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Preface
This book is designed to be a textbook for a one-semester course in engineering analysis for both junior
and senior undergraduate classes or entry-level graduate programs. It is also designed for practicing
engineers who are in need of analytical tools to solve technical problems in their line of duties. Unlike
many textbooks adopted for class teaching of engineering analysis, this book introduces fewer additional
mathematical topics beyond the courses on calculus and differential equations, but has heavy engineering
content. Another unique feature of this book is its strong focus on using mathematics as a tool to solve
engineering problems. Theories are presented in the book to show students their connection with
practical issues in problem-solving. Overall, this book should be treated as an engineering, not advanced
engineering mathematics textbook.

Mathematics and physics are two principal pillars of engineering education of all disciplines. Indeed,
courses in mathematics and physics dominate the curricula of lower division engineering education in
both the Freshman and Sophomore years in most engineering programs worldwide. Many engineering
schools offer a course on engineering analysis that follows classes on precalculus, calculus, and differential
equations. Engineering analysis is also offered at the entry level of graduate studies in many universities
in the world.

The widespread acceptance of engineering analysis as a core curriculum by many educators is attributed
to their conviction that students need to synergistically integrate all of the mathematical subjects that they
learned earlier and apply them in solving engineering problems. However, the pedagogy of engineering
analysis and its outcome has rarely been discussed in open forums. Many universities offer a course on
engineering analysis as a terminal mathematics course with additional advanced mathematics subjects.
Consequently, all textbook vendors with whom I have had contact in the last 30 years have consistently
published books on advanced engineering mathematics, as textbooks for my course on engineering
analysis. Upon close inspection, almost all have little direct relevance to the engineering profession.
Additionally, all of these books are close to, or exceed, 1000 printed pages, with overwhelming coverage of
detailed and elegant mathematical treatments to mostly mathematical problems. I have also observed that
in all of the advanced engineering mathematics books such as those cited in the bibliography of this book,
less than 10 percent of the pages have applications to engineering problems. Consequently, a textbook
that is designed to teach students to solve engineering problems using mathematics as a tool is truly
needed in classes on engineering analysis or those with similar objectives.

Many science and engineering educators are of the opinion that most engineering problems in the real
world are of a physical nature. The disconnect in teaching mathematics and physics, as it occurs in lower
division engineering education, has resulted in the inability of students to use mathematics as a tool to
solve such engineering problems. Many students in my engineering analysis classes are skillful in
manipulating mathematics in their assigned problems, including performing integrations and solving
differential equations either using classical solution techniques learned previously, or using modern tools
such as electronic calculators and computers. However, they are not capable of deriving appropriate
equations for solving particular genuine engineering problems. Even more, students cannot apply
integrations to determine simple design engineering properties such as areas, volumes, and centroids of
solids of given geometry. The situation has worsened in recent years with rapid advances in information
technology, which offer students ready access to turnkey software packages such as finite-element and
finite-difference codes. This results in obtaining the solutions of engineering problems, in which insight,
knowledge, and experience are sacrificed for numbers with seven-decimal point accuracy and fancy
graphics. Unfortunately, most of these student users do not know what these numbers and graphs mean
as solutions to the problems. These readily available commercial computer codes have actually further
prevented engineering students from understanding fundamental engineering principles, worsening an
already serious dissociation occurring early in mathematics and physics education.

An encouraging sign in recent years, however, has been the emergence of a consensus among visionary
educators that students should relate their mathematics to the engineering subjects they will encounter in
their upper division classes, and develop them as tools to solve real-world problems. It was with this
conviction that I was motivated to write this book.



The present book intends to develop the analytical capability of students in engineering education. I am
convinced that upper division students are not short of exposure to mathematics; what is lacking is the
opportunity that they get to use what they learned in solving engineering problems. Consequently, no
advanced mathematical subjects need to be added to this book. Rather, I have placed strong emphasis on
how students will learn to apply the mathematics that they learned in previous years to solve engineering
problems. Another aspect of this book is to include sufficient materials to fit the 3 hours per week in a 15-
week timeframe that most engineering schools provide for this course. The topics to be covered were
carefully chosen to ensure proper balance between breadth and depth, with lower division mathematics
and physics courses as prerequisites.

