
Test FileFirst PagesRevised PagesConfirming PagesRev.Confirming PagesDesign Pages

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
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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 

science 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 developing 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 

sequence 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 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. To put a nonscience 

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; 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 the pro-

cess 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 tra-

ditional 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. A number of approaches 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 dis-

cipline, 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 techni-

cal writing, and also tends to bring relevancy to the material 

being presented. The logical flow of presentation is help-

ful to students not accustomed to thinking about relation-

ships between what is being read and previous knowledge 

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 

important factors considered when evaluating textbooks. Those 

criteria have guided the revision of the Integrated Science text 

and the development of its ancillary resources.

NEW TO THIS EDITION

∙ Much of the narrative text throughout this book has been 

tightened and revised to improve readability and employ 

a more conversational style that enhances learning for a 

wider diversity of students. See, for example, the revised 

coverage of nutrition in chapter 24 on human biology.

∙ Photographs and illustrations have been updated through-

out to reflect a contemporary view of science and to be 

more in line with common student experiences.

∙ The chapters on energy (chapter 3) and water and solu-

tions (chapter 10) have been updated to reflect our cur-

rent understanding and include an enhanced description of 

global needs and current energy usage.

∙ Chapter 13 on the solar system has been substantially 

revised to reflect science’s new understandings of the outer 

planets.

∙ Life science chapters on human biology have been signifi-

cantly updated to reflect a contemporary view of human 

sexuality and reproduction.

∙ Chapter 17 on earth’s weather has been updated to include 

the most recent information on global climate change, its 

causes, 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 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 con-

cepts list is designed to help students focus their studies by identi-

fying the most important topics in the chapter outline.

CONNECTIONS
The relationships of other science disciplines throughout the 

text are related to the chapter’s contents. The core concept map, 

integrated with the chapter outline and supporting concepts list, 

the connections list, and overview, helps students see the big 

picture 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 

expect to learn from reading the chapter. It adds to the gen-

eral outline of the chapter by introducing students to the con-

cepts to be covered. It also expands upon the core concept map, 

facilitating in the integration of topics. Finally, the overview 

will help students stay focused and organized while reading 

the chapter 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 

demonstrate important concepts and reinforce their understand-

ing of them. This feature also describes the application of those 

concepts to their everyday lives.
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in nature. These boxed features highlight valuable information 

beyond the scope of the text and relate intrinsic concepts dis-

cussed to real-world issues, underscoring the relevance of inte-

grated 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 under-

standings 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 

demonstrate their understandings of the topic. Some exer-

cises include analysis or discussion questions, independent 

investigations, and activities intended to emphasize critical 

thinking skills and societal issues, and develop a deeper 

understanding of the chapter content.

∙ 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 

exercises, Group A and Group B. The Group A parallel 

exercises 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.

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 instruc-

tors to place as much emphasis (or not) on problem solving as 

deemed necessary for their courses. 

SCIENCE SKETCHES
The Science Sketch feature, found in each chapter, engages stu-

dents in creating their own explanations and analogies by chal-

lenging them to create visual representations of concepts.

SELF-CHECKS
The Self-Check feature allows students to check their under-

standing 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, & 
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 

readings 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 technological 

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 concrete examples to help 

students better appreciate the real-world applications of science.

In addition to the Closer Look readings, each chapter con-

tains concrete interdisciplinary Connections that are highlighted. 

Connections will help students better appreciate the interdisci-

plinary nature of the sciences. The Closer Look and Connec-

tions readings are informative materials that are supplementary 
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HOMEWORK AND ADAPTIVE 
LEARNING 

∙ Connect’s assignments help students contextualize what 

they’ve learned through application, so they can better 

understand the material and think critically.

∙ Connect will create a personalized study path customized 

to individual student needs through SmartBook®. 

∙ SmartBook helps students study more efficiently by deliver-

ing an interactive reading experience through adaptive high-

lighting and review.

