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                                                                                                                                                                                                                                                                                                                                                                                                                                        P r e f a c e  

   Changes in the Fifth Edition  

 The Fifth Edition, consisting of twenty chapters, includes a number of new 

features, additions, and changes that were incorporated in response to peda-

gogical advances, suggestions, and requests made by professors and students 

using the Fourth Edition of the book. The major changes include: 

   New Features  

 To promote active learning, we have added eight new features in the fifth 

edition of this book. These features include:  (1)     Learning Objectives (LO),      

(2)  Discussion Starter—What Do You Think?      (3)  Before You Go On,      

(4)  Highlighted Key Concepts,      (5)  Summary,      (6)  Key Terms,      (7)  Apply What 

You Have Learned, and      (8)  Life-long Learning Exercises.    

    1.   Learning Objectives (LO)  
Each chapter begins by stating the learning objectives (LO).

     2.   Discussion Starter 

  Pertinent articles serve as chapter openers to engage students and pro-

mote active learning. The discussion starters provide a current context 

for why the content that the students are about to learn is important. An 

instructor can start class by asking students to read the Discussion Starter 

and then ask the students for their thoughts and reactions.

     3.   Before You Go On 

  This feature encourages students to test their comprehension and under-

standing of the material discussed in section(s) by answering questions, 

before they continue to the next section(s).

   Vocabulary —It is important for students to understand that they need to 

develop a comprehensive vocabulary to communicate effectively as well 

educated engineers and intelligent citizens. This feature promotes grow-

ing vocabulary by asking students to state the meaning of new words that 

are covered in section(s).
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xiv Preface

     4.  Highlighted Key Concepts  

Key concepts are highlighted in blue boxes and displayed throughout the 

book.

     5.   Summary 

  Each chapter concludes by summarizing what the student should have 

gained from studying the chapter. Moreover, the learning objectives and 

the summary are tied together as a refresher for the students.

     6.                    Key Terms 

  The key terms are indexed at the end of each chapter so that students may 

return to them for review.

     7.   Apply What You Have Learned 

  This feature encourages students to apply what they have learned to 

an interesting problem or a situation. To emphasize the importance of 

teamwork and to encourage group participation, many of these problems 

require group work.

     8.  Life-long Learning Exercises

 Problems that promote life-long learning are denoted by            .

      MindTap  

 This textbook is also available as a course or supplement to the textbook 

through Cengage Learning’s MindTap, a personalized learning program. 

Students who purchase the MindTap version have access to the book’s 

MindTap Reader and are able to complete homework and assessment mate-

rial online, through their desktop, laptop, or iPad. If you are using a Learning 

Management System (such as Blackboard or Moodle) for tracking course 

content, assignments, and grading, you can seamlessly access the MindTap 

suite of content and assessments for this course. 

 In MindTap, instructors can: 

•    Personalize the Learning Path to match the course syllabus by rearrang-

ing content or appending original material to the online content.

•     Connect a Learning Management System portal to the online course 

and Reader

•     Customize online assessments and assignments

•     Track student progress and comprehension

•     Promote student engagement through interactivity and exercises

    Additionally, students can listen to the text through ReadSpeaker, take notes, 

create their own flashcards, highlight content for easy reference, and check their 

understanding of the material through practice quizzes and homework.   
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   Additional Content in the Fifth Edition  

•    A new section on Visual Basic for Applications (VBA). Excel’s VBA 

is a programming language that allows students to use Excel more 

effectively and use the capabilities of VBA to solve a wide range of 

engineering problems. In   Section 14.5  , we explain how to input and 

retrieve data, display results, create a subroutine, and how to use 

Excel’s Built-in functions in a VBA program. We also explain how 

to create a loop and the use of arrays. Students learn how to create a 

custom dialogue box.

•     Over fifty new problems have been added throughout the book.

•     Instructor resources include new Lecture Note PowerPoint slides and 

Test Banks for each chapter.

