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Preface

To the Student

As you begin the study of engineering no doubt you are filled with enthusiasm,
curiosity, and a desire to succeed. Your first year will be spent primarily in estab-
lishing a solid foundation in mathematics, basic sciences, and communications.
Also, you will be introduced to selected engineering topics that will demonstrate
how engineers approach problem solving, arrive at correct solutions, and interface
with other engineering professionals and the general public to implement the solu-
tions. You will see how mathematics, science, and communications provide the
means to solve problems and convey the solutions in a manner that can be clearly
understood and quickly verified by the appropriate persons. Next, you will discover
the need for more in-depth study in many engineering subjects in order to solve
increasingly complex problems. We believe the material presented in this book
will provide you with a fundamental understanding of how engineers function in
today’s technological world. After your study of topics in this text, we believe you
will be eager to enter the advanced engineering subjects in your chosen discipline,
confident that you will successfully achieve your educational goals. You will also
find profiles of practicing engineers who were in your shoes a few years ago. They
will show the result of your hard work will result in amazing careers.

To the Instructor

Engineering courses for first-year students cover a wide range of topics from an overview
of the engineering profession to discipline-specific subjects. A broad set of course goals,
including coverage of prerequisite material, motivation, and retention, have spawned a vari-
ety of first-year activity. Courses in introductory engineering and problem solving routinely
utilize spreadsheets and mathematical solvers in addition to teaching the rudiments of a
computer language. The Internet has become a major instructional tool, providing a wealth
of data to supplement your class notes and textbooks. This eighth edition continues the
authors’ intent to introduce the profession of engineering and to provide students with many
of the tools and techniques needed to succeed.

The eighth edition of this text draws on the experiences the authors have encoun-
tered with the first seven editions and incorporates many excellent suggestions from
faculty and students using the text. Over the past 40+ years the fundamentals of prob-
lem solving have remained nearly the same, but the numerical tools and presentation
techniques have improved tremendously. Therefore our general objectives remain the
same for this eighth edition, and we have concentrated on new and emerging problems
like microplastics pollution and desalination of water for drinking and community use
and improvements in the textual material.

The objectives are (1) to motivate engineering students during their first year
when exposure to the subject matter of engineering is limited, (2) to provide students
with experience in solving problems in both SI and customary units while presenting
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Preface

solutions in a logical manner, (3) to introduce students to subject areas common to
most engineering disciplines that require the application of fundamental engineering
concepts, and (4) to develop students’ skills in solving open-ended problems.

The material in this book is presented in a manner that allows each of you to
emphasize certain aspects more than others without loss of continuity. In the eighth
edition, new engineering graduate profiles have been added to help student under-
stand better what an engineer does and what recommendations they would have for
a new engineering student. Modern engineering examples, data, and photos have
been integrated throughout the chapters, and more problems have been added to
Connect. The problems that follow most chapters vary in difficulty so that students
can experience success rather quickly and still be challenged as problems become
more complex.

There is sufficient material in the 18 chapters for a three-credit semester course.
By omitting some chapters and/or by varying coverage from term to term, you can
present a sound introductory problem-solving course in two to four quarter credits or
two semester credits.

The book may be visualized as having three major sections. The first, encompass-
ing the first three chapters, is an introduction to the engineering profession. Chapter 1
provides information on engineering disciplines and functions. If a formal orientation
course is given separately, Chapter 1 can be simply a reading assignment and the basis
for students to investigate disciplines of interest. Chapter 2 outlines the course of study
and preparation for an engineering work environment. Interdisciplinary projects, team-
ing, and ethics are discussed. Chapter 3 is an introduction to the design process. If time
permits, this material can be supplemented with case studies and your personal experi-
ences to provide an interesting and motivating look at engineering.

The second major section, Processing Engineering Data, includes materials we
believe that all engineering students require in preparation for success in the engineering
profession. Chapters 4 and 5 provide procedures for approaching an engineering problem,
determining the necessary data and method of solution, and presenting the results. The
authors have found that emphasis in this area will reap benefits when the material and
problems become more difficult later.

Chapters 6 and 7 include engineering estimations and dimensions and units
(including both customary and SI units). Throughout the book discussions and example
problems tend to emphasize SI metric. However, other dimension systems are used
extensively today, so a number of our examples and problems contain nonmetric units to
ensure that students are exposed to conversions and other units that are commonly used.

