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Conversion Factors

Length

1in=254cm

1Tcm =0.394in
1ft=30.5cm
1Tm=39.4in=23.281 ft

1 km = 0.621 mi

1 mi =5280 ft = 1.609 km

1 light-year = 9.461 x 10> m

Mass

11b = 453.6 g (where g = 9.8 m/s?)

1 kg = 2.205 |b (where g = 9.8 m/s?)

1 atomic mass unit u = 1.66061 x 1027 kg

Volume

1 liter = 1.057 quarts
1in3 = 16.39 cm3

1 gallon = 3.786 liter
1 ft3 = 0.02832 m3

Energy

1cal=4.184 J

1J =0.738 ft:Ib = 0.239 cal

1 ftlb =1.356 J

1 Btu = 252 cal = 778 ft-lb

1 kWhr = 3.60 x 108 J = 860 kcal
1 hp = 550 ft-lb/s = 746 W

1W =0.738 ft-lb/s

1 Btu/hr = 0.293 W

Absolute zero (0K) = -273.15°C
1J=6.24x10'8 eV
1eV=16022x10"1J

Speed
1 km/hr = 0.2778 m/s = 0.6214 mi/hr

1 m/s = 3.60 km/hr = 2.237 mi/hr = 3.281 ft/s
1 mi/hr = 1.61 km/hr = 0.447 m/s = 1.47 ft/s

1 ft/s = 0.3048 m/s = 0.6818 mi/hr

Force
1N =0.2248 Ib
11b=4.448 N

Pressure

1 atm = 1.013 bar = 1.013 x 10° N/m2 = 14.7 |b/in2

1 1b/in? = 6.90 x 103 N/m?2

Metric Prefixes

Prefix Symbol
Giga- G
Mega- - M
Kilo- k
Hecto- h
Deka- da
Base Unit '
Deci- d
Centi- c
Milli- m
Micro- V]
Nano- n

1,000,000,000 times the unit
1,000,000 times the unit
1,000 times the unit

100 times the unit

10 times the unit

0.1 of the unit

0.01 of the unit

0.001 of the unit
0.000001 of the unit
0.000000001 of the unit

Physical Constants

Quantity
Gravity (earth)

Gravitational law constant

Earth radius (mean)
Earth mass

Earth-sun distance (mean)
Earth-moon distance (mean)

Fundamental charge
Coulomb law constant
Electron rest mass
Proton rest mass
Neutron rest mass

Bohr radius

Avogadro’s number
Planck’s constant
Speed of light (vacuum)
Pi

Approximate Value
g =9.8 m/s?
G = 6.67 x 10" N-m?/kg?
6.38 x 106 m
5.98 x 1024 kg
1.50 x 10" m
3.84x 108 m
1.60 x 10'° C
k =9.00 x 10° N-m?/C2
9.11 x 103" kg
1.6726 x 1027 kg
1.6750 x 1027 kg
529 x 107" m
6.02 x 1023/mol
6.62 x 10734 J-s
3.00 x 108 m/s
nt =3.1415926536



Introduction

ntegrated Science is a straightforward, easy-
I to-read, but substantial introduction to the
fundamental behavior of matter and energy
in living and nonliving systems. It is intended to
serve the needs of nonscience majors who are
required to complete one or more science
courses as part of a general or basic studies
requirement. It introduces basic concepts and
key ideas while providing opportunities for stu-
dents 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. -
The Integrated Science sequence of chap-
ters is flexible, and the instructor can deter-
mine topic sequence and depth of coverage 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 one- or two-semester course.

The Goals of Integrated Science

1. Create an introductory science
course aimed at the nonscience major.
The origin of this book is rooted in our
concern for the education of introductory-
level students in the field of science.
Historically, nonscience majors had to
enroll in courses intended for science or
science-related majors such as premeds,
architects, or engineers. Such courses are
important for these majors, but are mostly
inappropriate for introductory-level
nonscience students who are simply not
interested in science, and perhaps anxious
about taking a science course. To put a
nonscience student into such a course is a
mistake. Few students will have the time or
background to move through the facts,
equations, and specialized language to gain
any significant insights into the logic or
fundamental understandings; instead, they
will leave the course with a distaste for

science. Today, society has a great need for
a few technically trained people, but a
much larger need for individuals who
understand science.

