
x!(n- x)! 

[ 
7! )( 1 )

2
( 364 )

7

-

2 

Rr(2
) = 2!(7 - 2)! 365 365 

( 1 )
2

(364)
5 

= (2l) 365 365 

= 1.555 X 10- 4 (1.6 X 10-4
) 

The answer is (D). 

14. The arithmetic mean is 

n 

X = (1/n) L X; 
i= 1 

= ( i- )(71.3 + 74.0 + 74.25 + 78.54 + 80.6) 

= 75. 738 (75. 7) 

The sample standard deviation is 

n 

s= [1/(n-1)]1)Xi-X) 2 

i = 1 

(71.3 - 75.738)2 + (74.0 - 75.738)2 

( 
1 ) + (74.25 - 75.738)2 

5 - 1 + (78.54 - 75. 738)2 

+ (80.6 - 75. 738)2 

= 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 

q = P(not heads) = 1 - 0.5 = 0.5 

n = number of trials = 4 
x = number of successes= 3 

P R O B A 8 I L I T Y A N D S T A T I S T I C S 12-7 

From the binomial function, 

Pn(x) = n! pxqn-x 
x!(n- x)! 

= [ 
4

' )(o.5)3(o.5)4
-

3 

3!(4-3)! 

= 0.25 (1/4) 

The answer is (A). 

16. Find the mean of the combined length (i.e., add the 
mean lengths of each part). 

µL = µ 1 + µ 2 = 2.65 cm+ 1.45 cm= 4.1 cm 

The variance of the combined length is the sum of the 
variances for each part. 

a;ew = al+ a:f = (0.12 cm)2 + (0.38 cm)2 = 0.1588 cm2 

The standard deviation of the combined length is 

aL = ~a;ew = ~ 0.1588 cm2 = 0.398 cm 

For P(L > 4.35 cm), the standard normal value is 

z = L- µ = 4.35 cm - 4.1 cm = 0.627 
a 0.398 cm 

Interpolating from the unit normal table, the probabil­
ity R(0.627) of the combined length being greater than 
4.35 cm is approximately 0.26. 

The answer is (B). 

17. Draw a decision tree, and use exhaustive enumera­
tion. The decision tree diagram is 

month: 
2 3 

0.55 

expected value of each path, 
P1P2P3 

(0.6)(0. 75)(0. 75) = 0.3375 

(0.6)(0.25)(0.45) = 0.0675 

(0.4)(0.45)(0.75) = 0.1350 

(0.4)(0.55)(0.45) = 0.0990 
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The black nodes represent the expected proportion of 
people who use brand A at the end of the third month. 
At that time, the market share of brand A is 

E{A} = LP{A} = 0.3375 + 0.0675 + 0.1350 + 0.0990 

= 0.639 (64%) 

The answer is (D). 

18. The final exam score is more significant than any 
one of the homework assignment scores. Calculate a 
weighted arithmetic mean. 

(75)(1) + (85)(1) + (80)(1) 

X = LW;X; = __ +_(7_3)_(1_) _+_(6_8_)(4_)_ 

w L W; 1 + 1 + 1 + 1 + 4 

= 73 

The answer is (C). 

19. The mode is the value that occurs most frequently. 
1.22 occurs more times than any other value, so that is 
the mode. 

The answer is (C). 

20. A 90% confidence interval for the mean entity time­
in-system means there is a 90% chance that the popula­
tion (or true) mean time-in-system lies within the given 
interval. Therefore, option A is incorrect. Further, such 
a confidence interval says nothing either about the indi­
vidual data values that were used to construct the inter­
val or about future individual experimental values. 
Therefore, options B and C are incorrect. Because a rep­
licate approach is used in the experiment, the central 
limit theorem applies, and it can be assumed that the 
collected data follow a normal distribution. Since the 
data are normally distributed, it is reasonable to assume 
that the 10% error (100% - 90%) is equally distributed 
above and below the confidence interval. 

The answer is (D). 

21. Since the sample mean and sample standard devia­
tion are used as estimates of the population parameters, 
use at-test. The null hypothesis is that 

µ 2:: 3.1 MPa 

The null hypothesis should be rejected when lo > ta,n- 1 

(i.e., when the calculated (absolute) value of t for the 
null hypothesis is greater than or equal to the value of t 
as found in the t-distribution table). From the t-distribu­
tion table, for a 5% significance and n - l = 15 - 1 = 14 
degrees of freedom, the value of tis 1. 761. 
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The actual value of tis 

X - µ 3.07 MPa- 3.1 MPa 
t = s = 0.069 MPa 

,.Jn ~ 

= -1.684 

Since l-1.6841 < Jl.761, the null hypothesis should not 
be rejected. 

The answer is (A). 

22. Least-squares linear regression produces a straight­
line correlation equation. The least-squares estimates of 
the slope and intercept are 

b= 

_t Y;X; - ( ~ )[.t Y;)[.t X;) 
l =l i = l l=l 

n 2 ( 1 ) [ n ]

2 

LX; - - LX; 
i =I n i=l 

1697. 80 - _( 5_72_) (_43_) 
14 = ---------

(43)2 
157.42- --

14 
= -2.33 

a=_!_ t y _ b t X = 572 _ (-2.33)(43) 
ni = I' ni=l' 14 14 

= 48.01 

The equation of the correlation is 

y = a+ bx= 48.01- 2.33x 

The estimated value at x = 3.7 is 

y = a+ b X = 48.01- (2.33)(3. 7) = 39.39 

The residual value is 

Yactual- Y = 46.1-39.39 = 6.71 (6.7) 

The answer is (D). 

23. Use the equation for measurement error, and solve 
for the true measurement. 

X = Xtrue + Xbias + Xrc 

Xtrue = X- Xbias - Xre 

The answer is (A). 

= 25°C - 2.5°C - 0°c 
= 22.5°C (23°C) 
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24. Find the mean value of the aliquot testing results. 

221 mg + 229 mg + 221 mg + 227 mg 
L L L L 

+226 mg+ 223 mg+ 228 mg 
L L L 

+223 mg + 222 mg+ 229 mg 
L L L 

µ= 
10 

= 224.9 mg/L 

The random error is 

1 

10 

( 221 ~g _ 224.9 ~gr 

( 
mg mg)

2 

+ 229 T - 224.9 T 

( 
mg mg )

2 

+ 221 T - 224.9 T 

( 
mg mg )

2 

+ 227 T-224.9 T 

( 
mg mg)

2 

+ 226 T - 224.9 1 

( 
mg mg)

2 

+ 223T-224.9 1 

( 
mg mg)

2 

+ 228 1 -224.9 1 

( 
mg mg)

2 

+ 223 1 -224.9 1 

+( 221 ~g _ 224.9 ~gr 

+( 229 ~g _ 224.9 ~gr 

= 3.1 mg/L (3.0 mg/L) 

The answer is (A). 

25. From the equation for the residual, 

e; = Yi - Y = Yi - (a+ b xi) 

= 156.21 - ( 1.24 + (15.35) (10)) 

= 1.47 (1.5) 

The answer is (D). 

PROB AB I LIT Y AND ST AT IS TICS 12-9 

26. From the equation for the residual, 

e; = Y; - fl 
lbf lbf 2 

e1 = 22.65 -
2 

- 21.31 -
2 

= 1.34 lbf/ft 
ft ft 
lbf lbf 2 

e2 = 40.22 -
2 

- 42.24 -
2 

= -2.02 lbf/ft 
ft ft 

e3 = 84.23 lb; - 83.55 lb; = 0.68 lbf/ft 2 

ft ft 

_!_ £ e; = 1.34 - 2.02 + 0.68 = O.OO 

N i=I 3 

The answer is (B). 
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Discrete Mathematics 

1. Set A and set B are subsets of the universal set U. 
The values within each set are shown. 

A= {4, 7, 9} 

B = { 4, 5, 9, 10} 

U = { 4, 5, 6, 7, 8, 9, 10} 

What is the union of the complement of set A with set 
B,AUB? 

(A) {4,5,6,7,8,9,10} 

(B) {4,5,7,9,10} 

(C) {4,5,6,8,9,10} 

(D) {5, 10} 

2. Set A consists of elements { 1, 3, 6}, and set B consists 
of elements {1, 2, 6, 7}. Both sets come from the univer­
sal set of {1, 2, 3, 4, 5, 6, 7, 8}. What is the intersection 
of the complement of set A with set B, An B? 

(A) {2, 7} 

(B) {2, 3, 7} 

(C) {2,4,5,7,8} 

(D) {4,5,8} 

3. The output, y[k], of the second-order difference equa­
tion shown is represented as an alternating stream of 
ones and zeros. The input function, x[k], is zero for all 
values of k. 

y[k] + a 1y[k- 1] + a2y[k- 2] = x[k] 

tki l ~ I ~ I~ I~ Ii I~ I~ I~ I~ I~ 
What are the values of a1 and a2? 

(A) a1=0,az=-1 

(B) a1 = 0, az = 0 

(C) a1=l,az=-l 

(D) a1 = 1, az = 0 

4. A universal set, U, contains the elements a, b, c, d, e, 

f g h ,; J. k l m and n. Sets A and B are subsets of U. 
' ' '"' ' ' ' ' Set A contains a, b, c, d, e, and J, and set B contains e, J, 

g, h, i, and j. 

What set is denoted by (Au B) n (An B)? 

(A) {e,f,g,h,i,j} 

(B) {a, b, c, d, k, l, m, n} 

(C) {a, b, c, d, g, h, i,j} 

(D) { e, f, k, l, m, n} 

5. In each of the four illustrations shown, the shaded 
portion represents the result of an operation performed 
on two sets, A and B, within a universal set, U. 

In order from 1 to 4, the four illustrations represent 

(A) U, A u.B, 0, and AnB 

(B) A u B, A n ff, U, and A n B 

(C) U,An.B,0,andAU.B 

(D) A UB, AUE, U, and AUE 
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6. Which of these four equations in set theory is 
FALSE? 

(A) (AUA) = 0 

(B) AnB = A nB 

(C) Au(BnC) = (AuB)n(AuC) 

(D) (An B) n C = An (B n C) 

7. In the Venn diagram shown, the universal set, U, rep­
resents the general population. Set A represents people 
born in leap years , set B represents people with pet 
snakes, and set Crepresents people who have red hair. 

C 
red hair 

B 
pet 

snakes 

Which group of people within the general population is 
represented by the expression A n ( ( B n C) U ( B n A))? 

(A) everyone born in a leap year who has a pet 
snake or red hair, but not both 

(B) everyone born in a leap year except those who 
have both a pet snake and red hair 

(C) everyone who has red hair or a pet snake 

(D) everyone who doesn't have red hair or doesn't 
have a pet snake 

8. A set is defined by the expression 

(An A) u (Bn A) u (A n C) u (Bn C) 

What is an equivalent expression for this set? 

(A) Au (Bn C) 

(B) Au(BUC) 

(C) An(BUC) 

(D) An (Bn C) 
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9. In the Venn diagram shown, the universal set, U, rep­
resents the general population. Set A represents people 
born in leap years, set B represents people with pet 
snakes, and set C represents people who have red hair. 

u 
A 

leap 
years 

C 
red hair 

B 
pet 

snakes 

Which of the following expressions represents the set of 
everyone who either was born in a leap year or has both 
a pet snake and red hair? 

(A) AnBnC 

(B) AUBU C 

(C) An (Bu C) 

(D) Au (B n C) 

10. Among all those who took an examination, set A 
represents people who scored 60% to 70%, set B repre­
sents people who scored 65% to 85%, and set C repre­
sents people who scored 80% to 90%. Which of the 
following expressions represents the set of everyone who 
scored 80% to 85%? 

(A) Au(BnC) 

(B) An(BUC) 

(C) (AuB)nC 

(D) (An B) UC 

11. A universal set, U, contains the elements a, b, c, d, 
e, f , g, h, i, j, k, l, m, and n. Sets A and B are subsets of 
U. Set A contains a, b, c, d, e, and f, and set B contains 
e, f, g, h, i, and j. 

What set is denoted by A U B? 

(A) {a, b, c, d, g, h, i, j} 

(B) { e, f} 

(C) {e,f,k,l,m,n} 

(D) {k, l, m , n} 
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12. In each of the four illustrations shown, the shaded 
portion represents the result of an operation performed 
on two sets, A and B, within a universal set, U. 

2 

Which statement about these illustrations is FALSE? 

(A) Illustration 1 represents (A n li) U B. 

(B) Illustration 2 represents (AU B) n lf. 

(C) Illustration 3 represents AU (An B). 

(D) Illustration 4 represents B n ( A U B). 

13. A loan of $10,000 is made at a 15% effective interest 
per payment period. Each loan payment totals $3000. 
After the first payment is made, what is the outstanding 
balance on the loan? 

(A) $7000 

(B) $8050 

(C) $8500 

(D) $9000 

14. The performance of a recursive filter is described by 
the first-order difference equation. 

y[k ] - h [k- l] = x[k] 

x[k] is given by x[k] = C8(k) where C is an arbitrary 
complex number. The auxiliary or initial condition is 
described byy[-1] = a. 

D I SC A E T E M A T H E M A T I C S 13-3 

What is the value of y[l J? 

(A) ~( C+ ~a) 

(B) 

(C) 

(D) 

1/2 

c+ a 

15. As it pertains to polynomials and difference equa­
tions, what does the term second order indicate? 

(A) a relationship among three consecutive values 

(B) an equation represented by a polynomial whose 
largest exponent is 2 

(C) both (A) and (B) 

(D) neither (A) nor (B) 
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SOLUTIONS 
·························································· ....................... ··················· 

1. The complement of set A contains all of the members 
of set U that are not members of set A: {5, 6, 8, 10} . 

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

.AU B = {5, 6, 8, 10} u {4, 5, 9, 10} 

= {4, 5, 6, 8, 9, 10} 

The answer is (C). 

2. The complement of set A consists of all elements in 
the universal set that are not in set A: {2, 4, 5, 7, 8}. 

The intersection of the complement of set A with set B 
is the set of all elements appearing in both. 

An B = {2, 4, 5, 7, 8} n {1, 2, 6, 7} 

= {2, 7} 

The answer is (A). 

3. Since the value of y[k - 2] is needed from the table 
start with k = 2, making y[k- 2] = y[O], the first entry i~ 
the table. 

Insert the values from the table for k = 2. 

y[2] + a 1y[l] + a 2y[O] = x[2] 
1 + a 1(0) + a 2(1) = 0 

a2 = -1 

Similarly, insert values from the table for k = 3. 

y[3] + a 1y[2] + a 2y[l] = x[3] 
0 + a 1(1) + (-1)(0) = 0 

a 1 = 0 

The answer is (A). 

4. The union of A and B contains every element that is 
in either A or B. 

AU B = {a, b, c, d, e,f, g, h, i,j} 

The intersection of A and B contains every element that 
is in both A and B. 

AnB = {e,f} 

The complement of the intersection of A and B contains 
every element that is in U and is not in A n B. 

An B = { a, b, c, d, g, h, i,j, k, l, m, n} 
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The intersection of A U B and A n B contains every ele­

ment that is in both AU Band An B . 

(Au B) n (An B) = {a, b, c, d, g, h,i,j} 

The answer is (C) . 

5. The shaded portion in illustration 1 shows the union 
of A and B, A u B. This set contains every point that is 
either in A or in B (or both). 

The shaded portion in illustration 2 shows the intersec­
tion of the complements of A and B, An If. This set 
contains every point that is both not in A and not in B. 

The shaded portion in illustration 3 shows the universal 
set, U. This set contains every point. 

The shaded portion in illustration 4 shows the intersec­
tion of A and B, A n B. This set contains every point 
that is both in A and in B. 

The answer is (B ). 

6. Option B is an erroneous version of one of De Mor­
gan's laws. The law correctly stated is An B = Au If. 

Option A follows from the complement laws. The union 
of A and not-A is the universal set, U; the complement 
of Uis the null set. 

Option C follows from the distributive law. 

Option D follows from the associative law. 

The answer is (8). 
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7. Analyze the components of the expression to deter­
mine which areas of the diagram are included. 

u 
A 

leap 
years 

a 

g 

C 
red hair 

C 

8 
pet 

snakes 

h 

En C = {e,f} 

En C = { a, b, c, d, g, h} 

BnA = {a, d} 

(En C) u (.B n A)= { a, b, c, d, g, h} 

An((EnC)u(.BnA))= {a,b,d} 

The set represented by the expression includes a, b, and 
d, so it represents the set of everyone born in a leap year 
except those who have both a pet snake and red hair. 

The answer is (B). 

8. The intersection of a set with itself is the set, so 

An A= A 

All the members of En A and A n C must also be mem­
bers of the set A, so 

A u ( B n A) u ( A n C) = A 

Therefore, 

( A n A) u ( B n A) u ( A n C) u ( B n C) 

= A u (En A) u ( A n C) u ( B n C) 

= Au (En C) 

The answer is (A). 

9. The desired set includes everyone in set A as well as 
everyone who is in both sets B and C. This is expressed 
by 

Au (En C) 

The answer is (D). 

DISC R ET E MATH EM AT IC S 13-5 

10. Au E includes all those who scored 60% to 85%, so 
(AU B) n C includes only those who scored 80% to 
85%. Option C is correct. 

Bn C includes only those who scored 80% to 85%, so 
AU (B n C) includes those who scored 60% to 70% as 
well as those who scored 80% to 85%. Option A is 
wrong. 

EU C includes all those who scored 65% to 90%, so 
An (EU C) includes only those who scored 65% to 70%. 
Option B is wrong. · 

An E includes only those who scored 65% to 70%, so 
(AUE) n C includes those who scored 65% to 70% as 
well as those who scored 80% to 90%. Option D is 
wrong. 

The answer is (C). 

11. The union of A and E is the set of all elements con­
tained in either set. 

AU B = { a, b, c, d, e,f, g, h, i,j} 

The complement of A U E is the set of all elements 
within the universal set U that are not contained in 
AuB. 

A U B = { k, l, m, n} 

The answer is (D). 

12. A U E is the set { a, b, c}, so En ( A U E) is the set 
{b, c}. Option Dis false. 

d 

A n .B is the set {a}, so ( A n .B) u E is the set { a, b, c} . 
Option A is true. 

Au Eis the set {b, c, d}, so (A uB) n .Bis the set {d}. 
Option B is true. 

A n B is the set { b} , so A n E is the set { a, c, d} and 

AU (An E) is the set { a, b, c, d}. Option C is true. 

The answer is (D). 

13. Use the first-order difference equation. The balance 
at the end of period k after making a payment of A is 

PPI • ppi2pass.com. 
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When k = 1, the balance is 

P1 = P0(1 + i) - A 

= ($10,000)(1 + 0.15) - $3000 

= $8500 

The answer is {C). 

14. Rearrange the difference equation. 

Find y[O]. 

y[k] = x[k] + ~y[k-1] 

y[OJ = x[O] + h[0-1] 

= c+.!_a 
2 

Knowing y[O], find y(l]. 

y[l] = x[l] + iy[l - 1] 

= x[l] +h[o] 

= i(C+~a) 

The answer is {A). 

15. The term second order indicates both a polynomial 
of order 2, and, for a difference equation, a relationship 
that is among three consecutive values or points. 

The answer is (CJ. 
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Types of Materials 

PRACTICE PROBLEMS ············ ··· ................................................. ...... , .................................. ............ . 

1. Which of the following is a thermocouple used to 
measure? 

(A) heat of fusion at a junction 

(B) absolute temperature at a junction 

(C) temperature at a junction relative to a reference 
temperature 

(D) potential difference between two junctions 

2. Refer to the phase diagram shown. 

1500 

u 
~ 

~ 1000 
:J ... 
~ 
Q) 

C. 
E 500 
$ 

C 

0. 

40 
60 

(wt%) 

60 
40 

80 
20 

E 

Approximately how much solid ( as a percentage by 
weight) exists when the mixture is 30% a and 70% /3 
and the temperature is 800°C? 

(A) 0% 

(B) 19% 

(C) 30% 

(D) 50% 

3. Which of the following characteristics describes 
martensite? 

I. high ductility 

IL formed by quenching austenite 

III. high hardness 

(A) I only 

(B) I and II 

(C) I and III 

(D) II and III 

4. Which of the following processes can increase the 
deformation resistance of steel? 

I. tempering 

II. hot working 

III. adding alloying elements 

IV. hardening 

(A) I and II 

(B) I and IV 

(C) II and III 

(D) III and IV 

5. What is the hardest form of steel? 

(A) pear lite 

(B) ferrite 

(C) bainite 

(D) martensite 

6. A mixture of ice and water is held at a constant tem­
perature of 0°C. How many degrees of freedom does the 
mixture have? 

(A) -1 

(B) 0 

(C) 1 

(D) 2 
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7. Refer to the phase diagram shown. 

Q) 
I,.. 

.a 
CtJ 
I,.. 
Q) 

C. 
E 
Q) ... 

C 

a 

The liquidus line is 

(A) CDFG 

(B) CDE 

(C) CBFE 

(D) ABDE 

8. Refer to the phase diagram shown. 

e 
::, ... 
CtJ 
I,.. 
Q) 

C. 
E 
.l!l 

C 

a 

E 

E 

The region enclosed by points DEF can be described as a 

(A) mixture of solid f3 component and liquid a 
component 

(B) mixture of solid /3 component and liquid (3 
component 

(C) peritectic composition 

(D) mixture of solid (3 component and a molten mix­
ture of a and (3 components 
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9. Which of the following figures is a cooling curve of a 
pure metal? 

(A) 

(B) 

(C) 

(D) 

Q) 

::i ... 
CtJ 
I,.. 
Q) 
C. 
E 
Q) ... liquid 

Q) 

::i 
«i I 
~ I 
c. I 

.§ liquid: 

Q) 
I,.. 

.a 
~ 
a> I 
c. I 
E 
a> liquid I 
... I 

e ::, I 
~ I 
a> I 
c. I 
E 1. .d I .2l IQUI I 

I 
I 
I 

I 
I 

I 
I 

liquid 
and 
solid 

time 

time 

liquid 
and 

solid 

time 

liquid 
and 
solid 

time 

I 
I 
I 

I 
I 

I 
I 
I 
I 

/ solid 

/ solid 

/ solid 
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1 O. 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 

11. 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) 0.34 V 

(C) 0.44 V 

(D) 0.78 V 

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 

TYPES OF MATERIALS 14-3 

SOLUTIONS ............................... 

1. A thermocouple consists of two wires of dissimilar 
metals that are joined at their two ends. One junction is 
at a standard, known reference temperature; the other 
junction is the point whose temperature is being meas­
ured. The difference in temperature between the two 
junctions creates a voltage as a result of the thermoelec­
tric effect. When this voltage and one of the tempera­
tures are known, the temperature difference can be 
found. 

A thermocouple is not a thermometer, and its output 
represents the ratio of the unknown temperature to the 
known, standard temperature; it does not represent the 
absolute temperature. 

The answer is (C). 

2. Use the phase diagram to find the fraction of solid. 

G 
~ 

~ 
:, ... 
~ 
Ql 
C. 
E 
Ql ... 

1500 

1000 

800 

500 
solidus line I 

I 
I 

a solid + 13 solid I 
I 
I 

57% 70% 83% 
(wt%) 

X- X3 
wt% fraction solid= x 100% 

The answer is (D). 

X4 - X3 

70% - 57% X 100% 
83% - 57% 

= 50% 

3. Martensite is a hard, strong, and brittle material 
formed by rapid cooling of austenite. 

The answer is (D). 

4. Steel's hardness, or resistance to deformation, can be 
increased by surface hardening processes and by some 
alloying metals. However, tempering and hot working 
increase the ductility ( deformation capability) of steel, 
not its hardness. 

The answer is (D). 
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5. Hardness in steel is obtained by rapid quenching. 
Martensite is quenched rapidly, so it has a high hardness 
(and low ductility). 

The answer is (D). 

6. Solid and liquid phases are present"simultaneously, so 
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 becomes 

P + F = C + 1 jconstant temperature 

F=C+l-P 
=1+1-2 
=0 

The answer is (8). 

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 liquid us line is CDE. 

The answer is (8). 

8. The region describes a mixture of solid (3 component 
and a liquid of components 0: and (3. 

The answer is (D). 

9. 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 con­
stant during the phase change. 

The answer is (A). 

1 O. 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). 

11. The oxidation potential of the iron in the steel 
pipe is 0.440 V; the oxidation potential of the cop­
per 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). 
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12. Aluminum is near the bottom of the galvanic scale. 
Only magnesium is lower on the scale, so that magne­
sium is more anodic 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 process, the magnesium 
breaks down (corrodes), resulting in magnesium oxide 
plus free electrons flowing through the electrolyte (sea 
water) to the aluminum. 

The answer is (8). 
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Properties of Materials 

PRACTICE PROBLEMS 

1. A heating element consists of two wires of different 
materials connected in series. At 20°C, the two wires 
have resistances of 600 D and 300 D and average temper­
ature coefficients of 0.001 1/°C and 0.004 1/°C, respec­
tively. What is most nearly the heating element's total 
resistance at 50°C? 

(A) 900 D 

(B) 950 D 

(C) 980 D 

(D) 990 D 

2. A solid, cylindrical, copper conductor has a length of 
1000 m, a resistance of 0.225 D, and a resistivity of 1. 77 
x 10-3 D·m. Most nearly, what is the diameter of the 
conductor? 

(A) 1.0 mm 

(B) 3.0mm 

(C) 5.0 mm 

(D) 10 mm 

3. The resistivity of a copper alloy at 20°C is 
1.42 x 10-s D·m. The thermal coefficient of resistance 
for the alloy is 0.00402 1/°C. Most nearly, what is the 
resistivity of the alloy at 100°C? 

(A) 1.9 x 10-s D·m 

(B) 2.0 x 10-s D·m 

(C) 2.3 x 10-s D·m 

(D) 1.8 x 10 ·5 D-m 

4. A rod-shaped electromagnet contains an iron core 
with a permeability of 86.2 x 10--3 H/m. During oper­
ation, the magnetic field strength along the centerline 
of the electromagnet is uniform at 9. 76 x 10-3 A/m. 

Most nearly, what is the magnetic flux density in the 
iron core? 

(A) 4.2 x 10-4 Wb/m2 

(B) 8.4 x 10-4 Wb/m2 

(C) 1.1 x 10-1 Wb/m2 

(D) 8.8 Wb/m2 

5. A capacitor is constructed from two circular plates 
1 cm in diameter. The plates are parallel and separated 
by 2 mm of a dielectric. The capacitor's capacitance is 
35 pF. Most nearly, what is the permittivity of the 
dielectric? 

(A) 6.5 x 10- 11 F /m 

(B) 8.9 x 10-11 F /m 

(C) 7.0 x 10-10 F /m 

(D) 8.9 x 10-1° F /m 

6. A certain kind of test might result in the stress-strain 
diagram shown. 

(T 

What kind oftest might result from this diagram? 

(A) resilience test 

(B) rotating beam test 

(C) ductility test 

(D) tensile test 

E 
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7, What term is used for the ratio of stress to strain 
below the proportional limit? 

(A) modulus ofrigidity 

(B) Hooke's constant 

(C) Poisson's ratio 

(D) Young's modulus 

8. \Vhat does an impact test measure? 

(A) hardness 

(B) yield strength 

( C) toughness 

(D) creep strength 

9. A stress-strain diagram is shown. 

a 
(MPa) 

500 

400 

0.00075 0.02 
0.0013 

I 
I ------r-----
1 11 
I 11 
I 11 
I I I 
I I I 
I I I 
I / I 
I I I 
I I I 
I / I 
I I I 

0.2 0.25 0.28 e 

} lo~r nearly. what i th p re · nt el ugatiou a1 [ailw·e? 

(A) 14% 

(B) 19% 

(C) 25% 

(D) 28% 
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10. In this illustration, what does the value of 40 MPa 
represent? 

stress 
(MPa) 

40 ----------~-~-~~~~~~-

5 

I. fatigue limit 

II. endurance limit 

III. proportional limit 

IV. yield stress 

(A) I and II 

(B) I and IV 

( C) II and III 

(D) III and IV 

6 logN 

11. If 8 is deformation, and L is the original length of 
the specimen, what is the definition of normal strain, c? 

(A) 
L+8 

E=--
L 

L+8 
E=--

/j 
(B) 

8 
E=--

L+O 
(C) 

8 
€= -

L 
(D) 

12. An electrochemical cell is shown. 

V 

.... = 
~ --

Zn Cu 
plate ptate 

zn+2 
~ 

cu+2 

www.EngineeringEBooksPdf.com



What is the reaction at the anode? 

(A) Cu-+ Cu2+ + 2e-

(B) Cu2+ + 2e- -+ Cu 

(C) Zn-+ Zn2+ + 2e-

(D) Zn2+ + 2e- -+ Zn 

13. Corrosion of iron can be inhibited with a more elec­
tropositive coating, while a less electropositive coating 
tends to accelerate corrosion. Which of these coatings 
will contribute to corrosion of iron products? 

(A) zinc 

(B) gold 

(C) aluminum 

(D) magnesium 

PROPERTIES OF MATERIALS 15-3 

SOLUTIONS .. .. .................. ...... .. 

1. Find the resistance of each wire at 50°C. 

For wire A, 

RA= R0 [1 + a(T- T0)] 

= (600 n)( 1 + ( 0.001 0~ )(50°C - 20°C)) 

= 618 n 

For wire B, 

RB= R 0[1 + a(T- T0)] 

= (300 n)( 1 + ( 0.004 0~ )(50°C - 20°C)) 

= 336 n 

The total resistance of the heating element is 

Rtotal = RA+ RB 

The answer is (B). 

= 618 n+ 336 D 
= 954 D (950 D) 

2. Use the formula for resistance to find the cross-sec­
tional area of the conductor. 

R= pL 
A 
pL (l. 77 x 10-8 r!-m)(lOOO m) 

A=-= -----------
R 0.225 n 

= 7.87 X 10-5 m2 

Find the diameter of the conductor from its cross-sec­
tional area. 

A= 1rd2 

4 

d =) 4: = (4)(7.87: 10-
5 

m
2

) ( lOOO m:) 
= 10.01 mm (10 mm) 

The answer is (D). 
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3. Use the formula that relates the resistivity to 
temperature. 

p = p0[1 + a( T- T0) ] 

= (1.42 X 10-8 i1-m)( 1 + ( 0.00402 0 ~ )(100°C - 20°C) J 

= 1.88 X 10-S f1-m (1.9 X 10-8 f1 ·m) 

The answer is (AJ. 

4. Use the equation for magnetic field strength and 
solve for the magnetic flux density. 

H=B 
µ 

B = µH 

IBI =µ[HI= (9.76 x 10-
3 

~)(s6.2 x 10-
3 !J 

= 8.41 x 10-4 Wb/m2 (8.4 x 10-4 Wb/m2
) 

The answer is (BJ. 

5. The area of each plate is 

A= 1rD2 
4 

1r(l X 10-2 m)2 
4 

= 7.85 x 10-5 m2 

Use the formula for capacitance and solve for 
permittivity. 

C = c:A 
d 

Cd 
c:= -

A 

(35 x 10-12 F)(2 x 10-3 m) 
= 

7.85 X 10-S m2 

= 8.92 x 10- 10 F /m (8.9 x 10-1° F /m) 

The answer is (DJ. 

6. The diagram shows the 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 mono­
tonic stress-strain curve. 

The answer is (D). 
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7. Young's modulus is defined by Hooke's law. 

a= Ee 

Eis Young's modulus, also called the modulus of elastic­
ity, and is equal to stress divided by strain within the 
proportional region of the stress-strain curve. 

The answer is (DJ. 

8. An impact test measures the energy needed to frac­
ture a test sample. This is a measure of toughness. 

The answer is (C). 

9. 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 elon­
gation is 

percent elongation = c: 1 x 100% 

The answer is (C). 

= 0.25 X 100% 
= 25% 

1 O. 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 indef­
initely without causing the specimen to fail. 

The answer is (A). 

11. Strain is defined as elongation, 8, per unit length, L. 

The answer is (D). 

12. 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-+ Zn2+ + 2e-. 

The answer is (C). 

13. 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 (BJ. 
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Properties of 
Semiconductor Materials 

PRACTICE PROBLEMS 

1. A 9 V battery is connected across a semiconductor 
with a resistive diffused layer 1 cm wide, 10 cm long, and 
1 cm thick. The diffused layer is doped with an n-type 
dopant to a concentration of 8.34 x 1017 carriers/cm3. 

The intrinsic carrier concentration in the diffused layer 
is 1010 carriers/cm3, the mobility of holes is 150 cm2 /V·s, 
and the electron mobility is 360 cm2 /V·s. Most nearly, 
what is the current through the diffused layer? 

(A) 0.12 A 

(B) 18 A 

(C) 43 A 

(D) 61 A 

2. When placed in a particular electric field, an n-type 
semiconductor experiences a drift current of 1 kA/cm2• 

The semiconductor is doped to a concentration of 
8.76 x 1014 carriers/cm3. The intrinsic carrier concen­
tration is 1010 carriers/cm3, the mobility of holes is 
490 cm2 /Y.s, and the mobility of electrons is 1310 cm2 /Y.s. 
Most nearly, what is the strength of the electric field? 

