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TO THE PROFESSOR

Traditional engineering courses—such as courses on heat transfer, circuits, and fluids—
are fairly well defined. In contrast, there is no general agreement on the content of fresh-
man engineering courses. Current freshman engineering texts choose from a range of top-
ics including professionalism, creativity, ethics, design, technical writing, graphing,
systems of units, engineering science, and problem solving. All of these topics are impor-
tant aspects of the freshman engineering experience, but we found no one text that ade-
quately encompassed them all. Therefore, we decided to write our own text to fill the void.

Many freshman engineering texts describe specific engineering disciplines, such as
mechanical or electrical engineering, and give sample problems involving statics or elec-
trical circuits. Given the increasing number of new engineering disciplines (e.g., bio-
chemical engineering) and the increasingly interdisciplinary nature of engineering (e.g.,
mechatronics), we feel this discipline-specific approach is inadequate. Instead, we feel a
more unified approach is required, with less emphasis on traditional disciplines. The goals
of our text are listed here:

¢ Excite the student about engineering. Most practicing engineers find their work to be
very exciting and creative. However, freshmen must struggle with the rigors of their
science and mathematics classes, so they may be unaware of the pleasures that await
them. We hope to stimulate the students’ interest in engineering by describing engi-
neering history, challenging them with “brain teaser” problems, and explaining the cre-
ative process.

* Provide a strong foundation in engineering fundamentals. Engineering has grown
beyond the traditional disciplines (e.g., civil, mechanical, and electrical engineering)
and now includes nontraditional disciplines (e.g., biomedical, environmental, and
nuclear engineering). The common threads through all these disciplines are fundamen-
tal physical and mathematical laws.

* Cultivate problem-solving skills. The most important engineering skill is the ability to
solve problems. We describe many heuristic approaches to creative problem solving as
well as a systematic approach to solving well-defined engineering problems.

* Challenge advanced students. Students who have good high school backgrounds will
have been exposed to calculus and physics. To stimulate their interest in engineering,
advanced topics are sprinkled throughout the book.

o Integrate computing with other engineering topics. This book contains numerous sam-
ple computer programs illustrating a variety of engineering applications. This will help
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the student realize that computing is not a separate topic, but is a tool used by engineers
to solve problems.

* Provide reference material. Most students will not purchase handbooks until later in
their engineering careers. This book provides unit conversion factors and material
properties so that students have the resources to solve real-world problems.

» Provide information the student is unlikely to encounter elsewhere. Often, important
engineering information that does not fit neatly into advanced courses is put into a
freshman engineering course. Thus, this text includes information such as statistics,
grammatical rules for the SI system, and graphing rules.

* Connect with their high school experience. Many students may be concerned about
possible gaps between their actual knowledge and the knowledge college professors
expect of them. Touching upon topics with which they are already familiar will ease
their anxiety and improve their confidence.

e Connect with their freshman science and mathematics courses. Some students may
perceive that their freshman science and mathematics classes are a hazing process, and
may not understand that these courses form the backbone of engineering. We purposely
incorporate topics they see in other courses to show the connection with engineering.

* Provide “soak time” for difficult topics. Learning is a process that requires repetition.
A few difficult topics that students will encounter in later engineering courses (e.g.,
thermodynamics, rate processes) are introduced here at a very simple level. This allows
them to become acquainted with the ideas, so their next detailed exposure is easier.

* Introduce the design process. To help freshmen experience the joy of engineering, we
think it is necessary to assign a design problem during their first semester. To support
this notion, early in the text, we introduce design.

» Emphasize the importance of communication skills. Too often, engineers are criticized
for lacking communication skills. To help overcome this problem, we provide infor-
mation on both oral and written communication that will be immediately useful to
freshmen during their design project.

The topics in Foundations of Engineering are presented in a sequential manner, so it
can be read from front cover to back cover with each new topic building on previously
presented topics. Although the book is designed so that it can be read from cover to cover,
this does not imply that it must be read from cover to cover. The accompanying figure
indicates how the chapters fit together.

The “road map” in the accompanying figure shows that Chapters 1 through 9 are
independent; if you decide to skip these chapters, it will not seriously affect the students’
understanding of later chapters. In contrast, Chapters 10, 11, 13, and 14 are interdepen-
dent and must be covered in sequence. Chapters 12 and 15 are optional, but if covered,
they must be after Chapters 11 and 14, respectively. Chapter 16 sets the stage for all the
later chapters and therefore must be covered if the later chapters are taught. Chapters 17,
18, 19, 21, and 23 are independent. If Chapters 20 and 22 are covered, they must be done
after Chapters 19 and 21, respectively.

In our experience, many students who have the potential to make excellent engineers
have a poor command of high school mathematics. Whether they have forgotten it or never
learned it, the information is lost to them because they no longer have their high school
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mathematics texts. To overcome this problem, we have prepared Mathematics Supplement
1o Foundations of Engineering, which reviews high school mathematics. We strongly rec-
ommend that you make this text available to your students, by making it either required
or optional. At Texas A&M, we require students to do homework problems from the sup-
plemental text, but do not take class time to discuss these topics because they review high
school material.

If your freshman engineering course is taught in two semesters, it is possible to use
the entire book. However, if you are teaching a one-semester course, it is unlikely you will
be able to cover all the material. In this case, we suggest that you give the students a
“guide map” through the book, indicating which sections you consider to be core testable
material and which sections are offered for enrichment purposes only. All the sections are
conveniently numbered, so it is possible to be very explicit about what you expect the stu-
dents to read.

