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The satisfaction of understanding how rainbows are 
formed, how ice skaters spin, or why ocean tides roll in and 
out—phenomena that we have all seen or experienced—is 
one of the best motivators available for building scientific 
literacy. This book attempts to make that sense of satisfac-
tion accessible to non-science majors. Intended for use in a 
one-semester or two-quarter course in conceptual physics, 
this book is written in a narrative style, frequently using 
questions designed to draw the reader into a dialogue about 
the ideas of physics. This inclusive style allows the book to 
be used by anyone interested in exploring the nature of phys-
ics and explanations of everyday physical phenomena.

“The origin of the book came from an effort to write us-

able conceptual questions. The concepts are what we 

hope non-science majors will carry with them. Quantita-

tive exercises have their place, but should be subordinate 

to the concepts.”

—W. Thomas Griffith, Author

How This Book Is Organized
The organization of chapters is traditional with some minor 
variations. The chapter on energy (chapter 6) appears prior to 
that on momentum (chapter 7) so that energy ideas can be used 
in the discussion of collisions. Wave motion is found in 
chapter 15, following electricity and magnetism and prior to 
chapters 16 and 17 on optics. The chapter on fluids (chapter 9) 
follows mechanics and leads into the chapters on thermody-
namics. The first 17 chapters are designed to introduce stu-
dents to the major ideas of classical physics and can be covered 
in a one-semester course with some judicious paring.

The complete 21 chapters could easily support a two-
quarter course, and even a two-semester course in which the 
ideas are treated thoroughly and carefully. Chapters 18 and 
19, on atomic and nuclear phenomena, are considered es-
sential by many instructors, even in a one-semester course. 
If included in such a course, we recommend curtailing 

coverage in other areas to avoid student overload. Sample 
syllabi for these different types of courses can be found on 
the instructor’s website.

Some instructors would prefer to put chapter 20 on rela-
tivity at the end of the mechanics section or just prior to the 
modern physics material. Relativity has little to do with 
everyday phenomena, of course, but is included because of 
the high interest that it generally holds for students. The fi-
nal chapter (21) introduces a variety of topics in modern 
physics—including particle physics, cosmology, semicon-
ductors, and superconductivity—that could be used to stim-
ulate interest at various points in a course.

One plea to instructors, as well as to students using this 
book: Don’t try to cram too much material into too short a 
time! We have worked diligently to keep this book to a rea-
sonable length while still covering the core concepts usually 
found in an introduction to physics. These ideas are most en-
joyable when enough time is spent in lively discussion and in 
consideration of questions so that a real understanding devel-
ops. Trying to cover material too quickly defeats the concep-
tual learning and leaves students in a dense haze of words and 
definitions. Less can be more if a good understanding results.

Mathematics in a Conceptual  
Physics Course
The use of mathematics in a physics course is a formidable 
block for many students, particularly non-science majors. 
Although there have been attempts to teach conceptual phys-
ics without any mathematics, these attempts miss an oppor-
tunity to help students gain confidence in using and 
manipulating simple quantitative relationships.

Clearly mathematics is a powerful tool for expressing the 
quantitative relationships of physics. The use of mathemat-
ics can be carefully limited, however, and subordinated to 
the physical concepts being addressed. Many users of the 
first edition of this text felt that mathematical expressions 
appeared too frequently for the comfort of some students. In 
response, we substantially reduced the use of mathematics in 
the body of the text in the second edition. Most users have 
indicated that the current level is about right, so we have not 
changed the mathematics level in subsequent editions.

Preface
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The example boxes have been praised by many users. As 
many of the students whom use this book are somewhat 
math phobic, we strive to make the example boxes helpful 
and clear. Every edition we make improvements in these 
boxes. In chapter 8, a new example box has been added, 
helping students understand how to convert from revolutions 
per minute to radians per second.

In addition to these specific changes, we have also re-
vised the text in many places to enhance understanding of 
some of the more difficult concepts.

Building an Energy Emphasis.  Although this book remains 
a basic conceptual physics text, we are working to make 
the book better serve instructors who want to teach a con-
ceptual physics course with an energy emphasis. A sylla-
bus for instructors wishing to teach a course with an energy 
emphasis can be found on the companion website. We plan 
to continue building this emphasis in future editions.
Continued Refinements in Artwork and Textual Clarity.  
Although the textual clarity of this text has been exten-
sively praised by many reviewers and users, it can always 
be improved. Reviewers continue to point out places 
where either the art or the text can be improved, and we 
have responded to many of these suggestions. To this 
end, we have made many changes, often subtle, to both 
the art and the text.

Digital Learning Tools
Connect
McGraw-Hill Connect® is a highly reliable, easy-to use 
homework and learning management solution that utilizes 
learning science and award winning adaptive tools to im-
prove student results.

Homework and Adaptive Learning
∙	 Connect’s assignments help students contextualize what 

they’ve learned through application, so they can better 
understand the material and think critically.

∙	 Connect will create a personalized study path customized 
to individual student needs through SmartBook®.

∙	 SmartBook helps students study more efficiently by de-
livering an interactive reading experience through adap-
tive highlighting and review.

Robust Analytics and Reporting
Connect Insight® generates easy-to-read reports on individual 
students, the class as a whole, and on specific assignments.
∙	 The Connect Insight dashboard delivers data on perfor-

mance, study behavior, and effort. Instructors can quickly 
identify students who struggle and focus on material that 
the class has yet to master.

∙	 Connect automatically grades assignments and quizzes, 
providing easy-to-read reports on individual and class 
performance.

Logical coherence is a strong feature of this book. For-
mulas are introduced carefully after conceptual arguments 
are provided, and statements in words of these relationships 
generally accompany their introduction. We have continued 
to fine tune the example boxes that present sample exercises 
and questions. Most of these provide simple numerical il-
lustrations of the ideas discussed. No mathematics prerequi-
site beyond high school algebra should be necessary. A 
discussion of the basic ideas of very simple algebra is found 
in appendix A, together with some practice exercises, for 
students who need help with these ideas.

New to This Edition
Building upon the existing strengths of The Physics of Everyday 
Phenomena text, we have made additions to our offerings based 
on reviewer feedback. The most significant changes in this edi-
tion have come with the digital enhancements.
∙	 We have added to our Connect® offerings by building ad-

ditional videos narrated by one of the authors that explain 
how physics is involved in everyday situations. (These 
videos are noted in text with an icon) 

∙	 We have developed additional conceptual questions and 
made them available as online homework.

∙	 Significant effort has been invested in making the links in 
the e-book more useful and informative.

∙	 The use of Connect and SmartBook will greatly enhance 
your students’ understanding and minimize your work load.

∙	 We have worked hard to improve the PowerPoint lectures 
and clicker questions so a faculty member can prepare for 
an engaged class period with a minimum of effort.

∙	 The test bank is more robust, both in terms of the soft-
ware package and the caliber of the questions.

In addition to the enhanced digital offerings, we have contin-
ued to improve upon the text with the ninth edition. As the 
book has evolved, we have tried to remain faithful to the prin-
ciples that have guided the writing of the book from the outset. 
One of these has been to keep the book to a manageable length, 
in both the number of chapters and the overall content.

We have revised and updated the end of chapter problems 
in the text. Additionally, we have changed almost all the exer-
cise numbers in this edition. A file on the companion website 
maps the problems from the 8th edition to the 9th edition, to 
help those who have developed solutions for their students. All 
odd numbered exercises have the answers in appendix D in the 
hard copy of the text, and links to the answers in the e-book. 
Answers to about one-sixth of the conceptual questions are 
also included. We encourage users to adopt the digital home-
work system, Connect. The value of this is that for the exer-
cises, each student has slightly different numbers. Thus, they 
discuss HOW to do the problem with each other, not what is 
the answer. We have found this to be very powerful pedagogi-
cally. We have worked hard to reword the conceptual questions 
as multiple choice offerings in Connect. This can be a signifi-
cant tool to enhance conceptual understanding.
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many students, but using everyday phenomena and concrete 
examples reduces that abstractness. The chapter overview 
previews the chapter’s contents and what students can expect 
to learn from reading the chapter. The overview introduces 
the concepts to be covered, facilitating the integration of top-
ics, and helping students to stay focused and organized while 
reading the chapter for the first time. The chapter outline in-
cludes all the major topic headings within the body of the 
chapter. It also contains questions that provide students with 
a guide of what they will be expected to know in order to 
comprehend the major concepts of the chapter. (These ques-
tions are then correlated to the end-of-chapter summaries.)

The chapter outlines, questions, and summaries provide a 
clear framework for the ideas discussed in each chapter. One 
of the difficulties that students have in learning physics (or 
any subject) is that they fail to construct the big picture of 
how things fit together. A consistent chapter framework can 
be a powerful tool in helping students see how ideas mesh.

Other Text Features
Running summary paragraphs are found at the end of 
each chapter section to supplement the more general sum-
mary at the end of the chapter.

Trusted Service and Support
Connect integrates with your  Leaning Management System 
(LMS) to provide single sign-on and automatic syncing of 
grades. Integration with Blackboard®, D2L®, Moodle, and 
Canvas also provides automatic syncing of the course calen-
dar and assignment-level linking.
∙	 Connect offers comprehensive service, support, and 

training throughout every phase of your implementation.
∙	 If you’re looking for some guidance on how to use Con-

nect, or want to learn tips and tricks from super users, 
you can find tutorials as you work. Our Digital Faculty 
Consultants and Student Ambassadors offer insight into 
how to achieve the results you want with Connect.

Learning Aids
The overriding theme of this book is to introduce physical 
concepts by appealing to everyday phenomena whenever 
possible. To achieve this goal, this text includes a variety of 
features to make the study of The Physics of Everyday Phe-
nomena more effective and enjoyable. A few key concepts 
form the basis for understanding physics, and the textual fea-
tures described here reinforce this structure so that the reader 
will not be lost in a flurry of definitions and formulas.

Chapter Openers
Each chapter begins with an illustration from everyday expe-
rience and then proceeds to use it as a theme for introducing 
relevant physical concepts. Physics can seem abstract to 
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Chapter Outline

CHAPTER 8

©Jondo/iStock/Getty Images RF

 1 
What is rotational motion? How can we 
describe rotational motion? What are rotational 
velocity and acceleration, and how are they 
related to similar concepts used to describe 
linear motion?

 2 
Torque and balance. What determines whether 
a simple object such as a balance beam will 
rotate? What is torque, and how is it involved in 
causing an object to rotate?

 3 
Rotational inertia and Newton’s second law.  
How can Newton’s second law be adapted to 
explain the motion of rotating objects? How do 
we describe rotational inertia, an object’s 
resistance to changes in rotational motion?

 4 
Conservation of angular momentum. What is 
angular momentum, and when is it conserved? 
How do spinning skaters or divers change their 
rotational velocities?

 5 
Riding a bicycle and other amazing feats. Why 
does a bicycle remain upright when it is moving 
but not when it is stationary? Can we treat 
rotational velocity and angular momentum as 
vectors?

Rotational Motion of  
Solid Objects

Chapter Overview
Starting with a merry-go-round—and making 
use of the analogy between linear and rota-
tional motion—we first consider what concepts 
are needed to describe rotational motion. We 
then turn to the causes of rotational motion, 
which involve a modified form of Newton’s sec-
ond law. Torque, rotational inertia, and angular 
momentum will be introduced as we proceed. 
Our goal is to develop a clear picture of both 
the description and the causes of rotational 
motion. After studying this chapter, you should 
be able to predict what will happen in many 
common examples of spinning or rotating ob-
jects, such as ice skaters and divers. The world 
of sports is rich in examples of rotational 
motion.
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The Situation. Figure 1.1 in chapter 1 is a photograph of a 
 rainbow. We have all seen such sights and been awed by their 
beauty. We know that rainbows occur when the sun is shining 
and it is raining nearby. If conditions are right, we can see an 
 entire semicircular arc of color with red on the outside and violet 
on the inside. Sometimes we can also see a fainter bow of color 
forming a secondary arc outside of the primary one. The colors 
in the secondary rainbow are in reverse order of those in the 
 primary rainbow, as the photo shows.

How is a rainbow formed? What conditions are necessary for 
observing a rainbow? Where should we look? Can the laws of 

reflection and refraction be used to explain this phenomenon? 
We can now address these questions, some of which were first 
raised in chapter 1.

The Analysis. The secret to understanding the rainbow lies in 
considering what happens to light rays when they enter a rain­
drop, as in the first drawing. When a light ray strikes the first 
surface of the raindrop, some of it is refracted into the drop. 

