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xii  

PREFACE

Physical Science is a straightforward, easy-to-read but sub-
stantial introduction to the fundamental behavior of matter 
and energy. It is intended to serve the needs of nonscience 
majors who are required to complete one or more physical 
science courses. It introduces basic concepts and key ideas 
while providing opportunities for students to learn reasoning 
skills and a new way of thinking about their environment. No 
prior work in science is assumed. The language, as well as the 
mathematics, is as simple as can be practical for a college-level 
science course.

ORGANIZATION
The Physical Science sequence of chapters is flexible, and the 
instructor can determine topic sequence and depth of cover-
age as needed. The materials are also designed to support a 
conceptual approach or a combined conceptual and problem-
solving approach. With laboratory studies, the text contains 
enough material for the instructor to select a  sequence for 
a two-semester course. It can also serve as a text in a one-
 semester astronomy and earth science course or in other 
 combinations.

“The text is excellent. I do not think I could have taught 
the course using any other textbook. I think one reason 
I really enjoy teaching this course is because of the text. 
I could say for sure that this is one of the best textbooks 
I have seen in my career. . . . I love this textbook for the 
following reasons: (1) it is comprehensive,  (2) it is 
very well written, (3) it is easily readable and 
comprehendible, (4) it has good graphics.”
—Ezat Heydari, Jackson State University

MEETING STUDENT NEEDS
Physical Science is based on two fundamental assumptions ar-
rived at as the result of years of experience and observation from 
teaching the course: (a) that students taking the course often 
have very limited background and/or aptitude in the natural 
sciences; and (b) that this type of student will better grasp the 
ideas and principles of physical  science if they are discussed with 
minimal use of technical terminology and detail. In addition, it 
is critical for the student to see relevant applications of the material 

to everyday life. Most of these everyday-life  applications, such as 
environmental concerns, are not isolated in an  arbitrary chap-
ter; they are discussed where they occur naturally throughout 
the text.

Each chapter presents historical background where ap-
propriate, uses everyday examples in developing concepts, 
and follows a logical flow of presentation. The historical chro-
nology, of special interest to the humanistically inclined non-
science major, serves to humanize the science being presented. 
The use of everyday examples appeals to the nonscience ma-
jor, typically accustomed to reading narration, not  scientific 
technical writing, and also tends to bring relevancy to the 
material being presented. The logical flow of presentation is 
helpful to students not accustomed to thinking about rela-
tionships between what is being read and previous knowledge 
learned, a useful skill in understanding the physical sciences. 
Worked examples help students to integrate concepts and un-
derstand the use of relationships called equations. They also 
serve as a model for problem solving; consequently, special 
attention is given to complete unit work and to the clear, fully 
expressed use of mathematics. Where appropriate, chapters 
contain one or more activities, called Concepts Applied, that 
use everyday materials rather than specialized laboratory 
equipment. These activities are intended to bring the science 
concepts closer to the world of the student. The activities are 
supplemental and can be done as optional student activities 
or as demonstrations.
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 “It is more readable than any text I’ve encountered. 
This has been my first experience teaching university 
physical science; I picked up the book and found 
it very user-friendly. The level of detail is one of 
this text’s greatest strengths. It is well suited for a 
university course.”
—Richard M. Woolheater, Southeastern Oklahoma State 
University

“The author’s goals and practical approach to the 
subject matter are exactly what we are looking for in 
a textbook. . . . The practical approach to problem 
solving is very appropriate for this level of student.”
—Martha K. Newchurch, Nicholls State University

“. . . the book engages minimal use of technical 
language and scientific detail in presenting ideas. It 
also uses everyday examples to illustrate a point. This 
approach bonds with the mindset of the nonscience 
major who is used to reading prose in relation to daily 
living.”
—Ignatius Okafor, Jarvis Christian College

“I was pleasantly surprised to see that the author 
has written a textbook that seems well suited to 
introductory physical science at this level. . . . Physical 
Science seems to strike a nice balance between the 
two—avoiding unnecessary complications while still 
maintaining a rigorous viewpoint. I prefer a textbook 
that goes beyond what I am able to cover in class, but 
not too much. Tillery seems to have done a good job 
here.”
—T. G. Heil, University of Georgia

NEW TO THIS EDITION
Numerous revisions have been made to the text to add new topic 
areas, update the content on current events and the most recent 
research topics, and make the text even more user-friendly and 
relevant for students:

Two new elements have been added to this edition to fur-
ther enhance the text’s focus on developing concepts:

• Core and Supporting Concepts have been added to the 
chapter openers to help integrate the chapter concepts 
and the chapter outline. The Core and Supporting Con-
cepts outline and emphasize the concepts at a chapter 
level. The concepts list is designed to help students focus 
their studies by identifying the most important topics in 
the outline.

• A new Appendix D: Solutions for Follow-Up Example 
Exercises has been added to provide solutions to the unan-
swered, second example problems within chapters to fur-
ther assist students in grasping the concepts as well as the 
quantitative work conveyed in the in-chapter examples.

The end-of-chapter Applying the Concepts multiple-choice 
self-tests have been revised to better focus on the concepts cov-
ered within each chapter.

The list below provides chapter-specific updates:

Chapter 1: Text information on pseudoscience has been 
updated and expanded.

Chapter 2: Five new beginning “one-step problems” have been 
added to the Parallel Exercises Set A and B sections. Also, 
information on GPS has been added.

Chapter 3: There is a new section on Conserving Energy.
Chapter 5: A Closer Look on hearing problems has been 

added.
Chapter 7: A new section on special relativity and general 

relativity (with cross references to astronomy) has been 
added.

Chapter 11: A Closer Look on decompression sickness is now 
included.

Chapter 14: A Myth, Mistakes, and Misunderstanding box 
on seeing stars during day from bottom of a well has 
been added.