ROBUST ANALYTICS AND REPORTING 
Connect Insight® generates easy-to-read reports on individual 

students, the class as a whole, and specific assignments.

∙ The Connect Insight dashboard delivers data on perfor-

mance, study behavior, and effort. Instructors can quickly 

identify students who struggle and focus on material that 

the class has yet to master. 

∙ Connect automatically grades assignments and quizzes, provid-

ing easy-to-read reports on individual and class performance.

REMOTE PROCTORING & BROWSER-
LOCKING CAPABILITIES

∙ New remote proctoring and browser-locking capabilities, 

hosted by Proctorio within Connect, provide control of the 

assessment environment by enabling security options and 

verifying the identity of the student. 

∙ Seamlessly integrated within Connect, these services allow 

instructors to control students’ assessment experience by 

restricting browser activity, recording students’ activity, and 

verifying students are doing their own work.  

∙ Instant and detailed reporting gives instructors an at-a-

glance view of potential academic integrity concerns, 

thereby avoiding personal bias and supporting evidence-

based claims.

TRUSTED SERVICE AND SUPPORT 
Connect integrates with your Leaning Management System 

(LMS) to provide single sign-on and automatic syncing of 

grades. Integration with Blackboard®, D2L®, Moodle, and 

Canvas also provides automatic syncing of the course calen¬dar 

and assignment-level linking.

∙ Connect offers comprehensive service, support, and train-

ing throughout every phase of your implementation.

∙ If you’re looking for some guidance on how to use 

Con¬nect, or want to learn tips and tricks from super users, 

you can find tutorials as you work. Our Digital Faculty 

Consultants and Student Ambassadors offer insight into 

how to achieve the results you want with Connect.

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 instruc-

tors. Build instructional materials wherever, whenever, and how-

ever 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, visu-

ally  enhanced tests and quizzes, compelling course websites, 

or attractive printed support materials. All assets are copy-

righted by McGraw-Hill Higher Education but can be used 

by instructors for classroom purposes. The visual resources in 

this collection 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 presentations, 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 

lecture or classroom setting.

Also residing on your textbook’s Connect Instructor’s 

 Resources site are:

∙ PowerPoint Slides: For instructors who prefer to cre-

ate their lectures from scratch, all illustrations, photos, 

and  tables are pre-inserted by chapter into PowerPoint 

slides.

∙ Accessible Lecture Outlines: Lecture notes, incorporat-

ing illustrations, have been written to the eighth edition text. 

They are provided in PowerPoint format so that you may 

use these lectures as written or customize them to fit your 

lecture.

DIGITAL LEARNING TOOLS 

CONNECT 
McGraw Hill Connect® is a highly reliable, easy-to use home-

work and learning management solution that utilizes learning 

science and award winning adaptive tools to im¬prove student 

results. 
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A�ordable solutions, 
added value 

 
Make technology work for you with  
LMS integration for single sign-on access, 
mobile access to the digital textbook, 
and reports to quickly show you how 
each of your students is doing. And with 
our Inclusive Access program you can 
provide all these tools at a discount to 
your students. Ask your McGraw Hill 
representative for more information.
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Instructors: Student Success Starts with You

65%
Less Time
Grading

Tools to enhance your unique voice

Want to build your own course? No problem. Prefer to use our 
turnkey, prebuilt course? Easy. Want to make changes throughout the 
semester? Sure. And you’ll save time with Connect’s auto-grading too.

Solutions for  
your challenges

 
A product isn’t a solution. Real 
solutions are a�ordable, reliable, 
and come with training and 
ongoing support when you need 
it and how you want it. Visit www.
supportateverystep.com for videos 
and resources both you and your 
students can use throughout the 
semester.

