


Conversion Factors

Length
1 in = 2.54 cm
1 cm = 0.394 in
1 ft = 30.5 cm
1 m = 39.4 in = 3.281 ft
1 km = 0.621 mi
1 mi = 5,280 ft = 1.609 km
1 light-year = 9.461 × 1015 m

Mass
1 lb = 453.6 g (where g = 9.8 m/s2)
1 kg = 2.205 lb (where g = 9.8 m/s2)
1 atomic mass unit u = 1.66061 × 10−27 kg

Volume
1 liter = 1.057 quarts
1 in3 = 16.39 cm3

1 gallon = 3.786 liters
1 ft3 = 0.02832 m3

Energy
1 cal = 4.184 J
1 J = 0.738 ft·lb = 0.0239 cal
1 ft·lb = 1.356 J
1 Btu = 252 cal = 778 ft·lb
1 kWh = 3.60 × 106 J = 860 kcal
1 hp = 550 ft·lb/s = 746 W
1 W = 0.738 ft·lb/s
1 Btu/h = 0.293 W
Absolute zero (0K) = –273.15°C
1 J = 6.24 × 1018 eV
1 eV = 1.6022 × 10–19 J

Speed
1 km/h = 0.2778 m/s = 0.6214 mi/h
1 m/s = 3.60 km/h = 2.237 mi/h = 3.281 ft/s
1 mi/h = 1.61 km/h = 0.447 m/s = 1.47 ft/s
1 ft/s = 0.3048 m/s = 0.6818 mi/h

Force
1 N = 0.2248 lb
1 lb = 4.448 N

Pressure
1 atm = 1.013 bar = 1.013 × 105 N/m2 = 14.7 lb/in2

1 lb/in2 = 6.90 × 103 N/m2

Powers of Ten

10–10 = 0.000.000.000.1	 100 = 1
10–9 = 0.000.000.001	 101 = 10
10–8 = 0.000.000.01	 102 = 100
10–7 = 0.000.000.1	 103 = 1,000
10–6 = 0.000.001	 104 = 10,000
10–5 = 0.000.01	 105 = 100,000
10–4 = 0.000.1	 106 = 1,000,000
10–3 = 0.001	 107 = 10,000,000
10–2 = 0.01	 108 = 100,000,000
10–1 = 0.1	 109 = 1,000,000,000
100 = 1	 1010 = 10,000,000,000

Multipliers for Metric Units

a	 atto-	 10–18	 da	 deka-	 101

f	 femto-	 10–15	 h	 hecto-	 102

p	 pico-	 10–12	 k	 kilo-	 103

n	 nano-	 10–9	 M	 mega-	 106

µ	 micro-	 10–6	 G	 giga-	 109

m	 milli-	 10–3	 T	 tera-	 1012

c	 centi-	 10–2	 P	 peta-	 1015

d	 deci-	 10–1	 E	 exa-	 1018

Physical Constants

Quantity	 Approximate Value
Gravity (Earth) 	 g = 9.8 m/s2

Gravitational law constant 	 G = 6.67 × 10−11 N·m2/kg2

Earth radius (mean)	 6.38 × 106 m
Earth mass 	 5.98 × 1024 kg
Earth-Sun distance (mean)	 1.50 × 1011 m
Earth-Moon distance (mean)	 3.84 × 108 m
Fundamental charge	 1.60 × 10−19 C
Coulomb law constant 	 k = 9.00 × 109 N·m2/C2

Electron rest mass 	 9.11 × 10−31 kg
Proton rest mass	 1.6726 × 10−27 kg
Neutron rest mass 	 1.6750 × 10−27 kg
Bohr radius 	 5.29 × 10−11 m
Avogadro’s number	 6.02 × 1023/mol
Planck’s constant	 6.62 × 10−34 J·s
Speed of light (vacuum)	 3.00 × 108 m/s
Pi	 π = 3.1415926536





Bill W. Tillery
Arizona State University

Eldon D. Enger
Delta College

Frederick C. Ross
Delta College

Timothy F. Slater, Ph.D.
University of Wyoming

Stephanie J. Slater, Ph.D.
CAPER Center for Astronomy & Physics Education Research

SCIENCE
Seventh Edition

Integrated



INTEGRATED SCIENCE, SEVENTH EDITION 

Published by McGraw-Hill Education, 2 Penn Plaza, New York, NY 10121. Copyright © 2019 by McGraw-Hill 
Education. All rights reserved. Printed in the United States of America. Previous editions © 2013, 2011, and 2008. 
No part of this publication may be reproduced or distributed in any form or by any means, or stored in a database 
or retrieval system, without the prior written consent of McGraw-Hill Education, including, but not limited to, 
in any network or other electronic storage or transmission, or broadcast for distance learning.

Some ancillaries, including electronic and print components, may not be available to customers outside  
the United States.

This book is printed on acid-free paper. 

1 2 3 4 5 6 7 8 9 LMN 21 20 19 18  

ISBN 978-0-07-786260-2 (bound edition)
MHID 0-07-786260-0 (bound edition)
ISBN 978-1-259-35043-6 (loose-leaf edition)
MHID 1-259-35043-6 (loose-leaf edition)

Portfolio Manager: Thomas Scaife, Ph.D.
Product Developers: Mary E. Hurley & Marisa Moreno
Marketing Manager: Shannon O’Donnell
Content Project Managers: Laura Bies, Rachael Hillebrand & Sandy Schnee
Buyer: Laura Fuller
Design: David W. Hash
Content Licensing Specialist: Jacob Sullivan
Cover Image: �©Science Photo Library-ZEPHYR/Brand X Pictures/Getty Images; ©agsandrew/iStock/ 

Getty Images Plus; ©InterNetwork Media/Digital Vision/Getty Images Plus; ©Steve Cole Images/ 
Getty Images; ©Minerva Studio/Shutterstock

Compositor: Aptara®, Inc.

All credits appearing on page or at the end of the book are considered to be an extension of the copyright page.

	 Library of Congress Cataloging-in-Publication Data

Names: Tillery, Bill W., author.
Title: Integrated science / Bill W. Tillery, Arizona State University, Eldon
  D. Enger, Delta College, Frederick C. Ross, Delta College, Timothy F. 
  Slater, Ph.D., University of Wyoming, Stephanie J. Slater, Ph.D.,  
  CAPER Center for Astronomy & Physics Education Research. 
Description: Seventh edition. | New York, NY : McGraw-Hill, [2019] | Includes 
  index. | Revised edition of: Integrated science / Bill W. Tillery, Eldon 
  D. Enger, Frederick C. Ross. 6th ed. 2013.
Identifiers: LCCN 2017033770 | ISBN 9780077862602 (alk. paper) |  
  ISBN 0077862600 (alk. paper)
Subjects: LCSH: Science—Textbooks.
Classification: LCC Q161.2 .T54 2019 | DDC 500—dc23 LC record available  
at https://lccn.loc.gov/2017033770

The Internet addresses listed in the text were accurate at the time of publication. The inclusion of a website does 
not indicate an endorsement by the authors or McGraw-Hill Education, and McGraw-Hill Education does not 
guarantee the accuracy of the information presented at these sites.

mheducation.com/highered



	  	 v

2.2	 Measuring Motion  26
Speed  26
Velocity  27
Acceleration  28

2.3	 Forces  29
2.4	 Horizontal Motion on Land  31
A Closer Look: A Bicycle Racer’s Edge  33
2.5	 Falling Objects  34
2.6	 Compound Motion  35

Vertical Projectiles  35
Horizontal Projectiles  36

2.7	 Three Laws of Motion  37
Newton’s First Law of Motion  37
Newton’s Second Law of Motion  38
Weight and Mass  40
Newton’s Third Law of Motion  41

2.8	 Momentum  43
Conservation of Momentum  43
Impulse  44

2.9	 Forces and Circular Motion  45
2.10  Newton’s Law of Gravitation  46

Earth Satellites  48
A Closer Look: Gravity Problems  49

Weightlessness  49
People Behind the Science: Isaac 

Newton  50

C H A P T E R

	 3
Energy  54

Outline  54
3.1	 Work  55

Units of Work  56
Power  57

A Closer Look: Simple Machines  59
3.2	 Motion, Position, and Energy  60

Potential Energy  60
Kinetic Energy  62

3.3	 Energy Flow  63
Energy Forms  63
Energy Conversion  65
Potential and Kinetic Energy  65
Energy Conservation  66
Energy Transfer  67

3.4	 Energy Sources Today  67
Petroleum  68
Coal  68

Moving Water  69
Nuclear  69
Conserving Energy  69

3.5	 Energy Tomorrow  70
Solar Technologies  70
Geothermal Energy  71

People Behind the Science: James 
Prescott Joule  72

Hydrogen  72

C H A P T E R

	 4
Heat and  

Temperature  75

Outline  75
4.1	 The Kinetic Molecular  

Theory  76
Molecules  77
Molecules Interact  77
Phases of Matter  77
Molecules Move  78

4.2	 Temperature  79
Thermometers  79
Thermometer Scales  80

4.3	 Heat  82
Heat as Energy Transfer  83
Measures of Heat  84
Specific Heat  85
Heat Flow  86

A Closer Look: Passive Solar Design  88
4.4	 Energy, Heat, and Molecular 

Theory  90
Phase Change  90
Evaporation and Condensation  92
Relative Humidity  93

4.5	 Thermodynamics  95
The First Law of 

Thermodynamics  95
The Second Law of 

Thermodynamics  96
The Second Law and Natural 

Processes  97
People Behind the Science: Count 

Rumford (Benjamin  
Thompson)  98

Preface  xii

C H A P T E R

	 1
What Is Science?  1

Outline  1
1.1	 Objects and Properties  2
1.2	 Quantifying Properties  4
1.3	 Measurement Systems  4
1.4	 Standard Units for the Metric 