Rainbows

Everyday Phenomenon Box 17.1

The primary rainbow has red on the outside and violet on the inside. 
The secondary rainbow, sometimes visible, has the colors reversed.
©Getty Images/National Geographic RF

Red

Violet

Raindrop

White light

Light rays entering a raindrop are refracted by different amounts at the 
first surface, reflected at the back surface, and refracted again as they 
leave. The steeper angle for the emerging red rays dictates that these 
rays will reach the viewer from raindrops higher in the sky, placing red at 
the top of the rainbow.

Light rays are bent when they pass from one transparent 
substance to another because the speed of light changes  
at the boundary between the two substances. The law of 
 refraction describes how much bending occurs and 
whether the bending is toward or away from the surface 
normal. Because of this bending, the image of an under­
water object appears to lie closer to the surface of the water 
than the actual position of the object. For light traveling 
 initially inside glass or water, there is a critical angle of 
 incidence beyond which the light is totally reflected rather 
than being refracted. The index of refraction varies with 
wavelength, producing the dispersion of colors we see 
when light passes through a prism.

projector. It is also responsible for the beautiful displays of 
color seen in rainbows, as explained in everyday phenome-
non box 17.1.

17.3 Lenses and Image Formation
We encounter the images formed by mirrors daily and sel-
dom give them a second thought. We may be even less aware 
of the images formed by lenses, although many of us have 
lenses hanging on our noses or sitting on our eyeballs in the 
form of corrective eyeglasses or contact lenses. We also en-
counter lenses in cameras, overhead projectors, opera 
glasses, and simple magnifying glasses.

How do lenses form images? Lenses are usually made of 
glass or plastic, so the law of refraction governs their behav-
ior. The bending of light rays as they pass through a lens is 
responsible for the size and nature of the images formed. We 
can understand the basics of this process by tracing what 
happens to just a few of these rays.

Tracing rays through a positive lens
A lens shaped so that both sides are spherical surfaces with 
the convex sides facing out is pictured in figure 17.15. 
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Subsection headings are often cast in the form of questions 
to motivate the reader and pique curiosity.

 5.2 Centripetal Forces 85

The angle of the banking and the weight of the car deter-
mine the size of the normal force. They also determine the size 
of its horizontal component. At the appropriate speed, this hori-
zontal component pushing on the tires of the car is all that is 
needed to provide the centripetal acceleration. The higher the 
speed, the steeper the required banking angle because a steeper 
angle produces a larger horizontal component for the normal 
force. Fortunately, because both the normal force and the re-
quired centripetal force are proportional to the mass of the car, 
the same banking angle will work for vehicles of different mass.

A banked curve is designed for a particular speed. Be-
cause friction is also usually present, the curve can be nego-
tiated at a range of speeds above and below the intended 
speed. Friction and the normal force combine to produce the 
required centripetal acceleration.

If the road is icy and there is no friction, the curve can 
still be negotiated at the intended speed. Speeds higher than 
that speed will cause the car to fly off the road, just as on a 
flat road surface. Speeds too low, on the other hand, will 
cause the car to slide down the icy banked incline toward the 
center of the curve.

What forces are involved in riding a Ferris wheel?
Riding a Ferris wheel is another example of circular motion 
that many of us have experienced. On a Ferris wheel, the 
circular motion is vertical, unlike the horizontal circles of 
our previous examples.

Figure 5.9 shows the forces exerted on the rider at the 
bottom of the circle as the Ferris wheel turns. At this point 
in the ride, the normal force acts upward and the weight 
downward. Because the centripetal acceleration of the rider 
is directed upward, toward the center of the circle, the net 
force acting on the rider must also be upward. In other 
words, the normal force of the seat pushing on the rider must 
be larger than the weight of the rider.

smaller radius r requires a lower speed. Both the speed and 
the radius must be considered in making driving judgments.

What happens if the required centripetal force is larger 
than the maximum possible frictional force? The frictional 
force cannot produce the necessary centripetal acceleration, 
and the car begins to skid. Once it is skidding, kinetic fric-
tion comes into play rather than static friction. Because the 
force of kinetic friction is generally smaller than that of 
static friction, the frictional force decreases and the skid gets 
worse. The car, like the ball on the broken string, follows its 
natural tendency to move in a straight line.

The maximum possible value of the frictional force is 
dictated by the road and tire conditions. Any factor that re-
duces the force of static friction will cause problems. Wet or 
icy road surfaces are the usual culprits. In the case of ice, the 
force of friction may diminish almost to zero, and an ex-
tremely slow speed will be necessary to negotiate a curve. 
There is nothing like driving on an icy road to give you an 
appreciation of the value of friction. Newton’s first law is 
illustrated vividly. (See also everyday phenomenon box 5.1.)

What happens if the curve is banked?
If the road surface is properly banked, we are no longer to-
tally dependent on friction to produce the centripetal accel-
eration. For the banked curve, the normal force between the 
car’s tires and the road surface can also be helpful (fig. 5.8). 
As discussed in chapter 4, the normal force, N, is always 
perpendicular to the surfaces involved, so it points in the di-
rection shown in the diagram. The total normal force acting 
on the car (indicated in the diagram) is the sum of those for 
each of the four tires.

Because the car is not accelerated vertically, the net force 
in the vertical direction must be zero. The vertical compo-
nent of the normal force Nv must be equal in magnitude to 
the weight of the car to yield a net vertical force of zero. 
This fact determines how large the normal force will be. 
Only the horizontal component of the normal force Nh is in the 
appropriate direction to produce the centripetal acceleration.

Figure 5.8 The horizontal component of the normal force Nh 
exerted by the road on the car can help to produce the centripetal 
acceleration when the curve is banked.

θ Nh

Nv

N

Figure 5.9 At the bottom of the cycle, the weight of the rider 
and the normal force exerted by the seat combine to produce the 
centripetal acceleration for a rider on a Ferris wheel.

W

N
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	 Preface	 xiii

Study hints and study suggestions provide students with 
pointers on their use of the textbook, tips on applying the 
principles of physical concepts, and suggestions for home 
experiments.

Everyday phenomenon boxes relate physical concepts dis-
cussed in the text to real-world topics, societal issues, and 
modern technology, underscoring the relevance of physics 
and how it relates to our day-to-day lives. The list of topics 
includes

The Case of the Malfunctioning Coffee Pot 
(chapter 1)

Transitions in Traffic Flow (chapter 2)
The 100-m Dash (chapter 2)
Reaction Time (chapter 3)
Shooting a Basketball (chapter 3)
The Tablecloth Trick (chapter 4)
Riding an Elevator (chapter 4)
Seat Belts, Air Bags, and Accident Dynamics 

(chapter 5)
Explaining the Tides (chapter 5)
Conservation of Energy (chapter 6)
Energy and the Pole Vault (chapter 6)
The Egg Toss (chapter 7)
An Automobile Collision (chapter 7)
Achieving the State of Yo (chapter 8)
Bicycle Gears (chapter 8)
Measuring Blood Pressure (chapter 9)
Throwing a Curveball (chapter 9)
Heat Packs (chapter 10)
Solar Collectors and the Greenhouse Effect 

(chapter 10)
Hybrid Automobile Engines (chapter 11)
A Productive Pond (chapter 11)
Cleaning Up the Smoke (chapter 12)
Lightning (chapter 12)
Electrical Impulses in Nerve Cells  

(chapter 13)
The Hidden Switch in Your Toaster  

(chapter 13)
Direct-Current Motors (chapter 14)
Vehicle Sensors at Traffic Lights  

(chapter 14)
Electric Power from Waves (chapter 15)
A Moving Car Horn and the Doppler Effect 

(chapter 15)
Why Is the Sky Blue? (chapter 16)
Antireflection Coatings on Eyeglasses  

(chapter 16)
Rainbows (chapter 17)
Laser Refractive Surgery (chapter 17)
Fuel Cells and the Hydrogen Economy  

(chapter 18)
Electrons and Television (chapter 18)
Smoke Detectors (chapter 19)
What Happened at Fukushima? (chapter 19)
The Twin Paradox (chapter 20)
Holograms (chapter 21)

254 Chapter 12  Electrostatic Phenomena

In any situation, we can always determine how the elec-
tric potential varies by thinking about what would happen 
to a positive test charge being moved within the electric 
field in question. The electric potential always increases 
as we move toward positive charges and away from nega-
tive charges, because the potential energy of a positive 
charge increases under those conditions. A positive charge 
moves toward regions of lower electric potential, decreas-
ing its  potential energy while gaining kinetic energy, much 
like a falling rock. A lightning storm (see everyday phe-
nomenon box 12.2) provides several striking examples of 
this process.

The potential energy of a positive charge increases when  
we apply an external force to move the charge in a direction 
 opposite the electric field. The work done is equal to the 
 increase in potential energy. A change in electric potential 
(also called voltage) is defined as the change in potential 
 energy per unit of charge. The electric potential of a positive 
charge increases when you move it closer to other positive 
charges or away from negative charges, because this increases 
its potential energy. The normal tendency of positive charges 
is to move to regions of lower electric potential.

Everyday Phenomenon Box 12.2

The Situation. We have all observed the awe-inspiring beauty 
and power of a good electrical storm. The flashes of lightning, 
followed at varying time intervals by claps of thunder, can be 
both fascinating and frightening. What is lightning? How are 
thunderclouds capable of producing the impressive electrical 
discharges we see? What happens in an electrical storm?

The Analysis. Most thunderclouds generate a separation of 
charge within the cloud that produces a net positive charge 
near the top of the cloud and a net negative charge near the 
bottom. Highly turbulent convection taking place in the cloud 
separates and transports the charge: Thunderclouds consist 
of rapidly rising and falling columns of air and water, with 
cells of rising air often being found next to cells of falling air 
and water.

The charge separation within a thundercloud produces 
strong electric fields in the cloud, as well as between the cloud 
and the earth. Because moist soil is a reasonably good conductor 
of electricity, a positive charge is induced on the surface of the 

Lightning

Earth below the cloud due to the negative charge on the  bottom 
of the cloud.

The electric field generated by this charge distribution 
 (pictured in the drawing) can be several thousand volts per 
 meter. Because the base of the cloud usually floats several 
 hundred meters above the Earth’s surface, the potential difference 
between the cloud’s base and the Earth can easily be  several 
million volts! (Even during fair weather, there is an electric field 
of a few hundred volts per meter in the atmosphere near the 
Earth’s surface. This field is weaker, however, and in the oppo-
site direction to what is usually generated between the cloud 
and the Earth in an electrical storm.)
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Flashes of lightning illuminate the area. What is lightning, and how is it 
produced? ©Thomas Allen/Getty Images RF The charge distribution within a thundercloud induces a positive 

charge on objects on the Earth directly below the cloud. 

(continued)
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Example boxes are included within the chapter and contain 
one or more concrete, worked examples of a problem and its 
solution as it applies to the topic at hand. Through careful 
study of these examples, students can better appreciate the 
many uses of problem solving in physics.
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of electric circuits. From the time your clock radio comes on in 
the morning to the moment you turn out the last light before 
going to bed, you are constantly using such circuits.

Have you ever wondered how a flashlight works? The 
components are simple and familiar—a light bulb, a couple of 
batteries, and a cylindrical case with a switch. The operation 
of a flashlight is familiar, too. Pushing the switch turns the light 
on or off. The batteries run down and need to be replaced or 
recharged. Occasionally, the bulb burns out and must be re-
placed. But what is happening inside?

You turn electric switches on every day to produce light, 
heat, or sound, or to run an electric motor. In fact, every time 
you start your car, you use an electric motor (the starting 
motor) powered by a battery. You know that electricity is 
involved in these situations, but exactly how things work may 
be murky.

Suppose you are presented with the components of a 
flashlight—a bulb, a battery, and a single piece of metal wire 
(fig. 13.1). Your task is to get the bulb to light. How would you 
do it? What principles would guide you in producing a work-
ing arrangement? If you have these items handy, see if you 
can get the bulb to light.

This battery-and-bulb exercise presents quite a challenge 
to many people. Even those who quickly get the bulb to light 
may not be able to explain the principles involved. This sim-
ple example, though, is a good start to a basic understanding 

13.1 Electric Circuits  
and Electric Current
A flashlight, an electric toaster, and the starting motor in 
your car all involve electric circuits, and all use electric cur-
rent to fulfill their purposes. The concepts of a circuit and 
current go hand in hand and are crucial to understanding 
how electrical devices operate. How can we use the battery-
and-bulb exercise mentioned in the chapter introduction to 
get a handle on these ideas?

