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no single best approach. One of the characteristics of 
interdisciplinary science is that it is not constrained by 
the necessity of teaching certain facts or by traditions. It 
likewise cannot be imposed as a formal discipline, with 
certain facts to be learned. It is justified by its success in 
attracting and holding the attention and interest of stu-
dents, making them a little wiser as they make their way 
toward various careers and callings.  

 4.    Humanize science for nonscience majors.  Each chapter 
presents historical background where appropriate, uses 
everyday examples in developing concepts, and follows a 
logical flow of presentation. A discussion of the people and 
events involved in the development of scientific concepts 
puts a human face on the process of science. The use of ev-
eryday examples appeals to the nonscience major, typically 
accustomed to reading narration, not scientific technical 
writing, and also tends to bring relevancy to the material 
being presented. The logical flow of presentation is helpful 
to students not accustomed to thinking about 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 coverage 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  
Chapter 1: A discussion of “Scientific Communication” was 

added in order to add detail to the discussion of the sci-
entific method, making the topic more appropriate for 
nonscience majors.

Chapter 3: A discussion of “Simple Machines” and also a new 
Myths, Mistakes, and Misunderstandings on recycling 
were added.

Chapter 4: A discussion of “efficiency” was included at a level 
of depth and detail appropriate for nonscience majors.

Chapter 8: Discussions of potential energy of electrons and 
uses for semiconductors as well as an Example on fre-
quency and energy of electrons were added.

Chapter 11: The discussion of high-level nuclear waste was 
updated, and a discussion of what happened at Fukushima 
I was added.

Chapter 19: A new People Behind the Science biography on 
polymer chemist, Roy J. Plunkett (inventor of Teflon), was 
included. Section 19.2, Extraterrestrial Origin for Life on 
Earth, was rewritten. Also, the Closer Look discussion on 
enzymes was moved into the main text, while new infor-
mation on ways to increase the level of ‘good’ cholesterol 
was added. These changes improved the relevance of this 
material for nonscience majors.

Chapter 21: New information on “Goldilocks planets” was 
added. Also, the material on selection and herbicides was 
heavily revised, with new material also added.

Chapter 22: This chapter was heavily revised: references to 
Usher and “theist” were removed; the section on Paleon-
tology and Archaeology was revised, with more emphasis 
on definite statements and findings; the section on Genus 
Homo was revised; discussion of the Multiregional Hypoth-
esis was removed; and a cladogram and expanded sense 
of history were added to the section on Hominin Origins.

Chapter 2 3: The nitrogen cycle description and diagram were 
revised. A new People Behind the Science on Jane Lub-
chenco was also added.

Chapter 24: This chapter was revised to make it more relevant 
to the nonscience major: medical-related information on 
and more discussion of eating disorders was added;  the 
use of technical terms in the introduction to the nervous 
system were eliminated;  Concepts Applied on Check Out 
the Nutrition Labels, Taste versus Smell, and Antagonistic 
Muscles were added; Science and Society, What Happens 
When You Drink Alcohol, was added; a new People Behind 
the Science on Henry Molaison and William Beecher Sco-
ville was added; new information of tanning, gastric reflux,  
and probiotics was added; and the section on Guidelines 
for Obtaining Adequate Nutrients and the information on 
the new MyPlate food guide from the USDA were updated. 

Chapter 25: The coverage on sexually transmitted diseases was 
expanded;  a new Myths, Mistakes, and Misunderstand-
ings, Is It Sex?, was added; and the sections on Hormonal 
Control Methods, Changes in Sexual Function with Age, 
and fraternal twins were all rewritten in chapter 25. 

Chapter 26: Information on stem cells was moved into the main 
text of the chapter in order to improve the relevancy of this 
material for nonscience majors.

Appendices: The appendices have been revised and reorga-
nized to provide improved problem-solving assistance for 
students. The tips and formatting for problem solving have 
been moved prior to the solutions in order to provide this 
material to students prior to their viewing of the solutions. 
A discussion of the methodology for solving multiple-
choice type problems was also added to the problem-solv-
ing appendix. The answers to the end-of-chapter Applying 
the Concepts questions were also moved to the appendix.

Questions for Thought: The number of Questions for 
Thought was increased in all chapters without Parallel 
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Exercises in order to increase the number of practice 
questions for students and assignable homework ques-
tions for instructors.

 THE LEARNING SYSTEM  

 To achieve the goals stated, this text includes a variety of fea-
tures that should make student’s 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 
science in general and this text in particular. It also describes 
the fundamental methods and techniques used by scientists to 
study and understand the world around us.    

 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 studets 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, 
integrated with the chapter outline and supporting concepts list, 
the connections list, and overview, help students to 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 general 
outline of the chapter by introducing students to the concepts 
to be covered. It also expands upon the core concept map, 
facilitating in the integration of topics. Finally, the overview 
will help students to 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 exer-
cises 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.   

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. 

 The Nature of Living Things 

    The cell is the simplest structure capable of existing as an individual 

living unit. Within this unit, many chemical reactions are required 

for maintaining life. These reactions do not occur at random but are 

associated with specific parts of the many kinds of cells.   These are 

embryonic stem cells with the potential to repair damaged tissue.

 20 
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CORE CONCEPT
All living things are composed of cells.OUTLINE

All cells come from preexisting cells (p. 467).

The two basic types of cells have many similar structural features (pp. 467–470).

All forms of life demonstrate similar characteristics (p. 465).

   Part I:  The Characteristics of Life
20.1 What Makes Something 

Alive? 
 20.2 The Cell Theory   People Behind the Science:   Matthias Jakob Schleiden and 

Theodor Schwann   20.3 Cell Membranes  20.4 Getting Through Membranes Diffusion  Osmosis  Controlled Methods of Transporting Molecules  
 20.5 Organelles Composed of 

Membranes  20.6 Nonmembranous Organelles  20.7 Nuclear Components 
 20.8 Major Cell Types       The Prokaryotic Cell Structure 

A Closer Look: How We Are Related

      The Eukaryotic Cell Structure 
A Closer Look:   Antibiotics and Cell 

Structural Differences
Part II: Energy Transformations in Cells 20.9 Respiration and Photosynthesis The Energy Transfer Molecules 

of Living Things—ATP 
 Aerobic Cellular Respiration 

 Photosynthesis   A Closer Look:  Stem Cells
Part III: Cellular Reproduction 20.10 The Importance of Cell 

Division      20.11 The Cell Cycle  20.12 The Stages of Mitosis
 Prophase  Metaphase  Anaphase  Telophase   
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    T his chapter is divided into three parts. The first part focuses 

on the general structural and functional features displayed 

by all living things. It is these features that separate them from 

our nonliving world.

20.1 WHAT MAKES SOMETHING ALIVE? 
  The science of    biology    is, broadly speaking, the study of liv-

ing things. It draws on chemistry and physics for its founda-

tion and applies these basic physical laws to life processes. 