        Organization  

 This book is organized into six parts and twenty chapters. Each chapter 

begins by stating its objectives and concludes by summarizing what the 

student should have gained from studying that chapter. I have included 

enough material for two semester-long courses. The reason for this 

approach is to give the instructor sufficient materials and the flexibility 

to choose specific topics to meet his or her needs. Relevant, everyday 

examples with which students can easily associate are provided in every 

chapter. Each chapter includes many hands-on problems, requiring the 

student to gather and analyze information. Moreover, information col-

lection and proper use of information are encouraged in this book by 

asking students to complete a number of assignments that require infor-

mation gathering by using the Internet as well as employing traditional 

methods. Many of the problems require students to make brief reports so 

that they learn that successful engineers need to have good written and 

oral communication skills. To emphasize the importance of teamwork in 

engineering and to encourage group participation, many of the assign-

ment problems require group work; some require the participation of the 

entire class. 
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 The main parts of the book are:  

   Part One: Engineering—An Exciting Profession  

 In   Chapters 1   through   5  , we introduce the students to the engineering profes-

sion, how to prepare for an exciting engineering career, the design process, 

engineering communication, and ethics.   Chapter 1   provides a comprehensive 

introduction to the engineering profession and its branches. It explains some 

of the common traits of good engineers. Various engineering disciplines and 

engineering organizations are discussed. In   Chapter 1  , we also emphasize that 

engineers are problem solvers. Engineers have a good grasp of fundamental 

physical and chemical laws and mathematics, and apply these fundamental 

laws and principles to design, develop, test, and supervise the manufacture 

of millions of products and services. The examples, demonstrate the many 

satisfying and challenging jobs for engineers. We point out that although the 

activities of engineers can be quite varied, there are some personality traits 

and work habits that typify most of today’s successful engineers: 

•    Engineers are problem solvers.

•     Good engineers have a firm grasp of the fundamental principles that can 

be used to solve many different problems.

•     Good engineers are analytical, detailed oriented, and creative.

•     Good engineers have a desire to be life-long learners. For example, 

they take continuing education classes, seminars, and workshops to stay 

abreast of new innovations and technologies.

•     Good engineers have written and oral communication skills that equip 

them to work well with their colleagues and to convey their expertise to 

a wide range of clients.

•     Good engineers have time management skills that enable them to work 

productively and efficiently.

•     Good engineers have good “people skills” that allow them to 

interact and communicate effectively with various people in their 

organization.

•     Engineers are required to write reports. These reports might be lengthy, 

detailed, and technical, containing graphs, charts, and engineering 

drawings. Or they may take the form of a brief memorandum or an 

executive summary.

•     Engineers are adept at using computers in many different ways to model 

and analyze various practical problems.

•     Good engineers actively participate in local and national discipline-

specific organizations by attending seminars, workshops, and meetings. 

Many even make presentations at professional meetings.

•     Engineers generally work in a team environment where they consult 

each other to solve complex problems. Good interpersonal and commu-

nication skills have become increasingly important now because of the 

global market.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xviiPreface

      Chapter 1   explains the difference between an  engineer  and an  engineering 
technologist,  and the difference in their career options. In   Chapter 2  , the 

transition from high school to college is explained in terms of the need 

to form good study habits and suggestions are provided on how to budget 

time effectively.   Chapter 3   provides an introduction to engineering design, 

sustainability, teamwork, and standards and codes. We show that engi-

neers, regardless of their background, follow certain steps when designing 

products and services.   Chapter 4   shows that presentations are an integral 

part of any engineering project. Depending on the size of the project, 

presentations might be brief, lengthy, frequent, and may follow a certain 

format requiring calculations, graphs, charts, and engineering drawings. 

In   Chapter 4  , various forms of engineering communication, including 

homework presentation, brief technical memos, progress reports, detailed 

technical reports, and research papers are explained.   Chapter 5   empha-

sizes engineering ethics by noting that engineers design many products and 

provide many services that affect our quality of life and safety. Therefore, 

engineers must perform under a standard of professional behavior that 

requires adherence to the highest principles of ethical conduct. A large 

number of engineering ethics-related case studies are presented in this 

chapter.  

   Part Two: Engineering Fundamentals—Concepts 

Every Engineer Should Know  

   Chapters 6   through   13   focus on engineering fundamentals and introduce 

students to the basic principles and physical laws that they will encounter 

repeatedly during the next four years. Successful engineers have a good grasp 

of the Fundamentals, which they can use to understand and solve many dif-

ferent problems. These are concepts that every engineer, regardless of his or 

her area of specialization, should know. 

 In these chapters, we emphasize that we need only a few physical quanti-

ties to fully describe events and our surroundings. These are length, time, 

mass, force, temperature, mole, and electric current. We also explain that 

we need not only physical dimensions to describe our surroundings, but also 

some way to scale or divide these physical dimensions. For example, time is 

considered a physical dimension, but it can be divided into both small and 

large portions, such as seconds, minutes, hours, days, years, decades, centu-

ries, and millennia. 

