b1 1595
' USED BOOK




An Introduction to
Physical Science

Seventh Edition

James T. Shipman

Ohio University

Jerry D. Wilson

Lander University —— e, )

Aaron W. Todd B N w7

Middle Tennessee State University

D. C. Heath and Company

Lexington, Massachusetts Toronto

Y2000726




Addbress editorial correspondence to:

D. C. Heath and Company
125 Spring Street
Lexington, MA 02173

To

Genny Shipman, and daughters
Sarah, Susannah, and Sudie—]JTS

Sandy—JDW
Mr. & Mrs. Andrew L. Todd, Jr—AWT

Acquisitions Editor: Kent Porter Hamann
Developmental Editor: Barbara Withington Meglis
Production Editor: Kathleen A. Deselle

Designer: Alwyn Velasquez

Photo Researcher: Sue McDermott

Production Coordinator: Lisa Merrill

Cover: Clovis Prairie, South Dakota.
Stephen J. Krasemann/DRK Photo.

Copyright © 1993 by D. C. Heath and Company.

Previous editions copyright © 1990, 1987, 1983, 1979, 1975, and 1971
by D. C. Heath and Company.

All rights reserved. No part of this publication may be reproduced or
transmitted in any form or by any means, electronic or mechanical,
including photocopy, recording, or any information storage or retrieval
system, without permission in writing from the publisher.

Published simultaneously in Canada.

Printed in the United States of America.
International Standard Book Number: 0-669-29626-0
Library of Congress Catalog Number: 91-78228

1098765432



Preface

In today’s world, a knowledge of science and an understanding of mod-
ern technology grow increasingly important. Our purpose in revising An
Introduction to Physical Science for this Seventh Edition is to stimulate stu-
dent interest in the physical sciences and to present the skills needed to
cope in this technological society.

This textbook, written for the first-year college nonscience major,
presents basic concepts in the five major areas of physical science: phys-
ics, chemistry, astronomy, meteorology, and geology. Unlike many other
texts, we present a balanced coverage of the five subject areas.

We have made these concepts easily accessible to students by devel-
oping them in a logical rather than a chronological fashion and by dis-
cussing them in the context of everyday experience. Chapter 1 begins
with the fundamental concepts of measurement. From these fundamen-
tals, we move on progressively to the concepts of motion, force, energy,
wave motion, heat, electricity, magnetism, and modern physics. These
concepts are then used to develop the principles of chemistry, astron-
omy, meteorology, and geology. The text is readily adaptable to either a
one- or two-semester course, as its past success has demonstrated.

We have treated each discipline both descriptively and quantitatively.
Even though we have provided mathematical assistance for those stu-
dents who may need it the most, the relative emphasis, whether descrip-
tive or quantitative, is left to the discretion of the instructor. To those
who wish to emphasize the descriptive approach in teaching physical sci-
ence, we recommend using only the Questions at the end of each chap-
ter and omitting the Exercises.

CHANGES IN THE SEVENTH EDITION

The most significant change to An Introduction to Physical Science is the
addition of a new author, Aaron W. Todd, to our team. Dr. Todd has
rewritten the chemistry section completely, updating material and pro-
viding real-world examples to explain concepts in chemistry.

We have updated all other areas of the text as well and have added
many new photos, including the first close-up view of an asteroid and the
first photo by the Hubble Space Telescope of the solar system.

Another outstanding feature of An Introduction to Physical Science, Sev-
enth Edition is the pedagogy in every chapter (see A Note From the
Authors on p. xv). First, we have added a chapter outline to the begin-
ning of each chapter. Next, wherever appropriate, we have provided a
step-by-step solution to model problems and in-text exercises in the
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chapter. We have added paired exercises to the end-
of-chapter material—one exercise has the answer
provided, the other is left for the student to work
out. A third paired exercise with a complete solu-
tion is in the students’ Study Guide. Finally, we have
added Thought Questions at the end of each chap-
ter to stimulate cumulative learning and further ap-
plication of concepts covered in the text.

