Objective
Identify and describe the main branches of
physical science.

Key Terms
chemistry: branch of science that deals with the

study of the structure and the makeup of matter
and the changes matter undergoes

physics: branch of science that deals with
energy and matter and how they interact
specialization (spehsh-uh-lih-ZAY-shuhn):
studying or working in one area of a subject

Studying Physical Science Physical science is
one of the major fields of science. It is the study of
matter and energy. Everything around you is
either matter or energy.

Physical science has two main branches. The
two main branches are chemistry and physics.
Chemistry deals with the study of the structure
and the makeup of matter and the changes matter
undergoes. Physics deals with the study of energy
and matter and how they interact.

i) Ma5tE: What are the two main branches of
physical science?

wﬁ”'

Biochemistry

Biochemists study the chemical
substances occurring in living
things. Some careers in
biochemistry include medical
research, plant and animal
genetics, and pharmaceuticals.

Thermodynamics
Thermodynamics deals with heat
and its conversion to other forms
of energy. Research and
engineering are two careers to
pursue if you are interested in the
study of thermodynamics.

- Figure 1-2
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Optics

Optics is the science of light and
vision. Some careers in the field
of optics include optician and
research scientist in such areas
as lasers and optical fibers.

What is physical science?

Specialization A specialist is a person who
studies or works in one particular area of a subject.
Working in one area of a subject is called
specialization. Some of the specialized fields in
physical science are listed in Figure 1-2.

b SefFINE: What is a specialist?

Importance of Physical Science Why study
physical science? Physical science is an important
part of everyday life. It is difficult to think of
anything that does not involve physical science and
the discoveries of physical scientists. For example,
each year seat belts save thousands of lives. Seat belt
technology is based on the laws of motion.

Physical scientists have also discovered how to
harness nuclear energy. Using nuclear energy has
both problems and benefits. Physical scientists are
constantly working to solve the problems related
to nuclear energy. Their solutions may someday
solve the world’s energy problems. Physical
scientists are also researching other forms of
energy for power. Solar panels, wind farms, and
fuel cells are some alternative sources of energy.

The discovery of new materials has resulted in
the production of a variety of ceramic tiles, various
glass products, and plastics. Our leisure time has
benefited through cable and satellite dish TV, lasers,

| SOME SPECIALIZED FIELDS IN PHYSICAL SCIENCE |

Nuclear Physics

Nuclear physicists study the
characteristics, behavior, and
structure of atomic nuclei.
Careers include research, reactor
manufacturing, and power plant
operation.



-omputers, holograms, and CD and DVD players. THINKING CRITlCALLY e E

¢ ars and airplanes have been made safer and faster. e : S
Studying matter and how it reacts with other 6 ANALIZE: Why do you thmk the number Of

ubstances has helped create all of these things. We specmlued' fields in physical science has

will take a closer look at reactions and interactions of grown during the past few decades?

matter and energy as we progress through the book. 7. LIST: What are three ways in which physical

science is important in your daily life?
£ LIST. What are some of the products that have : : 4

been created because of the work of physical

~ 1 Tate? &S

e Web InfoSearch

A= ~ L T A Career in Physical Science [f you like A
ﬂ CHECKWG,CONCEPIS SRR B science, you may be interested in a career

1. The two main branches of physical sciencé are in physical science. Choose a career from @J

chemistry and ‘ Figure 1-2, or a field of science that ;

2. Physical science is the study of matter and interests you. :

1

SEARCH: Use the Internet to find out what | |

3. A person who works in only one area of a education is required, what you will do

subject is a ) on the job, and what tools you might need

4. Physical scientists have helped develop to perform this job. Write a short report

ceramics, plastics, and ' about your results. Start your search at

5. The harnessing of energy by www.oonceptsandchallenges.com. ‘

Lo o o Some key search words are biochemist

physical scientists has helped reduce the . ;

. - and nuclear physicist.

world’s energy problems. o,

l‘;-. [ []
2D People in Science
: SCIENTIFIC ILLUSTRATOR

Do you like to draw? If so, you may be interested
in a career as a scientific illustrator. You can see
the work of scientific illustrators on many pages
in this book. Scientific illustrators make drawings,
diagrams, and sketches to illustrate scientific
processes, structures, cycles, or equations, helping
people to understand scientific concepts.

Scientific illustrators are employed by publishers - e ———
of science books and journals or by advertisers. A Flgure1 -3 Smentmc illustrators often use computers

: e . as tools.
The drawings of scientific illustrators are used in
sales brochures, advertisements, and even in this book. In the catalogs of H

scientific supply houses and pharmaceutical companies, many drawings are
used to demonstrate equipment and other supplies.

