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1 Exploring Physical Science
The World of Physical Science 

Name Class Date

CHAPTER 1

After you read this section, you should be able to answer 
these questions:

• What is science?

• How are matter and energy related to physical science?

• What are the branches of physical science?

What Is Science?
You are eating soup and you see your reflection in the 

spoon. It is upside down. You wonder, “Why is my reflec-
tion upside down in a spoon, but not in a mirror?” Asking 
questions like this one is the first step in doing science. 
Science is a process of collecting information about the 
world. Much of the time, the first step in collecting infor-
mation is asking a question.

You may not realize it, but you use science every day. 
When you use the brakes on your bicycle to slow down, 
you use your knowledge of science. You learned how 
hard you should apply the brakes by making observations. 
Making observations, asking questions, and trying to find 
the answers is what science is all about.   

Why can I 
see a reflection 

in a spoon?

What causes 
high and low 

tides?

Why do I feel 
pain when I stub 

my toe?

Part of science is asking 
questions about the 
world around you.

BEFORE YOU READ National Science 
Education Standards
PS 1a, 3a

STUDY TIP

Compare After you read 
this section, make a chart 
comparing the two main 
branches of physical science. 
In the chart, describe what 
scientists in each branch study.

Say It
Discuss In a small group, 
talk about different ways 
that you use science in your 
everyday life.

TAKE A LOOK 
1. Identify What is often 
the fi rst step in gathering 
information?
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Exploring Physical Science continued

What Is Physical Science?
Science is divided into many branches, or parts. Three 

major branches of science are Earth science, life science, 
and physical science. Physical science is the study of 
matter and energy. 

Matter is the “stuff” that everything is made of. Your 
shoes, your pencil, and the air you breathe are made 
of matter. Energy is the ability to do work. Matter and 
energy are related because all matter has energy.

Sometimes, you can see or feel energy, such as light or 
heat. Sometimes, you can tell that an object has energy 
because it is moving. 

All matter contains energy, even if you cannot see or 
feel the energy. For example, food contains energy. When 
you eat the food, you get energy from the food. You can 
use the energy to do all of your daily activities.  

The baseball has energy even before the boy throws it, because it is matter, 
and all matter has energy.

Why will paper burn, and gold will not? Why is throw-
ing a bowling ball harder than throwing a baseball? How 
does water turn into steam? The answers to these ques-
tions have to do with matter and energy. As you study 
more about physical science, you will learn more about 
matter and energy. You will see how matter and energy 
are related to each other.  

STANDARDS CHECK
PS 3a Energy is a property of 
many substances and is associated 
with heat, light, electricity, 
mechanical motion, sound, nuclei, 
and the nature of a chemical. 
Energy is transferred in many 
ways.

2. Identify Give two 
examples of energy.

TAKE A LOOK 
3. Explain Why does the 
baseball have energy before 
the boy throws it?
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Exploring Physical Science continued

What Are the Branches of Physical Science?
Physical science is divided into two main branches: 

chemistry and physics. Both chemistry and physics can 
be divided into even smaller areas of study. For example, 
a smaller branch of chemistry is solid-state chemistry. 
Solid-state chemistry is the study of the reactions and 
behavior of solid materials. Another example is geophys-
ics, a smaller branch of physics. Geophysics is the study 
of movements deep in the Earth. 

is divided into

Chemistry

Physical Science

Physics

Solid-state Chemistry Geophysics

has a branch called has a branch called

CHEMISTRY
Chemistry is the study of the structure and properties 

of matter. The structure and properties of a substance 
determine how it interacts with other matter. For exam-
ple, sugar dissolves in water. A diamond has a different 
structure and properties, so it doesn’t dissolve in water.

The structure and properties of matter also affect 
how it behaves under different conditions. For example, 
water is a liquid at room temperature. If the temperature 
decreases, the water may become solid. However, honey 
has a different structure and properties. It will become 
solid at a different temperature than water.