System  6
Length  6
Mass  6
Time  6

1.5	 Metric Prefixes  7
1.6	 Understandings from 

Measurements  8
Data  8
Ratios and Generalizations  8
The Density Ratio  9
Symbols and Equations  11

1.7	 The Nature of Science  12
The Scientific Method  13
Explanations and Investigations  13
Scientific Laws  15
Models and Theories  15

1.8	 Science, Nonscience, and 
Pseudoscience  18

From Experimentation to 
Application  19

Science and Nonscience  19
Pseudoscience  20
Limitations of Science  20

People Behind the Science: Florence  
Bascom  21

C H A P T E R

	 2
Motion  24

Outline  24
2.1  Describing Motion  25

CONTENTS



vi	 Contents

A Closer Look: Solar Cells  146
People Behind the Science: Benjamin 

Franklin (1706–1790)  147

C H A P T E R

	 7
Light  152

Outline  152
7.1	 Sources of Light  153
7.2	 Properties of Light  156

Light Interacts with Matter  156
Reflection  157
Refraction  159

A Closer Look: Optics  161
Dispersion and Color  163

7.3	 Evidence for Waves  165
Interference  165
Polarization  165

A Closer Look: The Rainbow  167
7.4	 Evidence for Particles  169

Photoelectric Effect  169
Quantization of Energy  169

7.5	 The Present Theory  170
7.6	 Relativity  171

Special Relativity  171
A Closer Look: The Digital Video Disc 

(DVD)  172
People Behind the Science: James  

Clerk Maxwell  173
General Relativity  173
Relativity Theory Applied  174

C H A P T E R

	 8
Atoms and Periodic 

Properties  177

Outline  177
8.1	 Atomic Structure Discovered  178

Discovery of the Electron  179
The Nucleus  180

8.2	 The Bohr Model  182
The Quantum Concept  182
Atomic Spectra  183
Bohr’s Theory  184

8.3	 Quantum Mechanics  186
8.4	 The Periodic Table  189

C H A P T E R

	 5
Wave Motions and 

Sound  103
Outline  103
5.1	 Forces and Elastic Materials  104

Forces and Vibrations  104
Describing Vibrations  105

5.2	 Waves  106
Kinds of Waves  107
Waves in Air  108
Hearing Waves in Air  109

5.3	 Describing Waves  110
A Closer Look: Hearing Problems  111
5.4	 Sound Waves  112

Velocity of Sound in Air  112
Refraction and Reflection  112
Interference  114

5.5	 Energy and Sound  115
Loudness  116
Resonance  116

5.6  Sources of Sounds  117
Vibrating Strings  118
Sounds from Moving Sources  120

People Behind the Science: Johann 
Christian Doppler  121

C H A P T E R

	 6
Electricity  125

Outline  125
6.1	 Electric Charge  126

Measuring Electric Charge  128
Measuring Electric Force  129

6.2	 Electric Current  130
Resistance  131

A Closer Look: Hydrogen and Fuel Cells  132
AC and DC  133

6.3	 The Electric Circuit  133
6.4	 Electric Power and Work  134
A Closer Look: Household Circuits  

and Safety  136
6.5	 Magnetism  138

Moving Charges and Magnetic 
Fields  140

Magnetic Fields Interact  142
A Moving Magnet Produces  

an Electric Field  143

8.5	 Metals, Nonmetals, and 
Semiconductors  191

A Closer Look: The Rare Earths  192
People Behind the Science: Dmitri 

Ivanovich Mendeleyev  194

C H A P T E R

	 9
Chemical Reactions  197

Outline  197
9.1	 Compounds  198
9.2	 Elements  200
9.3	 Chemical Change  201
9.4	 Valence Electrons and Ions  203
9.5	 Chemical Bonds  204

Ionic Bonds  204
Covalent Bonds  206

A Closer Look: Name That  
Compound  208

9.6	 Composition of Compounds  210
9.7	 Chemical Equations  211
A Closer Look: How to Write a Chemical 

Formula  212
A Closer Look: On Balancing Equations  214
9.8	 Types of Chemical Reactions  215

Combination Reactions  216
Decomposition Reactions  216
Replacement Reactions  216

People Behind the Science: Linus  
Carl Pauling  218

Ion Exchange Reactions  218

C H A P T E R

	10
Water and Solutions  223

Outline  223
10.1  Household Water  224
10.2  Properties of Water  225

Structure of the Water Molecule  226
The Dissolving Process  227

A Closer Look: Decompression 
Sickness  228

Solubility  229
10.3  Properties of Water Solutions  230

Electrolytes  230
Boiling Point  230
Freezing Point  232



	  Contents	 vii

12.5  Star Types  272
12.6  The Life of a Star  273
12.7  Galaxies and the Universe  276

The Milky Way Galaxy  277
Other Galaxies  278

A Closer Look: Redshift and Hubble’s 
Law  279

Evolution of the Universe  279
A Closer Look: Dark Matter  280
People Behind the Science: Jocelyn  

(Susan) Bell Burnell  283

C H A P T E R

	13
The Solar System  287

Outline  287
13.1  Planets, Moons, and Other 

Bodies  288
Mercury  290
Venus  291
Earth’s Moon  292
Mars  294
Jupiter  296
Saturn  299
Uranus and Neptune  300

13.2  Small Bodies of the Solar 
System  301

Comets  301
Asteroids  303
Meteors and Meteorites  303

13.3  Origin of the Solar System  305
Stage A  305
Stage B  305
Stage C  306

People Behind the Science:  
Percival Lowell  307

C H A P T E R

	14
Earth in Space  310

Outline  310
14.1  Shape and Size of Earth  311
A Closer Look: The Celestial Sphere  313
14.2  Motions of Earth  314

10.4  Acids, Bases, and Salts  232
Properties of Acids and Bases  232
Explaining Acid-Base  

Properties  234
Strong and Weak Acids  

and Bases  234
The pH Scale  235
Properties of Salts  236
Hard and Soft Water  236

A Closer Look: Acid Rain  238
People Behind the Science: Johannes 

Nicolaus Brönsted  239

C H A P T E R

	11
Nuclear Reactions  242

Outline  242
11.1  Natural Radioactivity  243

Nuclear Equations  244
The Nature of the Nucleus  245
Types of Radioactive Decay  247
Radioactive Decay Series  249

11.2  Measurement of Radiation  250
Measurement Methods  251
Radiation Units  251

A Closer Look: How Is Half-Life 
Determined?  252

Radiation Exposure  252
11.3  Nuclear Energy  253

Nuclear Fission  254
Nuclear Power Plants  256

A Closer Look: Three Mile Island, 
Chernobyl, and Fukushima I  257

Nuclear Fusion  260
A Closer Look: Nuclear Waste  261
People Behind the Science: Marie  

Curie  262

C H A P T E R

	12
The Universe  266

Outline  266
12.1  The Night Sky  267
12.2  Origin of Stars  268
12.3  Brightness of Stars  269
12.4  Star Temperature  271

Orbit  314
Rotation  315
Precession  316

14.3  Place and Time  317
Identifying Place  317
Measuring Time  318

14.4  The Earth-Moon System  325
Phases of the Moon  326
Eclipses of the Sun and Moon  326
Tides  328

People Behind the Science: Carl Edward 
Sagan  329

C H A P T E R

	15
Earth  333

Outline  333
15.1  Earth Materials  334

Minerals  335
A Closer Look: Asbestos  338

Rocks  339
The Rock Cycle  341

15.2  Earth’s Interior  342
The Crust  343
The Mantle  343
The Core  344
A More Detailed  

Structure  345
15.3  Plate Tectonics  346

Evidence from Earth’s Magnetic 
Field  346

Evidence from the Ocean  347
Lithosphere Plates and 

Boundaries  349
Present-Day Understandings  351

A Closer Look: Measuring Plate 
Movement  352

People Behind the Science: Frederick 
John Vine  353

C H A P T E R

	16
Earth’s Surface  356

Outline  356
16.1  Interpreting Earth’s Surface  357



C H A P T E R

	18
Earth’s Waters  423

Outline  423
18.1  Water on Earth  424

Freshwater  426
Surface Water  426
Groundwater  428
Freshwater as a Resource  429

18.2  Seawater  431
A Closer Look: Wastewater  

Treatment  432
Oceans and Seas  433
The Nature of Seawater  434
Movement of Seawater  436

A Closer Look: Key Forecasting Tool for 
the Chesapeake Bay  442

18.3  The Ocean Floor  442
People Behind the Science: Rachel Louise 

Carson  443

C H A P T E R

	19
Organic and 

Biochemistry  446

Outline  446
19.1  Nature of Organic  

Compounds  448
19.2  Hydrocarbons  448

Hydrocarbons with Double or Triple 
Bonds  449

Hydrocarbons That Form Rings  450
19.3  Petroleum  452
19.4  Hydrocarbon Derivatives  454

Functional Groups Generate 
Variety  455

19.5  Synthetic Polymers  459
A Closer Look: Nonpersistent and 

Persistent Organic Pollutants  462
19.6  Organisms and Their 

Macromolecules  462
Carbohydrates  462

A Closer Look: Omega Fatty Acids  
and Your Diet  463

A Closer Look: So You Don’t Eat Meat! 
How to Stay Healthy  465

16.2  Processes That Build Up the 
Surface  358

Stress and Strain  359
Folding  360
Faulting  361

16.3  Earthquakes  362
16.4  Origin of Mountains  367

Folded and Faulted Mountains  367
A Closer Look: Volcanoes Change the 

World  368
Volcanic Mountains  368

16.5 � Processes That Tear Down  
the Surface  370

Weathering  370
Erosion  374

People Behind the Science: James 
Hutton  379

C H A P T E R

	17
Earth’s Weather  384

Outline  384
17.1  The Atmosphere  385

Composition of the Atmosphere  386
Atmospheric Pressure  387
Warming the Atmosphere  388

A Closer Look: Hole in the Ozone 
Layer?  389

Structure of the Atmosphere  389
17.2  The Winds  390

Local Wind Patterns  391
A Closer Look: The Wind Chill Factor  392

Global Wind Patterns  393
17.3  Water and the Atmosphere  394

Evaporation and Condensation  395
Fog and Clouds  398
Precipitation  399

17.4  Weather Producers  401
Air Masses  402
Weather Fronts  404
Waves and Cyclones  405
Major Storms  406

17.5  Weather Forecasting  410
17.6  Climate  411

Major Climate Groups  411
A Closer Look: El Niño and La Niña  414

Regional Climatic Influence  415
Climate Change  416
Causes of Global Climate  

Change  417
Global Warming  419

People Behind the Science: Vilhelm 
Firman Koren Bjerknes  420

Proteins  465
Nucleic Acids  468
Lipids  470

A Closer Look: Fat and Your Diet  473
People Behind the Science: Roy J. 