If you are interested in becoming a scientific illustrator, you need a college
degree in graphics or fine arts. Many scientific illustrators also find a background
in the sciences helpful in their careers.

Thinking Critically How does the work of a scientific illustrator help people ]
learn science? ;
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3“2 What are the properties
of matter?

Y ESTIGATE —

HAMNDS-ON ACTIVITY

1. Stuff a tissue into the bottom of a glass. Fill a pail with water.
2. Turn the glass upside down; push it straight down into the water.

3. Pull the glass straight out of the water and feel the tissue.

4. Record your observations.

THINK ABOUT IT: Did water enter the glass? How do you know? What does this tell
you about air?

Defining Properties How would you describe

Objm a hot-air balloon? You might say that it is rounded,
Identify two basic properties of matter. blue, and striped. These are properties of that
balloon. Properties are characteristics used to

Key Tevrmwms describe an object.
matter: anything that has mass and takes up Not all hot-air balloons have the same
space properties. A different hot-air balloon may be
roperties (PRAHP-Uhr-teez): characteristics used rounded, green, and dotted. Some properties are
fo describe an object not basic properties. They do not apply to all

examples of the object. A basic property of all hot-

. air balloons is that they are balloons.
Matter Look around you. What do all the objects

you see around you have in common? They are all - 4 o - TR
made up of matter. Matter is anything that has ;
mass and takes up space. Mass is the amount of
matter a sample of matter contains. The amount of
space the sample takes up is its volume.

Water is matter. A glass filled with water is
heavier than an empty glass. The water-filled glass
is heavier because water has more mass than the
air in the empty container. If you were to keep
adding water to a filled glass, the water would
overflow. It would overflow because water takes
up space, leaving no room in the glass.

Air is matter, too. A balloon filled with air is
heavier than a balloon that is not blown up because
air has mass. When you blow air into a balloon, the
balloon gets larger as air takes up space.

P osriiE What is matter?
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wviezs st Matter Mass and volume are 4. Weight is a measure of the pull of

o properties of all matter. Mass is a measure of ——__onan object.

Geamount of matter in an object. Volume is a

5. The amount of space taken up by matter is its
cosure of how much space matter takes up. Mass

Smeasured in kilograms. Volume is measured in

[

Bape
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hic meters. A cubic meter is a cube that is one

cter long on each side. THINKING CRITICALLY

3
Weight and density are also properties that may 6.
ised to describe matter. Weight is a measure of
v pulbof gravity on a sample of matter. Density
- vou how much is in a unit volume.

© What is the difference between mass
and weight?
7. i Why do you think scientists can use
the basic properties of matter to help identify

- Whatare two basic properties of matter? an unknown substance?
/ CHECKING CONCEPTS BUILDING SCIENCE SKILLS ;
L. All the objects you see around you are made Observing Choose three objects in your home or
upof . classroom. Examine cach carefully. List four
2. Matter is anything that has mass and takes up properties of cach and the senses you used to

help describe cach.

. Massisabasic of matter.

How Do T/my Kanow That?
MASS IS A PROPERTY OF MATTER

Chemists aré scientists who study matter. Antoine o

Lavoisier (1743-1794) was a French chemist. He was f; f

educated as a lawyer. However, he loved chemistry. /

Antoine was helped in his work by his wife Marie ,

Anne. Unlike most women of the day, Marie Anne ' I

had received an education in the arts and sciences. ¥

This enabled her to work side by side in the lab with ‘

AT « Figure 1-5 Marie Anne and A
Before the work of the Lavoisiers, little was working together

known about chemical reactions. For example, it

was believed that there were only four elements. People also thought that

chemical activities could create mass.

¥ 1 L ‘ =
ntoine Lavoisier

Marie Anne and Antoine showed that these ideas were not true. They explained
that mass is not created or lost during a chemical reaction. Before an experiment,
Antoine measured all of the materials going into the reaction. After the
experiment, he measured the materials produced. He was the first scientist to
realize that reactions began and ended with the same amount of mass. He wrote
the Law of Conservation of Mass. It states that mass is neither created nor
destroyed during a chemical change.

Thinking Critically The burning of wood is a chemical reaction. When wood
burns, is mass destroyed?
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Objective

Identify and describe four states of matter.