Chemistry also includes the study of how matter 
changes. Substances can change during chemical reac-
tions. A chemical reaction happens when one substance 
interacts with another substance to form a new sub-
stance. Chemical reactions are happening all the time. 
When your body digests food, a chemical reaction is tak-
ing place. Chemical reactions are what make flashlights 
work. They also allow car engines to run.

READING CHECK

4. Identify What are the two 
main branches of physical 
science?

Critical Thinking
5. Explain Why don’t all 
substances behave the 
same way under the same 
conditions?
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Exploring Physical Science continued

PHYSICS
The second area of physical science is physics. Like 

chemistry, physics has to do with matter. Physics is the 
study of how energy affects matter. The study of physics 
can help you understand how a roller coaster works and 
what keeps it on its tracks.

You can tell that a roller coaster has energy. When you study physics, you 
will learn what makes the roller coaster ride so exciting.

Why does a ball roll down a hill? Why doesn’t a brick 
roll down the same hill? How does a parachute let some-
one jump out of an airplane without getting hurt? How 
can a compass tell you which way is north? Physics can 
help you answer questions like these.

Motion, force, gravity, electricity, light, and heat are 
parts of physics. They are also things that you experience 
in your everyday life. For example, when you ride a bike, 
you are dealing with force and motion. If you fall off the 
bike, you are affected by gravity.

How Do Other Branches of Science Use 
Physical Science?

You learn about matter and energy when you study 
physical science. However, matter and energy are impor-
tant in other branches of science, too. Many kinds of sci-
entists use ideas from physical science in their work.

Critical Thinking
6. Compare How is physics 
different from chemistry?

Say It
Ask Questions Write 
down four questions that 
physics may be able to help 
you answer. Share your 
questions with a small group.
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Exploring Physical Science continued

METEOROLOGY
The study of Earth’s atmosphere, weather, and climate 

is called meteorology. Scientists who study meteorology 
are called meteorologists. You may have seen meteorolo-
gists on the news, forecasting the weather. Other meteo-
rologists study severe weather, such as hurricanes and 
tornadoes. They may be able to predict where severe 
weather will form so they can warn people. 

Before they can predict the weather, meteorologists 
need to understand pressure, motion, and force. These 
are ideas that you will study in physical science.

GEOLOGY
The study of the history, structure, and formation of 

Earth is called geology. One kind of geologist is a geo-
chemist. A geochemist is a person who studies the chem-
istry of rocks, minerals, and soil. Geochemists also need 
to know about heat and force to understand how parts of 
Earth formed and how they have changed. 

This geochemist takes rock samples from the fi eld. Then, she studies 
them in her laboratory.

BIOLOGY
Believe it or not, life science and physical science are 

related. Chemistry and physics can explain many things 
that happen in biology. For example, a chemical reaction 
explains how animals get energy from food. 

Plants make sugar. Animals eat plants and breathe in 
oxygen. In animals, the sugar reacts with the oxygen to 
make carbon dioxide, water, and energy. You will learn 
about this and other chemical reactions when you study 
physical science. 

READING CHECK

7. Defi ne What is 
meteorology?

READING CHECK

8. Identify Give two reasons 
that geochemists need to 
understand physical science.
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Section 1 Review NSES PS 1a, 3a

SECTION VOCABULARY

physical science the scientifi c study of nonliving 
matter

science the knowledge obtained by observing 
natural events and conditions in order to 
discover facts and formulate laws or principles 
that can be verifi ed or tested

 1. Identify What are three main branches of science?

 2. Define What are matter and energy? How are they related?

 3. Infer A scientist is studying the forces that act on a hockey puck. What branch of 
physical science is the scientist probably using? Explain your answer.

 4. Explain Why does a meteorologist need to understand physics?

 5. Apply Ideas You are building a go-cart. You want to know how you can make it go 
as fast as it can. Explain how you can use both chemistry and physics to help you 
build your go-cart.

 6. Explain Why does a biologist need to understand chemistry?
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CHAPTER 1

After you read this section, you should be able to answer 
these questions:

• What are the steps in scientific methods?

• How do scientists form a hypothesis?