Chapters 8 and 9, Engineering Economy, demonstrate the importance of under-
standing the time value of money in making engineering decisions. Chapter 8 empha-
sizes basic calculations using everyday information such as credit card debt, savings
accounts, and current interest rates. Additionally, the Summary Table 8.8 is a valuable
resource that students use well beyond this course. Chapter 9 follows with applications
to engineering decision making for equipment selection, depreciation, investments, and
taxes. Chapters 10 and 11, Statistics, provide an introduction to a subject that is assum-
ing a greater role in engineering decision making. Chapter 10 introduces basic descrip-
tive statistics, linear regression, and coefficient of correlation. Chapter 11 includes
normal distributions as well as Student’s t, F, and Chi-Square. It also adds new material
on the use of inferential statistics and a general introduction to randomized sampling



and experimental design. The ability to take large amounts of test or field data, perform
statistical analyses, and draw correct conclusions is crucial in establishing performance
parameters. Engineering Economy and Statistics are subdivided, permitting you to
choose the first chapter for an introduction to the fundamentals and, if time permits,
applications to specific engineering activities can be covered.

The third major section provides engineering content that you can use to reinforce
fundamentals from the previous section. Chapters 12 through 17 allow you as an
instructor a great deal of flexibility. Chapters 12 and 13 on engineering mechanics
provide an introduction to statics and strength of materials. Force vectors, two-
dimensional force systems, and the conditions of equilibrium are emphasized in
Chapter 12. Chapter 13 emphasizes stresses and strains and requires Chapter 12 as
a prerequisite. Chapter 15 has undergone significant updating. Chapter 15 discusses
energy forms and sources. The authors believe that engineering students need to
become aware of the world’s current dependence on fossil fuels very early in their
studies so they may apply this knowledge to the use and development of alternative
sources of energy.

Chapter 16 follows with an introduction to thermodynamics and applications of
the First and Second Laws of Thermodynamics. The study of Chapter 16 should be
preceded by coverage of Chapter 15.

Chapter 14, Material Balance, and Chapter 17, Electrical Theory, complete the
third major section and contain upgraded example problems.

Certain problems suggest the use of a computer or spreadsheet for solution. These
are open-ended or “what-if” problems. Depending on the students’ prior work with
programming or spreadsheets, additional instruction may be required before attempting
these problems. Chapter 18 covers the use of flowcharts, which can be of tremendous
help when programming with all kinds of computer languages.

The appendices are provided as a ready reference on selected areas that will enable
students to review topics from algebra and trigonometry. The National Society of
Professional Engineers’ Code of Ethics for Engineers is included and is highly recom-
mended for reading and class discussion. Other appendices include tables, unit conver-
sions, formulas, and selected answers to chapter problems.

Because the text was written for first-year engineering students, mathematical
expertise beyond algebra, trigonometry, and analytical geometry is not required for any
material in the book. The authors have found, however, that additional experience in
pre-calculus mathematics is very helpful as a prerequisite for this text.
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CHAPTER 1

The Engineering Profession

Chapter Objectives
When you complete your study of this chapter, you will be able to:

Understand the role of engineering in the world

Understand how to prepare for a meaningful engineering career
Understand the role of an engineer in the engineering workplace

Describe the responsibilities and roles of the most common engineering
disciplines

Gain academic career advice from past engineering graduates from various
engineering disciplines

1.1 An Engineering Career

The rapidly expanding and developing sphere of science and technology may seem
overwhelming to the individual exploring a career in a technological field. A tech-
nical specialist today may be called engineer, scientist, technologist, or technician,
depending on education, industrial affiliation, and specific work. For example, about
700 colleges and universities in 29 countries offer close to 3 600 engineering programs
accredited by ABET, the main accrediting body for engineering and technology pro-
grams. Included in these programs are such traditional specialties as aerospace, agri-
cultural, architectural, chemical, civil, computer, construction, electrical, industrial,
manufacturing, materials, mechanical, and software engineering—as well as expanding
bioengineering, biomedical, biological, electromechanical, environmental, and tele-
communications. Programs in engineering, mechanics, mining, nuclear, ceramic, soft-
ware, and petroleum engineering add to a lengthy list of career options in engineering
alone. Coupled with thousands of programs in science and technical training offered at
hundreds of universities, colleges, and technical schools, the task of choosing the right
field no doubt seems formidable (Figure 1.1).