(A) 2.7 kV /cm 

(B) 5.4 kV /cm 

(C) 8.5 kV /cm 

(D) 15 kV /cm 

3. A p-type semiconductor is doped to a concentration 
of 5.65 x 1015 carriers/cm3. The intrinsic carrier concen­
tration of the semiconductor is 1010 carriers/cm3, the 
mobility of holes is 460 cm2 /V·s, and the mobility of 
electrons is 1260 cm2 /Y.s. The total drift current den­
sity, J, produced in a semiconductor is equal to the semi­
conductor 's conductivity, u, multiplied by the electric 
field applied to the semiconductor, E. 

J = uE 

The semiconductor is placed in an electric field with a 
strength of 75 V /cm. Most nearly, what is the drift cur­
rent density produced? 

(A) 0.19 A/cm2 

(B) 31 A/cm2 

(C) 85 A/cm2 

(D) 120 A/cm2 

4. A germanium-based n-type semiconductor is doped 
such that the negative charge carrier density far exceeds 
the positive charge carrier density (i.e., n~ p). The con­
ductivity of the semiconductor is 0.643 S/cm, the intrin­
sic carrier concentration is 1010 carriers/ cm 3, the 
mobility of holes is 2970 cm2 /Y.s, and the mobility of 
electrons is 8860 cm2 /V·s. Most nearly, the electron car­
rier concentration in the semiconductor is 

(A) 1.5 x 1011 carriers/cm3 

(B) 2.8 x 1014 carriers/cm3 

(C) 4.5 x 1014 carriers/ cm3 

(D) 1.4 x 101.5 carriers/cm3 

5. Ann-type semiconductor has a dopant concentration 
of 4.53 x 1015 carriers/cm3 , an intrinsic carrier concen­
tration of 1010 carriers/cm3, a mobility of holes of 
460 cm2 /Y.s, and a mobility of electrons of 1260 cm2 /Y.s. 
Most nearly, the resistivity of the semiconductor is 

(A) 0.91 n-cm 

(B) 1.1 n-cm 

(C) 3.0 n-cm 

(D) 1400 n-cm 
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SOLUTIONS 

1. Use the law of mass action to find the hole 
concentration. 

(p)(n) = n; 

(
l.O x 1010 carriers )

2 

n; cm3 

p = - = ______ c_ar_r~i-er_s_ 
n 8.34 X 10 17 

---
cm3 

= 1.20 x 102 carriers/cm3 

The conductivity of the semiconductor is 

= (1.6 X 10-19 C) 
(
8.34 x 1017 carri~rs) (360 cm2 J 

cm3 V-s 

+(1.20 x 102 carriers )(iso cm
2

) 
cm3 V·s 

= 48.04 S/cm 

Resistivity is the reciprocal of conductivity. 

1 1 
p=-= 

a 48.04 ~ 
cm 

= 0.0208 0-cm 

The sheet resistance is 

R = !!.._ = 0.0208 0-cm 
s d l cm 

= 0.0208 0 (per square) 

The resistance of the diffused layer is 

R = R.( t) = (0.0208 n)( 1
1
° c:) 

= 0.208 n 

Use Ohm's law to find the current through the diffused 
layer. 

V=IR 
V 9V 

l=-=---
R 0.208 0 

= 43.3 A (43 A) 

The answer is (C). 
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2. Use the law of mass action to find the hole 
concentration. 

(p)(n) = n,2 

( 
10 carriers )

2 

n 2 1.0 X 10 3 
p = _, = ...;_ _____ c_m-:-----'------

n 8. 76 x 1014 carri~rs 
cm 

= 1.14 x 105 carriers/cm3 

The conductivity of the semiconductor is 

[
8.76 x 1014 carriers)[1310 cm2) 

cm3 V-s 
= (1.6 x 10-19 C) 

+(1. 14 x 105 carri:rs )(490 cm
2 
J 

cm V-s 

= 0.184 S/cm 

Use the equation for drift current density to find the 
strength of the electric field. 

J = aE 

1 
kA 

J cm2 
E--- --- -

a 0.184 ~ 
cm 

= 5.44 kV /cm (5.4 kV /cm) 

The answer is (8). 

3. Use the law of mass action to find the hole 
concentration. 

(p)(n) = n; 

( 
10 carriers )

2 

n 2 1.0 X 10 3 

p = _, = ...;_ _ ____ cm____,.-'---
n 015 carriers 

5.65 X 1 
3 cm 

= 1.77 x 104 carriers/cm3 
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The conductivity of the semiconductor is 

(
5.65 x 1015 carriers )(1260 cm2) 

cm3 V-s 
= (1.6 X 10-19 C) 

+(1. 77 x 104 carriers )(460 cm
2

) 

cm3 V-s 

= 1.139 S/cm 

When the semiconductor is placed in the electric field, 
the drift current density will be 

J = CTE= (1.139 c~)(75 c:) 

= 85.4 A/cm2 (85 A/cm2
) 

The answer is (C). 

4. The conductivity of the semiconductor is 

Since n» p, consider the pµp term to be zero. Rearrange 
the simplified equation to solve for the electron carrier 
concentration. 

CT~ qnµn [n » p] 

0.643 _§_ 
CT cm n ~ -- = ------- --- -

(1.6 X 10 - 19 C)[8860 cm
2

] 
Y.s 

= 4.53 x 1014 carriers/cm3 (4.5 x 10 14 carriers / cm3
) 

The answer is (CJ. 

S. Use the law of mass action to find the hole 
concentration. 

(p)(n) = nl 

n2 
I 

- -P---
n 

[ 1. 0 X lQ 10 ca:::rs r 
4_53 x 1015 carri:rs 

cm 

= 2.21 x 104 carriers/cm3 

The conductivity of the semiconductor is 

(
4.53 x 1015 carriers) (1260 cm2) 

cm3 V -s 
= (1.6 X 10-19 C) 

+(2_21 x 104 carriers )(460 cm
2

) 
cm3 V-s 

= 0.9132 S/cm 

The resistivity is the reciprocal of conductivity. 

1 1 
p- - -

- CT - 0.9132 _§_ 
cm 

= 1.095 n-cm (1.1 n-cm) 

The answer is (BJ. 
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Properties of Electrical 
Devices and Circuits 

PRACTICE PROBLEMS ............................. ..................... ·········· ·· ··········· 

1. Four identical capacitors are assembled into a circuit 
as shown. Most nearly, what is the total capacitance 
between terminals A and B? 

(A) 0.5 pF 

(B) 2 pF 

(C) 4 pF 

(D) 6 pF 

2 pf 2 pf 

A---1H~ 

s---1H~ 
2 pf 2 pf 

2, The circuit shown is at steady state, and all circuit 
elements are ideal. 

+ 
24 V-=.. 

C 

B 

D 

9!1 6H 

Most nearly, what is the energy stored m the 2 H 
inductor? 

(A) 7.1 J 

(B) 13 J 

(C) 14 J 

(D) 29 J 

3. An ideal battery and three resistors are assembled in 
a circuit as shown. Most nearly, what is the current flow­
ing through the battery? 

2n 

~Ve f•n t•n 

(A) 4.0 A 

(B) 6.7 A 

(C) 10 A 

(D) 15 A 

4. In the circuit shown, each resistor has a resistance 
oflO n. 

all resistors 
are 10 n 

Most nearly, what is the total resistance between termi­
nals A and B? 

(A) 7.5 n 
(B) 7.9 D 

(C) 8.3 n 
(D) 10 D 

5, A charge of 0. 75 C passes through a wire every 15 s. 
Most nearly, what is the current in the wire? 

(A) 5.0mA 

(B) 10 mA 

(C) 20 mA 

(D) 50 mA 
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6. A current of 10 A flows through a 1 mm .diameter 
wire. Most nearly, what is the average number of elec­
trons per second that pass through a cross section of the 
wire? 

(A) 1.6 x 1018 electrons/s 

(B) 6.2 x 1018 electrons/s 

(C) 1.6 x 1019 electrons/s 

(D) 6.3 x 1019 electrons/s 

7. The circuit shown is in steady state. 

R 

) W,.---------,1, mf 

12 f.________~__________.·~ 
What is most nearly the charge on the capacitor on 
plate A? 

(A) 83 pC 

(B) 120 pC 

(C) 83 µC 

(D) 0.012 C 

8. Two parallel plates with a potential difference of 
100 V generate an electric field of 100 x 103 V /m 
between them. Most nearly, what is the distance 
between the plates? 

(A) 1.0 x 10-3 m 

(B) 2.0 x 10-3 m 

(C) 2.0 X 10-2 1ll 

(D) 5.0 x 10-2 m 

9. A resistive network is constructed from four ideal 
resistors. 

A----r--J\f\ ,r---.--- -----. 

R1 = 20fi 

B- ---'------'------' 

PPI • pp12paas . com 

Most nearly, what is the equivalent resistance between 
terminals A and B? 

(A) 5.0 n 
(B) 10 n 
(C) 12 n 
(D) 15 n 

1 O. A 50 µF capacitor starts out with zero voltage 
across it. When a switch is closed at t= 0, the capacitor 
passes a current that varies with time according to the 
function shown. 

ic( t) = (0.01 A) e- t/o.o5 5 

Most nearly, what is the energy stored in the capacitor 
0.1 s after the switch is closed? 

(A) 4.6 X 10-5 J 

(B) 1.9 X 10-3 J 

(C) 2.4 X 10-3 J 

(D) 3.5 X 10-3 J 

11. An inductor with an inductance of 0.01 H is made up 
of a core and coil of 100 turns. The wire is 1 x 10-2 m long, 
and the cross-sectional area of the inductor is 3 x 10-5 m2• 

Most nearly, what is the relative permeability of the 
inductor core? 

(A) 110 

(B) 160 

(C) 210 

(D) 270 

12. A circuit is constructed of four capacitors as shown. 

C2 = 100 µF 

A -• - - ~---,+11-( - ~---~ 

8
~1 ·20~t ~·OOµFt C, •20µF t 

Most nearly, what is the equivalent capacitance between 
terminals A and B? 

(A) 20 µF 

(B) 50 µF 

(C) 70 µF 

(D) 100 µF 
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13. A circuit is constructed from four inductors as 
shown. 

L2 = 27 mH 

A----.----' 

L1 = 30 mH 

B 

(A) 8mH 

(B) lOmH 

(C) 12mH 

(D) 15mH 

SOLUTIONS 

1. Use the equation for capacitors connected in series. 

1 
Cs= ----------

1/ C1 + 1/C2 + ··· + 1/Cn 
1 

1 1 1 1 --+--+--+--
2 pF 2 pF 2 pF 2 pF 

= 0.5 pF 

The answer is (A). 

2. A capacitor in a DC circuit has an infinite resistance. 
There is no current through the capacitor between 
nodes A and B. An inductor in a DC circuit has no 
resistance, so the circuit simplifies to 

It 
+ 

24 V-=. 

3!1 

Use Ohm's law to find the current. 

V= IR 

l=~= 24V 

6!1 

R 30+60 
= 2.67 A 

The entire current passes through the 2 H inductor. The 
energy stored in the inductor is 

energy= Lil/2 

The answer is (A). 

(2 H)(2.67 A)2 

2 
= 7.13 J (7.1 J) 

3. Simplify the circuit. Find the combined resistance of 
the two 4 n resistors in parallel. 

Rp = 1/(1/ R1 + 1/ R2 + · · · + Rn) 
1 

1 1 
4 n + 4 n 

=20 
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The total resistance of the circuit is the combined resist­
ance of the 2 n resistor and RP in series. 

Rs = R1 + R2 + ... + Rn 
=20+20 
=4D 

Use Ohm's law to find the current through the battery. 

The answer is (C). 

V= IR 

l=V=40V 
R 40 

= lOA 

4. Untwist the network. Both terminals of the rightmost 
resistor are connected to the same point, and that resis­
tor is omitted. 

The circuit consists of a set of two parallel resistors in 
series with a set of four parallel resistors. The resistance 
of the first set is 

R - _R_1_R_2_ 
P,l - R1 + R2 

(10 0)(10 o) = 
5 0 

10 n+ 10 o 

The resistance of the second set is 

Rp,2 = 1/(1/ R1 + 1/ R 2 + ... +Rn) 

1 
1 1 1 1 

10n+100+10n + 100 
= 2.5 o 

The resistance of the two sets in series is 

Rs = R1 + R2 + ... + Rn 

= Rp,1 + Rp,2 

= 5 o+ 2.5 o 
= 7.5 n 

The answer is (A). 
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5. Current is the charge per unit time passing through 
the wire. 

(0.75 C)( 1000 :A) 
I - f - = 50 mA 

t 15 s 

The answer is (D). 

6. A current of 10 A is equivalent to 10 C/s. One elec­
tron has a charge of approximately 1.6 x 10- 19 C. 

10 C 
. I s 
q = - = - -------

Q 1.6 X 10- 19 _ _ C_ 
electron 

= 6.25 x 1019 electrons/ s (6.3 x 10 19 electrons/s) 

The wire diameter is irrelevant. 

The answer is (D). 

7. In steady state, all of the voltage is across the 
capacitor. 

Q = CV= (l x 10-3 F)(l2 V) 

= 0.012 C 

The answer is (D). 

8. Use the equation for electric field strength, and solve 
for the distance between the plates. 

E=~ 
d 

d = V = 100 V 

E 100 X 103 :!_ 
m 

= 1.0 X 10-3 m 

The answer is (A). 

9. Find the equivalent resistance of resistor 3 and resis­
tor 4 in parallel. 

R1R2 
Rp=---

R1 +R2 

R3R4 R _ _ ....;;..__ 
34 - R3 + R4 

= 30 o 

(60 0)(60 n) 

60 o + 60 n 
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This equivalent resistance, R34, is in series with resistor 
2. The equivalent resistance of resistor 2 and R34 in 
series is 

R 8 = R 1 + R2 + · ·· + Rn 

R234 = R2 + R34 = 30 i1 + 30 i1 

= 60 n 

The total resistance between terminals A and B is equiv­
alent to R234 in parallel with resistor 1. The equivalent 
resistance of resistor 1 and R234 in parallel is 

The answer is (D). 

(20 i1)(60 D) 

20 n +60 n 

10, The voltage across the capacitor at t = 0.1 s can be 
obtained by integration. 

t 

vc(t) = vc(O) + ~ J ic(r) dr 
0 

1 LO.Is I = 0 + (0.01 A)e-r 0·
05 8 dr 

50 x 10-6 F O 

= (0.01 A)(-0.05 s) e-r/O.os 8 

( J 1

0.1 s 

50 X 10-6 F Os 

= -1.353 V - (-10 V) 

= 8.65 V 

The energy in the capacitor is 

2/ (50 x 10-6 F)(8.65 V)2 

energy= Cvc 2 = - --------
2 

= 1.87 X 10-3 J (1.9 X 10-S J) 

The answer is (B). 

11. The permeability of the inductor core is the product 
of the core's relative permeability and the permeability 
of free space, 4?r x 10-7 H/m. 

Rearrange the equations for the inductance of a coil to 
solve for the relative permeability of the core. 

L = N 2µA/l 

N2(,.,,mµo)A 

l 

Ll (0.01 H)(l x 10-2 m) 
K,m = 

N
2
µ0A (100)2

( 41T x 10-7 ! )(3 x 10-5 m2) 

= 265.27 (270) 

The answer is (D). 

12, Find the equivalent capacitance of capacitor 3 and 
capacitor 4 in parallel. 

Gp= C1+C2 + .. ·+Cn 

C34 = C3 + C4 

=80 µF+20 µF 

=100 µF 

This equivalent capacitance, C34, is in series with 
capacitor 2. The equivalent capacitance of capacitor 2 
and C34 in series is 

1 
Cs= ----------

1/ C1 + 1/C2 + ... + 1/Cn 
1 1 

C234 = 1 1 1 1 

C2 + 0 34 100 µF + 100 µF 

= 50 µF 

The total capacitance between terminals A and B is 
equivalent to 0234 in parallel with capacitor 1. The equiv­
alent capacitance of capacitor 1 and C234 in parallel is 

cAB = c1 + C234 = 20 µF + 50 µF 

=70 µF 

The answer is (C). 

13. Find the equivalent inductance of inductor 3 and 
inductor 4 in parallel. 

1 
Lp = ----------

l/ L1 + 1/L2 + ... + 1/Ln 
1 1 

L34 = 1 1 1 1 
-+- +--
L3 L4 12 mH 4 mH 

= 3 mH 
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The equivalent inductance, L34 , is in series with inductor 
2. The equivalent inductance of inductor 2 and L34 in 
series is 

Ls = L1 + L2 + ... + Ln 

L 234 = L 2 + L 34 = 27 mH + 3 mH 

= 30mH 

The total inductance between terminals A and B is 
equivalent to L234 in parallel with inductor 1. The equiv­
alent inductance of inductor 1 and L234 in parallel is 

1 
Lp = ----------

1/ L1 + 1/L 2 + ... + 1/Ln 
1 1 

LAB= 1 1 
-+­
L1 L234 

= 15 mH 

The answer is (DJ. 

PPI • ppi2pass.com 
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• • Energy, Work, and Power 

PRACTICE PROBLEMS 

1. A bullet of mass 100 g is fired at a wooden block rest­
ing on a frictionless, horizontal surface as shown. A 
spring with a stiffness of 53 kN/cm resists the motion of 
the block. The maximum displacement of the block pro­
duced by the impact of the bullet is 3.4 cm. There are no 
losses at impact, and the spring has no mass. 

Most nearly, the velocity of the bullet at impact is 

(A) 250 km/h 

(B) 450 km/h 

(C) 630 km/h 

(D) 890 km/h 

2. A 0.05 kg mass attached to a spring is accelerated to 
a velocity of 0.4 m/ s over a distance of 0.1 m. The 
spring's spring constant is 0.5 N/m. The spring's mass is 
negligible. 

static equilibrium 

position \ v = 0_4 m/s 
~. spring m = 0.05 kg 
~ r-----
~ , I /. --------, m I 
;f k= 0.5 Nim L ____ ., 

---------1 
0.1 m 

Most nearly, what is the total energy of the mass? 

(A) 0.0025 J 

(B) 0.0040 J 

(C) 0.0065 J 

(D) 0.0092 J 

3. In the mass-spring system shown, the mass, m, is dis­
placed 0.09 m to the right of the equilibrium position 
and then released. What is most nearly the maximum 
velocity of m? 

,, 

(A) 0.3 m/s 

(B) 5 m/s 

(C) 8 m/s 

(D) 14 m/s 

0 
~ 

0 W.-1®',0~ 

""--- frictionless 
surface 

4. 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. 

1m 

h=6 m 

compressed 
position 

B 

A 

What is most nearly the velocity of the mass at point A? 

(A) 3.1 m/ s 

(B) 4.4 m/s 

(C) 9.8 m/s 

(D) 20 m/s 
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5. The 170 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. 

B 
1 m 

A 

h=6 m 

What is most nearly the kinetic energy of the mass at 
point A? 

(A) 20 J 

(B) 220 J 

(C) 390 J 

(D) 1700 J 

6. The 40 kg mass, m, 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. 

h = 7m 

compressed 
position 

A 

What is most nearly the initial spring compression? 

(A) 0.96 m 

(B) 1.3 m 

(C) 1.4 m 

(D) 1.8 m 

PPI • ppi2pass.com 

7. 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 

8. 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 , t he box bounces 0.05 m 
above the beams surface. Approximately what impulse 
does the beam impart on the box? 

(A) 8.6 N-s 

(B) 12 N-s 

(C) 36 N-s 

(D) 42 N-s 

9. 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) 1.8 kJ 

(D) 2.3 kJ 

1 O. 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 
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11. A 50 kg cart rolls on a frictionless surface at 40 m/s. 
The cart is decelerated by a spring, initially at equilibrium, 
with a spring constant of 20 kN/m. Most nearly, what is 
the maximum deflection of the spring? 

(A) 0.3 m 

(B) 0.6 m 

(C) 0.9 m 

(D) 2.0 m 

40 mis 

12. 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) 

(B) 

(C) 

2.3 s 

4.7s 

5.9 s 

(D) 6.4 s 

ENERGY WORK AND POWER 18-3 

SOLUTIONS 

1. Due to the conservation of energy, the kinetic energy 
of the bullet before impact is equal to the potential 
energy of the spring-mass-bullet system at maximum 
compression. 

E k,bullet = Ep,systcm 

I 2 I 2 
2m bullet V = 2kX 

Rearrange this equation to solve for the velocity of the 
bullet. 

kx2 

mbullet 

( 53 ~ }( 1000 iij )(3.4 cm)2( 1000 ig J 

(100 g) ( 100 c=) 
(60 ±)(60 T) 

X 
1000 ~ 

km 

= 891.1 km/h (890 km/h) 

The answer is (D). 

2. The kinetic energy of the mass is 

T = mv2/2 

(0.05 kg) ( 0.4 -;- ) 
2 

2 
= 0.004 J 

The potential energy of the mass is 

U=kx 2/2 

(o.5 ~}(0.1 m)
2 

2 
= 0.0025 J 

The total energy of the mass is the sum of its kinetic 
and potential energies. 

E = T+ U = 0.004 J + 0.0025 J = 0.0065 J 

The answer is (C). 
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3. At the moment before the mass is released (state 1), 
the kinetic energy of the mass is zero, and all the mass's 
energy is potential energy, U1. 

The maximum velocity will occur when the mass returns 
to the point of static equilibrium (state 2), where the 
deflection is zero, and the potential energy equals zero. 
At this point, all the mass's energy has been converted 
from potential energy to kinetic energy, T2. 

Set the pass 's potential energy at the moment before 
release equal to the mass 's kinetic energy at the point of 
equilibrium, and solve for the velocity. The displace­
ment of each spring is 

U1 = T2 
1 2 1 2 1 2 
2kAxA + 2kBxB = 2mv 

kAxf + k8 xJ 
v= 

m 

(17 :J(o.og m)2 

(1000 ~) 

+( 17 : )(0.09 m)2 kN 

1.5 kg 

= 13.5 m/s (14 m/s) 

The answer is (D). 

4. 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. 

EA= EB 

UA +TA= UB 

mv2 

mgh+ -- = mg(h+ 1 m) 
2 
TA= mg(h+ 1 m) - mgh 

= mg(l m) 

= (85 kg)( 9.81 ; J(l m) 

= 833.9 J 
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Therefore, the velocity of the mass at point A is 

2 · mv 
TA = -- = 833. 9 J 

2 

V = )2~A 
(2)(833.9 J) 

85 kg 

= 4.43 m/s (4.4 m/s) 

The answer is (8). 

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. 

EA= EB 

UA +TA= UB 

mv2 

mgh+ -- = mg(h+ l m) 
2 

TA= mg(h+ 1 m) - mgh 

The answer is (D). 

= mg(l m) 

=(170kg)(9.81 ;J(lm) 

= 1670 J (1700 J) 

6. 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. 

kx2 
-=mgh 

2 

x=ff 
(2)(40 kg)( 9.81 ~}7 m) 

3000 ~ 
m 

= 1.35 m (1.4 m) 

The answer is (C). 
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7. The original velocity of the car and trailer is 

V= 

( 100 T )(1000 ~) 

( )( 

. ) =27.78m/s 
60 _s_ 60 mm 

min h 

Since the final velocity is zero, the energy dissipated is 
the original kinetic energy. 

T = mv2 = (1500 kg+ 250 kg) ( 27.78 -;-r 
2 2 

= 675154 J (680 kJ) 

The answer is (D). 

8. Initially, the box has potential energy only. (This 
takes the beams upper surface as the reference plane.) 
When the box reaches the beam, all of the potential 
energy will have been converted to kinetic energy. 

mv2 
1 

mgh1 = -2-

v1 = J2gh 1 

(2)( 9.81 ~ )(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 mv2 mgh 2 = --
2 

Vz = J2gh2 
~ -------
( 2) ( 9.81 ~ J(0.05 m) 

= 0.99 m/s [upward] 

Use the impulse-momentum principle. (Downward is 
taken as the positive velocity direction.) 

Imp = f::i.p = m(v1 - ";2 ) 

= (12 kg)( 1.98 : - (-0.99 : ) ) 

= 35.66 N·s (36 N-s) 

The answer is (C). 

E N E R G Y I W OR K I A N D POW E R 18-5 

9. Each ball possesses kinetic energy before and after 
the collision. The velocity of each ball is reduced from 
j18 m/sj to jlO m/sj. 

f::i.T = T2 - T1 

~ {2)[ m(vl
2
- vl) l 

(8 kg)[ ( 18 : r _ ( 10 : rJ 
= (2) _ ___ 2 ___ _ 

= 1792 J (1.8 kJ) 

The answer is (C). 

1 O. 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). 

11. Initially, with the spring at equilibrium (state 1), 
there is maximum kinetic energy in the cart and no 
potential energy in the spring. As the spring is com­
pressed, the cart's kinetic energy is converted to poten­
tial energy. At the moment that the cart is stationary 
(state 2), the cart's kinetic energy is zero, having been 
entirely converted to potential energy in the spring. 

Set the cart's kinetic energy at state 1, T1, equal to the 
spring's potential energy at state 2, U2 , and solve for the 
maximum deflection of the spring, which occurs at 
state 2. 

T1 = U2 

!.mv2 = !.kx2 
2 2 

X=~ 

(50 kg) ( 40 -;-r 
(20 :)(1000 k:) 

= 2.0m 

The answer is (D). 

PPI • ppi2pass.com . 
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18-6 F E E L E CT R I CA L A N D C O M P U T E R P A AC T I C E P R O B L E M S 

12. 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 

Ff= µN= µmg 

Use the impulse-momentum principle. v2 = 0. The fric­
tional force is opposite of the direction of motion, so it is 
negative. 

Imp= !).p 

Ff!). t = mt). v 

!).t = m(v2 - v1) 

Ff 

25 ID 
s 

= -mv1 = 2 
-µmg µg 

(0.40) (9.81 ~ J 

= 6.37 s (6.4 s) 

The answer is (D). 

PPI • pp12pass.com 
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Electrostatics 

PRACTICE PROBLEMS 

1. A system consists of two protons 3.4 µm apart in free 
space. Each proton has a charge of 1.6 x 10- 19 C. A 
force moves the protons 200 nm closer together. Most 
nearly, what is the change in the potential energy of the 
system of two protons? 

(A) 10-29 J 

(B) 10-26 J 

(C) 10--24 J 

(D) 10-17 J 

2. Particles A and B are 0.3 m apart in free space. Par­
ticle A has a charge of 1 C, and particle B has a charge 
of -8 C. Particles behave as point charges. Most nearly, 
what is the force on particle B due to particle A? 

(A) 1 X 1013 N 

(B) 8 X 1011 N 

(C) 5 X 1010 N 

(D) 9 X 108 N 

3. Two electrons are close to each other in free space. Both 
electrons experience a repulsive force of 1.0 x 10- 15 N. 
Most nearly, how far apart are the electrons? 

(A) 1.4 X 10-12 m 

(B) 5.1 X 10-lZ m 

(C) 4.8 X 10-7 m 

(D) 1.7 X lQ· 6 m 

4. Two positive charges are separated in free space oy a 
distance, x. The repulsive force between the charges is 
proportional to 

(A) X 

(B) x 2 

(C) 

(D) 

1 

1 

:r3 

5. An electron is moved against an electric field, which 
causes the electron's potential to increase by 106 V. 
Most nearly, what is the work performed in moving the 
electron? 

(A) 4 X 10- 19 J 

(B) 5 X 10- 16 J 

(C) 8 X 10- 14 J 

(D) 2 X 10- 13 J 

6. A hollow metallic sphere surrounds a smaller metallic 
sphere of radius, r. A particle with a charge Q is located 
at the center of the smaller sphere. Of interest is the 
intensity of the electric field at a distance R from the 
surface of the smaller sphere. ·what function is propor­
tional to this electric field intensity? 

(A) 
Q 
R2 

(B) 
Q 
r2 

(C) 
Q 

(R + r-)2 

(D) 
Q 

(R - r)2 

7. Three point charges, A, B, and C, are positioned in 
free space as shown. 

3m 

3m 

4m 

.,..--+-------0 400 µC 
B 

_ A 
- -300 µC 

C 
~-+------- 0 400 µC 

I 
4m 
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19-2 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

Most nearly, what are the magnitude and direction of 
the initial force that acts on charge A due to charges B 
and C? 

(A) 35 N to the right 

(B) 35 N to the left 

(C) 69 N to the right 

(D) 69 N to the left 

8. Charge A is a point charge of -200 µC located in free 
space 10 cm from an infinite line charge of +100 µC/m. 
Charge B is a point charge of +4 µC located 5 cm from 
the line charge and directly between charge A and the 
line charge. 

line 
charge 

+100 µC/m 

+4 µ:,~-:---5_c_m ___ A_i-200 µC 

Most nearly, what is the attractive force on charge A 
due to the line charge and charge B? 

(A) 1500 N 

(B) 2200 N 

(C) 3600 N 

(D) 6500 N 

9. An electric field is generated in an evacuated cube 
10 cm on a side. The strength of the electric field is 
0.5 V /m everywhere. Most nearly, what is the energy 
stored in the electric field? 

(A) 1.1 X 10-15 J 

(B) 2.2 X 10-15 J 

(C) 5.5 X 10-lS J 

(D) l.5x 10- 12 J 

PPI • ppi2pass.com 

SOLUTIONS 

1. It doesn't make any difference whether both protons 
move or just one. The original separation distance is 

r1 = (3.4 µm)[ 10-5 µ:) = 3.4 x 10-6 m 

The final separation distance is 

r 2 = r 1 - 200 nm 

= 3.4 x 10-6 m - 200 nm 
109 nm 

m 

= 3.2 X 10-6 m 

The change in potential energy is the same as the work 
needed to move the protons closer together. The work is 

(1.6 X 10-19 C)(l.6 X 10-19 C) 

41r[8.85 X 10-
12 

.C
2 

2 l N-m 

x(3.2 X :0-6 m - 3.4 X :0-6 m) 

= 4.23 X 10-24 J (10-24 J) 

The answer is (C). 

2. The force on particle B due to particle A is the 
same as the force on particle A due to particle B. From 
Coulomb's law, the force between the particles is 

(1 C)(-8 C) 

[ 
-12 c

2 
]( )2 41r 8.85 X 10 --

2 
0.3 m 

N·m 

= -7.99 x 1011 N (8 x 1011 N attractive) 

The answer is (B). 

3. Each electron has a charge of -1.6 x 10--19 C, so Q1 = 
Q2 • Use Coulomb's law, and solve for the distance 
between the two electrons. 

www.EngineeringEBooksPdf.com



Ev= 8.85 X 10-12 C2 /N-m2. Also, for an electron, Q = 
1.6 x 10-19 C. Solving for r, 

= (1.6 x 10-19 C) 

= 4.78 X 10-7 m 

The answer is (C). 

1 

41r[s.ss x 10-12 c
2 

2
) (1 x 10-15 N) 

N·m 

(4.8 X 10-7 m) 

4. The force must overcome the repulsive force between 
the charges. The repulsive force is given by 
Coulomb's law. 

Fis proportional to the inverse of r 2 , or 1 / x?. 

The answer is (C). 

5. The work done in moving an object with charge Q 
parallel to an electric field so as to cause a change in 
potential of .6. Vis 

W = -Q.6. V 

= -(-1.6 X 10-19 C)(106 V) 

= 1.6 X 10-13 J (2 X 10-13 J) 

The answer is (D). 

6. The central charge sets up an electric field within the 
smaller sphere, which in turn induces an electric field 
within the larger sphere. The electric field intensity is 

E = _.!__ = Q1 Q2 ex Q1 
Q2 41rc(R+r)2Q2 (R+r)2 

The electric field intensity is proportional to the square 
of the distance from the smaller sphere's center. 

The answer is (C). 

7. Opposite charges attract, so the direction of the 
impending motion (and, equivalently, of the force) is 
toward charges B and C. Charges B and C are equal in 
magnitude but in opposite vertical directions from 
charge A, so the two charges combined will cause zero 
net vertical force on charge A. The total horizontal force 

ELECTROSTATICS 19-3 

on charge A created by the two other charges will be to 
the right. 

From the Pythagorean theorem, the distance between 
charge A and either of the other charges is 

C = J a 2+ b2 

= ~ (4 m)2 + (3 m)2 

=5m 

From Coulomb's law, the force acting on charge A due 
to either of the other two charges is 

(-300 µC)(400 µC) 

471"[ 8.85 x 10-
12 

N ~:2 J (5 m)2( 10
6 µ: r 

= -43.16 N 

The horizontal component of the distance to each 
charge is 4/5 of the actual distance to each charge, so 
the horizontal component of the force due to each 
charge is 4/5 of the force in the direction of the charge. 

Fhoriz = ~F = ( f )(-43.16 N) = -34.53 N 

The total horizontal force acting on charge A due to 
charges B and C is twice that due to either charge alone, 
so 

.li;;otal = 2Fhoriz = (2) ( -34.53 N) 

= -69.06 N (69 N to the right) 

The answer is (C). 