We have expanded the coverage of environ-
mental issues and real-world examples throughout
the text to emphasize the importance of physical
science in understanding the world we live in. We
continue to emphasize historic and special-interest
topics in Highlight boxes, and there is now at least
one Highlight box per chapter.

SUPPLEMENTS

Many of the supplements have been revised and up-
dated in response to user recommendations.

* The Study Guide, by James T. Shipman, Jerry D.
Wilson, Aaron W. Todd, and Clyde D. Baker. Each
chapter includes study goals, a revised discussion
that summarizes the text chapter; review questions,
each with an essay answer; solved problems, includ-
ing a third paired exercise with solution; multiple-
choice questions, some with explanations; and two
quizzes, one multiple-choice and one short-answer.
The Math Review at the end of the Study Guide pro-
vides additional practice for students.

* The Instructor’s Guide by James T. Shipman, Jerry
D. Wilson, and Aaron W. Todd, has been updated
to accommodate text changes, particularly in chem-
istry. The Guide includes Teaching Aids and audio-
visual resources for each of the five sciences. Each
chapter includes a brief discussion, suggested dem-

onstrations, answers to text questions and solutions
for exercises, and answers to the Study Guide
quizzes.

* The Laboratory Guide, by James T. Shipman and
Clyde D. Baker, contains 6 new experiments for a
total of 53. Each experiment includes an introduc-
tion, learning objectives, a list of required appara-
tus, a detailed procedure for collecting data (re-
quiring students to generate tables and graphs and
to perform calculations), and questions about the
experiment.

* The Instructor’s Resource Manual for the Laboratory
Guide, by James T. Shipman and Clyde D. Baker, in-
cludes an integrated equipment list to assist instruc-
tors in planning experiments. Additional data and
calculations are provided for most experiments, as
well as answers to the Lab Guide questions, a discus-
sion of each experiment, and additional questions.
* The Instructor’s Test Bank, available to adopters,
offers a printed version of more than 2000 ques-
tions in completion, multiple-choice, and short-
answer formats. Most of the questions in the chem-
istry section are completely new.

* The Test Bank questions are also available in a
computerized testing program. Instructors can pro-
duce chapter tests, midterms, and final exams—
with graphics—easily. Instructors may edit existing
questions or add new ones as desired and preview
questions on screen. The computerized testing pro-
gram is available for IBM, Macintosh, and Apple
computers.

¢ The Transparencies—more than 80 one-, two-,
and four-color—illustrate important concepts from
the text and are available to adopters of the Seventh
Edition. Most of the transparencies from the chem-
istry chapters are completely new.
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A Note From the
Authors

In this Seventh Edition of An Introduction to Physical Science, we have paid
particular attention not only to helping students solve problems but
also to providing current, relevant examples of physical science. In the
following pages, we point out some of the features in this edition that
will help students think logically when approaching a word problem,
guide them through the solution process, and apply the principles they
learn in each chapter to their own world.

Brief Table of Contents

11 The Chemical Elements
12 Chemical Bonding

13 Chemical Reactions

14 Some Chemical Principles

15 Organic Chemistry

Unlike many other texts in the field,
ours has balanced coverage of the
five areas of physical science: physics,
chemistry, astronomy, meteorology,
and geology.




378 M Chapter 15 Organic Chemistry

Cl

CH,=C—CH=CH,
Neoprene (the monomer)

Condensation polymers are constructed from
molecules that have two or more reactive groups
attaches to another by
amide linkage. Water is the other product, hence
the name condensation polymer. Of course, if a sim-
ple monoacid reacts with a monoalcohol or mono-
amine, the reaction stops with the condensation of
the two molecules and there is no chance to form
a long-chain polymer. However, if a diacid reacts
with a dialcohol or a diamine, the reaction can go
on and on. Examples are the formation of polyesters
such as Dacron and polyamides such as nylon, which
are widely used as synthetic fibers (Fig. 15.11). Vel-
cro is made of two nylon strips, one strip having
thick loops that are slit open to form “hooks” and
the other having thin, closed loops that entangle the
slit fibers when the sides are pressed together (Fig.
15.12). The inventor of Velcro took his idea from

One molecule an ester or

Figure 15.12 A scanning electron micrograph o!