How do we get the bulb to light?
The battery-and-bulb exercise strips the flashlight down to 
its bare essentials—the bulb, the battery, and a single 

conductor. The rest of the flashlight is necessary only to 
hold it together and provide a more convenient way of 
switching the light on and off. How do we get the bulb to 
light with just one wire?

What many people fail to recognize in trying this experi-
ment is that the light bulb has two distinct connecting places 
that are electrically insulated from each other. You have to 
connect to both of them. You also have to complete a path 
from the light bulb to both ends of the battery. Such a closed 
or complete path is called a circuit. The word circuit itself 
implies a closed loop.

Figure 13.2 shows three possible arrangements: the one 
that works and two that do not. (Which is which?) The cir-
cuit shown in figure 13.2a is not complete. Nothing will 
happen. The bulb will not light, and the wire will not get 
warm. This case is an incomplete or open circuit. To be 
complete, a circuit must have a closed path of conducting 
elements joining the two ends of the battery. Without a 
complete path, nothing happens.

Figure 13.2b shows a complete circuit, but it does not 
pass through the bulb. In this arrangement, the bulb will 
not light but the wire will get warm and a spark will often 
be produced when the wire is first connected. The battery 
will quickly die if the wire is left in place. In figure 13.2c, 
a wire runs from the bottom of the battery to the side of 
the light bulb, and the tip of the bulb rests on the other 
terminal of the battery. This is the arrangement that works. 
A complete circuit passes through the bulb and the 
battery.

Figure 13.1 A battery, a wire, and a flashlight bulb. Can you 
get the bulb to light?
©McGraw-Hill Education/Bob Coyle, photographer

Study Hint
If you have the materials handy, you should try the battery-
and-bulb experiment before reading further. The delight of 
figuring out how to get the bulb to light is something not to 
be spoiled by reading on prematurely. Once you get it to 
light (without, we hope, killing the battery), you may wish to 
experiment with other configurations and try to understand 
what distinguishes working arrangements from nonworking 
ones. Experimenting will help to make the concept of a circuit 
more vivid.
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 6.1 Simple Machines, Work, and Power 105

Does any force do work?
In our initial example, the force acting on the crate was in 
the same direction as the motion produced. What about 
other forces acting on the crate—do they do work? The 
normal force of the floor pushes upward on the crate, for 
example, but the normal force has no direct effect in pro-
ducing the motion because it is perpendicular to the 
 direction of the motion. Forces perpendicular to the  
motion, such as the normal force or the gravitational  
force acting on the crate, do no work when the crate moves 
horizontally.

What if the force acting on an object is neither perpen-
dicular nor parallel to the direction of the object’s mo-
tion? In this case, we do not use the total force in 
computing work. Instead, we use only that portion or 
component of the force in the direction of the motion. 
This idea is illustrated in figure 6.6 and in the second part 
of example box 6.1.

In figure 6.6, the rope used to pull the crate is at an 
angle to the floor, so that part of the applied force is di-
rected upward, rather than parallel to the floor. The box 

does not move in the direction of the force. Picture the 
force as having two components, one parallel to the floor 
and the other perpendicular to the floor. Only the compo-
nent of the force in the direction of motion is used in 
computing the work. The component perpendicular to the 
motion does no work.

By taking direction into account, we can complete the 
definition of work:

d

F

Initial
position

Final
position

Figure 6.5 A crate is moved a distance d across a concrete floor under the influence of a constant horizontal force F.

Example Box 6.1

Sample Exercise: How Much Work?

A crate is pulled a distance of 4 m across the floor under the 
influence of a 50-N force applied by a rope to the crate. What 
is the work done on the crate by the 50-N force if:

a. the rope is horizontal, parallel to the floor?
b. the rope pulls at an angle to the floor, so that the hori-

zontal component of the 50-N force is 30 N (fig. 6.6)?

a.  F = 50 N W = Fd
   d = 4 m = (50 N) (4 m)
  W = ? = 200 J

b. Fh = 30 N W = Fhd
   d = 4 m = (30 N) (4 m)
  W = ? = 120 J

Figure 6.6 A rope is used to pull a box across the floor. Only 
the portion of the force that is parallel to the floor is used in 
computing the work.

d

40 N

30 N

50
 N

F

The work done by a given force is the product of the compo-
nent of the force along the line of motion of the object multi-
plied by the distance that the object moves under the influence 
of the force.

How is power related to work?
When a car accelerates, energy is transferred from the fuel 
in  the engine to the motion of the car. Work is done to 
move the car, but often we are more concerned with how 
fast this work is accomplished. The rate at which this work 
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The main purpose of this chapter is to introduce concepts that are 
crucial to a precise description of motion. To understand accelera-
tion, you must first grasp the concept of velocity, which in turn 
builds on the idea of speed. The distinctions between speed and 
velocity, and between velocity and acceleration, are particularly 
important.

 1 Average and instantaneous speed. Average speed is 
defined as the distance traveled divided by the time. It is the aver-
age rate at which distance is covered. Instantaneous speed is the 
rate at which distance is being covered at a given instant in time 
and requires that we use very short time intervals for computation.

s 
d–
t

=

 2 Velocity. The instantaneous velocity of an object is a vec-
tor quantity that includes both direction and size. The size of the 
velocity vector is equal to the instantaneous speed, and the direction 
is that of the object’s motion.

∨ = speed and direction 

∨

 3 Acceleration. Acceleration is defined as the time rate of 
change of velocity and is found by dividing the change in velocity 
by the time. Acceleration is also a vector quantity. It can be com-
puted as either an average or an instantaneous value. A change in 
the direction of the velocity can be as important as a change in 
magnitude. Both involve acceleration.

a 

∨i

t
=

∨f+ =
Δ∨

Δ∨

 4 Graphing motion. Graphs of distance, speed, velocity, 
and acceleration plotted against time can illustrate relationships be-
tween these quantities. Instantaneous velocity is equal to the slope 
of the distance-time graph. Instantaneous acceleration is equal to 
the slope of the velocity-time graph. The distance traveled is equal 
to the area under the velocity-time graph.

d

t

v

t

 5 Uniform acceleration. When an object accelerates at a 
constant rate producing a constant-slope graph of velocity versus 
time, we say that it is uniformly accelerated. Graphs help us to un-
derstand the two formulas, describing how velocity and distance 
traveled vary with time for this important special case.

v

v0

v = v0 + at 

t

d = v0t + 1–
2 at 2 

Summary

The concepts of velocity and acceleration 
discussed in this chapter are often difficult 

to understand, particularly because we use 
the same terms in everyday life but often 
with different meanings. There are mastery 
quizzes and other helpful resources in 
 Connect that will help you clarify your 
 understanding of these ideas. We encourage 
you to try them.

Speed, 19
Average speed, 19
Rate, 20
Instantaneous speed, 21
Velocity, 23

Magnitude, 23
Vector, 23
Vector quantity, 24
Instantaneous velocity, 24
Acceleration, 24

Average acceleration, 25
Instantaneous acceleration, 25
Slope, 28
Uniform acceleration, 31

Key Terms
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End-of-Chapter Features
∙	 The summary highlights the key elements of the chapter 

and correlates to the questions asked about the chapter’s 
major concepts in the chapter opener.

Debatable Issues provide open-ended, opinion questions 
on—but not limited to—energy and environmental issues to 
be used as class discussion, as writing assignments, and/or 
for internet forums. Notes on discussion ideas and results are 
included in the instructor’s manual.
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absorbed by other uranium-235 nuclei and produce addi-
tional fission reactions. The chain reaction will grow very 
rapidly, because the time between reactions is very short. 
This is the supercritical state necessary for an explosion.

How can we create a supercritical mass without having it 
blow apart prematurely? The energy released in a fission chain 
reaction causes rapid heating and expansion. If a supercritical 
mass were built up slowly from subcritical pieces, the mass 
would begin to come apart as soon as it became supercritical. 
The bomb would fizzle. One approach to solving this problem 
is to bring two subcritical pieces of almost-pure uranium-235 
together rapidly to produce a strongly supercritical mass. A 
gun design, as in figure 19.18, was developed for the first ura-
nium bomb. A subcritical cylinder of uranium-235 is fired into 
a subcritical sphere of the same material containing a cylindri-
cal hole, thus quickly assembling a supercritical mass. A neu-
tron source must also be present to initiate the reaction.

The major problem in producing a bomb like this is the 
extreme difficulty of separating uranium-235 from the much 
more abundant isotope, uranium-238. The gas-diffusion 
plants at Oak Ridge, Tennessee, were able to produce only 
enough pure uranium-235 for one bomb during the war years. 
Building a nuclear arsenal at that rate would have been slow 
and expensive. It became apparent that plutonium-239 might 
be a better nuclear fuel than uranium-235.

How are plutonium bombs designed?
Plutonium-239 is a natural by-product of nuclear reactors 
that use uranium for fuel. As noted in section 19.4, the reac-
tors built at Hanford, Washington, during World War II were 
designed to produce plutonium for weapons. The fission 
 reaction of plutonium-239 is different from that of 
 uranium-235, however, so that the gun design used for the 
uranium bomb will not work with plutonium. Plutonium-239 
absorbs fast neutrons much more readily than uranium-235, 
which causes the chain reaction to grow even more swiftly 
than for uranium, and two subcritical pieces cannot be 
brought together quickly enough to avoid the fizzle pro-
duced by premature disintegration.

19.5 Nuclear Weapons and Nuclear Fusion
In a nuclear reactor, the objective is to release energy from 
fission reactions in a controlled manner, never letting the 
chain reaction get out of hand. In a bomb, on the other hand, 
the objective is to release energy very quickly—a supercriti-
cal chain reaction is what is sought. How can this state be 
achieved? What conditions are necessary for a nuclear ex-
plosion? What is the difference between fission weapons 
and weapons that use nuclear fusion?

What do we mean by critical mass?
The initial approach to producing nuclear weapons involved 
separating uranium-235 from uranium-238 to produce a 
highly enriched sample of uranium-235. If most of the 
 uranium-238 is removed, neutrons emitted in the initial 
 fission reactions will be much more likely to encounter other 
uranium-235 nuclei, and a rapidly increasing chain reaction 
should result. The size of the uranium mass is also impor-
tant: If it is too small, neutrons will escape through its sur-
face before they encounter other uranium-235 nuclei.

A critical mass of uranium-235 is a mass just large 
enough for a self-sustaining chain reaction. For a mass 
smaller than the critical mass, too many of the neutrons gen-
erated in the initial fission reactions escape through the sur-
face of the uranium without encountering other nuclei.

For a mass larger than the critical mass, more than one of 
the neutrons produced in each fission reaction will be 

To sustain a chain reaction, on average at least one  
neutron released in each fission must be absorbed by a 
uranium-235 nucleus to initiate a new fission reaction. If 
more than one neutron is absorbed, the reaction is super-
critical and will grow rapidly. If less than one is absorbed, 
the reaction is subcritical and will die. In a nuclear reactor, 
the neutrons are slowed down by the moderator, increasing 
their likelihood of being absorbed by other uranium-235 
nuclei. Control rods absorb neutrons and permit the rate of 
reaction to be adjusted. Fermi’s original reactor used 
graphite as the moderator, but modern reactors use water, 
which also serves as a coolant. Fission fragments and plu-
tonium build up in the fuel rods, which must eventually be 
removed from the reactor, becoming nuclear wastes.

France currently gets more than 75% of its power from nuclear 
 energy and now claims a substantial level of energy independence 
and almost the lowest-cost electricity in Europe. It also has an 
 extremely low level of CO2 emissions per capita from electricity 
generation. Why is nuclear power not used more extensively in 
other European countries or in the United States?

Debatable Issue

Explosive
charge

Uranium cylinder
with neutron source

Uranium sphere
with cylindrical hole

Figure 19.18 The gun concept used in the Little Boy uranium 
bomb design. A subcritical-size cylinder of uranium-235 is fired into 
the hole in a subcritical sphere of uranium-235 to make a supercritical 
mass of uranium-235.
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∙	 Key terms are page-referenced to where 
students can find the terms defined in 
context.

∙	 Conceptual Questions are designed to 
challenge students to demonstrate their un-
derstanding of the key concepts. Selected 
answers are provided in appendix D to as-
sist students with their study of more diffi-
cult concepts.
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The main purpose of this chapter is to introduce concepts that are 
crucial to a precise description of motion. To understand accelera-
tion, you must first grasp the concept of velocity, which in turn 
builds on the idea of speed. The distinctions between speed and 
velocity, and between velocity and acceleration, are particularly 
important.