8. The total force on charge A is the sum of the forces 
due to the line charge and charge B. 

The strength of the electric field created by the line 
charge is 

100 µC 
m 

106 µC 
EL= _P_L_ = _______ c _ _ _ __ _ 

271"£T [ 1 271"[8.85 x 10-12 ____Q_:_l 10 cm 
N·m2 100 cm 

m 

= 1.80 x 107 N/C 

PPI • ppi2pass.com 
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} 9-4 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

The force on charge A in the electric field created by the 
line charge is 

-200 µC ( N) Fi= QE= l.80 x 107 C 
106 µC 

C 
= -3600 N 

The force on charge A in the electric field created by 
charge Bis 

F, 
_ QBQA 

B - 2 
4m:r 

4 µC 

106 µC 
C 

-200 µC 

106 µC 
C 

41r[8.85 X 10-12 C2 2] 5 cm 
N-m 100 cm 

m 
= -2877 N 

The total force on charge A from the line charge and 
charge Bis 

~otal =FL+ FB = -3600 N + (-2877 N) 

= -6477 N (6500 N attractive) 

The answer is (D). 

9. The vacuum within the cube has a permittivity of 
8.85 x 10-12 F /m. The energy stored in the electric field 
is 

~ = (1/2) fffvE IEl2 dV 

= EE fffvdV 
2 

( 8.85 X 10-
12 ~ )( 0.5 fr 

2 [ ]

3 

10 cm 

100 c:: 
= 1.11 X 10-15 J (1.1 X 10-15 J) 

The answer is (A). 

PPI • ppi2pass.com 
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' 
Magnetism and 
Magnetostatics 

PRACTICE PROBLEMS 

1. An electromagnet has an iron core with a permeabil­
ity of 6 x 10-5 T-m/ A. The magnetic field through the 
center of the electromagnet is nearly uniform and has a 
strength of 7.96 x 10- 3 A/m. When the iron core is 
removed, the air inside the electromagnet has a perme­
ability of 471" x 10-7 T-m/ A. Most nearly, what is the 
magnetic flux density of the field through the iron core? 

(A) 1.0 x 10-8 T 

(B) 4.8 x lQ ·7 T 

(C) 7.8 X 10 7 T 

(D) 15 x 10· 6 T 

2. A uniform magnetic field with a magnetic flux den­
sity of 5.5 x 10--4 T passes through an evacuated cube 
with sides measuring 0.125 m, as shown. What is most 
nearly the magnetic energy contained in the cube? 

(A) 1.1 X lQ· 6 J 

(B) 8.6 X 10-6 J 

(C) 2.4 X 10 -4 J 

(D) 4.7 X 10 4 J 

3. Two wires are oriented in free space as shown. Wire 
A is parallel to the z..axis and carries 2 mA of current 
flowing in the positive z-direction. Wire B is parallel to 

the y-axis and carries 3 mA of current flowing in the pos­
itive y-direction. The wires are 10 cm apart at their clos­
est point. 

2mA 

.A 
3mA 

Most nearly, what is the magnetic field strength halfway 
between the wires at the point where they are closest? 

(A) (2.0 x 10-2 A/m)j + (3.0 x 10-2 A/m)k 

(B) (3.2 x 10-3 A/m)i + (4.8 x 10-3 A/m)j 

(C) (6.4 x 10- 3 A/m)j + (9.6 x 10-3 A/m)k 

(D) (9.6 x 10-3 A/m)j + (6.4 x 10-3 A/m)k 

4. A 0.3 m long wire runs parallel to the z-axis as 
shown. The wire carries a 4 mA current flowing in the 
positive z-direction. When the wire is exposed to a uni­
form magnetic field parallel to the x-y plane, the wire 
experiences a force of 

X 
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20-2 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

Most nearly, what is the magnetic flux density of the 
uniform magnetic field? 

(A) 530 T 

(B) 1800 T 

(C) 2500 T 

(D) 3000 T 

5. A 1.27 m length of wire carrying a current of 5 A is 
exposed to a uniform magnetic field with a magnetic 
flux density of 0.17 T. The wire is straight, and the 
direction of the current is perpendicular to the direction 
of the magnetic field. Most nearly, what is the force that 
the magnetic field exerts on the wire? 

(A) 0.2 N 

(B) 0.5 N 

(C) 0.8 N 

(D) 1.1 N 

6. Two parallel conductors in free space are 5 cm apart 
as shown. Each conductor carries 50 A in the same 
direction. 

I 

f5cm 

I 

Most nearly, what is the magnetic force on a 1 m length 
of one conductor? 

(A) 0.01 N 

(B) 0.02 N 

(C) 0.03 N 

(D) 0.04 N 

PPI • ppi2pass.com 

7. Two parallel conductors are located 1 m apart in free 
space. Each conductor carries a current of 10 A, but the 
two currents flow in opposite directions. Most nearly, 
what is the force per meter exerted by one conductor on 
the other? 

I 

1 m 

I 

(A) 4.0 x 10-7 N /m 

(B) 2.0 x 10-7 N/m 

(C) 1.0 x 10-6 N/m 

(D) 2.0 x 10-5 N /m 

8. A magnetic field has a constant strength of 0.5 A/m 
within an evacuated cube measuring 10 cm per side. 
Most nearly, what is the magnetic energy contained 
within the cube? 

(A) 1.6 x 10-10 J 

(B) 5.5 x 10-9 J 

(C) 3.5 x 10-9 J 

(D) 1.1 x 10-9 J 
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M A G N E T I S M A N D M A G N E T O S T A T I C S 20-3 

SOLUTIONS 

1. The permeability of the electromagnet when the core 
is removed is irrelevant. Use the equation for magnetic 
field strength, and solve for the magnetic flux density. 

H= B 
µ 

B =Hµ 

= ( 7.96 X 10- 3 ~ )( 6 x 10-5 T~m) 

= 4.77 x 10-7 T (4.8 x 10- 7 T) 

The answer is (BJ. 

2. The magnetic field strength is 

H= B 
µ 

5.5 x 10-4 T 

= 437.7 A/m 

Find the energy stored in the magnetic field. The mag­
netic field strength is constant throughout the cube. 

WH = ~fffvµJHJ 2 dv 

= iµJHJ 2 fffvdv 

~ m[4~ X 10-' Tt ][437 7 ! r (0125 m)' 

= 2.35 X 10-4 J (2.4 X 10-4 J) 

The answer is (CJ. 

3. From the right-hand rule, wire A's magnetic field is 
in the positive y-direction, so aq,A = j. Wire B's magnetic 
field is in the positive z-direction, so, a,t,B = k. At a point 
halfway between the wires where they are closest, the 
radial distance from each wire is 10 cm/2 = 5 cm. 

The magnetic field strength of wire A is 

Iaq,A 
HA=--

21rr 

= (__.!_)aq'>A 
21rr 

2 mA 

1000 mA 
A ----- j 

27r 5 cm 
100 cm 

m 

= (6.37 x 10-3 A/m)j ((6.4 x 10-3 A/m)j) 

The magnetic field strength of wire B is 

3mA 

= (9.55 x 10-3 A/m)k ((9.6 x 10-3 A/m)k) 

The total magnetic field strength is 

H = HA +HE 

= (6.4 x 10- 3 A/m)j + (9.6 x 10-3 A/m)k 

The answer is (CJ. 

4. The magnitude of the force experienced by the 
wire is 

=3N 

PPI • ppi2pass.com _ 
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20-4 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

Use the equation for force in a uniform magnetic field, 
and solve for the magnetic flux density. 

F = IL x B 

B=_!_= 3N 
IL (4.0 x 10-3 A)(0.3 m) 

= 2500 T 

The answer is (C). 

5. The force that the magnetic field exerts on the wire is 

F = IL x B 
= (5 A)(l.27 m)(0.17 T) 

= 1.08 N (1.1 N) 

The answer is (D). 

6. Use the equation for magnetic field strength on a 
wire, and solve for the magnetic flux density. 

H = .!!_=_I_ 
µ 21rr 

B= µI 
21rr 

(471" x 10-
7 
¥}5oA) 

2 5cm ] 
7r 100 c:;: 

= 2.0 x 10-4 T 

The force of the magnetic field is 

F=JLxB 
= (50 A)(l m)(2.0 x 10-4 T) 

= 0.01 N 

The answer is (A). 

PPI • ppl2pass.com 

7. Each conductor produces a magnetic field at the 
other conductor. Use the equation for magnetic field 
strength on a wire, and solve for the magnetic flux 
density. 

H=B=_l_ 
µ 27rr 

B = µI 
27rr 

( 47r x 10-7 ~ J(lo A) 

27r(l m) 

= 2.0 x 10- 6 Wb/m2 

Use the equation for force in a uniform magnetic field, 
and solve for the force per unit length. 

F = IL x B 
F 
-= IxB 
L 

= (10 A)( 2.0 x 10-
6 
:~) 

= 2.0 x 10-5 N/m 

The answer is (DJ. 

8. Use the equation for the energy stored in a uniform 
magnetic field. The magnetic energy contained within 
the cube is 

U= µH2 V 
2 

(4n X 10-
7 

~J(o.5 ~r 
2 

10 cm 

100 cm 
m 

= 1.571 X 10- lO J (1.6 X 10-lO J) 

The answer is (A). 
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Maxwell's Equations and 
Related Laws 

PRACTICE PROBLEMS 

1, A straight conducting wire with a diameter of 1 mm 
runs along the z-axis. The magnetic field strength out­
side the wire is (0.02/p)a<t> A/m. pis the distance from 
the center of the wire. Of interest is the total magnetic 
flux within an area from p = 0.5 mm to 2 cm and z = 0 
to 4 m. Most nearly, that magnetic flux is 

(A) 9.3 X 10-8 Wb 

(B) 1.4 X 10-7 Wb 

(C) 3.7 X 10-7 Wb 

(D) 3.0 X 10-4 Wb 

2. In the differential form of Faraday's law of induction, 
'v x E = - 8B/8t, which units are associated with the 
magnetic field term, - 8B/8t? 

(A) amperes 

(B) volts 

(C) volts per meter 

(D) volts per square meter 

3. In Ampere's law, what is represented by the term 
8D/8t? 

(A) current density 

(B) displacement current 

(C) electric flux density 

(D) magnetic field strength 

4. In the differential form of Maxwell's equation, 'v · x 
= 0, what does x represent? 

(A) B, magnetic flux density 

(B) D, electric field density 

(C) E, electric field strength 

(D) J, current density 

5. The electric field 1 m from a point charge in free 
space has a strength of 1.8 x 105 V /m. Most nearly, the 
charge is 

(A) 20 µC 

(B) 60 µC 

(C) 80 µC 

(D) 100 µC 

PPI • ppi2pass . com 
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21-2 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

SOLUTIONS 
··· ·· ······· ········· 

1. Use the equation for magnetic field strength to find 
the magnetic flux density as a function of distance. 

H=B 
µ 

B=µH 

= ( 471' x 10-1 : )( o.o; A )a¢ 

= ( 871' X lQ-
9 
:b )(* )a¢ 

Use Gauss' law for magnetism to find the magnetic flux. 
Integrate the flux density relation over the area of 
interest. 

ifiis.,B·dS=O 

<P = II B. dS 

= II(811'X 10-
9 :b(*)a¢)(dzdpa1) 

_ 9 Wb l4m l0.02m dp = 871' X 10 -- dz -
m Om 0.0005m p 

= (81r x 10- 9 Wb )(4 m - O m)ln °·02 
m 

m 0.0005 m 

= 3.7 X 10-7 Wb 

The answer is (C). 

2. The units for magnetic flux density are webers per 
square meter. Taking the partial derivative with time 
gives units of Wb/m2·s. Since that is not one of the 
answers, simplify the units . Webers are equal to volt­
seconds, the result being V-s/m2-s = V /m2 (volts per 
square meter) . 

The answer is (D). 

3. In Ampere's law, the term 8D/8t represents the dis­
placement current. 

The answer is (B). 

4. In Maxwell's differential, or point form, equations, 
the divergence operator is used with the electric and 
magnetic fields. In Gauss' law for electricity, v' · D = p, 
the divergence of the electric flux density, D, equals the 
charge enclosed, p. In Gauss' law for magnetism, v' · B 
= 0, the divergence of the magnetic flux density, B, is 
zero, indicating that there are no monopoles, or mag­
netic charges. x represents B. 

The answer is (A). 

PPI • ppl2pass.com 

5. The charge can be determined by integrating a spher­
ical surface centered at the point charge. 

Qencl = cffis EE . dS 

= e0E fo1' r 2sine dt9 fo1f drp 

= 27l'EoEr2 fo7f sine dt9 

= 21r.s0Er 2 
- cos el; 

= 27l'e0Er 2(-(-l) - (-1)) 

= 41r.s0Er 2 

= 471'[ 8.854 X 10-
12 

N~~2 )( 1.8 X 10
5 

: )(1 m)2 

= 20 x 10-6 C (20 µC) 

(Integration can be avoided by remembering that the 
area of a sphere is 47!'r2.) 

Alternative Solution 

Use the equation for electric field intensity to find the 
point charge. 

Ql 
E = --2ar12 

471'.sr 

QI = 47l'cor2 

= 471'[8.854 x 10-
12 

N~~2 )(1.8 x 10 :J(l m)2 

= 20 x 10- 6 C (20 µC) 

The answer is (A). 
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Electromagnetic Wave 
Propagation and 
Compatibility 

PRACTICE PROBLEMS 
··· ·········· ······ .. ············· ··· ··· . 

1. Most nearly, the equivalent decibel gain for a voltage 
gain of 40,000 is 

(A) 40 dB 

(B) 46 dB 

(C) 92 dB 

(D) 100 dB 

2. An underwater transducer detects a 200 Hz pressure 
wave signal. The speed of sound in water is 2.24 x 108 m/s. 
Most nearly, the wavelength of the signal is 

(A) 10 mi 

(B) 110 mi 

(C) 700 mi 

(D) 3100 mi 

3. When power is doubled, the value of the increase in 
decibels is 

(A) 1 dB 

(B) 2 dB 

(C) 3 dB 

(D) 6 dB 

4. A signal gain meter uses 1 m V as its standard refer­
ence signal strength value. If the measured gain is 
-20 dBmv, the signal strength is 

(A) 0.01 mV 

(B) 0.1 mV 

(C) 10 mV 

(D) lOOmV 

5. Which of the following is NOT a form of electromag­
netic interference? 

(A) catalytic coupling 

(B) radiated emissions coupling 

(C) magnetic coupling 

(D) conductive coupling 

6. Which of the following can be used to improve overall 
electromagnetic susceptibility hardening against radi­
ated emissions? 

(A) increased switching speed 

(B) filtering circuits 

(C) shielded housings 

(D) fuses and circuit breakers 
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22-2 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

SOLUTIONS ..... .. .. ... . 

1. Voltage gain is a ratio of two voltages. The gain in 
decibels that is equivalent to a voltage gain of 40,000 is 

11,;t<l 
G = 20 log 10 --

"Viest 
= 20log 10 40,000 

= 92.04 dB (92 dB) 

The answer is (CJ. 

2. The wavelength is 

)._ = u 
f 

2.24 X 108 m 
s 

(200 Hz) ( 1609.3 :::i) 
= 696 mi (700 mi) 

The answer is (C). 

3. The doubling of power is a common frame of refer­
ence in engineering. Regardless of the reference power, 
when power, P, is doubled, the value of the increase in 
decibels is 

XdB = l0log10(
2
;) = 10log10 2 

= 3 dB 

The answer is (CJ. 

4. Rearrange the equation for gain to solve for the signal 
strength. 

v. al 
G -201 ~ - og10 

V.er 
V - V lOG/20 

signal - ref 

= (1 ill V) (10-20 dBmv/20 dBmv) 

= 0.1 mV 

The answer is (BJ. 

5. Radiated emissions, magnetic effects, and conductive 
coupling from a source can all interfere with the normal 
operation of a victim system, so these are forms of elec­
tromagnetic interference. Catalytic coupling is a chemi­
cal process in which a metal catalyst aids in a chemical 
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reaction between two hydrocarbons; it is not a form of 
electromagnetic interference. 

The answer is (AJ. 

6. Shielded housings are conductive enclosures around 
circuits that are grounded; they divert emissions to 
ground, so they improve electromagnetic compatibility. 

High switching speeds can cause some electromagnetic 
interference, so increasing the switching speed will not 
improve electromagnetic susceptibility hardening. Fil­
tering circuits are connected in the conductive path; 
they reduce electromagnetic interference that is outside 
the frequency range of the desired signal, so they do not 
improve electromagnetic susceptibility hardening. Fuses 
and circuit breakers protect against ground faults; they 
do not improve electromagnetic susceptibility 
hardening. 

The answer is (CJ. 
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Direct-Current Circuits 

PRACTICE PROBLEMS 
............... •• ········ •·········· ........................ . 

1. An ideal battery, an ideal current source, and three 
resistors are assembled into a circuit as shown. 

+ 
96 V-=-

4.!l 

6.!l 4.!l f 4A 

1fost nearly, the current flowing through the 6 0 resistor 
is 

(A) 7.0 A 

(B) 7.5 A 

(C) 10 A 

(D) 12 A 

2. A circuit with two terminals is shown. 

3 k.!l 
,~---o A 

3 k.!l 

"------~--------- B 

The Thevenin equivalent for this circuit is 

(A) 30 Vin series with 1.5 k!l 

(B) 45 Vin series with 1.5 k!l 

( C) 90 V in series with 3 k!l 

(D) 90 V in series with 6 k!l 

3. The circuit shown includes a voltage source, a current 
source, and two resistors. 

2.!l 

10 V 3.!l 

Most nearly, the current through the 2 n resistor is 

(A) 0.4 A, right to left 

(B) 0.4 A, left to right 

(C) l. 7 A, right to left 

(D) l. 7 A, left to right 

4. A meter movement has an internal resistance of 5 k!l 
and a full-scale current of 50 µA. The movement is to be 
used within a voltmeter with a full-scale voltage of 20 V. 
A resistance in series with the movement will be used to 
limit full-scale meter indications. Most nearly, the value 
of the series resistance is 

(A) 2 k!l 

(B) 5 k!l 

(C) 400 k!l 

(D) 500 k!l 

5. A voltmeter is used to measure the voltage across a 
resistor. The voltmeter is connected in parallel with the 
resistor. To obtain an accurate voltage reading, the 
internal resistance of the voltmeter must be 

(A) much smaller than the resistance whose voltage 
is being measured 

(B) approximately equal to the resistance whose 
voltage is being measured 

( C) approximately equal to l. 7 times the resistance 
whose voltage is being measured 

(D) much greater than the resistance whose voltage 
is being measured 
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6. A circuit with two terminals is shown. 

+ 
10 V-=-

10 n 20 

15!l 

A 

B 

Most nearly, the resistance at Ri that will allow maxi­
mum power transfer through terminals A and B is 

(A) 2.0 D 

(B) 8.0 D 

(C) 15 n 
(D) 17 i1 

7. A circuit with two batteries is shown. 

12 0 40 V 
1\,---,-- --t j I + 

2ov--=- 8 
:wost nearly, the current through the 40 V battery is 

(A) 1.3 A 

(B) 2.9 A 

(C) 6.7 A 

(D) 13 A 

8. A circuit containing four resistors is shown. 

+ 
120 V DC -=-

12 o 

40 

5H 

Most nearly, the voltage across the 7 D resistor is 

(A) 7.0 V 

(B) 11 V 

(C) 14 V 

(D) 24 V 
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9. A circuit containing three resistors is shown. 

20 30 40 

Most nearly, the current passing through the 2 n resis­
tor is 

(A) 0.19 A 

(B) 0.46 A 

(C) 0.82 A 

(D) 1.1 A 

1 O. A current source is placed in parallel with two 
conductances. 

G1 = 3S 

Most nearly, the power absorbed by the 3 S conductance 
is 

(A) 1 W 

(B) 3W 

(C) 5 W 

(D) 7W 

11. Two voltage sources and two resistors are combined 
as shown. The resulting current is 0.1 A, clockwise. 

1s n 

9 
5!l 

+ + 
4V-=- -=- V -1 J-

Most nearly, the unknown voltage, V, is 

(A) 1.0 V 

(B) 2.0 V 

(C) 4.0 V 

(D) 10 V 
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12. The equivalent circuit for a power supply consists 
of an ideal 10 V voltage in series with a 4 D resistance. 
The power supply is connected to a 1 D load. 

4!1 

10 V , n 
'\ 

load 

source 

Most nearly, how much would the voltage across the 1 D 
load resistance have to change in order to dissipate max­
imum power? 

(A) 1 V 

(B) 2 V 

(C) 3 V 

(D) 5 V 

D I A E C T · C U A A E N T C I A C U I T S 23-3 

SOLUTIONS 

1 . The current through the 6 D resistor can be found 
through superposition of the current due to the voltage 
source and the current due to the current source. First, 
replace the current source with an open circuit as 
shown. 

+ 
96 V-=-

4!1 

6!1 4!1 

Calculate the total resistance. The 6 D resistor and one 
of the 4 D resistors are in parallel, so 

= 6.4 D 

The total current is 

I = l1total = 96 V = 15 A 
total R 64 ,... 

total O ~ 6 

The current through the 6 D resistor due to the voltage 
source is 

I = I [ R
3 

) = (15 A)[ 
4 

D l = 6 A 2.voltage total R
3 
+ R

2 4 D + 6 D 

Next, in the original circuit, replace the voltage source 
with a short circuit. 

4!1 6!1 40 4A 

The two 4 D resistors in parallel are equivalent to a 2 D 
resistor, so the current through the 6 D resistor due to 
the current source is 

I - 1( R13 
) - (4 A)[ 2 D )- 1 A 

2,current - R2 + R13 - 6 D + 2 D -

PPI • ppi2pass . com 
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The total current through the 6 n resistor is 

6 A + 1 A = 7 A (7.0 A) 

The answer is (A). 

2. The open-circuit Thevenin equivalent voltage across 
terminals A and B is the voltage across the vertical 3 kn 
resistor. 

= ((3 kO) (1000 k~ )) 
3

0 mA 
H 1000 mA 

A 

= 90 V 

The Thevenin equivalent resistance can be determined 
by reducing the current source to zero. The left leg 
becomes an open circuit. The resistance across terminals 
A and Bis 

RTh = 3 kn + 3 kn 

= 6 kn 

The Thevenin equivalent circuit across terminals A and 
B is a series voltage source of 90 V and a resistance of 

.6kfl. 

The answer is (D). 

3. The problem can be simplified by converting the cur­
rent source and the 3 n resistor to a Thevenin 
equivalent. 

Voe = RThishortcircuit = (3 0) ( 4 A) 
= 12 V 

The simplified circuit is 

2n 3D 

10 V 

The current through the 2 n resistor is 

i = ~ = 12 V- 10 V = 0_4 A 
2n R 2n+3D 

12 V 

The 12 V source is greater than the 10 V source, so the 
current of 0.4 A is from right to left. 

The answer is (A). 
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4. The maximum (full-scale) voltage drop across the 
meter is Vr., = 20 V. The maximum current through the 
meter is Ir,;= 50 µA. The total internal resistance of the 
voltmeter is 

Vis (20 v)( 10
6 µ:) 

Rtotal = - = - -------
Ifs ( 50 µA)( 1000 k~) 

= 400 kn 

The total resistance is the sum of the meter and series 
resistances. 

R total = R meter + R series 

The series resistance is 

R seri<.-s = R total - R meter 

= 400 kn - 5 kn 
= 395 kn ( 400 kn) 

The answer is (C). 

5. Because the voltmeter is connected in parallel with 
the load resistance, its internal resistance must be very 
high so that it will not draw enough current to signifi­
cantly affect the current flowing through the measure­
ment leads. 

The answer is (D). 

6. Maximum power transfer occurs when the load resist­
ance equals the source resistance. Find the Thevenin 
equivalent resistance for the circuit to the left of termi­
nals A and B. The Thevenin equivalent resistance is 
found by removing the voltage source and finding the 
equivalent resistance across terminals A and B with RL 
disconnected. The equivalent resistance is a series com­
bination of the 2 n resistance and the parallel combina­
tion of the 15 fl and 10 n resistances. 

Rs = R3 + Rp 

The answer is (B). 

R1R2 
=R3 + --­

R1 + R2 

= 2 n+ (10 n)(15 n) 
10 n+ 15 n 

= 8.o n 
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7. Use the current-loop method to solve for the 
unknown currents. Use Kirchhoff's voltage law to get an 
equation for each loop. 

I:V=I:IR 
20 v = (IA+ I8 )(8 CT)+ JA(12 CT) 

40 V = (IA+ I8 )(8 CT) 

Rearrange the second equation to solve for fA. 

Substitute this value for h in the first equation, then 
solve for JB, 

20 V = ((5 A- I8 ) + I8 )(8 CT)+ (5 A- JB)(12 CT) 

IB = 6.67 A (6.7 A) 

The answer is (C). 

8. Determine the equivalent resistance of the two paral­
lel legs, one containing a 4 CT resistor and the other con­
taining a 5 CT resistor and a 7 n resistor in series. 

1 1 
Rparallel = _ 1 ___ 1_ = _1 ____ 1 _ _ 

-+- -+---
R1 Rs R 1 R 2 + R 3 

1 

The 12 CT resistor and this combination of resistors are 
connected in series. Because the voltage source is DC, 
the inductor contributes no resistance. The total equiva­
lent resistance of the circuit is 

Req = 12 CT+ 3 CT 

= 15 CT 

Use Ohm's law to calculate the currents and voltages 
through individual elements. The current J1 is 

The voltage across the parallel section is 

Vpara11e1 = I1Rpara11e1 = (8 A)(3 CT)= 24 V 

vparallel 
I2= -R--

__ 24_ V_ = 2 A 
5CT+7n 

D I R E C T · C U R R E N T C I R C U I T S 23-5 

Use Ohm's law to calculate the voltage across the 7 CT 
resistor. 

V = I2R = (2 A)(7 CT)= 14 V 

The answer is (C). 

9. The two current sources are connected to the same 
points, so they can be combined. Taking an upward cur­
rent as positive, the net current is 

6A-5A=1A 

Draw an equivalent circuit. 

...1... 

2n 3fl 4fl 

The three resistors are in parallel, so the equivalent 
resistance of the circuit is 

1 
Req = 1 1 1 

-+-+­
R1 R2 R 3 

= o.923 CT 

The voltage across all the resistors is 

1 

V = IReq = (l A)(0.923 CT) = 0.923 V 

The current through the 2 n resistor is 

V 
I2 n = -

R 

0
·
923 

V = 0.462 A (0.46 A) 
2n 

The concept of a current divider could also be used to 
solve this problem. 

The answer is (8). 

10. The conductances are in parallel, so the total con­
ductance is their sum. 

Gtotal = G1 + G2 = 3 s + 7 s = 10 s 

The voltage across the conductances is 

I 
V = IRtotal = -­

Gtotal 

=lV 

10 A 
10 S 
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The current through the G1 conductance is 

V 
I1 = - = VG 1 = (I V)(3 S) 

R1 
=3A 

The power dissipated by the G1 conductance is 

2 I; (3 A)2 

Pi=I1 R1 =c;=~ 

=3W 

The answer is (8). 

11. Going clockwise around the loop, the loop equation 
is 

I: V = II:R 
4 V - V = (0.1 A)(15 n + 5 n) 

=2V 

Solving for the unknown voltage gives 

V=4V-2V=2V 

The answer is (B). 

12. Using a voltage divider concept to calculate the 
load voltage gives ,. 
v,;.ctua1=( RL )vTh=( lO )(I0V)=2V 

RL + RTh 1 n + 4 n 

In the maximum power transfer configuration, the load 
resistance would be equal to the Thevenin source resist­
ance, 4 n. The voltage across the load resistance would 
then be 

V:naxpower = ( RL ] VTh = ( 
4 

!J )(10 V) = 5 V 
RL + RTh 4 n + 4 n 

The difference in voltage across the load resistance is 

~ifferencc = Vmaxpowcr - v,;.ctual = 5 V - 2 V = 3 V 

The answer is (C). 
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Alternating-Current 
Circuits 

PRACTICE PROBLEMS 
·····•····· ............ - ······················ ................ ......................................... . 

1. A standby generator provides backup power to a 
process fed by a 600 A power distribution panel. The 
process uses four 100 hp pumps each having an effi­
ciency of 85%. Four three-phase motors driving the 
pumps operate at 480 V and have a power factor of 0.8. 
Most nearly, the minimum size generator needed is 

(A) 110 kVA 

(B) 350 kVA 

(C) 440 kVA 

(D) 500 kVA 

2. A circuit consists of a pure resistance in series with 
an unknown impedance. When the circuit is connected 
to a 480 V source, the pure resistance draws 10 kW, and 
the unknown impedance draws 40 kW with a 0.8 power 
factor. 

10 kW 

What is the power factor for the overall circuit? 

(A) 0.50 

(B) 0.80 

(C) 0.86 

(D) 0.92 

3. An ideal single-phase transformer is rated as 
440 V:110 V. The primary voltage is 440 V, and the sec­
ondary load is 5.5 n resistive. What are the actual pri­
mary and secondary currents? 

(A) 5 A primary, 20 A secondary 

(B) 5 A primary, 80 A secondary 

( C) 20 A primary, 5 A secondary 

(D) 80 A primary, 20 A secondary 

4. Two single-phase voltage sources, v1 and v2, are con­
nected in series. 

v1 = 20 sin(377t+ 25°) 

v2 = 30 cos(377t - 15°) 

What is the total voltage v3 = v1 + 'lf2? 

(A) 50.0 tan(377t+ 10°) 

(B) 45.5 sin(377t+ 55.3°) 

(C) 10.0 tan(377t+ 10°) 

(D) 45.5 cos(377t+ 55.3°) 

5. An ideal transformer has primary and secondary 
windings designated 1 and 2, respectively. Variable J is 
current, Vis applied voltage, Z is impedance, and N is 
the number of turns. Which of the following is true? 

(A) I1 = I2 

(B) Z2 =Vi/Ii 

(C) Ii/ I2 = N2/ N1 

(D) I1 ViNi = I2 ViN2 

6. The ideal transformer shown has a turns ratio of 5. 
The primary winding is connected to a 1200 V AC cur­
rent. The primary current is 4.8 A. The secondary wind­
ing is connected to a 10 n ideal resistor . 

Most nearly, the current flowing in the secondary is 

(A) 12 A 

(B) 24 A 

(C) 29 A 

(D) 120 A 
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7. An ideal transformer has a turns ratio of 5. The pri­
mary winding is connected to a 1200 V AC current. The 
secondary winding is connected to a 10 n ideal resistor. 
The voltage across the resistor is measured to be 240 V. 

N, 

Most nearly, the primary current is 

(A) 1.9 A 

(B) 4.8 A 

(C) 24 A 

(D) 120 A 

+ 

R= 10f! 

V2 = 240 V 

8. A DC generator produces 200 V at 1800 rpm. The 
speed is decreased to 1000 rpm. Armature resistance is 
negligible. Most nearly, the new voltage generated is 

(A) 100 V 

(B) 110 V 

(C) 200 V 

(D) 360 V 

9. The voltage for a waveform is 2 V + (5 V)(cos 21rt). 
Most nearly, the effective value of this waveform is 

(A) 3.0 V 

(B) 4.1 V 

(C) 5.5 V 

(D) 7.0 V 

10. A waveform, f( t) , is represented as 

f(t) = cos(wt+ ;) 

Which of the following represents the same waveform? 

(A) cos wt 

(B) cos( wt-( 1r /2)) 

(C) -sin wt 

(D) siri wt 
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11. What is the following voltage expressed in phasor 
form? 

(170 V)cos(10ot+ i) 
7r 

(A) 120 V L. - rad 
3 

(B) 120 V L.60° 

(C) 170 V L.~ rad 
3 

(D) 170 V L.60° 

12. The series RLC circuit shown is connected to a volt­
age source having a frequency of 400 rad/s. 

A-----, 

70 mH 

2f! 

+ 

B ... ---~T 50 µ.F 

Most nearly, the resulting impedance between terminals 
A and Bis 

(A) 11.0 QL.-79.6° 

(B) 15.6 nL.-84.8° 

(C) 15.6 QL.84.8° 

(D) 22.1 nL.-84.8° 

13, A generator develops a voltage of 120 V L.0° and has 
an internal impedance of 20 + J20 n. The generator is 
connected to a load of 30 0 + JX1oad by means of a trans­
mission line with an impedance of Rtrans - J10 0. 

120 V L0° 

generator 

20 n i20 n 

source 

transmission 
line 

Rr -j10 fl 
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Most nearly, what values of Rr and X1oad will cause max­
imum power to be transferred? 

(A) Rtrans = 10 D, Xioa<l = -10 D 

(B) Rtrans = 10 D, X1aa<l = 10 D 

(C) Rtrarus = 20 D, X1aad = -10 D 

(D) Rtrarus = 30 D, X1aa<l = 20 D 

14. A sinusoidal voltage source has a voltage maximum 
of 120 V. The resulting sinusoidal current has a maxi­
mum of 4 A. The real power drawn is 192 W. Most 
nearly, the power factor is 

(A) 0.4 

(B) 0.5 

(C) 0.6 

(D) 0.8 

15. A sinusoidal voltage source has voltage maximum 
of 120 V and current maximum of 4 A. The power factor 
is 0.85 leading. Most nearly, the reactive power is 

(A) -126 VAR 

(B) -63.2 VAR 

(C) 63.2 VAR 

(D) 126 VAR 

16. A sinusoidal source produces an effective voltage 
of 100 V. The source contains an internal impedance of 
4 Q - y20 D and is connected to a 6 D load. 