Study made personal

Incorporate adaptive study resources like  
SmartBook® 2.0 into your course and help your  
students be better prepared in less time. Learn  
more about the powerful personalized learning 
experience available in SmartBook 2.0 at  
www.mheducation.com/highered/connect/smartbook
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E�ective tools for e�cient studying

Connect is designed to make you more productive with simple, flexible, intuitive tools that maximize  
your study time and meet your individual learning needs. Get learning that works for you with Connect.

Everything you need in one place 

Your Connect course has everything you need—whether reading on  
your digital eBook or completing assignments for class, Connect makes  
it easy to get your work done.

“I really liked this 

app—it made it easy 

to study when you 

don't have your text-

book in front of you.”

- Jordan Cunningham,  
  Eastern Washington University

Study anytime, anywhere

Download the free ReadAnywhere app and access your 
online eBook or SmartBook 2.0 assignments when it’s 
convenient, even if you’re o�ine. And since the app 
automatically syncs with your eBook and SmartBook 2.0 
assignments in Connect, all of your work is available 
every time you open it. Find out more at  
www.mheducation.com/readanywhere 
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Students: Get Learning that Fits You

Learning for everyone 
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Departments and faculty to meet the learning needs 
of all students. Please contact your Accessibility 
Services O�ce and ask them to email  
accessibility@mheducation.com, or visit  
www.mheducation.com/about/accessibility  
for more information.
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student presentation of lecture material, debates by students 

on controversial issues, field experiences, individual student 

projects, and discussions of local examples and relevant cur-

rent events. Textbooks are very valuable for presenting content, 

especially if they contain accurate, informative drawings and 

visual examples. Lectures are best used to help students see 

themes and make connections, and laboratory activities provide 

important hands-on activities.

Professor Enger has been a Fulbright Exchange Teacher 

to Australia and Scotland, received the Bergstein Award for 

Teaching Excellence and the Scholarly Achievement Award from 

Delta College, and participated as a volunteer in Earthwatch 

Research Programs in Costa Rica, the Virgin Islands, and 
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An equation is a 

statement of a 

relationship between 

variables.

Pg. 11

Scientific laws describe 

relationships between 

events that happen 

time after time.

Pg. 17

Measurement is used 

to accurately describe 

properties and events.

Pg. 4

Scientific investigations 

include collecting 

observations, 

developing 

explanations, and 

testing explanations.

Pg. 14
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CORE CONCEPT
Science is a way of thinking about and understanding your surroundings.

1 What Is Science?

Science is concerned with 

your surroundings and your 

concepts and understanding 

of these surroundings. 

Steve Satushek/Getty Images 



 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. Physical scientists are usually focused 

on studying nonliving things, leaving the domain of living things 

for life scientists. 

As you were growing up, you learned to form a general-

ized mental image of objects called a concept. Your concept of 

an object is an idea of what it is, in general, or what it should 

be according to your idea (figure 1.2). You usually have a word 

stored away in your mind that represents a concept. The word 

chair, for example, probably evokes an idea of “something to sit 

on.” Your generalized 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 
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2 CHAPTER 1 What Is Science?

C O N N E C T I O N S

O V E R V I E W

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.

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).

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).



when one person says, “Wow, was it hot today!” the other per-

son 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 objects 

and manufactured objects such as sidewalks and walls. John Giustina/

Photodisc/Getty Images

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

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
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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 

assumptions 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.

Assumptions and vagueness can be avoided by using 

measurement in a description. Measurement is a process of 

comparing a property to a well-defined and agreed-upon ref-

erent. 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 spec-

ifies 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 communi-

cations. 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, 

 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

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

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
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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 Acad-

emy of Sciences in 1791. The academy created a measurement 

system 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 proper-

ties of length, mass, time, electric current, temperature, amount 

of substance, and light intensity (table 1.1). The standard units 

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 prop-

erties of things throughout human history. The ancient Greek 

civilization, 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 

fingertip, 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 between 

these hypothetical towns. Any unit could be used for this purpose, 

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 standard-

ized 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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