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Phenomenon Activity

Earth’s Spheres and Their Interactions

| can...
* differentiate the spheres that make up the Earth system.

®* show how Earth's spheres interact.

Vocabulary
atmosphere  biosphere cryosphere feedback geosphere

hyrdosphere  system

\ Phenomenon How do warmer air temperatures result in nsing sea levels?

Make a Claim Explain how warmer air temperatures can cause sea levels to rise.
|dentify the Earth spheres involved in this scenario and explain how they interact to
cause the phenomenaon.

2 EMNGAGE The Earth System: Earth's Spheres and Their Interactions
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Hands-On Lab
Interaction Actions

You will...
* model and observe common interactions between animals and objects.

®* draw conclusions about how different parts of Earth interact.

What You Need to Know

The sun's energy affects all forms of matter on Earth. For example, the heat you feel
on your face when the sun is shining is an example of how energy from the sun flows to
Earth. In this way, the sun and its thermal energy can be said to interact with Earth.

Earth's matter can be classified into five main spheres. The biosphere includes all life
on Earth. The geosphere includes all Earth’s rock. The hydrosphere is made up of

all the water on Earth, including the frozen water in the cryosphere. The atmosphere
includes the air surrounding Earth. Each of these spheres is part of the Earth system.

In this activity, you will make observations and draw conclusions about how different
spheres of Earth interact.

Materials

Several plastic jars containing a variety of objects (one object per jar), as follows:

* ordinary soil * ladybugs

* chunk of granite * pgarthworms

* soil ® grass

* quartz cryslals * small twig with leaves

* water * dandelions (or any type of weed)
* ice * violets

EXPLORE The Earth System: Earth's Spheres and Their Interactions 3



Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

Take care when handling live animals.

Wear safety goggles.

m Wear a lab coat or apron.

ﬂ Wear gloves.

ﬁ Wash your hands when you complete the activity.
Procedure
1. Examine the objects in each of your jars.

2. Sortthe jars into groups, according to the object each jar contains. Each of your
groups should contain objects that have a major characteristic in common.

3. Look at the objects in the jars. As a group, identify two or more objects from
separate jars to place together in a single jar and observe.

4. Wnte down the names of the objects you choose. Then, obtain permission from your
teacher to place your objects in one jar. Record your observations.

Observations

Objects in jar:

4 EXPLORE The Earth System: Earth's Spheres and Their Interactions
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Analyze and Interpret Data

1. Describe What objects did you pick to place together in a jar? How did the objects
interact with each other?

2. Predict Look at the objects you placed in your jar. If you placed the jar in direct
sunlight, how might the sun’'s energy affect the objects?

3. Define Earthworms belong to a sphere on Earth called the biosphere. Use this
information to write a definition of biosphere.

4. Construct Explanations Earthworms need soil to keep their skin moist. Soil is part
of Earth's geosphere. What would happen to earthworms if all the soil on Earth
disappeared? What does this tell you about how different spheres on Earth interact?

EXPLORE The Earth System: Earth's Spheres and Their Interactions 5



5. Nature of Science A model is a representation of an object, process, or
phenomenon. Scientists often use models to study different systems. Graphs,
diagrams, globes, and other three-dimensional representations are examples of
models.

Describe the kind of model you developed. What was the role or purpose of your
model? How did your model help you understand how different spheres on Earth
can interact?

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Data Analysis Activity
Rising Sea Levels

You will...
* describe how Earth's spheres interact when melting ice raises sea levels.

What You Need to Know

Florida, a semi-tropical paradise far from the northern latitudes, might seem to have
nothing to do with Greenland, an island of ice between the Atlantic and Arctic oceans.
Florida, however, is surrounded by water, with the longest coastline in the continental
United States.

About 82 percent of Greenland is covered by an ice sheet. In recent years, this ice sheet
has been melting at an advanced rate due to warming air and sea temperatures. When
ice on land melts and runs into the ocean, it has the potential to raise sea levels around
the world. Sea levels have risen at an average rate of 1.5 cm every decade for the

last century. But during the last 25 years, that rate has doubled, mostly because of ice
melting in Greenland and Antarctica. Higher sea |levels result in coastal flooding, which
threatens lives and property.

The map shows land in Florida that will be underwater if the sea level rises 6 meters.
Study the map, and then answer the questions that follow.

"'\.

i; ﬁ - —
_.q e = _!T?Ilahassee ik
.ﬁ @ﬂ-

Panam

Jacksonville

City 1"'%3"';}
Daytona Beach
Gulf of ATLANTIC
Mexico OCEAN
: il 5 \ ::,:;:Z:: Fort Lauderdale
-+ Area underwater . d Miami

if sea level rises
&6 meters
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Analyze and Interpret Data

1. Identify Which of these cities will not be underwater if the sea level rises 6 meters:
Panama City, Orlando, or Jacksonwille?

2. Identify According to the data on the map, which region of Florida will experience
the greatest impact from flooding if the sea level rises 6 meters?