40 -j20 o 

60 

source 

Most nearly, the real power dissipated in the load resist­
ance is 

(A) 60W 

(B) 80 W 

(C) 120 W 

(D) 240 W 

A L T E A N A T I N G • C U A A E N T C I A C U I T S 24-3 

1 7. An ideal transfer contains 100 primary coil turns 
and 400 secondary coil turns. The impedance measured 
at the primary terminals of the transformer is 100 -
j50 n. Most nearly, the impedance in the secondary cir­
cuit is 

(A) 100 - j50 n 
(B) 400- y200 D 

(C) 1600- j800 n 
(D) 1600 + j800 n 

18. A 240 V alternating source at 60 Hz is connected to 
a series-RLCcircuit as shown. 

R= 260 

L = 0.35 H 

C = 40 µ,F 

What is most nearly the total reactance of the circuit? 

(A) 66 n 
(B) 130 n 
(C) 150 n 
(D) 200 D 
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SOLUTIONS 

1. Use the efficiency to calculate the power needed to 
provide 100 horsepower to the pumps. 

PL 
Ps=-= 

TJ 

(100 hp)(o.746 ~) 

0.85 

= 87.76 kW 

Use the equation for power to find the current drawn by 
each motor. (Because the motors are three-phase, the 
voltage is multiplied by ./3.) 

p = vmotoJmotorcosfJ 

P = VmotoJmotor(pf) 
p 

Jmotor = ----
Vmoto.(pf) 

= 
(87.76 kW)(1000 ~) 

./3 (480 V)(0.8) 

= 131.9 A [each motor] 

The generator must be capable of supplying 131.9 A at 
480 V to each of the four motors. The minimum size 
generator needed is 

(4 motors)./3 (480 v)(131.9 ~) 
motor 

Sgenerator = VA 

1000 kVA 

= 438.8 kVA (440 kVA) 

The answer is (C). 

2. The power triangle for the unknown impedance is 

Pz= 40 kW 

pf = cos 9z 

9z = arccos pf= arccos 0.8 

= 36.87° 
Qz = PztanfJz = (40kW)tan36.87° 

= 30 kVAR 
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For the overall system, the power triangle is 

__ e __ s ____ j Q • 30 kVAR 

P = 40 kW + 10kW = 50 kW 

Q 30 kVAR 
fJ = arctan p = arctan 

50 
kW 

= 31° 
pf = cos(} = cos 31 ° 

= 0.86 

The answer is (C). 

3. The transformer is ideal, so its turns ratio is 

a= l~I 
440 V 
110 V 

=4 

The secondary current is 

Is= Vs = 110 V = 20 A 
Rs 5.5 n 

For an ideal transformer, 

a = 1;;1 
Ip 

Is 20A 

a 4 
=5A 

The answer is (A). 

4. Express 'L'2 as a sine function. The sine and cosine 
functions differ by 90°. 

v2 = 30 cos(377t - 15°) 

= 30 sin(377t - 15° + 90°) 

= 30 sin(377t + 75°) 
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Convert v1 and v2 to phasor form. 

v1 = 20( cos 25° + j sin 25°) 

= 18.126 + j8.452 

v2 = 30( cos 75° + j sin 75°) 

= 7. 765 + j28.978 

The phasor sum of v1 and '112 is 

V3 = (18.126 + 7. 765) + j(8.452 + 28. 978) 

= 25.891 + j37.430 

Convert Vs back to the time domain. 

r = ~ (25.891)2 + (37.430)2 = 45.51 

,I., 37.430 0 
'I' = arctan --- = 55.33 

25.891 
v3 = rsin(wt+ ¢>) 

= 45.51 sin(377t + 55.33°) 

The answer is (B). 

5. An ideal transformer is lossless. All the power drawn 
by the primary winding is transferred to the secondary 
winding. 

The ratio of common terms defines the turns ratio. 

The inverse of the turns ratio is 

1 
= 

a 

The answer is (C). 

6. Use the turns ratio to calculate the current flowing in 
the secondary winding. 

The answer is (B). 

I2 
a=-

I1 
I2 = aI1 

= (5)(4.8 A) 

= 24 A 

A L T E R N A T I N G • C U R R E N T C I R C U I T S 24-5 

7. The current flowing through coil 2 is 

V:i 240 V 
I 2 = - = -- = 24 A 

R 2 10 D 

Calculate the primary current from the turns ratio. 

I2 
a=-

I1 

I2 24 A 
I1=-=--

a 5 
= 4.8 A 

The answer is (B). 

8. The operating voltage is proportional to the rota­
tional speed. 

n1/n2=l~I 
v; = [::)Vi 

The answer is (B). 

1000 rev 

-----'m= in;:,,,. ( 200 V) 
1800 rev 

min 

= 111 V (110 V) 

9. The effective voltage can be found in polar form. 

The effective value of the waveform is 

00 

xrms= xd~+ I:x; 
n=l 

00 

V.ms = vJc + E v; 
n=l 

(2 v)2 + ( :;r 
= 4.06 V (4.1 V) 
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The effective value can also be found in trigonometric 
form. Use the equation for frequency to find the period 
of the waveform. 

f = l / T = w / 2-rr 

T = 2-rr = 2-rr rad 
w 27r rad 

s 
= 1 s 

The effective value of the waveform is 

- - r T 2 1/2 

xeff - xrms - l(l / T) IX (t) dt 

l lT V.rr= Vrm,= - (2V+(5V)cos21rt)2dt 
1 s 0 

( 
1 
\ J( (4 V

2
)(1 s) + (25 V

2
) 

x (~ + (sin41r)(l s) _ ~ _ (sin41r)(O s) ]) 
2 81r 2 81r 

= J4 v2+ 252V2 

= 4.06 V (4.1 V) 

The answer is (B). 

1 O. According to sine-cosine relationships, 

sinwt = cos( wt-%)= -cos( wt+%) 
Negating all terms, 

-sin wt= -cos( wt-%) = cos( wt+ ; ) 
The answer is (C). 

11. Vlhen the voltage is expressed in phasor form, is 
magnitude is the effective value. Using the equation for 
the effective value of a sinusoid, the effective voltage is 

xeff = xrms = xmaxl -../2 
Vmax 170 V 

V,,ff = V rms = -../2 -../2 
= 120.2 V (120 V) 
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In phasor form, the phase angle is expressed in degrees. 

¢ = (~ rad)( 1800 ) = 600 
3 1r rad 

The phasor form of the voltage is 

120 VL60° 

The answer is (B). 

12. The impedance of the resistor is 2 D. The impe­
dance of the capacitor is 

z __ l_ 
c- jwC 

j( 400 r:d ) (50 µF) 

= -J50 n 

The impedance of the inductor is 

ZL =j..,;L 

j( 400 ~ )(70 mH) 

103 mH 
H 

=J28 n 

The impedance is the sum of the impedances of the 
resistor, capacitor, and inductor. 

z = z R + Zc + zL = 2 n - j50 n + j28 n 
= 2 D-j22 n 

I 2 2 -22 n = "\J (2 D) + (-22 D) Larctan--
2 D 

= 22.09 DL-84.8° (22.1 DL-84.8°) 

The answer is (D). 

13. In the maximum power transfer arrangement, the 
resistance of the load is equal to the resistance of the 
source. The resistance of the source is equal to the sum 
of the resistances of the generator and the transmission 
line. 

The resistance of the transmission line is 

Rtrans = R 1aa<l - Rgen = 30 n - 20 n = 10 D 
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The reactance of the load is the negative of the reac­
tance of the source, which is equal to the sum of the 
reactances of the generator and the transmission line. 

X1oa<l = - X source = - ( Xgen + Xtrans) 

= -(20 n-10 n) 

= -10 n 

The answer is (A). 

14. Use the equation for real power to find the power 
factor. 

2P 
cos()= ---

The answer is (D). 

(2)(192W) 
pf= - - --­

(120V)(4A) 

= 0.8 

15. The power factor is leading, so the power angle, (), 
is negative. 

() = -arccos(pf) = -arccos 0.85 = -31. 79° 

The reactive power is 

Q = G) vmaJ max sine 

= G-)(120 V)(4 A)sin-31.79° 

= -126.4 VAR (-126 VAR) 

The answer is (A). 

16. From Ohm's law, the current in the circuit is 

Z = V/1 

~en 100 V L0° 
I= -- = - - -----z 4 n + 6 n - 120 n 

100 V L0° 

10 n-120 n 

1z1 = J (lo n)2 + (-20 n)2 = 22.36 n 

-20 n 
() = arctan --- = -63.43° 

10 n 
Z = 22.36 DL-63.43° 

V 100 V L0° 
I= Z = 22.36 DL-63.43° 

= 4.47 AL63.43° 

A L T E R N A T I N G · C U R R E N T C I R C U I T S 24-7 

The voltage across the load is 

v; = ( R ) v; = ( 6 D ) 100 V L 00 
R Z G 22.36 DL- 63.43° 

= 26.8 V L63.43° 

The voltage across the load and current are at the same 
phase angle, so the power angle, (), is O and the power 
factor, pf, is 1. 

The power may be determined in any of three ways. 

P = V.mirmscos() = (26.8 V)(4.47 A)(l) 

= 120 W 

P = V!,s = (26.8 V)
2 

= 120 W 
R 60 

P = I;msR = (4.47 A)2(6 D) = 120 W 

The answer is (C). 

17. The turns ratio is 

a = Ni/ N2 = 100 turns = 0.25 
400 turns 

The secondary impedance is 

The answer is (C). 

100 - J5o n 
(0.25)2 

= 1600 - J8oo n 

18. The inductive reactance is 

XL= wL = 21rfL = 21r(60 Hz)(0.35 H) 

= 131.9 n 

The capacitive reactance is 

1 1 
Xc=--=---

wC 21rfC 
1 

21r(60 Hz)(40 x 10-6 F) 

= -66.3 n 

The total reactance is 

XL+ Xe = 131.9 fl+ ( -66.3 fl) 

= 65.6 fl (66 D) 

The answer is (A). 

PPI • ppi2pass.com _ 
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Transient, Resonant, and 
Filter Circuits 

PRACTICE PROBLEMS 

1. The switch in the circuit shown has been open for a 
long time, and there is no current flowing through the 
inductor. 

,ov 

closes at 
t= 0 s 

2 kn 

80 mH 

The switch closes at time t = 0 s. Most nearly, the cur­
rent passing through the 80 mH inductor 60 µ,s after the 
switch is closed is 

(A) 2.4 mA 

(B) 3.2 mA 

(C) 3.9 mA 

(D) 5.0 mA 

2. The circuit shown is to be used as a filter . The cutoff 
frequency each resistor-capacitor pair is 318 Hz. 

.-----. C2 = 0.05 µ,F 
isolating 
network 

input 

This circuit is a 

(A) low-pass filter 

(B) high-pass filter 

(C) band-reject filter 

(D) band-pass filter 

R, = 
10 kn 

output 

3. The switch in the circuit shown has been open for a 
long time, and there is no initial charge on the 
capacitor. 

40V 

2w 4kn 

closes~ 
t=Os 1 

2 kn 20 µ,F 

The switch is closed at time t = 0. Most nearly, the 
steady-state voltage across the capacitor after the 
switch is closed is 

(A) 10 V 

(B) 20 V 

(C) 30 V 

(D) 40 V 

4. A voltage of 40 sin lOOt is impressed on the input of 
the filter circuit shown. 

input 50 n 

40sin 100t 

_.... 'V'./v,..-----,..-1 ---

- - 200 µ.F 

What is the amplitude of the output, Vout? 

(A) 0 V 

(B) 20 V 

(C) 28 V 

(D) 40 V 

+ 

5. The exponentially decaying voltage given is applied 
to a digital circuit input. 

v(t) = 20e-t/4oox10-J s 
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25-2 F E E L EC T R IC A L A N D C O M P U T E R P RAC T IC E P R O B L E M S 

The circuit's trigger voltage is 2 V. Most nearly, the 
time needed for the decaying voltage to reach the trigger 
voltage is 

(A) 200 ms 

(B) 400 ms 

(C) 920 ms 

(D) 1800 ms 

6. The switch in the circuit shown has been open for a 
long time, and there is no initial charge on the capacitor. 
The switch is closed at time t = 0 s. Most nearly, the 
capacitor will be charged to 80% of the battery voltage 
lil 

20V-= 150 n 

J 
<i.__ ____ ___,J 100 µF 

(A) 2.0 ms 

(B) 10 ms 

(C) 12 ms 

(D) 24 ms 

7. What is the resonant frequency of the circuit shown? 

5f1 

100 VL0° ,...._, 2H 

1.5 µF 

(A) 0 rad/s 

(B) 92 rad/s 

(C) 260 rad/s 

(D) 580 rad/s 
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8. Most nearly, what is the resonant frequency of the 
circuit shown? 

(A) 15 kHz 

(B) 29 kHz 

(C) 46 kHz 

(D) 91kHz 

6.28 kfl 

3 µF 40 µH 

9. The switch in the series-RC circuit shown has been 
open for a long time, and there is no initial charge on 
the capacitor. 

an 

200V 

The switch is closed at time t = 0 s. Most nearly, what is 
the current at time t = 0.4 s? 

(A) LO mA 

(B) 2.1 mA 

(C) 2.4 mA 

(D) 3.4 mA 

1 O. The switch in the circuit shown has been open for a 
long time, and there is no initial current through the 
inductor. 

200 V 250 mH 
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T R A N S I E N T I R E S O N A N T I A N D F I L T E R C I R C U I T S 25-3 

The switch is closed at time t = 0 s. Most nearly, what is 
the voltage across the inductor at time t = 0.05 s? 

(A) 40 V 

(B) 62 V 

(C) 130 V 

(D) 180 V 

11. The circuit shown has a resonant frequency of 
577 rad/s. The bandwidth is 6.66 rad/s. 

L 

Most nearly, the capacitance is 

(A) 150 µF 

(B) 200 µF 

(C) 250 µF 

(D) 300 µF 

1 kn +c 

12. In the series-RLC circuit shown, what is the trans­
fer function in the Laplace domain, Vz(s)/ Vi(s)? 

1 kn 20 mH 10 µF 

(A) 
10 4s 

s2 + 105s+ 4 x 106 

(B) 
4 X 10 4s 

s2 + 105s+5xl06 

(C) 
5 X 103s 

s2+ 2 X 105s+ 5 X 106 

(D) 
5 X 10 4s 

s2+ 105s+ 5 X 106 

13. In the circuit shown, the capacitance, C, needed to 
achieve a power factor of 1.0 is most nearly 

C 

(100 V)sin 377t ~ R = 100 n 

2H 

(A) 1.0 µF 

(B) 1.6 µF 

(C) 2.0 µF 

(D) 3.5 µF 

PPI • ppi2pass.com 
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SOLUTIONS 

1. Use the equation for transient inductor current. The 
exponent is 

Rt (2 x 103 D)(60 x 10-6 s) 
-- - - = -1.5 

L 80 x 10- 3 H 

The current passing through the conductor at t = 60 µs 
is 

iL(t) = (~)(1- e-Rt/L) 

i (60 µs) = ( 10 
V )(1 - e-1.

5)(103 mA) 
L 2 X 103 D A 

= 3.88 mA (3.9 mA) 

The answer is (C). 

2. R1 and C1 act as a low-pass filter with a cutoff fre­
quency of 318 Hz. R2 and Qi act as a high-pass filter 
whose cutoff frequency is also 318 Hz. The isolating net­
work prevents R2 and 02 from loading R1 and 01. 

The combination acts as a band-pass filter because all 
frequencies significantly above and below 318 Hz are 
attenuated. 

The answer is (D). 

3. At the end of the transient period ( after the switch is 
closed), the capacitor acts like an open circuit. There is 
no current through the open-circuit capacitor. There­
fore, the voltage across the capacitor is the same as the 
voltage across the parallel 2 kD resistor. 

Use the voltage-divider formula. 

V, = ( 40 V) ( 
2 

kD ) = 20 V 
c 2 kn+ 2 kn 

The answer is (8). 

4. The circuit is a low-pass filter with a cutoff frequency of 

1 

RC 
1 -------- = 100 rad/s 

(50 !1)(200 x 10- 6 F) 

The input is at the cutoff frequency. The cutoff fre­
quency is the half-power point, so the amplitude of the 
output voltage is the input voltage divided by ./2. 

V;0 40 V ( ) 
V0 ut = ./2 = ./2 = 28.3 V 28 V 
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Alternatively, the voltage can be found from the voltage 
divider concept. The reactance of the capacitor is 

1 1 
Xe= - - = - - - - - ---- - -

wC ( 100 r:d }200 x 10-6 F) 

= -5o n 

The output amplitude is calculated using the voltage 
divider concept. · 

v,,, ~ vm[ IRl:~tl l ~ v,,[ J ~:: xi ] 

~ ( 40 v)[ J (so ~)~·: (~so n)' j 
= 28.3 V (28 V) 

The answer is (C). 

5. Solve the decaying voltage equation for v( t) = 2 V v( t) 
=2V. 

v( t) = 2 V = 20e-t/400x 10-:i s 

Substitute and divide both sides of the equation by 20 V. 

3 

2 V ( 20 V)e-t/ 400 x 10- s 

--= -------
20 V 20 V 

O.l = e-t/ 400 x l0-:i s 

Take the natural logarithm of both sides of the 
equation. 

In O.l = In e-t/ 400 x 10-
3 

s 

t 

400 X 10- 3 S 

Solve fort. 

t = - ((400 X 10-
3 

s)(I000 :S ))ln0.1 

= 921 ms (920 ms) 

The answer is (C). 
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T R A N S I E N T I R E S O N A N T I A N D F I L T E R C I R C U I T S 25-5 

6. Since the circuit is initially open, the initial voltage 
on the capacitor is zero. 

vc(t) = vc(O)e-t/RC + V(l - e-t/RC) 

0.8 = 1 _ e-t/(150 !1)(100 X 10-
6 F) 

0_2 = e-t/0.015 s 

Take the natural log of both sides. 

-t 
ln0.2 = ---

0.015 s 
t = 0.024 s (24 ms) 

The answer is (D). 

7. For a series-RLCcircuit, the resonant frequency is 

1 1 Wo=--= --;::==============-
.Jw ~ (2 H)(l.5 x 10-6 F) 

= 577 rad/s (580 rad/s) 

The answer is (D). 

8. The resonant frequency is 

1 
wa = 2nfo = --

.J LC 
1 

fo = 21r.J LC 

1 

2n~ (40 x 10-6 H)(3 x 10-6 F) 

= 14592 Hz (15 kHz) 

The answer is (A). 

9. Use the equation for transient current in an RC cir­
cuit. The exponent is 

-0.4 s 
-t/RC = ---------

[(8 kn)(1000 k~)) 
1
:~ µ; 

µF 

= -2 

The current at t = 0.4 sis 

i(t) = {[V- vc(O)]/ R}e-t/RC 

= 200 V - 0 V e-2( lOOO mA J 
(8 kD)(1000 !) A 

= 3.38 mA (3.4 mA) 

The answer is (D). 

10. Use the equation for transient voltage in an RL cir­
cuit. The exponent is 

_ / _ -(8 D)(0.05 s) 
Rt L - 250 mH 

1000 mH 
H 

= -1.6 

The voltage on the inductor is 

vL(t) = -i(O)Re-Rt/L + ve-Rt/L 

= 0 V + (200 V)e-1.6 

= 40.38 V (40 V) 

The answer is (A). 

11. Rearrange the bandwidth equation to solve for the 
quality factor. 

Wo 
BW=­

Q 

577 
rad 

Q=~= s 
BW 

6
_
66 

rad 
s 

= 86.64 

Rearrange the equation for the quality factor in a paral­
lel-RLC circuit to calculate the capacitance. 

Q =w0RC 

C = _9._ = 86.64 

woR ( 577 r:d )(1 x 103 D) 

= 150.15 x 10-6 F (150 x µF) 

The answer is (A). 

PPI • ppi2pass.com 
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25-6 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

12. This is a band-pass filter series circuit. The equiva­
lent series resistance is 

R 8 = R1 + R2 = 1 H2 + 1 kn= 2 kn 

Use the equation for the transfer function of a band-pass 
filter series circuit. 

H(s) = "V;(s) = R2 . s 
Vi ( s) L s2 + sR 8 / L + 1 /LC 

(1 kn)( 1000 -& )( 1000 ¥) 

X 

20mH 

s 

s(2 kn)( 1000 k~ )( 1000 ;H) 
s2+ ----------- -

20 mH 

(1000 ¥)(10
6 
~) 

+ (20 mH)(lO µF) 

The answer is (D). 

13. A circuit has a power factor of 1.0 when it is reso­
nant. Use the equation for a circuit at resonant fre­
quency. The input frequency for this circuit is 377 rad/s, 
so use this value as the resonant frequency and solve for 
the capacitance. 

1 
w0L = -­

w0C 

C--1__ 1 

- w5L - (377 r:d r(2 H) 

= 3.52 x 10-6 F (3.5 µF) 

The answer is (D). 
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Three-Phase Power 

PRACTICE PROBLEMS .... ....... ............. .......... ················•······ ....... .. ............. . 

1. The balanced delta load shown is connected to a sta­
ble, three-phase voltage source. The rms line voltage is 
120V. 

B 

A11-_______ a_r----1 
I I 
I I 
I I 
I I 
I I 
I source I 
I I 
I I 
I I 
I I 

C cl I 

"~----------- I I 
I 
I 

bL ____ J 
\Vhat is most nearly the rms magnitude of the line 
current? 

(A) 4.80 A 

(B) 8.50 A 

(C) 11.5 A 

(D) 12.0 A 

2. A 240 V L 0° source supplies a balanced, three-phase 
load in a delta configuration. The line current is 
3 AL45°. What is most nearly the magnitude of the 
complex power measured across the load? 

(A) 420 VA 

(B) 720 VA 

(C) 1200 VA 

(D) 2200 VA 

3. A balanced, three-phase, delta-connected system has 
three identical phase impedances. The line-to-line volt­
age is 240 V. The line current is 41 A. Most nearly, the 

magnitudes of the phase voltage and phase current in 
the system are 

(A) 138 V and 11.8 A 

(B) 138 V and 23. 7 A 

(C) 240 V and 11.8 A 

(D) 240 Vand 23.7 A 

4. A balanced, three-phase, wye-connected load system 
has three identical phase impedances. Most nearly, the 
equivalent delta-connected phase impedances are 

(A) 40 D - j30 D 

(B) 40 D + j30 D 

(C) 120 D - j90 D 

(D) 120D+j90D 

A 

5. A balanced, three-phase, wye-connected system has 
three identical phase impedances. The line-to-line volt­
age is 240 V. The line-to-neutral current is 41 A. The 
power factor is 0.8 leading. Most nearly, the total appa­
rent power in the system is 

(A) 7.9 kW - j5.9 kVA 

(B) 7.9 kW+ j5.9 kVA 

(C) 14 kW - jlO kVA 

(D) 14 kW+ jlO kVA 
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26-2 F E E L EC T R I CA L A N D C O M P U T E R P R AC T I C E P R O B L E M S 

6. Three identical loads of 4 D - j3 D are delta-con­
nected in the three-phase system. The line-to-line volt­
age is 120 V. Most nearly, the total apparent power in 
polar form is 

(A) 2880VAL-36.87° 

(B) 2880VAL36.87° 

(C) 8640VAL-36.87° 

(D) 8640 VAL 36.87° 

7. The A phase of a balanced, three-phase, positive 
sequence system is taken as the reference. The line-to­
neutral voltage is 277 V. The magnitude and phase 
angle of the CA line-to-line phase voltage is most nearly 

(A) 277 V L-90° 

(B) 277 V L 150° 

(C) 480 V L-90° 

(D) 480 V L 150° 

PPI • ppl2pass . com 

SOLUTIONS 

1. Calculate the magnitude of the impedance for the 
phase. 

Zp=a+jb 

fZpf = ) a2+ b2 
= ~.-(1_5_n_)2_+_(_10_ n_)_2 

= 18 n 

Find the magnitude of the phase current using Ohm's 
law for AC circuits. 

Vp = IpZp 

II I= I Vp I= 120 V 
P Zp 18 n 

= 6.66 A 

Solve for the magnitude of the line current using the 
delta line-phase relationship. 

IILI = .J3 IIpJ = .]3 (6.66 A) 
= 11.5 A 

The answer is (C). 

2. For a delta configuration, VL = Vp. The magnitude of 
the complex power is 

ISi = .]3 VLIL 

= .J3 (240 V) (3 A) 

= 1247 VA (1200 VA) 

The answer is (C). 

3. The phase voltage is the line-to-line voltage. 

V1 = Vp = 240 V 

The phase current is the line-to-line current. 

fi = .J3Ip 

I = }.!:_ = 41 
A = 23. 7 A 

p .]3 .]3 

The answer is (D). 

4. The wye-connected phase impedances are 

z y = 40 n - J30 n 
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Use the equation for the delta-wye impedance relationship. 
The equivalent delta-connected phase impedances are 

Zt. = 3Zy = (3)(40 !1-j30 !1) 

= 120 n- J9o n 

The answer is (C). 

5. The power factor is leading, so the phase angle of the 
current is positive relative to the voltage. Accordingly, 
the power angle is negative. 

pf = cos Op = 0.8 

Op= -arccos0.8 

= -36.87° 

The total apparent power is 

S = 3.Vpit = J3 Vili(cosOp+ jsinOp) 

J3 (240 V L 0°) ( 41 AL 36.87°)* 

1000 k: 

J3 (240 V L0°)(41 AL- 36.87°) 

1000 k: 

J3 (240 V L0°)(41 A)(0.8 + jsin - 36.87°) 

1000 W 
kW 

= 13.63 kW -jl0.2 kVA (14 kW - jlO kVA) 

The answer is (C). 

6. The total apparent power is 

v] (3)(120 v)2 
S = 3- = -----'--zt (4n-J3n)* 

(3)(120 v)2 

(3)(120 v)2 

4 n+ J3 n 

~ (4 n)2 + (3 0)2 Larctan 
3 n 
40 

(3)(120 v)2 

5 OL36.87° 
= 8640 VAL-36.87° 

The answer is (C). 

T H A E E • P H A S E P O W E A 26-3 

7. In a positive sequence, the CA phase is 30° + 120° = 
150° ahead of the A phase in a positive sequence, and 
the phase voltage is J3 times the line-to-neutral volt­
age. The CA line-to-line phase voltage is 

°Xa = J3 VpL 150° 

The answer is (D). 

= J3 (277 V) L 150° 

= 480 V L150° 
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Transmission Lines 

PRACTICE PROBLEMS 
·-········· .... ······················ ······•·•············· 

1. A transmission line has an inductance and capaci­
tance of 2.5 x 10-6 H/m and 1.0 x 10-9 F /m, respec­
tively. The line is terminated with a purely resistive 
load. The standing wave ratio at the load is 3.0. Most 
nearly, what is the load resistance? 

(A) 25 D 

(B) 50 D 

(C) 100 D 

(D) 150 D 

2. A transmission line has a characteristic impedance of 
75 D. The load at the end of the transmission line has a 
characteristic impedance of 377 D. Most nearly, the per­
centage of the signal voltage that is transmitted to the 
load is 

(A) 10% 

(B) 30% 

(C) 50% 

(D) 100% 

3. A lossless transmission line has a characteristic impe­
dance of 100 D for a 100 MHz wave traveling at 70% of 
the speed of light. Most nearly, the capacitance and 
inductance of the line per unit length are 

(A) 29 pF /m and 0.29 µH/m 

(B) 48 pF /m and 0.48 µH/m 

(C) 29 pF /m and 0.96 µH/m 

(D) 13 pF /m and 0.26 µH/m 

4. A lossless transmission line has a propagation con­
stant of 2.5 rad/m when transmitting a 50 MHz signal. 
Most nearly, what antenna length would be equivalent 
to one-fourth of a wavelength of the transmitted signal? 

(A) 0.21r m 

(B) 0.51r m 

(C) 0.81r m 

(D) 2.01r m 

5. Which of these statements concerning transmission 
lines is FALSE? 

(A) 

(B) 

(C) 

(D) 

A standing wave is the sum of the incident and 
reflected waves. 

The reflection coefficient is the ratio of the 
reflected wave voltage to the incident wave 
voltage. 

The magnitude of a standing wave is constant at 
a given position of the transmission line. 

The standing wave ratio is the ratio of the maxi­
mum and minimum current magnitudes of a 
standing wave. 

6. A sinusoidal voltage wave with an amplitude of 5 V 
propagates in a transmission line. The line has a charac­
teristic impedance of 25 D. The transmission line is 
loaded at its end with an impedance of 50 D + j'25 n. 
Most nearly, the voltage magnitude of the wave reflected 
from the load is 

(A) 0.22 V 

(B) 1.1 V 

(C) 2.2 V 

(D) 5.0 V 

7. When is maximum power transferred from a genera­
tor to the load through a transmission line? 

(A) when the load impedance is equal to the charac-
teristic impedance of the line 

(B) when the reflection coefficient is one 

(C) when the standing wave ratio is zero 

(D) all of the above 

8. What are the reflection coefficients for transmission 
lines that have terminating loads of an open circuit and 
a short circuit? 

(A) r open circuit = 0, r short circuit = 1 

(B) f open circuit = 1, f short circuit = -1 

(C) r open circuit = 1, f short circuit = 0 

(D) f open circuit = 1, f short circuit = 1 
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27-2 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

9. A lossless transmission line has a length of 30 m and 
a characteristic impedance of 50 D. The line operates at 
5 MHz with a load impedance of 60 D + j!O D. The 
propagation constant is 1.396 rad/m. Most nearly, the 
input impedance seen by the source is 

(A) 55.9 !:1 L -31.0° 

(B) 55.9 !:1 L -35.7° 

(C) 66.9 D L -35. 7° 

(D) 69.9 D L-33.2° 

1 O. A lossless coaxial cable terminates with an open cir­
cuit load. What is the transmission line voltage 
expressed in terms of the voltage at the generator, Vgen, 

the transmission line length, d, and the propagation 
constant, f3? 

(A) 

(B) 

(C) 

(D) 

2~en 

cosf3d 

2~cn 

2dcos [3d 

~en 

cos(-Jd 

27r~en 

cos(-Jd 

11. The equation for transmission line voltage is 

In this equation, what units are associated with the 
product of the propagation constant, (-J, and the trans­
mission line length, d1 

(A) 1/m 

(B) m 

(C) m/s 

(D) none (dimensionless) 

12. What are the units of the transmission line term? 

(A) 1/D 

(B) D 

(C) !:1-m 

(D) none (dimensionless) 
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SOLUTIONS 

1. Use the standing wave ratio (SWR) equation to find 
the reflection coefficient, r, in terms of the SWR. 

SWR = 1 + II'I 
1- II'I 

r = SWR-1 
SWR+l 

= 0.5 

3.0-1 

3.0+ 1 

Use the equation for the reflection coefficient. 

r = ZL- Zo 
ZL+ Zo 

I'(ZL + Z0 ) = ZL - Z0 

Zo+ I'Zo = ZL - rzL 

Z 0(l +I')= ZL(l -I') 

Z=Z(l+I') 
L O 1-I' 

=#(~) 

= 
2.5 X 10-

6 ~ ( l + 0. 5 ) 

l.O X lQ - 9 !_ 1 - 0.5 
m 

= 150 D 

The answer is (D). 

2. The reflection coefficient is 

r = / ZL- Zo I 
ZL+Zo 

= 1377 D - 75 D I 
377 D+ 75 D 

= 0.668 

The fraction of the voltage transmitted is one minus the 
reflection coefficient. 

%transmitted= (1-I') X 100% = (1- 0.668) X 100% 

= 33.2% (30%) 

The answer is (B). 

3. For a lossless transmission line, the characteristic 
impedance is 

www.EngineeringEBooksPdf.com



Rearrange to solve for the capacitance. 

C = __!:_ z2 
0 

For a lossless transmission line, the velocity of propaga­
tion is 

1 
U = -- = 0.7c 

-JLG 

-JLG= -
1
-

0.7c 

LC = 
1 

(0.7c)2 

Substitute capacitance from the characteristic imped­
ance equation, and solve for the inductance. 

Z0 0.7c 

Z0 100 n 
L = -- = - -------

0.7c (0.7)(3.0 X 108 
: ) 

= 4.76 x 10-7 H/m (0.48 µH/m) 

The capacitance is 

4. 76 X 10-7 .!!_ 
C - _L_ - _____ m_ 

- zi - (100 n)2 

= 4.76 x 10-11 F/m (48 pF/m) 

The answer is (8). 

4. Use the equation for the propagation constant to cal­
culate the wavelength of a lossless transmission line. 

/3 = 21r 
). 

>. = 21r = 21r rad 

/3 2.5 rad 
m 

= 0.81r m 

One-fourth of a wavelength is 

). 

4 

The answer is (A). 

0.81r m --- = 0.21r m 
4 

T R A N S M I S S I O N L I N E S 27 -3 

5. The magnitude of a standing wave at a given position 
along the transmission line will vary with time, so 
option C is false. The locations of the maxima and min­
ima in a standing wave are constant, but the overall 
magnitude of the wave changes. 

A standing wave is the sum of the incident and reflected 
waves, so option A is true. 

The ratio of the voltages of the reflected and incident 
waves is the reflection coefficient, so option B is true. 

The standing wave ratio is the ratio of the maximum 
magnttude to the minimum magnitude of a standing 
wave for both voltage and current, so option D is true. 

The answer is (C). 