• What do scientists do before telling others about 
their experimental results? 

What Are Scientific Methods?
Two scientists wanted to find a better way to move 

ships through the water. They thought that studying 
the way penguins swim might give them some ideas 
about how to improve ships. In this section, you will 
learn how these scientists used scientific methods to 
answer their questions.

Scientific methods are the ways in which scientists 
answer questions and solve problems. As scientists look 
for answers, they often use the same steps. However, 
there is more than one way to use the steps. Look at the 
figure below. 

This figure shows six steps that are part of most scien-
tific methods. Scientists may use all of the steps or just a 
few steps during an investigation. They may repeat some 
of the steps or do the steps in a different order.

No

Yes

Draw Conclusions

Do they support 
your hypothesis?

Make
Observations Form a

Hypothesis

Test the
Hypothesis

Analyze
the Results

Ask a 
Question

Communicate
Results

Steps of Scientifi c Methods

BEFORE YOU READ

STUDY TIP
Outline As you read this sec-
tion, make a chart showing 
how two scientists used the 
steps in scientifi c methods to 
improve ships. 

READING CHECK

1. Describe What are 
scientifi c methods?

TAKE A LOOK 
2. Identify What is the 
usual next step after 
analyzing results? 
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Scientific Methods continued

Why Do Scientists Ask Questions?
Asking questions helps scientists focus on the reason for 

an investigation. Questions arise at every step of scientific 
methods. However, the question that becomes the focus of an 
investigation often comes from observation. Observation is 
the process of using your senses to collect information.

REAL-WORLD EXAMPLE
Two engineers, James Czarnowski and Michael 

Triantafyllou, wanted to improve the way ships moved 
through the water. An engineer is a scientist who builds 
things using scientific knowledge. Czarnowski and 
Triantafyllou used scientific methods to improve how 
ships move. 

The two engineers studied how the propellers on ships 
work. They found that ships use a lot of fuel to push 
themselves through the water. They asked the question, 
“How can we make ships move faster with less fuel?” 
That is, they wanted to improve the efficiency of ships. A 
ship that is efficient does not use as much fuel as other 
ships to travel the same distance.

The engineers looked to nature to find a way to make 
ships more efficient. They observed sea animals to learn 
how some of them swim faster than others. The engineers 
observed that penguins are very efficient swimmers. Penguins 
have stiff bodies, just like ships. However, they are able to 
push themselves through the water with ease. 

Now, the scientists had a new question. They wanted 
to know, “How can we make a ship that moves through 
the water more easily?”

Penguins use their wings as fl ippers to “fl y” underwater. 
As their wings are pulled inward, they push against the 
water. This movement pushes the penguins forward.

READING CHECK

3. Describe What is an 
engineer?

TAKE A LOOK 
4. Identify How do 
penguins use their wings?
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Scientific Methods continued

How Do Scientists Form a Hypothesis?
Once a scientist has made observations and asked a 

question, he or she is ready to predict an answer. This 
is called forming a hypothesis. A hypothesis (plural, 
hypotheses) is a possible explanation for, or guess at, an 
answer to a question. 

A POSSIBLE ANSWER FROM NATURE
The ship engineers had observed the slow movements 

of ships and the fast swimming of penguins. Their obser-
vations led them to form a hypothesis. They guessed, “A 
propulsion system that imitates the way a penguin swims 
is more efficient than a system that uses propellers.”

ANOTHER WAY TO WORD PREDICTIONS
Scientists often state their predictions as if-then

statements. For example, the engineers’ prediction 
might have been: “If we use flippers instead of a propeller 
to move a boat, then it will be more efficient.” An if-then 
statement makes it easier to determine whether your 
prediction is true.

The table below gives some examples of if-then 
statements.

“If” statement “Then” statement

If car A uses less gasoline than 
car B during the same trip . . .

. . . then car A is more effi cient 
than car B. 

If more force is needed to stop 
an object with a large mass than 
an object with a small mass . . .

. . . then  force is 
needed to stop a large truck than 
a compact car. 