Plunkett  474

C H A P T E R

	20
The Nature of Living 

Things  477

Outline  477
Part I The Characteristics of Life  478
20.1  What Makes Something Alive?  478
20.2  The Cell Theory  481
20.3  Cell Membranes  483
20.4  Getting Through Membranes  485

Diffusion  485
Osmosis  487
Controlled Methods of Transporting 

Molecules  489
20.5 � Organelles Composed of 

Membranes  491
20.6  Nonmembranous  

Organelles  494
20.7  Nuclear Components  496
20.8  Major Cell Types  496

The Prokaryotic Cell Structure  496
A Closer Look: How We Are Related  497

The Eukaryotic Cell Structure  497
A Closer Look: Antibiotics and Cell 

Structural Differences  498
Part II Energy Transformations  

in Cells  499
20.9  Respiration and 

Photosynthesis  499
The Energy Transfer Molecules of 

Living Things—ATP  499
Aerobic Cellular Respiration  500

A Closer Look: Stem Cells  502
Photosynthesis  502

Part III Cellular Reproduction  504
20.10  The Importance of Cell 

Division  504
20.11  The Cell Cycle  504
20.12  The Stages of Mitosis  505

Prophase  506
Metaphase  506
Anaphase  506
Telophase  506

People Behind the Science: Matthias 
Jakob Schleiden and Theodor 
Schwann  508

viii	 Contents



21.9 � The Hardy-Weinberg  
Concept  530

21.10 � Accumulating Evidence of 
Evolution  531

A Closer Look: The Reemerging of 
Infectious Diseases  532

Part III Speciation  533
21.11  Species: A Working 

Definition  533
A Closer Look: Human-Designed 

Organisms  535
21.12  How New Species Originate  536

The Role of Geographic Isolation  
in Speciation  536

The Role of Natural Selection  
in Speciation  536

Reproductive Isolation  537
Speciation Without Isolation  537

A Closer Look: Other Mechanisms That  
Cause Evolution  538

People Behind the Science:  
Ernst Mayr  540

21.13  The Tentative Nature of the 
Evolutionary History of 
Organisms  540

C H A P T E R

	22
The History of Life  

on Earth  543

Outline  543
22.1  Classification of Organisms  544

The Problem with Common 
Names  544

Taxonomy  545
Phylogeny  547

22.2  A Brief Survey of  
Biodiversity  551

Domains Bacteria and Archaea  551
A Closer Look: Cladistics—A Tool for 

Taxonomy and Phylogeny  552
Domain Eucarya  553

A Closer Look: The World’s Oldest and 
Largest Living Organisms  555

22.3  Acellular Infectious Particles  557
Viruses  558
Viroids: Infectious RNA  559
Prions: Infectious Proteins  559

22.4  Geologic Time  559
Early Attempts at Determining 

Earth’s Age  559
Modern Techniques for Determining 

the Age of Earth  560

C H A P T E R

	21

The Origin and Evolution 
of Life  512

Outline  512
Part I How Did Life Originate?  513
21.1 � Early Attempts to Understand the 

Origin of Life  513
21.2 � Current Thinking About the 

Origin of Life  515
Extraterrestrial or Earth  

Origin?  515
Meeting Metabolic Needs  516
Summary of Ideas About the Origin 

of Life  517
21.3 � Major Events in the Early 

Evolution of Living Things  518
Reproduction and the Origin of 

Genetic Material  518
The Development of an Oxidizing 

Atmosphere  518
The Establishment of Three Major 

Domains of Life  519
The Endosymbiotic Theory and the 

Origin of Eukaryotic Cells  519
A Summary of the Early Evolution of 

Life  520
Part II The Process of Evolution  520
21.4 � The Development of Evolutionary 

Thought  521
21.5  Evolution and Natural 

Selection  523
Defining Evolution  523
The Role of the Environment in 

Evolution  523
Natural Selection Leads to 

Evolution  524
21.6 � Genetic Diversity Is Important for 

Natural Selection  524
A Closer Look: The Voyage of HMS Beagle, 

1831–1836  525
Genetic Diversity Resulting from 

Mutation  526
Genetic Diversity Resulting from 

Sexual Reproduction  526
21.7 � Processes That Drive Natural 

Selection  527
Differential Survival  527
Differential Reproductive Rates  528
Differential Mate Selection  528

21.8 � Acquired Characteristics Do Not 
Influence Natural Selection  529

Interpreting the Geologic  
Record  561

22.5  Geologic Time and the Fossil 
Record  563

Early Ideas About Fossils  563
Types of Fossils  564

A Closer Look: What Is Carbon-14 
Dating?  565

Using Fossils to Determine the Order 
of Geologic Events  567

The Geologic Time Scale  568
22.6 � Paleontology, Archaeology, and 

Human Evolution  573
A Closer Look: Another Piece of the 

Human Evolution Puzzle 
Unearthed?  575

Ardipithecus and Other Early 
Hominins  576

The Genera Australopithecus and 
Paranthropus  577

The Genus Homo  577
Where Did It All Start?  578

People Behind the Science: Lynn 
(Alexander) Margulis  579

C H A P T E R

	23
Ecology and 

Environment  582

Outline  582
23.1  A Definition of Environment  583
23.2 � The Organization of Ecological 

Systems  584
23.3  Energy Flow in Ecosystems  586
23.4  Community Interactions  588
23.5 � Types of Terrestrial 

Communities  588
Temperate Deciduous Forest  588
Temperate Grassland or  

Prairie  590
Savanna  590
Desert  591
Boreal Coniferous Forest  591
Mediterranean Shrublands 

(Chaparral)  591
Temperate Rainforest  592
Tundra  592
Tropical Rainforest  592
Tropical Dry Forest  593

23.6  Types of Aquatic Communities  593
Marine Communities  593
Freshwater Communities  593
Estuaries  595

	 Contents	 ix



24.3 � Transporting Materials: The 
Circulatory System  622

The Nature of Blood  622
The Heart  624
Arteries, Veins, and  

Capillaries  625
24.4  Skin: The Body’s  

Container  628
Primary Functions of the Skin  628
The Structure of the Skin  628
Other Features of the Skin  629

24.5 � Exchanging Gases: The 
Respiratory System  630

Structure and Function of  
Lungs  630

A Closer Look: Cigarette Smoking and 
Your Health  631

The Mechanism of  
Breathing  631

Homeostasis and  
Breathing  631

24.6 � Obtaining Nutrients: The Digestive 
System  632

Processing Food  632
Nutrient Uptake  634

24.7  Nutrition  635
Kinds of Nutrients  635
Guidelines for Obtaining Adequate 

Nutrients  636
A Closer Look: Body Mass Index  638
A Closer Look: The Dynamic  

Skeleton  641
Your Health and Body  

Weight  642
A Closer Look: Exercise: More  

Than Just Maintaining  
Your Weight  644

24.8 � Waste Disposal: The Excretory 
System  646

24.9  Control Mechanisms  647
The Structure of the Nervous 

System  647
The Nature of the Nerve  

Impulse  648
Activities at the Synapse  648
Endocrine System Function  650

24.10  Sensory Input  651
Chemical Detection  651
Light Detection  652
Sound Detection  653
Touch  654

24.11  Output Mechanisms  654
Muscles  654
Glands  655
Growth Responses  655

A Closer Look: Which Type of Exercise Do 
You Do?  656

People Behind the Science: Henry 
Molaison and William Beecher 
Scoville  656

23.7 � Individual Species Requirements: 
Habitat and Niche  595

Habitat  595
Niche  596

A Closer Look: The Importance of Habitat 
Size  597

A Closer Look: Alien Invasion  598
23.8  Kinds of Organism 

Interactions  598
Predation  598
Parasitism  598
Commensalism  600
Mutualism  600
Competition  601
Competition and Natural 

Selection  601
23.9 � The Cycling of Materials in 

Ecosystems  602
The Carbon Cycle  602
The Nitrogen Cycle  602

A Closer Look: Scientists Accumulate 
Knowledge About Climate 
Change   605

The Phosphorus Cycle  605
Nutrient Cycles and Geologic 

Time  606
Bioaccumulation and 

Biomagnification  606
23.10  Population Characteristics  609

Genetic Differences  609
Age Structure  609
Sex Ratio  609
Population Density  610