Chapter 15: The information on Pluto and the definition of 
planets have been updated, along with the most recent 
data on space exploration, space probes, and new probes. 
Sections with more detail on Kepler’s Laws, the geocentric 
model, and the heliocentric model have been included. 
A Myth, Mistakes, and Misunderstanding box on blue 
moons has also been added.

Chapter 16: The material on global warming has been updated 
and revised.

Chapter 17: A new Science and Society box on using mineral 
resources now appears.

Chapter 19: A new photo of a cinder cone volcano has been 
added.

Chapter 21: Photos of actual fossils have been added. Also, 
the sections on Geologic Periods and Typical Fossils, 
Mass Extinctions, and Interpreting Geologic History—A 
Summary have been expanded.

Chapter 23: Sections on Climate Change, Causes of Global 
Climate Change, and Global Warming along with a 
discussion of hurricane Katrina have been added.

Chapter 24: A Closer Look on rogue waves is now included.

THE LEARNING SYSTEM
Physical Science has an effective combination of innovative 
learning aids intended to make the student’s study of science 
more effective and enjoyable. This variety of aids is included 
to help students clearly understand the concepts and principles 
that serve as the foundation of the physical sciences.

OVERVIEW
Chapter 1 provides an overview or orientation to what the study 
of physical science in general and this text in particular are all 
about. It discusses the fundamental methods and techniques 

 PREFACE xiii
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chapter, paying particular attention to the topic headings and 
illustrations so that you get a feel for the kinds of ideas included 
within the chapter.

“Tillery does a much better job explaining 
concepts and reinforcing them. I believe his style of 
presentation is better and more comfortable for the 
student. His use of the overviews and examples is 
excellent!”
—George T. Davis, Jr., Mississippi Delta Community College

amber. The word electricity is also based on the Greek word 
for amber.

Today, we understand that the basic unit of matter is the atom, 
which is made up of electrons and other particles such as protons 
and neutrons. The atom is considered to have a dense center part 
called a nucleus that contains the closely situated protons and neu-
trons. The electrons move around the nucleus at some relatively 
greater distance (Figure 6.2). Details on the nature of protons, 
neutrons, electrons, and models of how the atom is constructed 
will be considered in chapter 8. For understanding electricity, 
you need only consider the protons in the nucleus, the electrons 
that move around the nucleus, and the fact that electrons can be 
moved from an atom and caused to move to or from one object to 
another. Basically, the electrical, light, and chemical phenomena 
involve the electrons and not the more massive nucleus. The mas-
sive nuclei remain in a relatively fixed position in a solid, but some 
of the electrons can move about from atom to atom.

Electric Charge
Electrons and protons have a property called electric charge. 
Electrons have a negative electric charge and protons have a posi-
tive electric charge. The negative or positive description simply 
means that these two properties are opposite; it does not mean 
that one is better than the other. Charge is as fundamental to 
these subatomic particles as gravity is to masses. This means 
that you cannot separate gravity from a mass, and you cannot 
separate charge from an electron or a proton.

CONCEPTS OF ELECTRICITY
You are familiar with the use of electricity in many electrical 
devices such as lights, toasters, radios, and calculators. You are 
also aware that electricity is used for transportation and for heat-
ing and cooling places where you work and live. Many people 
accept electrical devices as part of their surroundings, with only a 
hazy notion of how they work. To many people, electricity seems 
to be magical. Electricity is not magical, and it can be understood, 
just as we understand any other natural phenomenon. There are 
theories that explain observations, quantities that can be mea-
sured, and relationships between these quantities, or laws, that 
lead to understanding. All of the observations, measurements, 
and laws begin with an understanding of electric charge.

ELECTRON THEORY OF CHARGE
It was a big mystery for thousands of years. No one could fig-
ure out why a rubbed piece of amber, which is fossilized tree 
resin, would attract small pieces of paper (papyrus), thread, 
and hair. This unexplained attraction was called the “amber 
effect.” Then about one hundred years ago, J. J. Thomson 
(1856–1940) found the answer while experimenting with 
electric currents. From these experiments, Thomson was able 
to conclude that negatively charged particles were present 
in all matter and in fact might be the stuff of which matter is 
made. The amber effect was traced to the movement of these 
particles, so they were called electrons after the Greek word for 

OVERVIEW
Chapters 2–5 have been concerned with mechanical concepts, explanations of the motion of objects that exert forces 

on one another. These concepts were used to explain straight-line motion, the motion of free fall, and the circular 

motion of objects on the earth as well as the circular motion of planets and satellites. The mechanical concepts were 

based on Newton’s laws of motion and are sometimes referred to as Newtonian physics. The mechanical explanations 

were then extended into the submicroscopic world of matter through the kinetic molecular theory. The objects of 

motion were now particles, molecules that exert force on one another, and concepts associated with heat were 

interpreted as the motion of these particles. In a further extension of Newtonian concepts, mechanical explanations 

were given for concepts associated with sound, a mechanical disturbance that follows the laws of motion as it moves 

through the molecules of matter.

You might wonder, as did the scientists of the 1800s, if mechanical interpretations would also explain other natural 

phenomena such as electricity, chemical reactions, and light. A mechanical model would be very attractive because it 

already explained so many other facts of nature, and scientists have always looked for basic, unifying theories. Mechanical 

interpretations were tried, as electricity was considered a moving fluid, and light was considered a mechanical wave 

moving through a material fluid. There were many unsolved puzzles with such a model, and gradually it was recognized 

that electricity, light, and chemical reactions could not be explained by mechanical interpretations. Gradually, the point 

of view changed from a study of particles to a study of the properties of the space around the particles. In this chapter, 

you will learn about electric charge in terms of the space around particles. This model of electric charge, called the field 

model, will be used to develop concepts about electric current, the electric circuit, and electrical work and power. A 

relationship between electricity and the fascinating topic of magnetism is discussed next, including what magnetism is 

and how it is produced. The relationship is then used to explain the mechanical production of electricity (Figure 6.1), how 

electricity is measured, and how electricity is used in everyday technological applications.
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OUTLINE 
Concepts of Electricity