Velcro.

L

Our brand-new chemistry section,
Chapters 11-15,

coauthor, Aaron W.
real-world examples to generate in-

written by new

Todd, has many

terest in chemistry and a thorough
explanation of concepts to help stu-
dents understand chemistry.

noticing how cockleburrs clung to his clothin
he walked through a field.

Figure 15.11 Nylon, a polyamide, synthesized
1935 by Dr. Wallace Carothers at Du Pont.
Here a strand of nylon is being drawn from t
interface of the two reactants, where reactio
occurring.

312 M Chapter 13 Chemical Reactions

Every reaction is to some extent reversible. That
is, there will always be some of every kind of atom
or molecule present that can possibly occur in a
reaction. For example, consider the reaction

9HI —> H, + 1,

This equation says that hydrogen iodide decomposes
into hydrogen and iodine. However, any sample con-
taining both hydrogen and iodine will contain some
hydrogen iodide, even though it may be a very small
amount. To show explicitly that this is the case, we
write the reaction with a smaller arrow going from
right to left:

2HI—=H,+1,

Writing the reaction this way emphasizes its revers-
ibility, however slight. In the discussions that follow
we will omit the smaller arrow from right to left. It
will be understood that at equilibrium some mole-
cules of all the various reactants and products are
always present in the reaction.

13.3 Balancing Equations

A chemical reaction is simply a rearrangement of
atoms in which some of the original chemical bonds
are broken and new bonds are formed to give
different chemical structures (Fig. 13.3). Only an
atom’s valence electrons are directly involved in a
chemical reaction. The nucleus, and hence the at-
om’s identity as a particular element, is unchanged.

@
‘eg 3:@
o8 ® Sy

Reactants

React
to qxve

Figure 13.3 A chemical reaction, such as hydrogen
and oxygen reacting to give water, is a rearrange-
ment of atoms.

Bonds are broken in the reactants and new bonds
are formed to give the products. No atoms can be
lost, gained, or changed in identity.

A chemical equation can be written for each
chemical reaction. The correct chemical formulas
for the reactants and products must be used. For
example, the decomposition of hydrogen iodide is
written, HI — H, + I,. However, until the equa-
tion is balanced, it does not express the actual ratio
in which the substances react and form. Most chem-
ical reactions can be balanced by trial and error
using three simple principles.

I. The same number of atoms of each ele-
ment must be represented on each
side of the reaction arrow, because no
atoms can be gained, lost, or changed
in identity during a chemical reaction.

The equation HI - H, + I, is unbalanced because
two atoms of H and I are represented on the right
side, but only one of each is known on the left side.

2. When balancing an « tion, you may
mampulate only the coefflcionu—the
numbers in front of the formulas,

~ which degignate the relative amounts
of the substance—and not the sub-

 scripts, which denote the correct for-
~mulas of the substances.

Thus, you cannot balance the equation above by
changing the formula of HI to H,I,. However, you
can place a coefficient of 2 before the formula of
HI. The 2 HI represents two molecules of hydrogen
iodide, each made up of one hydrogen atom and
one iodine atom. This gives 2 HI — H, + I, and bal-
ances the equation. (Just as with subscripts, a co-
efficient of 1 is not written, just understood.)

The final set of coemcnents must be
ole numbers (not fractions) and
should be the smallest whole numbers
that will do the job.
For example, 2 HI — H, + 1, is correct, but not
HI > $H,+3l,or4HI » 2H, + 21,

The following tips will help you to apply the
three principles.