Living things have abilities and structures not typically found 

in things that were never living. The ability to manipulate 

energy and matter is unique to living things. Developing an 

understanding of how they modify matter and use energy 

will help you appreciate how they differ from nonliving ob-

jects. Living things show five characteristics that nonliving 

things do not: (1) metabolic processes, (2) generative processes, 

(3) res ponsive processes, (4) control processes, and (5) a uni-

que structural organization ( figure 20.1 ). For something to 

be “alive,” it must display all these characteristics; that is, 

they must all work together. It is important to recognize that 

although these characteristics are typical of all living things, 

they may not all be present in each organism at every point in 

time. For example, some individuals may reproduce or grow 

only at certain times. Should a living organism lose one or 

more of these features for an extended period, it would “die.” 

  Something is living when it displays certain unique chemi-

cal processes occurring in association with certain unique 

structures. This section briefly introduces each of these basic 

characteristics. 
 1.       Metabolic processes    All the chemical reactions involving 

molecules required for a cell to grow, reproduce, and make 

repairs are referred to as its metabolism. Metabolic proper-

ties keep a cell alive. The energy that organisms use is stored 

in the chemical bonds of complex molecules. Even though 

different kinds of organisms have different ways of metabo-

lizing nutrients or food, we are usually talking about three 

main activities: nutrient uptake, nutrient processing, and waste 

elimination. All living things expend energy to take in nutri-

ents (raw materials) from their environment. Many animals 

take in these materials by eating or swallowing other organ-

isms. Microorganisms and plants absorb raw materials into 

their cells to maintain their lives. Once inside, raw materials 

are used in a series of chemical reactions to manufacture new 

parts, make repairs, reproduce, and provide energy for es-

sential activities. However, not all the raw materials entering 

a living thing are valuable to it. There may be portions that 

PART IPART I  THE CHAR AC TERISTICS OF LIFE

THE CHAR AC TERISTICS OF LIFE

    Physics 
��    Energy in a useful form is essential for all life (Ch. 3).      Chemistry 
��    Molecular movement is required for the transport of atoms and 

molecules into and out of cells (Ch. 4).  

��   Chemical reactions are the essence of all living things (Ch. 9).    

  Life Science 
��    The structure of living things is basically the same—a cell (Ch. 20).  

��   The physiological processes of living things are common to all 

life forms (Ch. 20).  ��   Cell division is required for life to continue (Ch. 20).  

��   All living things have genetic material (Ch. 20).  

��   Many types of diseases are the result of one life form living on 

another (Ch. 20).      

C O N N E C T I O N S
C O N N E C T I O N S

O V E R V I E W
W hat does it mean to be alive? You would think that a science textbook could answer this question easily. However, this is more than just a 

theoretical question because in recent years, it has been necessary to construct legal definitions of what life is and especially of when it 

begins and ends. The legal definition of death is important because it may determine whether a person will receive life insurance benefits or if 

body parts may be used in transplants. In the case of heart transplants, the person donating the heart may be legally “dead,” but the heart cer-

tainly isn’t since it can be removed while it still has “life.” In other words, there are different kinds of death. There is the death of the whole living 

unit and the death of each cell within the living unit. A person actually “dies” before every cell has died. Death, then, is the absence of life, but 

that still doesn’t tell us what life is. At this point, we won’t try to define life, but we will describe some of the basic characteristics of living things.
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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 stu-
dents 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-
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 high-
lighted.  Connections  will help students better appreciate the 
interdisciplinary nature of the sciences. The  Closer Look  and 
Connections  readings are informative materials that are supple-
mentary in nature. These boxed features highlight valuable infor-
mation beyond the scope of the text and relate intrinsic concepts 
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of the original cell is divided so that two smaller, separate 

daughter cells result.  
  Telophase  Two daughter cells are formed from the divided cells as cyto-

kinesis (started during anaphase) is completed. The nuclear 

membranes and nucleoli re-form. Spindle fibers fragment, and 

the chromosomes unwind and change from chromosomes to 

chromatin. Depending on the cell type, these newly formed 

daughter cells can differentiate and become specialized in 

their functions, or they can reenter the mitotic portion of the 

cell cycle. 

Abnormal Cell Division: Cancer

Science and Society

Science and Society

Because cancer is caused by changes in DNA, scientists have 

found that a person’s genetic background may leave him or her 

disposed to developing cancer. This predisposition is inherited from 

your parents. Predispositions to developing the following cancers 

have been shown to be inherited:Leukemia 

Stomach cancer

Lung cancer 

Retinoblastomas

Certain Skin cancers 
Prostate cancer

Endometrial cancer 
Breast cancer

Colorectal cancer
When uncontrolled mitotic division occurs, a group of cells 

forms a tumor. A tumor is a mass of cells not normally found in 

a certain portion of the body. A benign tumor is a cell mass that 

does not fragment and spread beyond its original area of growth. 

A benign tumor can become harmful, however, by growing large 

enough to interfere with normal body functions. Some tumors are 

malignant. Malignant tumors are harmful because they may spread 

or invade other parts of the body. Cells of these tumors metasta-

size, or move from the original site and begin to grow new tumors 

in other regions of the body.

Cancer is a disease caused by the failure to control cell division. 

This results in cells that divide too often and eventually interfere 

with normal body function. Scientists view cancer as a disease 

caused by mutations in the genes that regulate cell division. The 

mutations may be inherited or may be caused by agents in the 

environment. For example, the tar from cigarette smoke has been 

directly linked to mutations in the p53 gene. The tar in cigarette 

smoke is categorized as both a mutagen and a carcinogen. Muta-

gens are agents that mutate, or chemically damage, DNA. Carcino-

gens are mutagens that cause cancer.
Many agents have been associated with higher rates of can-

cer. The one thing they all have in common is their ability to alter 

the sequence of nucleotides in the DNA molecule. When damage 

occurs to DNA, the cell’s machinery may no longer be able to read 

the DNA’s genetic information. This is a partial list of mutagens that 

are found in our environment.Radiation
X rays and gamma rays Ultraviolet light:         UV-A from tanning lamps 

        UV-B, the cause of sunburnChemicals
Arsenic  

Cigarette tar 
Asbestos  

Polyvinyl chloride (PVC) 

Benzene  
Food containing nitrates (e.g., bacon)

Alcohol 
Chemicals found in smoked meats and fish

Dioxin 
Some viruses insert a copy of their genetic material into a cell’s 

DNA. When this insertion occurs in a gene involved with regulating 

the cell cycle, it creates an insertion mutation, which may disrupt the 

cell’s ability to control mitosis. Many of the viruses associated with 

higher rates of cancer are associated with a particular type of cancer.

Viruses  

Cancer

Hepatitis B virus (HBV)  
Liver cancer 

Herpes simplex virus  
Uterine cancer

        (HSV) type II Epstein-Barr virus  
Burkitt’s lymphoma

Human T-cell  
Lymphomas and leukemias

        lymphotropic virus         (HTLV-1)Papillomavirus 
Several cancers
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tunate because it is easy to confuse a Calorie, which is really a 

kilocalorie, with a calorie. 