There are 12 chapters in this book. Chapter 1 offers an overview of engineering analysis, in which students
will learn the need for a linkage between physics and mathematics in solving engineering problems.
Chapter 2 provides students with basic concepts of mathematical modeling of physical problems.
Mathematical modeling often requires setting up functions and variables that represent physical
quantities in practical situations. It may involve all forms of mathematical expressions ranging from
algebraic equations to integrations and differential equations. Students are expected to apply their skills
to determine physical quantities such as areas, volumes, centroids of plane subjects, moments of inertia,
and so on as required in many engineering analyses. Special functions and curve-fitting techniques that
can model specific engineering effects and phenomena are also presented. Chapter 3 refreshes the topics
on vectors and vector calculus, which are viable tools in dealing with complicated engineering problems of
different disciplines. Application of vector calculus, in particular, to rigid body dynamics is illustrated.
Chapter 4 relates to the application of linear algebra and matrices in the formulation of modern-day
analytical tools, and the solution techniques for very large numbers of simultaneous equations such as in
the finite-element analysis. Chapter 5 deals with Fourier series, which are used to represent many periodic
phenomena in engineering practices. Chapter 6 relates to Laplace transformation for functions that
represent physical phenomena covering half of the infinite space or time domain, such as in the case of
indeterminate beams subjected to distributed loads in various sections of the spans, or with discrete
concentrated forces. Chapters 7 and 8 deal with the derivation, not just solution techniques, of first- and
second-order ordinary differential equations with applications in fluid dynamics and heat transfer by
conduction and convection in solids interfaced with fluids with applications in heating, cooling, and
refrigeration of small solids. Chapter 8 presents the principles and mathematical modeling of free and
forced vibrations, as well as resonant and near-resonant vibrations of solids with elastic restraints.
Chapter 9 deals with the solutions of partial differential equations, in which equations for heat conduction
and mechanical vibrations in solid structures are introduced. This chapter also offers solution methods
such as the separation of variables technique and integral transform methods involving Laplace and
Fourier transforms with numerical illustrations. Chapter 10 offers numerical solution methods for solving
nonlinear and transcendental equations and differential equations and integrals, with examples that will
facilitate learning of these techniques. Special descriptions of the overviews of popular Mathematica and
MatLAB software are included in this chapter with a special article on the use of MatLAB in one of the
appendices of the book. Chapter 11 introduces the principle and mathematical formulation of the finite-
element method, which intends to make readers intelligent users of this versatile and powerful numerical
technique for obtaining the solutions to many engineering and scientific problems with complicated
geometry, loading, and boundary conditions. The book ends with a special chapter on statistics for
engineering analysis as Chapter 12, in which the readers will learn the common terminologies in the
science of statistics with physical meanings. This chapter will usher the readers to the common practice of
statistical process control (SPC) currently adopted by industries involved in mass production. This
chapter also includes probabilistic design methods for structures and mechanical systems that would not
be otherwise handled using traditional deterministic techniques.

I have taught engineering analysis to senior undergraduate and entry-level graduate students in two
major universities in the U.S. and Canada for over 30 years. I have found that most students are not
accustomed to the application of mathematics to solving descriptive engineering problems that often
require the derivation of equations and mathematical formulae for solutions. I attribute this to a major
psychological barrier that many engineering students need to overcome before they can be effective
analysts. Consequently, I have included many examples and problems that are descriptive in nature in
this book. These problems are drawn from several engineering disciplines and many of them require
numerical solutions that relate to theoretical concepts. Most of these problems can be solved using pocket



electronic calculators.

It is by no means a trivial job to develop a book of this breadth and depth single-handedly. I wish to thank
a number of students who helped me in shaping its content. In particular, my appreciation goes to a
former student, Vaibhav Tank, for his contribution of the application of MatLAB software in problem-
solving. Such dedicated students made an effort to develop this book into a memorable pleasure for me,
and gave me a feeling of accomplishment in engineering education.

Tai-Ran Hsu
San Jose, California



Suggestions to instructors
This book is written to be a textbook for upper division undergraduate and entry-level graduate classes. It
is also intended to be a reference book for practicing engineers to refresh their experience and skills in
using mathematics for their engineering analyses, or to upgrade their understanding of contemporary
analytical tools using digital technology in numerical methods as well as the use of commercial software
packages such as MatLAB and the finite-element method for advanced engineering analyses.

The content of this book is designed for 3 hours per week in a 15-week long semester at both
undergraduate and graduate levels. With significant omission of materials, the book can also be used for
classes with well-prepared students for 10-week long quarters.

This textbook would be more effective for students with the following academic experience and
backgrounds:

1. Undergraduate students in good upper division academic standing with sound knowledge and
experience in college mathematics that includes calculus, differential equations, fundamental physics,
and concurrent learning of engineering subjects in solid and fluid mechanics and heat transfer.

2. Students with working experience in computer software packages such as Microsoft Office, in
particular the MS Excel, and other software packages such as Mathematica and MatLAB over those
who do not have such experience.

