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Preface

M

Stabes continue to issue what they call “EIT {engineer-
in-training) certilicates” to successful examinees. How-
ever, the teem “FE” (fundamentals of engineering) is
increasingly used to refer to the exanination. There-
fore, this 'l Review Manual replaces the similarly pur-
posed EIT Review Manual published in previcus
years. The differences between this book and its prede-
cessar are much greater, however, than a name change.

I am happy to report that comments from examinees
and review course instructors about the previous edi-
tion have been overwhelmingly positive. Therefore, 1
have been able to concentrate on refinement and re-
organization of the content. Of cowrse, I have made
the usuwal corrections. However, I have also made hun-
dreds of improvements and clarifications in areas that
have stumped or confused some readers. Almost every
comment received from examinees has resulted in some
small improvement someplace.

T have added approximately 50 illustrative problems to
Gl in new holes that examinees have pointed out after
taking the exam. I have tweaked many other existing
solitions to solve them the “NCEES way” instead of
the “Lindeburg way.”

In the preceding admninistrations of the FE exam,
the NCEES has demonstrated how ditficult it is to dis-
till the entircty of engineering knowledge into a single
booklet, the NCEES Handbook. The exam continues
to contain a few problems requiring knowledge and for-
mulas that are not directly supported by the NCEES
reference document. Though NCEES's preface warns
of this, it is a less-than-desirable situation for anyone
preparing for the exam.

The new-format FE exam (with its discipline-specific
afternoon options) is moving ouf of its infancy but con-
tinues to evolve. NCEES is pushing the limits and
discovering what types of questions it can ask without
providing direct support in il reference material. For
example, past exams have had problems on such sub-
jects as electrochemistry, three-phase electricity, vol-
umes of revelution, projectile motion, and principal
stresses that are not explicitly covered in the NCEES
Handhook. NCEES expects yvou to draw on your own
knowledge and to extrapolate from what is provided in
the NOETRS Handbook.

Those expectations have strained many examinees who
majored in other branches or who now work outside
of the unsupported areas and who prepared shallowly.
Their familiarity with these unsupported subjects was
marginal, and they were unable to quickly translate
their knowledge and abilities inte exam points.

I have added more problems in response to their pleas,
but there will never be enough. And NCEES will always
have the upper hand because it gets to go first.

The FE Review Muonual contains original practice prob-
lems covering all of the known major exam topics. As
the exam evolves, this book grows thicker. Although
there is still a little room left for more pages, it will
never be possible to prepare you for every variety of
problem, since NCEES is free at any time to write prab-
lems “outside of the box.” In effect, they keep digging
more holes, while 1 keep following behind filling them
in. Buat, I'm always behind.

And even where problem types are illustrated in this
book, the mumber of problems may be inadequate to
bring you up to speed. (How many problems will you
have to work in order to come back to speed in the
subjects of divergence and curl?) So, some out-of-book
experience is inevitable,

The only effective response is for you to use the most
targeted review materials available to you. That is
why I continue to lsten to snggestions from those who
have taken the exam and have learned firsthand what
is needed for an efficient review. And, when the next
level of exarms sophistication evolves, this book will have
evolved with it.

In the meantime, I invite you to visit Professional Publi-
-ations” website at www.ppiZpass.com to obtain the
latest news, hints, advice, and scuttlebust about the
exaLn.

Michael R. Lindeburg, PE

L ] Professional Puhliwﬁem, tne.
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How to Use This Book

HOW EXAMINEES CAN USE THIS BOOK

This book is written for one purpose and one purpose
only: to get you ready for the FE examination. 1 have
no iHusions about your using this as a reference book
after the examination. I expect you to use this book,
scribble and draw all over it, and spill coffee on it. Then,
after the examination, vou can throw this book away.
Along the way, I hope you will have acquired a copy
of my Fngineer-fn-Training Reference Manual Lo use
throughout your carcer.

This book is nob intended as a reference book, because
you cannol use it in the examination. On the other
hand, the book that may be used during the exam {the
NCEES Handbook} is not suitable for use as a study
aid.  You certainly need to become familiar with its
formadt, layout, and organization, however. This book,
which follows the NCEES Handbook’s subject sequence,
satisfies your necds to become familiar with the NCEES
Handbook and to study from something better.

You can start by contacting Professional Publications
to see what the current printing of this book is, par-
ticularly if you are using a borrowed copy. This book
is reprinted frequently to keep it kept up-io-date and
relevant.

Because this book was designed in a certain way, there
aren’t too many options for how yon can use it. When
I designed it, here’s what I had in mind.

e You should study every subject in this bool.
NCEES has alveady greatly reduced the scope of
the FE exam and simplified the problems. There
is no longer any reason for a mechanical engincer
to skip the clectricity problems, or for an electrical
engineer to skip the thermodynamics problems.
Difficulty is no longer an issue. The only com-
plicating issue is how fast you can work problems
outside of your favorite subjects. Given enough
time to work all of the problems ab your own pace,
you should be able to score 100 percent on the FE
EXaIn.

s You need to decide on a study schedule. T sepa-
rated the subjects and chose the quantity of prob-
lems in this book so that you can easily review
a chapter a day in an hour or so—even if you
are taking a review course with other homework.