 We discuss common systems of units and emphasize that engineers must 

know how to convert from one system of units to another and always show 

the appropriate units that go with their calculations. We also explain that 

the physical laws and formulas that engineers use are based on observations 

of their surroundings. We show that we use mathematics and basic physical 

quantities to express our observations. 
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 In these chapters, we also explain that there are many engineering design 

variables that are related to the fundamental dimensions (quantities). To 

become a successful engineer a student must fully understand these funda-

mental and related variables and the pertaining governing laws and formulas. 

Then it is important for the student to know how these variables are mea-

sured, approximated, calculated, or used in practice. 

   Chapter 6   explains the role and importance of fundamental dimension 

and units in analysis of engineering problems. Basic steps in the analysis of 

any engineering problem are discussed in detail. 

   Chapter 7   introduces length and length-related variables and explains 

their importance in engineering work. For example, we discuss the role of 

area in heat transfer, aerodynamics, load distribution, and stress analysis. 

Measurement of length, area, and volume, along with numerical estimation 

(such as trapezoidal rule) of these values, are presented. 

   Chapter 8   considers time and time-related engineering variables. Periods, 

frequencies, linear and angular velocities and accelerations, volumetric flow 

rates and flow of traffic are also discussed in   Chapter 8  . 

 Chapter 9 covers mass and mass-related variables such as density, specific 

weight, mass flow rate, and mass moment of inertia, and their role in engi-

neering analysis    . 

   Chapter 10   discusses the importance of force and force-related vari-

ables in engineering. The important concepts in mechanics are explained 

conceptually. What is meant by force, internal force, reaction, pressure, 

modulus of elasticity, impulsive force (force acting over time), work (force 

acting over a distance) and moment (force acting at a distance) are covered 

in detail. 

 Chapter 11 presents temperature and temperature-related variables    . 

Concepts such as temperature difference and heat transfer, specific heat, and 

thermal conductivity also are covered. As future engineers, it is important for 

students to understand some simple-energy-estimation procedures given cur-

rent energy and sustainability concerns. Because of this fact, we have a section 

on Degree-Days and Energy Estimation. 

   Chapter 12   considers topics such as direct and alternating current, elec-

tricity, basic circuit components, power sources, and the tremendous role of 

electric motors in our everyday life. Lighting systems account for a major 

portion of electricity use in buildings and have received much attention 

lately.   Section 12.4   introduces the basic terminology and concepts in lighting 

systems. All future engineers regardless of their area of expertise need to 

understand these basic concepts. 

   Chapter 13   presents energy and power and explains the distinction 

between these two topics. The importance of understanding what is meant 

by work, energy, power, watts, horsepower, and efficiency is emphasized    . 

Energy sources, generation, and consumption in the United States are also 

discussed in this chapter. With the world’s growing demand for energy being 

among the most difficult challenges that we face today, as future engineers, 

students need to understand two problems: energy sources and emission. 

Section 13.6 introduces conventional and renewable energy sources, genera-

tion, and consumption patterns.  
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   Part Three: Computational Engineering 

Tools—Using Available Software to Solve 

Engineering Problems  

 In   Chapters 14   and   15  , we introduce Microsoft Excel™ and MatLab™—two 

computational tools that are used commonly by engineers to solve engi-

neering problems. These computational tools are used to record, organize, 

analyze data using formulas, and present the results of an analysis in chart 

forms. MatLab is also versatile enough that students can use it to write their 

own programs to solve complex problems.  

   Part Four: Engineering Graphical 

Communication—Conveying Information 

to Other Engineers, Machinists, Technicians, 

and Managers  

   Chapter 16   introduces students to the principles and rules of engineering 

graphical communication and engineering symbols. A good grasp of these 

principles will enable students to convey and understand information effec-

tively. We explain that engineers use technical drawings to convey useful 

information to others in a standard manner. An engineering drawing pro-

vides information, such as the shape of a product, its dimensions, materials 

from which to fabricate the product, and the assembly steps. Some engi-

neering drawings are specific to a particular discipline. For example, civil 

engineers deal with land or boundary, topographic, construction, and route 

survey drawings. Electrical and electronic engineers, on the other hand, 

could deal with printed circuit board assembly drawings, printed circuit 

board drill plans, and wiring diagrams. We also show that engineers use 

special symbols and signs to convey their ideas, analyses, and solutions to 

problems.  