23.11 � The Population Growth 
Curve  611

23.12  Population-Size Limitations  612
23.13 � Limiting Factors to Human 

Population Growth  613
23.14  Human Population Growth and 

the Global Ecosystem  615
People Behind the Science: Dr. Jane 

Lubchenco  617

C H A P T E R

	24
Human Biology: Materials 

Exchange and Control 
Mechanisms  620

Outline  620
24.1  Homeostasis  621
24.2 � Exchanging Materials: Basic 

Principles  621

x	 Contents

C H A P T E R

	25
Human Biology: 

Reproduction  660

Outline  660
25.1  Sexual Reproduction  661
25.2  The Mechanics of  

Meiosis  664
25.3 � Human Sexuality from Different 

Points of View  664
A Closer Look: The Sexuality  

Spectrum  666
25.4 � Chromosomal Determination  

of Sex and Early  
Development  667

Chromosomal Abnormalities and 
Sexual Development  667

A Closer Look: Karyotyping and Down 
Syndrome  668

Fetal Sexual Development  669
25.5 � Sexual Maturation of Young 

Adults  671
The Maturation of Females  671

A Closer Look: Cryptorchidism—Hidden 
Testes  671

The Maturation of Males  673
25.6  Spermatogenesis  673
25.7  Oogenesis  675

Hormonal Control of Female Sexual 
Cycles  677

25.8 � Hormonal Control of  
Fertility  677

25.9 � Fertilization, Pregnancy, and 
Birth  678

Twins  681
Birth  681

25.10  Contraception  682
Chemical Methods  682
Hormonal Control  

Methods  682
Timing Method  684
Barrier Methods  684

A Closer Look: Sexually Transmitted 
Diseases  685

Surgical Methods  686
People Behind the Science:  

Robert Geoffrey Edwards  
and Patrick Christopher  
Steptoe  687

25.11 � Termination of  
Pregnancy  687

25.12 � Changes in Sexual Function  
with Age  688



A Closer Look: Blame That Trait on Your 
Mother!  699

Polygenic Inheritance  700
Pleiotropy  701
Environmental Influences on Gene 

Expression  702
Epigenetics and Gene  

Expression  703
26.7  Molecular Basis of Genetics  704

The Structure of DNA and RNA  704
DNA Replication  705
DNA Transcription  708

A Closer Look: Basic Steps of 
Translation  709

Translation or Protein  
Synthesis  711

Alterations of DNA  712
26.8 � Using DNA to Our  

Advantage  713
Strategy One: Genetic Modification 

of Organisms  713
Strategy Two: Sequencing  714

People Behind the Science: Gregor 
Johann Mendel  721

APPENDIX A  Mathematical 
Review  724

A.1  Working with Equations  724
A.2  Significant Figures  726
A.3  Conversion of Units  727
A.4  Scientific Notation  728

C H A P T E R

	26
Mendelian and Molecular 

Genetics  691

Outline  691
26.1  Genetics, Meiosis, and Cells  692
26.2 � Single-Gene Inheritance 

Patterns  693
A Closer Look: Geneticists Hard at 

Work  694
26.3 � A Simple Model of Inheritance—

Dominant and Recessive 
Alleles  694

26.4  Mendel’s Laws of Heredity  695
26.5 � Steps in Solving Heredity 

Problems: Single-Factor 
Crosses  696

A Closer Look: Muscular Dystrophy and 
Genetics  697

26.6 � More Complex Models of 
Inheritance  698

X-Linked Genes  698
Codominance  698
Incomplete Dominance  698
Multiple Alleles  699

APPENDIX B  Solubilities Chart  730

APPENDIX C  Relative Humidity  
  Table  731

APPENDIX D  Problem Solving  732
Example Problem  733
Solution  733
Tips on Taking a Multiple-Choice 

Exam  733
APPENDIX E  Solutions for Second 
  Example Exercises  734

APPENDIX F  Answers for  
  Self Check  743

APPENDIX G  Solutions for Group A 
  Parallel Exercises  744
Index  771
FRONT OF BOOK

Conversion Factors
Metric Prefixes
Physical Constants

BACK OF BOOK
Table of Atomic Weights
Periodic Table of the Elements

	 Contents	 xi



 WHAT SETS THIS BOOK APART?

CREATING INFORMED CITIZENS
Integrated Science is a straightforward, easy-to-read, but sub-
stantial 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 must complete one or more sci-
ence courses as part of a general or basic studies requirement.
	 Integrated Science provides an introduction to a scientific 
way of thinking as it introduces fundamental scientific con-
cepts, often in historical context. Several features of the text 
provide opportunities for students to experience the methods of 
science by evaluating situations from a scientific point of view. 
While technical language and mathematics are important in de-
veloping an understanding of science, only the language and 
mathematics needed to develop central concepts are used. No 
prior work in science is assumed.
	 Many features, such as Science and Society readings, as 
well as basic discussions of the different branches of science 
help students understand how the branches relate. This allows 
students to develop an appreciation of the major developments 
in science and an ability to act as informed citizens on matters 
that involve science and public policy.

FLEXIBLE ORGANIZATION
The Integrated Science sequence of chapters is flexible, and the 
instructor can determine topic sequence and depth of coverage 
as needed. The materials are also designed to support a concep-
tual approach or a combined conceptual and problem-solving 
approach. The Integrated Science Online Learning Center’s 
Instructor’s Resources offer suggestions for integrating the 
text’s topics around theme options. With laboratory studies, the 
text contains enough material for the instructor to select a se-
quence for a one- or two-semester course.

 �THE GOALS OF INTEGRATED 
SCIENCE

	 1.	 Create an introductory science course aimed at the non-
science major. The origin of this book is rooted in our con-
cern for the education of introductory-level students in the 
field of science. Historically, nonscience majors had to en-
roll in courses intended for science or science-related ma-
jors such as premeds, architects, or engineers. Such courses 
are important for these majors but are mostly inappropriate 
for introductory-level nonscience students. To put a non-

science student in 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; in-
stead, 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 under-
stand the process of science and its core concepts.

	 2.	 Introduce a course that presents a coherent and clear 
picture of all science disciplines through an interdisci-
plinary approach. Recent studies and position papers have 
called for an interdisciplinary approach to teaching science 
to nonmajors. For example, the need is discussed in the 
American Association for the Advancement of Science’s 
book, Science for All Americans, and the National Research 
Council’s book, A Framework for K–12 Science Education: 
Practices, Crosscutting Concepts, and Core Ideas, both of 
which were used in the creation of the most recent version of 
the U.S. Next Generation Science Standards. Interdisciplin-
ary 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 interdisci-
plinary science is sometimes found in courses called “Gen-
eral Science,” “Combined Science,” or “Integrated Science.” 
These courses draw concepts from a wide range of the tradi-
tional fields of science but are not concentrated around cer-
tain problems or questions. For example, rather than just 
dealing with the physics of energy, an interdisciplinary ap-
proach might consider broad aspects of energy—dealing 
with potential problems of an energy crisis—including so-
cial and ethical issues. A number of approaches can be used 
in interdisciplinary science, including the teaching of sci-
ence 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 disci-
pline, 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 every-
day examples in developing concepts, and follows a logi-
cal flow of presentation. A discussion of the people and 
events involved in the development of scientific concepts 
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puts a human face on the process of science. The use of 
everyday examples appeals to the nonscience major, typi-
cally accustomed to reading narration, not scientific tech-
nical 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 re-
lationships between what is being read and previous knowl-
edge learned, a useful skill in understanding the sciences.

 �VALUED INPUT WENT INTO 
STRIVING TO MEET YOUR 
NEEDS

Text development today involves a team that includes authors and 
publishers and valuable input from instructors who share their 
knowledge and experience with publishers and authors through 
reviews and focus groups. Such feedback has shaped this edition, 
resulting in reorganization of existing content and expanded cov-
erage in key areas. This text has continued to evolve as a result of 
feedback from instructors actually teaching integrated science 
courses in the classroom. Reviewers point out that current and 
accurate content, a clear writing style with concise explanations, 
quality illustrations, and dynamic presentation materials are im-
portant factors considered when evaluating textbooks. Those cri-
teria have guided the revision of the Integrated Science text and 
the development of its ancillary resources.

NEW TO THIS EDITION
∙	 Many new worked Examples and end-of-chapter Parallel 

Exercises have been added, especially in chapters 10 and 
12–26, to assist students in exploring the computational 
aspects of the chapters. The Examples should aid students 
in working the end-of-chapter Parallel Exercises.

∙	 A new feature, Science Sketch, engages students in creat-
ing their own explanations and analogies by challenging 
them to create visual representations of concepts.

∙	 A new feature, Self Checks, allows students to check their 
understanding of concepts as they progress through the 
chapter.

∙	 The illustrations within the biological content have been 
revised to reduce their complexity and to better correlate 
them to the coverage within the text.

∙	 The revised chapter 13 includes many new images and 
updated information from the latest space missions. There 
are also many new worked Examples to assist students in 
exploring the computational aspects of the chapter and in 
working the end-of-chapter Parallel Exercises.

∙	 The revised chapter 16 contains additional information on 
distances in space, with accompanying new worked  
Examples and end-of-chapter Parallel Exercises. This  
revised chapter also includes updated information on the 
future of our universe.

∙	 Chapter 17 includes the most recent information on climate 
change, causes of global climate change, and global warming.

 THE LEARNING SYSTEM
To achieve the goals stated, this text includes a variety of fea-
tures that should make students’ 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 TO INTEGRATED 
SCIENCE

Chapter 1 provides an overview or orientation to integrated sci-
ence 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.

 MULTIDISCIPLINARY APPROACH
CHAPTER OPENING TOOLS
Core Concept and Supporting Concepts
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 supporting 
concepts list is designed to help students focus their studies by 
identifying the most important topics in the chapter outline.