Since you are reading this book, we assume that you are interested in studying
engineering or at least are trying to decide whether to do so. Up to this point in your
academic life you probably have had little experience with engineering as a career and
have gathered your impressions from advertising materials, counselors, educators, and
perhaps a practicing engineer or two. Now you must investigate as many careers as you
can as soon as possible to be sure of making the right choice.

The study of engineering requires a strong background in mathematics and the
physical sciences. Section 1.5 discusses typical areas of study within an engineering
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Imagine the number of engineers who were involved in the design of the windmill related to
construction, material choices, electrical systems, and mechanical systems.
Oorka/Shutterstock

e
l r -,

program that lead to the bachelor’s degree. You also should consult with your aca-
demic counselor about specific course requirements. If you are enrolled in an engi-
neering program but have not chosen a specific discipline, consult with an adviser or
someone on the engineering faculty about particular course requirements in your areas
of interest.

When considering a career in engineering or any closely related fields, you should
explore the answers to several questions:

What is engineering?

What are the career opportunities for engineers?

What are the engineering disciplines?

Where does the engineer fit into the technical spectrum?

How are engineers educated?

What is meant by professionalism and engineering ethics?

What have engineers done in the past?

What are engineers doing now? What will engineers do in the future?
What are the workplace competencies needed to be a successful engineer?

Finding answers to such questions can be difficult and time consuming, but essential
to determining the proper path for you as an individual. To assist you in assessing your
educational goals, we have included a number of student profiles. These are students
that have recently graduated from an accredited engineering program and selected dif-
ferent career paths. Each student background is unique and each career path is different.
We hope you find these helpful.



1.2 The Technology Team

In 1876, 15 men led by Thomas Alva Edison gathered in Menlo Park, New Jersey, to
work on “inventions.” By 1887, the group had secured over 400 patents, including ones
for the electric lightbulb and the phonograph. Edison’s approach typified that used for
early engineering developments. Usually one person possessed nearly all the knowl-
edge in one field and directed the research, development, design, and manufacture of
new products in this field.

Today, however, technology has become so advanced and sophisticated that one
person cannot possibly be aware of all the intricacies of a single device or process. The
concept of systems engineering thus has evolved; that is, technological problems are
studied and solved by a technology team.

Scientists, engineers, technologists, technicians, and craftspersons form the fech-
nology team. The functions of the team range across what often is called the fechnical
spectrum. At one end of the spectrum are functions that involve work with scientific
and engineering principles. At the other end of this technical spectrum are functions
that bring designs into reality. Successful technology teams use the unique abilities of
all team members to bring about a successful solution to a human need.

Each of the technology team members has a specific function in the technical
spectrum, and it is of utmost importance that each specialist understands the role of all
team members. It is not difficult to find instances where the education and tasks of team
members overlap. For any engineering accomplishment, successful team performance
requires cooperation that can be realized only through an understanding of the functions
of the technology team. The technology team is one part of a larger team that has the
overall responsibility for bringing a device, process, or system into reality. This team,
frequently called a project or design team, may include managers, sales representatives,
field service persons, financial representatives, and purchasing personnel in addition to
the technology team members. These project teams meet frequently from the beginning
of the project to ensure that schedules and design specifications are met, and that poten-
tial problems are diagnosed early. We will now investigate each of the team specialists
in more detail.

1.2.1 Scientist

Scientists have as their prime objective increased knowledge of nature (see Figure 1.2).
In the quest for new knowledge, the scientist conducts research in a systematic
manner. The research steps, referred to as the scientific method, are often summarized
as follows:

1. Formulate a hypothesis to explain a natural phenomenon.

2. Conceive and execute experiments to test the hypothesis.

3. Analyze test results and state conclusions.

4. Generalize the hypothesis into the form of a law or theory if experimental results
are in harmony with the hypothesis.