   Part Five: Engineering Material Selection—An 

Important Design Decision  

 As engineers, whether you are designing a machine part, a toy, a frame of a 

car, or a structure, the selection of materials is an important design decision. 

  Chapter 17   looks more closely at materials such as metals and their alloys, 

plastics, glass, wood, composites, and concrete that commonly are used in 

various engineering applications. We also discuss some of the basic charac-

teristics of the materials that are considered in design.  
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   Part Six: Mathematics, Statistics, and Engineering 

Economics—Why Are They Important?  

   Chapters 18   through   20   introduce students to important mathematical, sta-

tistical, and economical concepts. We explain that engineering problems are 

mathematical models of physical situations. Some engineering problems lead 

to linear models, whereas others result in nonlinear models. Some engineer-

ing problems are formulated in the form of differential equations and some 

in the form of integrals. Therefore, a good understanding of mathematical 

concepts is essential in the formulation and solution of many engineering 

problems. 

 Moreover, statistical models are becoming common tools in the hands 

of practicing engineers to solve quality control and reliability issues, and to 

perform failure analyses. Civil engineers use statistical models to study the 

reliability of construction materials and structures, and to design for flood 

control, for example. Electrical engineers use statistical models for signal 

processing and for developing voice-recognition software. Manufacturing 

engineers use statistics for quality control assurance of the products they 

produce. Mechanical engineers use statistics to study the failure of materials 

and machine parts. 

 Economic factors also play important roles in engineering design decision 

making. If you design a product that is too expensive to manufacture, then it 

cannot be sold at a price that consumers can afford and still be profitable to 

your company.  

   Case Studies—Engineering Marvels  

 To emphasize that engineers are problem solvers and that engineers apply 

physical and chemical laws and principles, along with mathematics, to 

 design  products and services that we use in our everyday lives, we include 

case studies throughout the book. Each case study is followed by assigned 

problems. The solutions to these problems incorporate the engineering 

concepts and laws that are discussed in the preceding chapters. There are 

also a number of engineering ethics case studies, from the National Society 

of Professional Engineers, in   Chapter 5  , to promote the discussion on engi-

neering ethics.  

   Impromptu Designs  

 I have included seven inexpensive impromptu designs that could be developed 

during class times. The basic ideas behind some of the impromptu designs 

have come from the ASME.  
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   P r e f a c e  t o  t h e  S I  E d i t i o n  

 This edition of  ENGINEERING FUNDAMENTALS: AN INTRODUC-
TION TO ENGINEERING , Fifth Edition has been adapted to incorporate 

the International System of Units ( Le Système International d’Unités  or SI) 

throughout the book.  

  Le Système International d’Unités

  The United States Customary System (USCS) of units uses FPS (foot−

pound−second) units (also called English or Imperial units).  SI units are 

primarily the units of the MKS (meter−kilogram−second) system. However, 

CGS (centimeter−gram−second) units are often accepted as SI units, espe-

cially in textbooks. 

  Using SI Units in this Book

  In this book, we have used both MKS and CGS units. USCS (U.S. Customary 

Units) or FPS (foot-pound-second) units used in the US Edition of the book 

have been converted to SI units throughout the text and problems. However, 

in case of data sourced from handbooks, government standards, and product 

manuals, it is not only extremely difficult to convert all values to SI, it also 

encroaches upon the intellectual property of the source. Some data in figures, 

tables, and references, therefore, remains in FPS units. For readers unfamil-

iar with the relationship between the USCS and the SI systems, a conversion 

table has been provided inside the front cover.  

  To solve problems that require the use of sourced data, the sourced values 

can be converted from FPS units to SI units just before they are to be used 

in a calculation. To obtain standardized quantities and manufacturers’ data 

in SI units, the readers may contact the appropriate government agencies or 

authorities in their countries/regions.

  Instructor Resources

  The Instructors’ Solution Manual in SI units is available through your Sales 

Representative or online through the book website at http://login.cengage

.com. A digital version of the ISM and PowerPoint slides of figures, tables, 

and examples from the SI text are available for instructors registering on the 

book website.

  Feedback from users of this SI Edition will be greatly appreciated and will 

help us improve subsequent editions.