1. You must be able to count atoms, and this re-
quires understanding subscripts and coeffi-
cients. Consider 4 Al,(SO,),. The subscript 2
multiplies the Al; the subscript 3 multiplies
everything in parentheses; the coefficient 4 mul-
tiplies the whole formula. Therefore, a total of
8 Al atoms, 12 S atoms, and 48 O atoms are on




560 M Chapter 21 Winds and Clouds

Frost Formation and Bacteria

Research has shown that frost
is a result of bacteria-seeded
ice formation. Without two
common types of bacteria on
leaf surfaces, water will not
freeze at 0°C but can be su-
percooled to — 6° to — 8°C.
These bacteria exist on
shrubs, fruit trees, and so on,
throughout the United States and
serve as nuclei for frost formation.

With frost damage to crops and
fruits exceeding $1 billion a year,
scientists are exploring techniques
to prevent the formation of bac-

HIGHLIGHT

teria-seeded frost. One method
involves the development of ge-
netically engineered bacteria al-
tered so that they no longer trigger
ice formation. Researchers believe
that a protein on the surface of the
bacterium acts as the seed for the
formation of frost. By genetically
removing the gene that serves as
the blueprint for that protein, they
hope to make "'frost-free"' bacteria.

Field trials for genetically al-
tered bacteria were blocked for
some time by legal actions. Some
concerned citizens believe that the

regular ice-seeding bacteria blown
into the atmosphere may be im-
portant in precipitating rain and
snow. Should the genetically engi-
neered bacteria get into the at-
mosphere, people fear that the
bacteria might alter the climate.
Antifrost bacteria were
sprayed on test fields of strawberry
and potato plants (Fig. |). They did
reduce the frost damage, and there
was no evidence that the microbes
had spread outside the test plots.

Figure | Antifrost bacteria.

Genetically altered, frost-fighting
bacteria being sprayed on a newly
planted potato field. Such initial
tests were successful in reducing
frost formation.

Expanded coverage of current

environmental issues and new

environmental examples both
in Highlight boxes and in the
text emphasize the connection
between physical science and
the environment in our world
today.

L. e presence o talyst is indicated by

reaction arrov

MnO,

2 KCIO, + heat % 9 KCl+ 30,

common example of catalysis is the use of
ic converters in cars. Beads of a platinum or
ium catalyst are packed into a chamber
ph which the exhaust gases must pass before
ave the tailpipe. During the passage through
nverter, CO and NO are changed to CO, and
hich are normal components of the atmo-
. This results in a great decrease in air
on.

htalysts are used extensively in manufacturing,
ey also play an important part in biochemical
ses. The human body has many thousands of
ts called enzymes that act to control various
logical reactions. The names of enzyme cat-
usually end in -ase. During digestion, lactose
sugar) is broken down in a reaction catalyzed
enzyme lactase. Many infants and adults, par-
ly those of African and Oriental descent, have
fiency of lactase and thus are unable to digest
Glowworms and fireflies use enzymes to cat-

hemiluminescence reactions in which light (but

r no heat) is emitted from the excited mo-

TaCE TApIary y.s m ar products of a reaction (Fig. 13.13). The bom-

not consumed in the reaction but acts only as a bardier beetle also uses enzymes (Fig. 13.14).

Figure 13.13 Chemiluminescence.

Fireflies employ a light-emitting reaction between
the compounds luciferin and adenosine triphosphate
(ATP). The enzymatic catalyst is named luciferase.

Figure 13.14 Bombardier beetle.
An enzyme catalyzes the highly exothermic reaction
that gives the hot spray of chemicals with which the
beetle protects itself.




Powers-of-10 notation is very useful in express-
ing the results of mathematical operations with the
proper number of significant figures, as discussed
in the last section. For example, consider the cal-
culator ()peruli()n:

325 x 45 = 14,625
To express the resalt with two significant figures by
our general rule in Section 1.5, we write:

325 x 45 = 1.5 x 10"

ExampLe 1.5 Using Powers-of-10 Notation
to Express Calculation Results

Perform the following mathematical operation
on a calculator and express the result properly
using significant figures and scientific notation:

0.0024 e

8.05

Solution
Doing this operation on a calculator gives

0.0024
8.05

= 0.000298136

(Note: The number of digits in the result may
vary with different calculators.)