Nutrition Highlights

Amount and Percent of Daily Value per serving

Calories

100
5%

Saturated
Fat

0g
0%

Fiber

3g
11%

Calcium

100mg
10%

Sodium

160mg
7%

Sugars

1g

Most books on nutrition and dieting use the term Calorie to refer 

to food Calories. Thus, the information on a nutrition facts label 

can be used to help a person determine the number of Calories 

they are consuming per day. A commonly used standard for a 

daily diet is 2,000 Calories. However, the number of Calories 

needed by an individual is highly variable and depends on a per-

son’s specific metabolism and level of physical activity. Research 

has also made it clear that dietary restriction without malnutri-

tion can increase life span and reduce age-related diseases.
Guidelines for Obtaining Adequate NutrientsThe food and drink consumed from day to day constitutes a 

person’s diet. A good understanding of nutrition can promote 

good health and involves an understanding of the energy and 

nutrient content in various foods. Nutritional scientists and 

government officials in the United States and many other 

countries have developed their own guidelines (e.g. University 

of Michigan’s Healing Foods Pyramid/ 2010, and Harvard 

University’s Healthy Eating Plate and Healthy Eating Pyramid); 

this discussion focuses on the nutritional guides published in 

2011 by the U.S. Department of Agriculture.Dietary Guidelines for Americans 

Over the last 30 years, the U.S. Department of Agriculture 

(USDA) and Department of Health and Humans Services 

(HHS) have published various guidelines as aids to maintain-

ing good nutritional health. These include Dietary Guidelines 

for Americans, Dietary Reference Intakes (Table 24.2), and 

MyPlate. The Dietary Guidelines for Americans was first pub-

lished in 1980 and was revised in 2010. These strategies provide 

scientifically based dietary recommendations for Americans 

older than 2 years that can promote good health and reduce 

the risk for major chronic diseases. The majority of Americans 

are overweight or obese and yet under-nourished in several key 

nutrients; this is of great concern since the number of deaths 

related to poor diet and physical inactivity is increasing and 

may soon overtake tobacco as the leading cause of death in the 

country. A poor diet is also linked to numerous diseases such 

as cardiovascular disease and type 2 diabetes and their related 

risk factors.
The Guidelines and recommendations focus on halting 

and reversing the obesity problem through prevention and 

changes in behavior, the environment, and the food supply. 

The USDA and HHS address eight items, each of which is 

summarized here.
1. Energy balance and weight management

Conclusions:Eating too few vegetables and fruits is associated with higher 

body weights. Neighborhoods with more supermarkets stocked 

with vegetables and fruits are associated with lower body mass 

index (BMI) levels, while those with more fast food restaurants 

and convenience stores are associated with higher BMIs. Adults 

Check Out the Nutrition Labels

Beginning in 2012, the U.S. Department of Agriculture required 

food labels on most common cuts of raw beef and poultry. 

Everything from hamburger to chicken patties will include infor-

mation about calories, cholesterol, and fat.The next time you’re 

in the kitchen or grocery store, read and compare some food 

labels. Compare the list of nutrients and their quantities found 

in one product from each of the basic food groups to determine 

which has the highest amount of your chosen nutrient. Now 

select three foods from the same food group and make a similar 

comparison.

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

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

A bomb calorimeter is an instrument that is used to determine 

the heat of combustion or caloric value of foods. To operate 

the instrument, a small food sample is formed into a pellet and 

sealed inside a strong container called the bomb. The bomb 

is filled with 30 atmospheres of oxygen and then placed in a 

surrounding jacket that is filled with water. The sample is electri-

cally ignited, and as it aerobically reacts with the oxygen, the 

bomb releases heat to the surrounding water jacket. As the 

heat is released, the temperature of the water rises. Recall that a 

calorie is the amount of energy (or heat) needed to increase the 

temperature of one gram of water one degree Celsius. These are 

the same types of calories that we digest, even if our bodies use 

enzymes and cells to do so. Therefore, if one gram of food results 

in a water temperature increase of 13°C for each gram of water, 

that food has the equivalent of 13 calories.

Measuring the Caloric Value of Foods

Connections . .  .

Connections . .  .

Stirrer

Thermometer

Ignition wire

Calorimeterbucket
Insulated jacket

Water

Bomb

O2 inlet

Sample cup
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gravitational attraction and  g  decrease inversely with the square 

of the distance from Earth’s center. 

 Newton was able to calculate the acceleration of the Moon 

toward Earth, about 0.0027 m/s 2 . The Moon “falls” toward Earth 

because it is accelerated by the force of gravitational attraction. 

This attraction acts as a  centripetal force  that keeps the Moon 

from following a straight-line path as would be predicted from 

the first law. Thus, the acceleration of the Moon keeps it in a 

somewhat circular orbit around Earth.  Figure 2.24  shows that 

the Moon would be in position A if it followed a straight-line 

path instead of “falling” to position B as it does. The Moon thus 

“falls” around Earth. Newton was able to analyze the motion 

of the Moon quantitatively as evidence that it is gravitational 

force that keeps the Moon in its orbit. The law of gravitation 

was extended to the Sun, other planets, and eventually the 

universe. The quantitative predictions of observed relationships 

Apparent Weightlessness

Use a sharp pencil to make a small hole in the bottom of a Sty-

rofoam cup. The hole should be large enough for a thin stream 

of water to flow from the cup, but small enough for the flow to 

continue for 3 or 4 seconds. Test the water flow over a sink.

Hold a finger over the hole on the cup as you fill it with 

water. Stand on a ladder or outside stairwell as you hold the cup 

out at arm’s length. Move your finger, allowing a stream of water 

to flow from the cup as you drop it. Observe what happens to 

the stream of water as the cup is falling. Explain your observa-

tions. Also predict what you would see if you were falling with 

the cup.

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

Isaac Newton (1642–1727)

People Behind the Science

People Behind the Science

Isaac Newton was a British physicist who is regarded as one of the 

greatest scientists ever to have lived. He discovered the three laws 

of motion that bear his name and was the first to explain gravita-

tion, clearly defining the nature of mass, weight, force, inertia, and 

acceleration. In his honor, the SI unit of force is called the newton. 

Newton also made fundamental discoveries in light, finding that 

white light is composed of a spectrum of colors and inventing the 

reflecting telescope.

Newton was born on January 4, 1643 (by the modern calen-

dar). He was a premature, sickly baby born after his father’s death, 

and his survival was not expected. When he was three, his mother 

remarried, and the young Newton was left in his grandmother’s 

care. He soon began to take refuge in things mechanical, making 

water clocks, kites bearing fiery lanterns aloft, and a model mill 

powered by a mouse, as well as innumerable drawings and dia-

grams. When Newton was twelve, his mother withdrew him from 

school with the intention of making him into a farmer. Fortunately, 

his uncle recognized Newton’s ability and managed to get him 

back into school to prepare for college.