5. Publish the new knowledge.

An open and inquisitive mind is an obvious characteristic of a scientist. Although the
scientist’s primary objective is that of obtaining an increased knowledge of nature,
many scientists are also engaged in the development of their ideas into new and useful
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Scientists use the laboratory for discovery of new knowledge.
SDI Productions/Getty Images

say that the true scientist seeks to understand more about natural phenomena, whereas
the engineer primarily engages in applying new knowledge. Science degree programs
include chemistry, physics, agronomy, biology, horticulture, botany, genetics, earth
science, geology, meteorology, and many more.

1.2.2 Engineer

The profession of engineering takes the knowledge of mathematics and natural sci-
ences gained through study, experience, and practice and applies this knowledge with
judgment to develop ways to utilize the materials and forces of nature for the benefit
of all humans.

An engineer is a person who possesses this knowledge of mathematics and natural
sciences, and through the principles of analysis and design applies this knowledge to
the solution of problems and the development of devices, processes, structures, and
systems. Both the engineer and scientist are thoroughly educated in the mathematical
and physical sciences, but the scientist primarily uses this knowledge to acquire new
knowledge, whereas the engineer applies the knowledge to design and develops usable
devices, structures, and processes. In other words, the scientist seeks to know, the engi-
neer aims to do.

You might conclude that the engineer is totally dependent on the scientist for the
knowledge to develop ideas for human benefit. Such is not always the case. Scientists
learn a great deal from the work of engineers. For example, the science of thermody-
namics was developed by a physicist from studies of practical steam engines built by



the principles of nuclear fission discovered by scientists to develop nuclear power
plants and numerous other devices and systems requiring nuclear reactions for their
operation. The scientist’s and engineer’s functions frequently overlap, leading at times
to a somewhat blurred image of the engineer. What distinguishes the engineer from the
scientist in broad terms, however, is that the engineer often conducts research but does
so for the purpose of solving a problem.

The end result of an engineering effort—generally referred to as design—is
a device, structure, system, or process that satisfies a need. A successful design is
achieved when a logical procedure is followed to meet a specific need. The procedure,
called the design process, is similar to the scientific method with respect to a step-by-
step routine, but it differs in objectives and end results. The design process encompasses
the following activities (all of which must be completed):

Define the problem to be solved.

Acquire and assemble pertinent data.

Identify solution constraints and criteria.

Develop alternative solutions.

Select a solution based on analysis of alternatives.
Communicate the results.

AR A

As the designer proceeds through each step, new information may be discovered
and new objectives may be specified for the design. If so, the designer must
backtrack and repeat steps. For example, if none of the alternatives appears to
be economically feasible when the final solution is to be selected, the designer
must redefine the problem or possibly relax some of the constraints to admit less
expensive alternatives. Thus, because decisions must frequently be made at each
step as a result of new developments or unexpected outcomes, the design process
becomes iterative.

As you progress through your engineering education, you will solve problems and
learn the design process using the techniques of analysis and synthesis. Analysis is the
act of separating a system into its constituent parts, whereas synthesis is the act of com-
bining parts into a useful system. In the design process you will observe how analysis
and synthesis are utilized to generate a solution to a human need.

1.2.3 Technologist and Technician

Much of the actual work of converting the ideas of scientists and engineers into
tangible results is performed by technologists and technicians (see Figure 1.3). A
technologist generally possesses a bachelor’s degree and a technician an associ-
ate’s degree. Technologists are involved in the direct application of their education
and experience to make appropriate modifications in designs as the need arises.
Technicians primarily perform computations and experiments and prepare design
drawings as requested by engineers and scientists. Thus technicians (typically) are
educated in mathematics and science but not to the depth required of scientists and
engineers. Technologists and technicians obtain a basic knowledge of engineering
and scientific principles in a specific field and develop certain manual skills that
enable them to communicate technically with all members of the technology team.
Some tasks commonly performed by technologists and technicians include draft-
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Figure 1.3

Technicians modify a tabletop robot for use in a research project.
Goran Bogicevic/Shutterstock

servicing, and specification. Often they are the vital link between the idea on paper
and the idea in practice.

1.2.4 Skilled Tradespersons/Craftspersons

Members of the skilled trades possess the skills necessary to produce parts specified by sci-
entists, engineers, technologists, and technicians. Craftspersons do not need to have an in-
depth knowledge of the principles of science and engineering incorporated in a design (see
Figure 1.4). They often are trained on the job, serving an apprenticeship during which the
skills and abilities to build and operate specialized equipment are developed. Specialized
positions include welder, machinist, electrician, carpenter, plumber, and mason.