Electron Theory of Charge
Static Electricity

Measuring Electrical Charges
Electrostatic Forces
Force Fields
Electric Potential

Electric Current
The Electric Circuit
The Nature of Currrent
Electrical Resistance
Electrical Power and Electrical Work

People Behind the Science: 
Benjamin Franklin

Magnetism
Magnetic Poles
Magnetic Fields
The Source of Magnetic Fields

Electric Currents and Magnetism
Current Loops
Applications of Electromagnets

Electromagnetic Induction
Generators
Transformers

A Closer Look: Current War
Circuit Connections

Voltage Sources in Circuits
Science and Society: Blackout Reveals 

Pollution
A Closer Look: Solar Cells

Resistances in Circuits
Household Circuits

A thunderstorm produces an interesting display of electrical discharge. Each 

bolt can carry over 150,000 amperes of current with a voltage 

of 100 million volts.

Static Electricity 
Static electricity is an electric 

charge confined to an object 

from the movement of electrons.

Measuring Electrical Charge 
The size of a static charge 

is related to the number of 

electrons that were moved, and 

this can be measured in units of 

coulombs.

The Electric Circuit 
Electric current is the rate at 

which a charge moves.

Electromagnetic Induction 
A changing magnetic field 

causes charges to move.

Electric Potential 
Electric potential results when 

work is done moving charges into 

or out of an electric field, and 

the potential created between 

two points is measured in volts.

Force Field 
The space around a charge is 

changed by the charge, and this 

is called an electric field.

CORE CONCEPT 
Electric and magnetic fields interact and can produce forces.

6
Electricity

Source of Magnetic Fields 
A moving charge produces a 

magnetic field.
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used by scientists to study and understand the world around us. 
It also explains the  problem-solving approach used throughout 
the text so that students can more effectively apply what they 
have learned.

CHAPTER OPENING TOOLS
Core Concept and Supporting Concepts
New! Core and Supporting Concepts integrate the chapter 
 concepts and the chapter outline. The Core and Supporting 
Concepts outline and emphasize the concepts at a chapter 
 level. The concepts list is designed to help students focus their 
studies by identifying the most important topics in the chapter 
outline.

Chapter Outline
The chapter outline includes all the major topic headings and 
subheadings within the body of the chapter. It gives you a quick 
glimpse of the chapter’s contents and helps you locate sections 
dealing with particular topics.

xiv PREFACE

Chapter Overview
Each chapter begins with an introductory overview. The over-
view previews the chapter’s contents and what you can expect 
to learn from reading the chapter. It adds to the general outline 
of the chapter by introducing you to the concepts to be cov-
ered, facilitating in the integration of topics, and helping you 
to stay focused and organized while reading the chapter for the 
first time. After reading the introduction, browse through the 

EXAMPLES
Each topic discussed within the chapter contains 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 ex-
amples, students can better appreciate the many uses of problem 
solving in the physical sciences.

“I feel this book is written well for our average 
student. The images correlate well with the text, 
and the math problems make excellent use of the 
dimensional analysis method. While it was a toss-
up between this book and another one, now that 
we’ve taught from the book for the last year, we are 
extremely happy with it.”
—Alan Earhart, Three Rivers Community College
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FIGURE 2.5 (A) This graph shows how the speed changes per 

unit of time while driving at a constant 70 km/h in a straight line. 

As you can see, the speed is constant, and for straight-line motion, 

the acceleration is 0. (B) This graph shows the speed increasing 

from 60 km/h to 80 km/h for 5 s. The acceleration, or change of 

velocity per unit of time, can be calculated either from the equation 

for acceleration or by calculating the slope of the straight-line 

graph. Both will tell you how fast the motion is changing with time.

0

Time (s)

1 3 4

B

2

time elapsed), the velocity was 80 km/h (final velocity). Note 
how fast the velocity is changing with time. In summary,

start (initial velocity) 60 km/h
End of first second 65 km/h
End of second second 70 km/h
End of third second 75 km/h
End of fourth second (final velocity) 80 km/h

As you can see, acceleration is really a description of how fast 
the speed is changing (Figure 2.5); in this case, it is increasing 
5 km/h each second.

Usually, you would want all the units to be the same, so you 
would convert km/h to m/s. A change in velocity of 5.0 km/h con-
verts to 1.4 m/s and the acceleration would be 1.4 m/s/s. The units 
m/s per s mean what change of velocity (1.4 m/s) is occurring 
every second. The combination m/s/s is rather cumbersome, so 
it is typically treated mathematically to simplify the expression 

t

This shows that both equations are a time rate of change. 
Speed is a time rate change of distance. Acceleration is a 
time rate change of velocity. The time rate of change of some-
thing is an important concept that you will meet again in 
chapter 3.

EXAMPLE 2.3
A bicycle moves from rest to 5 m/s in 5 s. What was the acceleration?

SOLUTION

 vi = 0 m/s a =   vf – vi _ t  
 vf = 5 m/s

  =   5 m/s – 0 m/s  __ 5 s   t = 5 s

  =   5 _ 5     m/s _ s  
 a = ?

  = 1 (   m _ s   )   (   1 _ s   ) 
  

  =  1   m _ 
s2  

EXAMPLE 2.4
An automobile uniformly accelerates from rest at 5 m/s2 for 6 s. What 
is the final velocity in m/s? (Answer: 30 m/s)
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APPLYING SCIENCE TO THE REAL WORLD
Concepts Applied
Each chapter also includes one or more Concepts Applied 
 boxes. These activities are simple investigative exercises that 
students can perform at home or in the classroom to dem-
onstrate important concepts and reinforce understanding of 
them. This feature also describes the application of those con-
cepts to everyday life.

Science and Society
These readings relate the chapter’s content to current soci-
etal  issues. Many of these boxes also include Questions to 
Discuss that provide an opportunity to discuss issues with 
your peers.