 1 Average and instantaneous speed. Average speed is 
defined as the distance traveled divided by the time. It is the aver-
age rate at which distance is covered. Instantaneous speed is the 
rate at which distance is being covered at a given instant in time 
and requires that we use very short time intervals for computation.

s 
d–
t

=

 2 Velocity. The instantaneous velocity of an object is a vec-
tor quantity that includes both direction and size. The size of the 
velocity vector is equal to the instantaneous speed, and the direction 
is that of the object’s motion.

∨ = speed and direction 

∨

 3 Acceleration. Acceleration is defined as the time rate of 
change of velocity and is found by dividing the change in velocity 
by the time. Acceleration is also a vector quantity. It can be com-
puted as either an average or an instantaneous value. A change in 
the direction of the velocity can be as important as a change in 
magnitude. Both involve acceleration.

a 

∨i

t
=

∨f+ =
Δ∨

Δ∨

 4 Graphing motion. Graphs of distance, speed, velocity, 
and acceleration plotted against time can illustrate relationships be-
tween these quantities. Instantaneous velocity is equal to the slope 
of the distance-time graph. Instantaneous acceleration is equal to 
the slope of the velocity-time graph. The distance traveled is equal 
to the area under the velocity-time graph.

d

t

v

t

 5 Uniform acceleration. When an object accelerates at a 
constant rate producing a constant-slope graph of velocity versus 
time, we say that it is uniformly accelerated. Graphs help us to un-
derstand the two formulas, describing how velocity and distance 
traveled vary with time for this important special case.

v

v0

v = v0 + at 

t

d = v0t + 1–
2 at 2 

Summary

The concepts of velocity and acceleration 
discussed in this chapter are often difficult 

to understand, particularly because we use 
the same terms in everyday life but often 
with different meanings. There are mastery 
quizzes and other helpful resources in 
 Connect that will help you clarify your 
 understanding of these ideas. We encourage 
you to try them.

Speed, 19
Average speed, 19
Rate, 20
Instantaneous speed, 21
Velocity, 23

Magnitude, 23
Vector, 23
Vector quantity, 24
Instantaneous velocity, 24
Acceleration, 24

Average acceleration, 25
Instantaneous acceleration, 25
Slope, 28
Uniform acceleration, 31
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* = more open-ended questions, requiring lengthier responses, 
suitable for group discussion
Q = sample responses are available in appendix D
Q = sample responses are available in Connect

 Q1. Suppose that critters are discovered on Mars who measure 
distance in boogles and time in bops.

 a. What would the units of speed be in this system? 
Explain.

 b. What would the units of velocity be? Explain.
 c. What would the units of acceleration be? Explain.

 Q2. Suppose we choose inches as our basic unit of distance and 
days as our basic unit of time.

 a. What would the units of velocity and acceleration be in 
this system? Explain.

 b. Would this be a good choice of units for measuring the 
acceleration of an automobile? Explain.

 Q3. What units would have an appropriate size for measuring 
the rate at which fingernails grow? Explain.

 Q4. A tortoise and a hare cover the same distance in a race. The 
hare goes very fast for brief intervals, but stops frequently, 
whereas the tortoise plods along steadily and finishes the 
race ahead of the hare.

 a. Which of the two racers has the greater average speed 
over the duration of the race? Explain.

 b. Which of the two racers is likely to reach the greatest 
instantaneous speed during the race? Explain.

 Q5. A driver states that she was doing 80 when stopped by the 
police. Is that a clear statement? Would this be interpreted 
differently in England than in the United States? Explain.

 Q6. Does the speedometer on a car measure average speed or 
instantaneous speed? Explain.

 Q7. Is the average speed over several minutes more likely to be 
close to the instantaneous speed at any time for a car travel-
ing in freely flowing, low-density traffic or for one travel-
ing in high-density traffic? Explain.

 *Q8. The highway patrol sometimes uses radar guns to identify 
possible speeders and at other times uses associates in air-
planes who note the time taken for a car to pass between 
two marks some distance apart on the highway. What does 
each of these methods measure, average speed or instanta-
neous speed? Can you think of situations in which either 
one of these methods might unfairly penalize a driver? 
Explain.

 Q9. Is the term “vehicle density” (as used in everyday phenom-
enon box 2.1) related to the weight of an individual vehicle, 
or does it refer to a property of several vehicles? Explain.

 Q10. Under what traffic conditions is the average speed of sev-
eral vehicles equal to the average speed of individual vehi-
cles within the group? Explain. (See everyday phenomenon 
box 2.1.)

 Q11. At the front end of a traffic jam, is the vehicle density higher 
or lower than at the back end of the traffic jam? Explain. 
(See everyday phenomenon box 2.1.)

 Q12. A hockey puck is sliding on frictionless ice. It slams against 
a wall and bounces back toward the player with the same 
speed it had before hitting the wall. Does the velocity of the 
hockey puck change in this process? Explain.

 Q13. A ball attached to a string is whirled in a horizontal circle 
such that it moves with constant speed.

 a. Does the velocity of the ball change in this process? 
Explain.

 b. Is the acceleration of the ball equal to zero? Explain.

*Q14. A ball tied to a string fastened at the other end to a rigid 
support forms a pendulum. If we pull the ball to one side 
and release it, the ball moves back and forth along an arc 
determined by the string length.

 a. Is the velocity constant in this process? Explain.
 b. Is the speed likely to be constant in this process? What 

happens to the speed when the ball reverses direction?

 Q15. A dropped ball gains speed as it falls. Can the velocity of 
the ball be constant in this process? Explain.

 Q16. A driver of a car steps on the brakes, causing the velocity of 
the car to decrease. According to the definition of accelera-
tion provided in this chapter, does the car accelerate in this 
process? Explain.

 Q17. At a given instant in time, two cars are traveling at different 
velocities, one twice as large as the other. Based upon this 
information, is it possible to say which of these two cars has 
the larger acceleration at this instant in time? Explain.

 Q18. A car just starting up from a stop sign has zero velocity at 
the instant it starts. Must the acceleration of the car also be 
zero at this instant? Explain.

 Q19. A car traveling with constant speed rounds a curve in the 
highway. Is the acceleration of the car equal to zero in this 
situation? Explain.

 Q20. A racing sports car traveling with a constant velocity of 
100 MPH due west startles a turtle by the side of the road 
who begins to move out of the way. Which of these two 
objects is likely to have the larger acceleration at that  
instant? Explain.

 Q21. In the graph shown here, velocity is plotted as a function of 
time for an object traveling in a straight line.

 a. Is the velocity constant for any time interval shown? 
Explain.

 b. During which time interval shown does the object have 
the greatest acceleration? Explain.

v

2 4 6 8

t (s)

Q21 Diagram
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Conceptual Questions

∙	 Exercises and synthesis problems 
are intended to help students test their 
grasp of problem solving. The odd-
numbered exercises have answers in 
appendix D. By working through the 
odd-numbered exercises and check-
ing the answers in appendix D, stu-
dents can gain confidence in tackling 
the even-numbered exercises, and 
thus reinforce their problem-solving 
skills.
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 E1. A traveler covers a distance of 413 miles in a time of 
7 hours. What is the average speed for this trip? 

 E2. A walker covers a distance of 2.4 km in a time of 30 minutes. 
What is the average speed of the walker for this distance 
in km/h?

 E3. Grass clippings are found to have an average length of 
5.2 cm when a lawn is mowed two weeks (14 days) after the 
previous mowing. What is the average speed of growth of 
this grass in cm/day? 

 E4. A driver drives for 2.5 hours at an average speed of 
68 MPH. What distance does she travel in this time?

 E5. A woman walks a distance of 504 m, with an average speed 
of 1.4 m/s. What time was required to walk this distance? 

 E6. A person in a hurry averages 70 MPH on a trip covering a 
distance of 500 miles. What time was required to travel that 
distance?

 E7. A hiker walks with an average speed of 1.3 m/s. What dis-
tance in kilometers has the hiker traveled after 1.5 hours at 
this pace?

 E8. A car travels with an average speed of 28 m/s.
 a. What is this speed in km/s?
 b. What is this speed in km/h?

 E9. A car travels with an average speed of 65 MPH. What is this 
speed in km/h? (See example box 2.1.) 

 E10. Starting from rest and moving in a straight line, a runner 
achieves a velocity of 6 m/s in a time of 2 seconds. What is 
the average acceleration of the runner?

 E11. Starting from rest, a car accelerates at a rate of 6.7 m/s2 for 
a time of 4 seconds. What is its velocity at the end of this 
time?

 E12. The velocity of a car decreases from 28 m/s to 20 m/s in a 
time of 4 seconds. What is the average acceleration of the 
car in this process?

 E13. A car traveling with an initial velocity of 16 m/s accelerates 
at a constant rate of 2.8 m/s2 for a time of 3 seconds. 

 a. What is its velocity at the end of this time? 
 b. What distance does the car travel during this process? 

 E14. A runner traveling with an initial velocity of 1.1 m/s accel-
erates at a constant rate of 0.8 m/s2 for a time of 2 seconds.

 a. What is his velocity at the end of this time?
 b. What distance does the runner cover during this process?

 E15. A car moving with an initial velocity of 32 m/s slows down 
at a constant rate of −4 m/s2.

 a. What is its velocity after 5 seconds of deceleration? 
 b. What distance does the car cover in this time? 

 E16. A runner moving with an initial velocity of 4.0 m/s slows 
down at a constant rate of −1.6 m/s2 over a period of 
2 seconds.

 a. What is her velocity at the end of this time?
 b. What distance does she travel during this process?

 E17. If a world-class sprinter ran a distance of 100 meters start-
ing at his top speed of 9 m/s and running with constant 
speed throughout, how long would it take him to cover the 
distance? 

 E18. Starting from rest, a car accelerates at a constant rate of 
4.0 m/s2 for a time of 5 seconds.

 a. Compute the velocity of the car at 1 s, 2 s, 3 s, 4 s, and 5 s 
and plot these velocity values against time.

 b. Compute the distance traveled by the car for these same 
times and plot the distance values against time.

Exercises

 SP1. A railroad engine moves forward along a straight section of 
track for a distance of 70 m due west at a constant speed of 
5 m/s. It then reverses its direction and travels 32 m due east 
at a constant speed of 4 m/s. The time required for this de-
celeration and reversal is very short due to the small speeds 
involved. 

 a. What is the time required for the entire process?
 b. Sketch a graph of average speed versus time for this pro-

cess. Show the deceleration and reacceleration upon re-
versal as occurring over a very short time interval.

 c. Using negative values of velocity to represent reversed 
motion, sketch a graph of velocity versus time for the 
engine (see fig. 2.15).

 d. Sketch a graph of acceleration versus time for the engine 
(see fig. 2.16).

 SP2. The velocity of a car increases with time, as shown in the 
graph.

 a. What is the average acceleration between 0 seconds and 
1 second?

 b. What is the average acceleration between 1 second and 
4 seconds?

 c. What is the average acceleration between 0 seconds and 
4 seconds?

 d. Is the result in part c equal to the average of the two 
values in parts a and b? Compare and explain.
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 E1. A traveler covers a distance of 413 miles in a time of 
7 hours. What is the average speed for this trip? 

 E2. A walker covers a distance of 2.4 km in a time of 30 minutes. 
What is the average speed of the walker for this distance 
in km/h?

 E3. Grass clippings are found to have an average length of 
5.2 cm when a lawn is mowed two weeks (14 days) after the 
previous mowing. What is the average speed of growth of 
this grass in cm/day? 

 E4. A driver drives for 2.5 hours at an average speed of 
68 MPH. What distance does she travel in this time?

 E5. A woman walks a distance of 504 m, with an average speed 
of 1.4 m/s. What time was required to walk this distance? 

 E6. A person in a hurry averages 70 MPH on a trip covering a 
distance of 500 miles. What time was required to travel that 
distance?

 E7. A hiker walks with an average speed of 1.3 m/s. What dis-
tance in kilometers has the hiker traveled after 1.5 hours at 
this pace?

 E8. A car travels with an average speed of 28 m/s.
 a. What is this speed in km/s?
 b. What is this speed in km/h?

 E9. A car travels with an average speed of 65 MPH. What is this 
speed in km/h? (See example box 2.1.) 

 E10. Starting from rest and moving in a straight line, a runner 
achieves a velocity of 6 m/s in a time of 2 seconds. What is 
the average acceleration of the runner?

 E11. Starting from rest, a car accelerates at a rate of 6.7 m/s2 for 
a time of 4 seconds. What is its velocity at the end of this 
time?

 E12. The velocity of a car decreases from 28 m/s to 20 m/s in a 
time of 4 seconds. What is the average acceleration of the 
car in this process?