Ke/ Terms
state of matter: any of the four physical forms
of matter

solid: state of matter with a definite shape
and volume

liquid: state of matter with a definite volume
but no definite shape

gas: state of matter that has no definite shape
or volume

plasma (PLAZ-muh): state of matter made up of
electrically charged particles

States of Matter You cool drinks with solid ice
cubes. You wash your hands in liquid water. Water
that evaporates from puddles after a rainstorm has
changed to a gas called water vapor. Ice, liquid
water, and water vapor all are made up of particles
of water. Different forms of the same substance are
called states. A state of matter is any one of the
four physical forms of matter. The three most
familiar states of matter are solid, liquid, and gas.
__Afourth state, plasma, is found mainly in stars like
“our Sun.

} IDENTIFY: In how many states can matter
exist?

Solid

Liquid

What are the states of matter?

Solids Most of the objects that surround you are
made of solids. A solid is a state of matter that has
a definite shape and volume. In a solid, particles of
matter are tightly packed together. The particles
cannot change position easily. They can only
vibrate, or move back and forth in place.

& DEFIME: What is a solid?

Liquids Milk is a liquid. A liquid has a definite
volume but no definite shape. Liquids are able to
change shape because the particles of a liquid can
change position. They can slide past one another. 1f
you pour a liter of milk into different containers,
the milk always takes the shape of the container.
However, the volume of the milk stays the same.
You cannot make a liter of milk fit into a half-
liter bottle.

b EAPLAIN: Why can liquids change shape?

Gases A gas is a state of matter that has no
definite shape or volume. A gas takes the shape of
its container. For example, air can take the shape of
a basketball, a football, or a bicycle tire. If you fill a
balloon with air, the air completely fills the
balloon. A container of gas is always completely
full. The particles of a gas are in constant motion.
They are much farther apart than the particles in
solids or liquids. They can move freely to all parts
of a container.

;} DEFINE: What is a gas?

» Figure 1-6 The three most common states of matter are solid, liquid, and gas.
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Matter can exist in a . THINKING CRITICALLY

tile called plasma. Plasma is rare on Earth,

o plentiful in other parts of the universe. 6. What will happen to the particles of a
has been found in stars, where the gas if the gas is transferred from a small
ooiures and pressures are very high. Matter container to a much larger container?
o phemastate is made up of small, electrically 7. Classify cach of the following
cood particles. substances as a solid, a liquid, or a gas.
Ccentists have been able to create plasmas in a. Cotton cloth f. Seltzer
Liboratory. Such plasmas are relatively cool b. Rain g. Hydrogen

copored with natural plasmas. This plasma

. A c. Carbon dioxide  h. Sugar
hirology has been applied to many things you ‘

-~ cvervday, such as flat-screen TV, street lamps, d. Helium 1. Orange juice
o Huorescent tubes. e. Salt j- Bricks
> What is plasma? -
Web InfoSearch
/ CHECKING CONCEPTS ; Plasma As rare as plasma is on Earth,

, ] scientists have found ways to make use
L Phisma exists where . and o . ) -

hiol of it in some mtcrcstmg ways.

pressure are very high.

SEARCH: Use the Internet to find out what

- In what state of matter can particles only . A . .
- kinds of products contain plasma. Then,

vibrate in place? ) .
F create a chart. Next to each item on your list,

. What happens to the shape of a liquid when include a picture of it. Start your search at

vou pour it into a container?  Some
. What determines the volume of a gas? key search words are plasma and digital TV.
5. What state of matter is air? e
Inteqrating Ear th Science
TOPIC: carth's Jayers
EARTH'S MANTLE Inner core
Quter core

The outer layer of Earth is called the crust. The crust is
about 5 to 40 km thick, with the thickest part under the
mountains. Beneath the crust is the mantle. The mantle
is about 2,900 km thick. The upper part of the mantle is
solid rock. Below the solid rock, the mantle rock behaves :
like a very thick liquid, such as molasses. This is because - Figure 1-7 Earth's interior
of very high pressure and temperatures. Like all liquids,

this rock can flow. The rock also has some properties of

a solid. It is in an in-between state of matter called the plastic state. A plastic
material is neither a solid nor a liquid; it has properties of both.

Lower mantle
Upper mantle
Crust

Scientists would like to learn more about the plastic material in the mantle.
However, they have not been able to drill that far into Earth. What they know has
been learned by studying shock waves from earthquakes. Someday, scientists hope
to find a way to drill deep enough to reach the mantle. Then, they will be able to
study the properties of plastic rock directly.

Thinking Critically What might scientists do with the information they get from
the plastic rock?
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Objective
Identify ways in which matter can change from
one state to another.