Myths, Mistakes, and Misunderstandings
These brief boxes provide short, scientific explanations to dispel 
a societal myth or a home experiment or project that enables 
you to dispel the myth on your own.Recall that the index of refraction is related to the speed of 

light in a transparent substance. A glass prism separates sunlight 
into a spectrum of colors because the index of refraction is dif-
ferent for different wavelengths of light. The same processes that 
slow the speed of light in a transparent substance have a greater 
effect on short wavelengths than they do on longer wavelengths. 
As a result, violet light is refracted most, red light is refracted least, 
and the other colors are refracted between these extremes. This 
results in a beam of white light being separated, or dispersed, into 
a spectrum when it is refracted. Any transparent material in which 
the index of refraction varies with wavelength has the property 
of dispersion. The dispersion of light by ice crystals sometimes 
 produces a colored halo around the sun and the moon.

EVIDENCE FOR WAVES
The nature of light became a topic of debate toward the end 
of the 1600s as Isaac Newton published his particle theory of 
light. He believed that the straight-line travel of light could 
be better explained as small particles of matter that traveled at 
great speed from a source of light. Particles, reasoned Newton, 
should follow a straight line according to the laws of motion. 
Waves, on the other hand, should bend as they move, much 
as water waves on a pond bend into circular shapes as they 
move away from a disturbance. About the same time that 
Newton developed his particle theory of light, Christian 
Huygens (pronounced “ni-ganz”) (1629–1695) was conclud-
ing that light is not a stream of particles but rather a longitu-
dinal wave.

Both theories had advocates during the 1700s, but the 
majority favored Newton’s particle theory. By the beginning of 
the 1800s, new evidence was found that favored the wave the-
ory, evidence that could not be explained in terms of anything 
but waves.

INTERFERENCE
In 1801, Thomas Young (1773–1829) published evidence of 
a behavior of light that could only be explained in terms of a 
wave model of light. Young’s experiment is illustrated in Figure 
7.19A. Light from a single source is used to produce two beams 
of light that are in phase, that is, having their crests and troughs 
together as they move away from the source. This light falls on 
a card with two slits, each less than a millimeter in width. The 
light moves out from each slit as an expanding arc. Beyond the 
card, the light from one slit crosses over the light from the other 
slit to produce a series of bright lines on a screen. Young had 
produced a phenomenon of light called interference, and inter-
ference can only be explained by waves.

CONCEPTS Applied
Colors and Refraction

A convex lens is able to magnify by forming an image with 

refracted light. This application is concerned with magni-

fying, but it is really more concerned with experimenting 

to find an explanation.

Here are three pairs of words:

SCIENCE BOOK
RAW HIDE

CARBON DIOXIDE

Hold a cylindrical solid glass rod over the three pairs 

of words, using it as a magnifying glass. A clear, solid, and 

transparent plastic rod or handle could also be used as a 

magnifying glass.

Notice that some words appear inverted but others 

do not. Does this occur because red letters are refracted 

differently than blue letters?

Make some words with red and blue letters to test your 

explanation. What is your explanation for what you observed?
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Closer Look
One or more boxed Closer Look features can be found in each 
chapter of Physical Science. These readings present topics of 
 special human or environmental concern (the use of seat belts, 
acid rain, and air pollution, for example). In addition to envi-
ronmental concerns, topics are presented on interesting tech-
nological applications (passive solar homes, solar cells, catalytic 
converters, etc.) or on the cutting edge of scientific research 
(for example, El Niño and dark energy). All boxed features 
are  informative materials that are supplementary in nature. 
The Closer Look readings serve to underscore the relevance of 
 physical science in confronting the many issues we face daily.

Science and Society
Geothermal Energy

Geothermal energy means earth (geo) 
heat (thermal) energy, or energy in the 

form of heat from Earth. Beneath the sur-
face of Earth is a very large energy  resource 
in the form of hot water and steam that can 
be used directly for heat or converted to 
electricity.

Most of the U.S. geothermal resources 
are located in the western part of the nation 
where the Juan de Fuca Plate is subducted 
beneath the continental lithosphere. The 
Juan de Fuca partially melts, forming magma 
that is buoyed toward Earth’s surface, erupt-
ing as volcanoes (see Figure 19.25). This 
subduction is the source of heating for 
the hot water and steam resources in ten 
western states. There are also geothermal 
 resources in Hawaii from a different geo-
thermal source.

One use of geothermal energy is to gen-
erate electricity. Geothermal power plants 
are located in California (ten sites), Hawaii, 
Nevada (ten sites), Oregon, and Utah (two 
sites). These sites have a total generating 
 capacity of 2,700 megawatts (MW), which 
is enough electricity to supply the needs 
of 3.5 million people. The world’s largest 
geo thermal power plant is located at the 
 Geysers Power Plant in northern California. 
Dry steam provides the energy for twenty-
three units at this site, which generate more 
than 1,700 MW of electrical power. All of 
the other sites use hot water rather than 
steam to generate electricity, with a total 
generating capacity of 1,000 MW.

In addition to producing electricity, 
 geothermal hot water is used directly for 
space heating. Space heating in individual 
houses is accomplished by piping hot water 
from one geothermal well. District systems, 
on the other hand, pipe hot water from one 
or more geothermal wells to several build-
ings, houses, or blocks of houses. Currently, 
geothermal hot water is used in individual 
and district space-heating systems at more 
than 120 locations. There are more than 
1,200 potential geothermal sites that could 
be developed to provide hot water to more 
than 370 cities in eight states. The creation 
of such geothermal districts could result in 
a savings of up to 50 percent over the cost of 
natural gas heating.