6. The reflection coefficient is the ratio of the reflected 
wave voltage to the incident wave voltage. 

r - v- - ZL - Zo 
- y+ - ZL + Zo 

v- = v+( ZL - Zo) 
ZL +Zo 

= (5 v)( 50 n + J25 n - 25 n) 
50 n + J25 n + 25 n 

= ( 5 V) ( 1 + J_ ) ( 3 - ! ) 
3+J 3-J 

=(5V)[
4;/j) 

= (2 + j) V 

I v-1 = ~ (2 V)2 + (1 V)2 = 2.2 v 

The answer is (C). 

7. When maximum power is transferred to the load, the 
incident wave is entirely absorbed by the load and there 
is no reflected power. This happens only when the char­
acteristic impedance of the line, Z0 , and the load impe­
dance, ZL, are the same. Option A is true. 

The reflection coefficient, r, is equal to (ZL - Zo)/(ZL + 
Z0). When ZL and Z0 are equal, the reflection coefficient 
is zero. Option B is false. 

The standing wave ratio is equal to (1 + lfl)/(1- jrj). 
When the reflection coefficient is zero, the standing 
wave ratio is one. Option C is false. 

The answer is (A). 

8. When the load is an open circuit, the load impe­
dance, ZL, is infinite, so the reflection coefficient is 

. ZL - Zo 
ropen circuit = hm z + z = 1 

ZL -->OC L 0 
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When the load is a short circuit, the load impedance, 
ZL, is zero, so the reflection coefficient is 

ZL - Z0 __ 0 - Z0 _- -l 
I'short. circuit = Zi + Zo O + Zo 

The answer is (8). 

9. Use the equation for transmission line impedance at a 
point. The phase angle of the impedance at the source is 

(3d = [ ( 1.396 r:d J( 1~
0 

])(30 m) = 2400° 

The input impedance seen by the source is 

Zi + jZ0tan(f3d) 
Z- (d) = Z0-----

111 Z0 + JZitan(/3d) 

)(
60 n + j40 n + (j50 n)tan2400°) 

= (50 n 
50 n + (j60 n - 40 n)tan 2400° 

[ 
60 + jl25 J(-18 - j102) 

= (
5o n) -18 + 1102 -18 - 1102 

= (50 n)( 11,652 + J837o) 
10,728 

= 54.3 n + J39.01 n 

Converting from rectangular form to polar form, 

r = ~ (54.3 n)2 + (39.01 n)2 = 66.86 .Q 

39.01 n a 
() = arctan = 35.69 

54.3 n 
Z;11(d) = 66.86 f!L-35.69° (66.9 OL-35.7°) 

The answer is (C). 

1 O. The voltage equation for a lossless transmission line is 

Let d = 0 at the termination. Let Vi= V'·(o) and Vi= 
v - (o). The load is an open circuit, so the reflection coef­
ficient is 1. 

v- Vi. 
I'=-=-=l 

y+ v; 
Vi= is 

The voltage equation for this lossless transmission line is 

V(d) = Viej,Bd + Vj_e-jf3d 

Vi.( ejf1d + e- j,Bd) 
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Apply Euler's identity to the part in the parentheses. 

V(d)= Vi(2cos(Jd) 

The voltage at the generator is Vgen, so 

V(d) = Ygen = Vi(2cos,Bd) 

Ygen 
Vi= ---

2cos,Bd 

The voltage at the load end is 

V(O) = Vi(2cos 0) = 2 Vi 

[ 
Ygen J 

= 
2 

2cos(Jd 

Ygen 
=--

cos/3d 

The answer is (C). 

11. The units for the propagation constant, {3, are the 
reciprocal of meters, 1/m or m- 1. The units for the dis­
tance, d, are meters, m. The product {3d is dimension­
less. (Any term used as the argument for a 
trigonometric function or as an exponent must be 
dimensionless.) 

The answer is (D). 

12. The transmission line term is an impedance term, 
so the units are ohms (!1). 

The answer is (8). 
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Power Distribution and 
Overcurrent Protection 

PRACTICE PROBLEMS 

1. The point of common coupling-also known as the 
service connection point-between a utility electric dis­
tribution system and a customer's electric distribution 
system is most commonly 

(A) a transformer 

(B) an electric meter 

(C) a fused disconnect switch or circuit breaker 

(D) the main overcurrent protective device 

2. A step-up transformer is used to connect a large gen­
erating plant to the electric grid in order to 

(A) prevent ground faults at the generator terminal 

(B) provide a means of disconnecting the generator 
from the grid 

(C) maintain stability 

(D) increase the output voltage of the generator to 
match the transmission voltage at the intercon­
nection point 

3. Which of these statements about a simple radial dis­
tribution system is FALSE? 

consumer feeders 

(A) A single primary service and transformer supply 
all consumer feeders. 

(B) There is no redundancy of equipment (i.e., 
switches, fuses, transformers, service cable). 

(C) Operation and expansion are simpler than in a 
looped or networked system. 

(D) A backup generator must be connected on the 
primary side of the supply transformer. 

4. When deciding on whether to use a fuse or a circuit 
breaker for overcurrent protection, which factor should 
generally NOT be considered? 

(A) environmental regulations 

(B) interrupting ratings 

(C) selective coordination 

(D) economics 
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SOLUTIONS 

1 . The point of common coupling is defined by the 
National Electrical Code and local regulations. It is the 
point where the jurisdiction of the local utility ends and 
that of the local electrical authority (the customer) 
begins. The point of common coupling is most com­
monly the site of an electric meter owned by the utility. 

A transformer may be located either upstream of the 
meter (in which case it is owned by the utility) or down­
stream of the meter (in which case it is owned by the 
customer), so option A is incorrect. 

A fused disconnect switch, circuit breaker, or main over­
current protective device is owned by the customer and 
will be downstream of the meter, so options C and D are 
incorrect. 

The answer is (8). 

2. The output voltage of a large generator is in the 
range of 3 kV to 13.8 kV. The output voltage must be 
increased for interconnection with the electric grid, usu­
ally at transmission-level voltages in the range of 138 kV 
to 765 kV. The step-up transformer provides this volt­
age transformation. Option D is correct. 

The step-up transformer does not prevent ground faults 
at the generator terminal. Ground faults at the genera­
tor terminal are minimized by impedance grounding. 
Option A is incorrect. 

The step-up transformer is not a means of disconnec­
tion. This function is provided by breakers or switches 
on the high and low sides of the transformer. Option B 
is incorrect. 

Stability is maintained by the generator's control sys­
tem, not by the step-up transformer. Option C is 
incorrect. 

The answer is (D). 

3. There are several types of industrial and commercial 
electric distribution systems in use. The simplest is a 
radial distribution system, in which loads are supplied 
through a single electrical path. In the system shown, 
the loads are supplied through one transformer and one 
common bus. Each feeder has a means of disconnect and 
overcurrent protection as well as upstream breakers that 
can operate to isolate the transformer and the common 
bus. Option A is true. 

From a load perspective, there is no redundancy of 
equipment. A fault on any device upstream of the load 
will cause an outage. Option B is true. 

Operation and expansion are much simpler than in 
looped and networked distribution systems. Option C is 
true. 
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With the proper controls and protection devices, backup 
generation can be connected on any of the consumer 
feeders. Option D is false. 

The answer is (D). 

4. Fuses and circuit breakers are equally valid choices 
for overcurrent protection. There is no specific rule for 
determining whether to use one or the other. However, 
depending on the particular situation, one may be a bet­
ter choice over the other. 

Both fuses and circuit breakers meet environmental reg­
ulations. When deciding between fuses and circuit 
breakers, such regulations are not a consideration. 
Option A is correct. 

The interrupting rating and the need and ability for 
selective coordination should be considered. Options B 
and Care incorrect. 

Once it has been determined that either fuses or circuit 
breakers are acceptable for the application, the econom­
ics of a project should be taken into consideration. 
Option Dis incorrect. 

The answer is (A). 
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Motors and Generators 

PRACTICE PR~.11..~~~~-......... .. . 

1. A motor with three pole pairs is operating at 60 Hz. 
The rotational speed is 1080 rpm. Most nearly, the slip 
angular velocity is 

(A) 1r rad/s 

(B) 21r/3 rad/s 

(C) 21r rad/s 

(D) 41r rad/s 

2. A three-phase synchronous generator produces a 
60 Hz waveform when operating at 1200 rpm. How 
many poles does the generator have? 

(A) 3 

(B) 4 

(C) 6 

(D) 12 

3. A synchronous motor is running at 1200 rpm on a 
60 Hz supply voltage. The supply frequency is changed 
to 50 Hz. Most nearly, the mechanical angular velocity 
when the motor reaches steady state is 

(A) 18 rad/s 

(B) 65 rad/s 

(C) 100 rad/s 

(D) 380 rad/s 

4. 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. Most nearly, 
what is the field current produced by the generator? 

(A) 4.0 A 

(B) 10 A 

(C) 1000 A 

(D) 4000 A 

5. 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. Most nearly, 
what is the slip? 

(A) 5% 

(B) 7% 

(C) 10% 

(D) 20% 

6. 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, most 
nearly what is the new voltage the generator produces? 

(A) 20 V 

(B) 50 V 

(C) 60V 

(D) 100 V 

7. 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 

PPI • ppi2pass.com 

www.EngineeringEBooksPdf.com



29-2 F E E L E CT R I CA L A N D C O M P U T E R PR AC T I C E P R O B L E M S 

9. A four-pole AC motor operates at a synchronous 
speed of 1800 rpm when running on a three-phase, 
240 Vrms line-to-line supply. Most nearly, the electrical 
frequency of the supply voltage is 

(A) 25 Hz 

(B) 30 Hz 

(C) 50 Hz 

(D) 60 Hz 

1 O. A six-pole induction motor operates on a three­
phase, 60 Hz, 120 Vrms line-to-line supply. The percent 
slip is 4%. Most nearly, the speed of operation is 

(A) 1100 rpm 

(B) 1150 rpm 

(C) 1180 rpm 

(D) 1200 rpm 

11. A DC generator operates at 1000 rpm with a mag­
netic flux of 0.03 Wb at the poles. The armature con­
stant of the generator is 1 V-min/Wb. Most nearly, the 
voltage generated is 

(A) 3.0 V 

(B) 30 V 

(C) 48 V 

(D) 60 V 

12. A 10 hp DC motor draws 42 A. Most nearly, what is 
the armature voltage? 

(A) 42 V 

(B) 89 V 

(C) 120 V 

(D) 180 V 

13, The armature of a DC motor draws 50 A while gen­
erating a magnetic flux of 0.03 Wb. The armature con­
stant of the motor is 1 V-min/Wb. Most nearly, the 
torque developed is 

(A) 10 N-m 

(B) 12 N-m 

(C) 14 N·m 

(D) 19 N-m 
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14. A DC servomotor rotates at 50 rpm when drawing 
4 A from an input voltage of 30 V. The winding resist­
ance is 2 n. Most nearly, what torque is developed by 
the motor? 

(A) 1.8 N-m 

(B) 8.4 N-m 

(C) 12 N-m 

(D) 17 N-m 
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SOLUTIONS 

1. There are three pole pairs, so the number of poles is 
p = 6. The synchronous speed is 

n8 = 120f /p 
rev 

120 min (60 Hz) 
Hz 

6 
= 1200 rev /min 

The fractional slip is 

slip= (n 8 - n)/n., 

1200 rev - 1080 rev 

= 0.1 

min min 
1200 rev 

min 

The angular velocity of the slip is 

(211" rad)(o.1)(1200 r~v) 
rev mm 

2n(slip)n
8 

= ---------- = 411" rad/s 
60-s-

min 

The answer is (D). 

2. Use the equation for synchronous speed, and solve for 
the number of poles. 

n8 = 120f /p 

Hz 
120 ::: ] (60 Hz) 

120! 
p = -- = -------- = 6 

ns 1200 rev 
min 

The answer is (C). 

3. When the motor reaches steady state, it is turning at 
the synchronous speed. The synchronous speed is 
related linearly to the supply frequency. 

ns2 = ( ;: )nsl = ( !~ :: ) ( 1200 ::: ) 
= 1000 rev/ min 

M O T O R S A N D G E N E R A T O R S 29-3 

Convert the synchronous speed in revolutions per 
minute to angular velocity in radians per second. 

ns2( 211" rad ) (lOOO r~v ) (211" rad ) 
rev min rev 

02= -----=---------
60 _s_ 60 _s_ 

min min 
= 104.7 rad/s (100 rad/s) 

The answer is (C). 

4. The magnetic flux is 

~=Kan¢ 
~ 200 V 

¢ = - = - --------
Ka.n (o.s V·min) (20oO r~v ) 

Wb mm 

= 0.2 Wb 

Solve for the field current. 

¢ = K1I1 

I 
_ j_ _ 0.2 Wb 

1- -
K1 0.02 H 

=lOA 

The answer is (B). 

5. The synchronous speed is 

n 8 = 120f /p 

120 ::: 1(60 Hz) 
Hz 

2 

= 3600 rev/ min 

The slip is 

slip= (n
8

- n)/ns X 100% 

3600 rev - 3420 rev 
___ m_in ____ m_i_n_ x 100% 

3600 rev 
min 

=5% 

The answer is (A). 
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6. Since the generated voltage is Va = K0 n</>, the voltage 
is proportional to the rotational speed and the flux. The 
new generated voltage will be 

V: = V [ n new J ( </> new J new old ,1, 
nold '1-'old 

1000 rev 
_ _ m_in_ ( 0.05 Wb) 

= (24 V) rev 0.02 Wb 
1200-:-

min 

= 50 V 

The answer is (8). 

7. Solving the slip equation for the motor speed yields 

slip= (n 8 - n)/ns 

n = n,(l - slip) 

Therefore, the speed of the motor increases as the slip 
decreases. 

Find the relationship between slip and power, P. 

P = TD= T 

60 _s_ 
min 

271" rad 
rev 

n 

=T 

60 _s_ 
min 

271" rad 
rev 

n.,(l - slip) 

Therefore, the power of the motor increases as the slip 
decreases. 

The answer is (A). 

8. The synchronous speed is 

n8 = l20f /p 
rev 

120 min (60 Hz) 
Hz 

4 

= 1800 rev /min 
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Solving the slip equation for the operating speed yields 

slip= (n 8 - n)/n., 

n = n,(l - slip) 

= (1soo r~v )c1 - 0.02) 
mm 

= 1764 rev/min (1760 rpm) 

The answer is (C). 

9. Use the equation for synchronous speed, and solve for 
the electrical frequency. 

n8 = l20f /p 

( 1800 r~v )c4) 
nJJ mm 

f = 120 = rev 

120 min 
Hz 

The answer is (D). 

1 O. The synchronous speed is 

n, = l20f /p 
rev 

= 60 Hz 

120 min (60 Hz) 
Hz 

6 

= 1200 rev /min 

Use the equation for slip, and solve for the operating 
speed. 

slip = (n 8 - n)/n., 

. rev ( rev). n = n., - (shp)n .. = 1200 - . - (0.04) 1200 -. 
mrn min 

= 1152 rev /min (1150 rpm) 

The answer is (8). 

11. Use the equation for armature voltage. The gener­
ated voltage is 

V,. =Kan</>= [ l V:t )( 1000 :~: )co .03 Wb) 

= 30 V 

The answer is (8). 
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12. Use the equation for the mechanical power of a DC 
motor, and solve for the armature voltage. 

pm v--­a - I -
a 

= 177.5 V 

The answer is (D). 

13. The torque is 

Tm= (60/21r)Ka#a 

42 A 

(180 V) 

= ( ~~ )( 1 \;t )(0.03 Wb)(50 A) 

= 14.32 N·m (14 N·m) 

The answer is (C). 

14. Use the equation for the voltage of a servomotor, 
and solve for the motor voltage constant. 

V= IR+KF}-1-) 
V-IR 

KE=---
w 

(30 v - (4 A)(2 n))(6o _s_. ) 
min 

(50 r~v ) (21r rad ) 
min rev 

= 4.2 V·s/rad 

The motor torque constant is equal to the motor electri­
cal constant but is expressed in different units. 

Kr = KE= 4.2 V·s/rad = 4.2 N·m/ A 

The torque is 

T = KrI= (4.2 N~m )(4 A) 

= 16.8 N·m (17 N·m) 

The answer is (D). 

M O T O R S A N D G E N E R A T O R S 29-5 
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Semiconductor Devices 
and Circuits 

PRACTICE PROBLEMS 

1. At an equilibrium temperature of 50°C, the contact 
potential of a pn junction is 0.6 V. The intrinsic carrier 
concentration is n; = 1.5 x 1010 1 / cm3, and the donor con­
centration in the n-type material is 7.0 x 1017 1/cm3. 

The acceptor concentration is most nearly 

(A) 7.0 x 1010 1/cm3 

(B) 1.0 x 1011 1/cm3 

(C) 7.4 x 1011 1/cm3 

(D) 7.0 x 1017 1/cm3 

2. A diode can be formed by doping an otherwise pure 
crystal such that 

(A) an n-type semiconductor is produced 

(B) the crystal becomes an intrinsic semiconductor 

(C) one half of the crystal is p-type and the other 
half is n-type 

(D) a p-type semiconductor is produced 

3. An ideal diode and two resistors are arranged in a series 
circuit as shown. The load resistor, RL, dissipates 25 W. 

R5 = 20 n 

RL = 200 fl 

Most nearly, what is the magnitude, Vm, of the supply 
voltage? 

(A) 100 V 

(B) 110 V 

(C) 140 V 

(D) 160 V 

4. A JFET is used in an amplifier circuit. The JFET 
operates in the saturation region. The conductivity 

factor is 6.5 x 10- 4 A/V2, and the transconductance is 
2 X 10-3 S. 

Most nearly, the drain current is 

(A) 0.5 mA 

(B) 1.0 mA 

(C) 1.3 mA 

(D) 1.5 mA 

5. A black box is reverse-engineered and is found to con­
tain the circuit shown. 

500 n 40 µ.F 

t-1\Vv------J 
+ 

200n 

480D. 

Vee 

+ 
500 n Vout 

Most likely, what is the purpose of the capacitors in the 
circuit? 

(A) to speed up the voltage propagation 

(B) to isolate the DC biasing circuit from the AC 
input and output 

(C) to suppress noise form the DC voltage source Vee 

(D) to increase the amplification 
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6. A BJT used in a circuit as shown has a common emit­
ter current gain of 100 and a DC base-to-emitter voltage 
of 0.6 V. Most nearly, the output voltage of the circuit is 

+ 
V1 = 3V 

(A) 0.4 V 

(B) 2 V 

(C) 3 V 

(D) 10 V 

R2 = 0.8 k!l 

+ 
Vaut 

+ 

-=- Vee= 10V 

7. An npn BJT at 300K has a saturation current of 
1 pA. Most nearly, the base-emitter voltage needed to 
create a collector current of 556 mA is 

(A) 18 mV 

(B) 0.70V 

(C) 22 V 

(D) 27 V 

8. An npn BJT has a common emitter current gain of 
80 and a base current of 134 µA. Most nearly, the emit­
ter current is 

(A) 1.20 mA 

(B) 5.40 mA 

(C) 10.6 mA 

(D) 10.9 mA 

9. A p-channel JFET is biased by two ideal voltage 
sources, as shown. The pinch-off voltage for the JFET is 
-6.0 V, and the drain-to-source saturation current is 
34.5 mA. 

-2.0V 1.9V 
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Most nearly, the drain current is 

(A) 11 mA 

(B) 15 mA 

(C) 35 mA 

(D) 170 mA 

1 O. A p-channel JFET is operating in the saturation 
region. The drain-to-source current is 500 mA, the 
pinch-off voltage is 2.5 V, and the drain current is 
34.5 mA. Most nearly, the small-signal transconduc­
tance is 

(A) 0.24 mS 

(B) 42 mS 

(C) 110 mS 

(D) 150 mS 

11. An enhancement-mode NMOS MOSFET has a con­
ductivity factor of 4 mA/V2 and a threshold voltage of 
0.7 V. The MOSFET is operating in the saturation 
region. Most nearly, the gate-to-source voltage needed 
to produce a drain current of 23.5 mA is 

(A) 1.7 V 

(B) 2.5 V 

(C) 3.1 V 

(D) 4.1 V 

12. A silicon pn diode at room temperature has a ther­
mal voltage of 0.025 V. Most nearly, the applied diode 
voltage needed to make the diode current equal 90% of 
the diode saturation current is 

(A) 0.016 V 

(B) 0.16 V 

(C) 0.50 V 

(D) 0.70 V 

13. The JFET used in the circuit shown operates in the 
saturation region. The JFET's drain-to-source satura­
tion current is 18 mA, and its pinch-off voltage is - 3 V . 

.._ 
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S E M I C O N D U C T O R D E V I C E S A N D C I R C U I T S 30-3 

Most nearly, the power dissipated in the JFET is 

(A) 0.016 W 

(B) 0.16 W 

(C) 1.6 W 

(D) 16 W 

14. The JFET shown is operating in the saturation 
region. The drain supply voltage is 5 V, the saturation 
resistance is 1 kn, the drain-to-source saturation cur­
rent is 2 mA, and the pinch-off voltage is -2 V. 

s + 
-=- Voo 

+ 

Most nearly, what is the gate-to-drain voltage? 

(A) -3 V 

(B) -2 V 

(C) 2 V 

(D) OV 

15. The BJT incorporated into the circuit shown has a 
base-emitter voltage of 0. 7 V and a common emitter cur­
rent gain of 100. 

2 kn 

+ + 
5V-=- -=-10V 

-4 V, a drain current of 7.2 mA, and a gate-to-source 
voltage of 10 V. The drain-to-source voltage is 8 V. 

100 Mn 

24V 

,----------+------- Vout 

D 
+ 

av 

Most nearly, the drain resistance is 

(A) 12.7kn 

(B) 13.0 kn 

(C) 14.4 kn 

(D) 15.0 kn 

17. A JFET operating in the saturation region has a 
pinch-off voltage of -4 V, a drain current of 6.4 mA, 
and a gate-to-source voltage of 9 V. Most nearly, the 
transconductance is 

(A) 9.9 X 10-4 s 
(B) 6.7 X 10-4 s 
(C) 2.8 x 10-3 S 

(D) 1.3 x 10-3 S 

18. The n-channel enhancement MOSFET shown is 
operating in the saturation region. It has a threshold volt­
age of 4 V, a drain current of 7.2 mA, and a gate-to­
source voltage of 10 V. The drain-to-source voltage is 
8V. 

24V 

1ill ~ 

Most nearly, the base current is 

(A) 0.043 mA 

(B) 0.43 mA 

(C) 0.75 mA 

(D) 7.5 mA 

16. The n-channel JFET in the circuit shown is operat­
ing in the saturation region. It has a pinch-off voltage of 

,------+---- Vout 

100 Mn 

+ 
V;0 ____...____. ~ ~ V 

,~v 1-
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30-4 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

Most nearly, what is the drain resistance? 

(A) 2.7 kD 

(B) 3.0 kD 

(C) 4.4 kD 

(D) 5.0 kD 

PPI • pp12pass.com 

SOLUTIONS 

1. The absolute equilibrium temperature is 

T = 50°C + 273.15° = 323.15K 

Use the equation for the contact potential of a pn junc­
tion, and solve for the acceptor concentration. 

kT NaNd Vo= -ln-· -
q nf 

Na= [ ;: ]eV,q/kT 

(
1.5 X 1010 _1_]2 

cm3 

7.0 X 1017 _l_ 
cm3 

= 7.4 x 10 11 cm-3 

The answer is (C). 

(0.6 V)(l.602 x 10- 19 C) 
exp 23 

(1.38 x 10- J/K)(323.15K) 

2. A diode is a junction of n-type and p,-type semicon­
ductors. Option C is correct. 

The answer is (C). 

3. The circuit is a half-wave rectifier. 

V 

VL,max 

VL,rms 

The power drawn by the load, PL, is proportional to the 
rms value of the voltage. For a half-wave rectified sinus­
oid, therms value is equal to one-half of the maximum 
value. 

v; v; _ L,max 
L,rms - 2 

www.EngineeringEBooksPdf.com



S E M I C O N D U C T O R D E V I C E S A N D C I R C U I T S 30-5 

For a purely resistive load, power is 

PL = IL,rms VL ,rms 

_ L,nns v; 
[ v; l - 200 fl L,rms 

V£,rms 

200 n 

[~]' 
200 n 

V£,max 
=---

800 n 

The load resistor dissipates 25 W, so 

y2 
25 W = L,max 

800 n 
VL,max = J (25 W) (800 0) 

= 141.4 V [at the load] 

The shunt resistance creates a voltage divider. 

v; _ V ( RL ) _ V. ( 200 0 ) 
L,max - m Rs+ RL - m 20 n + 200 n 

= 0.909Vm 
v; 

V. = L,max 

m 0.909 
= 155.6 V 

The answer is (D). 

141.4 V 

0.909 
(160 V) 

4, Use the equation for JFET transconductance, and 
solve for the drain current, In. 

9m = 

g2 y2 
I -~ D-

4/DSS 

From the equation for the drain-to-source saturation 

current, IDss = KV;, so 

2 y2 2 

I -~-!I..:!!_ 
D - 4KV2 - 4K 

p 

(2 X 10-3 8)2 

( 4)( 6.5 X 10-4 
: 2 ) 

= 1.54 x 10-3 A (1.5 mA) 

The answer is (D). 

5. The capacitors allow the DC bias on the transistor to 
operate the transistor in the desired range without the 
DC voltage affecting the input or the output. The pur­
pose of the capacitors, .then, is most likely to isolate the 
DC biasing circuit from the AC input and output. 

The answer is (8). 

6. Use Ohm's law to find the base current. 

V= IR 

1= V 
R 

iB = Vi - VBE = ( 3 V - 0.6 V )(lOOO mA) 
R1 20 x 103 n A 

= 0.12 mA 

Find the collector current. 

ic = /3iB = (100)(0.12mA) = 12mA 

Find the output voltage. 

Vout = Vee - icR2 

= 10 V -
12 

mA ] r(0.8 kn)(1000 E_JJ 
1000 

mA . kn 
A 

=0.4 V 

The answer is (A). 
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30-6 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

7. The thermal voltage is 

TT - kT 
YT -

q 

( 1.38 x 10-23 f )(300K) 

= 
1.6022 x 10-19 C 

= 0.0258 V 

Use the equation for collector current. Solve for the 
base-emitter voltage, setting the collector current to 
556mA. 

ic ~ Ise(VeEIVT) 

ic 0.556 A 
VBE = Vrln- = (0.0258 V)ln 12 Is 1 x 10- A 

= 0.70 V 

The answer is (8). 

8. Substitute the equation for collector current, ic, into 
the equation for emitter current. 

iE = iB+ ic = is+ /Jis = is(l + {J) 

= (134 x 10-6 A)(l + 80) 

= 10.9 mA 

The answer is (D). 

9. The drain current depends on the operating condi­
tion of the JFET. When a JFET is operating in the cut­
off region, the gate-to-source voltage, Vcs, is less than 
the pinch-off voltage, VP. In this case, however, the gate­
to-source voltage, -2.0 V, is greater than the pinch-off 
voltage, -6.0 V, so the JFET is not operating in the cut­
off region. 

vGs = -2.0V v05 = 1.9V 

When a JFET is operating in the triode region, both the 
gate-to-source voltage and the gate-to-drain voltage, 
van, are greater than the pinch-off voltage. Find the 
gate-to-drain voltage by subtracting the drain-to-source 
voltage from the gate-to-source voltage. 

v0 v = v08 - Vvs = -2.0 V-1.9 V = -3.9 V 
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Both the gate-to-drain voltage of -3.9 V and the gate­
to-source voltage of -2.0 V are greater than the pinch­
off voltage of -6.0 V, so the JFET is operating in the 
triode region. Use the JFET performance equation for 
the triode region to find the drain current. 

iv= (Ivss/V;)[2vvs(Vas- VP) - vJs] 

= [ 34
·
5 

mA ) ( (2)(1.9 V) (-2.0 - ( -6.0 V)) - (1.9 V)2
) 

(-6.0 V)2 

= 11.0 mA (11 mA) 

The answer is (A). 

1 O. The small-signal transconductance of a JFET oper­
ating in the saturation region is 

9m = 
2~ 

IVPI 
2 ~ (500 x 10-3 A)(34.5 x 10-3 A) 

12.5 VI 
= 0.105 S (110 mS) 

The answer is (C). 

11. Use the drain current equation for a MOSFET oper­
ating in the saturation region, and solve for the gate-to­
source voltage. 

{Ti; 
Vcs = VK + v; = 

23.5 mA + 0_7 V 

4 
mA 
y2 

= 3.12 V (3.1 V) 

The answer is (C). 

12. For silicon, the emission coefficient, rJ, is 1. Use 
Shockley's equation, and set the diode current, in, equal 
to 90% of the saturation current, I8 • 

in ~ Is[ e<vn/1JVr) - 1] 
0.9Is = I.(e"n/0.025V -1) 

1.9 = e"n/0.025V 

lnl.9 = __ vD __ 

0.025 V 
vv = (ln 1.9)(0.025 V) 

= 0.01605 V (0.016 V) 

The answer is (A). 
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S E M I C O N D U C T O R D E V I C E S A N D C I R C U I T S 30-7 

13. The JFET is as shown. 

R, = 90 k!l 

10V-=­
+ 

G D 

s 

R0 = 1 k!l 

Use the voltage divider concept on the left side of the 
circuit. The battery polarity is negative, so use a nega­
tive value for the voltage. 

vcs = [ R
2 

) Vi 
R1 + R2 

_ ( 10 kn ) ( _ 10 V) 
90 kn+ 10 kn 

= -1.0 V 

The drain current is 

in= Inss(l - Vcs/ Vp)
2 

= (18 mA)(1- -1.0 V )
2 

-3 V 

=8mA 

The source-to-drain voltage is 

= lOV - _S_m_A_ ( (1 kn) ( 1000 k~)) 
1000 :A 

=2V 

The power dissipated in the JFET is 

8 mA 
P = vnsin = (2 V) ----

1000 mA 
A 

= 0.016 W 

The answer is (A). 

14. Because the gate and the source are tied together, 
the gate-to-source voltage, Vcs, is zero. Find the drain 

current using the equation for JFET performance in the 
saturation region. 

in= Inss(l - Vcs/ Vp)
2 

- (2 mAi(i . OV~r 
= 2mA 

Use Ohm's law to find the saturation voltage. 

2 mA 

1000 mA 
A 

=2V 

The drain-to-source voltage is 

The gate-to-drain voltage is 

Vcn=-Vns=-3V 

The answer is (A). 

15. The circuit is as shown. 

Re= 2 k!l 

+ + 
V88 = 5V-=- -=-Vee= 10V 

Write Kirchhoff's voltage law for the base-emitter loop, 
and solve for the emitter current. 

= 4.3 mA 

(5 V - 0.7 V)( 1000 ¥) 
(1 krn( 1000 ; ) 
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Substitute the equation for collector current, le, into the 
equation for emitter current, JE, 

iE = iB+ ic = iB+ /3iB 

= (1 + /3)iB 
. iE 4.3 mA 
i ---­
B-1+/3 - 1+100 

= 0.0426 mA (0.043 mA) 

The answer is (A). 

16. The circuit is as shown. 
V00 = 24V 

-----+--- Vout 

RG = 100 Mil D 
+ 
v05 = av 

Use the equation for JFET operation in the saturation 
region, and solve for the drain-to-source saturation 
current. 

iv = lvss(l - Vasi Vp)
2 

in 0.0072 A 

loss~[,-";: r (1- 10 V )2 
-4 V 

= 1.37 x 10-4 A 

Because the current into the gate is minimal, the drop 
across Ra is insignificant. The gate-to-source voltage 
and the drain-to-source voltage will be approximately 
equal. 

Vos~ Vvs = 8V 

The drain-to-source current is 

iv= lvss(l - Vos/Vp)2 

= (1.37 X 10-4 A)(l - ~)
2 

-4 V 

= 1.23 x 10- 3 A 

PPI • ppi2pass.com 

Write Kirchhoff's voltage law around the output circuit, 
and solve for Rn. 

Vnn- inRn- Vns = 0 

The answer is (B). 

Vnn - Vns 
Rv= --.--

iv 

= 13.0 X 103 fl 

24 V - 8 V 

1.23 x 10-3 A 

(13.0 kO) 

17. Use the equation for JFET operation in the satura­
tion region, and solve for the drain-to-source saturation 
current. 

Ivss = [ Vcs]2 = 
1 - -

vp 

6.4 X 10-3 A 

(
1- ~)2 

-4 V 

= 6.06 x 10-4 A 

The transconductance is 

9m. = 

2~ (6.06 x 10-4 A)(6.4 x 10- 3 A) 

l-4 V/ 
= 9.85 x 10-4 S (9.9 x 10-4 S) 

The answer is (A). 

18. Use the equation for MOSFET operation in the sat­
uration region, and solve for the conductivity factor. 

V00 = 24V 

,------+--- Vout 

RG = 100 M.fl 

iv = K( Vos - v;)2 
iv K= ---=----

( Vas - v;)2 
= 0.0002 A/V2 

0.0072 A 

(10 V - 4 V)2 
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S E M I C O N D U C T O R D E V I C E S A N D C I R C U I T S 30-9 

Because the current into the gate is minimal, the drop 
across Re is insignificant. The gate-to-source voltage 
and the drain-to-source voltage· will be approximately 
equal. 