Newton was admitted to Trinity College, Cambridge, and grad-

uated in 1665, the same year that the university was closed because 

of the plague. Newton returned to his boyhood farm to wait out the 

plague, making only an occasional visit back to Cambridge. During 

this period, he performed his first prism experiments and thought 

about motion and gravitation.

Newton returned to study at Cambridge after the plague had 

run its course, receiving a master’s degree in 1668 and becoming 

a professor at the age of only twenty-six. Newton remained at 

Cambridge almost thirty years, studying alone for the most part, 

though in frequent contact with other leading scientists by letter 

and through the Royal Society in London. These were Newton’s 

most fertile years. He labored day and night, thinking and testing 

ideas with calculations.

In Cambridge, he completed what may be described as his 

greatest single work, Philosophae Naturalis Principia Mathematica 

(Mathematical Principles of Natural Philosophy). This was presented to 

the Royal Society in 1686, which subsequently withdrew from pub-

lishing it because of a shortage of funds. The astronomer Edmund 

Halley (1656–1742), a wealthy man and friend of Newton, paid for 

the publication of the Principia in 1687. In it, Newton revealed his 

laws of motion and the law of universal gravitation.

Newton’s greatest achievement was to demonstrate that sci-

entific principles are of universal application. In Principia Math-

ematica, he built the evidence of experiment and observation to 

develop a model of the universe that is still of general validity. “If 

I have seen further than other men,” he once said, “it is because I 

have stood on the shoulders of giants”; and Newton was certainly 

able to bring together the knowledge of his forebears in a brilliant 

synthesis.

No knowledge can ever be total, but Newton’s example 

brought about an explosion of investigation and discovery that has 

never really abated. He perhaps foresaw this when he remarked, 

“To myself, I seem to have been only like a boy playing on the sea-

shore, and diverting myself in now and then finding a smoother 

pebble or a prettier shell than ordinary, whilst the great ocean of 

truth lay all undiscovered before me.”

With his extraordinary insight into the workings of nature 

and rare tenacity in wresting its secrets and revealing them in as 

fundamental and concise a way as possible, Newton stands as a 

colossus of science. In physics, only Archimedes (287–212 B.C.) and 

Albert Einstein (1879 –1955), who also possessed these qualities, 

may be compared to him.

Source: Modified from the Hutchinson Dictionary of Scientific Biography. © RM, 2011. 

All rights reserved. Helicon Publishing is a division of RM.
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rock would fall at a faster uniform speed than a lighter rock. 

As stated in a popular story, Galileo discredited Aristotle’s 

conclusion by dropping a solid iron ball and a solid wooden 

ball simultaneously from the top of the Leaning Tower of 

Pisa ( figure 2.10 ). Both balls, according to the story, hit the 

ground nearly at the same time. To do this, they would have 

to fall with the same velocity. In other words, the velocity of a 

falling object does not depend on its weight. Any difference in 

freely falling bodies is explainable by air resistance. Soon after 

the time of Galileo, the air pump was invented. The air pump 

could be used to remove the air from a glass tube. The effect 

of air resistance on falling objects could then be demonstrated 

by comparing how objects fall in the air with how they fall in 

an evacuated glass tube. You know that a coin falls faster than 

a feather when they are dropped together in the air. A feather 

and heavy coin will fall together in the near vacuum of an 

evacuated glass tube because the effect of air resistance on 

the feather has been removed. When objects fall toward Earth 

without considering air resistance, they are said to be in    free 

fall   . Free fall considers only gravity and neglects air resistance. 

 Galileo concluded that light and heavy objects fall together 

in free fall, but he also wanted to know the details of what was 

going on while they fell. He now knew that the velocity of an 

A Closer Look
A Closer Look

Galileo was one of the first to recognize 

the role of friction in opposing motion. As 

shown in figure 2.8, friction with the sur-

face and air friction combine to produce 

a net force that works against anything 

that is moving on the surface. This article 

is about air friction and some techniques 

that bike riders use to reduce that oppos-

ing force—perhaps giving them an edge 

in a close race.

The bike riders in box figure 2.1 are 

forming a single-file line, called a paceline, 

because the slip-stream reduces the air 

resistance for a closely trailing rider. Cyclists 

say that riding in the slipstream of another 

cyclist will save much of their energy. In 

fact, the cyclists will be able to move 8 km/h 

faster than they would expending the same 

energy while riding alone.

In a sense, riding in a slipstream means 

that you do not have to push as much air out 

of your way. It has been estimated that at 

32 km/h a cyclist must move a little less than 

half a ton of air out of the way every minute. 

Along with the problem of moving 

about a half-ton of air out of the way every 

minute, there are two basic factors related 

to air resistance. These are (1) a turbulent 

versus a smooth flow of air and (2) the 

problem of frictional drag. A turbulent flow 

of air contributes to air resistance because 

it causes the air to separate slightly on the 

back side, which increases the pressure 

on the front of the moving object. This is 

why racing cars, airplanes, boats, and other 

racing vehicles are streamlined to a tear-

droplike shape. This shape is not as likely 

to have the lower-pressure-producing air 

turbulence behind (and resulting greater 

pressure in front) because it smoothes or 

streamlines the air flow.

The frictional drag of air is similar to 

the frictional drag that occurs when you 

push a book across a rough tabletop. You 

know that smoothing the rough table-

top will reduce the frictional drag on the 

book. Likewise, the smoothing of a surface 

exposed to moving air will reduce air fric-

tion. Cyclists accomplish this “smoothing” 

by wearing smooth spandex clothing and 

by shaving hair from arm and leg surfaces 

that are exposed to moving air. Each hair 

contributes to the overall frictional drag, 

and removal of the arm and leg hair can 

thus result in seconds saved. This might 

provide enough of an edge to win a close 

race. Shaving legs and arms, together with 

the wearing of spandex or some other tight, 

smooth-fitting garments, are just a few of 

the things a cyclist can do to gain an edge. 

Perhaps you will be able to think of more 

ways to reduce the forces that oppose 

motion.

Box Figure 2.1 The object of the race is to 

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

are these racers forming single-file lines?

    2.5 FALLING OBJECTS 

  Did you ever wonder what happens to a falling rock during 

its fall? Aristotle reportedly thought that a rock falls at a uni-

form speed that is proportional to its weight. Thus, a heavy 

A Bicycle Racer’s Edge

Walk or Run in Rain?

Is it a mistake to run in rain if you want to stay drier? One idea is 

that you should run because you spend less time in the rain so 

you will stay drier. On the other hand, this is true only if the rain 

lands only on the top of your head and shoulders. If you run, you 

will end up running into more raindrops on the larger surface 

area of your face, chest, and front of your legs.

Two North Carolina researchers looked into this question 

with one walking and the other running over a measured dis-

tance while wearing cotton sweatsuits. They then weighed their 

clothing and found that the walking person’s sweatsuit weighed 

more. This means you should run to stay drier.

Myths, Mistakes, and Misunderstandings

Follow-up Examples (with their solutions found in Appendix 
D) 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. 