Geothermal hot water is also used 
 directly in greenhouses and aquaculture 
 facilities. There are more than thirty-five 
large geothermal-energized greenhouses 
raising vegetables and flowers and more than 
twenty-five geothermal- energized aquacul-
ture facilities raising fish in  Arizona, Cali-
fornia, Colorado, Idaho, Montana, Nevada, 
New York, Oregon, South Dakota, Utah, and 
Wyoming (see http://geoheat.oit.edu/drsys.
htm. A food dehydration  facility in Nevada, 
for example, uses geothermal  energy to pro-
cess more than 15 million pounds of dried 
onions and garlic per year. Other uses of 
geothermal energy include laundries, swim-
ming pools, spas, and  resorts. Over two 
hundred resorts are using geothermal hot 
water in the United States.

Geothermal energy is considered to 
be one of the renewable energy resources 
since the energy supply is maintained 
by plate  tectonics. Currently, geother-
mal energy production is ranked third 
behind hydroelectricity and biomass but 
ahead of solar and wind. It has been esti-
mated that known  geothermal resources 
could  supply thousands of megawatts more 
power beyond current production, and 
development of the potential direct-use 
 applications could displace the use—and 
greenhouse gas  emissions—of 18 million 
barrels of oil per year.

QUESTIONS TO DISCUSS

Discuss with your group the following 
questions concerning the use of  geothermal 
 energy:
 1. Why is the development of geothermal 

energy not proceeding more rapidly?
 2. Should the government provide 

 incentives for developing  geothermal 
 resources? Give reasons for your 
answer.

 3. What are the advantages and disad-
vantages of a government-controlled 
 geothermal energy industry?

 4. As other energy supplies become 
 depleted, who should be responsible 
for developing new energy supplies, 
 investor-owned industry or   government 
agencies?
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g ,
being gathered and evaluated, and the exact number of plates 
and their boundaries are yet to be determined with certainty. 
The major question that remains to be answered is what 
drives the plates, moving them apart, together, and by each 
other? One explanation is that slowly turning convective cells 
in the plastic asthenosphere drive the plates (Figure 18.18). 
 According to this hypothesis, hot mantle materials rise at the 
 diverging boundaries. Some of the material escapes to form 
new crust, but most of it spreads out beneath the lithosphere. 
As it moves beneath the lithosphere, it drags the overlying 
plate with it. Eventually, it cools and sinks back inward under 
a sub duction zone.

There is uncertainty about the existence of convective cells 
in the asthenosphere and their possible role because of a lack 
of clear evidence. Seismic data is not refined enough to show 
convective cell movement beneath the lithosphere. In addition, 

Myths, Mistakes, & Misunderstandings

Bye Bye California?
It is a myth that California will eventually fall off the continent 
into the ocean. The San Andreas fault is the boundary between 
the Pacific and North American Plates. The Pacific Plate is mov-
ing northwest along the North American Plate at 45 mm per 
year (about the rate your fingernails grow). The plates are mov-
ing horizontally by each other, so there is no reason to believe 
California will fall into the ocean. However, some 15 million 
years and millions of earthquakes from now, Los Angeles might 
be across the bay from San Francisco. See “Earthquakes, Mega 
Quakes, and the Movies” at 
http://earthquake.usgs.gov/learning/topics.php?topicID= 
36+topic=Myths
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 PREFACE xv

A Closer Look
A Bicycle Racer’s Edge

Galileo was one of the first to recognize 
the role of friction in opposing motion. 

As shown in Figure 2.9, friction with the sur-
face and air friction combine to produce a 
net force that works against anything that is 
moving on the surface. This article is about 
air friction and some techniques that bike 
riders use to reduce that opposing force—
perhaps giving them an edge in a close race.

The bike riders in Box Figure 2.1 are 
forming a single-file line, called a pace-
line, because the slipstream reduces the air 
 re sistance for a closely trailing rider. Cyclists 
say that  riding in the slipstream of another 
cyclist will save much of their energy. They 
can move up to 5 mi/h faster than they would 
expending the same energy riding alone.

In a sense, riding in a slipstream means 
that you do not have to push as much air out 
of your way. It has been estimated that at 
20 mi/h, a cyclist must move a little less than 
half a ton of air out of the way every min-
ute. Along with the problem of moving air 
out of the way, there are two basic factors 
 related to air resistance. These are (1) a 

likely to have the lower-pressure-producing 
air turbulence behind (and resulting greater 
pressure in front) because it smoothes, or 
streamlines, the air flow.

The frictional drag of air is similar to the 
frictional drag that occurs when you push 
a book across a rough tabletop. You know 
that smoothing the rough tabletop will re-
duce the frictional drag on the book. Like-
wise, the smoothing of a surface exposed to 
moving air will reduce air friction. Cyclists 
accomplish this “smoothing” by wearing 
smooth Lycra clothing and by shaving hair 
from arm and leg surfaces that are exposed 
to moving air. Each hair contributes to the 
overall frictional drag, and removal of the 
arm and leg hair can thus result in seconds 
saved. This might provide enough of an 
edge to win a close race. Shaving legs and 
arms, together with the wearing of Lycra or 
some other tight, smooth-fitting garments, 
are just a few of the things a cyclist can do 
to gain an edge. Perhaps you will be able to 
think of more ways to reduce the forces that 
oppose  motion.

BOX FIGURE 2.1 The object of the race 

is to be in the front, to finish first. If this is 

true, why are these racers forming a single-

file line?

turbulent versus a smooth flow of air and 
(2) the problem of frictional drag. A turbu-
lent flow of air contributes to air resistance 
because it causes the air to separate slightly 
on the back side, which increases the pres-
sure on the front of the moving object. This 
is why racing cars, airplanes, boats, and 
other racing vehicles are streamlined to 
a teardroplike shape. This shape is not as 
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END-OF-CHAPTER FEATURES
At the end of each chapter, students will find the 
following materials:

• Summary: highlights the key elements of the chapter. 
• Summary of Equations (chapters 1–13): reinforces reten-

tion of the equations presented. 
• Key Terms: gives page references for finding the terms 

 defined within the context of the chapter reading. 
• Applying the Concepts: tests comprehension of the material 

covered with a multiple-choice quiz.
• Questions for Thought: challenges students to demonstrate 

their understanding of the topics. 
• Parallel Exercises (chapters 1–13): reinforces problem-

 solving skills. There are two groups of parallel exercises, 
Group A and Group B. The Group A parallel exercises 
have complete solutions worked out, along with useful 
comments, in appendix E. The Group B parallel exer-
cises are similar to those in Group A but do not contain 
 answers in the text. By working through the Group A 

parallel exercises and checking the solutions in appendix 
E, students will gain confidence in tackling the parallel 
exercises in Group B and thus reinforce their problem-
solving skills.