There are 50 chapters and a sample exam in ths
book. So, you need ab least 48 study days. 1
would plan to take every fourth or fifth study day
off. Give yourself a week to take the realistic final
exam and if you didn’t get 100 percent, figure out
wliy.

There is a blank study schedule at the end of this
section. Using it, you will have to begin 67 days
hefore tle exam. This requires you to treat every
day the same and work through weekends. Some
weeledays you might have off, and some weekends
you wmight have to study. If you'd rather take all
the weekends off, retain the rest and review days,
and still stick with the one-chapter-per-study-day
concept, you will have to begin approximately
93 days before the exam.

You will have to fill in your own calendar dates,
but the sample study schedule should help you in
scheduling your work. Use the days off to rest,
review, and study problems from other books. If
you are pressed for time, you don't have to take
the days off. That will be your choice.

Gel a copy of the NCEES Handbook * You should
use it to try to solve most of the problems in this
hook. By the end of your review, you should know
the order of the chapters, what data is included,
and the approximate locations of important fig-
ures and tables.

Start from the beginning and systematically work
yvour way through the FIE Review Manual. The se-
quencing of subjects corresponds to the sequence
of subjects in the NCEES Handbook. Studying
in this manner will help you become familiar with
where things are in the NCEES Handbook.

Use the twelve subject, or topic, diagnostic examns
to determine how much you should study. You can
fake a diagnostic exam before studying the corre-
sponding subject to determine if you can postpone
or skip reviewing that subject. Alternatively, you
can take each diagnostic exam after studying the
subject to determine if you are ready to move on.

. . : . .

If you do not. receive a copy of this from your state engineering
licensing board, you can obtain a copy from Professional Publi-
cations, Inc.

1 ——————— P} 0fessianal Publications, Inc.
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In either case, a score of 50% or below during the
allowed time should be considered an indication
that you need additional review in that subiect.

¢ Solve every problem in this book. Even though
there are hundreds of problems, there are approx-
intately only 25 to solve each day. And, each will
only take a few minutes. Don’t skip any of them,
The problems in this book were chosen for a rea-
son. Don’t short-cirenit your review by skipping
problems that you know are imnportant.

» The FE exam primarily uses SI units. ‘Fherefore,
the need to work problems in both unit systems
Is greatly diminished. You need to learn the SI
system if you are not already familiar with it.

I tell my youth soccer players to “live with” their
soccer balls during the summer. My advice to vou:
Live with o different chapter each day, You should
study the chapter on the bus or train and during
lunch at work. Review it after dinner.

¢ Don’t turn directly to the problemns without first,
reviewing the text. Unlike reference books that
you skim or merely refer to when needed, you need
to read each chapter. That's going to be your only
review. There isn’t much text to read in the first
place, there aren’t any derivations or proofs, and
everything has a high probability of showing up on
the exam. So, read the text part of the chapter.

e Review the sample problems in the chapter vou
are studying. There are four to seven of these in
every chapter. You can either try to solve them
(covering up the solutions) or Just read through
them and make sure you know what is going on,
Personally, I think it is much harder to evaluate
whether or not you know how to work a problem
when you don’t actually work the problem. How-
ever, I'll leave that choice to you.

* Then, when you have a few minutes and some
space, get out your caleulator and attempt the
first set of the FE-style exam problems. The sa-
lutions to these problems have been placed at the
end of the chapter to help you solve the prob-
lems under realistic conditions, Remember that
you can refer back to the reference material in the
chapter. While the explanatory text isn’t present
in the actual NCEES Handbook, the formulas, ta-
bles, and figures are all analogous.

» Finally, attempt the second set of FE-style exam
problems using the NCEES Handbook as your
only reference.

o After you have finished reviewing all 50 chapters,
take the Sample Examination in this book., As

Hari Seldon said in Isasc Asimov's Foundation and
Empire, your course of action will be obvious from
that point on.

HOW INSTRUCTORS CAN USE THIS BOOK

(FE course instructors are invited to visit the nstrue
tor’s Corner on PPD’s web page at www.ppi2pass.com.
The Instructor’s Corner contains information on obtain-
ing mstructor-only support material based on this book
including eourse outlines, lecture notes, and problem
sets, as well as helpful information on course design and
examm statistics.)

If you are teaching a review course for the FE exami-
nation without the benefit of recent, firsthand eXperi-
ence, you can use this book as a guide to preparing yvour
lectures. Yon should spend most of vour lecture time
discussing the subjects in cach chapter.

In solving problems in vour lecture, everything you do
should be tied back to the NCEES Handhook. You
will be doing your students a great disservice if you get
them accustomed to using your own handouts or notes
ta solve problems. They can’t use your notes in the
exam, so train them to use what references they are
allowed to use.