 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 dispel 
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 
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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:

   “A Closer Look: The Compact Disc was, again, an 
excellent application of optics to everyday life and to 
something modern students thrive on—CDs and DVDs.”  

   — Treasure   Brasher ,   West Texas A&M University    

   “Connections—wonderful!!!. . . . . . A Closer Look . . . 
excellent. Clear, interesting, good figures. You have 
presented crucial information in a straightforward and 
uncompromising way.”  

   — Megan M.   Hoffman ,   Berea College      

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

   Life:  This icon identifies interdisciplinary life science 
topics, meaning connections concerning all living 
organisms collectively: plant life, animal life, marine 

life, and any other classification of life.  

   Technology:  This icon identifies interdisciplinary tech-
nology 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 interdis-
ciplinary 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  (chapters 1–9, 11): highlights the 

key equations to reinforce retention of them  
�    Key Terms:  page-referenced where students will find the 

terms defined in context  
�    Applying the Concepts:  a multiple choice quiz to test stu-

dents’ comprehension of the material covered   (Answers are 
included in appendix F.)

�    Questions for Thought:  designed to challenge students to 
demonstrate their understandings of the topic  

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

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

�    Parallel Exercises  (chapters 1–9, 11): There are two groups 
of parallel exercises, Group A and Group B. The Group A 
parallel exercises have complete solutions worked out, along 
with useful comments in appendix G. The Group B parallel 
exercises are similar to those in Group A but do not contain 
answers in the text. By working through the Group A parallel 
exercises and checking the solution in appendix G, students 
will gain confidence in tackling the parallel exercises in 
Group B and thus reinforce their problem-solving skills.

   “I like the key terms with the page numbers with each one. 
I always like to see more conceptual- and synthesis-type 
questions, which is why I like the ‘Questions for Thought’ 
and ‘For Further Analysis’ parts.  . . .  Exercises such as 
‘Questions for Thought’ number 7, having students think 
about why oxygen is in Earth’s atmosphere but not in Venus 
or Mars’ atmosphere, is a valuable sort of question, because 
it requires students to know something and apply it.”  

   — Jim   Hamm,    Big Bend Community College           
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TABLE 13.6  Distances from the Sun to Planets Known in 

the 1790s

Planet
n

Distance Predicted by (n � 4)/10 (AU)
Actual Distance (AU)

Mercury
0

0.4
0.39

Venus
3

0.7
0.72

Earth
6

1.0
1.0

Mars
12

1.6
1.5

(Asteroid belt) 24
2.8

—

Jupiter
48

5.2
5.2

Saturn
96

10.0
9.5

Uranus
192

19.6
19.2

         SUMMARY 
 The planets can be classified into two major groups: (1) the  terrestrial 

planets  of Mercury, Venus, Mars, and Earth and (2) the  giant planets  

of Jupiter, Saturn, Uranus, and Neptune. 
  Comets  are porous aggregates of water ice, frozen methane, fro-

zen ammonia, dry ice, and dust. The solar system is surrounded by 

the  Kuiper Belt  and the  Oort cloud  of these objects. Something nudges 

one of the icy bodies and it falls into a long elliptical orbit around the 

Sun. As it approaches the Sun, increased radiation evaporates ices 

and pushes ions and dust into a long visible tail.  Asteroids  are rocky 

or metallic bodies that are mostly located in a belt between Mars and 

Jupiter. The remnants of comets, fragments of asteroids, and dust are 

called  meteoroids.  A meteoroid that falls through Earth’s atmosphere 

and melts to a visible trail of light and smoke is called a  meteor.  A 

meteoroid that survives the trip through the atmosphere to strike the 

surface of Earth is called a  meteorite.  Most meteors are fragments 

and pieces of dust from comets. Most meteorites are fragments that 

resulted from collisions between asteroids. 
 The  protoplanet nebular model  is the most widely accepted theory 

of the origin of the solar system, and this theory can be considered as 

a series of events, or stages.  Stage A  is the creation of all the elements 

heavier than hydrogen in previously existing stars.  Stage B  is the 

formation of a nebula from the raw materials created in stage A. The 

nebula contracts from gravitational attraction, forming the  protosun  

in the center with a fat, bulging  accretion disk  around it. The Sun will 

form from the protosun, and the planets will form in the accretion 

disk.  Stage C  begins as the protosun becomes established as a star. 

The icy remains of the original nebula are the birthplace of  comets. 

Asteroids  are other remains that did undergo some melting.  

  KEY TERMS 
   asteroids (p. 301)    astronomical unit (p. 287)    comet (p. 300)    dwarf planet (p. 286)  

  giant planets (p. 287)    Kuiper Belt (p. 300)    meteor (p. 302)    meteorite (p. 303)  

  meteoroids (p. 302)    meteor shower (p. 302)    Oort cloud (p. 300)    planet (p. 286)  

  protoplanet nebular model (p. 303)  
  small solar system bodies (p. 286)    terrestrial planets (p. 287)    

  APPLYING THE CONCEPTS  Answers are located in appendix F.
   1. Earth, other planets, and all the members of the solar system

a.    have always existed.  b.   formed thousands of years ago from elements that have 

always existed.  c.   formed millions of years ago, when the elements and each 

body were created at the same time.  
d.   formed billions of years ago from elements that were created 

in many previously existing stars.     
   2. The belt of asteroids between Mars and Jupiter is probably

a.    the remains of a planet that exploded.  

b.   clumps of matter that condensed from the accretion disk 

but never got together as a planet.  
c.   the remains of two planets that collided.  

d.   the remains of a planet that collided with an asteroid or comet.     

   3. Which of the following planets would be mostly composed of 

hydrogen, helium, and methane and have a density of less than 

2 g/cm 3 ?a.    Uranus   
b.    Mercury  

c.   Mars   
d.  Venus       

   4. Which of the following planets probably still has its original 

atmosphere?a.    Mercury   
b.    Venus  

c.   Mars   
d.  Jupiter       

   5. Venus appears the brightest when it is in the

a.    full phase.   
b.    half phase.  

c.   quarter phase.   
d.  crescent phase.       

   6. The largest planet isa.    Saturn.   
b.    Jupiter.  

c.   Uranus.   
d.  Neptune.       

existed, it could hold meaning about the mechanism that 

determined the location of planets at various distances from the 

Sun. Many attempts have been made to explain the mechanism 

of planetary spacing and why a belt of asteroids exists where 

the Bode numbers predict there should be a planet. The most 

successful explanations concern Jupiter and the influence of its 

gigantic gravitational field on the formation of clumps of mat-

ter at certain distances from the Sun. In other words, a planet 

does not exist today between Mars and Jupiter because there 

never was a planet there. The gravitational influence of Jupiter 

prevented the clumps of matter from joining together to form 

a planet, and a belt of asteroids formed instead. There is no 

theoretical evidence that explains the Bode numbers, and they 

are believed to be simply a mathematical coincidence. 

tem
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   QUESTIONS FOR THOUGHT 1.    Describe the protoplanet nebular model of the origin of the 

solar system. Which part or parts of this model seem least 

credible to you? Explain. What information could you look 

for today that would cause you to accept or modify this least 

credible part of the model?  
2.   What are the basic diff erences between the terrestrial planets 

and the giant planets? Describe how the protoplanet nebular 

model accounts for these diff erences.  
3.   Describe the surface and atmospheric conditions on Mars.  