CONNECTIONS
The relationship of other science disciplines throughout the text 
are related to the chapter’s contents. The core concept map, inte-
grated with the chapter outline and supporting concepts list, the 
connections list, and overview, help students to see the big pic-
ture of the chapter content and the even bigger picture of how that 
content relates to other science discipline areas.

CHAPTER OVERVIEWS
Each chapter begins with an introductory overview. The over-
view previews the chapter’s contents and what students can ex-
pect to learn from reading the chapter. It adds to the general 
outline of the chapter by introducing students to the concepts to 
be covered. It also expands upon the core concept map, facilitat-
ing in the integration of topics. Finally, the overview will help 
students to stay focused and organized while reading the chap-
ter for the first time. After reading this introduction, students 
should browse through the chapter, paying particular attention 
to the topic headings and illustrations so that they get a feel for 
the kinds of ideas included within the chapter.

 �APPLYING SCIENCE TO 
THE REAL WORLD

CONCEPTS APPLIED
As students look through each chapter, they will find one or more 
Concepts Applied boxes. These activities are simple exercises 
that students can perform at home or in the classroom to 



logical applications, or topics on the cutting edge of scientific 
research. These readings enhance the learning experience by 
taking a more detailed look at related topics and adding con-
crete examples to help students better appreciate the real-world 
applications of science.
	 In addition to the Closer Look readings, each chapter 
contains concrete interdisciplinary Connections that are 
highlighted. Connections will help students better appreciate 
the interdisciplinary nature of the sciences. The Closer Look 
and Connections readings are informative materials that are 
supplementary in nature. These boxed features highlight valu-
able information beyond the scope of the text and relate intrin-
sic concepts discussed to real-world issues, underscoring 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 top-
ics that cross over several categories; for example, 
life sciences and technology.

Life: This icon identifies interdisciplinary life sci-
ence topics, meaning connections concerning all liv-
ing 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 un-
derstandings concerned with people trying to make 
sense out of their surroundings by making observa-

tions, measuring, thinking, developing explanations for what is 
observed, and experimenting to test those explanations.

Environmental Science: This icon identifies inter-
disciplinary 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 are the following materials:

∙ 	 Summary: highlights the key elements of the chapter
∙ 	 Summary of Equations: highlights the key equations to 

reinforce retention of them
∙ 	 Key Terms: page-referenced where students will find the 

terms defined in context
∙ 	 Concept Questions: designed to challenge students to dem-

onstrate their understandings of the topic. Some exercises 
include analysis or discussion questions, independent in-
vestigations, and activities intended to emphasize critical 
thinking skills and societal issues, and develop a deeper 
understanding of the chapter content.

demonstrate important concepts and reinforce their understand-
ing of them. This feature also describes the application of those 
concepts to their everyday lives.

EXAMPLES
Many of the more computational topics discussed within the 
chapters contain one or more concrete, worked Examples of a 
problem and its solution as it applies to the topic at hand. 
Through careful study of these Examples, students can better 
appreciate the many uses of problem solving in the sciences. 
Follow-up Examples (with their solutions found in appendix E) 
allow students to practice their problem-solving skills. The 
Examples have been marked as “optional” to allow instructors 
to place as much emphasis (or not) on problem solving as 
deemed necessary for their courses. 

NEW! SCIENCE SKETCHES
The new feature, Science Sketch, found in each chapter, engages 
students in creating their own explanations and analogies by chal-
lenging them to create visual representations of concepts.

NEW! SELF CHECKS
The new feature, Self Check, allows students to check their un-
derstanding of concepts as they progress through the chapter.

SCIENCE AND SOCIETY
These readings relate the chapter’s content to current societal 
issues. Many of these boxes also include Questions to Discuss 
that provide students an opportunity to discuss issues with 
their peers.

MYTHS, MISTAKES, AND 
MISUNDERSTANDINGS
These brief boxes provide short, scientific explanations to dis-
pel a societal myth or a home experiment or project that enables 
students to dispel the myth on their own.

PEOPLE BEHIND THE SCIENCE
Many chapters also have one or two fascinating biographies that 
spotlight well-known scientists, past and present. From these 
People Behind the Science biographies, students learn about 
the human side of science: science is indeed relevant, and real 
people do the research and make the discoveries. These read-
ings present the sciences in real-life terms that students can 
identify with and understand.

CLOSER LOOK AND CONNECTIONS
Each chapter of Integrated Science also includes one or more 
Closer Look readings that discuss topics of special human or 
environmental concern, topics concerning interesting techno-
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tors for classroom purposes. The visual resources in this col-
lection include:

∙	 Art, Photo, and Table Library: Full-color digital files of 
all of the illustrations and tables and many of the photos in 
the text can be readily incorporated into lecture presenta-
tions, exams, or custom-made classroom materials.

∙	 Animations Library: Files of animations and videos cov-
ering the many topics in Integrated Science are included so 
that you can easily make use of these animations in a lec-
ture or classroom setting.

Also residing on your textbook’s Connect Instructor’s Resources 
site are:

∙	 PowerPoint Slides: For instructors who prefer to create 
their lectures from scratch, all illustrations, photos, and 
tables are pre-inserted by chapter into PowerPoint slides.

∙	 Lecture Outlines: Lecture notes, incorporating illustra-
tions, have been written to the seventh edition text. They are 
provided in PowerPoint format so that you may use these 
lectures as written or customize them to fit your lecture.

LABORATORY MANUAL
The laboratory manual, written and classroom-tested by the au-
thors, presents a selection of laboratory exercises specifically 
written for the interest and abilities of nonscience majors. Each 
lab begins with an open-ended Invitations to Inquiry, designed 
to pique student interest in the lab concept. This is followed by 
laboratory exercises that require measurement and data analysis 
for work in a more structured learning environment. 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 perspective 
of hands-on experiences.

∙	 Self-Guided Labs: exercises that consist of short, open-
ended activities that allow students to apply investigative 
skills to the material in the chapter

∙	 Parallel Exercises: There are two groups of parallel exer-
cises, Group A and Group B. The Group A parallel exer-
cises have complete solutions worked out, along with 
useful comments. 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 exer-
cises and checking the provided solutions, students will 
gain confidence in tackling the parallel exercises in Group B 
and thus reinforce their problem-solving skills.

 END-OF-TEXT MATERIAL
At the back of the text are appendices that give additional 
background details, charts, and answers to chapter exercises. 
Appendix E provides solutions for each chapter’s follow-up 
Example exercises. There is also an index organized alpha-
betically by subject matter, and special tables are printed on 
the pages just inside the covers for reference use.

 SUPPLEMENTARY MATERIALS
PRESENTATION TOOLS
Complete set of electronic book images and assets for instructors.
Build instructional materials wherever, whenever, and however 
you want!
	 Accessed from your textbook’s Connect Instructor’s 
Resources, Presentation Tools 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, compelling course websites, or 
attractive printed support materials. All assets are copyrighted 
by McGraw-Hill Higher Education but can be used by instruc-
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▪	 Connect content is authored by the world’s best subject  
	 matter experts, and is available to your class through a  
	 simple and intuitive interface.

▪	 The Connect eBook makes it easy for students to 			 
	 access their reading material on smartphones 				  
	 and tablets. They can study on the go and don’t 				  
	 need internet access to use the eBook as a  
	 reference, with full functionality.

▪	 Multimedia content such as videos, simulations, 	
	 and games drive student engagement and critical 			 
	 thinking skills. ©McGraw-Hill Education

▪	 Connect’s assignments help students 			 
	 contextualize what they’ve learned through 		
	 application, so they can better understand the 		
	 material and think critically.

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

▪	 SmartBook helps students study more efficiently
	 by delivering an interactive reading experience 		
	 through adaptive highlighting and review. 

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

73% of instructors 
who use Connect 

require it; instructor 
satisfaction increases 
by 28% when Connect 

is required.

Homework and Adaptive Learning

Quality Content and Learning Resources

Over 7 billion questions have been 
answered, making McGraw-Hill 

Education products more intelligent, 
reliable, and precise.

 Using Connect improves retention rates 
by 19.8 percentage points, passing rates 

by 12.7 percentage points, and exam 
scores by 9.1 percentage points.



More students earn  
As and Bs when they  

use Connect.

www.mheducation.com/connect

©Hero Images/Getty Images 

▪	 Connect Insight® generates easy-to-read 	
	 reports on individual students, the class as a 	
	 whole, and on specific assignments.

▪	 The Connect Insight dashboard delivers data  
	 on performance, study behavior, and effort.  
	 Instructors can quickly identify students who 	
	 struggle and focus on material that the class  
	 has yet to master.

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

▪	 Connect integrates with your LMS to provide single sign-on and automatic syncing 	
	 of grades. Integration with Blackboard®, D2L®, and Canvas also provides automatic 	
	 syncing of the course calendar and assignment-level linking. 

▪	 Connect offers comprehensive service, support, and training throughout every 	
	 phase of your implementation.

▪	 If you’re looking for some guidance on how to use Connect, or want to learn 		
	 tips and tricks from super users, you can find tutorials as you work. Our Digital 	
	 Faculty Consultants and Student Ambassadors offer insight into how to achieve 	
	 the results you want with Connect.

Trusted Service and Support

Robust Analytics and Reporting 
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CORE CONCEPT

An equation is a 
statement of a 

relationship between 
variables.

Pg. 11

Scientific laws describe 
relationships between 

events that happen 
time after time.

Pg. 15

Measurement is used 
to accurately describe 
properties and events.

Pg. 4

Science investigations 
include collecting 
observations, 
developing 
explanations, and 
testing explanations.