This book is designed to be used in conjunction with a computer programming text.
There are computer problems in almost every chapter that can be used to integrate stu-
dents’ computing knowledge with other engineering topics. Also, this book may be used
in conjunction with an engineering graphics text. Obviously one of the most important
tools for practicing engineers is the ability to read and create engineering drawings. We
mention the importance of graphics several places in our text, but provide no real exam-
ples because this subject is very broad and is covered very well by other texts.

McGraw-Hill maintains a website at www.mhhe.com/engcs/general/holtzapple/
instructor/olc/, that provides supplemental teaching materials. Please visit the site; we’re
sure you’ll find it useful.

We hope that you and your students enjoy using this book. We will happily receive
suggestions for improvements that may be incorporated into future editions.

Mark T. Holtzapple W. Dan Reece



TO THE STUDENT

The engineering profession blossomed in Egypt with the construction of irrigation sys-
tems, roads, and pyramids by the first civil engineers, Regardless of the engineering dis-
cipline you decide to follow, you can visualize your engineering studies as a construction
project in which you are building your knowledge.

If you are wise, you will construct a pyramid. It is a well-proven structure that can
withstand millennia of weathering. A pyramid is strong because it has a wide foundation.
Your wide foundation requires a firm grasp of mathematics and science, which cannot be
achieved by memorizing formulas or learning rote procedures. Instead, your objective
should be to become “educated” and to understand.

Unfortunately, some students take the “plug-and-chug” approach to their engineering
studies. They mistakenly believe that real-world engineers mindlessly plug numbers into
handbook formulas with little understanding of the underlying principles. They view the
required science and mathematics courses as a hazing process to separate the weak from
the strong. Students with this attitude are constructing a rickety shack that will blow down
in the first strong wind. They will be incapable of solving difficult problems and probably
will make no significant contributions to society.

Industrial
Practice

/ Advanced Engineering\
/ Basic Engineering
/ Advanced Math & Science \
/ Basic Math & Science \

The Educated Engineer The "Plug-and-Chug" Engineer

xvi
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In writing this text, our purpose is to begin your engineering education by providing a
firm foundation for your later studies. This is a huge task, so our book is necessarily long
and detailed. In fact, it is unlikely that you will be able to cover the entire book in a single
semester. Your professor will decide which of the many topics will be covered in your par-
ticular course. However, your professor’s decisions should not preclude you from reading
on your own. All of the topics in this text should be covered at some point in your studies.

We have divided the book into four sections:

e Introduction to Engineering: This is an overview of the engineering professions and
the skills required to become a good engineer.

*  Mathematics: We touch on a few mathematical concepts that you are not likely to
encounter in your calculus class.

+ Engineering Fundamentals: We feel the topics discussed here are absolutely funda-
mental to engineering education. You will be introduced to topics such as thermody-
namics, rate processes (e.g., heat transfer, electricity), and Newton’s laws. Unit con-
versions are given particular attention because this topic is so important.

» Engineering Accounting: We have cast the basic conservation laws (e.g., conservation
of energy or mass) as a simple “accounting” procedure. We feel that accounting is a
unifying concept that transcends the individual engineering disciplines. Here, you have
the opportunity to apply your new skills to a variety of problems. The fundamental
accounting principles are applied to such quantities as mass, energy, linear momentum,
and angular momentum.

In case your high school mathematics is rusty, we offer a sister text called Mathematics
Supplement to Foundations of Engineering. This text reviews topics such as algebra, math-
ematical notation, geometry, trigonometry, logarithms, polynomials, zeros of equations,
and calculus. In addition to the mathematics supplement, McGraw-Hill maintains a web-
site at www.mhhe.com/engcs/general/holtzapple/student/olc/, that contains useful supple-
mental learning materials. Please visit the site; we’re sure you’ll find it useful.

We think of our book as a smorgasbord of delightful delicacies. There are so many
delicacies, it is impossible for you to eat them all in a single sitting. However, with many
sittings, it is possible for you to enjoy them all.

As many topics as we cover in this book, we still do not attempt to cover everything
you will need to know. For several topics of major importance to engineers, particularly
engineering graphics and the details of computing, we expect that you are receiving train-
ing from other texts. Both topics are essential to the practicing engineer. Even a simple
engineering drawing passes more information than several volumes of words alone.
Computers have revolutionized engineering. What took hours of drudgery just 20 years
ago can now be done in seconds using personal computers and software.

As shown in the “pyramid of learning” depicted earlier, all engineering disciplines
use knowledge gained in mathematics and science courses. In addition, an important foun-
dation of engineering is communications. One of the most important functions of an engi-
neer is to present his or her findings clearly and succinctly, both orally or in writing. It is
no accident that English and technical writing are included in your engineering studies!
The ability to convey ideas well comes only with hard work, practice, and constructive
feedback; this may be the most important skill you have to learn.



xviii

TO THE STUDENT

We recommend that you hold onto this book. It has many useful charts, tables, con-
version factors, and formulas that you will find invaluable in your later studies. Also, the
topics are covered in a friendly, unified approach. If you are having troubles grasping a
concept in your later studies, we hope you will take this book off your shelf and read—or
reread—the appropriate chapters.

Mark T. Holtzapple W. Dan Reece
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WHY THIS BOOK SHOULD
BECOME A PART OF YOUR
ENGINEERING LIBRARY

¢ It makes difficult subjects accessible

» It will help you prepare for the professional engineering exam

e It provides useful reference information

+ It makes an excellent supplemental resource for your later classes

« It provides a concise style guide for effective engineering communications

+ It uses an engineering accounting framework to help you become more versatile

« Tt provides interesting historical vignettes
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