4.   What evidence exists that Mars at one time had abundant 

liquid water? If Mars did have liquid water at one time, what 

happened to it and why?  5.   Describe the internal structure of Jupiter and Saturn.  

6.   What are the rings of Saturn?  
7.   Describe some of the unusual features found on the moons of 

Jupiter.  8.   What are the similarities and the diff erences between the Sun 

and Jupiter?  9.   Give one idea about why the Great Red Spot exists on Jupiter. 

Does the existence of a similar spot on Saturn support or not 

support this idea? Explain.  
10.   What is so unusual about the motions and orbits of Venus and 

Uranus?  

11.   What evidence exists today that the number of rocks and rock 

particles fl oating around in the solar system was much greater 

in the past soon aft er the planets formed?  

12.   Using the properties of the planets other than Earth, discuss 

the possibilities of life on each of the other planets.    

13. What are “shooting stars”? Where do they come from? Where 

do they go?14. What is an asteroid? What evidence indicates that asteroids 

are parts of a broken-up planet? What evidence indicates that 

asteroids are not parts of a broken-up planet?

15. Where do comets come from? Why are astronomers so 

interested in studying the physical and chemical structure of a 

comet?16. What is a meteor? What is the most likely source of meteors?

17. What is a meteorite? What is the most likely source of 

meteorites?18. Technically speaking, what is wrong with calling a rock that 

strikes the surface of the Moon a meteorite? Again speaking 

technically, what should you call a rock that strikes the surface 

of the Moon (or any planet other than Earth)?

19. If a comet is an icy, dusty body, explain why it appears bright in 

the night sky.

   7. The small body with a composition and structure closest to the 

materials that condensed from the accretion disk is a (an)

a.    asteroid.   
b.    meteorite.  

c.   comet.   
d.    None of the above is correct.  

      8. A small body from space that falls on the surface of Earth is a

a.    meteoroid.   
b.    meteor.  

c.   meteor shower.   
d.  meteorite.        

 9. A day on which planet is longer than a year on that planet?

 a. Mercury 
c.  Neptune

 b. Venus 
d.  Jupiter

 10. The day on which planet is about the same time period as a day 

on Earth? a. Mercury 
c.  Mars

 b. Venus 
d.  Jupiter

 11. Which of the following planets would be mostly composed of 

hydrogen, helium, and methane and have a density of less than 

2 g/cm3? a. Uranus 
c.  Mars

 b. Mercury 
d.  Venus

 12. Which of the following planets probably still has its original 

atmosphere? a. Mercury 
c.  Mars

 b. Venus 
d.  Jupiter

  FOR FURTHER ANALYSIS 1.    What are the signifi cant similarities and diff erences between 

the terrestrial and giant planets? Speculate why these 

similarities and diff erences exist.  
2.   Draw a sketch showing the positions of the Earth, Sun, and 

Venus when it appears as the morning star. Draw a second 

sketch showing the positions when Venus appears as the 

evening star.  3.   Evaluate the statement that Venus is Earth’s sister planet.  

4.   Describe the possibility and probability of life on each of the 

other planets.  5.   Provide arguments that Pluto should be considered a planet. 

Counter this with arguments that it should not be classifi ed as 

a planet.  6.   Describe and analyze why it would be important to study the 

nucleus of a comet.    

  INVITATION TO INQUIRY   What’s Your Sign?  Form a team to investigate horoscope forecasts in a newspaper or on 

an Internet site. Each team member should select one birthday and 

track what is forecast to happen and what actually happens each day 

for a week. Analyze the way the forecasts are written that may make 

them “come true.” Compare the prediction, the actual results, and the 

analysis for each team member.                  
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 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 are also a glossary of all key terms, 
an index organized alphabetically by subject matter, and 
special tables printed on the inside covers for reference use.

   “ . . .  many books addressing similar disciplines have a 
tendency to talk over a student’s head, making a student 
frustrated further in a class they do not want to be 
attending.  . . .  Personally, I would admit that Integrated 
Science has a slight edge. The glossary seems up-to-date 
and centers in on words many nonscience majors may not 
understand.”  

   — David J.   DiMattio ,   St. Bonaventure University        

 MULTIMEDIA SUPPLEMENTS   

McGraw-Hill Connect Physical Science
McGraw-Hill Connect Physical Science is a web-based assign-
ment and assessment platform that gives students the means 
to better connect with their coursework, with their instructors, 
and with the important concepts that they will need to know for 
success now and in the future. With Connect Physical Science, 
instructors can deliver assignments, quizzes, and tests easily 

 Mathematical Review 
  Appendix A 

   A.1 WORKING WITH EQUATIONS 

  Many of the problems of science involve an equation, a short-

hand way of describing patterns and relationships that are ob-

served in nature. Equations are also used to identify properties 

and to define certain concepts, but all uses have well-established 

meanings, symbols that are used by convention, and allowed 

mathematical operations. This appendix will assist you in better 

understanding equations and the reasoning that goes with the 

manipulation of equations in problem-solving activities.  

   Background 

 In addition to a knowledge of rules for carrying out mathemati-

cal operations, an understanding of certain quantitative ideas 

and concepts can be very helpful when working with equations. 

Among these helpful concepts are (1) the meaning of inverse 

and reciprocal, (2) the concept of a ratio, and (3) fractions. 

 The term  inverse  means the opposite, or reverse, of some-

thing. For example, addition is the opposite, or inverse, of 

subtraction, and division is the inverse of multiplication. A 

 reciprocal  is defined as an inverse multiplication relationship 

between two numbers. For example, if the symbol  n  represents 

any number (except zero), then the reciprocal of  n  is 1/ n.  The 

reciprocal of a number (1/ n ) multiplied by that number ( n ) 

always gives a product of 1. Thus, the number multiplied by 

5 to give 1 is 1/5(5 � 1/5 � 5/5 � 1). So 1/5 is the reciprocal 

of 5, and 5 is the reciprocal of 1/5. Each number is the  inverse  

of the other. 

 The fraction 1/5 means 1 divided by 5, and if you carry out 

the division, it gives the decimal 0.2. Calculators that have a 

1/ x  key will do the operation automatically. If you enter 5, then 

press the 1/ x  key, the answer of 0.2 is given. If you press the 1/ x  

key again, the answer of 5 is given. Each of these numbers is a 

reciprocal of the other. 

 A  ratio  is a comparison between two numbers. If the sym-

bols  m  and  n  are used to represent any two numbers, then the 

ratio of the number  m  to the number  n  is the fraction  m/n.  This 

expression means to divide  m  by  n.  For example, if  m  is 10 and 

 n  is 5, the ratio of 10 to 5 is 10/5, or 2:1. 