The number 0.0024 has two significant
figures, since the zeros to the left simply locate
the measurement digits; and 8.05 has three sig-
nificant figures. In the latter number the zero is
significant because it is within the measured
value.* Then we should write:

0.0024 3
805 3.0 x 10

1.7 Approach to Problem
Solving
One of the major difficulties many students have in

science is solving problems, particularly word prob-
lems. There is no set way to work a problem. In fact,

*See Appendix V for rules in determining the number of
significant figures.

1.7 Approach to Problem Solving B 17

it may be possible to use more than one approach
to obtain a correct solution. Even so, a general pro-
cedure is helpful in most cases. The following pro-
cedure will guide you in solving a problem by giving
you steps to follow as you analyze it.

Step 1

Read the problem and identify the chapter princi-
ple(s) that applies to it. Write down the given quan-
tities using symbol representation. (Be sure to
include units.)

Step 2

Determine what is wanted and write it down. (This
is very important. You have to know what is wanted
before you can find it.) Then check to see that the
units of the given quantities are appropriate. If they
are not, use appropriate conversion factors. In gen-
eral, all quantities should be expressed in the same
system of units. Your answer will then be in units of
that system.

Step 3

Survey the chapter equations and determine the one
that relates what is given to what is wanted. (In some
instances, two equations may be necessary.) Perform
the mathematical operation(s) and express your an-
swer with the appropriate units and number of sig-
nificant figures.

Let’s apply these steps to an example. In general,
an expanded procedure, as follows, will be done in
the text when a new concept is introduced in order
to help you understand its application.

ExampLe 1.6 Applying Problem-Solving
Procedures to Find the
Distance Earth Travels Around
the Sun

Earth goes around the Sun in a nearly circular
orbit with a radius of 93 million miles. How many
miles does Earth travel in making one revolution
about the Sun?

Solution

Step 1
Here, the given quantity is the radius of Earth’s
(approximately) circular orbit, and we have

Gwen: r= 93 million miles = 9.3 x 10" mi

Step-by-step  problem-solving
strategies and procedures are
highlighted for easy student
reference.

1.4 Derived Quantities and Conversion Factors B 11

bain note how the units cancel. In effect, this can-
llation tells you what form of the conversion factor
u should use.

You can perform a similar exercise to convert
ass to weight or vice versa on Earth’s surface.
rictly speaking, mass and weight refer to two
fferent quantities. They are not equal, but a given
ss does have an equivalent weight on Earth. The
propriate conversion factor on Earth’s surface is

1 kg (mass) = 2.2 Ib (weight)

ere is an example done in stepwise form. The steps
py be summarized as follows:

Steps for Converting One Unit to Another

Step | Use a conversion factor, that is,
a ratio that may be obtained from an
equivalence statement. [Often these fac-
tors or statements must be looked up in
a table (see the inside back cover of this
text).]

Step 2 Choose the appropriate form of
conversion factor (or factors) so that the
unwanted units cancel.

Step3 Check to see that the units cancel

65.0 in. = 65.0 jm. x

In this manner, the original identity equation is
transformed into a statement of equivalence.

One can easily convert the other way (cm to in.)
by using the other form of the conversion factor:

T I TOrC SO T T OO OO TS

QuesTion What is this height (165 cm) in meters?

Answer 1.65m. Can you do this conversion in
your head? Write it out with a conversion factor so
you can see the procedure.

Alternative Approach: Another approach to unit
conversion starts with an identity equation, for ex-
ample,

65.0 in. = 65.0 in.

and that you have the desired unit. Then
perform the multiplication or division of
the numerical quantities.

ExampLe |.1 Conversion Factors: One-Step

Conversion

A student weighs 132 Ib. What is the student’s
mass in kilograms?

Solution

Then, the right side of the equation is operated on
with the appropriate conversion factor(s):

One might represent this problem by an equiv-

alence statement:

2.54 cm
1 i

= 165 cm

1321b = > kg

That is, 132 Ib is equivalent to how many kilo-
grams?

We carry out the conversion using an ap-

propriate conversion factor:

Step 1

1in.