1.3 The Engineering Profession

Engineering is an exciting profession. Engineers don’t just sit in a cubicle and solve
mathematical equations; they work in teams to solve challenging engineering problems
to make life safer, easier, and more efficient for the world we live in. Engineers must
demonstrate competence in initiative, professionalism, engineering knowledge, team-
work, innovation, communication, cultural adaptability, safety awareness, customer
focus, general knowledge, continuous learning, planning, analysis and judgment, quali-
ty orientation, and integrity. In addition, engineers are expected to be leaders. Engineers
help to shape government policies, international development, and education at all



Figure 1.4

Skilled craftspersons are key in building specialized equipment as designed by the engineers.
Don Hammond/Design Pics

1.4 The Engineering Functions

As we alluded to in Section 1.2, engineering feats dating from earliest recorded history
up to the Industrial Revolution could best be described as individual accomplishments.
The various pyramids of Egypt were usually designed by one individual, who directed
tens of thousands of laborers during construction. The person in charge called every
move, made every decision, and took the credit if the project was successful or accepted
the consequences if the project failed.

The Industrial Revolution brought a rapid increase in scientific findings and tech-
nological advances. One-person engineering teams were no longer practical or desir-
able. Today, no single aerospace engineer is responsible for a jumbo jet and no one
civil engineer completely designs a bridge. Automobile manufacturers assign several
thousand engineers to the design of a new model. So we not only have the technology
team as described earlier, but we have engineers from many disciplines who are work-
ing together on single projects.

One approach to explaining an engineer’s role in the technology spectrum is to
describe the different types of work that engineers do. For example, agricultural, bio-
logical, civil, electrical, mechanical, and other engineers become involved in design,
which is an engineering function. The engineering functions, which are discussed
briefly in this section, are research, development, design, production, testing, construc-
tion, operations, sales, management, consulting, and teaching. Several of the engineer-
ing disciplines will be discussed later in the chapter.

To avoid confusion between “engineering disciplines” and “engineering functions,”
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sider a student who has chosen mechanical engineering. This student will, during an
undergraduate education, learn how mechanical engineers are involved in the engi-
neering functions of research, development, design, and so on. Some program options
allow a student to pursue an interest in a specific subdivision within the curriculum,
such as energy conversion in a mechanical engineering program. Most other curricula
have similar options.

Upon graduation, when you accept a job with a company, you will be assigned to a
functional team performing in a specific area such as research, design, or sales. Within
some companies, particularly smaller ones, you may become involved in more than one
function—design and testing, for example. It is important to realize that regardless of
your choice of discipline, you may become involved in one or more of the functions
discussed in the following paragraphs:

Space Exploration: Where Do We
Go from Here?
Clayton Anderson

Clayton Anderson received his undergraduate degree in Physics from
Hastings College, Nebraska, and an MS in Aerospace Engineering
from lowa State University. He joined the Johnson Space Center
(JSC) in 1983 in Mission Planning and Analysis, before moving to
the Missions Operations Directorate and leading the trajectory design
team for the Galileo planetary mission. He became supervisor of the Ascent Flight Design Section in 1992,
which was then reorganized into the Flight Design Engineering Group. In 1993 he was named chief of the
Flight Design Branch and in 1996 he assumed the role of manager of the Emergency Operations Center at JSC.

His broad expertise in space operations at JSC led to his selection as a NASA Mission Specialist astronaut
in 1998. Intensive training for missions to the International Space Station (ISS) included physiological aspects
and flight training in a T-38 aircraft, as well as underwater training and wilderness survival techniques. In
2007, Anderson embarked on his first space adventure aboard the Space Shuttle Atlantis to the ISS. Aboard the
ISS he served as the Flight Engineer and Science Officer. During the 152-day stay, he performed three EVAs
(extravehicular activity or spacewalks) totaling 18 hours. His second mission came in 2010 when he rode Space
Shuttle Discovery on a resupply mission to the ISS. During this short 15-day stay, he performed three more
EVAs totaling 20 hours, 17 minutes.