Teaching a course on engineering analysis with sufficient breadth and depth such as that presented in this
textbook in the aforementioned time frames could be a challenge for instructors. This situation may be
further compounded by the likelihood of having students who completed their prerequisite mathematics
in lower division coursework which often focuses on drilling rather than applications. The following
Schedules A and B offer suggested topics from the book that the instructor may cover in either one
semester or one quarter. The instructor would use his or her discretion to assign the unlisted sections in
the following tables either as omissions or as assigned reading materials to the students.

Schedule A: For 15-week, 3 hours/week-long semesters

Week no. Undergraduate classes Graduate classes
1 Sections 1.3, 1.4, 2.2.3, 2.2.4, 2.3, 2.5 Sections 1.3, 1.4, 2.2.3, 2.2.4, 2.3, 2.4
2 Sections 3.4, 3.5, 3.6, Sections 3.5, 3.6, 3.7, 4.3, 4.4
3 Sections 4.2.2, 4.3–4.7 Sections 4.5–4.8
4 Sections 5.2–5.5 Sections 5.2–5.5, 6.2, 6.4, 6.5
5 Sections 6.2–6.4 Sections 6.6, 6.7, 7.2
6 Sections 6.5, 6.6, 7.2, 7.3 Sections 7.3–7.5
7 Sections 7.4, 7.5 Sections 8.2, 8.3. Assigned reading 8.4–8.6
8 Sections 8.2–8.4 Sections 8.7–8.9
9 Sections 8.5–8.6 Sections assigned reading 9.2., 9.3, 9.4
10 Sections 8.7, 8.8, 8.9 Sections 9.5.2, 9.6
11 Sections 9.1, 9.3.1, 9.4 Sections assigned 9.7, 9.8
12 Sections 9.5.1, 9.6.1, 9.7 Sections assigned reading 10.2., 10.3–10.6
13 Sections 10.2–10.4 Sections 11.3–11.6
14 Sections 10.5, 10.6, 11.2–11.4 Sections assigned reading 11.7, 11.8. 12.4–12.7
15 Sections 11.6–11.8, 12.1–12.6, 12.8–12.10 Sections 12.8–12.10

Schedule B: For 10-week, 3 hours/week-long quarters

Week no. Undergraduate classes Graduate classes



1 Sections 1.3, 1.4, 2.3, 2.5, 3.3 Sections 1.3, 1.4, 2.3–2.5, 3.4
2 Sections 3.4–3.6 Sections 3.5–3.7
3 Sections 4.3, 4.4, 4.5, 4.6 Sections 4.5–4.8
4 Sections 4.8, 5.3–5.5 Sections 5.2–5.5, 6.2–6.4, 6.6, 6.7
5 Sections 6.2–6.7 Sections 7.3, 7.4, 7.5
6 Sections 7.3–7.5 Sections 8.4–8.9
7 Sections 8.2, 8.4, 8.5 Sections 9.3, 9.4–9.6
8 Sections 8.6–8.9 Sections 10.3, 10.4, 10.5, 10.6
9 Sections 9.1, 9.4–9.6, 9.8, 10.3, 10.4, 10.5.2 Sections 11.2–11.8
10 Sections 10.6.2, 11.3, 11.8, 12.4, 12.5, 12.6, 12.8–12.10 Sections 12.4–12.10

Instructors may, of course, use their discretion in selecting the topics other than those suggested in the
above tables to suit their own preferences and schedules.

The author would like to recommend using a black or white board in addition to slide projections for
examples that are offered by the textbook. From his own experience, the author found it challenging to
have students who develop a mindset to learn to use their skills in math drilling to the applications in
solving a wide range of problems in a single 15-week semester. In pursuit of this goal, much effort needs to
be made in extra tutoring and advising students outside the classroom to help them acquire this new
experience.

Further, a few additional suggestions for the successful teaching of this class include: offering quizzes and
examinations in open book format, for which students may bring any reference materials they wish
instead of memorizing all formulae and equations required for solving the problems; students are also
encouraged to form “study groups” on their own initiative, and above all, bringing “models” for classroom
demonstrations, such as wine bottles for determining their volume content, tightening a bolt to a fixture
to demonstrate the principle of “cross product of vectors,” etc. These simple classroom demonstrations
would not only help students in understanding the subject matter, but also reinforce students'
appreciation of the value of applied engineering analysis by using mathematics as a tool for solving real-
world problems.

A final remark on stimulating student's interest in learning engineering analysis is to encourage and
reward them for using the available online solution methods in mathematical operations in their
homework assignments and quizzes and exams at all times.



About the companion website
Don't forget to visit the companion website for this book:

www.wiley.com/go/hsu/applied

There you will find valuable material designed to enhance your learning, including:

1. Solutions manual

2. PowerPoint slides

Scan this QR code to visit the companion website

http://www.wiley.com/go/hsu/applied
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