165 ——— =65.0in.
cnr X 954 om 65.0 in

Using the equivalence statement

1kg=221b




is that it contains not only '*C but also a little *C
and "C.

ExampLe 1.1 Calculating an Element’s
Atomic Mass

Oxygen occurs naturally on Earth as a mixture
of 99.759% oxygen-16 (atomic mass of isotope
15.9949 u), 0.037% as oxygen-17 (atomic mass of
isotope 16.9991 u), and 0.204% as oxygen-18
(atomic mass of isotope 17.9992 u). Find the
atomic mass of oxygen.

Solution
Step 1

Guen: the percentage abundances and atomic
masses of the three naturally occurring isotopes
of oxygen

Step 2

Wanten: the atomic mass of the element oxygen

11.4 The Periodic Table M 257

The periodic table puts the elements, in order ol
increasing atomic number, into seven horizonta
rows called periods. As a result, the elements’ prop-
erties show regular trends, and similar properties
occur periodically; that is, at definite intervals. In
particular, elements having similar chemical prop-
erties fall into the same column. Later in this chapter
we will see some examples of these regular trends.
The modern statement of the periodic law is:

The properties of elements are periodic
of the i ber.

The vertical columns in the periodic table are
called groups. At present there is some disagreement
on the designation of the groups. In 1986 the IUPAC
decreed that the groups be labeled 1 through 18
from left to right, as shown in the periodic table
inside the front cover. However, for many years in
the United States and elsewhere, the groups have
been divided into A and B subgroups, also shown
in your periodic table. Not many textbooks in the
United States are changing to the new notation (it

All in-text examples are labeled
to identify what text material is
covered by the example.

Clear step-by-step solutions are
provided to model in-text exam-
ples throughout the text.

Step 3

Calculate the contribution each isotope ma
to the atomic mass by multiplying the fracti
abundance of each (the percentage abundance
vided by 100) by its atomic mass, then add

three answers to get the atomic mass of the

ment.

0.99759 x 15.9949 u = 15.956 u ('*q
0.00037 x 16.9991u= 0.0063u ('’
0.00204 x 17.9992u = 0.0367u  (**Q
 for a total of 15.999 u
so, the atomic mass of oxygen is 15.999 u.

11.4 The Periodic Table

By 1869 a total of 65 elements had been discov
Dedicated researchers identified the atomic mag
careful measurement of the mass relationshi
chemical reactions) and other properties of 1
of them. However, except for a few sketchy atter]
a system of classifying the elements had not
established. As discussed in the chapter High
it remained for the Russian chemist Dmitri

deleev (men-duh-LAY-eff) to formulate a sati
tory classification scheme—the periodic table

Here’s another labeled exam-
ple, this one from astronomy,
showing the step-by-step prob-
lem-solving approach.

404 W Chapter 16 The Solar System

Earth
(January 4) (July 5)

Figure 16.7 Kepler's law of equal areas.

An imaginary line joining a planet to the Sun sweeps
out equal areas in equal periods of time. Area A1
equals area A2. Earth has a greater orbital speed in
January than in July.

The square of the sidereal period of a
planet is proportional to the cube of its
semimajor axis (its mean distance to the
Sun).

This can be written as

(period)* oc (semimajor axis)*

or T? = kR® (16.1)

where T = the sidereal period (time of one
revolution in respect to a star),
R = the length of the semimajor axis,
k = the constant of proportionality (the
same value for all planets).

If the sidereal period of the planet is measured in

years and the semimajor axis in astronomical units,
kis equal to 1y*/1 AU®.

ExampLe 16.1 Calculating the Period of a
Planet

Calculate the period of a planet whose orbit has
a semimajor axis of 1.52 AU.

Solution

Step 1

Use Eq. 16.1 and substitute in the values for k
and R.

Loy Lsnau
(1AU)* 1

Step 2

Cube 1.52 AU and cancel the AU%.
Tt =351y

Step 3

Take the square root of both sides.