    Cengage Learning   

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Engineering 
Fundamentals, SI
An Introduction 
to Engineering
Fifth Edition

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



2

                             P A R T  

1   Engineering

  An Exciting Profession

   violetkaipa/Shutterstock.com   
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      In Part One of this book, we will introduce you to the engineering profession. 
Engineers are problem solvers. They have a good grasp of fundamental physical 
and chemical laws and mathematics and apply these laws and principles to design, 

develop, test, and supervise the manufacture of millions of products and services. 
Engineers, regardless of their background, follow certain steps 
when designing the  products and services we use in our every-
day lives. Successful engineers possess good communication 
skills and are team players. Ethics plays a very important role 
in  engineering. As eloquently stated by the National Society of 
Professional Engineers (NSPE) code of ethics, “Engineering is an 
important and learned profession. As members of this profes-
sion, engineers are expected to exhibit the highest standards of 
honesty and integrity. Engineering has a direct and vital impact 
on the quality of life for all people. Accordingly, the services 
provided by engineers require honesty, impartiality, fairness and 

equity, and must be dedicated to the protection of the public health, safety, and wel-
fare. Engineers must perform under a standard of professional behavior which requires 
adherence to the highest principles of ethical conduct.” In the next five  chapters, 
we will introduce you to the engineering profession, how to prepare for an exciting 
engineering career, the design process, engineering communication, and ethics.   

      CHAPTER 1       INTRODUCTION TO THE ENGINEERING PROFESSION 

      CHAPTER 2       PREPARING FOR AN ENGINEERING CAREER 

      CHAPTER 3       INTRODUCTION TO ENGINEERING DESIGN 

      CHAPTER 4       ENGINEERING COMMUNICATION 

      CHAPTER 5       ENGINEERING ETHICS 

           Good engineers are problem 
solvers and have a firm grasp 
of mathematical, physical, and 
chemical laws and principles. They 
apply these laws and principles to 
design products and services that 
we use in our everyday lives. They 
also have good written and oral 
communication skills. 
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 LO1       Engineering Work is All Around You : give 
examples of products and services that 
engineers design that make our lives better

 LO2     Engineering as a Profession : describe 
what engineers do and give examples of 
common careers for engineers

 LO3     Common Traits of Good Engineers : 
describe the important traits of successful 
engineers

 LO4     Engineering Disciplines : give examples 
of common engineering disciplines and 
how they contribute to the comfort 
and betterment of our everyday lives

     LEARNING OBJECTIVES                             Engineers are problem solvers. Successful engineers 
possess good communication skills and are team play-
ers. They have a good grasp of fundamental physical 
laws and mathematics. Engineers apply physical and 
chemical laws and mathematics to design, develop, 
test, and supervise the manufacture of millions of 
products and services. They consider important fac-
tors such as efficiency, cost, reliability, and safety when 
designing products. Good engineers are dedicated to 
lifelong learning and service to others.

        C H A P T E R  

  Introduction to the Engineering 

Profession1 

carlosseller/Shutterstock.com Golden Pixels LLC/Shutterstock.com NASA
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CHAPTER  1        Introduction to the Engineering Profession 5

             Engineers are problem solvers. They have a 
good grasp of fundamental physical and 
chemical laws and mathematics and apply 

these laws and principles to design, develop, 
test, and supervise the manufacture of millions 
of products and services.  Engineers , regardless 
of their background, follow certain steps when 
designing the products and services we use in our 
everyday lives. Successful engineers possess good 
communication skills and are team players.

                                                        Ethics plays a very important role in engineer-
ing. As eloquently stated by the National Society 
of Professional Engineers (NSPE) code of ethics, 
“Engineering is an important and learned profes-
sion. As members of this profession, engineers 
are expected to exhibit the highest standards of 
honesty and integrity. Engineering has a direct 
and vital impact on the quality of life for all people. 
Accordingly, the services provided by engineers 
require honesty, impartiality, fairness and equity, 
and must be dedicated to the protection of the 
public health, safety and welfare. Engineers must 
perform under a standard of professional behavior 
which requires adherence to the highest principles 
of ethical conduct.”                                                         

  WHO ARE ENGINEERS?
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                    To the students: What do you think engineers do? Why do you want to study engineering? 
Name at least two products or services that are not available now that you think will be 
readily available in the next 20 years. Which engineering disciplines do you think will be 
involved in design and development of these products and services? 
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CHAPTER  1        Introduction to the Engineering Profession6

 P
ossibly some of you are not yet certain you want to study engineering 

during the next four years in college and may have questions similar 

to the following:

 

   Do I really want to study engineering?