• For Further Analysis: exercises include analysis or discussion 
questions, independent investigations, and  activities intended 
to emphasize critical thinking skills and societal issues, and 
develop a deeper understanding of the chapter content.

• Invitation to Inquiry: exercises that consist of short, open-
ended activities that allow you to apply investigative skills 
to the material in the chapter.

“The most outstanding feature of Tillery’s Physical 
Science is the use of the Group A Parallel Exercises. 
Prior to this text, I cannot count the number of times 
I have heard students state that they understood the 
material when presented in class, but when they tried 
the homework on their own, they were unable to 
remember what to do. The Group A problems with 
the complete solution were the perfect reminder 
for most of the students. I also believe that Tillery’s 
presentation of the material addresses the topics with 
a rigor necessary for a college-level course but is easily 
understandable for my students without being too 
simplistic. The material is challenging but not too 
overwhelming.”
—J. Dennis Hawk, Navarro College

People Behind the Science
Florence Bascom (1862–1945)

Florence Bascom, a U.S. geologist, was an 
expert in the study of rocks and miner-

als and founded the geology department 
at Bryn Mawr College, Pennsylvania. This 
department was responsible for training 
the foremost women geologists of the early 
twentieth century.

Born in Williamstown, Massachusetts, 
in 1862, Bascom was the youngest of the 
six children of suffragist and school-
teacher Emma Curtiss Bascom and William 
 Bascom, professor of philosophy at Williams 
College. Her father, a supporter of suffrage 
and the education of women, later became 
president of the University of Wisconsin, 
to which women were admitted in 1875. 
 Florence Bascom enrolled there in 1877 
and with other women was allowed limited 
 access to the facilities but was  denied ac-
cess to classrooms filled with men. In spite 
of this, she earned a B.A. in 1882, a B.Sc. 
in 1884, and an M.S. in 1887. When Johns 
Hopkins University graduate school opened 
to women in 1889, Bascom was allowed to 
enroll to study geology on the condition that 
she sat behind a screen to avoid distracting 
the male students. With the support of 
her  advisor, George Huntington Williams, 
and her father, she managed in 1893 to 
 become the second woman to gain a Ph.D. 
in geology (the first being Mary Holmes at 
the University of Michigan in 1888).

Bascom’s interest in geology had been 
sparked by a driving tour she took with 
her father and his friend Edward Orton, a 
geology professor at Ohio State. It was an 
exciting time for geologists with new areas 
opening up all the time. Bascom was also 
inspired by her teachers at  Wisconsin and 

Johns Hopkins, who were experts in the 
new fields of metamorphism and crystal-
lography. Bascom’s Ph.D. thesis was a study 
of rocks that had previously been thought 
to be sediments but that she proved to be 
metamorphosed lava flows.

While studying for her doctorate, 
 Bascom became a popular teacher, passing 
on her enthusiasm and rigor to her stu-
dents. She taught at the Hampton  Institute 
for Negroes and American Indians and at 
Rockford College before becoming an in-
structor and associate professor at Ohio 
State University in geology from 1892 
to 1895. Moving to Bryn Mawr College, 
where geology was considered subordi-
nate to the other sciences, she spent two 
years teaching in a storeroom while build-
ing a considerable collection of fossils, 
rocks, and minerals. While at Bryn Mawr, 
she took great pride in passing on her 
knowledge and training to a generation 
of women who would become successful. 
At Bryn Mawr, she rose rapidly, becoming 
reader (1898), associate professor (1903), 
professor (1906), and  finally professor 
emeritus from 1928 till her death in 1945 
in Northampton, Massachusetts.

Bascom became, in 1896, the first 
woman to work as a geologist on the U.S. 
Geological Survey, spending her summers 
mapping formations in Pennsylvania, 
Maryland, and New Jersey, and her win-
ters analyzing slides. Her results were 
published in Geographical Society of 
America bulletins. In 1924, she became 
the first woman to be elected a fellow of 
the Geographical Society and went on, 
in 1930, to become the first woman vice 

president. She was associate editor of 
the American Geologist (1896–1905) and 
achieved a four-star place in the first edi-
tion of American Men and Women of Sci-
ence (1906), a sign of how highly regarded 
she was in her field.

Bascom was the author of over forty 
research papers. She was an expert on the 
crystalline rocks of the Appalachian 
Piedmont, and she published her research 
on Piedmont geomorphology. Geologists in 
the Piedmont area still value her contribu-
tions, and she is still a powerful model for 
women seeking status in the field of geol-
ogy today.

Source: Modified from the Hutchinson Dictionary of Scientific Biography. © Research Machine’s plc 2006. All Rights Reserved. Helicon Publishing is a division of Research Machines.
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QUESTIONS FOR THOUGHT

 1. What is a concept?
 2. What are two components of a measurement statement? What 

does each component tell you?
 3. Other than familiarity, what are the advantages of the English 

system of measurement?
 4. Defi ne the metric standard units for length, mass, and time.
 5. Does the density of a liquid change with the shape of a  container? 

Explain.
 6. Does a fl attened pancake of clay have the same density as the 

same clay rolled into a ball? Explain.
 7. What is an equation? How are equations used in the physical 

 sciences?
 8. Compare and contrast a scientifi c principle and a scientifi c law.
 9. What is a model? How are models used?
 10. Are all theories always completely accepted or completely 

 rejected? Explain.