 E13. A car traveling with an initial velocity of 16 m/s accelerates 
at a constant rate of 2.8 m/s2 for a time of 3 seconds. 

 a. What is its velocity at the end of this time? 
 b. What distance does the car travel during this process? 

 E14. A runner traveling with an initial velocity of 1.1 m/s accel-
erates at a constant rate of 0.8 m/s2 for a time of 2 seconds.

 a. What is his velocity at the end of this time?
 b. What distance does the runner cover during this process?

 E15. A car moving with an initial velocity of 32 m/s slows down 
at a constant rate of −4 m/s2.

 a. What is its velocity after 5 seconds of deceleration? 
 b. What distance does the car cover in this time? 

 E16. A runner moving with an initial velocity of 4.0 m/s slows 
down at a constant rate of −1.6 m/s2 over a period of 
2 seconds.

 a. What is her velocity at the end of this time?
 b. What distance does she travel during this process?

 E17. If a world-class sprinter ran a distance of 100 meters start-
ing at his top speed of 9 m/s and running with constant 
speed throughout, how long would it take him to cover the 
distance? 

 E18. Starting from rest, a car accelerates at a constant rate of 
4.0 m/s2 for a time of 5 seconds.

 a. Compute the velocity of the car at 1 s, 2 s, 3 s, 4 s, and 5 s 
and plot these velocity values against time.

 b. Compute the distance traveled by the car for these same 
times and plot the distance values against time.

Exercises

 SP1. A railroad engine moves forward along a straight section of 
track for a distance of 70 m due west at a constant speed of 
5 m/s. It then reverses its direction and travels 32 m due east 
at a constant speed of 4 m/s. The time required for this de-
celeration and reversal is very short due to the small speeds 
involved. 

 a. What is the time required for the entire process?
 b. Sketch a graph of average speed versus time for this pro-

cess. Show the deceleration and reacceleration upon re-
versal as occurring over a very short time interval.

 c. Using negative values of velocity to represent reversed 
motion, sketch a graph of velocity versus time for the 
engine (see fig. 2.15).

 d. Sketch a graph of acceleration versus time for the engine 
(see fig. 2.16).

 SP2. The velocity of a car increases with time, as shown in the 
graph.

 a. What is the average acceleration between 0 seconds and 
1 second?

 b. What is the average acceleration between 1 second and 
4 seconds?

 c. What is the average acceleration between 0 seconds and 
4 seconds?

 d. Is the result in part c equal to the average of the two 
values in parts a and b? Compare and explain.
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Synthesis Problems
Exercises

∙	 Because many courses for non-science majors do not 
have a laboratory component, home experiments and 
observations are found at the end of each chapter. The 
spirit of these home experiments is to enable students to 
explore the behavior of physical phenomena using easily 
available rulers, string, paper clips, balls, toy cars, flash-
light batteries, and so on. Many instructors have found 
them useful for putting students into the exploratory and 
observational frame of mind that is important to scien-
tific thinking. This is certainly one of our objectives in 
developing scientific literacy.

 Home Experiments and Observations 37

 b. What is the distance covered by the car in this process?
 c. Compute values of the distance traveled at 1-second in-

tervals and carefully draw a graph of distance plotted 
against time for this motion.

 SP5. Just as car A is starting up, it is passed by car B. Car B trav-
els with a constant velocity of 7 m/s, while car A acceler-
ates with a constant acceleration of 4.2 m/s2, starting from 
rest.

 a. Compute the distance traveled by each car for times of 
1 s, 2 s, 3 s, and 4 s. 

 b. At what time, approximately, does car A overtake car B? 
 c. How might you go about finding this time exactly? 

Explain.

 SP3. A car traveling due west on a straight road accelerates at a 
constant rate for 10 seconds, increasing its velocity from 0 to 
30 m/s. It then travels at a constant speed for 10 seconds and 
decelerates at a steady rate for the next 5 seconds to a veloc-
ity of 20 m/s. It travels at this velocity for 5 seconds and 
then decelerates rapidly to a stop in a time of 4 seconds.

 a. Sketch a graph of the car’s velocity versus time for the 
entire motion just described. Label the axes of your 
graph with the appropriate velocities and times.

 b. Sketch a graph of acceleration versus time for the car.
 c. Does the distance traveled by the car continually increase 

in the motion described? Explain.

 SP4. A car traveling in a straight line with an initial velocity 
of 10 m/s accelerates at a rate of 3.0 m/s2 to a velocity of 
34 m/s.

 a. How much time does it take for the car to reach the 
velocity of 34 m/s?

 HE1. How fast do you normally walk? Using a meter stick or a 
string of known length, lay out a straight course of 40 or 
50 meters. Then, use a watch with a second hand or a stop-
watch to determine

 a. Your normal walking speed in m/s.
 b. Your walking speed for a brisk walk.
 c. Your jogging speed for this same distance.
 d. Your sprinting speed for this distance.

  Record and compare the results for these different cases. Is 
your sprinting speed more than twice your speed for a brisk 
walk?

 HE2. The speed with which hair or fingernails grow provides 
some interesting measurement challenges. Using a millimeter 
rule, estimate the speed of growth for one or more of these: 
fingernails, toenails, facial hair if you shave regularly, or 
hair near your face (such as sideburns) that will provide an 
easy reference point. Measure the average size of clippings 
or of growth at regular time intervals.

 a. What is the average speed of growth? What units are 
most appropriate for describing this speed?

 b. Does the speed appear to be constant with time? Does 
the speed appear to be the same for different nails 
(thumb versus fingers, fingernails versus toenails), or in 
the case of hair, for different positions on your face?

Home Experiments and Observations
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	 Preface	 xv

message device to respond to questions. Instructors are able 
to motivate student preparation, interactivity, and active 
learning, receiving immediate feedback to gauge which con-
cepts students understand. Questions covering the content of 
The Physics of Everyday Phenomena text are formatted in 
PowerPoint and are available on the text website for use with 
any personal response system.

Computerized Test Bank Online
A comprehensive bank of test questions is provided on the 
text website within a computerized test bank powered by 
TestGen. TestGen allows you to create paper and online tests 
or quizzes in this easy-to-use program!
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“Students and faculty alike will find the home experi-

ments engaging. Physics is not a spectator sport and 

participation is key.”

—Juliet W. Brosing, Author

Supplements

Text Website
In addition, a text-specific website provides instructor’s ac-
cess to useful study tools designed to help improve student 
understanding of the material presented in the text and class. 
For the instructor, the website is designed to help ease the 
time burdens of the course by providing valuable presenta-
tion and preparation tools.

PowerPoint Lectures
Instructor’s Manual
Sample Syllabi
Clicker Questions
PowerPoints of Art and Photos from the Text
Test Bank
Formula Summaries
Animations 

For sharing with students:
∙ � Author-narrated videos illustrating physics in every-

day situations (noted in text with a video icon)
∙  Know
∙  Understand
∙  Study Hints

Personal Response Systems
Personal Response Systems can bring interactivity into the 
classroom or lecture hall. Wireless response systems such as 
Poll Everywhere give the instructor and students immediate 
feedback from the entire class. Poll Everywhere allows 
students to use their computer, smartphone, tablet, or text 
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First of all, we should admit that there are no secrets. Conscientious work 
and follow-through with reading, problem assignments, and class participa-
tion will reap the rewards that students can expect from such efforts in other 
courses. Failing to do so will also lead to expected results.

There are some ways, however, in which studying physics is different 
from your studies in biology, history, or many other courses. Physics is 
not an area of study that can be mastered by memorizing discrete facts or 
by cramming before tests. Students sometimes bring study strategies to 
physics that have worked in other courses and are disappointed when 
they fail to work in their physics class. The suggestions that follow are 
sure-fire steps to getting the most out of your physics course and this 
textbook.

	 1.	 Experiment. Experiments play a key role in the development of phys-
ics but also in the growth of understanding for anyone approaching 
physics concepts. We often suggest in the text that you try simple ex-
periments that might involve throwing a ball, walking across a room, 
or other very rudimentary activities. Do them right away as they arise 
in the text. Not only will you gain the benefit of increased blood flow 
to various parts of the body including the brain, but what follows in 
your reading will make more sense. Experience with everyday phe-
nomena cannot be gained passively.

	 2.	 Get the big picture. Physics is a big-picture subject. Your understand-
ing of Newton’s laws of motion, for example, cannot be encapsulated 
by a formula or by memorizing the laws themselves. You need to see 
the entire context, understand the definitions, and work with how the 
laws are applied. The outlines and summaries provided at the begin-
ning and end of each chapter can help to provide the context. They 
cannot stand alone, however. You need to place the examples and de-
scriptions provided in the classroom and text in the framework pro-
vided by the outlines and summaries. If you grasp the big picture, the 
details will often follow.

	 3.	 Explore questions. The textbook provides a list of conceptual ques-
tions at the end of each chapter, but also raises questions in the body 
of the text. The greatest benefit is gained by attacking these questions 
first on your own and then by discussion with classmates. Write out 
answers to these questions using full sentences, not just short-answer 
phrases. Compare your answers with those provided at the back of the 
text for selected questions, but only after having a good crack at 
answering the questions yourself.

	 4.	 Try the exercises. The textbook also provides exercises and synthesis 
problems at the end of each chapter. Their purpose is to provide 

practice with simple numerical applications of physics concepts. They 
are useful only if you do them yourself and write out the solution 
steps in such a way that you can follow your work. Copying answers 
and steps from classmates or other sources may gain points on the as-
signment but provides no benefit in understanding. As in sports and 
many other activities, success on physics exams will come to those 
who practice.

	 5.	 Be there. College students set their own priorities for use of time, and 
sometimes class attendance is not at the top of the list. In some 
classes, this may be justified by the nature of the benefit of class ac-
tivities, but that is seldom the case in physics. The demonstrations, 
explanations, working of exercises, and class discussions that are usu-
ally part of what occurs during a physics class provide an invaluable 
aid to grasping the big picture and filling in holes in your understand-
ing. The demonstrations alone are often worth the price of admission. 
(You do pay—it’s called tuition.)

	 6.	 Ask questions. If the explanations of demonstrations or other issues 
are not clear, ask questions. If you are confused, chances are good that 
many other students are likewise befuddled. They will love you for 
raising the flag. Unless the instructor is unusually insecure, he or she 
will also love you for providing the opportunity to achieve better clar-
ity. Physics instructors already know this stuff, so they sometimes 
have difficulty seeing where student hang-ups may lie. Questions pro-
vide the lubrication for moving things forward.

	 7.	 Review understanding. Preparing for tests should not be a matter of 
last-minute cramming and memorization. Instead, you should review 
your understanding of the big picture and question yourself on why 
we did what we did in answering questions and working exercises 
done previously. Memorization is usually pointless because many 
physics instructors provide or permit formula sheets that may include 
definitions and other information. Late-night cramming is counterpro-
ductive because it detracts from getting a good night’s sleep. Sleep 
can be critical to having a clear head the next day to meet the chal-
lenges provided by the test.

Although there is an element of common sense in most of these sugges-
tions, you will probably not be surprised to learn that many students do not 
approach things following these guidelines. Old habits are hard to break and 
peer pressure can also be a negative influence at times. Students fall into 
patterns that they know are ineffective, but are unable to climb out of the 
rut. We have done our duty in disclosing these secrets. You are on your own 
if you choose a different path. Let us know if it works.

Secrets to Success in Studying Physics
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The chapter outline and chapter summary provide related frameworks for organizing concepts.

Key Terms 

The main purpose of this chapter is to introduce concepts that are 
crucial to a precise description of motion. To understand accelera-
tion, you must first grasp the concept of velocity, which in turn 
builds on the idea of speed. The distinctions between speed and 
velocity, and between velocity and acceleration, are particularly 
important.

  Average and instantaneous speed. Average speed is 
defined as the distance traveled divided by the time. It is the aver-
age rate at which distance is covered. Instantaneous speed is the 
rate at which distance is being covered at a given instant in time 
and requires that we use very short time intervals for computation.

s 
d–
t

=

  Velocity. The instantaneous velocity of an object is a vec-
tor quantity that includes both direction and size. The size of the 
velocity vector is equal to the instantaneous speed, and the direction 
is that of the object’s motion.