2. Introduce a course that presents a
coherent and clear picture of all science
disciplines—an interdisciplinary
approach—which helps students confirm
and calibrate the big picture with the real
world. Recent studies and position papers
have called for an interdisciplinary approach
to teaching science to nonmajors. For
example, the need is discussed in Science for
All Americans—Project 2061 (American
Association for the Advancement of Science),
National Science Education Standards
(National Research Council, 1994), and
Science in the National Interest (The White
House, 1994). Interdisciplinary science is an
attempt to broaden and humanize science
education by reducing and breaking down
the barriers that enclose traditional science
disciplines as distinct subjects.

3. Help instructors build their own mix of
descriptive and analytical aspects of science,
arousing student interest and feelings as they
help students reach the educational goals of
their particular course. The spirit of
interdisciplinary science is sometimes found
in courses called “General Science,”
“Combined Science,” or “Integrated Science.”
These courses draw concepts from a wide
range of the traditional fields of science, but
are not concentrated around certain problems
or questions. For example, rather than just
dealing with the physics of energy, an
interdisciplinary approach might consider
broad aspects of energy—dealing with
potential problems of an energy crisis—
including social and ethical issues. There are a
number of approaches that can be used in
interdisciplinary science, including the
teaching of science in a social, historical,
philosophical, or problem-solving context, but
there is no single best approach. One of the
characteristics of interdisciplinary science is
that it is not constrained by the necessity of

teaching certain facts or by traditions. It
likewise cannot be imposed as a formal
discipline, with certain facts to be learned. It is
justified by its success in attracting and
holding the attention and interest of students,
making them a little wiser as they make their
way toward various careers and callings.

4. Humanize science for nonscience
majors. Each chapter presents historical
background where appropriate, uses everyday
examples in developing concepts, and follows a
logical flow of presentation. The historical
chronology, of special interest to the
humanistically inclined nonscience major,
serves to humanize the science being
presented. The use of everyday examples
appeals to the nonscience major, 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
relationships between what is being read and
previous knowledge learned, a useful skill in
understanding the sciences.

Features

To achieve the goals stated, this text includes a
variety of features that should make your
study of Integrated Science more effective and
enjoyable. These aids are included to help you
clearly understand the concepts and principles
that serve as the foundation of the integrated
sciences.

Overview

Chapter 1 provides an overview or orientation
to integrated science in general, and this text
in particular. It also describes the fundamental
methods and techniques used by scientists to
study and understand the world around us.

Introductory Overviews

Each chapter begins with an introductory
overview. The overview previews the chapter’s
contents and what you can expect to learn
from reading the chapter. After reading the

xiii



Xiv Preface

introduction, browse through the chapter,
paying particular attention to the topic head-
ings and illustrations so that you get a feel for
the kinds of ideas included within the chapter.

Chapter Qutiines

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.

Bold-Faced/Italicized Terms

As you read each chapter you will notice that
various words appear darker than the rest of
the text, and others appear in italics. The dark-
ened words, or bold-faced terms, signify key
terms that you will need to understand and
remember to fully comprehend the material in
which they appear. These important terms are
defined in context the first time they are used.
Italicized words are meant to emphasize their
importance in understanding explanations of
ideas and concepts discussed.

As you look through each chapter you will
find one or more activities. These activities are
simple investigative exercises that you can per-
form at home or in the classroom to demon-
strate important concepts and reinforce your
understanding of them.