FOR FURTHER ANALYSIS

 1. Select a statement that you feel might represent pseudoscience. 
Write an essay supporting and refuting your selection, noting 
facts that support one position or the other.

 2. Evaluate the statement that science cannot solve human-
 produced problems such as pollution. What does it mean to 
say pollution is caused by humans and can only be solved by 
humans? Provide evidence that supports your position.

 3. Make an experimental evaluation of what happens to the density 
of a substance at larger and larger volumes.

 4. If your wage were dependent on your work-time squared, how 
would it aff ect your pay if you double your hours?

 5. Merriam-Webster’s 11th Collegiate Dictionary defi nes science, in 
part, as “knowledge or a system of knowledge covering general 
truths or the operation of general laws especially as obtained and 
tested through scientifi c method.” How would you defi ne science?

 6. Are there any ways in which scientifi c methods diff er from 
commonsense methods of reasoning?

 7. Th e United States is the only country in the world that does not 
use the metric system of measurement. With this understanding, 
make a list of advantages and disadvantages for adopting the 
metric system in the United States.

INVITATION TO INQUIRY

Paper Helicopters
Construct paper helicopters and study the effects that various variables 
have on their flight. After considering the size you wish to test, copy the 
patterns shown in Figure 1.17 on a sheet of notebook paper. Note that solid 
lines are to be cut and dashed lines are to be folded. Make three scissor cuts 
on the solid lines. Fold A toward you and B away from you to form the 
wings. Then fold C and D inward to overlap, forming the body. Finally, fold 
up the bottom on the dashed line and hold it together with a paper clip. 
Your finished product should look like the helicopter in Figure 1.17. Try a 
preliminary flight test by standing on a chair or stairs and dropping it.

Decide what variables you would like to study to find out how they 
influence the total flight time. Consider how you will hold everything 
else constant while changing one variable at a time. You can change 
the wing area by making new helicopters with more or less area in the 
A and B flaps. You can change the weight by adding more  paper clips. 
Study these and other variables to find out who can design a  helicopter 
that will remain in the air the longest. Who can design a  helicopter that 
is most accurate in hitting a target?

A

A B

AB B

C D

FIGURE 1.17 Pattern for a paper helicopter.
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People Behind the Science
Many chapters also have fascinating biographies that spotlight 
well-known scientists, past or present. From these People Be-
hind the Science biographies, students learn about the human 
side of the science: physical science is indeed relevant, and real 
people do the  research and make the discoveries. These read-
ings present  phys ical science in real-life terms that students can 
identify with and  understand.

“The People Behind the Science features help relate 
the history of science and the contributions of the 
various individuals.”
—Richard M. Woolheater, Southeastern Oklahoma State 
University
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Physical Science, but instructors can also edit questions, import 
their own content, and create announcements and due dates 
for  assignments. ARIS has automatic grading and reporting of 
easy-to-assign homework, quizzing, and testing. All student 
activity within McGraw-Hill’s ARIS is automatically recorded 
and available to the instructor through a fully integrated grade 
book that can be downloaded to Excel. 

APPENDIX D
Solutions for Follow-Up Example Exercises

Note: Solutions that involve calculations of measurements are 
rounded up or down to conform to the rules for signficant fig-
ures as described in Appendix A.

CHAPTER 1

 1.2 m = 15.0 g
  V = 4.50 cm
  ρ = ?

    ρ =   m _ V  

     =   
15.0 g

 _ 
4.50 cm3  

     =   
3.33 g

 _ 
cm3  

CHATER 2

 2.2  − v  = 8.00 km/h
  t = 10.0 s
  d = ?

Th e bicycle has a speed of 8.00 km/h and the time factor is 10.0 s, so 
km/h must be converted to m/s:

     − v  =   
0.2778   m _ s  

 _ 
  km _ 

h
  

   × 8.00   km _ 
h

  

     = (0.2778) (8.00)   m _ s   ×   h _ km   ×   km _ h  

     = 2.22   m _ s  

     − v  =   d _ t  

     − v t =   dt _ t  

    d = vt

     = (2.22   m _ s  ) (10.0 s)

     = (2.22) (10.0)   m _ s    ×   s _ 1  

     = 22.2 m

 2.4 vi = 0   m _ s  

  vf = ?

  t = 5   m _ 
s2  .

  t = 6 s

    a =   vf − vi _ t   ∴ vt = at + vi

     = (5   m _ 
s2  ) (6 s)

     = (5) (6)   m _ 
s2   ×   s _ 1  

     = 30   m _ s  

 2.6 vi = 25.0   m _ s  

  vf = 0   m _ s  

  t = 10.0s
  a = ?

    a =   
vt − vi _ t  

     =   
0   m _ s   − 25.0   m _ s   

  __ 10.0 s  

     =   −25.0 _ 10.0      m _ s   ×   1 _ s  

     = −2.50   m _ 
s2  

 2.9 m = 20 kg
  F = 40 N
  a = ?

    F = ma ∴ a =   F _ m  

     =   
40   

kg . m
 _ 

s2  
 _ 

20 kg
  

     =   40 _ 20     
kg . m

 _ 
s2 

   ×   1 _ kg  

     = 2   m _ 
s2  
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END-OF-TEXT MATERIALS
Appendices providing math review, additional background de-
tail, solubility and humidity charts, solutions for the in-chapter 
follow-up examples, and solutions for the Group A Parallel Ex-
ercises can be found at the back of the text. There is also a glos-
sary of all key terms, an index, and special tables printed on the 
inside covers for reference use.

SUPPLEMENTS
Physical Science is accompanied by a variety of multimedia 
supplementary materials, including an interactive ARIS site 
with testing software containing multiple-choice test items 
and other teacher resources. The supplement package  also in-
cludes a laboratory manual, both student and instructor’s edi-
tions, by the  author of the text.