That’s why this book is written the way 1t is. It is orpa-
nized in the same sequence as the NCERS Handbook,
using the same terminology and nomenclature. The ta
bles are analogous. You can feel confident that, T had
your students and the success of your course in mind
when I designed this haok. That is why I solicited com-
ments from hundreds of review course instructors such
as yourself prior to writing this book.

NCEES prominently displays the following warning in

its Handbook:

The FE Supplied-Reference Handbook is not designed
to assist in all parts of the FIS cxamination. For oxam-
ple, some of the basic theories, conversions, formulas,
and definitions that examinces are expected to know
have not been included . .. NCEES in no event shall be
liable for not providing reference material to support,
all the questions/problems in the FE examination.

While it is true that the exam draws upon a bhody
of knowledge that has more breadth than the NCEES
Handbook, very few problems will appear that require
forimulas not present in the Handbook. I its attempt
to make the FE exam secure and pillerage-free, NCERS
has been forced o limit the scope of the exam to what
is in its Handbook. Therefore, instructors shouldn’t de-
viate too much from the subject matter of each chapter.

Professional Pubﬁculiens, Inc, M




[ have taught more than 50 FE review courses, and [
have supervised the offerings ol hundreds more. It has
always been oy goal in FE exam review courses to over-
prepare my students. That hasn’t changed. What has
changed is ymy definition of “overpreparation.” In the
past, overprepatation meant exposure to a wide variety
of subjects, including those on the fringe. With the
pew limited-scope exam format, overpreparation now
means repeated exposure and reinforcement. The basic
concepts tested for in the FE exam can be reinforced
by repeated exposure to exam-like problems. This will
also improve the cxauninee’s problem-solving and recall
speeds.

[ have ensured overpreparation by making sure my stu-
dents work to their own individual capacities. I [ assign
ten hours of practice problems per week, and a student
can ondy put in five hours of preparation, that student
will have worked o capacity. Another student might be
maxed out at three hours, and another might he able
to put in the full ten. After the actual FI examination,
yvour students will honestly say that they could not have
prepared any more than they did i your course,

Students like to see and work lots of problems. They de-
rive great comfori in exposure to exam-like problems.
They experience great reassurance in finding out how
casy the problems are and that they can solve these
kinds of problems. Therefore, the repetition and rein-
forcement should come from working additional prob-
lems, not from more lecture.

However, it is unlikely that they will be working to ca-
pacity 1f their work is limited to what is in this book.
You will have to provide more problems if the concept
of capacity assigmaent appeals to you ™

I assign. but don’t grade, individual homework assign-
ments in my courses. Instead, the students are given the
solutions 1o all practice problems in advance. However,
I do answer individual qguestions. When each student
turns in a completed set of problems for credit each
week, T always address specint needs or questions writ-
ten on the assigninent.

I have found that a 1d-week format works well for a com-
mercial or in-house industrial FI exam review course.
Fach week, T lecture for two or two-and-a-half hours,
with an intermediste break. The following table out-
lines the basic course formal that has worked well for
me. I feel comfortable teaching the subjects in the or-
der listed because my lectures build in that direction.

"Professional Publications has a variety of old, new, and devel-
oping products that you can use to assign additional problems,
inchuding 1001 Solsed Enginecring fundamenials Problems and
FE/ENT Sample Eraminations. Contact Professional Publica-
tions’ Customer Care Departinent to discuss what woukl be best
for you.
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Howoever, yoummay want to gake the subjects in the order
they appear i the NCEES Handbook.

Recommended 14-Week
FE Exum Review Course Format
{for Commercial Review Courses)

ook

meeting subjects covered chapters
1 Algebra; Trigonometry;

Geometry; Properties of

Areas and Solids 405, 13
2 Probability; Statistics;

Caleulus; Dilferential

Equations 6,7, 8,9
3 Engineering Econemics:

Ethics 47, 48, 49, 50
4 Inorganie and Organic

Chemistry 33, 34, 35
5 Statics 10, 11, 12
G Kinematics; Kinetics;

Energy, Work,

and Power 14, 15, 16, 17
7 Fluid Seatics and

Fluid Dynamics 22, 23, 24, 25
8 Thernodynamic Properties;

Transport Phenomena 26, 27, 29, 32
9 Thermodynamics; Cyeles:

Combustion;

Heat Transter 28, 30, 31
Lo Materials Science;

Material Testing 36, 37, a8
1} Stress and Strain 18, 19
12 Beams and Columns 20, 21
13 Electrogtatics; DC and AC

Circuits; Tlectronics 39, 40, 41, 42
14 Compitters; Measurement;

Controls 43, 44, 15, 46

A H-week course is too long for junior and senior
engineering majors. Students and professors don’t have
that much time, and it is difficuls for them to keep
14 lecture slots open. Also, students don’t necd as
thorough a review as do working engincers who have for-
gotten the more basic elements of engineering. [ would
hope that engineering majors can get by with the most
cursory of reviews in some of these subjects, such as
mathematics, statics, and DC electricity.