Pg. 13

1 What Is Science?

Science is a way of thinking about and understanding your 
surroundings.

OUTLINE
1.1  Objects and Properties
1.2  Quantifying Properties
1.3  Measurement Systems

1.4  Standard Units for the Metric System
Length
Mass
Time

1.5  Metric Prefixes
1.6  Understandings from Measurements

Data
Ratios and Generalizations

The Density Ratio
Symbols and Equations

1.7  The Nature of Science
The Scientific Method

Explanations and Investigations
Scientific Laws

Models and Theories
1.8  Science, Nonscience, and Pseudoscience

From Experimentation to Application
Science and Nonscience

Pseudoscience
Limitations of Science

People Behind the Science: Florence Bascom

Science is concerned 
with your surroundings 
and your concepts and 
understanding of these 
surroundings. 
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Have you ever thought about your thinking and what you know? On a very simplified level, you could say that everything 
you know came to you through your senses. You see, hear, and touch things of your choosing, and you can smell and 
taste things in your surroundings. Information is gathered and sent to your brain by your sense organs. Somehow, your 
brain processes all this information in an attempt to find order and make sense of it all. Finding order helps you 
understand the world and what may be happening at a particular place and time. Finding order also helps you predict 
what may happen next.

This is a book on thinking about and understanding your surroundings. These surroundings range from the obvious, 
such as the landscape and the day-to-day weather, to the not so obvious, such as how atoms are put together. Your 
surroundings include natural things as well as things that people have made and used (figure 1.1). You will learn how to 
think about your surroundings, whatever your previous experience with thought-demanding situations. This first chapter 
is about “tools and rules” that you will use in the thinking process. We will focus on describing your world in terms of how 
many, how big, how far, and how things change.

Physics
⊲	 Energy flows in and out of your surroundings (Ch. 2–7).

Chemistry
⊲	 Matter is composed of atoms that interact on several 

different levels (Ch. 8–11).

Earth Science
⊲	 Earth is matter and energy that interact through cycles of 

change (Ch. 14–18).

Astronomy
⊲	 The stars and solar system are matter and energy that 

interact through cycles of change (Ch. 12–13).

C O N N E C T I O N S

O V E R V I E W

1.1  OBJECTS AND PROPERTIES
Science is concerned with making sense out of the environment. 
The early stages of this “search for sense” usually involve objects 
in the environment, things that can be seen or touched. These 
could be objects you see every day, such as a glass of water, a 
moving automobile, or a running dog. They could be quite large, 
such as the Sun, the Moon, or even the solar system, or invisible 
to the unaided human eye. Objects can be any size, but people are 
usually concerned with objects that are larger than a pinhead and 
smaller than a house. Outside these limits, the actual size of an 
object is difficult for most people to comprehend.

As you were growing up, you learned to form a generalized 
mental image of objects called a concept. Your concept of an ob-
ject is an idea of what it is, in general, or what it should be accord-
ing to your idea (figure 1.2). You usually have a word stored away 
in your mind that represents a concept. The word chair, for exam-
ple, probably evokes an idea of “something to sit on.” Your gener-
alized mental image for the concept that goes with the word chair 
probably includes a four-legged object with a backrest. Upon 
close inspection, most of your (and everyone else’s) concepts are 

found to be somewhat vague. For example, if the word chair 
brings forth a mental image of something with four legs and a 
backrest (the concept), what is the difference between a “high 
chair” and a “bar stool”? When is a chair a chair and not a stool? 
These kinds of questions can be troublesome for many people.

Not all of your concepts are about material objects. You 
also have concepts about intangibles such as time, motion, and 
relationships between events. As was the case with concepts of 
material objects, words represent the existence of intangible 
concepts. For example, the words second, hour, day, and month 
represent concepts of time. A concept of the pushes and pulls 
that come with changes of motion during an airplane flight 
might be represented with such words as accelerate and falling. 
Intangible concepts might seem to be more abstract since they 
do not represent material objects.

By the time you reach adulthood, you have literally thou-
sands of words to represent thousands of concepts. But most, 
you would find on inspection, are somewhat ambiguous and not 
at all clear-cut. That is why you find it necessary to talk about 
certain concepts for a minute or two to see if the other person 
has the same “concept” for words as you do. That is why when 
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one person says, “Wow, was it hot today!” the other person may 
respond, “How hot was it?” The meaning of hot can be quite 
different for two people, especially if one is from the deserts of 
Arizona and the other from snow-covered Alaska!

The problem with words, concepts, and mental images can 
be illustrated by imagining a situation involving you and another 
person. Suppose that you have found a rock that you believe 
would make a great bookend. Suppose further that you are talk-
ing to the other person on the telephone, and you want to discuss 
the suitability of the rock as a bookend, but you do not know the 
name of the rock. If you knew the name, you would simply state 
that you found a “ .” Then you would probably discuss 
the rock for a minute or so to see if the other person really under-
stood what you were talking about. But not knowing the name of 
the rock and wanting to communicate about the suitability of the 
object as a bookend, what would you do? You would probably 
describe the characteristics, or properties, of the rock. Proper-
ties are the qualities or attributes that, taken together, are usually 
peculiar to an object. Since you commonly determine properties 
with your senses (smell, sight, hearing, touch, and taste), you 
could say that the properties of an object are the effect the object 
has on your senses. For example, you might say that the rock in 
figure 1.3 is “big, yellow, and smooth, with shiny gold cubes on 

FIGURE 1.1  Your surroundings include naturally occurring ob-
jects and manufactured objects such as sidewalks and walls. ©Photo-
disc/Getty Images RF

FIGURE 1.2  What is your concept of a chair? Is this a picture of 
a row of chairs, or are they something else? Most people have 
concepts—or ideas of what things in general should be—that are 
loosely defined. The concept of a chair is one example, and this is a 
picture of a row of beach chairs. ©rolfo/Getty Images RF

FIGURE 1.3  Could you describe this rock to another person 
over the telephone so that the other person would know exactly 
what you see? This is not likely with everyday language, which is full 
of implied comparisons, assumptions, and inaccurate descriptions. 
©Bill W. Tillery



4	 CHAPTER 1  What Is Science?

and probably all of the properties lead to implied comparisons, 
assumptions, and a not very accurate communication. This is 
the nature of your everyday language and the nature of most 
attempts at communication.

1.2  QUANTIFYING PROPERTIES
Typical day-to-day communications are often vague and leave 
much to be assumed. A communication between two people, for 
example, could involve one person describing some person, ob-
ject, or event to a second person. The description is made by 
using referents and comparisons that the second person may or 
may not have in mind. Thus, such attributes as “long” finger-
nails or “short” hair may have entirely different meanings to 
different people involved in a conversation. 

one side.” But consider the mental image that the other person 
on the telephone forms when you describe these properties. It is 
entirely possible that the other person is thinking of something 
very different from what you are describing!

As you can see, the example of describing a proposed 
bookend by listing its properties in everyday language leaves 
much to be desired. The description does not really help the other 
person form an accurate mental image of the rock. One problem 
with the attempted communication is that the description of any 
property implies some kind of referent. The word referent means 
that you refer to, or think of, a given property in terms of another, 
more familiar object. Colors, for example, are sometimes stated 
with a referent. Examples are “sky blue,” “grass green,” or “lemon 
yellow.” The referents for the colors blue, green, and yellow are, 
respectively, the sky, living grass, and a ripe lemon.

Referents for properties are not always as explicit as they 
are with colors, but a comparison is always implied. Since the 
comparison is implied, it often goes unspoken and leads to as-
sumptions in communications. For example, when you stated 
that the rock was “big,” you assumed that the other person knew 
that you did not mean as big as a house or even as big as a bicy-
cle. You assumed that the other person knew that you meant 
that the rock was about as large as a book, perhaps a bit larger.

	 1.1  The process of comparing a property of an object to 
a well-defined and agreed-upon referent is called the 
process of 
a.	 generalizing.
b.	 measurement.
c.	 graphing.
d.	 scientific investigation.

S E L F  C H E C K

Communication Without Measurement
1.	 Find out how people communicate about the properties 

of objects. Ask several friends to describe a paper clip 
while their hands are behind their backs. Perhaps they 
can do better describing a goatee? Try to make a 
sketch that represents each description.

2.	 Ask two classmates to sit back to back. Give one of 
them a sketch or photograph that shows an object in 
some detail, perhaps a guitar or airplane. This person 
is to describe the properties of the object without 
naming it. The other person is to make a scaled sketch 
from the description. Compare the sketch to the 
description; then see how the use of measurement 
would improve the communication.

C O N C E P T S  A P P L I E D

On a piece of paper with two outlines of your hand traced 
on it with a pencil, illustrate and label what is meant by the 
referents “short” and “long” fingernails.

S C I E N C E  S K E T C H

Assumptions and vagueness can be avoided by using meas-
urement in a description. Measurement is a process of compar-
ing a property to a well-defined and agreed-upon referent. The 
well-defined and agreed-upon referent is used as a standard 
called a unit. The measurement process involves three steps: 
(1) comparing the referent unit to the property being described, 
(2) following a procedure, or operation, which specifies how 
the comparison is made, and (3) counting how many standard 
units describe the property being considered.

The measurement process thus uses a defined referent unit, 
which is compared to a property being measured. The value of 
the property is determined by counting the number of referent 
units. The name of the unit implies the procedure that results in 
the number. A measurement statement always contains a number 
and name for the referent unit. The number answers the question 
“How much?” and the name answers the question “Of what?” 
Thus a measurement always tells you “how much of what.” You 
will find that using measurements will sharpen your communica-
tions. You will also find that using measurements is one of the 
first steps in understanding your physical environment.