Galileo Galilei (1564-1642), Italian astrono-
mer, mathematician, and physicist who is usually
called just Galileo, was one of the greatest scientists
of all time (Fig. 16.8). The most important of his
many contributions to science were in the field of
mechanics. He originated the basic ideas for the
formulation of Newton’s first two laws of motion,
and he founded the modern experimental approach
to scientific knowledge. The motion of bodies, es-
pecially the planets, was of prime interest to Galileo.
His concepts of motion and the forces that produce

Figure 16.8 Galileo Galilei.

The great Italian scholar was the first to use the
newly invented telescope to observe the planets and
stars.




xx Bl A Note From the Authors

We have added several challenging Thought Ques-
tions to the end-of-chapter material to allow students
to integrate material learned in the chapter with their
own knowledge of the world. Here are Thought Ques-
tions from two separate chapters.

THOUGHT QUESTIONS
1.

2.

(from Chapter 3)

Is it possible to have motion without a force?
Explain.

When observing an object, how can you tell if an
unbalanced force is acting on it? Can you always
“see” what is applying the force?

Consider the following statements: Newton'’s first
law may be derived from his second law. Newton’s
second law may be derived from his first law. Is ei-
ther correct, and if so, why?

Suppose a hole could be drilled through the cen-
ter of Earth to the other side. If an object were
dropped down the hole, what would happen?
Someone suggested that a new, super space shuttle
should include a basketball court so the astronauts
could exercise. Describe how a basketball game
might look if it were played in a space shuttle or-
biting Earth.

When a rocket blasts off, is it the fiery exhaust
gases ‘“‘pushing against” the launch pad that
causes it to lift off? Explain.

We have also added paired exercises
to the end-of-chapter material. One
exercise has the answer provided,
and the other is left for students to
work out.

THOUGHT QUESTIONS
1.

2,

EXERCISES
19.

20.

(from Chapter 5)

We commonly say that machines do work for us.
Do machines save us work? Explain?

Some factory workers are paid by the hour. Others
may be on piecework (paid according to the num-
ber of pieces or items they process or produce). Is
a power consideration involved in either of these
methods of payment? Explain.

. Can we detect energy with our senses? For exam-

ple, can we smell energy?

. The efficiency of a machine may be defined as the

ratio or work output/work (energy) input and is
usually expressed as a percentage. A perpetual-
motion machine would have to have an efficiency
of 100%. Explain why. What would it mean if a ma-
chine had an efficiency greater than 100%?

. What happens when chemical energy is released?

(from Chapter 14)

If the inside pressure of an automobile tire is 1.90
atm at 27°C and the car is then driven until the
temperature inside the tire is 37°C, what is the new
pressure in atm? Assume no expansion of the tire.

Answer: 1.96 atm
A cylinder of compressed gas has a pressure of 95
atm at 25°C. If a fire breaks out and raises the tem-
perature to 455°C, what will be the pressure in atm
in the cylinder?



Introduction

“Bear in mind that the wonderful things that you learn in your schools are the
work of many generations, produced by enthusiastic effort and infinite labor
in every country of the world. All this is put into your hands as your inheritance
in order that you may receive it, honor it, add to it, and one day faithfully hand
it on to your children. Thus do we mortals achieve immortality in the perma-
nent things that we create in common.” —Albert Einstein

This book will introduce you to the various disciplines of physical sci-
ence, the basic laws that govern each of them, and some of the history
of their development. This exploration will enrich your perspective of
how scientific knowledge has grown throughout the course of human
history, how science influences the world we live in today, and how it
could be employed in the future.

The English word scienceis derived from the Latin scientia, meaning
knowledge. Physical science is the organized knowledge of our physical
environment and the methods used to obtain it. Physical science is clas-
sified into five major divisions: physics, the science of matter and
energy; chemistry, the science of matter and its changes; astronomy, the
science of the universe beyond our planet; meteorology, the science of
climate and weather; and geology, the science of Earth and its history.
Physical science studies the nonliving matter in the universe, whereas
biological science studies the living matter.