I strongly helieve in the need to expose my students to
a realistic sample examination, but 1 no longer use an
in-class sample exam. Since the review course usually
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ends only a few days before the real FY examination,
I have hesitated to make students sit for four hours in
the late evening to take a final exam. For comnnercial
and industrial review courses, I distribute a sample ex-
amination at the first meeting of the review course and
assign it as a take-home exam.

For engincering majors, I recommend a three-week, six-
lecture review course, followed by a Saturday four-hour
or eight-hour mock exam. The lectures are approxi-
mately two hours in length. The format consists of a
forced march through all subjects excepl mathematics,
with the major eraphasis being on problet-solving. For
engineering majors, the main goals are to keep the stu-
dents focused and to wake up the latent memories, not
to teach the subjects.

There are many other ways to organize an FI exam
review course depending on the available time, hudget,
and intended audience. However, all good course for-
mats have the same resuli: the students breeze threugh
the examination. That’s my wish for you and vour
students.

FE Review Munuu! 00 S

Recommended 3-Week
FE Exam Review Course Format
{for Students)
book
meeting subjects covered chapters
1 Ingineering Economics: 47, 48, 49, 50
Ethics; Choemistry 33, 34, 35
2 Statics; Kinetics; Energy. 10, 11, 12
Work, and Power 14, 15, 16, 17
3 Fluid Statics and :
Dynamics 22,23, 24, 25
4 Thermodynamics; Cycles:
Combustion; 26, 27, 28,
Heat Transfor 29, 30, 31
5 Materials Science;
Material Testing; 36, 37, 38
Stress and Strain; 18, 14
Beams and Columns 20,21
6 Flectrostatics; DC and
AC Circuits,
Three-Phase Systems: 30, 40, 41, 42,
Electronics; Computers 43, 44, 45, 46
7 Mock Exam

Professional Puhlicaﬁons, Inc. B —
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Sumgle Study Schedule
{for Individuals)

Time required to complete study schedule:

48 days for a “crash course,” going straight through, with no rest and review days, ne weekends,
and no final exam

67 days golug straight through, taking off rest and review days, but no weekends

93 davs using only the five-day workweelk, taking oftf rest and review days, and weekends

Your examination date:

Number of days:

Your latest starting date:

day no. date weekday chiap. no. subject

1 intro, 1, 2.3 Introduction; Units and Fundamental
Constants: Conversion Factors

2 4 Geometry; Trigonometry

3 5 Algebra; Linear Algebra

4 G Probability; Statistics

5 None Rest; Review

6 7 Calculus

7 8 Differential Equations

8 9 Numerical Analysis

9 None Rest; Review

10 - 10 Systems of Forces

11 11 Trusses

12 — 12 Pulleys, Cables, Friction

13 13 Centroids; Mowments of Inertia

14 None Rest; Review

15 i - 14 Kinematics

16 . o 15 Kinetics

7 e e H Rotational Motion

18 SN i7 Energy and Work

19 None Rest; Review

20 ot e 18 Stress and Strain |

21 e 19 Stress and Strain 1T

22 20) Beams

23 R 21 Columns

244 e _ None Rest; Review

25 - 22 Fluid Properties

26 e 23 Fluid Statics

27 o _ 24 Fluid Dynawics

28 e . 25 Fluid Measurement; Models

29 . None Rest; Review

30 o —_— . 26 Properties of Substances .

31 e 27 First Law

32 e 28 Basic Cycles

33 —_ 29 Gas Mixtures

34 —_— 30 Combustion

35 — Noue Rest; Review

Ao A PrOE&SSiUﬂUl PUh“EG]EOnS, Inc.
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day no. date weekday chap. no. subject

36 o 31 Heat Transfer

37 S 32 Transport Phenomena
38 - 33 Chermnistry

39 e - 34 Chemical Reactions

40 . ; 35 Solutions

41 — R ——— None Rest; Review

42 - 36 Crystallography; Bonding
43 — a7 Matertal Testing

44 e - 38 Metallurgy

45 e None Rest; Review

4G U . 39 Electrostatics

47 e _ 40 DC Circnits

48 — 41 AC Circuits

49 i 42 Three-Phase; Electronics
50 . - None Rest; Review

51 - 43 Computer Hardware

52 — 44 Jomputer Software

5 45 Measurement

H4 — 46 Controfs

59 - Nomne Rest; Review

50 . 47 Cash Flow; Fquivalence
57 el 48 Costs and Depreciation
58 — 49 Alternative Comparison
59 — — a0 Ethics

G0 - R None Rest; Review

6167 —— - Sarnple Examination

68 _ . None E-I-T/FE Examination
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Engineering Registration in the

United States

ENGINEERING REGISTRATION
Engineering registration (also known as engineering li-
censing} in the United States s an examination process
by which a state’s board of engineering licensing (i.e.,
registration board) determines and certifies that youn
have achieved a minimum level of competence. This
process protects the public by preventing unqualified
individuals from offering engineering services.

Most engineers do not need to be registered. In par-
ticular, most engineers who work for companies that
design and manufacture produects are exempt from the
licensing requirement. This is known as the @ndustrial
exempiion. Nevertheless, there are many good reasons
for registering. For example, you cannot offer consulting
engineering design services in any state unless you are
registered in that state. Even within a product-oriented
corporation, however, you may find that employment,
advancement, or managerial positions are limited to
registered engineers.