1.3  MEASUREMENT SYSTEMS
Measurement is a process that brings precision to a description 
by specifying the “how much” and “of what” of a property in a 
particular situation. A number expresses the value of the prop-
erty, and the name of a unit tells you what the referent is, as well 
as implying the procedure for obtaining the number. Referent 
units must be defined and established, however, if others are to 
understand and reproduce a measurement. It would be meaning-
less, for example, for you to talk about a length in “clips” if other 
people did not know what you meant by a “clip” unit. When 

Another problem with the listed properties of the rock is 
the use of the word smooth. The other person would not know if 
you meant that the rock looked smooth or felt smooth. After all, 
some objects can look smooth and feel rough. Other objects can 
look rough and feel smooth. Thus, here is another assumption, 
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Treaty of the Meter, defining the English units in terms of the 
metric system. The United States thus became officially metric 
but not entirely metric in everyday practice.

The metric system was established by the French Academy 
of Sciences in 1791. The academy created a measurement sys-
tem that was based on invariable referents in nature, not human 
body parts. These referents have been redefined over time to 
make the standard units more reproducible. In 1960, six standard 
metric units were established by international agreement. The 
International System of Units, abbreviated SI, is a modernized 
version of the metric system. Today, the SI system has seven 
units that define standards for the properties of length, mass, 
time, electric current, temperature, amount of substance, and 
light intensity (table 1.1). The standard units for the properties of 

standards are established, the referent unit is called a standard 
unit (figure 1.4). The use of standard units makes it possible to 
communicate and duplicate measurements. Standard units are 
usually defined and established by governments and their agen-
cies that are created for that purpose. In the United States, the 
agency concerned with measurement standards is the National 
Institute of Standards and Technology. In Canada, the Standards 
Council of Canada oversees the National Standard System.

There are two major systems of standard units in use today, 
the English system and the metric system. The metric system is 
used in all industrialized countries except the United States, 
where both systems are in use. The continued use of the English 
system in the United States presents problems in international 
trade, so there is pressure for a complete conversion to the met-
ric system. More and more metric units are being used in every-
day measurements, but a complete conversion will involve an 
enormous cost. Appendix A contains a method for converting 
from one system to the other easily. Consult this section if you 
need to convert from one metric unit to another metric unit or to 
convert from English to metric units or vice versa.

People have used referents to communicate about proper-
ties of things throughout human history. The ancient Greek civ-
ilization, for example, used units of stadia to communicate 
about distances and elevations. The “stadium” was a unit of 
length of the racetrack at the local stadium (stadia is the plural 
of stadium), based on a length of 125 paces. Later civilizations, 
such as the ancient Romans, adopted the stadia and other refer-
ent units from the ancient Greeks. Some of these same referent 
units were later adopted by the early English civilization, which 
eventually led to the English system of measurement. Some 
adopted units of the English system were originally based on 
parts of the human body, presumably because you always had 
these referents with you (figure 1.5). The inch, for example, 
used the end joint of the thumb for a referent. A foot, naturally, 
was the length of a foot, and a yard was the distance from the tip 
of the nose to the end of the fingers on an arm held straight out. 
A cubit was the distance from the end of an elbow to the finger-
tip, and a fathom was the distance between the fingertips of 
two arms held straight out. As you can imagine, there were 
problems with these early units because everyone was not the 
same size. Beginning in the 1300s, the sizes of the units were 
gradually standardized by various English kings. In 1879, the 
United States, along with sixteen other countries, signed the 

FIGURE 1.4  Any of these units and values could have been 
used at some time or another to describe the same distance be-
tween these hypothetical towns. Any unit could be used for this pur-
pose, but when one particular unit is officially adopted, it becomes 
known as the standard unit. 

50 leagues
130 nautical miles
150 miles
158 Roman miles
1,200 furlongs
12,000 chains
48,000 rods
452,571 cubits
792,000 feet

FIGURE 1.5  Many early units for measurement were originally 
based on the human body. Some of the units were later standardized 
by governments to become the basis of the English system of 
measurement. 

Yard

Cubit

Fathom

1,000 double paces = 1 mile

Foot

Inch

TABLE 1.1
The SI Standard Units

Property Unit Symbol

Length meter m

Mass kilogram kg

Time second s

Electric current ampere A

Temperature kelvin K

Amount of substance mole mol

Luminous intensity candela cd
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MASS

The standard unit for mass in the metric system is the kilogram 
(kg). The kilogram is defined as the mass of a certain metal 
cylinder kept by the International Bureau of Weights and Mea-
sures in France. This is the only standard unit that is still de-
fined in terms of an object. The property of mass is sometimes 
confused with the property of weight since they are directly 
proportional to each other at a given location on the surface of 
the Earth. They are, however, two completely different proper-
ties and are measured with different units. All objects tend to 
maintain their state of rest or straight-line motion, and this 
property is called “inertia.” The mass of an object is a measure 
of the inertia of an object. The weight of the object is a measure 
of the force of gravity on it. This distinction between weight and 
mass will be discussed in detail in chapter 2. For now, remem-
ber that weight and mass are not the same property.

TIME

The standard unit for time is the second (s). The second was 
originally defined as 1/86,400 of a solar day (1/60 × 1/60 × 
1/24). Earth’s spin was found not to be as constant as originally 
thought, so the second was redefined to be the duration required 
for a certain number of vibrations of a specific type of cesium 
atom. A special spectrometer called an “atomic clock” mea-
sures these vibrations and keeps time with an accuracy of sev-
eral millionths of a second per year.

length, mass, and time are introduced in this chapter. The re-
maining units will be introduced in later chapters as the proper-
ties they measure are discussed.

1.4  �STANDARD UNITS  
FOR THE METRIC SYSTEM

If you consider all the properties of all the objects and events in 
your surroundings, the number seems overwhelming. Yet, close 
inspection of how properties are measured reveals that some 
properties are combinations of other properties (figure 1.6). 
Volume, for example, is described by the three length mea-
surements of length, width, and height. Area, on the other 
hand, is described by just the two length measurements of 
length and width. Length, however, cannot be defined in sim-
pler terms of any other property. There are four properties 
that cannot be described in simpler terms, and all other prop-
erties are combinations of these four. For this reason they are 
called the fundamental properties. A fundamental property 
cannot be defined in simpler terms other than to describe how 
it is measured. These four fundamental properties are (1) length, 
(2) mass, (3) time, and (4) charge. Used individually or in 
combinations, these four properties will describe or measure 
what you observe in nature. Metric units for measuring the 
fundamental properties of length, mass, and time will be de-
scribed next. The fourth fundamental property, charge, is as-
sociated with electricity, and a unit for this property will be 
discussed in chapter 6.

LENGTH

The standard unit for length in the metric system is the meter 
(the symbol or abbreviation is m). A meter is defined in terms 
of the distance that light travels in a vacuum during a certain 
time period, 1/299,792,458 second. The important thing to re-
member, however, is that the meter is the metric standard unit 

FIGURE 1.6  Area, or the extent of a surface, can be described 
by two length measurements. Volume, or the space that an object 
occupies, can be described by three length measurements. Length, 
however, can be described only in terms of how it is measured, so it 
is called a fundamental property. 
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	 1.2  The height of an average person is closest to  
a.	 1.0 m.
b.	 1.5 m.
c.	 2.5 m.
d.	 3.5 m.

S E L F  C H E C K

	 1.3  Which of the following standard units is defined in 
terms of an object as opposed to an event? 
a.	 kilogram
b.	 meter
c.	 second
d.	 none of the above

S E L F  C H E C K

for length. A meter is slightly longer than a yard, 39.3 inches. It 
is approximately the distance from your left shoulder to the tip 
of your right hand when your arm is held straight out. Many 
doorknobs are about 1 meter above the floor. Think about these 
distances when you are trying to visualize a meter length.
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1.5  METRIC PREFIXES
The metric system uses prefixes to represent larger or smaller 
amounts by factors of 10. Some of the more commonly used 
prefixes, their abbreviations, and their meanings are listed in 
table 1.2. Suppose you wish to measure something smaller than 
the standard unit of length, the meter. The meter is subdivided 
into ten equal-sized subunits called decimeters. The prefix 
deci- has a meaning of “one-tenth of,” and it takes 10 decime-
ters to equal the length of 1 meter. For even smaller measure-
ments, each decimeter is divided into ten equal-sized subunits 
called centimeters. It takes 10 centimeters to equal 1 decimeter 
and 100 centimeters to equal 1 meter. In a similar fashion, each 
prefix up or down the metric ladder represents a simple increase 
or decrease by a factor of 10 (figure 1.7).

When the metric system was established in 1791, the stand-
ard unit of mass was defined in terms of the mass of a certain 
volume of water. A cubic decimeter (dm3) of pure water at 4°C 
was defined to have a mass of 1 kilogram (kg). This definition 
was convenient because it created a relationship between length, 
mass, and volume. As illustrated in figure 1.8, a cubic decimeter 
is 10 cm on each side. The volume of this cube is therefore 10 
cm × 10 cm × 10 cm, or 1,000 cubic centimeters (abbreviated as 
cc or cm3). Thus, a volume of 1,000 cm3 of water has a mass of 
1 kg. Since 1 kg is 1,000 g, 1 cm3 of water has a mass of 1 g.