Closer Look and Connections

Each chapter of Integrated Sciencealso includes
one or more Closer Look readings that discuss
topics of special human or environmental con-
cern, topics concerning interesting technologi-
cal applications, or topics on the cutting edge
of scientific research. All boxed features are
informative materials that are supplementary
in nature. In addition to the Closer Look read-
ings, each chapter contains concrete interdisci-
plinary Connections that are set aside and
highlighted. Connections will help you better
appreciate the interdisciplinary nature of the
sciences. The Closer Look and Connections
serve to underscore the relevance of integrated
science in confronting the many issues we face
in our day-to-day lives. They are identified
with the following icons:

General: This icon identifies interdisciplinary
topics that cross over several categories; for
example, life sciences and technology.

Life: This icon identifies interdisciplinary life
science topics, meaning connections
concerning all living organisms collectively:
plant life, animal life, marine life, and any
other classification of life.

Technology: This icon identifies
interdisciplinary technology topics, that is,
connections concerned with the application
of science for the comfort and well being of
people, especially through industrial and
commercial means.

Measurement, Thinking, Scientific Methods:
This icon identifies interdisciplinary concepts
and understandings concerned with people
trying to make sense out of their surroundings
by making observations, measuring, thinking,
developing explanations for what is observed,
and experimenting to test those explanations.

Environmental Science: This icon identifies
interdisciplinary concepts and
understandings about the problems caused
by human use of the natural world and
remedies for those problems.

End-of-Chapter Features

At the end of each chapter you will find the
following materials:

* Summary: highlights the key elements of
the chapter

* Summary of Equations (Chapters 1-9,
11-13, 15): to reinforce your retention
of them

* Key Terms: page-referenced where you
will find the terms defined in context

* Applying the Concepts: a multiple choice
quiz to test your comprehension of the
material covered

* Questions for Thought: designed to chal-
lenge you to demonstrate your under-
standings of the topic

* Parallel Exercises (Chapters 1-15): There
are two groups of parallel exercises,
Group A and Group B. The Group A
parallel exercises have complete solu-
tions worked out, along with useful
comments in appendix D. The Group B
parallel exercises 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
solution in appendix D you will gain
confidence in tackling the parallel exer-
cises in Group B, and thus reinforce
your problem-solving skills.

End-of-Text Material

At the back of the text you will find appendices
that will give you additional background
details, charts, and answers to chapter exer-
cises. There is also a glossary of all key terms,
an index organized alphabetically by subject
matter, and special tables printed on the inside
covers for reference use.

supplementary Materials

Integrated Science is accompanied by a variety
of supplementary materials, including an
instructor’s manual for the text, a laboratory
manual, an instructor’s edition of the labora-
tory manual, a test bank containing multiple
choice test items, and a fully interactive website!

Laboratory Manual -

The laboratory manual, written and class-
room tested by the authors, presents a selec-
tion of laboratory exercises specifically written
for the interest and abilities of nonscience
majors. There are laboratory exercises that
require measurement, data analysis, and
thinking in a more structured learning envi-
ronment. Alternative exercises that are open-
ended “Invitations to Inquiry” are provided
for instructors who would like a less-struc-
tured approach. When the laboratory manual
is used with Integrated Science, students 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 per-
spective of hands-on experiences. There is also
an instructor’s edition lab manual available
for professors upon request.

Instructor’s Manual/Test Item File

The instructor’s manual, also written by the
text authors, provides a chapter outline, an
introduction/summary of each chapter, sug-
gestions for discussion and demonstrations,
and multiple choice questions (with answers)
that can be used as resources for cooperative



teaching. It also includes answers and solu-
tions to all end-of-chapter questions and exer-
cises not provided in the text.

Microtest

This computerized test bank is available in
both Windows and Macintosh formats.

Interactive Website—Found at
http://www.mhhe.com/

For Instructors: This text-specific website
includes the fully downloadable Instructor’s
Manual/Test Item File, a powerpoint presen-
tation of figures from the text that can be inte-
grated into your own lecture, web links, an
“Ask the Author” message board, and many
other features. In addition, instructors can
gain access to the Online Learning Center,
which contains many other features that can
be pulled into PageOut™, McGraw-Hill’s
solution for helping instructors create their
own web pages. PageOut™ offers a series of
templates. Simply fill them with your course
information and click on one of 16 designs.
The process takes under an hour and leaves
you with a professionally designed website.
PageOut™ is so easy and intuitive, it’s little

wonder why over 5,000 of your colleagues are
using it.