Once you have mel the registration requirements, you
will be allowed to use the titles Professional Engineer
(PE), Registered Engineer (RE), and Consulting Engi-
necr (CE}.

Although the registration process is similar in all 50
states, each state has its own registration law. Unless
you offer consulting engineering services in more than
one state, however, you will not need to register in other
states.

The U.5. Registration Procedure

The registrabion procedure is similar in most states,
You will take two eight-honr written examinations. The
first is the Fundamentels of Engineering Examination,
also known as the Enginecr-In-Training Eromination
and the Intern Engineer Brarn. The initials FE, BIT,
and ¥ are also used. This examination covers basic
subjects [rom all of the mathematics, physics, chem-
istry, and engineering classes you took during your first
four university years.

In rare cases, you may be allowed to skip this first
examination. However, the actual details of registra-
tion qualifications, experience requirements, minimumn

education levels, fees, oral interviews, and examination
schedules vary from state to state. Contact your state’s
registration board for more information.

The second eight-hour examination is the Principles &
Praetice of Fngineering Fram. The initials PE are also
used. This examination covers subjects only from your
areas of specialty.

National Council of Examiners for Engineering and Surveying

The National Council of Examiners for Engineering and
Surveying (NCEES) in Clemson, South Carolina, pro-
duces, distributes, and scores the national FE and PE
examinations. The individual states purchase the exam-
inations from NCELES and administer them themselves.
NCEES does not distribute applications to take the ox-
aminations, administer the examinations or appeals, or
notify you of the results. These tasks are all performed
by the states.

Rediprocity Among States

All states use the NCEES examinations. If yvou take
and pass the FE or PE examination in one state, your
certificate will be honored by ali of the other states.
Although there may be other special requirements imn-
posed by a state, it will not be necessary to retake the
IFE and PE examinations. The issuance ol an engineer-
g license based on ancther state’s license s known as
reciprocity or comity.

With minor exceptions, having a license from one state
will not permit you to practice enginecering in another
state. You must have a professional engineering license
from each state in which you work. For most engineers,
this is not a problem, but for some, it is. Luckily, it is
not too difficult to get a license from every state you
work in once you have a license from one state.

The sirmitancous administration of identical examina-
tions in all states has led o the term uniform examina-
tion. However, cach state is still free to choose its own
minimum passing score and to add special questions
and requirements to the examination process. There-
fore, the use of a uniform examination has not, by itself,
casured reciprocity among states.

oo PerGSSEORUE Puh[icu!ions, Inc,
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Phone Numbers of S!uie Boards of Registration®

Alabama (334) 242-5568
Alaska (907} 465-2540
Arizona (602) 255-4053
Arkansas (501) 682-2824
California (916) 263-2222
Cotorado {303) 894-TTHE
Connecticut {860) 713-6145
Delaware {302) 368-6708

District of Columbia {202) 442-4320
Florida {850) 521-0500

Georgia {478) 207-1450
Guam (671) 646-3115
Hawaii (B08) 586-3000
Idaho {208) 334-3860
Tllinois (217) 782-8536
Indiana (317} 232-2480

Towa (515} 281-5602
Kansas (785} 296-3053
(800} 573-2680
(225) 925-6291
Maine {(207) 287-3236

)
)
Kentucky )
)
)
Maryland (410) 230-6322
)
)
)
)
)

Louisiana

Massachusetts {(617) 727-9957
Michigan (517) 241-9253
Minnesota (651) 206-2388
Mississippi {601) 359-6160
Missouri (573) 751-0047

Montaua {106) 841-2367
Nebraska {402) 471-2021
Nevada {775) 688-1231
New Hampshire {603) 271-2219
New Jersey {973) 504-G169
New Mexico (H05) 827-T501

New York (518) 474-3817
North Carolina (919) 841-4000
North Dakota (701) 2580736
Ohio (G14) 466-3650
Oklahoma (405) 521-2874

Oregon {503) 362-2666
Pennsyivania (717} T83-7049
Puerto Rico {787} T22-0058
Rhode Island {401} 222-2565
South Carolina (303) 596-4422
South Dakota {G05) 394-2510
Tennessee {800) 256-5758
Texas {512) 440-7723
Utah (801) 530-6628
Vermont {802} 828-2875

Virginia (804) 367-8512
Virgin Islands (340) 774-3130
Washington (360) 664-1575
West Virginia (304) 558-3554
Wisconsin (608) 266-5511
Wyoming (307) 777-6155

*For websites and email addresses of the state boards, visit the PPI website at www.ppiZpass.com.

THEFEEXAMINATION
Applying for the Examination

Each state charges different fees, specifies different re-
quirements, anel vuses different forms. Therefore, it will
be necessary to request an application from the state
in which you want to become registered. Generally, it
is sufficient for you to phone for this application. Tele-
phone numbers for all U.S. state boards of registration
are given in the preceding list.