If a grape and an orange fall at 
the same rate . . .

. . . then, when dropped from 
the same height, they will hit the 

ground at  time.

Why Do Scientists Test a Hypothesis?
All hypotheses must be testable. A scientist tests a 

hypothesis by gathering more information or by doing an 
experiment. Scientists test a hypothesis to find out if it 
answers their question correctly. 

READING CHECK

5. Describe What is a 
hypothesis?

Critical Thinking
6. Explain How does an 
if-then statement make it 
easier to determine whether 
a prediction is true?

TAKE A LOOK 
7. Complete In the table, 
complete the “then” 
statements.
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Scientific Methods continued

CONTROLLED EXPERIMENTS
One way to test a hypothesis is to do a controlled 

experiment. Suppose you want to know how much air 
will make a basketball bounce highest. You gather 15 bas-
ketballs that are all made by the same company. All the 
basketballs are the same size and are made of the same 
material. You divide the basketballs into three groups. 

You inflate the balls in the first group with the amount 
of air that the maker recommends. You put more air in 
the balls in the second group. You put less air in the balls 
in the third group. Then, you drop each ball from the 
same height and measure how high it bounces. This is a 
controlled experiment.

A controlled experiment is an experiment in which 
only one factor changes at a time. The factor that 
changes is called the variable. In your experiment, the 
variable was the amount of air in the balls. Everything 
else about the balls was the same. 

Doing a controlled experiment allows a scientist to deter-
mine the effects of a variable more easily. Suppose you had 
used basketballs that were not all made of the same material. 
It would have been harder to determine whether the air or the 
material caused some to bounce higher than others. 

Sometimes, it is not possible to do a controlled experi-
ment. In these cases, scientists test their hypotheses by 
making observations or doing research.

BUILDING A TEST BOAT
The engineers who were trying to design an efficient 

boat thought they should test their hypothesis by build-
ing one. They built Proteus, the penguin boat. It had flip-
pers like a penguin so that the scientists could test their 
hypothesis about propulsion through the water.

A computer controls the 
number of times the 
foils flap per second.

Two car batteries 
supply energy to 
the motors that 
drive Proteus’s
flapping foils.

As the foils flap, they push water 
backward. The water pushes against 
the foils to propel the boat forward.

Proteus has two 
flipperlike paddles, 
called foils. Both foils 
move out and then 
in, as the flippers of 
a penguin do.

c

b

a

d

Proteus, 3.4 m long and 50 cm wide, was a specially built 
boat used to test the “fl ippers” hypothesis.

READING CHECK

8. Defi ne What is a variable?

TAKE A LOOK 
9. Identify What does 
Proteus use instead of a 
propeller to move through 
the water?
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How Did the Scientists Test Proteus?
Instead of using many groups, you can do a controlled 

experiment by repeating the test several times. For each 
test, you change one factor. That’s what the engineers did 
with Proteus.

The engineers took Proteus to the Charles River in 
Boston. For each test, they paddled the boat across the 
river for the same distance with the same weather. The 
variable was the flapping rate of the flippers. 

Proteus, the “penguin boat,” was tested in the Charles River in Boston.

The engineers collected data on the speed of the boat 
and the amount of energy used to move its flippers. Data

(singular, datum) are pieces of information collected 
from experiments. The data recorded for the first trip 
were considered the control data. The control data were 
compared with the data from all of the other trips. 

The experimental part of the test began with the sec-
ond trip. The engineers changed the variable by increas-
ing the flapping rate of the flippers. Then, they recorded 
the speed and the energy used during the trip. The engi-
neers made several more experimental trips. Each time, 
they set a different flapping rate and collected data on 
the energy used and the speed.

When all the data were collected, the engineers 
compared the results of the trips. They interpreted 
their results to find out which flapping speed used 
the least energy. That is, they learned which was the 
most efficient.