The volume of 1,000 cm3 also defines a metric unit that is 
commonly used to measure liquid volume, the liter (L). For 
smaller amounts of liquid volume, the milliliter (mL) is used. 
The relationship between liquid volume, volume, and mass of 
water is therefore

1.0 L → 1.0 dm3 and has a mass of 1.0 kg

or, for smaller amounts,

1.0 mL → 1.0 cm3 and has a mass of 1.0 g

TABLE 1.2
Some Metric Prefixes

Prefix Symbol Meaning

tera- T 1012 (1,000,000,000,000 times the unit)

giga- G 109 (1,000,000,000 times the unit)

mega- M 106 (1,000,000 times the unit)

kilo- k 103 (1,000 times the unit)

hecto- h 102 (100 times the unit)

deka- da 101 (10 times the unit)

Unit

deci- d 10−1 (0.1 of the unit)

centi- c 10−2 (0.01 of the unit)

milli- m 10−3 (0.001 of the unit)

micro- μ 10−6 (0.000001 of the unit)

nano- n 10−9 (0.000000001 of the unit)

pico- p 10−12 (0.000000000001 of the unit)

FIGURE 1.7  Compare the units shown above. How many 
millimeters fit into the space occupied by 1 centimeter? How many 
millimeters fit into the space of 1 decimeter? Can you express this as 
multiples of ten? 

1 meter

1 decimeter

1 centimeter

1 millimeter

FIGURE 1.8  A cubic decimeter of water (1,000 cm3) has a liquid 
volume of 1 L (1,000 mL) and a mass of 1 kg (1,000 g). Therefore,  
1 cm3 of water has a liquid volume of 1 mL and a mass of 1 g. 

1 decimeter
( 10 centimeters)

1 cm3

1 mL H2O
1 g H2O

1 decimeter
( 10 centimeters)

1 dm3 (1,000 cm3)
By definition:

1 kg H2O
1 L H2O

	 1.4  One-half liter of water has a mass of 
a.	 0.5 g.
b.	 5 g.
c.	 50 g.
d.	 500 g.

	 1.5  A cubic centimeter (cm3) of water has a mass of about 1
a.	 mL.
b.	 kg.
c.	 g.
d.	 dm.

S E L F  C H E C K
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Now consider the surface area of each cube. Area means 
the extent of a surface, and each cube has six surfaces, or faces 
(top, bottom, and four sides). The area of any face can be ob-
tained by measuring and multiplying length and width. The 
data for the three cubes thus describes them as follows:

	 Volume	 Surface Area

cube a	   1 cm3	   6 cm2

cube b	   8 cm3	 24 cm2

cube c	 27 cm3	 54 cm2

1.6 � UNDERSTANDINGS  
FROM MEASUREMENTS

One of the more basic uses of measurement is to describe some-
thing in an exact way that everyone can understand. For exam-
ple, if a friend in another city tells you that the weather has been 
“warm,” you might not understand what temperature is being 
described. A statement that the air temperature is 70°F carries 
more exact information than a statement about “warm weather.” 
The statement that the air temperature is 70°F contains two 
important concepts: (1) the numerical value of 70 and (2) the 
referent unit of degrees Fahrenheit. Note that both a numerical 
value and a unit are necessary to communicate a measurement 
correctly. Thus, weather reports describe weather conditions 
with numerically specified units; for example, 70° Fahrenheit 
for air temperature, 5 miles per hour for wind speed, and  
0.5 inch for rainfall (figure 1.9). When such numerically speci-
fied units are used in a description, or a weather report, everyone 
understands exactly the condition being described.

DATA

Measurement information used to describe something is called 
data. Data can be used to describe objects, conditions, events, 
or changes that might be occurring. You really do not know if 
the weather is changing much from year to year until you com-
pare the yearly weather data. The data will tell you, for exam-
ple, if the weather is becoming hotter or drier or is staying 
about the same from year to year.

Let’s see how data can be used to describe something and 
how the data can be analyzed for further understanding. The 
cubes illustrated in figure 1.10 will serve as an example. Each 
cube can be described by measuring the properties of size and 
surface area.

First, consider the size of each cube. Size can be described 
by volume, which means how much space something occupies. 
The volume of a cube can be obtained by measuring and multi-
plying the length, width, and height. The data is

volume of cube a	   1 cm3

volume of cube b	   8 cm3

volume of cube c	 27 cm3

FIGURE 1.9  A weather report gives exact information, data that 
describe the weather by reporting numerically specified units for 
each condition. 

Weather Report
Friday  (24  hours  ended  at  5 P.M.)
Highs—airport 73°F, downtown 76°F
Lows—airport 68°F, downtown 70°F
Rainfall ..................................... 0.26 in
Average wind speed .......... 5.2 mph
Relative humidity ............. High 85%
            Low 75%
Rainfall ± normal to date.....+0.94 in

FIGURE 1.10  Cube a is 1 centimeter on each side, cube b is  
2 centimeters on each side, and cube c is 3 centimeters on each side. 
These three cubes can be described and compared with data, or 
measurement information, but some form of analysis is needed to 
find patterns or meaning in the data. 

3 centimeters

2 centimeters

1 centimeter

a

b

c

	 1.6  The property of volume is a measure of  
a.	 how much matter an object contains.
b.	 how much space an object occupies.
c.	 the compactness of matter in a certain size.
d.	 the area on the outside surface.

S E L F  C H E C K

RATIOS AND GENERALIZATIONS

Data on the volume and surface area of the three cubes in 
figure 1.10 describes the cubes, but whether it says anything 
about a relationship between the volume and surface area of a 
cube is difficult to tell. Nature seems to have a tendency to 
camouflage relationships, making it difficult to extract mean-
ing from raw data. Seeing through the camouflage requires the 
use of mathematical techniques to expose patterns. Let’s see 
how such techniques can be applied to the data on the three 
cubes and what the pattern means.

One mathematical technique for reducing data to a more 
manageable form is to expose patterns through a ratio. A ratio 
is a relationship between two numbers obtained when one num-
ber is divided by another number. Suppose, for example, that an 
instructor has 50 sheets of graph paper for a laboratory group of 
25 students. The relationship, or ratio, between the number of 
sheets and the number of students is 50 papers to 25 students, 
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THE DENSITY RATIO

The power of using a ratio to simplify things, making explana-
tions more accessible, is evident when you compare the simpli-
fied ratio 6 to 3 to 2 with the hodgepodge of numbers that you 
would have to consider without using ratios. The power of using 
the ratio technique is also evident when considering other proper-
ties of matter. Volume is a property that is sometimes confused 
with mass. Larger objects do not necessarily contain more matter 
than smaller objects. A large balloon, for example, is much larger 
than this book, but the book is much more massive than the bal-
loon. The simplified way of comparing the mass of a particular 
volume is to find the ratio of mass to volume. This ratio is called 
density, which is defined as mass per unit volume. The per means 
“for each,” as previously discussed, and unit means “one,” or 
“each.” Thus “mass per unit volume” literally means the “mass of 
one volume” (figure 1.11). The relationship can be written as

density =
mass

volume

or

	 ρ =
m

V
	 equation 1.1

(ρ is the symbol for the Greek letter rho.)

and this can be written as 50 papers/25 students. This ratio is 
simplified by dividing 25 into 50, and the ratio becomes 
2 papers/1 student. The 1 is usually understood (not stated), and 
the ratio is written as simply 2 papers/student. It is read as 
2 papers “for each” student, or 2 papers “per” student. The con-
cept of simplifying with a ratio is an important one, and you 
will see it time and time again throughout science. It is impor-
tant that you understand the meaning of per and for each when 
used with numbers and units.

Applying the ratio concept to the three cubes in figure 1.10, 
the ratio of surface area to volume for the smallest cube, cube a, 
is 6 cm2 to 1 cm3, or

6 cm2

1 cm3 = 6 
cm2

cm3

meaning there are 6 square centimeters of area for each cubic 
centimeter of volume.

The middle-sized cube, cube b, had a surface area of 24 cm2 
and a volume of 8 cm3. The ratio of surface area to volume for 
this cube is therefore

24 cm2

8 cm3 = 3 
cm2

cm3

meaning there are 3 square centimeters of area for each cubic 
centimeter of volume.

The largest cube, cube c, had a surface area of 54 cm2 and 
a volume of 27 cm3. The ratio is

54 cm2

27 cm3 = 2 
cm2

cm3

or 2 square centimeters of area for each cubic centimeter of 
volume. Summarizing the ratio of surface area to volume for all 
three cubes, you have

small cube	 a	 6:1
middle cube	 b	 3:1
large cube	 c	 2:1

Now that you have simplified the data through ratios, you 
are ready to generalize about what the information means. You 
can generalize that the surface-area-to-volume ratio of a cube 
decreases as the volume of a cube becomes larger. Reasoning 
from this generalization will provide an explanation for a num-
ber of related observations. For example, why does crushed ice 
melt faster than a single large block of ice with the same vol-
ume? The explanation is that the crushed ice has a larger  
surface-area-to-volume ratio than the large block, so more  
surface is exposed to warm air. If the generalization is found to 
be true for shapes other than cubes, you could explain why a 
log chopped into small chunks burns faster than the whole log. 
Further generalizing might enable you to predict if large pota-
toes would require more or less peeling than the same weight 
of small potatoes. When generalized explanations result in pre-
dictions that can be verified by experience, you gain confi-
dence in the explanation. Finding patterns of relationships is a 
satisfying intellectual adventure that leads to understanding 
and generalizations that are frequently practical.

	 1.7  As the volume of a cube becomes larger and larger, 
the surface-area-to-volume ratio  
a.	 increases.
b.	 decreases.
c.	 remains the same.
d.	 sometimes increases and sometimes decreases.

S E L F  C H E C K

FIGURE 1.11  Equal volumes of different substances do not 
have the same mass, as these cube units show. Calculate the densi-
ties in g/m3. Do equal volumes of different substances have the 
same density? Explain. 

1 cm1 cm

19.3 g

1.0 g

7.9 g

0.0013 g

Gold Iron

Water Air

1 cm1 cm