    What is engineering and what do engineers do?

    What are some of the areas of specialization in engineering?

    How many different engineering disciplines are there?  
  Do I want to become a mechanical engineer, or should I pursue 

civil engineering? Or would I be happier becoming an electrical 

engineer?   

  How will I know that I have picked the best field for me?  

  Will the demand for my area of specialization be high when I graduate, 

and beyond that?

    The main objectives of this chapter are to provide some answers to these 

and other questions you may have and to introduce you to the engineering 

profession and its various branches.

         LO1   1.1      Engineering Work Is All Around You

                       Engineers make products and provide services that make our lives better 

(see   Figure 1.1   ). To see how engineers contribute to the comfort and the 

betterment of our everyday lives, tomorrow morning when you get up, just 

look around you more carefully. During the night, your bedroom was kept 

at the right temperature thanks to some mechanical engineers who designed 

the heating, air-conditioning, and ventilating systems in your home. When 

you get up in the morning and turn on the lights, be assured that thousands 

of mechanical and electrical engineers and technicians at power plants and 

power stations around the country are making certain the flow of electric-

ity remains uninterrupted so that you have enough power to turn the lights 

on or turn on your TV to watch the morning news and weather report for 

the day. The TV you are using—to get your morning news or to see how 

your favorite team did—was designed by electrical and electronic engineers. 

There are, of course, engineers from other disciplines involved in creating 

the final product; for example, manufacturing and industrial engineers. 

When you are getting ready to take your morning shower, the clean water 

you are about to use is coming to your home thanks to civil and mechanical 

     F I G U R E   1 . 1        Examples of products and services designed by engineers.                 
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1.1   Engineering Work Is All Around You 7

engineers. Even if you live out in the country on a farm, the pump you use 

to bring water from the well to your home was designed by mechanical and 

civil engineers. The water could be heated by natural gas that is brought to 

your home thanks to the work and effort of chemical, mechanical, civil, and 

petroleum engineers. After your morning shower, when you get ready to dry 

yourself with a towel, think about what types of engineers worked behind 

the scenes to produce the towels. Yes, the cotton towel was made with the 

help of agricultural, industrial, manufacturing, chemical, petroleum, civil, 

and mechanical engineers. Think about the machines that were used to pick 

the cotton, transport the cotton to a factory, clean it, and dye it to a pretty 

color that is pleasing to your eyes. Then other machines were used to weave 

the fabric and send it to sewing machines that were designed by mechani-

cal engineers. The same is true of the clothing you are about to wear. Your 

clothing may contain some polyester, which was made possible with the aid 

of petroleum and chemical engineers. “Well,” you may say, “I can at least sit 

down and eat my breakfast and not wonder whether some engineers made 

this possible as well.” But the food you are about to eat was made with the 

help and collaboration of various engineering disciplines, from agricultural 

to mechanical. Let’s say you are about to have some cereal. The milk was 

kept fresh in your refrigerator thanks to the efforts and work of mechanical 

engineers who designed the refrigerator components and chemical engineers 

who investigated alternative refrigerant fluids with appropriate thermal 

properties and other environmentally friendly properties that can be used in 

your refrigerator. Furthermore, electrical engineers designed the control and 

the electrical power units.

   Now you are ready to get into your car or take the bus to go to school. The 

car you are about to drive was made possible with the help and collaboration 

of automotive, mechanical, electrical, electronic, industrial, material, chemi-

cal, and petroleum engineers. So, you see there is not much that you do in 

your daily life that has not involved the work of engineers. Be proud of the 

decision you have made to become an engineer. Soon you will become one of 

those whose behind-the-scenes efforts will be taken for granted by billions of 

people around the world. But you will accept that fact gladly, knowing that 

what you do will make people’s lives better.

    Engineers Deal with an Increasing World 

Population and Sustainability Concerns

   We as people, regardless of where we live, need the following things: food, 

clothing, shelter, clear air, and water. In addition, we need various modes 

of transportation to get to different places, because we may live and work 

in different cities or wish to visit friends and relatives who may live else-

where. We also like to have some sense of security, to be able to relax and 

be entertained. We need to be liked and appreciated by our friends and 

family, as well.