Because the current into the base is insignificant, the 
current through Rn will be equal to the drain-to-source 
current. In the saturation region, the drain-source cur­
rent is 

in = K( v08 - ~)2 

= (o.0002 : 2 )(8 V - 4 V)
2 

= 3.2 x 10-3 A 

Write Kirchhoff's voltage law for the output circuit, and 
solve for Rn. 

VDD- inRn- Vns = 0 

The answer is (D). 

VDD- Vns 
Rn= --.--

zn 

= 5.0 X 103 0 

24 V-8 V 

3.2 x 10-3 A 

(5.0 kO) 

PPI • ppi2pass.com 

www.EngineeringEBooksPdf.com



www.EngineeringEBooksPdf.com



Amplifiers 

PRACTICE PROBLEMS 

1. The ideal op amps are cascaded as shown. 

2 n 

5V 

What is most nearly the output voltage? 

(A) -20 V 

(B) 2.5 V 

(C) 4.0 V 

(D) 16 V 

2. An amplifier with a gain of 2.0 is shown. The input 
signal is V;.11(t) = (5 V)sin((601r)t+ 28°). The source volt­
age is 8.0 V. 

1 n 

V;n(t) = (5 V)sin((60'!T)t + 28°) 

What is most nearly the output voltage at t = 0.025 s? 

(A) -8.8 V 

(B) -8.0 V 

(C) -4.4 V 

(D) 8.0 V 

3. An op amp circuit is shown. The non-inverting input 
is connected to a 12 V DC source. The op amp voltage 
gain, A, is 100 000, the input resistance, Rin, is 1.0 MD, 
and the output resistance, Rout, is 20 D. 

What is most nearly the gain of the circuit? 

(A) 1.0 

(B) 5.0 

(C) 10 

(D) 20 

4. A half-rectified sine wave is the input to an amplifier 
with an amplification factor of-2. 

10V 

5V 

5 10 15 20 25 
time (ms) 

-5V 

-10V 
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31-2 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

Which graph most nearly shows the waveform of the 
output? 

(A) 

(B) 

(C) 

(D) 

10V 

5V 

-5V 

-10V 

10V 

5V 

-10V 

10V 

5V 

- 5V 

-10V 

10V 

5V 

-5V 

-10V 

5 

10 15 20 25 

\) \) 

20 25 

\) 

5. During testing of an operational amplifier, signals of 
equal magnitude are applied to the two terminals (i.e., 
Vi= -v2). What gain is measured? 

(A) Acm 

(B) A;d 

(C) Av 

(D) Gp 

6. An ideal operational amplifier is shown. The voltage 
at the inverting terminal, Vi, is 0.002 V, and the voltage 
at the noninverting terminal, v1, is 0.001 V. The output 

PPI • ppi2pass . com 

voltage is -10 V. Most nearly, what is the gain of the 
operational amplifier? 

(A) 1000 

(B) 10,000 

(C) 100,000 

(D) 1,000,000 

7. An ideal operational amplifier is used in a voltage 
amplification circuit as shown. 

40.!l 

80.!l 

10V 

Most nearly, what is the output voltage? 

(A) -14 V 

(B) -11 V 

(C) -1 V 

(D) 6 V 

+ 

8. An ideal operational amplifier is used in a voltage 
amplification circuit as shown. 

200!1 

Most nearly, what is the output voltage? 

(A) -10 V 

(B) -5 V 

(C) 5 V 

(D) 10 V 
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9. The voltage gain in the ideal operational amplifier 
circuit shown is -200. 

Most nearly, what is the value of R2? 

(A) 3 kn 

(B) 30 kn 

(C) 100 kn 

(D) 300 kn 

+ 

10. The inverting input of a nonideal operational 
amplifier is at 0.001 V. The noninverting voltage is 
0.002 V, and the output voltage is 10.01 V. The differen­
tial gain of the operational amplifier is 10,000. Most 
nearly, what is the common-mode rejection ratio? 

(A) 64 dB 

(B) 74 dB 

(C) 98 dB 

(D) 134 dB 

11. For a differential amplifier, the ratio of the first 
emitter current to the second emitter current is 2.0. The 
voltage difference between the first base current and the 
second base current is 0.02 V. Most nearly, what is the 
temperature of operation? 

(A) 335K 

(B) 345K 

(C) 465K 

(D) 485K 

A M P L I F I E A S 31-3 

SOLUTIONS 

1. The circuit can be split into two parts, where the out­
put voltage of the configuration in the left box, Vo.1, is 
the input to the configuration in the right box, and the 
output voltage of the configuration in the right box, Vo,2, 

is equal to the total output voltage of the circuit. The 
configuration in the left box acts as an inverting ampli­
fier on Va and as a noninverting amplifier on Vt,. 

The output voltage of the configuration in the left box, 
Vo,1, is 

= -(~ ~)(s v)+(1+ ~ ~)(2 v) 
= -4 V 

Since Vo,1 is not O and is the sole input to the configura­
tion in the right box, the configuration in the right box 
is a noninverting amplifier. The output voltage for the 
configuration in the right box, iti,2 , is 

Vo,2 = ( 1 + ~::) Vo,1 = [ 1 + ~ ~ l [-4 V l 
= -20 V 

The answer is (A). 

2. The output signal can be drawn as shown. 

10 
8 

~ 
6 

(1) 
4 

Cl 2 "' .... 
0 
> 0.07 .... - 2 
~ 
C. -4 .... 
~ 
0 -6 

-8 
-10 

time (s) 
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Since the gain is 2.0 and Vout= A'lljn(t), the output volt­
age at 0.025 sis 

V
0

ut = Av;n(t) = (2.0)((5 V)sin((601r)t+ 28°)) 

= (2.o)( (5 V)sin( 60rr[ 
2
!6

~~d J(0.025 s) + 28° )) 

= -8.83 V 

The output voltage cannot be less than -8.0 V, so the 
output voltage is -8.0 V. 

The answer is (B). 

3. Use loop analysis to find the equations for the 12 V 
source and Vout· Use the relationships shown for the path 
of the current. 

I 
I 
I 
I 
I Vout 
I 
I 

I - I 
I :_L-
l----------..--------~ -

I -

12 V = !Rin +!Rout+ A(v+ - v-) 

vout = A( v+ - v-) + !Rout 

Since the voltage across v+ and v- is IR;n, the equations 
become 

12 V = !Rin + IR out+ AIR;n 

Vout = AIR;n + !Rout 

Divide the equation for Vout by the equation for the 12 V 
source to find the gain of the configuration. 

vout 
A configuration = 12 V 

IR;n + !Rout+ AIR;n 
1 

1 

1 x 106 D l+ - ---------~ 
20 D + (1 x 105)(1 x 106 D) 

= 1.0 

The answer is (A). 
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4. The voltage input to the amplifier between O ms and 
5 ms, between 10 ms and 15 ms, and between 20 ms and 
25 ms is the same, so the output voltage at those three 
intervals will be the same. The maximum input voltage 
at those intervals is 5 V, so the minimum output voltage 
at those intervals is 

V0 ut = Avin = (- 2)(5 V) 

= -10 V 

Since the amplification factor is negative and all nonzero 
inputs in the given waveform are positive, all nonzero 
outputs must be negative. Option A shows positive out­
put voltages between Oms and 5 ms and between 20 ms 
and 25 ms, and option D shows positive output voltages 
between 5 ms and 10 ms and between 15 ms and 20 ms, 
so option A and option D do not show the waveform of 
the output. The input voltage is O V between 5 ms and 
10 ms and between 15 ms and 20 ms, resulting in a O V 
output for these intervals. Option C shows outputs dur­
ing these intervals, so option C does not show the wave­
form of the output. Option B shows negative outputs at 
the intervals where the input is positive and O V outputs 
at the intervals where the input is O V, and the output 
voltage is never less than - 10 V. Option B shows the 
waveform of the output. 

The answer is (B). 

5. The differential-mode voltage is 

Therefore, with V1 = -v2, 

The common-mode voltage is 

Therefore, only the difference is being amplified, and 
the gain is Aid· 

The answer is (B). 

6. Use the equation for output voltage, and rearrange to 
solve for the gain. 

v0 = A(v1 - v2) 

A=~= -lOV 
V1 - V2 0.001 V - 0.002 V 

= 10,000 

The answer is (B). 
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7. Use the equation for a two-source operational ampli­
fier. The output voltage is 

Vo= - R2 Va+ (1 + R2 )vb 
R1 R1 

= (- 40 n )(lO V) + (1 + 40 n )(-4 V) 
80 n 80 n 

= -11 V 

The answer is (B). 

8. The voltage at the noninverting terminal is a voltage 
divider of the input voltage. 

V, _ ( R1 ) V- ( 20 D )(- 2 V) 
b - R1 + R2 - 20 n + 20 n 

= -1 V 

The inverting voltage is zero, so use the equation for a 
noninverting operational amplifier. The output voltage is 

=-5 V 

The answer is (B). 

9. The voltage gain is Vo/ Va = -200. The noninverting 
voltage is zero, so use the equation for the output volt­
age of an inverting operational amplifier, and rearrange 
to solve for R2. 

= 30 kD 

The answer is (B). 

1 O. The differential input voltage is 

150 n ] 
1000 ~ 

kD 

vid = v1 - v2 = 0.002 V - 0.001 V = 0.001 V 

The common-mode input voltage is 

_ ( )/2 _ 0.002 V +0.001V_ 00015 V 
V· - V1 + V2 - - · 1cm 2 

A M P L I F I E R S 31-5 

Use the equation for output voltage, and rearrange to 
solve for the common-mode gain. 

Vo = A V;d + Acm vicm 

Vo- Avid 
Acm = -'----

Vicm 

10.01 V - (10,000)(0.001 V) 

0.0015 V 
= 6.67 

The common-mode rejection ratio in decibels is 

( 
IAI ) 110,0001 

CMRR = 20log10 IAcml = 20log10 16.671 

= 63.5 dB (64 dB) 

The answer is (A). 

11. The ratio of emitter currents is 

iEl = e(vn1-11s,)/Vr 

iE'2 
2.0 = e0.02 V/VT 

Take the natural logarithm of both sides and solve for 
the thermal voltage. 

0.02 V 
ln2.0 = ---

Vr 
v; _ 0.02 V 

T - ln2.0 

Use the equation for thermal voltage and solve for the 
temperature. 

v; _ kT 
r-

q 

( 
0.02 V )(1.6022 X 10-19 C) 

T=-v;_Tq_= _ l_n_2_.0 _______ _ 

k 1.38 X 10-23 l_ 
K 

= 334.5K (335K) 

The answer is (A). 
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Measurement and 
Instrumentation 

PRACTICE PROBLEMS 

1. An analog signal is sampled and processed digitally. 
The filtered signal is sent through an output digital-to-­
analog (D / A) converter where the analog signal is 
reconstructed. 

digital 
signal 

processor 

Most nearly, what is the minimum sampling frequency 
needed to accurately reconstruct the signal without 
aliasing? 

(A) 60 Hz 

(B) 120 Hz 

(C) 190 Hz 

(D) 380 Hz 

2. Most nearly, what minimum sampling frequency will 
avoid aliasing with the analog signal, x( t)? 

x( t) = cos l001rt + sin 2001rt + sin 601Tt 

(A) 30 Hz 

(B) 60 Hz 

(C) 200 Hz 

(D) 400 Hz 

3. 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. 

4. 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.cm/cm 

(B) 3.0V·cm/cm 

(C) 6.0V·cm/cm 

(D) 6.3 V·cm/cm 

5. The output sensitivity of a strain gauge bridge circuit 
is 10 V·cm/cm. The output voltage is 10 mV. Most 
nearly, the strain is 

(A) 0.0001 cm/cm 

(B) 0.0010 cm/cm 

(C) 0.0100 cm/cm 

(D) 0.1000 cm/cm 

6. Most nearly, what is the minimum sampling rate of a 
4 kHz wideband signal to ensure accurate reconstruction 
of the signal? 

(A) 4 kHz 

(B) 7 kHz 

(C) 8 kHz 

(D) 13 kHz 
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32-2 F E EL EC TR I C A L A ND C O M P U T E R P R AC T IC E P R O B L E M S 

SOLUTIONS 

1. The signal , x( t) , generated by the oscillator can be 
determined by inspecting the Laplace transform table. 
The signal is 

x(t) = sin377t = sin21rft = sin21r60t 

To reconstruct x( t) from x( n) without aliasing, the sam­
pling rate must be at least the Nyquist rate. 

f, ~ 2fN = (2)(60 Hz) = 120 Hz 

The answer is (B). 

2. To avoid aliasing, the analog signal must be sampled 
at least at the Nyquist rate, which is twice the highest 
frequency contained in the signal. The highest frequency 
contained in the given signal is 2001r rad/s or 100 Hz. 
Therefore, the minimum frequency that can be used to 
avoid aliasing is 200 Hz. 

The answer is (C). 

3. 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). 

4. Find the change in resistance, 6.R. 

Substitute the equation for 6.R into the equation for 
reference voltage. 

6.R Va~ -- . ViN 
4R 

= [ e:(R)( GF)] V, 
4R IN 

Vo = VIN( GF) (12 V)(2.l) 

€ 4 4 
= 6.3 V-cm/cm 

(Any linear unit can be used for strain.) 

The answer is (D). 
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5. Use the definition of sensitivity to calculate the 
strain. 

. . . Vo 
sens1t1v1ty = -

€ 

Vo €= --..:....._-
sensitivity 

10 mV 

(10 V~~ ](1000 ~VJ 

= 0.0010 cm/cm 

The answer is (B). 

6. The minimum sampling rate is the Nyquist rate, 
which is given by 

fs ~ 2 W = ( 2) ( 4 kHz) = 8 kHz 

The answer is (C). 
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Control Systems 

PRACTICE PROBLEMS ... .. ... ..... ... ..... ........................ .... ............ .. ...... ......................... 

1, The frequency response of a system to a sinusoidal 
input is given by 

By differentiation, the peak value of M, Mp, and the fre­
quency at which it occurs, Wr, are expressed in terms of 
the damping ratio , (, and natural frequency, Wn. 

M = l 
p 2(~ 

Wr = wn J l - 2(2 

Which curve in the illustration shown best represents 
the frequency response? 

M 

curve 1 

curve 2 

0 1-------'----''---------
w 

curve 3 

curve4 

(A) curve 1 

(B) curve 2 

(C) curve 3 

(D) curve 4 

2, For the given block diagram, K is set to 16. 

L~...._l s_(s~- 2~) I r-

The damped natural frequency of oscillation in response 
to a step input, wd, is most nearly 

(A) 3.9 rad/s 

(B) 10 rad/s 

(C) 12 rad/s 

(D) 16 rad/s 

3, The frequency response of a second~order system is 
given by 

The peak value of M, Mp, and the frequency at which it 
occurs, wr, are expressed in terms of the damping ratio, 
(, and natural frequency, Wn. 

M = 1 
p 2(~ 

Wr = wnJ I - 2(2 

A polar plot of the system is shown. 

I 
0 ""'-==---------,-------,-----

-90° 

-135° 

I 
I 

I I - III ________ 1----- ----

1 
I _____ __] ________ _ 
I 
I 
I III 

-180° -----------------------------

Where does the peak amplitude response occur? 

(A) point II 

(B) point IV 

( C) between points I and II 

(D) between points II and III 
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33-2 F E E L E C T R I C A L A N D C O M P U T E R P A A C T I C E P A O B L E M S 

4. A block diagram is shown. 

Q-0-r­
L@-J 

What is the overall system gain? 

(A) 

(B) 

(C) 

(D) 

1 + G1G3 + G1G2 + G2G3+ G1G2G3G4 

G1 + G4 + G2G3G4 

1 + G1G2 + G1G4 + G3G4 + G1G2G3G4 

G1 + G3 + G1G2G3 

5. A block diagram is shown. 

What is the overall system gain? 

(A) 
r( t) ABE 

!( t) l+BC-ABE 

(B) 
r( t) ABE 

!( t) 1-BC+ABE 

(C) 
r( t) ABC 

!( t) l+BE-ABD 

(D) 
r(t) ABC 
f(t) - 1- BE+ABD 

6. A block diagram is shown. 
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r(t) 

What is the overall system gain? 

(A) 
r( t) ABD 

!( t) l+ABC-BD 

(B) 
r( t) ABD 

!( t) 1-ABC+BD 

(C) 
r(t) = ABC 

!( t) l+ABD-BC 

(D) 
r(t) = ABC 

!( t) 1-ABD+BC 

7. A block diagram is shown. 

Q-0-r­
L@-J 

G1 = -5 dB, G2 = 2 dB, G3 = 4 dB, and G4 = 3 dB. What 
is the system sensitivity? 

(A) -3/34 dB-1 

(B) -3/28 dB-1 

(C) 3/44 dB-1 

(D) 9 /31 dB-1 

8. A control system with negative feedback is shown. 

~/c(sl 1----,1:,,, ... 1 G(s) 
Y(s) 

H(s) 

What is E( s)? 

(A) E(s) = R(s) - Y(s) 

(B) E(s) = C(s) G(s)R(s) 

(C) E(s) = G(s)R(s) 
1 + C(s)H(s) 

(D) E(s) = R(s) 
1 + C(s)G(s)H(s) 

www.EngineeringEBooksPdf.com



9. A control system with negative feedback is shown. 

G1 = s+ 3 

What is the time-domain transfer function of the ·~ 

C O N T R O L S Y S T E M S 33-3 

SOLUTIONS . ...................... . 

1. As w increases to Wn M should increase to its peak 
value. The shapes of curve 2 and curve 4 are both cor­
rect. However, since Afi, is always positive, only curve 2 
is correct. 

The answer is (B). 

system? 2. The general characteristic equation is 

(A) e-3t sin t 

(B) e-3t cost 

t+ 3 
(C) 

1 + ( t + 3)2 

1 
(D) 

l+(t+3)2 

1 O. The transfer function of a control system is 

What is the steady-state response to a step input for the 
control system? 

(A) bp/an 

(B) bi/a,, 

(C) bp/ a;, 

(D) bp 

11. A control system with negative feedback is con-
structed from linear time-invariant elements as shown. 

X(s)~ 
5 

H(s) = 
5 

+ 3 ----- Y{s) 

K 

What is the requirement for the constant K such that 
the closed-loop system is stable? 

(A) K 5. -5/3 

(B) K 5. -3/5 

(C) K?:. -3/5 

(D) K?:. 0 

s2+ 2(wns+w;, = 0 

The characteristic equation for this system is 

s2 + 2s+ 16 = 0 

F'ind Wn and (. 

w=1l6=4 'fl. "'J 1-0 

(=~=_!.__=_!_ 
2wns w,, 4 

= 0.25 

The damped natural frequency of oscillation is 

Wd=Wn~ 

= 4~ 1- (0.25)2 

= 3.87 (3.9 rad/s) 

The answer is (A). 

3. As stated in the problem statement, the peak occurs 
at Wr. From the equation for Wr, when ( = 0, the peak 
occurs at Wr = Wn- When ( > 0, the peak occurs at Wr < 
Wn (i.e., between points I and II). 

The answer is (C). 

PPI • ppi2pass . com_ 

www.EngineeringEBooksPdf.com



33-4 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

4. Simplify the block diagram. 

step 1 

step 3 

G1 + G3 + G,G2G3 
1 + G1G2 

The overall system gain is . 

The answer is (D). 

PPI • ppi2pass.com 

5. Simplify the block diagram. 

step 1 

f(t) 

step 2 
f(t) 

f(t) AB · r(t) step3 ~ 
1 - BE+ ABD 

The overall system gain is 

r(t) ABC 
J(t) - 1 - BE+ABD 

The answer is (D). 

~r(t) 
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6. Simplify the block diagram. 

,10 ~ ,1; 

step 1 

f(t) 

step3 

f(t) ~ r(t) 

The overall system gain is 

r(t) _ ABC 

f(t) - 1- ABD + BC 

The answer is (D). 

C O N T R O L S Y S T E M S 33-5 

7. Simplify the block diagram. 

step 1 

From step 2 of the simplified block diagram, 

G1 
G(s) = + G3 1 + G1G2 

-5 dB +4 dB 
1 + (-5 dB)(2 dB) 

= 41/9 dB 

H(s) = G4 

= 3 dB 

G(s)H(s) = ( :l dB)(3 dB) 

= 41/3 dB> 0 

The system has negative feedback. The sensitivity of the 
system is 

The answer is (C). 

S= l 
1 + G(s)H(s) 

1 

1 + i!_ dB 
3 

= 3/44 dB-I 
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33-6 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

8. The error ratio for a closed-loop, negative feedback 
system with two forward-loop controllers in series is 
defined as 

1 E(s) 

R(s) 1 + C(s) G(s)H(s) 

Therefore, 

E(s) = R(s) 
1 + C(s) G(s)H(s) 

The answer is (D). 

9. The control system circuit reduces to 

R(s) Y(s) 

The problem statement specifies this is a negative feed­
back loop, so 

Y(s) s+ 3 

R(s) = l+(s+3)2 

The inverse Laplace transform is 

C(t) =£-1[ s+3 )=e-3tcost 
R(t) l+(s+3)2 

The answer is (8). 

10. Using the final value theorem, obtain the steady­
state step response by substituting O for sin the transfer 
function. 

Y(s) = limT(s) = T(O) = bp/an 
s ->0 

The answer is (A). 

11. The system transfer function, G( s), for the closed­
loop system is 

G(s) - H(s) 
- l+KH(s) 

5 

s+3 = - - - --

l+K(-5 ) 
s+ 3 

5 

s+3+5K 

PPI • ppi2pass . com 

In order for the system to be stable, the pole of the 
closed-loop system transfer function needs to be in the 
left-hand side of the plane (i.e., must be negative). 

The answer is (C). 

S1 = -3 - 5K '5. 0 

K ::::- -3/5 
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Signal Theory and 
Processing 

PRACTICE PROBLEMS ........................... 

1. An AM radio station broadcasts at 30 kW and 85% 
modulation. Most nearly, the power of the sidebands is 

(A) 8 kW 

(B) 10 kW 

(C) 20 kW 

(D) 30 kW 

2. In a given AM environment, the highest frequency in 
the modulating signal is 1000 Hz. The frequency of the 
carrier is 100 kHz. Most nearly, the highest frequency in 
the AM signal is 

(A) 49 kHz 

(B) 51 kHz 

(C) 99 kHz 

(D) 100 kHz 

3. What type of filter is shown? 

x(n) 
1 - o.2z- 1 - o.1z-2 

(A) finite impulse response 

(B) infinite impulse response 

(C) first order digital 

(D) non causal 

y(n) 

4. An AM signal has a carrier wave that is given by 
6 cos 30,000t. The modulation baseband signal that is 
added directly to the carrier amplitude is described by 
1r cos 15,000t. What will result from trying to recover 
the original signal? 

(A) no overmodulation in the recovered signal 

(B) aliasing in the recovered signal 

(C) overmodulation in the recovered signal 

(D) zero recovered signal 

5. An angle modulated signal has a carrier signal of x( t) = 
10 cos 10,000t. The modulation baseband signal has an 
amplitude of 1 V, an angular frequency of 5000 rad/s, 
and a phase sensitivity, kp, of 0.5 rad/V. Most nearly, 
the phase of the signal at t = 5 s is 

(A) 1.2 rad 

(B) 3.3 rad 

(C) 5.0 rad 

(D) 5.4 rad 

6. In an amplitude modulated signal, a 900 kHz carrier 
is modulated by a music signal that has frequency com­
ponents from 1 kHz to 10 kHz. The range of the frequen­
cies generated for the upper sidebands is 

(A) 440 kHz to 453 kHz 

(B) 890 kHz to 899 kHz 

(C) 899 kHz to 910 kHz 

(D) 901 kHz to 910 kHz 
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34-2 F E E L EC TR IC A L A N D CO M P U TE R PR AC T I C E PR O B LEM S 

7. Which figure represents the input step function y = 
u[t- 2]? 

(A) 

-2 

(B) 

-2 

(C) 

-2 

(D) 

-2 

y 

2+--- -

-1 2 
-1 

-2 

y 

2 

-1 2 
-1 

- 2 

y 

2 

-1 2 
-1 

-2 

y 

2 

- 1 2 
-1 

-2 
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t (s) 

t (s) 

t (s) 

t (s) 

8. Which figure represents the input function 2II(t/6)? 

(A) 

Arr{f) 
2 

-3 -2 -1 1 2 3 t (s) 
1-1 I 
I I 
l-2 I 

_ .!_ / ' , .!_ 
T T 

(B) 

An{f) 
2 

1 >-

I I r I 

- 1 2 3 4 5 6 t (s) 
-1 -

-2 -

(C) 

All (f) 
2 

1 -
r I r I 

-3 - 2 - 1 2 3 t (s) 
-1 >-

- 2 >-

(D) 

AII{f) 
2 

-3 - 2 - 1 2 3 t (s) 
-1 

-2 
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S I G N A L T H E O R Y A N D P R O C E S S I N G 34-3 

9. What is the Fourier transform of the triangular func­
tion A(t/ T)? 

1 . WT 
(A) -sine-. -

T 2 

(B) 
1 . 2T 

--sine -
.J3 2 

(C) sinc2Tj 

(D) 
. 2TW 

TSinc -
27r 

1 O. Consider the following complex Fourier series repre­
sentation of a signal. 

Most nearly, what is the average power of the third har­
monic of the signal? 

(A) 1/9 

(B) 1/ 6 

(C) 2/9 

(D) 1/3 

11. Consider a normal amplitude modulated signal in 
the frequency domain. Which portion of the signal car­
ries the information? 

(A) carrier frequency 

(B) lower sideband only 

(C) upper sideband only 

(D) both the lower and upper sidebands 

12. In digital communication, which of the following is 
analogous to angle modulation in FM communication? 

(A) DSB-LC 

(B) FSK 

(C) PSK 

(D) polar modulation 

13. A modulated broadband signal has a modulation 
index, mn.r, of 1.5 and a modulation frequency of 5 kHz. 
Most nearly, what is the maximum frequency deviation? 

(A) 2.5 kHz 

(B) 3.3 kHz 

(C) 3.5 kHz 

(D) 7.5 kHz 

14. A narrowband FM signal has a message bandwidth 
of 5 kHz. Most nearly, what is the 98% power bandwidth 
of the signal? 

(A) 2.5 kHz 

(B) 5.0 kHz 

(C) 7.5 kHz 

(D) 10 kHz 

15. The frequency deviation ratio of a wideband FM 
signal is 20, and the modulating frequency is 7 kHz. 
Most nearly, the bandwidth is 

(A) 3 kHz 

(B) 30 kHz 

(C) 140 kHz 

(D) 300 kHz 

16. A pulse-code modulation (PCM) signal is transmit­
ted with a message frequency of 20 kHz and a quantiza­
tion level of 16. If the quantization level is increased to 
32, the minimum required bandwidth will increase by a 
factor of 

(A) 1.25 

(B) --/2 

(C) .J3 
(D) 4 
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34-4 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

SOLUTIONS ........................................ .. .. .. ... 

1. Use the equation for total transmitted power and 
solve for the carrier power. 

p total = P carrier[ 1 + ~
2 l 

ptotal 30 kW 
~arrier = l + m2 (0.85)2 

2 l + 2 

= 22.04 kW 

Ptotal is the total transmitted power of the sidebands and 
carrier, so 

ptotal = pcarrier + P,,ideboard 

psideboard = ?iota! - ~arrier = 30 kW - 22.04 kW 
= 7.96 kW (8 kW) 

The answer is (A). 

2. In an AM environment, the frequencies of the modu­
lating signal are shifted by the carrier frequency. The 
resulting signal will have its frequencies concentrated 
around the carrier frequency. 

Therefore, the highest frequency in the AM signal will 
be the sum of the carrier frequency and the highest fre­
quency in the modulating signal. 

100 kHz+ lOOO Hz = 101 kHz (100 kHz) 
1000 Hz 

kHz 

The answer is (D). 

3. If h( n) is the impulse response of the filter, then 

Y(z) = X(z)H(z) 

= X(z)[ 1 - 0.2z_! _ O.lz-2 ) 

X(z) = Y(z)(l - 0.2z-1 - O.lz-2
) 

The inverse z-transform of z-kY(z) is y(n - k) (shift 
property), so the inverse transform of the preceding 
equation is 

x(n) = y(n) - 0.2y(n- l) - O.ly(n- 2) 

Solving for y(n), 

y(n) = x(n) + 0.2y(n- l) + 0.ly(n- 2) 

PPI • ppl2pass.com 

The impulse response can be determined by letting x(n) 
= 8(n). 

n x(n) Y(n) = h(n) 
<0 0 0 
0 1 1 
1 0 0.2 
2 0 0.14 
3 0 0.048 
4 0 0.024 
5 0 0.0096 

Although h(n) decreases as n increases, it never reaches 
zero. The impulse response is infinite. The filter is an 
infinite impulse response (IIR) filter. 

The answer is (8). 

4. The AM signal is of the form 

xAM(t) = Ac[A + m(t)Jcos(2rr.fct) 

= A 'c [1 + amn(t)]cos(21rfct) 

= 6(1 + rrcos15,000t)cos30,000t 

The cosine has a maximum value of 1 and a minimum 
value of -1, so the maximum and minimum amplitudes 
of the modulating signal are 

max(xAM(t)) = 6(1 + max(mn(t)))(max(cos30,000t)) 

= (6)(1 +max(rrcos15,000t))(l) 

= (6)(1 + rr)(l) 

= 24.85 

min(xAM(t)) = 6(1 +min(mn(t)))(max(cos30,000t)) 

= (6)(1 + min(rrcosl5,000t))(1) 

= (6)(1- rr)(l) 

= -12.85 

Because mn( t) has values that are less than -1, there 
will be overmodulation. Overmodulation results in dis­
tortion when trying to recover the original signal. 

The answer is (C). 

5. The modulation baseband signal is 

m( t) = Acoswmt 

( 
rad J = (1 V)cos 5000 -s- t 
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S I G N A L T H E O R Y A N D P R O C E S S I N G 34-5 

The angle modulation at t = 5 s is 

¢( t) = kpm( t) 

=(o.5 r~d)(1 V)cos((5ooo r:d)(5s)(
3!~0

)) 

= 0.35 rad 

The general equation for an angle modulated signal is 

The phase of the modulated signal at t = 5 sis 

( 
rad) wet+ ¢(t) = 10,000 -s- (5 s) + 0.35 rad 

= 50,000.35 rad 

Subtract the whole cycles, then convert the remaining 
fraction of a cycle to radians. 

50,000.35 rad 
d = 7957.803 cycles (0.803 cycle) 

21r~ 
cycle 

(0.803 cycle)(21r rad ) = 5.045 rad (5.0 rad) 
cycle 

The answer is (CJ. 

6. The highest frequency of the modulating signal is 
A = 10 kHz. The lowest frequency of the modulating 
signal is Ji = l kHz. The carrier frequency is 
fc = 900 kHz. The upper sidebands will include the fre­
quencies from fc + fz to fc + k The range of the upper 
sidebands is from 901 kHz to 910 kHz. 

The answer is (DJ. 

7. The function y = u[ t - 2] steps to value 1 at t = 2. 

The answer is (CJ. 

8. The input function 2II(t/6) has an amplitude of 2 
and a pulse width of 6 s and is symmetrical around the 
vertical axis. Only option C shows all these features. 

Option A has an amplitude of 1 and a pulse width of 1 s. 
Option B has the right amplitude and pulse width, but 
is not symmetrical about the vertical axis. Option D has 
the right amplitude but a pulse width of 2 s. 

The answer is (CJ. 

9. The triangular function A( t/T) starts at t = -T, 
increases linearly to a value of one at t = 0, then 
decreases linearly to a value of zero at t = T. 

From a table of Fourier transform pairs, the Fourier 
transform of the triangular function is 

As w= 21rf, 

The answer is (DJ. 

X(w) = Tsinc27
w 

21r 

1 O. The coefficients of the exponential terms, Xn, repre­
sent the voltage and are 

The magnitude of the coefficients is 

Squaring the results (to represent power) gives 

The average power in the DC component and the first N 
harmonics is 

N 

P= xa2+2I:1xnl2 
n=O 

The value of X0 is 0. The power of just the third har­
monic alone is 

P3 - 2IX,J' - 2[ (-:)" r -(2)[ (-tr 
2 

9 

This indicates that 2/9 of the harmonic power lies with 
the third harmonic. 

The answer is (CJ. 

11. In the frequency domain, the AM signal's power is 
distributed between the carrier frequency and two side­
bands. Both sidebands carry identical information, so 
either can be used to obtain the original information. 

The answer is (DJ. 
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34-6 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

12. Analog frequency modulation (FM) developed first. 
Following that, digital communication developed the 
concept of frequency-shift keying (FSK). 

The other options listed are double-sideband, large car­
rier (DSB-LC, a type of AM communication), phase­
shift keying (PSK), and polar modulation (which is 
analogous to quadrature modulation). 

The answer is (8). 

13. Use the definition of the modulation index, and 
rearrange to solve for the maximum frequency 
deviation. 

~w 
mpM= -­

wmod 

~w = mF~mod = (1.5)(5 kHz) 

= 7.5 kHz 

The modulation index is greater than one, so this is a 
broadband signal. 

The answer is (D). 