 Working with  fractions  is sometimes necessary in problem-

solving exercises, and an understanding of these operations is 

needed to carry out unit calculations. It is helpful in many of 

these operations to remember that a number (or a unit) divided 

by itself is equal to 1; for example,

    

5
5

1
1

1

�
�

�
inch
inch

5 inches

5 inches

   
 When one fraction is divided by another fraction, the op-

eration commonly applied is to “invert the denominator and 

multiply.” For example, 2/5 divided by 1/2 is

    

2
5
1
2

2
5

2
1

4
5� � �

   
 What you are really doing when you invert the denomina-

tor of the larger fraction and multiply is making the de-

nominator (1/2) equal to 1. Both the numerator (2/5) and the 

denominator (1/2) are multiplied by 2/1, which does not change 

the value of the overall expression. The complete operation is

    

2
5
1
2

2
1
2
1

2
5

2
1

1
2

2
1

4
5
2
2

4
5
1

4
5

� �

�

�

� � �

    

  Symbols and Operations 

 The use of symbols seems to cause confusion for some students 

because it seems different from their ordinary experiences with 

arithmetic. The rules are the same for symbols as they are for 

numbers, but you cannot do the operations with the symbols 

until you know what values they represent. The operation signs, 

such as �, � , � , and �, are used with symbols to indicate the 

operation that you  would  do if you knew the values. Some of the 

mathematical operations are indicated several ways. For example, 

 a  �  b ,  a  �  b , and  ab  all indicate the same thing, that  a  is to be mul-

tiplied by  b . Likewise,  a  �  b ,  a/b , and  a  � 1/ b  all indicate that  a  is 

to be divided by  b . Since it is not possible to carry out the opera-

tions on symbols alone, they are called  indicated operations.   

  Operations in Equations 

 An equation is a shorthand way of expressing a simple sentence 

with symbols. The equation has three parts: (1) a left side, (2) an 

equal sign (�), which indicates the equivalence of the two sides, 
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online. Students can practice important skills at their own pace 
and on their own schedule. Connect Physical Science includes 
all Parallel Exercises from the text (in open-ended, numerical 
entry, and algorithmic format whenever possible) as well as all 
Questions for Thought in multiple-choice format (written by 
the authors of the text).

With the Integrated Science companion site, instructors 
also have access to PowerPoint lecture outlines, an Instruc-
tor’s Manual, an Instructor’s Edition Lab Manual, electronic 
images from the text, clicker questions, quizzes, animations, 
and many other resources directly tied to text-specific materi-
als in Integrated Science. Students have access to self-quizzing, 
animations, and more.    

 Presentation Tools 
 Presentation Tools offer the ultimate multimedia resource center 
for the instructor. Graphics from the textbook are available in 
electronic format to create customized classroom presentations, 
visually based tests and quizzes, dynamic course website content, 
or attractive printed support materials. 

 The following assets are available in digital formats, for 
full-text download and also grouped by chapter: 

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

�    Worked Example Library and Table Library:  Access the 
worked examples and tables from the text in electronic 
format for inclusion in your classroom resources.  

�    Animations Library:  Files of animations and videos cover-
ing various topics are included so that you can easily make 
use of these animations in a lecture or classroom setting.  

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

 Personal Response Systems 
 Personal response systems bring interactivity into the class-
room or lecture hall. A wireless response system gives the in-
structor and students immediate feedback from the entire class. 
The wireless response pads are essentially easy-to-use remotes 
that engage students, allowing instructors to motivate student 
preparation, interactivity, and active learning. Instructors re-
ceive immediate feedback to gauge which concepts students 
understand. Questions covering the content of the  Integrated 
Science  text and formatted in PowerPoint are available on the 
Integrated Science  companion site.   

Computerized Test Bank Online
A comprehensive bank of over nine hundred test questions 
written by the authors of the text, in multiple-choice format at 
a variety of difficulty levels is provided within a computerized 
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ms of science involve an equation, a short-

bing patterns and relationships that are ob-

Equations are also used to identify properties 

ain concepts, but all uses have well-established 

ols that are used by convention, and allowed 

erations. This appendix will assist you in better 

quations and the reasoning that goes with the 

f equations in problem-solving activities.  

nd 
a knowledge of rules for carrying out mathemati-

ns, an understanding of certain quantitative ideas 

s can be very helpful when working with equations. 

se helpful concepts are (1) the meaning of inverse 

cal, (2) the concept of a ratio, and (3) fractions. 

rm  inverse  means the opposite, or reverse, of some-

example, addition is the opposite, or inverse, of 

n, and division is the inverse of multiplication. A 

is defined as an inverse multiplication relationship 

two numbers. For example, if the symbol  n  represents 

mber (except zero), then the reciprocal of  n  is 1/ n.  The 

cal of a number (1/ n ) multiplied by that number ( n ) 

gives a product of 1. Thus, the number multiplied by 

ve 1 is 1/5(5 � 1/5 � 5/5 � 1). So 1/5 is the reciprocal 

nd 5 is the reciprocal of 1/5. Each number is the  inverse

other. 

The fraction 1/5 means 1 divided by 5, and if you carry out 

division, it gives the decimal 0.2. Calculators that have a 

key will do the operation automatically. If you enter 5, then 

ss the 1/ x/   key, the answer of 0.2 is given. If you press the 1/ 

x

x/ 

y again, the answer of 5 is given. Each of these numbers is a 

ciprocal of the other. 

 A  ratio  is a comparison between two numbers. If the sym-

ols  m  and  n  are used to represent any two numbers, then the 

atio of the number  m  to the number  n  is the fraction  m/n.  This 

expression means to divide  m  by  n.  For example, if  m  is 10 and 

n  is 5, the ratio of 10 to 5 is 10/5, or 2:1. 

 Working with  fractionsh    is sometimes necessary in problem-

solving exercises, and an understanding of these operations is 

needed to carry out unit calculations. It is helpful in many of 

5
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 When one fraction is divided by another fract

eration commonly applied is to “invert the denominator and 

multiply.” For example, 2/5 divided by 1/2 is

2
5
1
2

2
5

2
1

4
5� � �

 What you are really doing when you invert the denomina-

tor of the larger fraction and multiply is making the de-

nominator (1/2) equal to 1. Both the numerator (2/5) and the 

denominator (1/2) are multiplied by 2/1, which does not change 

the value of the overall expression. The complete operation is

2
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1
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  Symbols and Operations 

 The use of symbols seems to cause confusion for some students 

because it seems different from their ordinary experiences with 

arithmetic. The rules are the same for symbols as they are for 

numbers, but you cannot do the operations with the symbols 

until you know what values they represent. The operation signs, 

such as �, � , � , and �, are used with symbols to indicate the 

operation that you  would  do if you knew the values. Some of the 

d

mathematical operations are indicated several ways. For example, 

a � b, a �  b , and  ab  all indicate the same thing, that  a  is to be mul-

tiplied by  b . Likewise,  a �  b ,  a/b, and  a � 1/ b  all indicate that  a  is 

to be divided by  b . Since it is not possible to carry out the opera-

tions on symbols alone, they are called  indicated operations. 