For Students: Students can use our website
to study! It contains scorable practice quizzes
and crossword puzzles that use key terms and
definitions from the text, as well as a career cen-
ter and web links. Accessing the Online Learn-
ing Center will allow the student to use flash-
cards, take additional self-assessment quizzes,
and utilize the online glossary. For students
wanting additional help, they can post a mes-
sage to the “Ask the Author” message board,
which is mediated by the authors. Check it out
today—new features are always being added!

Reviewers of Integrated Science

Many constructive suggestions, new ideas, and
invaluable advice were provided by reviewers
through several stages of manuscript develop-
ment. Special thanks and appreciation to those
who reviewed all or parts of the manuscript.

Douglas Allchin  University of Texas, El Paso
B.]J.Bateman Troy State University
William Blaker Furman University
Lauretta Buschar  Beaver College

Tracey Cascadden  University of New Mexico

Preface XV

Tim Champion J. C. Smith University

James Courtright Marquette University

David Fawcett Columbia State Community
College

David Grainger Colorado State University

James J. Grant  St. Peter’s College

William Keller ~ St. Petersburg Junior College

Mary Hurn Korte Concordia University

Theo Koupelis  University of Wisconsin,
Marathon

Bryan Long Columbia State Community
College

Bruce MacLaren Eastern Kentucky University

Donald Miller  University of Michigan,
Dearborn

Scott Mohr  Boston University

Joaquin Ruiz  University of Arizona

John Oakes Marian College

C. Dianne Phillips  University of Arkansas

Richard Sapanaro Contra Costa College

Herbert Stewart  Florida Atlantic University

Deborah Tull  University of New Mexico

Andrew Wallace Angelo State University

Jim Westgate Lamar University

Robert Wingfield, Jr.  Fisk University
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Table of Atomic Weights (Based on Carbon-12)

Atomic Atomic Atomic Atomic
Name Symbol Number Weight Name Symbol Number Weight
Actinium Ac 89 (227) Mendelevium Md 101 258.10
Aluminum Al 13 26.9815 Mercury Hg 80 200.59
Americium Am 95 (243) Molybdenum Mo 42 95.94
Antimony Sb 51 121.75 Neodymium Nd 60 144.24
Argon Ar 18 39.948 Neon Ne 10 20.179
Arsenic As 33 74.922 Neptunium Np 93 (237)
Astatine At 85 (210) Nickel Ni 28 58.71
Barium Ba 56 137.34 Niobium Nb 41 92.906
Berkelium Bk 97 (247) Nitrogen N 7 14.0067
Beryllium Be 4 9.0122 Nobelium No 102 259.101
Bismuth Bi 83 208.980 Osmium Os 76 190.2
Bohrium Bh 107 264 Oxygen (0] 8 15.9994
Boron B 5 10.811 Palladium Pd 46 106.4
Bromine Br 35 79.904 Phosphorus P 15 30.9738
Cadmium Cd 48 112.40 Platinum Pt 78 195.09
Calcium Ca 20 40.08 Plutonium Pu 94 244.064
Californium (& 98 242.058 Polonium Po 84 (209)
Carbon C 6 12.0112 Potassium K 19 39.098
Cerium Ce 58 140.12 Praseodymium Pr 59 140.907
Cesium Cs 55 132.905 Promethium Pm 61 144.913
Chlorine Cl 17 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 51.996 Radium Ra 88 (226)
Cobalt Co 27 58.933 Radon Rn 86 (222)
Copper Cu 29 63.546 Rhenium Re 75 186.2
Curium Cm 96 (247) Rhodium Rh 45 102.905
Dubnium Db 105 (262) Rubidium Rb 37 85.468
Dysprosium Dy 66 162.50 Ruthenium Ru 44 - 101.07
Einsteinium Es 99 (254) Rutherfordium " Rf 104 (261)
Erbium Er 68 167.26 Samarium Sm 62 450.35
Europium Eu 63 151.96 Scandium Sc 21 44.956
Fermium Fm 100 257.095 Seaborgium Sg 106 (266)
Fluorine F 9 18.9984 Selenium Se 34 78.96
Francium Fr 87 (223) Silicon Si 14 28.086
Gadolinium Gd 64 157.25 Silver Ag 47 107.868
Gallium Ga 31 69.723 Sodium Na 11 22.989
Germanium Ge 32 72.59 Strontium Sr 38 87.62
Gold Au 79 196.967 Sulfur S 16 32.064
Hafnium Hf 72 178.49 Tantalum Ta 73 180.948
Hassium Hs 108 (269) Technetium Te 43 (99)
Helium He 2 4.0026 Tellurium Te 52 127.60
Holmium Ho 67 164.930 Terbium Tb 65 158.925
Hydrogen H 1 1.0079 Thallium Tl 81 204.37
Indium In 49 114.82 Thorium Th 90 232.038
lodine | 53 126.904 Thulium Tm 69 168.934
Iridium Ir 77 192.2 Tin Sn 50 118.69
Iron Fe 26 55.847 Titanium Ti 22 47.90
Krypton Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La 57 138.91 Uranium U 92 238.03
Lawrencium Lr 103 260.105 Vanadium Vv 23 50.942
Lead Pb 82 207.19 Xenon Xe 54 131.30
Lithium Li 3 6.941 Ytterbium Yb 70 173.04
Lutetium Lu 71 174.97 Yttrium Y 39 88.905
Magnesium Mg 12 24.305 Zinc Zn 30 65.38
Manganese Mn 25 54.938 Zirconium Zr 40 91.22
Meitnerium Mt 109 (268)