Keep a copy of your examination application and send
the original application by certified mail, requesting a
receipt of delivery. Keep your proof of mailing and de-
fivery with your copy of the application.

Examination Dates

The national FE and PE examinations are administered
twice a year, on the same dates in all states.

The following table contains the dates of upcoming ex-
amination periods.

U.S. Engineering Licensing Examination Dates

Fall exam

October 2526
October 24--25
October 29--30

year Spring exam
2002 April 19-20
2003 April 11-12
2004 April 1617

FE Examination Format

The NCEES Fundamentals of Engineering exanination
has the following lormat and characteristios.

s There are two four-hour sessions separafed by a
one-hour lunch.

s Examination questions are distributed in a bound
examination booklet. A different oxaunination
booklet s used for cach of these two sessions.

Professional Publications, fnc. D e .
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The morning session {also known as the A.M. ses-
sion} has 120 multiple-choice questions, each with
four possible answers lettered (A) to (D). Fach
problem in the morning session is worth one point.
The total score possible in the morning is 120
points. Guessing is valid; no points are subtracted
for incorrect answers.

There are questions on the morning session ex-
amination from most of the undergraduate engi-
neering degree program subjects. Questions from
the sane subject are all grouped together, and the
stibjects are labeled. The numbers of questions for
each subject in the morning session are given in
the following table.

Moraing FE Exam Subjects

percentage of

subject total questions
chemistry 9%
computers 5%
dynamics 8%
vlectrical circuits 10%
engineering economics 4%
ethics 4%
fluid mechanics 7%
materials science and

structure of matter ™%
mathematics 20%
mechanics of materials %
statics 10%
thermodynamics 9%

e There are seven different versions of the afternoon

session (also known ns the P session). One
iz a general exam and the other six correspond
to a specific engineering discipline: chemical, civil,
electrical and computer, environmental, industrial,
and meehanical engineering. The sevensh version
of the afternoon exmmnination is a general exami-
nation suitable for anyone, but in particular, for
engincers whose specialties are not one of the other
six disciplines.

Fach version of the afternoon session consists of
60 questions that count two points each, for a to-
tal of 120 points. All questions are mandatory.
Each question consists of a problem stagement fol-
lowed by multiple-choice questions. Four answer
choices lettered (A} through (D) are given, from
which you must choose the best answer. Questions
in each subject may be grouped into related prob-
lem sets containing between two and ten ques-
tions each.

e ——————————ws Engitcering Registration in the United Sfates  xxvii

Though the subjects in the general afternoon ex-
amination correspond to the morning subjects, the
questions are more complex-—hence their double
weighting. Questions on Lhe afternoon examina-
tion are intended to cover concepts learned in the
last two years of a four-year degree program. Un-
like morning questions, these questions may deal
with mnore than one basic concept per gquestion.

The numbers of questions for each subject in the
general afterncon session examination are given in
the following table. (This book assumes you will
elect to take the general examination.)

Afternaan FE Exam Subjects
{General Exam)

percentage of

subjoct total questions
chemistry 7.5%
computers 5%
dynamics 7.5%
electrical cireuits 10%
engineering ceonomics 5%
ethics 5%
ftuid mechanies 7.5%
materials science and

structure of matter 5%
mathematics 20%
mechanics of malterials 7.8%
statics 10%
thermodynamics 10%

The numbers of questions for cach subject in
the discipiine-specific afternoon session examina-
tion are listed at the end of this section. The
discipline-specific afternoon examinations cover
substantially different bodies of knowledge than
the morning examination. Formulss and tables of
data needed to solve questions in these examina-
tions will be included in either the NCIEES Hand-
book or in the body of the question statement
itself.

The scores from the morning and afternoon ses-
sions are added together to determine your total
score. No points are subtracted for guessing or
incorrect answers., Both sessions are given equal
weight. It is not necessary to achieve any mini-
murn score on elther the morning or afternoon ses-
Si01S.

All grading is done by computer optical sensing.
Responses must be recorded with a number 2 pen-
cil on special answer sheets.
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Use of Sl Units on the FE Exom

Metrie, or SI, units are used in virbually all subjects,
excepl some civil engineering and surveving subjects
that typically use only customary U.S. (i.e., English)
units.  Some of the romaining questions may be pre-
sented on the exam in both metric and English units.
These questions are actually stated twice, once in met-
ric units and once in English units. Dual dimensioning
is not used. However, these dual-statement guestions
are rapidly being phasced out.

It is the goal of NCEES te use 51 units that are consis-
tent with ANSI/TEEE standard 268-1992 (the Ameri-
an Standard for Metric Practice). Non-51 metric units
might still be used when common or where needed for
consistency with tabulated data (e.g., use of bars in
pressure measurementy,

Grading and Scoring the FE £xam

The FE exam is not graded on a curve, and there is
no guarantee that a certain percent of examinees will
pass. Rather, NCEES uses a modification of the Angoff
procedure to deierntine the suggested passing score (the
cutoll point or cut score).