∨ = speed and direction 

∨

  Acceleration. Acceleration is defined as the time rate of 
change of velocity and is found by dividing the change in velocity 
by the time. Acceleration is also a vector quantity. It can be com-
puted as either an average or an instantaneous value. A change in 
the direction of the velocity can be as important as a change in 
magnitude. Both involve acceleration.

a 

∨i

t
=

∨f+ =
Δ∨
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  Graphing motion. Graphs of distance, speed, velocity, 
and acceleration plotted against time can illustrate relationships be-
tween these quantities. Instantaneous velocity is equal to the slope 
of the distance-time graph. Instantaneous acceleration is equal to 
the slope of the velocity-time graph. The distance traveled is equal 
to the area under the velocity-time graph.

d

t

v

t

  Uniform acceleration. When an object accelerates at a 
constant rate producing a constant-slope graph of velocity versus 
time, we say that it is uniformly accelerated. Graphs help us to un-
derstand the two formulas, describing how velocity and distance 
traveled vary with time for this important special case.

v

v0

v = v0 + at 

t

d = v0t + 1–
2 at 2 

Summary

The concepts of velocity and acceleration 
discussed in this chapter are often di�cult 

to understand, particularly because we use 
the same terms in everyday life but often 
with di�erent meanings. There are mastery 
quizzes and other helpful resources in 
 Connect that will help you clarify your 
 understanding of these ideas. We encourage 
you to try them.
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Instantaneous acceleration, 25
Slope, 28
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Describing Motion

Chapter Overview
The main purpose of this chapter is to provide 
clear definitions and illustrations of the terms 
used in physics to describe motion, such as  
the motion of the car described in this chapter’s 
opening example. Speed, velocity, and acceler-
ation are crucial concepts for the analysis of 
motion in later chapters. Precise description is 
the first step to understanding. Without it, we 
remain awash in vague ideas that are not  
defined well enough to test our explanations.

Each numbered topic in this chapter builds 
on the previous section, so it is important to  
obtain a clear understanding of each topic be-
fore going on. The distinctions between speed 
and velocity and velocity and acceleration are 
particularly important.

Chapter Outline

  
Average and instantaneous speed. How do  
we describe how fast an object is moving? How 
does instantaneous speed di�er from average 
speed?

  
Velocity. How do we introduce direction into 
descriptions of motion? What is the distinction 
between speed and velocity?

  
Acceleration. How do we describe changes  
in motion? What is the relationship between 
velocity and acceleration?

  
Graphing motion. How can graphs be used to 
describe motion? How can the use of graphs 
help us gain a clearer understanding of speed, 
velocity, and acceleration?

  
Uniform acceleration. What happens when an 
object accelerates at a steady rate? How do the 
velocity and distance traveled vary with time 
when an object is uniformly accelerating?

U
N

IT
 O

N
E

study hint:
How to Use the Features of This Book
This book has a number of features designed to make it eas-
ier for you to organize and grasp the concepts that we will ex-
plore. These features include the chapter overview and 
outline at the beginning of each chapter and the summary at 
the end of each chapter, as well as the structure of individual 
sections of the chapters. The questions, exercises, and syn-
thesis problems at the end of each chapter also play an im-
portant role. How can these features be used to the best 
advantage?

Chapter outlines and summaries
Knowing where you are heading before you set out on a journey 
can be the key to the success of your mission. Students get a 
better grasp of concepts if they have some structure or frame-
work to help them to organize the ideas. Both the chapter over-
view and outline at the beginning of each chapter and the 
summary at the end are designed to provide such a framework. 
Having a clear idea of what you are trying to accomplish before 
you invest time in reading a chapter will make your reading 
more effective and enjoyable.

The list of topics and questions in the chapter outline can be 
used as a checklist for measuring your progress as you read. 
Each numbered topic in the outline, with its associated questions, 
pertains to a section of the chapter. The outline is designed to 
stimulate your curiosity by providing some blanks (unanswered 
questions) to be filled in by your reading. Without the blanks, 
your mind has no organizational structure to store the informa-
tion. Without structure, recall is more difficult. You can use the 
questions in the outline to check the effectiveness of your read-
ing. Can you answer all of the questions when you are done? 
Each section of a chapter also begins with questions, and the 
section subheadings are likewise often cast as questions. At the 
end of each section there is also an indented summary paragraph 
designed to help you tie the ideas in that section together.

The end-of-chapter summary gives a short description of the 
key ideas in each section, often cast in the form of answers to 
the questions raised in the outline (see diagram). Summaries 
provide a quick review, but they are no substitute for a careful 
reading of the main text. By following the same organizational 
structure as the outline, the summary reminds you where to find 
a more complete discussion of these ideas. The purpose of both 
the outlines and the summaries is to make your reading more 
organized and effective.
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Studying any new discipline requires forming new patterns of 
thought that can take time to gel. The summaries at the end of 
each section, as well as at the end of the chapter, can help this 
gelling to take place. A structure is often built layer by layer, and 
the later layers will be shaky if the base is unstable.

How should the questions  
and exercises be used?
At the end of each chapter you will find a group of questions, fol-
lowed by a group of exercises, and, finally, by a small number of 
synthesis problems. Your grasp of the chapter will improve if you 
write out answers to the questions and exercises, either as as-
signed by your instructor or in independent study. The ideas 
contained in each chapter cannot be thoroughly mastered with-
out this kind of practice.

The questions are crucial to helping you fix the important 
concepts and distinctions in your mind. Most of the questions 
call for a short answer as well as an explanation. A few of the 
questions, marked with asterisks, are more open-ended and call 
for lengthier responses. It is a good idea to write out the expla-
nations in clear sentences when you answer these questions, 
because it is only through reinforcement that ideas become a 
part of you. Also, if you can explain something clearly to some-
one else, you understand it. A sample question and answer 
appears in example box 1.1.

The exercises are designed to give you practice in using the 
ideas and the related formulas to do simple computations. The 
exercises also help to solidify your understanding of concepts by 
giving you a sense of the units and the sizes of the quantities in-
volved. Even though many of the exercises are straightforward 
enough to work in your head without writing much down, we 
recommend writing out the information given, the information 
sought, and the solution in the manner shown in example boxes 
1.2 and 1.3 in section 1.3. This develops careful work habits that 
will help you avoid careless mistakes. Most students find the ex-
ercises easier than the questions. The sample exercises scat-
tered through each chapter can help you get started.

The synthesis problems are more wide-ranging than the 
questions or exercises. They often involve features of both. 
Although not necessarily harder than the questions or exercises, 
they do take more time and are sometimes used to extend ideas 
beyond what was discussed in the chapter. Doing one or two of 
these in each chapter should build your confidence. They are 

particularly recommended for those students who have worked 
the exercises and want to explore the topic in more depth.

Answers to the odd-numbered exercises, odd-numbered syn-
thesis problems, and selected questions are found in the back of 
the book in appendix D. Looking up the answer before attempt-
ing the problem is self-defeating. It deprives you of practice in 
thinking things through on your own. Checking answers after 
you have worked an exercise can be a confidence builder. An-
swers should be used only to confirm or improve your own 
thinking.

Home experiments and everyday  
phenomenon boxes
Reading or talking about physical ideas is useful, but there is no 
substitute for hands-on experience with the phenomena. You al-
ready have a wealth of experience with many of these phenom-
ena, but you probably have not related it to the physical 
concepts you will be learning. Seeing things in new ways will 
make you a more astute observer.

In addition to the home experiments at the end of each chap-
ter, we often suggest some simple experiments in the main text 
or in the study hints. We strongly recommend making these ob-
servations and doing the experiments. Lecture demonstrations 
can help, but doing something yourself imprints it vividly on your 
mind. There is excitement in discovering things yourself and see-
ing them in a new light.

The boxes that discuss everyday phenomena also give you 
practice in applying physical concepts. Most of the phenomena 
discussed in these boxes are familiar. The boxes allow us to ex-
plore these examples more thoroughly. Participating in these in-
vestigations of everyday phenomena can help bring the ideas 
home.

Connect has many features that will help you be successful 
in the course. The study hints given for each chapter often give a 
concise and thorough summary of the chapter. Read them to 
check if you have understood the key points of each chapter. 
There are both mastery quizzes and practice problems provided. 
Mastery quizzes test your conceptual understanding of the ma-
terial. Many of the your exam questions may be worded similar 
to these quizzes. Practice problems allow you to practice prob-
lems similar to the exercises at the end of each chapter in the 
text. Complete solutions are provided for these and you can 
check them after trying the problems.
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Chapter Outline

1CHAPTER

Physics, the  
Fundamental Science

	 1	 What about energy?  What is the current debate 
regarding global warming all about? What do 
concerns about global warming and climate 
change have to do with energy? How is physics 
involved in these discussions?

	 2	 The scientific enterprise.  What is the scientific 
method? How do scientific explanations differ 
from other types of explanation?

	 3	 The scope of physics.  What is physics? How is it 
related to the other sciences and to technology? 
What are the major subfields of physics?

	 4	 The role of measurement and mathematics in 
physics.  Why are measurements so important? 
Why is mathematics so extensively used in 
science? What are the advantages of the metric 
system of units?

	 5	 Physics and everyday phenomena.  How is 
physics related to everyday experience and 
common sense? What are the advantages of 
using physics to understand common 
experience?

Chapter Overview
The main objective of this chapter is to help 
you understand what physics is and where it 
fits in the broader scheme of the sciences. A 
secondary purpose is to acquaint you with the 
metric system of units and the advantages of 
the use of simple mathematics.
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observations is fun. That enjoyment is often missed when the 
focus of a science course is on accumulating facts.

This book can enhance your ability to enjoy the phenom-
ena that are part of everyday experience. Learning to pro-
duce your own explanations and to perform simple 
experimental tests can be gratifying. The questions posed 
here lie in the realm of physics, but the spirit of inquiry and 
explanation is found throughout science and in many other 
areas of human activity. The greatest rewards of scientific 
study are the fun and excitement that come from understand-
ing something that has not been understood before. This is 
true whether we are talking about a physicist making a major 
scientific breakthrough or about a bike rider understanding 
how rainbows are formed. There are also real benefits to un-
derstanding the physics concepts that underlie issues arising 
in political and policy debates. The next section introduces 
questions in the very important areas of energy use and cli-
mate change. These involve everyday phenomena of a more 
pressing nature than rainbows.

Imagine that you are riding your bike on a country road on 
an Indian-summer afternoon. The sun has come out after a 
brief shower, and as the rain clouds move on, a rainbows ap-
pears in the east (fig. 1.1). A leaf flutters to the ground, and an 
acorn, shaken loose by a squirrel, misses your head by only a 
few inches. The sun is warm on your back, and you are at 
peace with the world around you.

No knowledge of physics is needed to savor the moment, 
but your curiosity may bring some questions to mind. Why 
does the rainbow appear in the east rather than in the west, 
where it may also be raining? What causes the colors to ap-
pear? Why does the acorn fall more rapidly than the leaf? Why 
is it easier to keep your bicycle upright while you are moving 
than when you are standing still?

Your curiosity about questions like these is similar to what 
motivates scientists. Learning to devise and apply theories or 
models that can be used to understand, explain, and predict 
such phenomena can be a rewarding intellectual game. Craft-
ing an explanation and testing it with simple experiments or 

Figure 1.1  Rainbows appear to the east in late afternoon. How can this phenomenon be explained? (See everyday 
phenomenon box 17.1.) Courtesy of Sally Cantrell Griffith

Study Hint
If you have a clear idea of what you want to accomplish before 
you begin to read a chapter, your reading will be more effec-
tive. The questions in the chapter outline—as well as those in 
the subheadings of each section—can serve as a checklist for 
measuring your progress as you read. A clear picture of what 
questions are going to be addressed and where the answers 
will be found forms a mental road map to guide you through 
the chapter. Take a few minutes to study the outline and fix 
this road map in your mind. It will be time well spent.

1.1  What about Energy?
Suppose that you have just emerged from a heated argu-
ment with a friend about global warming and energy. Your 
friend has a different political bent than your own and you 
suspect that his or her opinions on global warming are sim-
ply a matter of political bias. However, since you may 
know very little about the details of energy issues, you are 
really not in a position to counter the arguments. Where do 
you go from there?

All of us find ourselves in this position from time to time. 
Energy issues lie at the heart of the political debate on global 
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burning of fossil fuels (coal, oil, and natural gas) increases 
the amount of carbon dioxide in the atmosphere. Carbon di-
oxide is one of the so-called “greenhouse gases” that slow 
the escape of heat from the Earth’s surface and therefore 
should contribute to the warming of the Earth. (See chapter 
10 for a discussion of the greenhouse effect.) Our use of fos-
sil fuels is thus an important part of the debate.

The factors that affect the Earth’s climate are complex 
and difficult to model. Scientists have made considerable 
progress in developing computer models that are capable of 
capturing many aspects of climate change. These models 
have had good success in describing what has happened 
over the last 50 or so years of climate variations, but their 
accuracy for predicting future climate change is still in 
question. We expect that increases in greenhouse gases 
should produce more warming, but unknown factors such as 
possible changes in global cloud cover make accurate pre-
dictions difficult.