Note: A value given in parentheses denotes the number of the longest-lived or best-known isotope.



Periodic Table of the Elements

A 1 — Atomic number VIIA
13 H —— Symbol ! e
. A 1.01 —— Atomic weight A IVA VA VIA VIIA|,,
3 4 5 6 7 8 9 “ 10

) rounded value

Li | Be ( ) B|C|N|O| F|Ne
6.94 9.01 10.8 12.0 14.0 16.0 19.0 202
11 12 V”IB 13 14 iS5 16 17 18

Na | M AllSI | P | S|Cl|Ar
a9 B VB VB VIBVIB ————— 1B 1B Ly lh b less lscs
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K|Ca|Sc|Ti|V |Cri{Mn|Fe|Co| Ni|Cu|Zn |Ga|Ge|As|Se | Br| Kr
39.1 40.1 450 479 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Ro| Sr| Y |Zr | Nb|Mo|Tc |Ru|Rh|Pd|Ag |Cd|In |Sn|Sb|Te | | | Xe
85.5 87.6 88.9 91.2 929 95.9 98.9 101.1 102.9 106.4 107.9 1124 114.8 118.7 121.8 127.6 126.9 131.3
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 ) 84 85 86
Cs|Bafla|Hf |Ta|W |Re|Os| Ir | Pt |Au|Hg| Tl |[Pb| Bi | Po| At [ Rn
1329 137.3 138.9 168.5 180.9 183.9 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 (210) (210) (222)
87 88 89 104 105 106 107 108 109 110 111 112 114 116 118

Fr |Ra|[Ac | Rf |[Db |Sg | Bh|Hs | Mt
(223) 22690 (227) (261) (262) (266) (264) (269) (268) (269) (272) (277) (285) 7 (289) (293)

+ 3\ Ty —
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce|Pr|Nd|Pm|Sm|Eu|Gd|Tb |Dy |Ho| Er |Tm|{Yb | Lu
140.1 140.9 1442 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th|Pa| U |[Np|Pu|Am|Cm|Bk | Cf | Es |Fm |Md|No | Lr
2320 [(@31) 2380 |(237) |44 |(243) |(@47) |(247) (251) 252)  |(257) @58 |(259)  |(260)

() represents an isotope

Note: More precise figures can be found in the table of atomic weights.
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