Key Terms
freezing: change from a liquid to a solid
melting: change from a solid to a liquid

evaporation (ee-vap-uh-RAY-shuhn): change
from a liquid to a gas at the surface of the liquid

condensation (kahn-dehn-SAY-shuhn): change
from a gas to a liquid

sublimation: change from a solid directly to a gas

State Changes Matter can change from one state
to another. For example, water can change from a
solid to a liquid. A change in matter from one state
to another is called a change of state. There are five
main kinds of changes of state. During a change of
state, there is a change in heat energy. A substance
either gains or loses heat as it changes from one
state to another.

ﬁ DESCRIBE: What is a change of state?

Freezing and Melting If you fill an ice cube tray
with-water and place it in the freezer, the water will
change to ice. Water changing into ice is an example
of freezing. Freezing is a change from a liquid to a
solid. Freezing occurs when the temperature of a
liquid reaches its freezing point. At its freezing point,
a liquid loses enough heat to change to a solid.

¥ Figure 1-8 Part of this frozen iceberg is melting into the ocean.

S
|
=

How does matter change state?

When the temperature rises above the freezing
point of water, ice changes to a liquid. A change
from solid to liquid is called melting. Melting
occurs when a solid gains enough heat to change
into a liquid.

& EXPLAIN: What causes a liquid to freeze?

Evaporation and Condensation DBefore you
go to bed tonight, fill an open plastic container
with water. Mark the level of the water. Place the
container in a warm, dry place. When you get up
tomorrow, see what has happened to the water
level. You will find that some of the water has
“disappeared.” Particles at the surface of the water
gained enough heat energy to change into the gas
state. Evaporation is a change from a liquid to a
gas at the surface of the liquid.

You probably have noticed drops of water on
your bathroom mirror after taking a hot shower.
Hot water from the shower causes the tem perature
in the bathroom to rise. Some water particles gain
enough heat energy to change to water vapor.
Water vapor is the gas state of water. Water vapor
is invisible. As particles of water vapor hit the cool
surface of a mirror, they lose heat energy and
change back into liquid water. This process is
called condensation. Condensation is a change
from a gas to a liquid.

& EXPLAIN: What causes condensation?

Sublimation When you fill an ice cube tray with
water and place it in the freezer, you have ice
cubes in a few hours. If you leave the tray
untouched in the freezer for several days, the ice
cubes get smaller. This is due to a process called
sublimation. Sublimation is the changing of a
solid directly to a gas, without passing through a
liquid state. The temperature at which a solid
changes to a gas is its sublimation point. Some
other solids that sublime are moth balls
(naphthalene), dry ice (CO,), and iodine.

;} SertE: What is sublimation?



CHECKING CONCEPTS

Velting is a change from a solid to a

Water changing into ice is an example of

- N change i matter from one state to another

is called

- A change from a liquid to a gas at the surface

ot the liquid s

. Water vapor changing to liquid water is an
sing

cxample of

8. What happens to the particles of a
liquid as the liquid evaporates?
9. [dentify the change of state taking
place in each of the following situations.
a. Water droplets form on the inside of your
window on a chilly winter night.
b. A full perfume bottle left open for several
days is now half empty.
¢. A block of baking chocolate is heated until
it can be poured into a measuring cup.

DESIGNING AN EXPERIMENT

. Dry ice turning into gas is an example of . . - .
g o b At Desigrean experiment to solve the following problen.

luclude a lypothiesis, variables, o procedure, and a
type of data to study.

PP PN

_ THINKING CRITICALLY

What happens to the particles of a
liquid as the liquid freezes?
k. A . ,
( R N Read -l e SeLeHtee

FOG MACHINES

Dry ice is frozen carbon dioxide, a gas found in

the air around us. It looks like regular ice, but it is
much colder. The temperature of dry ice is about
—78.5°C or ~109.3°F. If dry ice comes in contact with
your skin, heat is removed from your body so fast
that your skin seems to burn! For this reason, dry ice
should only be handled with insulated gloves.

Frozen carbon dioxide is called dry ice because
it does not melt. It changes directly from a solid
to a gas. This process is called sublimation. If you
watch a piece of dry ice, it seems to slowly
disappear into thin air as it sublimes.

When dry ice is placed in hot water, a fog made

[RITE RN
PG L

i How can youidentify an unknown

material?

Figure 1-9 Dry ice subliming

of tiny water droplets is produced. Such fogs, produced by a fog machine, can lend
a dreamlike or eerie mood to the sets of stage plays, rock concerts, or movies. A dry
ice fog machine is made up of a water barrel, a heater, and a fan. Dry ice is placed
in a bucket with holes in it. When the bucket is lowered into the barrel of hot
water, fog is produced. The fan then blows the fog through the air. The production
of fog is stopped by removing the dry ice from the water barrel.

Thinlang Chtically Where does the water that makes up the fog come from?
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