  Increasingly, because of worldwide socioeconomic population trends, 

environmental concerns, and the earth’s finite resources, more is expected of 

engineers. Future engineers are expected to provide goods and services that 

increase the standard of living and advance health care while also address-

ing serious environmental and sustainability concerns. At the turn of the 

21st century, there were approximately six billion of us inhabiting the earth. 

As a means of comparison, it is important to note that the world population 
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CHAPTER  1        Introduction to the Engineering Profession8

about 115 years ago, at the start of the 20th century, was one billion. Think 

about it. It took us since the beginning of human existence to reach a popu-

lation of one billion. It only took 115 years to increase the population by 

fivefold. Some of us have a good standard of living, but some of us living in 

developing countries do not. You will probably agree that our world would 

be a better place if every one of us had enough to eat, a comfortable and safe 

place to live, meaningful work to do, and some time for relaxation.

   According to the latest estimates and projections of the U.S. Census 

Bureau, the world population will reach 9.3 billion people by the year 2050. 

Not only will the number of people inhabiting the earth continue to rise but 

the age structure of the world population will also change. The world’s elderly 

population—the people at least 65 years of age—will more than double in the 

next 25 years (see   Figure 1.2   ).

  How is this information relevant? Well, now that you have decided to 

study to become an engineer, you need to realize that what you do in a 

few years after your graduation is very important to all of us. The world’s 
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     F I G U R E   1 . 2         (a) The latest projection of world population growth. (b) The latest estimate of U.S. 
elderly population growth.
                              Data from the U.S. Census Bureau   
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1.2   Engineering as a Profession 9

current economic development is not sustainable—the world population 

already uses approximately 20% more of the world’s resources than the 

planet can sustain. (United Nations  Millenium Ecosystem Assessment 
Synthesis Report,  2005.) You will design products and provide services 

especially suited to the needs and demands of an increasing elderly popu-

lation as well as increased numbers of people of all ages. So prepare well 

to become a good engineer and be proud that you have chosen the engi-

neering profession in order to contribute to raising the living standard for 

everyone and at the same time addressing environmental and sustainability 

concerns. Today’s world economy is very dynamic. Corporations continu-

ally employ new technologies to maximize efficiency and profits. Because 

of this ongoing change and emerging technologies, new jobs are created 

and others are eliminated. Computers and smart electronic devices are 

continuously reshaping our way of life. Such devices influence the way 

we do things and help us provide the necessities of our lives—clean water, 

clean air, food, and shelter. You need to become a lifelong learner so that 

you can make informed decisions and anticipate as well as react to the 

global changes caused by technological innovations as well as population 

and environmental changes. According to the Bureau of Labor Statistics, 

U.S. Department of Labor, among the fastest-growing occupations are 

engineers, computer specialists, and systems analysts.

         LO2  1.2      Engineering as a Profession

                       In the following sections, we will first discuss  engineering  in a broad sense, 

and then we will focus on selected aspects of engineering. We will also look 

at the traits and characteristics common to many engineers. Next we will dis-

cuss some specific engineering disciplines. As we said earlier in this chapter, 

perhaps some of you have not yet decided what you want to study during your 

college years and consequently may have many questions, including: What is 

engineering and what do engineers do? What are some of the areas of spe-

cialization in engineering? Do I really want to study engineering? How will I 

know that I have picked the best field for me? Will the demand for my area of 

specialization be high when I graduate, and beyond that?

  The following sections are intended to help you make a decision that 

you will be happy with; don’t worry about finding answers to all these ques-

tions right now. You have some time to ponder them because most of the 

coursework during the first year of engineering is similar for all engineering 

students, regardless of their specific discipline. So you have at least a year to 

consider various possibilities. This is true at most educational institutions. 

Even so, you should talk to your advisor early to determine how soon you 

must choose an area of specialization. Don’t be concerned about your cho-

sen profession changing in a way that makes your education obsolete. Most 

companies assist their engineers in acquiring further training and education 

to keep up with changing technologies. A good engineering education will 

enable you to become a good problem solver throughout your life. You may 

wonder during the next few years of school why you need to be learning some 

of the material you are studying. Sometimes your homework may seem irrel-

evant, trivial, or out-of-date. Rest assured that you are learning both content 

information and strategies of thinking and analysis that will equip you to face 

future challenges, ones that do not even exist yet.
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