With this methad, a group of engineering professors and
other experts estimate the fraction of minimally quali-
fied engineers that will be able to answer each question
correctly.  The swnmation of the estimated fractions
for all test questions becomes the passing score. The
passing score in recent years has been somewhat less
Lthan 50 percent (i.c., a raw score of approximately 110
points out of 240). Because the law in most states re-
quires engineers to achieve a score of 70 percent to be-
come licensed, you may be reported as having achieved
a score of 70 percent if your raw score is greater than
the passing scorve established by NCEES, regardless of
the raw percentage. The actual score may be slightly
mare or slightly less than 110 as determined from the
performance of all examinecs on the.equating‘ subtest.

Approximately 20 percent of each FE exam consists of
questions repeated from previous examinations—this is
the eguafing subtest. Since the performance of provious
exalinees on the equating subtest is known, compari-
sous can be made between tlie two examinations and
examinee populations. These comparisons are used to
adjust the passing score.

The individual states are free to adopt, their own passing
score, but all adopt NCEES's suggested passing score
hecayse the states believe this cutoff score can be de
fended if chaflenged.

You will receive the results approximately 12 to 14 weeks
after the examination. If you pass, your score may or
may not be revealed to you, depending on your state's

policy, but if you fail, von will receive your score and
an analysis of vour performance by subject.

The following table lists the approximate fractions of
examinees passing the FIL exam.

Approximate FE Exam Passing Rates

catesory percent passing

6% TO%

T0%:-80%

total, all 1.8, states

ABET accredited, four-year
engineering degrees'™

nonaccredited, four-yvear
enginecring degrees

BO%-65%

ABET acerediied, four-vear 35%-A5%,

technology degreesta!
nonaceredited, [our-year technology

degrees

e 35Y%

nongraduales 35%--40%

W rhe Accreditation Ioard for Engincering and Technology
(ABET) reviews and approves enginecring degree prograoms
in the United States. Ne engineering degree programs of-
fered by oniversities culside of the United States apd s
territories or the Commonwealth of Puerto Rico are acered-
ited by ABET.

Permitted Reference Material

Since October 1993, the FE examination has been what
NCEES calls a “limited-reference” examn. This means
that no books or references other than those supplied by
NCEES may be used. Therefore, the FE examination
is really an “NCELES-publication oniy” exam. NOEES
provides its own Handhook for use during the examina-
tion. No books from other publishers may be used.

What Does Most Nearly Really Mean?

One of the more disquieting aspects of these questions
is that the available answer choices arve seldom exaet.
Answer choices generally have only two or three signif-
icant digits. Exam questions instruct you to complete
the sentence, “The value is most nearly..”, or they ask
“Which answer choice is closest to the correct value?”
A ot of self-confidence is required to move on to the
next question when vou don’t find an exact match for
the answer you calcalated. or if you have had to split the
difference becanse no available answer choice is close.

The NCEES web site describes it like this: “Many of the
questions on NCEES exams require calculations to ar-
rive at a numerical answer. Depending on the method
of caleulation used, it is very possible that examinecs
working correctly will arrive at a range of answers. The
phrase ‘most nearly’ is used to accommodate all these
answers that have been derived correctly but which may
be shightly different from the correct answer choice given
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on the exam. You should use good engineering judg-
ment when selecting your choice of answer. For exam-
ple, if the question asks you to calculate an electrical
current or determine the load on a beam, you should
Hterally select the answer option that is most nearly
what you caleulated, regardless of whether it 1s more or
less than your caleulated value. However, if the ques-
tion asks you to select a fuse or circuit breaker to protect
against a calculated current or fo size a beam to carry a
load, you should select an answer option that will safely
carry the current or load. Fypically, this requires select-
ing a value that is closest to but larger than the current
or load.”

The difference is significant. Suppose you were asked
to calewlate “most nearly” the volumetric pure water
flow required to dilute a contaminated stream to an ac-
ceptable concentration. Suppose, also, that you caleu-
lated 823 gpm. If the answer choices were {A) 600 gpm,
{13) 800 gpm, (C) 1000 gpm, and (D) 1200 gpm, you
would go with answer choice (B), because it s most
nearly what you caleulated. 1, however, vou were asked
to select a pump or pipe with the same rated capacities,
you wotld have to go with choice {C). Got it? If not,
stop reading until you understand the distinetion.

CALCULATORS

In most states, any battery- or solar-powered, silent cal-
culator can be used, although printing calculators can-
not be used. In most states, there are no restrictions
on programmable, preprogrammed, or business /finance
calculators. Similarly, nomographs and specialiy slide
rules are permitted. To prevent unauthorized transcrip-
tion and redistribution of the examination guestions,
calculators with significant word processing functions
have been banned by some states. You cannot share
caleulators with other examinees.