Anderson retired from NASA in 2013 very proud of his accomplishments and filled with a strong desire to
educate the public on the knowledge, research, and training necessary to conduct continued space exploration in a
logical and safe manner. To this end, he has traveled extensively around the country giving keynote presentations
on his experiences and visions for future space endeavors. Recently there have been efforts to develop commercial
launching rockets to transport travelers into space (and the ISS), to the moon, and possibly to Mars. Anderson
asks, “What capabilities does the commercial space industry need to have in order to transport spacefaring
neophytes safely? Will passengers need three years of intensive astronaut training? How could engineers design
controls and user interfaces to better serve inexperienced space travelers?”

Anderson believes we must take measured steps in educating and training the public for space travel and he
believes the first step is using our Moon. “. . . Theoreticians claim that the surface of Mars or the Moon may pro-
vide on-site (in situ) resources that could be used. They tout our ability to concoct fuel, extract water, and create
oxygen, simply by living off the land. While this may be true, how do we do this? What technologies are needed?




It does not seem completely practical to commit to Mars before we have answers to these fundamental questions.
We can use our 35 years of space experience with moon missions and space station operations to develop the
foundation for longer missions. A mission to Mars and its 20-minute communication lapses introduce new psy-
chological implications within an 18-month trip requiring sufficient fuel, food, water, spare parts, clothing, etc.
Planning and training for such a mission is a huge and, as yet, not completely defined task.”

In 2014, Anderson was named an lowa State University Distinguished Faculty Fellow in Aerospace
Engineering. He has developed a prototype workshop in space flight operations intended to expose students to
training events similar to those completed by astronauts. For example, scuba diving certification will help students
learn how to work in a hazardous environment while following distinctly operational procedures. Wilderness
survival training uniquely introduces students to the basic concepts of mission planning, expeditionary behav-
ior, and teamwork. Aircraft flight simulation training reinforces procedural concepts while introducing more
“big picture” and anticipatory thinking. Further, in an effort to provide ISU graduating students with a new and
different thought process, the workshop attempts to address the needs of the emerging commercial spaceflight
companies, by providing students whose decision analysis and leadership capabilities reflect this more operational
background. Supplemented with general training in spacecraft subsystems, space physiology, and space suits, the
workshop experience is coupled with virtual reality spaceflight scenarios using the C6 virtual reality room in
the Virtual Reality Applications Center at lowa State University. Anderson is collaborating with Dr. Nir Keren,
Associate Professor in the Department of Agricultural and BioSystems Engineering and a Graduate Faculty
member at the Virtual Reality Applications Center. Dr. Keren utilizes VirtuTrace, a powerful simulation engine
he developed with his research team, to simulate the main U.S. living section of the ISS and the exterior of the
station in full scale three-dimension in exquisite detail. Students experience the space station environment and the
inherent stressors associated with combating an in-flight emergency situation.

141 Research

Successful research is one catalyst for starting the activities of a technology team or, in
many cases, the activities of an entire industry. The research engineer seeks new find-
ings, as does the scientist; but keep in mind that the research engineer also seeks a way
to use the discovery.

Key qualities of a successful research engineer are perceptiveness, patience, and
self-confidence. Most students interested in research will pursue the master’s and doc-
tor’s degrees in order to develop their intellectual abilities and the necessary research
skills. An alert and perceptive mind is needed to recognize nature’s truths when they
are encountered. When attempting to reproduce natural phenomena in the laboratory,
cleverness and patience are prime attributes. Research often involves tests, failures,
retests, and so on for long periods of time (see Figure 1.5). Research engineers therefore
are often discouraged and frustrated and must strain their abilities and rely on their self-
confidence in order to sustain their efforts to a successful conclusion.

Billions of dollars are spent each year on research at colleges and universities,
industrial research laboratories, government installations, and independent research
institutes. The team approach to research is predominant today primarily because of
the need to incorporate a vast amount of technical information into the research effort.
Individual research also is carried out but not to the extent it was several years ago. A
large share of research monies are channeled into the areas of energy, environment,
health, defense, and space exploration. A fast growing research area is nanotechnol-
ogy. The Royal Academy of Engineering describes it this way: “Nanotechnology is the
application of nanoscale science, engineering and technology to produce novel materi-