How is energy involved?
What does all of this have to do with energy? As we have 
already indicated, much of our use of energy involves the 
burning of fossil fuels. The carbon that is released in this 
process was locked up millions of years ago in coal, oil, and 
natural gas. Therefore, this carbon has not been a part of 
ongoing processes that absorb and release carbon dioxide. 
From the perspective of geological time frames, this burning 
of fossil fuels is happening on a very short time scale. It is a 
geological flash in the pan. (See fig. 1.3.)

What are the natural ongoing processes involving car-
bon? Trees and other green plants absorb carbon dioxide 
from the atmosphere—it is essential to their growth. When 
the plants die, they decay, releasing some carbon dioxide 
back to the atmosphere. Forest or brush fires release carbon 
dioxide to the atmosphere more quickly. A small portion of 
the carbon in plants may get buried and may ultimately, 
over a period of many millions of years, be converted to a 
fossil fuel. When we burn wood as a fuel, we release carbon 
dioxide, but this has no long-term effect on greenhouse 
gases because the carbon dioxide released was absorbed 
from the atmosphere not too long ago. Wood burning does 
emit particles of ash and other pollutants that can have 
undesirable effects.

warming and climate change. Understanding the basics of 
these issues is important to politicians, policymakers, and 
ordinary citizens who discuss these issues and vote for or 
against ballot measures and candidates. What is energy and 
how is it used? Which energy sources are renewable and 
which are not? What does it mean to be “green” these days, 
and what can you do as an individual to counter global 
warming (should you believe that it is occurring)?

The global warming debate
What are the disagreements about global warming? Actu-
ally, there is little argument among climate scientists that the 
Earth is warming up and has been for several hundred years 
or more. People who argue otherwise are ignoring a large 
body of data regarding the average temperature of the Earth. 
This warming may seem very slow, just one or two degrees 
Fahrenheit in a century or more, but the rate of increase has 
been growing over the last 50 years, as shown in figure 1.2. 
It is this increasing rate of warming that has alarmed many 
climate scientists.

There are numerous fluctuations in global temperatures 
and there are cyclic effects whose causes are only partly un-
derstood, but these cannot mask the longer-term trend of 
gradual warming. The increased rate of warming observed 
during the 1990s may have been partly the result of one of the 
cyclic effects just as the recent decrease in the rate of warm-
ing may also reflect the downside of one of these cycles. 
Beware of arguments that focus on these short-term effects. 
It is the long-term effects that are most relevant.

Within the scientific community, the debate is not about 
whether global warming is occurring, but rather about what 
is causing the warming and how it will progress. The role 
played by human-caused changes in the environment is one 
of the basic questions. Specifically, we know that the 

Te
m

pe
ra

tu
re

 (°
F)

59

58.5

58

57.5

57

56.5

56

55.5
1850 1870 1890 1910 1930

Year
1950 1970 1990 2010

Figure 1.2  Average surface temperature of the Earth since 
1850. (Graph produced from data reported by Intergovernmental 
Panel on Climate Change.) The rise over the past 50 years 
corresponds roughly with an increase in atmospheric carbon dioxide. 
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Figure 1.3  A schematic sketch of our use of fossil fuels on a 
geologic time scale. Coal, oil, and natural gas were produced 
anywhere from 40 to 200 million years ago.
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Questions regarding choices on how to generate usable 
forms of energy all involve physics concepts. Is it better to 
use natural gas than nuclear power (fig. 1.4), for example? 
Nuclear power has been a particularly contentious issue 
for many years and has suffered somewhat from the whims 
of political fashion. What is nuclear energy, and should we 
be rushing into a new commitment to its use, or should we 
be afraid of going there? Natural gas releases less carbon 
dioxide per unit of energy generated than do coal or oil, 
and it is a relatively clean fuel. It is, however, an emitter of 
greenhouse gases, and its long-term supply is 
questionable.

Nuclear power does not involve the burning of a  
carbon-based fuel, so it does not release carbon dioxide 
into the atmosphere. For this reason, it is now receiving 
renewed attention as a possible resource for reducing our 
“carbon footprint.” Nuclear power does involve the mining 
of a limited resource, uranium, and has serious environ-
mental issues associated with mining, possible accidents, 
and waste disposal. However, the utilization of any energy 
resource has environmental consequences, so the weigh-
ing of such issues must be an important aspect of our deci-
sion making.

We will not provide a definitive answer to the questions 
we have just raised. What we will do is discuss some of the 
basic physics underlying nuclear power, natural-gas power 
plants, and other resources used in electric power genera-
tion. Fossil-fuel power plants are discussed in chapter 11 
and nuclear power is addressed in chapter 19. Many other 
means of generating energy will also be discussed, and some 
of the pros and cons of their use will be indicated in many 
different sections of the book.

After studying these issues, will you win your argu-
ment with your friend? Perhaps not, but you will be in a 
much better position to debate the questions. Both of you 
may come to a better understanding of the real issues 
involved.

The reduction of forest cover to create cities, highways, 
and the like therefore also affects the balance of carbon di-
oxide in the atmosphere. But it is the burning of fossil fuels 
that has the greatest impact, and that is where the focus must 
be if we are to change the rate at which greenhouse gases are 
increasing. This, then, gets us into the familiar debates on 
how we produce energy, how we use energy, and what can 
be done to change these patterns.

But what is energy? Although the term is bandied about 
all the time and we all think we have some sense of what it 
means, it turns out that providing a satisfactory definition is 
not a trivial matter. Many of the misunderstandings involved 
in the global-warming debate result from poor understand-
ing of what energy is. For example, is hydrogen a source of 
energy or merely a means of transporting energy, and what 
is the difference (see everyday phenomenon box 18.1)? 
Much of the political hoopla regarding the hydrogen econ-
omy failed to address this basic question.

In this book, we will define energy initially in chapter 6, 
titled “Energy and Oscillations.” The prior chapters on me-
chanics provide the underpinnings for the introduction of the 
energy concept. In fact, it is difficult to understand how en-
ergy is defined without having some knowledge of mechan-
ics. Following the introduction in chapter 6, energy ideas 
appear and are expanded in all of the chapters that follow. 
These ideas are central to all of physics.

Physics and energy
Understanding the definition of energy is obviously a good 
starting point for discussions of energy policies. The mean-
ing of energy and the nature of energy transformations are 
firmly within the realm of physics. How we convert one 
form of energy to another, how we can use energy effi-
ciently, and what it means to conserve energy are all topics 
that will come up in this book and in the study of physics 
more generally.

Many other topics within the realm of physics also play 
important roles in addressing energy issues. For example, 
transportation is a major area of energy use in our society. 
Cars, trucks, airplanes, boats, and trains are all part of the 
mix. They all utilize energy in some manner, but their basic 
physics can be understood from ideas in mechanics that are 
discussed in the early chapters of this book before energy 
ideas are introduced.

In the short term, one of our best options for reducing our 
use of fossil fuels involves energy conservation. Changes can 
be made in this realm more quickly than in the development 
of alternative energy resources. The rising costs of gasoline, 
diesel fuel, and fuel oil for heating have already been shown 
to significantly affect our energy consumption. Strictly 
speaking, we do not really consume energy—we simply con-
vert it to less usable forms (see chapter 6 and chapter 11). 
The study of the mechanics of transportation (chapters 2–4) 
and the thermodynamics of engines (chapters 9–11) play im-
portant roles in energy conservation.

Figure 1.4  Are nuclear power plants our salvation or relics of 
the past? ©Aerial Archives/Alamy Stock Photo
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might have seemed authoritative in its day. Where, then, do 
you turn? Which explanation will you accept?

If you are behaving like a scientist, you might begin by 
reading the ideas of other scientists about light and then test 
these ideas against your own observations of rainbows. You 
would carefully note the conditions when rainbows appear, 
the position of the sun relative to you and the rainbow, and 
the position of the rain shower. What is the order of the col-
ors in the rainbow? Have you observed that order in other 
phenomena?

You would then invent an explanation or hypothesis 
using current ideas on light and your own guess about what 
happens as light passes through a raindrop. You could devise 
experiments with water drops or glass beads to test your hy-
pothesis. (See chapter 17 for a modern view of how rain-
bows are formed.)

If your explanation is consistent with your observations 
and experiments, you could report it by giving a paper or 
talk to scientific colleagues. They may critique your expla-
nation, suggest modifications, and perform their own experi-
ments to confirm or refute your claims. If others confirm 
your results, your explanation will gain support and eventu-
ally become part of a broader theory* about phenomena in-
volving light. The experiments you and others do may also 
lead to the discovery of new phenomena, which will call for 
refined explanations and theories.

What is critical to the process just described? First is 
the importance of careful observation. Another aspect is 
the idea of testability. An acceptable scientific explana-
tion should suggest some means to test its predictions by 
observations or experiment. Saying that rainbows are 
the paintings of angels may be poetic, but it certainly is 
not testable by mere humans. It is not a scientific 
explanation.

Another important part of the process is a social one, 
the communication of your theory and experiments to col-
leagues (fig. 1.5). Submitting your ideas to the criticism 
(at times blunt) of your peers is crucial to the advance-
ment of science. Communication is also important in as-
suring your own care in performing the experiments and 
interpreting the results. A scathing attack by someone who 
has found an important error or omission in your work is a 
strong incentive for being more careful in the future. One 
person working alone cannot hope to think of all of the 
possible ramifications, alternative explanations, or poten-
tial mistakes in an argument or theory. The explosive 
growth of science has depended heavily on cooperation 
and communication.

1.2  The Scientific Enterprise
How do scientists go about explaining something like the 
temperature change of the Earth or the rainbow described in 
the introduction? How do scientific explanations differ from 
other types of explanations? Can we count on the scientific 
method to explain almost anything? It is important to under-
stand what science can and cannot do.

Philosophers have devoted countless hours and pages to 
questions about the nature of knowledge, and of scientific 
knowledge in particular. Many issues are still being refined 
and debated. Science grew rapidly during the twentieth cen-
tury and has had a tremendous impact on our lives. Innova-
tions in medicine, communications, transportation, and 
computer technology all have resulted from advances in sci-
ence. What is it about science that explains its impressive 
advances and steady expansion?

Science and rainbows
Let’s consider a specific example of how a scientific expla-
nation comes to be. Where would you turn for an explana-
tion of how rainbows are formed? If you returned from your 
bike ride with that question on your mind, you might look 
up “rainbow” in a textbook on physics or on the Internet, 
and read the explanation found there. Are you behaving like 
a scientist?

The answer is both yes and no. Many scientists would do 
the same if they were unfamiliar with the explanation. When 
we do this, we appeal to the authority of the textbook author 
and to those who preceded the author in inventing the expla-
nation. Appeal to authority is one way of gaining knowl-
edge, but you are at the mercy of your source for the validity 
of your explanation. You are also hoping that someone has 
already raised the same question and done the work to create 
and test an explanation.

Suppose you go back three hundred years or more and try 
the same approach. One book might tell you that a rainbow 
is a painting of the angels. Another might speculate on the 
nature of light and its interactions with raindrops but be 
quite tentative in its conclusions. Either of these books 

Political debates on climate change and energy utilization 
are important features of current events. The two topics are 
intimately related because the burning of fossil fuels for en-
ergy generation is the primary cause of release into the at-
mosphere of the greenhouse gas, carbon dioxide. Physics 
is the science of energy and is therefore heavily involved in 
decisions on energy conversion and utilization. Thus, the 
study of physics provides a basis for understanding some of 
the fundamental issues in these debates.

*The concept of a theory, as used in science, is often misunderstood. It is 
much more than a simple hypothesis. A theory consists of a set of basic 
principles from which many predictions can be deduced. The basic princi-
ples involved in the theory are often widely accepted by scientists working 
in the field.
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their time with step 3. Although they have some interest in 
experimental results, they may never do any experimental 
work themselves. Today, little science is done by simple ob-
servation as step 1 may seem to imply. Most observations 
are designed to test a hypothesis or existing theory and often 
involve carefully controlled experiments. Although the sci-
entific method is presented here as a stepwise process, in 
reality these steps often happen simultaneously with much 
cycling back and forth between steps (fig. 1.6).

The scientific method is a way of testing and refining 
ideas. Note that the method applies only when experimental 
tests or other consistent observations of phenomena are fea-
sible. Testing is crucial for weeding out unproductive hy-
potheses; without tests, rival theories may compete endlessly 
for acceptance. Example box 1.1 provides a sample question 
and response illustrating these ideas.