It is essential that a calculator used for engineering ex-
aminations have the following functions.

s ftrigonometric functions

e inverse trigonometric functions

» hyperbolic functions

» pi
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e square root and x

¢ common and natural logarithms

» y* and e*

For maximum speed, your caleulator should also have
or be programmed for the following functions,

e oxtracting roots of quadratic and higher-order
equations

= converting between polar (phasor) and rectangu-
lar vectors

e finding standard deviations and variances

« calculating determinants of 3 < 3 malrices

¢ linear regression

e cconomic avalysis and other financial functions

STRATEGIES FOR PASSING THE FE EXAM

The most successful strategy to pass the FE exam is to
prepare in all of the examination subjects. Do not Iimit
the number of subjects vou study in hopes of finding
encugh questions in your particular areas of knowledgoe
L0 pass.

Fast vecall and stamina are essential to doing well. You
must be able to quickly recall solution procedures, for-
mulas, and important data. You will not have time dur-
ing the exam to derive solutions methods--you must
know them instinctively. This ability must be main-
tained for eight hours. H you are using this hook to
prepare for the FE examination, the best way to de-
velop fast recall snd stamina is to work the practice
problems at the end of the chapters. Be sure to gain
familiarity with the NCEES Handbook by using it as
yvour only reference for most of the problems yvou work.

In order to get exposure to all examination subjects,
it is imperative that you develop and adhere to a re-
view schedule. If you are not taking a classroom review
cowrse (where the order of your preparation is deter-
mined by the lectures), prepare your own review sched-
wle.  For example, plan on covering shis book al the
rate of one chapter per day in order to finish before the
examination date.

There are also physical demands on your body during
the examination. It is very dificult to remain tense,
alert, and attentive for eight hours or more. Unfortu-
nately, the more time you study, the less time vou have
to maintain your physical condition. Thus, most ex-
aminees arrive ab the examination site in peak mental
condition but in deteriorated physical condition. While
preparing for the FE exam is not the only good reason
for embarking on a physical conditioning program, it
can serve as a geod incentive to get in shape.

It will be helpful to make a few simple decisions prior
to starting your review. You should be aware of the
different options available to vou. For example, you
should decide early on to

e use SE units in your preparation

e perform electrical calculations with efective (rins)
or maximum values
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e take calculations out to a maximum of four signif-
icant digits

s prepare i all examination subjects, not just your
specialty areas

At the beginning of your review program, vou should
locate o spare calculator. 1t is not necessary o buy a
spare if you ean arrange to borrow one from a friend or
the office. However, if possibio, vour primary and spare
caleulators should be identical, I your spare caleulator
15 not identical to the primary caleulator, spend a few
minutes familiarizing vourself with its functions.

A Few Days Before the Exam

There are a few things you should do a week or so be-
fore the examination date. For example, visit the exam
site In order to find the building, parking areas, exam-
ination room, and rest rooms. You should alsoe make
arrangements for child care and transportation. Since
the examination does uot always start or end at the
designated times, make sure that your child eare and
transportation arrangements can tolerate a later-than-
usual completion.

Second in importance to your scholastic preparation is
the preparation of your two examination kits. The ficst
kit consists of a bag or box containing items to bring
with you into the examination roomn.

letter adimitting vou to the examination
photographic identification

main cafculator

spare calculator

extra caleulator batteries

supply of number 2 peneils
mechanical pencil and extra leads
a large eraser

unobtrusive snacks

travel pack of tissues

headache remedy

$2.00 in change

light, comfortable sweater

loose shoes or slippers

cushion for your chair

small hand towe]

carplugs

wristwatch with alarm

wire coat hanger

extra set of car koys
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The sccond kit consists of the following items and
should be left in a separate bag or box in your car in
case they are needed.

[ ] copy of your application
I 1 proof of delivery

this book

other references

regular dictionary

scientific dictionary

course notes in three-ring hinders
sardboard box (e as a bookease)
wstruction booklets for all vour ealeulators
light lunch

beverages in thermos and cans

sunglasses

extra pair of prescription glasses

ratncoat, boots, gloves, hat, and umbrella
street map of the examination site

note to the parking patrol {or your windshield
battery powered desk lamyp
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The Duy Before the Exam

Take off the day before the examination from work o
refax. Do not eram the last night. A good prior night’s
sleep is the best way to start the examination. If yOou
Jive far from the examination site, consider getting a
hotel room in which te spend the night.

Make sure your exan kits are packed and ready to go.

The Day of the Exam

You should arrive at least 30 minutes before the exam-
ination starts. This will aliow time for finding a con-
venient parking place, bringing vour materials to the
examination room, and making room and seating
changes. Be prepared, though, to find that the cxam-
ination rooin is not open or ready at the designated
time.

Omnce the examination has started, observe the following
suggestions.

e Set your wristwatch alarm for five minutes before
the end of cack four-hour session and use that
remaining ime to guess at afl of the renlaining
nusolved problems. Do not work up untif the very
end. You will be successful with about 25 per-
cent of your guesses, and these points will more
than make up for the few points vou might earn
by working during the last five minutes.

¢ Do not spend more than two minutes per morning
question. (The average time available per problem
is two minutes.) If you bave not finished a gues-
tion in that time, make a note of it and continue
On.

e Do uot spend tine trying to ask vour proctors
technical questions. Even if they are knowledge-
able in engineering, they will not be permitted to
answer your questions.
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