MULTIMEDIA SUPPLEMENTARY MATERIALS
McGraw-Hill’s ARIS—Assessment, Review, 
and Instruction System
McGraw-Hill’s ARIS for Physical Science is a complete, online 
electronic homework and course management system designed 
for greater ease of use than any other system available. Avail-
able with the Physical Science eighth edition text, instructors 
can create and share course materials and assignments with col-
leagues with a few clicks of the mouse. All Po werPoint lectures, 
assignments, quizzes, an instructor’s lab manual, text images, 
an instructor’s manual, test bank questions, clicker questions, 
animations, and more are directly tied to text-specific materials in 

Personal Response Systems
Personal Response Systems (“clickers’) can  bring interactivity 
into the classroom or lecture hall.  Wireless response systems 
give the instructor and students immediate feedback from the 
entire class. The wireless response pads are essentially remotes 
that are easy to use and engage students. Clickers  allow in-
structors to motivate student preparation, interactivity, and 
active learning. Instructors receive immediate feedback to 
gauge which concepts students understand. Questions cover-
ing the content of the Physical Science text and formatted in 
PowerPoint are available on ARIS for Physical Science.

Computerized Test Bank Online
A comprehensive bank of test questions is provided within a 
 computerized test bank powered by McGraw-Hill’s flexible elec-
tronic testing program EZ Test Online (www.eztestonline.com). 
EZ Test Online allows instructors to create paper and online 
tests or quizzes in this easy-to-use program!

Imagine being able to create and access your test or quiz 
anywhere, at any time without installing the testing software. 
Now, with EZ Test Online, instructors can select questions from 
multiple McGraw-Hill test banks or author their own and then 
either print the test for paper distribution or give it online.

Test Creation
• Author/edit questions online using the fourteen different 

question type templates.
• Create printed tests or deliver online to get instant scoring 

and feedback.
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• Create question pools to offer multiple versions online—
great for practice.

• Export tests for use in WebCT, Blackboard, PageOut, and 
Apple’s iQuiz.

• Compatible with EZ Test Desktop tests already created.
• Sharing tests with colleagues, adjuncts, TAs is easy.

Online Test Management
• Set availability dates and time limits for the quiz or test.
• Control how the test will be presented.
• Assign points by question or question type with drop-

down menu.
• Provide immediate feedback to students or delay until all 

finish the test.
• Create practice tests online to enable students mastery.
• Your roster can be uploaded to enable student self-

 registration.

Online Scoring and Reporting
• Automated scoring for most of EZ Test’s numerous ques-

tion types
• Allows manual scoring for essay and other open response 

questions
• Manual rescoring and feedback is also available.
• EZ Test’s grade book is designed to easily export to your 

grade book.
• View basic statistical reports

Support and help
• User’s Guide and built-in, page-specific help
• Flash tutorials for getting started on the support site
• Support website— www.mhhe.com/eztest
• Product specialist available at 1-800-331-5094
• Online training: http://auth.mhhe.com/mpss/workshops/

PRESENTATION CENTER
 Complete set of electronic book images and assets for instructors .

Build instructional materials wherever, whenever, and however 
you want!

Accessed from your textbook’s ARIS website, Presentation 
Center is an online digital library containing photos, artwork, 
animations, and other media types that can be used to create 
customized lectures, visually enhanced tests and quizzes, com-
pelling course websites, or attractive printed support materials. 
All assets are copyrighted by McGraw-Hill Higher Education 
but can be used by instructors for classroom purposes. The 
 visual resources in this collection include:

• Art and Photo Library: Full-color digital files of all of 
the illustrations and many of the photos in the text can be 
readily incorporated into lecture presentations, exams, or 
custommade classroom materials.

• Worked Example Library, Table Library, and Numbered 
Equations Library: Access the worked examples, tables, 
and equations from the text in electronic format for inclu-
sion in your classroom resources.

• Animations Library: Files of animations and videos cov-
ering the many topics in Physical Science are included so 
that you can easily make use these animations in a lecture 
or classroom setting.
Also residing on your textbook’s ARIS website are:

• PowerPoint Slides: For instructors who prefer to create their 
lectures from scratch, all illustrations, photos, and tables are 
preinserted by chapter into blank PowerPoint slides.

• Lecture Outlines: Lecture notes, incorporating illustrations 
and animated images, have been written to the eighth edi-
tion text. They are provided in PowerPoint format so that 
you may use these lectures as written or customize them 
to fit your lecture.

 “I find Physical Science to be superior to either of the 
texts that I have used to date. . . . The animations and 
illustrations are better than those of other textbooks 
that I have seen, more realistic and less trivial.”
—T. G. Heil, University of Georgia

ELECTRONIC BOOKS
If you or your students are ready for an alternative version of 
the traditional textbook, McGraw-Hill brings you innovative 
and inexpensive electronic textbooks. By purchasing e-books 
from  McGraw-Hill, students can save as much as 50 percent on 
 selected titles delivered on the most advanced e-book platforms 
available.

E-books from McGraw-Hill are smart, interactive, search-
able, and portable, with such powerful tools as detailed searching, 
highlighting, note taking, and student-to-student or instructor-
to-student note sharing. E-books from McGraw-Hill will help 
students to study smarter and quickly find the information they 
need. Students will also save money. Contact your McGraw-Hill 
sales representative to discuss e-book packaging options.

PRINTED SUPPLEMENTARY MATERIAL

Laboratory Manual
The laboratory manual, written and classroom tested by the au-
thor, presents a selection of laboratory exercises specifically writ-
ten for the interests and abilities of nonscience majors. There are 
laboratory exercises that require measurement, data analysis, and 
thinking in a more structured learning environment. Alternative 
exercises that are open-ended “Invitations to Inquiry” are pro-
vided for instructors who would like a less structured approach. 
When the laboratory manual is used with Physical Science, stu-
dents will have an opportunity to master  basic scientific principles 
and concepts, learn new problem-solving and thinking skills, and 
understand the nature of scientific inquiry from the perspective 
of hands-on experiences. The instructor’s edition of the laboratory 
manual can be found on the Physical Science ARIS site. 
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