  Operations in Equations 

 An equation is a shorthand way of expressing a simple sentence 

with symbols. The equation has three parts: (1) a left side, (2) an 

equal sign (�), which indicates the equivalence of the two sides, 
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  Glossary 

  A 
   abiotic factors    nonliving parts of an organism’s 

environment  

   absolute humidity    a measure of the actual amount 

of water vapor in the air at a given time—for 

example, in grams per cubic meter  

   absolute magnitude    a classification scheme to 

compensate for the distance differences to stars; 

calculations of the brightness that stars would 

appear to have if they were all at a defined, 

standard distance  

   absolute scale    temperature scale set so that zero is 

at the theoretical lowest temperature possible, 

which would occur when all random motion 

of molecules has ceased  

   absolute zero    the theoretical lowest temperature 

possible, which occurs when all random mo-

tion of molecules has ceased  

   abyssal plain    the practically level plain of the 

ocean floor  

   acceleration    a change in velocity per change in 

time; by definition, this change in velocity 

can result from a change in speed, a change in 

direction, or a combination of changes in speed 

and direction  

   accretion disk    fat bulging disk of gas and dust 

from the remains of the gas cloud that forms 

around a protostar  

   acetylcholine    a neurotransmitter secreted into 

the synapse by many axons and received by 

dendrites  

   acetylcholinesterase    an enzyme present in the 

synapse that destroys acetylcholine  

   achondrites    homogeneously textured stony 

meteorites  

   acid    any substance that is a proton donor when dis-

solved in water; generally considered a solution 

of hydronium ions in water that can neutralize 

a base, forming a salt and water  

   acid-base indicator    a vegetable dye used to dis-

tinguish acid and base solutions by a color 

change  

   acquired characteristics    characteristics an 

organism gains during its lifetime that are not 

genetically determined and therefore cannot be 

passed on to future generations  

   active transport    use of a carrier molecule to 

move molecules through a cell membrane in 

a direction opposite that of the concentration 

gradient; the carrier requires an input of energy 

other than the kinetic energy of the molecules  

   adenine    a double-ring nitrogenous-base molecule 

in DNA and RNA; the complementary base of 

thymine or uracil  

   adenosine triphosphate (ATP)    a molecule formed 

from the building blocks of adenine, ribose, 

and phosphates; it functions as the primary 

energy carrier in the cell  

   aerobic cellular respiration    the biochemical path-

way that requires oxygen and converts food, 

such as carbohydrates, to carbon dioxide and 

water; during this conversion, it releases the 

chemical-bond energy as ATP molecules  

   air mass    a large, more or less uniform body of air 

with nearly the same temperature and moisture 

conditions throughout  

   air mass weather    the weather experienced within 

a given air mass; characterized by slow, gradual 

changes from day to day  

   alcohol    an organic compound with a general for-

mula of ROH, where R is one of the hydrocar-

bon groups; for example, methyl or ethyl  

   aldehyde    an organic molecule with the general 

formula RCHO, where R is one of the hydro-

carbon groups; for example, methyl or ethyl  

   alkali metals    members of family IA of the periodic 

table, having common properties of shiny, 

low-density metals that can be cut with a knife 

and that react violently with water to form an 

alkaline solution  

   alkaline earth metals    members of family IIA of 

the periodic table, having common properties 

of soft, reactive metals that are less reactive 

than alkali metals  

   alleles    alternative forms of a gene for a particular 

characteristic (e.g., attached-earlobe and free-

earlobe are alternative alleles for ear shape)  

   alpha particle    the nucleus of a helium atom (two 

protons and two neutrons) emitted as radiation 

from a decaying heavy nucleus; also known as 

an alpha ray  

   alpine glaciers    glaciers that form at high elevations 

in mountainous regions  

   alternating current    an electric current that first 

moves one direction, then the opposite direc-

tion with a regular frequency  

   alternation of generations    a term used to describe 

that aspect of the life cycle in which there are 

two distinctly different forms of an organism; 

each form is involved in the production of the 

other, and only one form is involved in produc-

ing gametes  

   alveoli    tiny sacs that are part of the structure of the 

lungs where gas exchange takes place  

   amino acids    organic molecules that join to form 

polypeptides and proteins  

   amp    unit of electric current; equivalent to C/s  

   ampere    full name of the unit amp  

   amplitude    the extent of displacement from the 

equilibrium condition; the size of a wave from 

the rest (equilibrium) position  

   anaphase    the third stage of mitosis, characterized 

by dividing of the centromeres and movement 

of the chromosomes to the poles  

   androgens    male sex hormones produced by the 

testes that cause the differentiation of typical 

internal and external genital male anatomy  

   angle of incidence    angle of an incident (arriv-

ing) ray or particle to a surface; measured 

from a line perpendicular to the surface (the 

normal)  

   angle of reflection    angle of a reflected ray or 

particle from a surface; measured from a line 

perpendicular to the surface (the normal)  

   angular momentum quantum number    in the 

quantum mechanics model of the atom, one 

of four descriptions of the energy state of an 

electron wave; this quantum number describes 

the energy sublevels of electrons within the 

main energy levels of an atom  

   annular eclipse    occurs when the penumbra 

reaches the surface of Earth; as seen from 

Earth, the Sun forms a bright ring around the 

disk of the Moon  

   anorexia nervosa    a nutritional deficiency disease 

characterized by severe, prolonged weight loss 

for fear of becoming obese  

   Antarctic Circle    parallel identifying the limit to-

ward the equator where the Sun appears above 

the horizon all day for six months during the 

summer; located at 66.5°S latitude  

   anther    the sex organ in plants that produces the 

pollen that contains the sperm  

   antibody    a globular protein molecule made by the 

body in response to the presence of a foreign 

or harmful molecule called an antigen; these 

molecules are capable of combining with the 

foreign molecules or microbes to inactivate 

or kill them  

   anticline    an arch-shaped fold in layered bed rock  

   anticodon    a sequence of three nitrogenous bases 

on a tRNA molecule capable of forming hy-

drogen bonds with three complementary bases 

on an mRNA codon during translation  

   anticyclone    a high-pressure center with winds 

flowing away from the center; associated with 

clear, fair weather  

   antinode    region of maximum amplitude between 

adjacent nodes in a standing wave  

   aorta    the large blood vessel that carries blood from 

the left ventricle to the majority of the body  

   apogee    the point at which the Moon’s elliptical 

orbit takes the Moon farthest from Earth  

   apoptosis    also known as “programmed cell death”; 

death of specific cells that has a genetic basis 

and is not the result of injury  

   apparent local noon    the instant when the Sun 

crosses the celestial meridian at any particular 

longitude  

   apparent local solar time    the time found from the 

position of the Sun in the sky; the shadow of 

the gnomon on a sundial  

   apparent magnitude    a classification scheme 

for different levels of brightness of stars that 

you see; brightness values range from one to 

six with the number one (first magnitude) 
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