14. A narrowband FM signal has only a single pair of 
sidebands. 

(a) wideband 
frequency 
spectrum 

carrier 
frequency 

(b) narrowband 
frequency 
spectrum 

The 98% power bandwidth for a narrowband signal is 
given by 

B ~ 2W = (2)(5kHz) = lOkHz 

The answer is (D). 

15. The modulating frequency of 7 kHz is the message 
bandwidth, W. The bandwidth is 

B ~ 2(D+ 1) W 

The answer is (D). 

= (2)(20 + 1)(7kHz) 

= 294 kHz ( 300 kHz) 
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16. The minimum required bandwidth, B, is propor­
tional to 

B ex 2n W = 2 Wlog2q 

If q is increased from 16 to 32, the value of log2 q 
increases from 4 to 5, and B will increase by a factor of 
5/4, or 1.25. 

The answer is (A). 
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Computer Hardware and 
Fundamentals 

PRACTICE PROBLEMS 

1. In virtual memory systems, large programs 

(A) are executed in memory 

(B) can be executed using less memory space than 
in RAM 

(C) are paged into and out of unused video memory 

(D) run faster due to fewer disk accesses 

2. ASCII characters are sent over a 64 kb/s communica­
tions channel. One bit per character is used for parity 
checking. Most nearly, how many ASCII characters can 
be transmitted over the channel in 5 s? 

(A) 35 000 characters 

(B) 40 000 characters 

( C) 42 000 characters 

(D) 46 000 characters 

3. A simple controller board has two thousand 8-bit 
memory locations and two 8-bit registers. How many 
different states can this board be in? 

(A) 2002 

(B) (2)8 

(C) (2)2002 

(D) (2)16,016 

4. What information must be specified in the instruc­
tion for a direct memory access process? 

(A) the address of the address of the operand 

(B) the address of the operand 

(C) the operand itself 

(D) the register and base addresses of the operand 

5. The acronym RDRAM refers to 

(A) Rambus dynamic random access memory 

(B) Rambus direct random access memory 

(C) redundant dual random access memory 

(D) random duplex random access memory 

6. Flash memory is classified as what type of memory? 

(A) ROM 

(B) WORM 

(C) RAM 

(D) EPROM 

7. What type of memory is lost when power to a device 
is removed? 

(A) RAM 

(B) ROM 

(C) PROM 

(D) EPROM 

8. Which of the following is the best description of a 
nibble? 

(A) half a byte of memory 

(B) a read-only operation 

( C) a CPU operation that is performed in half a 
clock cycle 

(D) a CPU operation that is performed in one clock 
cycle 
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9. Which of the following is the best description of a 
bit? 

(A) a basic unit of a computer used to encode a sin­
gle character of text 

(B) the smallest portion of computer memory that 
can represent a distinct computer address 

(C) a binary digit that can have one of only two pos­
sible values 

(D) computer memory that can represent either of 
two possible states 

1 O. Which of the following is the best description of a 
buffer? 

(A) a region where extra information goes once the 
main memory is full 

(B) a temporary storage region 

( C) the main memory 

(D) a permanent memory region where start-up 
information is stored 

11. How does a central processing unit (CPU) deter­
mine whether it is executing instructions from a com­
mercial database management program or from a 
program executed by an online programmer? 

(A) The micro-operations used in the programs are 
different. 

(B) One kind of program uses memory references, 
and the other uses register references. 

(C) One kind of program uses compiled code, and 
the other uses interpreted code. 

(D) The CPU does not know where instructions 
originate. 

12. ASCII coding accommodates a standard set of Eng­
lish characters for data transfer. There are several 
extended sets of ASCII characters that are dependent 
on the operating system. How many bits represent the 
standard and extended sets, respectively? 

(A) 7 bits, 7 bits 

(B) 7 bits, 8 bits 

(C) 8 bits, 12 bits 

(D) 8 bits, 16 bits 
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SOLUTIONS 

1. In a virtual memory system, large programs are sys­
tematically paged into and out of disk space and can be 
executed using a smaller memory space. 

The answer is (8). 

2. ASCII code requires a minimum of 7 bits per charac­
ter. With 1 bit for parity checking, each character 
requires 8 bits to transmit. The number of ASCII char­
acters that can be transmitted over a 64 kb/s channel in 
5 sis 

characters = 
( ( 64 ~ )( 1000 ib) )(5.0 s) 

bits 
8 ----

The answer is (8). 

character 
= 40 000 characters 

3. The number of bits in the memory and registers is 

(8)(2000 + 2) = 16,016 

Each bit can take on two different values. The number 
of different states is 

(2)16,016 

The answer is (D). 

4. In direct memory access, the instruction must specify 
the address of the operand. 

The answer is (8). 

5. RD RAM is an acronym for Rambus dynamic random 
access memory. RDRAM computer chips use Rambus 
signaling level technology to achieve high random-access 
speeds. 

The answer is (A). 

6. Flash memory is a type of erasable programmable 
read-only memory (EPROM). 

The answer is (D). 

7. ROM (read-only memory), PROM (programmable 
read-only memory), EPROM (erasable programmable 
read-only memory), and WORM (write once, read 
many) retain their information when power to the 
device is removed. RAM (random-access memory) does 
not retain information when the power is removed. 

The answer is (A). 
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8. A nibble is a block of four contiguous bits (i.e., half a 
byte) of memory. 

The answer is (A). 

9. A bit is a binary digit, a basic unit of digital informa­
tion. A bit can have one of only two possible values, 
which are usually represented as O and 1. 

The answer is (C). 

1 O. A buffer is a temporary storage region that holds 
data until it is used. 

The answer is (B). 

11. A central processing unit cannot determine the 
source of instructions. The CPU will execute instruc­
tions regardless of their origins. 

The answer is (D). 

12. The standard set of ASCII characters uses 7 bits in 
128 combinations, each combination representing one of 
the English characters. In the extended set, 8 bits are 
used to encode 256 characters. 

The answer is (B). 
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Networking Systems 

PRACTICE PROBLEMS 
······-··········· .................... ············. ···· ··· ············ ·············· ·····-······················ ·· · 

4. These four diagrams represent network topologies. 
Which is a star topology? 

1. Which of the following best describes a relational (A) 
database? 

(A) a collection of data organized into tables whose 
column order determines the relationships 
between the data I 

I 
l 

I 
1 

(B) a collection of data organized into independent (B) 
tables whose data can be reorganized by soft-
ware without changing the original tables 

(C) the same as a network database (with no dupli­
cation of data in tables) 

(D) a collection of data organized in a treelike 
structure 

2. Which of these statements about local area networks 
(LANs) is true? 

(A) Most devices in a LAN are connected in master­
slave fashion. 

(B) Internet service providers (ISPs) provide LAN 
services to customers. 

(C) There is a single administrative system in a LAN. 

(D) A LAN may be distributed over a large geo-
graphical area using telecommunications. 

3. Which of these is a method of network communica­
tion between a source node and a destination node along 
a dedicated path that is not shared with any other 
communication? 

(A) packet switching 

(B) message switching 

(C) interface protocol 

(D) circuit switching 

(C) 

(D) 

5. In which kind of local area network (LAN) topology 
will the failure of any single host cause the failure of the 
entire network? 

(A) bus 

(B) ring 

(C) star 

(D) mesh 
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SOLUTIONS ...................... 

1. A database is a structured collection of records or 
data. A computer database relies on software to organ­
ize the storage of data. The software models the data­
base structure in what are known as database models. 

The database model in most common use today is the 
relational model. A relational database is a collection of 
data items organized as a set of formally described 
tables. Data from these tables can be accessed or reas­
sembled in many different ways without having to reor­
ganize the tables themselves. 

In a relational database, data is fitted into predefined 
categories. Each table ( which is sometimes called a rela­
tion) contains one or more data categories in columns. 
Each row contains a unique instance of data for the cate­
gories defined by the columns. 

For example, a typical business order entry database 
would include a table that described a customer with 
columns for name, address, phone number, and so forth. 
Another table would describe an order: product, cus­
tomer, date, sales price, and so forth. Each user of the 
database can obtain a view of the database that fits that 
user's needs. For example, a branch office manager 
might want a report on all customers who bought a cer­
tain product after a certain date, while a financial serv­
ices manager could, from the same tables, obtain a 
report on accounts that needed to be paid. 

Other models, such as the hierarchical model and the 
network model, use a more explicit representation of 
relationships. In a hierarchical model, data is organized 
into a treelike structure, which implies a single upward 
link in each node to describe the nesting along with a 
sort field to keep the records in a particular order in 
each list on the same level. The network model tends to 
store records with links to other records. Associations 
are tracked via "pointers," which can be node numbers 
or disk addresses. Most network databases tend to 
include also some form of hierarchical model. 

The answer is (8). 

2. In a LAN, the communication of the networked com­
puters is regulated by a single administrative system. 
Option C is true. 

Devices in personal area networks (PANs) are connected 
in master-slave fashion; most devices in LANs are not. 
Option A is false. 

ISP services connect LANs and single users to other 
resources through a metropolitan area network (MAN). 
Option B is false. 

Wide area networks (WANs) are used to connect MANs 
and LAN s over large geographical areas using telecom­
munications. Option D is false. 

The answer is (C). 
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3. Circuit switching establishes a dedicated path for 
communication between a source node and a destination 
node. The circuit may be permanent, or it may be tem­
porarily connected for transmission and then discon­
nected when communication is complete. Option D is 
correct. 

In packet switching, a message from a source node is 
broken into packets. Header information is added to 
each packet so that the message can be reassembled at 
the destination node. Packets are transmitted to inter­
mediate locations, where they are stored and forwarded 
toward their destination, possibly by way of further 
intermediate locations. The use of intermediate loca­
tions makes it possible for more than one communica­
tion to share the same path, so Option A is incorrect. 

Message switching communication transmits a complete 
message to an intermediate location where the message 
is stored and forwarded toward its destination, possibly 
by way of further intermediate locations. The use of 
intermediate locations makes it possible for more than 
one communication to share the same path, so Option B 
is incorrect. 

The phrase "interface protocol" is a generic term for a 
communication mechanism, but does not specify a 
method. Option C is incorrect. 

The answer is (D). 

4. In the star network topology, each of the network's 
clients is connected, using point-to-point communica­
tion, to a central routing device called a hub. The hub 
transfers messages from one device to another within 
the network. The diagram in Option D shows the hub as 
the dot in the center of the diagram, and each other 
device on the network is represented by a dot connected 
to the hub. 

The answer is (D). 

5. In a ring topology, each host is needed for messages 
to pass from one host to another. The failure of any sin­
gle host will result in the failure of the entire network. 
Option B is correct. 

In a bus topology, the failure of the communication line 
that connects the devices will cause the failure of the 
entire network, but failure of a single connection or a 
single client on the network will not cause the rest of the 
network to fail. Option A is incorrect. 

In a star topology, the failure of the central routing 
device ( called the hub) will cause the entire network to 
fail, but the failure of a single client or of the communi­
cation line to a client will cause the failure of communi­
cation only to that one client. Option C is incorrect. 

Failure of a single host in the mesh topology will cause 
failure of communication only to that host; the rest of 
the network can function. Option D is incorrect. 

The answer is (B). 
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Digital Logic 

PRACTICE PROBLEMS 

1. In the circuit shown, X = 1, Y = 0, and Z = l. 

XYX YZ 

\Vhat are the outputs, A and B? 

(A) A =0, B=O 

(B) A = O, B= 1 

(C) A=l , B=O 

(D) A=l,B=l 

2. What is the output of the following logic circuit? 

ground 

(A) A · B · C 

(B) A- B · C+ A- C 

( C) A . B. C + A · B · C + A · B · C + A- B · C 

(D) A. B · C 

out 

3. Which column of the truth table corresponds to the 
logic circuit shown? 

A 

C 

A B 

0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

C 
D 

C 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 

(A) column I 

(B) column II 

(C) column III 

(D) column IV 

out 

D I II III IV 
0 1 0 0 1 
1 1 0 0 0 
0 0 0 0 1 
1 0 0 0 0 
0 0 0 0 1 
1 0 0 0 0 
0 1 1 1 1 
1 0 0 0 0 
0 0 0 0 1 
1 0 0 0 0 
0 1 1 1 1 
1 0 0 0 0 
0 0 1 0 1 
1 0 0 0 0 
0 1 1 1 1 
1 0 1 0 0 
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4. A logic circuit consists of an AND, NAND, and NOR 
gate, as shown. 

A 

B 

A 
B 
C 

What is the output of the AND gate? 

(A) 0 

(B) (A+ B) ·(A· B· C) 

(C) (A. C) + (B. C) 

(D) X.ff.c 

out 

5. A logic circuit consists of five gates as shown. 

A 
B 
C 

A 
B 
c 
A 
B 
l5 

D-out 

What is the output? 

(A) 0 

(B) 1 

(C) A-B· C+B+A· C-D 

(D) A-B· C+A·B· c+A-B-D 

6. A logic circuit consists of four gates as shown. 

What is the output? 

(A) 0 

(B) A- C+B· C 

(C) A- B. c+ A· B 

(D) A . B + A · B + B · C 
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out 

SOLUTIONS 

1. The N AND gate at the top left has inputs 1 and 1, so 
the condition is not satisfied and the output is 0. 

The XOR gate at the middle left has inputs 1 and 1, so 
the condition is not satisfied and the output is 0. 

The AND gate at the bottom left has inputs O and 0, so 
the condition is not satisfied and the output is 0. 

The XOR gate at the top right has inputs O and 0, so 
the condition is not satisfied and the output is A = 0. 

The NOR gate at the bottom right has inputs O and 0, 
so the condition is satisfied and the output is B = l. 
The answer is (B). 

2. Determine the Boolean logic expression from the 
logic circuit. 

out =A· C· (0 + A EBB) 

The logic "O" on the NOR gate makes the NOR gate 
effectively an inverter gate. 

O+AEBB =AEBB 

The output is 

out = A· C· (AEBB) 

The EXCLUSIVE-OR is equivalent to the conditions 
that will make the output true when the inputs are 
different. 

AEBB =A·B+A·B 

The negation of the EXCLUSIVE-OR is 

AEBB =A·B+A·B 

Apply De Morgan's theorem to the negation of the 
EXCLUSIVE-OR. 

A EBB =A· B + A · B = (A· B) ·(A· B) 

=(A+B)·(A+B) 

The AND is distributive over the OR, so the terms can 
be distributed analogously to cross multiplication in 
regular algebra. 

A EBB =(A+ B) ·(A+ B) 

=A·A +A·B+A·B+B·B 

=O+A·B+A·B+o 

=A·B+A·B 
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Substitute this result into the equation for the output 
and simplify. 

out = A- C· (AEBB) 

= A- C · ( A · B + A · ff) 

= A- c. A· B+ A. C· A · JI 
=A· A- B · C+ A· A· ff · C 

=A-B·C+O · ff·C 
=A·B · C 

The answer is (A). 

3. The Boolean equation for the system can be written 
from the diagram. 

out = (A+ A. B) · (D + C· C) · ( C· ( C+ D)) 

If A = 1, then A+ A· B= 1 + 0 · B= 1, regardless of the 
value of B. If A = 0, then A+ A · B = 0 + 1 · B = B. 
Therefore, A+ A · B= A+ B. 

out = (A+ B) · ( D + C · C) · ( C · ( C + D)) 

C· C=O,so 

out =(A+B)·(D+O)·(C·(C+D)) 

=(A+B)·D·(C·(C+D)) 

The last product, C · ( C + D ), is equal to 1 when C = 1 and 
is equal to O when C = 0, regardless of the value of D, so 

out= (A+B)·D· C 

The output is 1 only when C = 1, D = 0, and either A = 1 
or B = 1; the output is O under all other conditions. 
Only column III shows this pattern. 

The answer is (C). 

4. From De Morgan 's second theorem, the output of the 
NAND gate is 

A·B =A+ff 

From De Morgan's first theorem, the output of the 
NOR gate is 

A+B+C =A-ff-C 

The output of the AND gate combines the output of the 
other two gates. 

out = ( A + ff) ( A · ff . C) 

DIGITAL LOGIC 37-3 

Use the distributive law. 

out = ( A . ( A · ff . E)) + ( ff . ( A . ff . C)) 

= ((A. A). ff . c) +(A. (ff. ff). c) 
= (A-ff· C)+(X-ff. C) 

=A-ff-C 

The answer is (D). 

5. The outputs from the three NOR gates from top to 
bottom are 

A+B+C 

A+B+C 

A +B+D 

The output from the NAND gate is 

Z =(A+ B+ C) · (A+ B+ C) · (A+ B + D) 

Applying De Morgan's second theorem gives 

Z = (A+B+ C)+(A+B+ C)+(A +B+D) 

= ( A + B + C) + ( A + B + C) + (A+ B + D) 
=1 

The answer is (B). 

6. The Boolean expression for the circuit is 

out = A EBB+ B + C 

Applying De Morgan's first theorem gives 

out = (A EBB)· (B+ C) 

= (A EBB) · (B+ C) 

The result of the EXCLUSIVE-OR is true when the 
inputs are different. 

AEBB = A-ff +A ·B 

=A-ff+A·B 

The negation of the EXCLUSIVE-OR is 

AEBB =A·B+A · B 

PPI • ppi2pass.com. 

www.EngineeringEBooksPdf.com



37-4 FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

Applying De Morgan's first theorem gives 

A EBB = (A· B) · (A· B) 

= (A +ff). (A +ff) 
= (A+ B) · (A+ ff) 

The distributive law gives 

AEBB =A·A+A·B+B·A+B·B 

=O+A-B+B·A+o 
=A·B+A·B 

Substitute this result into the equation for the output 
and use the distributive law. 

out = (A- B +A· B) · (B+ C) 

=A· B · B+ A- B · c+ A· B· B+ A· B· C 
=O+A-B· c+A·B+A·B· c 
= A·B · C+A·B+A·B· C 

Use the distributive law to factor A· Bout of the second 
and third terms. 

out =A· B · C+ (A· B) · (1 + C) 

=A-B·C+A · B·l 
=A-B·C+A·B 

The answer is (C). 
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Logic Network Design 

PRACTICE PROBLEMS 

1. The following Boolean function is in sum-of-products 
(SOP) form. 

Y= A-B· C+A-ff - C+A· ff. C+A· ff. C 

Which of these represents the same function in product­
of-sums (POS) form? 

(A) Y = (A+ ff+ C). (A+ ff). (ff+ C) 

(B) Y=(A+B+C) - (A+B) 

(C) Y= (A +B+ C). (A+B). (A +ff+ C) 

(D) Y = ( A + B + C) · ( A + ff+ C) · ( B + C) 

2. What terms are essential prime implicants in the 
given Karnaugh map? 

AB 
C D 00 

00 0 

01 0 

11 0 

10 0 

(A) A · C · D only 

(B) B · C· 15 only 

01 11 

0 0 

X 0 

0 0 

X 1 

(C) A· C· 15 and B· C· 15 only 

10 

0 

0 

0 

1 

(D) A· B· C, A· C- 15, and B· C· 15 only 

3. This Boolean expression for F cannot be further 
simplified. 

F= A.ff. C+A - ff- C+A ·B· C· D 

Which terms in the expression are the essential prime 
implicants of F? 

(A) A· B · C only 

(B) A· B · C· D only 

(C) A. ff. C and A· ff· C only 

(D) if.ff. C, A-ff- C, and A - B· C-D 

4. Fis a Boolean function. 

F(A,B, C) =(A·B·C)+(A+C)+A · B+B 

Which of the following is a maxterm of F? 

(A) A+ ff 

(B) A· C 

(C) A+B+C 

(D) A. ff. C 

5. Fis a Boolean function. 

F = ( A- B · C) + ( A + C) + A · B + B 

Which of the following is a min term of F? 

(A) A+ ff 

(B) A- C 

(C) A+ B+ C 

(D) A. ff. C 

6. How many prime implicants does the following logic 
expression have? 

(A) 3 

(B) 4 

(C) 7 

(D) 16 
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7. Find the logic expression which implements the Boo­
lean function F(A, B, C) = ;f.ff.c + B·C + A-B·C 
using a minimum number of N AND gates only, in a haz­
ard-free circuit. 

(A) (A·C)·(A-B) 

(B) (A · C) · (B · C) · (A· B) 

(C) (A . C) · (A· B) 

(D) (A· C) + (B · C) +(A · B) 

PPI • ppi2pass.com 

SOLUTIONS 
················· ············· ····· ····· .............. ... ........ . . 

1. The Boolean function in SOP form contains the min­
terms 101, 100, 000, and 001. The POS form must con­
tain the maxterms 010, 011, 111, and 110. (There is a 
total of 2n terms, where n is the number of variables.) 

Y =(A+ B + C) ·(A+ B + C) 
. (A+ B + C) . (A+ B + C) 

Both conditions of A are present in the maxterms 011 
and 111, so they can be combined in the term 

(A+ B + C) . (A+ B + C) = B + c 

Similarly, 

(A+ ff+ C) . (A+ ff+ C) = A+ B 

The combined result is 

Y = (A+ B + C) · (A+ B) · (B + C) 

The answer is (A). 

2. A prime implicant is one that is not contained 
entirely within another implicant. There are three possi­
ble prime implicants in this Karnaugh map. 

AB 
CD 00 

00 0 

01 

11 

10 

0 

0 

0 

r--

1 X 
L ___ .J 0 

0 0 

10 

0 

0 

0 
r---, r---------, 
I X I I 1 1 
L__ L--------.J 

B·C·D 

A·C·D 

An essential prime implicant is one that is not contained 
entirely within another prime implicant. Of these three 
possible prime implicants, two contain "don't cares." 
These cells cannot be grouped with the I-cells to make a 
larger grouping, so in the simplest possible expression 
they have a · value of zero. The remaining prime impli­
cant, A . C · l5 only, covers all the I-cells, so this is the 
only essential prime implicant. 

The answer is (A). 

3. All the terms are essential because the Boolean equa­
tion cannot be farther simplified. All essential primes must 
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be part of the minimized expression. This can be visual­
ized by mapping the implicants into a Karnaugh map. 

AB ABC 
C D oo I 01 11 10 

r 
1 ~ 00 I 0 0 0 

01 I 1 I 
L---.J 

0 0 0 
r , r , 

11 0 I 1 I 0 I 1 I 
L -,. J 

0 \ 1 .,r ---10 0 1 I 
L---.J 

A ·B·C 

\ 
A·B·C·D 

The answer is (D). 

4. By definition, a maxterm is a sum (OR) of all the 
variables in a function , with each variable used exactly 
once either directly or in negated form. Among the 
given options, A + B + C is the only maxterm. 

The answer is (C). 

5. By definition, a minterm is a product (AND) of all 
the variables in a function, with each variable used 
exactly once either directly or in negated form. Among 
the given options, A · B · C is the only minterm. 

The answer is (D). 

6. Plot the expression on a Karnaugh map to aid in see­
ing the prime implicants. A prime implicant is one that 
is not contained entirely within another implicant. 

AB 
C D 00 01 11 10 

00 Mo M, M3 M2 
r-- - - ,-::..--::..-::.._ - - - --, ----

I 01 I M4 L M5 - M7 I Ms _; 

I I 

11 M12 ~ M13 _ M15) M14 
----

10 L_~a_J Mg M11 M,o 

A· B , B · D, and A · B · C· Dare the prime implicants. 

The answer is (A). 

7. Draw the Karnaugh map to find the sum-of-products 
form with the smallest number of groups. 

AB 
C D 00 01 11 10 

r I- , r , 
00 I 1 1 I I 1 I 

L---- ____ .J I I 
I I 

01 I 1 I 
L J 

F(A , B , C) =A· C + A- B 

L O Q I C N E T W O R K D E S I G N 38-3 

Use De Morgan's first theorem to express the result in 
terms of NAND gates. 

A· C+A·B =A· C+A·B 

= (A · C) · (A· B) 

The answer is (C). 
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Sequential Networks 

PRACTICE PROBLEMS 

1. Compared to an SR flip-flop, which additional func­
tions does a JK flip-flop have? 

(A) holding the current state 

(B) asynchronous set and reset 

(C) clock frequency division 

(D) inverting the current state 

2. Which of the following statements about the use of 
SR flip-flops are true? 

I. They can store an input at a clock edge. 

II. They can set one bit of memory to 1. 

III. They can reset one bit of memory to 0. 

(A) I and II only 

(B) I and III only 

(C) II and III only 

(D) I, II, and III 

3. The sequential network circuit in the following dia­
gram starts with all bits equal to 0. The flip-flops are 
leading edge triggered (with a state transition initiated 
by a change from Oto 1 on the clock). The clock period 
is long compared to the flip-flop transition time. Bit O is 
the least significant bit, and bit 2 is the most significant 

bit. After three clock pulses, what is the count on the 
circuit (in the sequence bit 0, bit 1, bit 2)? 

D2 02 

0 1 Q1 1--+-~CLK 

input 

Do 0a 1--1---.CLK 

CLK a, 

(A) 011 

(B) 100 

(C) 101 

(D) 110 

bit 0 bit 1 bit2 

4. The sequential network circuit in the following dia­
gram starts with all bits equal to 0. Bit O is the least sig­
nificant bit and bit 1 is the most significant bit. After 
four clock pulses, what is the count on the circuit (in the 
sequence bit 0, bit 1)? 

bit 0 

Jo Oo 1--....... --1 J, a, 
CLK CLK 

Ko Do K, a, 
input --+---------' 

(A) 00 

(B) 01 

(C) 10 

(D) 11 

bit 1 

PPI • ppi2pass . com . 
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5. The sequential network circuit shown starts with 
flip-flop O equal to 1 and flip-flop 1 equal to l. Bit O is 
the least significant bit and bit 1 is the most significant 
bit. After one clock pulse, what is the count on the cir­
cuit (in the sequence bit 0, bit l)? 

bit 0 bit 1 

Jo Do J, a, 
CLK CLK 

Ko Do K, a, 

input 

(A) 00 

(B) 01 

(C) 10 

(D) 11 

PPI • ppi2pass.com 

6. The sequential network circuit in the following dia­
gram starts with flip-flop O equal to 1, flip-flop 1 equal 
to 1, and flip-flop 2 equal to 0. Bit O is the least signifi­
cant bit and bit 2 is the most significant bit. After one 
clock pulse, what is the output count on the circuit (in 
the sequence bit 0, bit 1, bit 2)? 

D2 02 b2 
(MSB) 

CLK 02 

D, a, b, 

CLK 

Do Do 

CLK Clo 

input ---~ 

Adapted from Computer Engineering Reference Manual for the 
Electrical and Computer PE Exam, by John A. Camara, PE, 
copyright © 2010, by Professional Publications, Inc. 

(A) 001 

(B) 100 

(C) 110 

(D) 111 
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SOLUTIONS 
...... ... .... .. ···· ·· · ······ ··· ··· ······························· 

1. A JK flip-flop performs the same functions as a SR 
flip-flop. In addition, a JK flip-flop can toggle or invert 
the current state when both inputs are true. An SR flip­
flop cannot do this because having both inputs true is 
an invalid condition for an SR flip-flop. 

Both SR and JK flip-flops will hold the current state if 
both inputs are false . Option A is incorrect. 

Both SR and JK flip-flops can have asynchronous inputs 
for set and reset of the flip-flop. Option Bis incorrect. 

Both SR and JK flip-flops can be used in frequency divi­
sion networks. Option C is incorrect. 

The answer is (D). 

2. An SR flip-flop sets or resets the flip-flop state based 
on the inputs. 

• If S is 1 and R is 0, the flip-flop state is 1 following the 
appropriate clock edge. 

• If R is 1 and Sis 0, the flip-flop state is O following the 
appropriate clock edge. 

The answer is (D). 

3. The first clock pulse will cause flip-flop O to transi­
tion. The next state of flip-flop O is 

This results in a transition of flip-flop 1, because its 
clock input changes from Oto l. The output of flip-flop 
1 becomes 

Q+-D --Q -1 1 - 1- 1-

This results in a transition of flip-flop 2, because its 
clock input changes from O to l. The output of flip-flop 
2 becomes 

The second clock pulse will cause flip-flop O to transi­
tion. The next state of flip-flop O is 

This transition from 1 to O does not cause flip-flop 1 to 
transition, so flip-flop 2 also does not transition. 

The third clock pulse will cause flip-flop Oto transition. 
The next state of flip-flop O is 

S E Q U E N T I A L N E T W O R K S 39-3 

This results in a transition of flip-flop 1, because its 
clock input changes from O to l. The output of flip-flop 
1 becomes 

Q+-D--Q-0 1 - 1- 1-

This transition from 1 to O does not cause flip-flop 2 to 
transition. 

The count after three clock pulses is Q0 = 1, Q1 = 0, and 
Q2 = 1, or 101. 

The answer is (C). 

4. The inputs to flip-flop O are both true, so that flip­
flop will toggle each clock pulse. The first clock pulse 
will cause flip-flop Oto transition. The next state of flip­
flop O is 

Q/ = Qo = l 

The inputs of flip-flop 1 are both false at the first clock 
pulse, so flip-flop 1 holds the current condition. 

Q/ = Ql = 0 

Flip-flop O will toggle again after the second clock pulse. 
T, the next state of flip-flop O is 

The inputs of flip-flop 1 are both true at the second 
clock pulse, so flip-flop 1 toggles. 

Q/ = Ql = 1 

Flip-flop O will toggle again after the third clock pulse. 
The next state of flip-flop O is 

Q/ = Qo= l 

The inputs of flip-flop 1 are both false at the third clock 
pulse, so flip-flop 1 holds the current condition. 

Q/ = Q1 = 1 

Flip-flop O will toggle again after the fourth clock pulse. 
The next state of flip-flop O is 

Q/ = Qo= 0 

The inputs of flip-flop 1 are both true at the fourth 
clock pulse, so flip-flop 1 toggles. 

PPI • p pi2pasa.com 

www.EngineeringEBooksPdf.com



39-4 F E E L E C T R I C A L A N D C O M P U T E R P R A C T I C E P R O B L E M S 

The count after four clock pulses is Qi = 0 and Qo = 
0, or 00. 

The answer is (A). 

S. The diagram shows the current state conditions of 
the circuit before the clock pulse. 

bit 0 bit, 

0 
Jo 0o 1---....-~-----1J, a, 
QK C~ 

Ko~ K1 010 

input -------~1--------' 

For flip-flop 0: 

For flip-flop 1: 

The answer is (B). 

Jo= 0 

K0 = 1 

Q(t+ 1) = 0 

Si= 1 

Ri = 1 

Q(t+ 1) = Q(t) = l 

PPI • ppi2pass.com 

6. The diagram shows the current state conditions of 
the circuit before the clock pulse. 

0 0 0 
02>------- b2 

(MSB) 

0 

0 

CLK Oo 

input ------' 

Adapted from Computer Engineering Reference Manual for the 
Electrical and Computer PE Exam, by John A. Camara, PE, 
copyright © 2010, by Professional Publications, Inc. 

The next state of the D flip-flop is the input in the cur­
rent state condition. 

The outputs are 

D/ = D 0 = 0 

D/ =Di= 1 

D/ = D2 = 0 

bo = Q2EB Qi EB Q0 = O EB 1 EBO= 1 

b1=Q2EBQ1 =0E91=1 

b2 = Q2 = 0 

The answer is (C). 
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Digital Systems 

PRACTICE PROBLEMS 
······································································· 

1. A 24 kHz, 16-bit, analog-to-digital converter samples 
an analog signal. The voltage resolution is 1 m V, and 
the low end of the voltage range is O V. Most nearly, the 
high end of the voltage range that can be measured is 

(A) 18 V 

(B) 44 V 

(C) 66 V 

(D) 120 V 

2. A 24 kHz, 16-bit, analog-to-digital converter samples 
an analog signal. The voltage resolution is 1 m V, and 
the low end of the voltage range is O V. Most nearly, an 
output of 1100100 from the converter represents a volt­
age of 

(A) 1 mV 

(B) 10 mV 

(C) 100 mV 

(D) 1000 mV 

3. An analog signal varying from O V to 10 V is sampled 
by an 8-bit analog-to-digital converter. Most nearly, the 
voltage resolution is 

(A) 0.039 V 

(B) 0.33 V 

(C) 1.0 V 

(D) 1.2 V 

4. An 8-bit programmable module will be used to con­
trol temperature. If the temperature sensor's range is 
0-300°F and the controller's range is 0-5 V oc, what is 
the resolution capacity of the controller? 

(A) 0.02 °F /step 

(B) 1.2 °F /step 

(C) 2.3 °F /step 

(D) 60 °F /step 

5. An analog-to-digital converter has a range of -5 V to 
5 V and an 8-bit output. Most nearly, an output of 
01101100 from the converter corresponds to an input 
voltage of 

(A) -0.82 V 

(B) -0.78 V 

(C) -0.64 V 

(D) 0.039 V 

6. 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 Vat the lowest temperature extreme 
and an upper voltage of 0.300 Vat the highest tempera­
ture 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, -ll.7°C to 38.8°C 

(D) 222 °C/V, l.90°C to 78.7°C 
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SOLUTIONS 

1. Rearrange the voltage resolution equation to find the 
high voltage. 

Vs = 2nt:v + VL = (2) 16 (1 x 10-3 V) + 0 V 

= 65.54 V (66 V) 

The answer is (C). 