Because we live in a highly technological age, we tend to view sci-
ence myopically as an exclusive product of the twentieth century. An
appreciation of the physical sciences, however, dates back to the begin-
ning of the human race. Although the earliest humans did not have
sophisticated tools with which to view the universe, they did have a
curiosity about the world around them and a compelling need to sur-
vive in a harsh environment. The movement of the stars, the passing of
the seasons, and the need to make tools, create fire, and predict the
weather using the clues of the wind and the clouds grew out of such a
curiosity or need and was addressed through observation of Earth and
sky. Every aspect of physical science you study in this book has its roots
in mankind’s first observations.

Indeed, observation forms the basis of all scientific knowledge,
even in the modern world. Scientific knowledge is cumulative, and if
the earliest humans had not asked questions and made observations,
our own knowledge of the physical sciences could not exist. Over the
entire history of the human race, people have gathered information
about physical science in very much the same way the first humans did.
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But although observation has remained the first
step in unveiling scientific discovery throughout
history, the wealth of scientific knowledge has de-
veloped and advanced, and each new discovery
yields the possibility for many more.

The activities of scientists are complex, and al-
though they may not follow a given set of rules, sci-
entists do approach problems in a systematic way.
There is no single well-defined method or proce-
dure for uncovering the secrets of nature; however,
scientists find that some loose guidelines are help-
ful for isolating a phenomenon, determining the
best way to observe it, and drawing conclusions
from their observations. The scientific method is
the main way that scientists define a problem and
seek its solution. In general terms, the scientific
method includes the following:

1. Observation of phenomena and recording of
facts. Phenomena are defined as whatever hap-
pens in the environment, and facts are accurate
descriptions of what is observed.

2. Formulation of a theory from the generaliza-
tion of the phenomena. A theoryis a description
of a certain behavior of nature that extends be-
yond what has been observed—usually stated
in general terms.

3. Prediction of new data and new phenomena
based on the theory. A theory comprises a gen-
eral scheme of thought that explains the nature
or behavior of the phenomena and correlates
the known facts in such a manner that new
thoughts and relationships initiate the predic-
tion of new phenomena. Einstein’s theory of
relativity and the kinetic theory of gases are
examples.

4. Experimentation to confirm the new data or
phenomena predicted by the theory.

5. Confirmation, modification, or disposal of the
theory. Further predictions are made. Steps 4
and 5 are then repeated.

The scientific method is no magic formula, but
rather a formulation of the thought processes that

carry one from questions (observations of phenom-
ena) to solutions (explanations of phenomena).
Researchers in all disciplines of physical science
employ its steps to increase scientific knowledge,
not only on the edge of modern technology but also
in very mundane ways. We hear daily about ad-
vances in technology, some of which will be dis-
cussed in this book. But it is more important that
you use the concepts in this book to increase your
understanding of how the scientific method affects
your day-to-day life. The digital watch on your wrist,
the compact disc player in your room, the optical
scanner in your supermarket, and the calculator as
small as a credit card all resulted from scientists em-
ploying the scientific method to discover new tech-
nology and apply it usefully.

We hope you will not only become knowledge-
able about how the scientific method applies to
your life but also about why scientific discovery ap-
pears to take such a haphazard course. An under-
standing of how scientists learn should give you a
better grasp of how technological change occurs
and why our knowledge seems to be increasing rap-
idly in one area yet slowly in another. As you read
about the many scientific discoveries discussed in
the text, you should realize that major discoveries
often come to light by accident, and years of intense
research may yield few results. While we may discuss
the scientific method as discrete and organized
steps in the pursuit of knowledge, the reality of sci-
entific discovery rarely follows a predictable course.

The world in which we live changes constantly,
and people are constantly seeking to discover and
understand these changes. Scientific research re-
sults in advances in technology and affects all as-
pects of our daily life. To cope with a rapidly evolv-
ing society, each individual needs to know and
understand the physical concepts that make tech-
nological advancement possible. Complex issues
such as industrialization, pollution control and
cleanup, space exploration, and the search for new
energy sources will therefore demand a basic un-
derstanding of basic physical concepts and their
modern applications.
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