READING CHECK

10. Identify What two 
factors stayed the same 
when Proteus was paddled 
across the river?

11. Identify What was the 
variable for each trip?

READING CHECK

12. Defi ne What are data?
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How Do Scientists Analyze Results?
After scientists collect data, they must analyze it. To 

analyze data means to interpret what the data mean. One 
way to analyze data is to organize them into tables and 
graphs. Tables and graphs make the patterns in the data 
easier to see. 

It’s always a good idea to perform your experiment 
several times. Repeated tests can tell you whether your 
data are accurate. If you get similar results every time, 
then you can be more sure that the results are accurate. 
If the results support your hypothesis, you know that 
your hypothesis is probably correct.

ANALYZING PROTEUS
The engineers collected data about the energy used 

and the speed of each trip. They used the data to calcu-
late Proteus’s efficiency. Then, they made a graph of their 
data, shown below. 

This graph shows the 
effi ciency of Proteus
when the fl ippers are 
moving at different 
rates.

Flaps per second

Ef
fi

ci
en

cy

0.7 1.2 1.7 2.2

The scientists also used the data to compare the effi-
ciency of Proteus with the efficiency of a regular boat. 
That analysis is shown in the bar graph below.

This graph shows the 
effi ciency of Proteus
compared with the 
effi ciency of a 
propeller-driven boat.

70%

87%

Propeller-
driven boat

Proteus

READING CHECK

13. Describe What does it 
mean to analyze data?

Math Focus
14. Analyze Which fl apping 
rate gave Proteus the highest 
effi ciency?

Math Focus
15. Compare Which boat 
was more effi cient? How 
much more effi cient was it?
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What Are Conclusions?
At the end of the investigation, you must draw a con-

clusion. You do this by looking at your analysis. The 
results tell you whether your hypothesis was correct. If 
it was, then you can say that your results support your 
hypothesis. That is your conclusion.

It’s also possible that you will come to a different conclu-
sion. You may decide that your results do not support your 
hypothesis. If so, you can change the procedure, gather more 
information, or ask new questions. Whether your hypothesis 
is supported or not, the results are always important.

PROTEUS CONCLUSION
The engineers found that penguin propulsion was 

more efficient than propeller propulsion. They concluded 
that the results supported their hypothesis. 

The scientists were able to reach this conclusion 
because they did many tests. They were careful to control 
all the factors except the variable. They measured every-
thing accurately. This showed that their results were not 
accidental. Their data showed the same relationship many 
times. Therefore, their results were probably accurate.

Drawing a conclusion to support your hypothesis usu-
ally leads to more questions. More questions lead to more 
investigations. This is how scientific progress continues.

How Do Scientists Share Results?
Other scientists will want to know your results. Some 

will want to conduct their own tests based on your results. 
There are three ways to communicate the results of your 
investigation to them. You can use any or all of them. 

Method of communicating results Audience

Write a paper for a scientifi c journal. scientists and others who 
read the journal

Give a talk. scientists and others who 
attend the talk 

Create a Web site. anyone interested in 
the work

Sharing your results allows other scientists to continue 
your work. Sharing also makes it possible for others to 
do your experiments and support your results.

READING CHECK

16. Explain Why did the 
engineers think that their 
hypothesis was correct?

READING CHECK

17. Identify What are 
three ways scientists 
communicate the results of 
their investigations?
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data any pieces of information acquired through 
observation or experimentation

hypothesis a testable idea or explanation that 
leads to scientifi c investigation

observation the process of obtaining informa-
tion by using the senses

scientifi c methods a series of steps used to 
solve problems

 1. Identify Fill in the missing steps in the table.

Steps in Scientifi c Methods

Form a hypothesis.

Test the hypothesis.

 2. Infer A synonym is a word that has the same meaning as another word. What are 
two synonyms for hypothesis?

 3. Interpret a Graph According to the graph, at what 
flapping rate was Proteus least efficient? 

 4. Define What is a controlled experiment?

 5. Describe How can a scientist do a controlled experiment if it is not possible to 
use several different groups?

 6. Explain How can a scientist test a hypothesis if it is not possible to do a con-
trolled experiment? Give two ways.

Efficiency of Proteus
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