2. Convert the binary value to decimal form. 

(1100100h = (1)(2)6 + (1)(2)5 + (0)(2) 4 + (0)(2)3 

+ (1)(2)2 + (0)(2)1 + (0)(2)0 

= (100)10 

Use the equation for converted voltage to find the volt­
age represented by this decimal value. 

V =t:vN+ VL= (1 mV)(IOO)+OV 

= 100 mV 

The answer is (C). 

3. The voltage resolution is 

The answer is (A). 

IOV-OV 

(2)8 
= 0.039 V 

4. The number of distinct states, or steps, that the con­
troller can be in is (2)8 or 256. The monitored tempera­
ture can range from 0°F to 300°F, so the resolution 
capacity is 

300°F - 0°F 
---- = 1.17 °F/step (1.2 °F/step) 

256 steps 

The answer is (8). 

5. The number of distinct steps (levels) of the 8-bit digital 
system is (2)8, or 256. The voltage range is 5 V - (- 5 V) = 
IO V, so the resolution is 

5 V- (-5 V) 
8 = 0.0391 V /step 

(2) steps 

PPI • ppi2pass.com 

The decimal equivalent of (01101100)2 gives the number 
of steps from the lower voltage range. 

(01101100)2 = (0)(2)7 + (1)(2)6 + (1)(2)5 + (0)(2)4 

+(1)(2)3 + (1)(2)2 + (0)(2)1 + (0)(2)0 

= (108)i0 

There are 108 steps. The voltage deviation from the 
lower voltage range is 

(0.0391 _.:!__)(108 steps)= 4.2228 V 
step 

The input voltage is 

-5 V + 4.2228 V = -0.7772 V (-0.78 V) 

The answer is (8). 

6. The resolution of the circuit is 

0.300 V - ( -0.150 V) 
216 

= 6.8665 x 10-6 V 

This voltage is to represent 0.001 °C with the RTD; 
therefore, the sensitivity of the RTD should be 

O.OOl °C = 145.64 °C/V (146 °C/V) 
6.8665 x 10- 6 V 

The temperature range that this sensor can represent is 
derived from the number of bits and the value that rep­
resents 0°C. The voltage range is 

(0.001°C)(2 16) = 65.54°C 

The value that represents 0°C is O 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 

-65.54oC = - 21.85cc (-21.9oC) 
3 

(
2

)(5~·54°C) = 43.69°C (43.7°C) 

The answer is (8). 
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Computer Software 

PRACTICE PROBLEMS 

1. Which of the following flowcharts does NOT repre­
sent a complete program? 

(A) 

(B) 

(C) 

(D) 

PPI • ppl2pass.com _ 
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2. What flowchart element is used to represent an IF ... 
THEN statement? 

(A) 

(~_) 
(B) 

0 
(C) 

.___/ ~/ 
(D) 

3. In programming, a recursive function is a function 
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 varia­
ble PASSED to O (false) when the variable SCORE is 
not passing? 

(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 

PPI • ppi2pass.com 

5. A structured programming segment is shown. 

y = 4 

B = 4 
Y=3*B-6 
IF Y > B THEN Y = B - 2 
IF Y < B THEN Y = Y + 2 
IF Y = B THEN Y = B + 2 

What is the value of Y after the segment is executed? 

(A) 2 

(B) 6 

(C) 8 

(D) 12 

6. A structured programming segment is shown. The 
variable N is an integer greater than zero. 

A=X 
DO UNTIL N = 0 

Y = A*X 
A =Y 
N =N -1 

END UNTIL 

Which equation is implemented by this programming 
segment? 

(A) y =X! 

(B) y = xN-1 

(C) y =XN 

(D) y = xN+l 

7. A structured programming fragment is shown. 

Line 2 is 

1 REAL X,Y 

2 X = 3 
3 Y = COS(X) 

4 PRINTY 

(A) an assignment 

(B) a command 

(C) a declaration 

(D) a function 

www.EngineeringEBooksPdf.com



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 for­
mula or set of steps for solving a particular problem? 

(A) program 

(B) software 

( C) firmware 

(D) algorithm 

1 O. The computer language that is executed within a 
computer's central processing unit is called 

(A) MS-DOS 

(B) a high-level language 

(C) an assembly language 

(D) a machine language 

11, Which of the following best defines a compiler? 

(A) hardware that is used to translate high-level lan­
guage 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 execut­
able commands in a program 

12. The effect of using recursive functions in a program 
is generally to use 

(A) less code and less memory 

(B) less code and more memory 

(C) more code and less memory 

(D) more code and more memory 

13. In which of these situations can an 8-bit system cor­
rectly access more than 128 different integers? 

(A) when the integers are in the range of [-255, OJ 

(B) when the integers are in the range of [O, 256] 

(C) when the integers are in the range of [-128, 128] 

(D) when the integers are in the range of [O, 512] 

C O M P U T E R S O F T W A R E 41-3 

14. In which of these computer operating systems can a 
document in HTML (hypertext markup language) for­
mat be viewed? 

I. Mac OS 

II. Linux 

III. Windows 

IV. Unix 

(A) I and III only 

(B) I, II, and III only 

(C) I, III, and IV only 

(D) I, II, III, and 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 con­
stant throughout the lifetime of the study. What varia­
ble 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. 

I A I B I C 
1 10' 11 12 

2 1 ! A2"2 • 

3 ·~--) A3"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. 

A B I C lo 
... 1_?..1 ... ~.~ . ..:. .......... !.2. ....... [ 13 • 

2_ .... ~ .. L.~ 
3 6. l... ? ... , ..... 8.1~~~:1::::r::: ..... , 

B2*A$1 

4 7 ) 6 B4*C$1 
s a ... 1 .. , .... s'ii*'o$1 • 

PPI • ppi2pass.com_ 

www.EngineeringEBooksPdf.com



~1-A FE ELECTRICAL AND COMPUTER PRACTICE PROBLEMS 

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 

18. What is the· value of J after the given program seg­
ment is executed? 

(A) 3 

(B) 6 

(C) 9 

(D) 12 

J=O 
WHILE (J < 10) DO 

J=J+3 
END 

PPI • pp12pass.com 

SOLUTIONS 

1. A flowchart must begin and end with a terminal sym­
bol. The symbol at the bottom of option D is the "off­
page" symbol, which indicates that the flowchart contin­
ues on the next page. This is not a complete program. 

The answer is (D). 

2. At an IF ... THEN statement, the flow of a program is 
decided based on a criterion that can be evaluated as 
true or false. The symbol used to represent a decision is 
the diamond. 

The answer is (8). 

3. A recursive function calls itself. 

The answer is (C). 

4. Option B sets PASSED to 1 for SCORE= 70 to 100 
and sets PASSED to O for SCORE= 0 to 69. 

Option A will not give the correct response when 
SCORE= 70. Option C will never set PASSED to 0. 
Option D will not give the correct response when 
SCORE=69. 

The answer is (8). 

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 state­
ment is executed. This statement is satisfied, so the 
operation is performed. 

Y=4+2=6 

The answer is (8). 

6. The DO/UNTIL loop will be executed N times. After 
one execution, Y = X2• Each subsequent execution of 
the loop multiplies Y by X another time. Therefore, this 
segment calculates Y = XN+i_ 

The answer is (D). 
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7. Line 2 is an assignment. A command, such as line 4, 
directs the computer to take some action such as 
PRINT. A declaration, such as line 1, states what type 
of data a variable will contain (like REAL) and reserves 
space for it in memory. A function, such as line 3, per­
forms a specific operation (such as finding the cosine of 
a number) and returns a value. 

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 AB5. 

The answer is (A). 

9. An algorithm is a formula or set of steps for solving a 
particular problem. 

A program is a sequence of instructions that implements 
a formula or set of steps, but the program is not itself 
the formula or set of steps. An algorithm is often imple­
mented as a program. Software and firmware are pro­
grams stored on media. 

The answer is (D). 

1 O. The central processing unit executes a version of 
the program that has been compiled into the machine 
language. This version of the program 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 car­
ried out in a different location, so more memory is used. 

The answer is (B). 

13. An 8-bit system can represent (2) 8 = 256 different 
distinct integers. Normally, the eighth bit is used for the 
sign, and only seven bits are used for magnitude, result­
ing in a range of [-127, 128] or [- 128, 127] (counting 
zero as one of the integers). If all the integers are known 
or assumed to have the same sign, a range of 256 inte­
gers is available. All the answer options except option A 
contain more than 256 distinct integers. 

The answer is (A). 

COMPUTER SOFTWARE 41-5 

14. HTML may be viewed on any computer with a 
compatible browser. 

The answer is (D). 

15. 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, (2) 2, (3)2, and (4)2• 

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 l. For example, 
B2* A$1 means to multiply the entry in B2, which is 4, 
by the number entered in cell Al , 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). 

18. Since the control will exit the DO loop when J 
becomes larger than or equal to 10, J has the following 
values: 0, 3, 6, 9, and 12. When J is 12 , the program 
ends. 

The answer is (D). 

PPI • ppi2pass.com 
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m:».f.l.~.<.rr.~~~ .. ~.~~.~.L.-.~~~·-· ................................. ....................... . 

1. A computer with a useful life of five years has an ini­
tial 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 

2. 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 

3. 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. Most nearly, 
what is the effective uniform annual cost (EUAC) of 
ownership? 

(A) $1200 

(B) $2100 

(C) $2200 

(D) $2300 

4. 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 fore­
seeable future. An annual interest rate of 8% is assumed, 
and annual maintenance and pumping costs are consid­
ered to be paid in their entireties at the end of the years 
in which their costs are incurred. 

initial cost 
service life 

salvage value 

annual maintenance 

pump cost/hour 

pump operation 

$1500 
12 yr 

$200 

$400 
$2.50 

600 hr/yr 

Most nearly, what is the capitalized cost of running and 
maintaining the 80 mm pipeline? 

(A) $15,000 

(B) $20,000 

(C) $24,000 

(D) $27,000 

5. New 200 mm diameter pipeline is installed over a dis­
tance 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 
annual interest rate 
service life 
salvage value 

annual maintenance 

pump cost/hour 

pump operation 

$1350 
6% 
6 yr 

$120 

$500 
$2.75 

2000 hr/yr 
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What is most nearly the equivalent uniform annual cost 
(EUAC) of the pipe? 

(A) $5700 

(B) $5900 

(C) $6100 

(D) $6300 

6. 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%. Most nearly, what is the uninflated present worth 
of the equipment during year 1? 

(A) $3200 

(B) $3300 

(C) $3400 

(D) $3500 

7. A computer with a useful life of 13 years has the fol­
lowing costs and interest rate. 

initial cost 
salvage value 

annual maintenance 
years 1-8 

years 9-13 

interest rate 

$5500 
$3100 

$275 

$425 

6% 

Most nearly, what is the equivalent uniform annual cost 
(EUAC) of the computer? 

(A) $730 

(B) $780 

(C) $820 

(D) $870 

8. Permanent mineral rights on a parcel of land are pur­
chased 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. Most 
nearly, what is the interest rate earned on the initial 
investment? 

(A) 8.3% 

(B) 9.0% 

(C) 10% 

(D) 12% 
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9. $1000 is deposited in a savings account that pays 6% 
annual interest, and no money is withdrawn for three 
years. Most nearly, what is the account balance after 
three years? 

(A) $1120 

(B) $1190 

(C) $1210 

(D) $1280 

1 O. 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, what is most 
nearly the depreciation allowance for the cable in the 
first year of operation? 

(A) $640 

(B) $670 

(C) $720 

(D) $860 

11. 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%. Most nearly, 
what is the present worth of all expenditures? 

(A) $12,000 

(B) $13,000 

(C) $14,000 

(D) $15,000 

12. A computer with a useful life of 12 years has an ini­
tial cost of $3200 and a salvage value of $100. The inter­
est rate is 10%. Using the Modified Accelerated Cost 
Recovery System (MACRS) method of depreciation 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 

13. A computer with a useful life of 12 years has an ini­
tial cost of $2300 and a salvage value of $350. The inter­
est rate is 6%. Using the straight-line method, what is 
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most nearly the total depreciation of the computer for 
the first five years? 

(A) $760 

(B) $810 

(C) $830 

(D) $920 

14. 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 

15. A company is considering buying a computer with 
the following costs and interest rate. 

initial cost 
salvage value 

useful life 

annual maintenance 
interest rate 

$3900 
$1800 
10 years 

$390 
6% 

Most nearly, what is the equivalent uniform annual cost 
(EUAC) of the computer? 

(A) $740 

(B) $780 

(C) $820 

(D) $850 
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16. A proposed plant will produce biofuels using fer­
mentation. The plant can be constructed with or with­
out distillation columns to separate the products. The 
estimated cost and annual net profit with and without 
the columns are given here. 

plant A 
( without distillation 

columns) 

plant B 
(with distillation 

columns) 

cost 

annual net 
profit 

$51,000,000 

$6,500,000 

$63,000,000 

$8,200,000 

The minimum acceptable rate of return (MARR) is 8% 
for 15 years. Which of the two plants is a better invest­
ment, and what is most nearly the difference in their 
present worths? 

(A) plant A, $9,000,000 

(B) plant A, $7,000,000 

(C) plant B, $7,000,000 

(D) plant B, $2,600,000 

17. A company pays off a loan of $1,600,000 by paying 
the same amount at the end of each year for 20 years. 
The annual interest rate on the loan is 3.3%. Most 
nearly, what is the annual payment? 

(A) $57,000 

(B) $110,000 

(C) $320,000 

(D) $840,000 

18. A power generation station has just acquired a new 
transformer at a cost of $85,000. Expected maintenance 
and salvage costs for the first six years are shown. 

year maintenance salvage 

1 $10,000 $40,000 

2 $12,000 $38,000 

3 $17,000 $35,000 
4 $23,000 $25,000 

5 $24,000 $24,000 

6 $26,000 $22,000 
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Assuming an interest rate of 10%, after how many years 
of service should the station replace the transformer? 

(A) 2 

(B) 3 

(C) 4 

(D) 5 

19. A tank is needed for the foreseeable future. Four 
options meet the project requirements. Each tank is 
expected to fail once during its entire lifetime. The cost 
of such a failure would be $17,700 for any tank. The 
effective annual interest rate is 10%. 

average lifetime cost 
tank (yr) ($) 

1 10 20,300 
2 16 28,360 

3 25 36,400 
4 60 45,080 

Which tank should be purchased? 

(A) tank 1 

(B) tank 2 

(C) tank 3 

(D) tank 4 
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annual 
maintenance 

($) 

1010 
1060 
1080 
1130 

20. An engineer is evaluating two options for distribut­
ing products from a production facility: renting or own­
ing trucks. The effective annual interest rate is 8%. 
Most nearly, how many miles must the trucks be driven 
annually for the two options to have equivalent costs? 

rent trucks 
$0.20/mi 

(A) 8800 mi 

(B) 12,000 mi 

(C) 15,000 mi 

(D) 20,000 mi 

own trucks 
purchase cost of $8000 

useful life of 5 yr 

resale value of $2000 after 5 yr 

annual maintenance cost of 
$0.09/mi 
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SOLUTIONS 

1. Bring all costs and benefits into the present. 

ptotal = Jlnitial + pmaintenance - 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). 

2. Add the present worths of all cash flows. 

-?iota!= -Cinitial - Aelectricity(P /A, 10%, 9) 

- Amaintenance(P / A, 10%, 9) 

-Ainsurance(P / A, 10%, 9) 

+Abenefits(P / A, 10%, 9) 

+Sg(P / F, 10%, 9) 

= -$15,000 - ($600) (5. 7590) 

- ($120) (5. 7590) 

-(0.05) ($15,000) (5. 7590) + ($4500) (5. 7590) 

+($900) (0.4241) 

= $2831 ($2800) 

The answer is (B). 

3. 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 = Cinitia1(A/ P, 6%, 8) 

+ A electricity + A maintenance 

+Ainsurance - Sg(A/ F, 6%, 8) 

= ($10,000)(0.1610) + $300 + $100 

+(0.02)($10,000) 

-($1000) (0.1010) 

= $2109 ($2100) 

The answer is (B). 

4. The annual cost of running and maintaining the 
80 mm pipeline is 

A= ( $::o )(600 hr)+ $400 = $1900 

E N G I N E E R I N G E C O N O M I C S 42-5 

Capitalized costs are the present worth of an infinite 
cash flow. 

p = ~ = $1900 
i 0.08 

= $23,750 ($24,000) 

The answer is (C). 

5. 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. 

EUACso = Ainitial + A maintenance 

+ A pump - A salvage 

The answer is (D). 

= ($1350)(A/ P, 6%, 6) + $500 

+( $~;5 
)(2000 hr) 

-($120)(A/ F, 6%, 6) 

= ($1350)(0.2034) + $500 

+$5500 - ($120)(0.1434) 

= $6257 ($6300) 

6. 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(l + d)-n 

= ($5000)(1 + 0.1445t3 

= $3335 ($3300) 

The answer is (B). 

7. 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 
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$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. 

F$275 = A(F / A, 6%, 13) = ($275)(18.8821) 

= $5192.60 
F$150 = A(F/A,6%,5) = ($150)(5.6371) 

= $845.60 

Fmaintenance = F$275 + F$150 = $5192.60 + $845.60 

= $6038 

A maintenance= Fmaintenance(A/ F, 6%, 13) 
= ($6038)(0.0530) 

= $320 

Calculate the EUAC. 

EUAC = Ainitial + A maintenance - A salvage 

= ($5500)(A/P,6%,13)+$320 

-($3100)(A/ F, 6%, 13) 

= ($5500)(0.1130) + $320 

-($3100)(0.0530) 

= $777 ($780) 

The answer is (8). 

8. Use the capitalized cost equation to find the interest 
rate earned. 

P=A 
i 

. A profit 
i=--= 

$12,000 

$100,000 

(12%) 
.P,,ost 

= 0.12 

The answer is (D). 

9. Find the future worth of $1000. 

F = P(l +it= ($1000)(1 + 0.06)3 

= $1191 ($1190) 

The answer is (8). 
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1 O. The MAC RS factor for the first year, given a seven­
year recovery period, is 14.29%. 

D1 = (factor)C 

The answer is (A). 

= (0.1429)($4500) 

= $643 ($640) 

11. 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 
present worth of an infinite cash flow. 

A $500 
pmaintenance = -:- = -- = $12,500 

i 0.04 

The present worth of all expenditures is 

ptotal = .Rnitial + Pannual = $1500 + $12,500 

= $14,000 

The answer is (C). 

12. Subtract the first two years' depreciation from the 
original cost. 

year factor (%) 

1 10.00 

2 18.00 

The book value is 

(0.10)($3200) = $320 

$576 
(0.18)($3200) = "'f:.D1 = $

896 

BV = initial cost - I: DJ = $3200 - $896 

= $2304 ($2300) 

The answer is (C). 

13. With the straight-line method, the depreciation is 
the same every year. Find the annual depreciation. 

D = C- Sn = $2300- $350 = $162_50 
1 n 12 

The total depreciation for five years is 

I:D
1

_ 5 = (5)($162.50) = $812.50 ($810) 

The answer is (B). 
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14. 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. 

EUAC120 = Ainitial + A maintenance 

+ A pump - A salvage 

= ($2500)(A/ P, 10%, 12) + $300 

+( $~:o )(600 hr) 

-($300)(A/ F, 10%, 12) 

= ($2500)(0.1468) + $300 + $840 

-($300)(0.0468) 

= $1493 ($1500) 

The answer is (D). 

15. 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 + A maintenance - Asalvagc 

= ($3900)(A/P,6%,10)+$390 

-($1800)(A/ F, 6%, 10) 

= ($3900) (0.1359) + $390 

-($1800) (0.0759) 

= $783 ($780) 

The answer is (8). 

16. Calculate the total present worth, PtotaI, of each 
plant. The total present worth consists of the present 
worth of the annual net profit, Pnet, minus the present 
worth of the cost, C. 

The present worth of the cost is given. To calculate 
Pnet, multiply the annual net profit, A , by the uniform 
series present worth factor, (P/ A, i%, n). From the 
tables, (P/ A, 8%, 15) is 8.5595. 

For plant A, 

ptotal,A = pnet,A - CA 

= AA(P / A, 8%, 15) - CA 

= ($6,500,000)(8.5595) - $51,000,000 

= $4,636,750 
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For plant B, 

~otal,a = Pnet,B - Ca 

= Aa(P / A, 8%, 15) - Ca 
= ($8,200,000)(8.5595) - $63,000,000 

= $7,187,900 

PtotaI,a is greater than PtotaLA, so plant B is a better 
investment . The difference in present worth is 

6 P = ~otal ,a - ~otal.A 

= $7,187,900 - $4,636,750 

= $2,551,150 ($2,600,000) 

The answer is (D). 

17. Use the formula for capital recovery. The present 
worth, P, is the amount of the loan. The annual pay­
ment for the loan is 

( 
i(l + it J A=P ----

(l+it-1 

[ 
(0.033) ( 1 + 0.033)

20 l = ($1,600,000) 20 
(1 + 0.033) - 1 

= $110,550 ($110,000) 

The answer is (B). 

18. Use the equivalent uniform annual cost (EUAC) as 
a basis for comparison. Calculate the EUAC of the 
transformer for one year of service, two years, three 
years, and so on. Continue calculating as long as the 
EUAC decreases for each year added. When the EUAC 
for n + 1 years is greater than the EUAC for n years, 
stop calculating; the transformer should be replaced 
after n years. 

To calculate the EUAC, convert the purchase price, 
future maintenance costs, and future salvage value to 
equivalent annual values and add them. 

For one year, 

EUAC1 = Acost + Amaint + Asalvage 

= i:::ost(A/ P, 10%, 1) + Fmaini(A/ F, 10%, 1) 

-F'..alvagc(A/ F, 10%, 1) 

= ($85,000)(1.1000) + ($10,000)(1.0000) 

-($40,000) (1.0000) 

= $63,500 
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To combine varying maintenance costs for different 
years into a single annual value, calculate the present 
worth of each year's maintenance cost, add the present 
worths together, and convert the total to an equivalent 
annual value. 

For two years, the present value of the maintenance 
costs is 

pmaint = Fmaint,yr1(P / F, 10%, 1) 

+Fmaint,yriP / F, 10%, 2) 

= ($10,000)(0.9091) + ($12,000)(0.8264) 

= $19,008 

The EUAC for two years of service is 

EUAC2 = Acost + Amaint + Asalvage 

= ~o,;t(A/ P , 10%, 2) + pmaint(A/ P, 10%, 2) 

-F:salvage(A/ F, 10%, 2) 

= ($85,000)(0.5762) + ($19,007.80)(0.5762) 

-($38,000) ( 0.4 762) 

= $41 ,834 

EUAC2 is less than EUAC1, so continue. For three 
years, the present value of the maintenance costs is 

Proa.int = f'llrunt,yr1(P / F , 10%, 1) 

+Fmaint,yr2( P / F, 10%, 2) 

+Fmaint,yriP / F, 10%, 3) 

= ($10,000)(0.9091) + ($12,000)(0.8264) 

+($17,000) (0. 7513) 

= $31,780 

The EU AC for three years of service is 

EUAC3 = P cost(A/ P, 10%, 3) + Pmaint(A/ P, 10%, 3) 

-F',;alvage(A/ F, 10%, 3) 

= ($85,000)(0.4021) + ($31,779.90)(0.4021) 

-($35,000)(0.3021) 

= $36,384 
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EUAC3 is less than EUAC2, so continue. For four years, 
the present value of the maintenance costs is 

pmaint = Fmaint,yrl(P / F, 10%, 1) 

+ Fmaint,yr2(P / F, 10%, 2) 

+Fmaint.yrs(P / F, 10%, 3) 

+Frnaint,yriP / F , 10%, 4) 

= ($10,000)(0.9091) + ($12,000)(0.8264) 

+($17,000) (0. 7513) + ($23,000) (0.6830) 

= $47,489 

The EUAC for four years of service is 

EUAC4 = ~ost( A/ P, 10%, 4) + Pmaint(A/ P, 10%, 4) 

-Fsalvagc(A/ F, 10%, 4) 

= ($85,000)(0.3155) + ($47,488.90)(0.3155) 

- ($25,000) (0.2155) 

= $36,413 

EUAC4 is greater than EUAC3, so the transformer 
should be replaced after three years of service. 

The answer is (B). 

19. The four options have different lifetimes, so it is 
necessary to compare them on an equivalent uniform 
annual cost (EUAC) basis. The annual cost sums the 
annualized initial investment, the annual maintenance 
cost, and the cost of failure multiplied by the probability 
of failure. 

1 
EUAC = P(A/P, 10%, n) + M + -F 

n 
EUAC 1 = ($20,300)(0.1627) + $1010 

+(-
1

-)($17,700) 
10 yr 

= $6083/yr 

EUAC 2 = ($28,360) (0.1278) + $1060 

+(-
1
-)($17,700) 

16 yr 

= $5791/yr 

EUAC 3 = ($36,400)(0.1102) + $1080 

+(-
1

-)($17,000) 
25 yr 

= $5799/yr 

EUAC4 = ($45,080)(0.1003) + $1130 

+(-1-)($17,700) 
60 yr 

= $5947/yr 
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Tank 2 has the lowest annualized cost. 

The answer is (B). 

20. Let x represent the number of miles are driven 
annually. The costs for the two options are 

cost rent= ( $0.20 !i )x 

cost 0 wn = ( $0.09 !i )x+ ($8000)(A/ P, 8%, 5) 

-($2000)(A/ F, 8%, 5) 

= ( $0.09 !i )x+ ($8000)(0.2505) 

-($2000) (0.1705) 

Calculate the number of miles driven annually when the 
cost of the two options is equal. 

cost rent = cost own 

( $0.20 !i )x = ( $0.09 !i )x 
+($8000)(0.2505) 

-($2000) (0.1705) 

( $0.20 !Jx-( $0.09 !i )x = $1663 

( $0.11 !i Jx = $1663 

The answer is (C). 

$1663 
x= ----

$0.11 _!_ 
mi 

= 15,118 mi (15,000 mi) 
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Professional Practice 

PRACTICE PROBLEMS ... .... ..... ................ ... ...... ........ ......... 

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 con­
tractor 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 

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 con­
tractual obligation with the general contractor 
or the subcontractors. 

(B) The consulting engineer will have a contractual 
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. 

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 
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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 

1 O. 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 

11. One of the main reasons to enter into a joint ven­
ture on a big construction project is to 

(A) let bidders know the size of the project for more 
accurate cost estimating 

(B) better plan future uses for the completed 
project 

(C) spread the risks associated with the project 

(D) pay for the bidding process 
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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. 
Typical 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, appear­
ance, 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 dam­
ages. Torts are normally resolved through lawsuits. 

The answer is (A). 

5. This clause must be included in order to recover dam­
ages 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). 

www.EngineeringEBooksPdf.com



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 prep­
aration of the bid documents 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 methodol­
ogy, 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). 

1 O. Nominal damages are awarded for inconsequential 
injuries. 

The answer is (A). 

11. Risk is an important factor in construction. There­
fore, it is prudent to spread it as widely as possible. One 
way to do this is to enter into a joint venture with other 
contractors. A joint venture is a short-term partnership 
arrangement in which each of two or more participating 
construction companies is committed to a predeter­
mined percentage of a contract, and each shares propor­
tionately in the final profit or loss. One of the 
participating companies acts as the manager or sponsor 
of the project. 

The answer is (C). 

P R O F E S S I O N A L P R A C T I C E 43-3 
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Ethics 

PRACTICE PROBLEMS ·········· ·············· .... ............. ... .... .. .... .................... ..... ... . 

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, 
present all relevant information including the 
engineer'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 consider­
ation 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 con­
tract, but invite the brother to submit an appli­
cation for employment with the company. 
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4. If one is aware that a registered engineer willfully vio­
lates a state's rule of professional conduct, one should 

(A) do nothing 

(B) report the violation to the state's engineering 
registration board 

(C) report the violation to the employer 

(D) report the violation to the parties it affects 

5. Which of the following is an ethics violation specifi­
cally included in the National Council of Examiners for 
Engineering and Surveying (NCEES) Model Rules? 

(A) an engineering professor "moonlighting" as a 
private 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 environ­
mental 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 independ­
ent consulting engineer who specializes in the 
field in which it pertains 
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7. The National Society of Professional Engineers' 
(NSPE) Code of Ethics for Engineers addresses competi­
tive 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. 

8. A city engineer is 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 the engineer 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? 

I. an advertisement contrasting their successes 
over the past year with their nearest competi­
tors' failures 

II. an advertisement offering a free television to 
anyone 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) I and III 

(B) I, III, and IV 

(C) II, III, and IV 

(D) neither I, II, III, nor IV 
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1 O. A professional engineer who took the licensing 
examination in mechanical engineering may 

(A) not design in electrical engineering 

(B) design in electrical engineering if she feels 
competent 

(C) design in electrical engineering if she feels com­
petent and the electrical portion of the design is 
insignificant and incidental to the overall job 

(D) design in electrical engineering if another engi-
neer checks the electrical engineering work 

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. 

12. Which of the following is/are unethical for an engi­
neer to accept from a supplier? 

(A) special discounts 

(B) gifts 

(C) commissions 

(D) all of the above 

13. Which of the following forms of advertising is ethi­
cal for a contractor? 

(A) television and radio ads 

(B) flyers on houses with special offers 

( C) asking clients to tell their friends 

(D) all of the above 

ETHICS 44-3 

14. The National Council of Examiners for Engineering 
and Surveying (NCEES) Model Rules allow a registered 
engineer to express publicly a professional opinion 
under which of the following circumstances? 

(A) whenever the engineer's opinion is requested by 
a supervisor 

(B) whenever the engineer cares to freely give such 
opinions 

(C) whenever the engineer's opinion is based on 
competent evaluation of the subject matter and 
adequate knowledge of the relevant facts 

(D) after the engineer has been professionally 
employed for a minimum length of time 
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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. It 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 Cor­
rupt Practices Act of 1977 allows American companies 
to pay extortion in some cases.) This practice, however, 
is not approved by the National Council of Examiners 
for Engineering and Surveying (NCEES) Model Rules: 

Registrants shall not offer, give, solicit, or receive, 
either directly or indirectly, any commission 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). 

5. The National Council of Examiners for Engineering 
and Surveying (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 specifi­
cally forbidden by the NCEES code. 

The answer is (CJ. 

6. According to the National Council of Examiners for 
Engineering and Surveying (NCEES) Model Rules, 

Licensees may accept assignments for coordination 
of an entire project, provided that each design seg­
ment is signed and sealed by the registrant respon­
sible for preparation of that design segment. 

The answer is (CJ. 
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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). 

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 sev­
eral reasons. Inasmuch as the motive of the contractor is 
not known with certainty, in the absence of other bid­
ding 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 National Council of Examiners for Engi­
neering and Surveying (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 pic­
ture of the Golden Gate Bridge in the background might 
lead some potential clients to believe that the engineer­
ing firm in question had some role in the design or con­
struction of that project. 

The answer is (D). 

1 O. 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). 

12. Engineers may not solicit or accept any special 
treatment from a supplier. This is to ensure fair compe­
tition among suppliers. 

The answer is (D). 

13. Most codes of ethics state that engineers should 
build their reputations based upon the merits of their 
work. Some forms of print advertising are acceptable, 
but advertisements must be done in a tasteful manner 
so as not to damage the dignity of the profession. Also, 
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contractors are often required to list their license num­
ber on any form of advertising. 

The answer is (C). 

14. Unless a registered engineer has a competent evalu­
ation of the matter, as well as knowledge of all the rele­
vant facts , the NCEES Model Rules do not allow an 
engineer to express their professional opinion publicly. 

The answer is (C). 

ETHICS 44-5 
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1. Which organization provides the authority for the 
private practice of engineering? 

(A) 

(B) 

the National Council of Examiners for Engineer­
ing and Surveying (NCEES) 

the Accreditation Board for Engineering and 
Technology (ABET) 

(C) the United States Department of Commerce 

(D) the state in which an engineer lives 

2. Reciprocity is a term that describes the process by 
which one state may honor an engineer's professional 
engineering license from another state. Which word is 
commonly used as a synonym for "reciprocity"? 

(A) normality 

(B) comity 

(C) suplurity 

(D) anority 

3. What term best defines the reason that engineers 
working for some companies do not need to be licensed 
as professional engineers? 

(A) commercial exclusion 

(B) corporate oversight 

(C) industrial exemption 

(D) caveat emptor 

4. The purpose of professional licensure of engineers is to 

(A) protect the engineering profession 

(B) ensure public health 

( C) limit competition to licensed engineers in a state 

(D) protect engineering titles 

~.f:>.LUTIC:,.~~····· 

1. State laws provide the authority for professional 
practice. NCEES writes the examinations used by the 
states. ABET accredits four-year degree programs. The 
United States Department of Commerce is not involved. 

The answer is (D). 

2. The terms comity and reciprocity, though slightly 
different in meaning, are often used synonymously. 

The answer is (B). 

3. Professional licensure is intended to protect the pub­
lic from engineers in private practice. States have vari­
ous laws, commonly referred to as "industrial 
exemptions," that allow engineers to work in the indus­
try (e.g., in companies that produce products) without 
being licensed. 

The answer is (C). 

4. Although engineering licensure laws do protect engi­
neering titles, the purpose of professional licensure is to 
protect public health, safety, and welfare from unquali­
fied practitioners. 

The answer is (B). 
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