How should science be presented?
Traditional science courses focus on presenting the results of 
the scientific process rather than the story of how scientists 
arrived at these results. This is why the general public often 

What is the scientific method?
Is there something we could call the  scientific method 
within this description, and if so, what is it? The process just 
described is a sketch of how the scientific method works. 
Although there are variations on the theme, this method is 
often described as shown in table 1.1.

The steps in table 1.1 are all involved in our description 
of how to develop an explanation of rainbows. Careful ob-
servation may lead to empirical laws for when and where 
rainbows appear. An empirical law is a generalization de-
rived from experiments or observations. An example of an 
empirical law is the statement that we see rainbows with the 
sun at our backs as we look at the rainbow. This is an impor-
tant clue for developing our hypothesis, which must be con-
sistent with this rule. The hypothesis, in turn, suggests ways 
of producing rainbows artificially that could lead to experi-
mental tests and, eventually, to a broader theory.

This description of the scientific method is not bad, al-
though it ignores the critical process of communication. Few 
scientists are engaged in the full cycle that these steps sug-
gest. Theoretical physicists, for example, may spend all of 

Figure 1.5  French physicist and chemist Marie Curie  
(1867–1937) gives a lecture to an audience of men and women at 
the Conservatory of Arts and Crafts, Paris, 1925. Curie won Nobel 
prizes for both Physics (1903) and Chemistry (1911). ©Jacques Boyer/
Roger Viollet/Getty Images

Table 1.1
Steps in the Scientific Method

1. � Careful observation of natural phenomena.

2. � Formulation of rules or empirical laws based on generalizations 
from these observations and experiments.

3. � Development of hypotheses to explain the observations and 
empirical laws, and the refinement of hypotheses into theories.

4. � Testing of the hypotheses or theories by further experiment or 
observation.

Hypothesis
or

theory
Generalization

Observation
or

experiments

Figure 1.6  The scientific method cycles back to observations 
or experiments as we seek to test our hypotheses or theories. 
Communication with peers is involved in all stages of the process. 

Example Box 1.1

Sample Question:  How Reliable Is Astrology?

Question:  Astrologers claim that many events in our lives 
are determined by the positions of the planets relative to the 
stars. Is this a testable hypothesis?

Answer:  Yes, it could be tested if astrologers were willing to 
make explicit predictions about future events that could be 
verified by independent observers. In fact, astrologers usu-
ally carefully avoid doing this, preferring to cast their predic-
tions as vague statements subject to broad interpretation. 
This prevents clean tests. Astrology is not a science!
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explanations of everyday phenomena. By doing home experi-
ments or observations, constructing explanations of the results, 
and debating your interpretations with your friends, you will 
appreciate the give-and-take that is the essence of science.

Whether or not we are aware of it, we all use the scien-
tific method in our everyday activities. The case of the mal-
functioning coffee pot described in everyday phenomenon 
box 1.1 provides an example of scientific reasoning applied 
to ordinary troubleshooting.

sees science as a collection of facts and established theories. 
To some extent, that charge could be made against this book, 
because it describes theories that have resulted from the 
work of others without giving the full picture of their devel-
opment. Building on the work of others, without needing to 
repeat their mistakes and unproductive approaches, is a nec-
essary condition for human and scientific progress.

This book attempts to engage you in the process of making 
your own observations and developing and testing your own 

Everyday Phenomenon Box 1.1

The Situation.  It is Monday morning, and you are, as usual, only 
half-awake and feeling at odds with the world. You are looking 
forward to reviving yourself with a freshly brewed cup of coffee 
when you discover that your coffeemaker refuses to function. 
Which of these alternatives is most likely to work?

	 1.	 Pound on the appliance with the heel of your hand.
	 2.	 Search desperately for the instruction manual that you 

probably threw away two years ago.
	 3.	 Call a friend who knows about these things.
	 4.	 Apply the scientific method to troubleshoot the problem.

The Analysis.  All of these alternatives have some chance of suc-
cess. The sometimes positive response of electrical or mechanical 
appliances to physical abuse is well documented. The second two 
alternatives are both forms of appeal to authority that could pro-
duce results. The fourth alternative, however, may be the most 
productive and quickest, barring success with alternative 1.

How would we apply the scientific method as outlined in  
table 1.1 to this problem? Step 1 involves calmly observing the 
symptoms of the malfunction. Suppose that the coffeemaker 
simply refuses to heat up. When the switch is turned on, no 

The Case of the Malfunctioning Coffee Pot
sounds of warming water are heard. You notice that no matter 
how many times you turn the switch on or off, no heat results. 
This is the kind of simple generalization called for in step 2.

We can now generate some hypotheses about the cause of 
the malfunction, as suggested in step 3. Here are some 
candidates:

	 a.	 The coffee pot is not plugged in.
	 b.	 The external circuit breaker or fuse has tripped.
	 c.	 The power is off in the entire house or neighborhood.
	 d.	 An internal fuse in the coffee pot has blown.
	 e.	 A wire has come loose or burned through inside the 

coffeemaker.
	 f.	 The internal thermostat of the coffeemaker is broken.

No detailed knowledge of electrical circuits is needed to 
check these possibilities, although the last three call for more  
sophistication (and are more trouble to check) than the first 
three. The first three possibilities are the easiest to check and 
should be tested first (step 4 in our method). A simple remedy 
such as plugging in the pot or flipping on a circuit breaker may 
put you back in business. If the power is off in the building, other 
appliances (lights, clocks, and so on) will not work either, which 
provides an easy test. There may be little that you can do in this 
case, but at least you have identified the problem. Abusing the 
coffee pot will not help.

The pot may or may not have an internal fuse. If it is blown, a 
trip to the hardware store may be necessary. A problem like a 
loose wire or a burnt-out connection often becomes obvious by 
looking inside after you remove the bottom of the pot or the panel 
where the power cord comes in. (You must unplug the pot before 
making such an inspection!) If one of these alternatives is the case, 
you have identified the problem, but the repair is likely to take 
more time or expertise. The same is true of the last alternative.

Regardless of what you find, this systematic (and calm) ap-
proach to the problem is likely to be more productive and satisfy-
ing than the other approaches. Troubleshooting, if done this way, 
is an example of applying the scientific method on a small scale 
to an ordinary problem. We are all scientists if we approach 
problems in this manner.

Fixing a malfunctioning coffee pot—alternative 1.
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sciences deal with the behavior of matter in both living and 
nonliving systems. In addition to physics, the physical sci-
ences include chemistry, geology, astronomy, oceanogra-
phy, and meteorology (the study of weather). Physics 
underlies all of them.

Physics is also generally regarded as the most quantita-
tive of the sciences. It makes heavy use of mathematics and 
numerical measurements to develop and test its theories. 
This aspect of physics has often made it seem less accessible 
to students, even though the models and ideas of physics can 
be described more simply and cleanly than those of other 
sciences. As we will discuss in section 1.4, mathematics 
serves as a compact language, allowing briefer and more 
precise statements than would be possible without its use. 
However, the quantitative skills needed to understand this 
book are minimal.

What are the major subfields of physics?
The primary subfields of physics are listed and identified in 
table 1.2. Mechanics, which deals with the motion (or lack 
of motion) of objects under the influence of forces, was the 
first subfield to be explained with a comprehensive theory. 
Newton’s theory of mechanics, which he developed in the 
last half of the seventeenth century, was the first full-fledged 
physical theory that made extensive use of mathematics. It 
became a prototype for subsequent theories in physics.

The first four subfields listed in table 1.2 were well devel-
oped by the beginning of the twentieth century, although all 
have continued to advance since then. These subfields— 
mechanics, thermodynamics, electricity and magnetism, and 
optics—are sometimes grouped as classical physics. The last 
four subfields—atomic physics, nuclear physics, particle phys-
ics, and condensed-matter physics—are often grouped under 
the heading of modern physics, even though all of the sub-
fields are part of the modern practice of physics. The distinc-
tion is made because the last four subfields all emerged during 

1.3  The Scope of Physics
Where does physics fit within the sciences? Since this book 
is about physics, rather than biology, chemistry, geology, or 
some other science, it is reasonable to ask where we draw 
the lines between the disciplines. It is not possible, however, 
to make sharp distinctions among the disciplines or to pro-
vide a definition of physics that will satisfy everyone. The 
easiest way to give a sense of what physics is and does is by 
example—that is, by listing some of its subfields and explor-
ing their content. First, let’s consider a definition, however 
incomplete.

How is physics defined?
Physics can be defined as the study of the basic nature of 
matter and the interactions that govern its behavior. It is the 
most fundamental of the sciences. The principles and theo-
ries of physics can be used to explain the fundamental inter-
actions involved in chemistry, biology, and other sciences at 
the atomic or molecular level. Modern chemistry, for exam-
ple, uses the physical theory of quantum mechanics to ex-
plain how atoms combine to form molecules. Quantum 
mechanics was developed primarily by physicists in the 
early part of this century, but chemists and chemical knowl-
edge also played important roles. Ideas about energy that 
arose initially in physics are now used extensively in chem-
istry, biology, and other sciences.

The general realm of science is often divided into the life 
sciences and the physical sciences. The life sciences include 
the various subfields of biology and the health-related dis-
ciplines that deal with living organisms. The physical 

The process of science begins with, and returns to,  
observations of or experiments on natural phenomena. 
Observations may suggest empirical laws, and these  
generalizations may be incorporated into a more compre-
hensive hypothesis. The hypothesis is then tested against 
more observations or by controlled experiments to form a 
theory. Working scientists are engaged in one or more of 
these activities, and we all use the scientific method on 
everyday problems.

We are often told that there is a strong consensus among climate 
scientists that global warming and climate change are being 
caused by human activity that is producing growing amounts of 
greenhouse gases, particularly carbon dioxide, in the atmosphere. 
Does a strong consensus among scientists imply that this idea is 
correct? Why or why not?

Debatable Issue

Table 1.2
The Major Subfields of Physics

Mechanics. The study of forces and motion. 

Thermodynamics. The study of temperature, heat, and energy. 

Electricity and Magnetism. The study of electric and magnetic 
forces and electric current. 

Optics. The study of light. 

Atomic Physics. The study of the structure and behavior of atoms. 

Nuclear Physics. The study of the nucleus of the atom.

Particle Physics. The study of subatomic particles (quarks, etc.). 

Condensed-Matter Physics. The study of the properties of matter  
in the solid and liquid states.
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developments in condensed-matter physics. These develop-
ments, as well as the development of photovoltaic solar cells 
(fig 1.9), all involve applications of semiconductors. Particle 
physicists use particle accelerators to study the interactions 
of subatomic particles in high-energy collisions. The Large 
Hadron Collider (fig. 1.10) was used in the discovery of the 
Higgs Boson.

Science and technology depend on each other for prog-
ress. Physics plays an important role in the education and 
work of engineers, whether they specialize in electrical, me-
chanical, nuclear, or other engineering fields. In fact, people 
with physics degrees often work as engineers when they are 
employed in industry. The lines between physics and engi-
neering, or research and development, often blur. Physicists 
are generally concerned with developing a fundamental un-
derstanding of phenomena, and engineers with applying that 
understanding to practical tasks or products, but these func-
tions often overlap.

the twentieth century and only existed in rudimentary forms 
before the turn of that century. In addition to the subfields 
listed in table 1.2, many physicists work in interdisciplinary 
fields such as biophysics, geophysics, or astrophysics.

The photographs in this section (fig 1.7, fig. 1.8, fig. 1.9, 
and fig. 1.10) illustrate characteristic activities or applica-
tions of the subfields. The invention of the laser has been an 
extremely important factor in the rapid advances now taking 
place in optics, as well as many advances in the medical 
field (fig. 1.7). The development of the infrared camera has 
provided a tool for the study of heat flow from buildings, 
which involves thermodynamics (fig. 1.8). The rapid growth 
in consumer electronics, as seen in the availability of laptop 
computers, smartphones, and many other “essential” per-
sonal paraphernalia, has been made possible by 

Figure 1.7  A surgeon using a laser. ©Corbis/SuperStock RF

Figure 1.8  An infrared photograph showing patterns of  
heat loss from a house is an application of thermodynamics.  
©Dirk Püschel/Getty Images RF

Figure 1.9  A power plant at Nellis Air Force Base utilizes 
photovoltaic solar cells. ©Stocktrek Images/Getty Images RF

Figure 1.10  The Large Hadron Collider (LHC) is an accelerator 
used to study interactions of subatomic particles at very high 
energies. It is located at CERN, the European Particle-physics 
laboratory in Switzerland. ©Fabrice Coffrini/AFP/Getty Images)