3. Calculate Based on the map, how far inland from the Atlantic coast will South
Florida be underwater?

4. Cause and Effect Earth is made up of different parts, or spheres. The atmosphere
is the air surrounding Earth. The biosphere includes all Iife on Earth, The
hydrosphere includes all the water on Earth, and cryosphere includes all the frozen
water. The geosphere is made up of the Earth’'s rock and land.

Describe how rising sea levels in the hydrosphere might affect Earth’s biosphere.

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Read About It

Earth’s Spheres and
Their Interactions

1 A system is a group of parts that work together as a whole. A car is
a system because it is made up of different parts. The motor, wheels,
brakes, and other parts all function to safely move people from one
place to another. Earth is also a system because it is made up of
different parts that interact and work together.

The Earth System

2  Matter and energy flow through the Earth system. In the water
cycle, water evaporates from the ocean and other bodies of water
on Earth. Then it rises into the air and eventually falls back to Earth's
surface as precipitation. Rain and meltwater flow to rivers, lakes, and
the ocean. Eventually, the water cycles back into the air.

3  Rock also cycles through the Earth system. Hot molten material
inside Earth, called magma, flows up through cracks in Earth's crust.
This new material loses energy as it cools to form solid rock. Over
time, the rock can be eroded into small pieces. If enough small
pieces collect, they may get packed together to form new rock.

Phioho Credit USESAlamy Stock Prolo

| P> Earth as a System Lake
Okeechobee is part of a water
systemn in southeastern Florida.
Disruptions to the cycling of water
in this system can |lead to algae
blooms, which affect the proper
function of the system.

Copyrghl & Saweas Leaming Comparny LLC. Ni Rights Re-sarved.

* ¥

. : Earth's Spheres and Their Interactions

10  EXPLAIN The Earth




hidkjriShutersiock;

-
-

The constant flow, or cycling, of matter through the Earth system
requires energy, which is the ability to do work or cause change.
Water in a lake, for example, requires energy to evaporate. Solid
rock requires energy to become molten rock. The Earth system
has two main sources of energy: heat from the sun and heat from
Earth's interior. These energy sources drive cycles of matter in the
Earth system.

Earth’s Spheres

BIOSPHERE

The biDEFI-I‘lEFE is

The Earth system is made up of five interacting spheres, or
subsystems, that cycle energy and matter, as well as shape Earth’s
surface over time. These spheres are the biosphere, geosphere,
atmosphere, hydrosphere, and cryosphere.

P The Parts of Earth Earth is classified into five
spheres: the biosphere, geosphere, atmosphere,
hydrosphere, and eryosphere. These spheres are

individual parts of the Earth system that interact
with each other.

the realm of life. ff

Phiolo Credils: Mark Bernards!Shullessoc, Omndrej ProgickShultersiock; 246-ProducionBhultersiock,;
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GEOSPHERE

The geosphere is
the realm of rocks.
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HYDROSPHERE AND
CRYOSPHERE

The hydrosphere is the
realm of water, and the
cry-:uEphere 5 the realm
of frozen water.

ATMOSPHERE

The atmosphere is the
realm of air.

EXPLAIN The Earth System: Earth's Spheras and Their Interactions



The Atmosphere

6 Earth's atmosphere is the relatively thin envelope of gases that
forms Earth's outermost layer. We call it air. It is a mixture of gases
including nitrogen, oxygen, water vapor, and carbon dioxide—and
dust particles. It contains Earth’s weather, and it is the foundation
tor the different climates around the world.

/  As Earth’s outermost layer, the atmosphere receives energy in the
form of sunlight that passes through it and from heat that rises from
Earth's surface, including the ocean. The warming of parts of the
atmosphere by heat rising from Earth's surface creates wind, which
distributes energy and water through the atmosphere.

> Protecting Earth The atmosphere
is like a jacket wrapped around the
planet. The air in the atmosphere
contains oxygen, which many
organisms in the biosphere need
to live.

12 EXPLAIN Tha Earth System: Earth's Spheres and Their Interactions
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Reread the
paragraphs about
the atmospherea.
Identity evidence

in the text that
supports the idea
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attects Earth's
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The Geosphere

8

Maost of Earth's mass is in the form of the rock and metal that makes
up the geosphere. The geosphere includes Earth's solid metal inner
core, the liquid metal outer core, and the rocky mantle and crust.

Earth's rock and metal contain an enormous amount of energy.
Exposed rock absorbs sunlight and radiates heat into the
atmosphere. In some locations, new material is added to the rocky
outer layer of the geosphere in the form of hot lava from velcanic
eruptions. Major volcanic eruptions can also release large amounts
of water vapor, carbon dioxide, and dust particles that affect the
atmosphere, which in turn affects the hydrosphere and biosphere.

P> Spheres in Action The geosphere interacts with the
biosphere and the atmosphere as trees grow near
the base of an active volcano that is releasing dust,
water vapor, and other gases into the air above it.

—_— . " e T s
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The Hydrosphere and Cryosphere

10 All of Earth’s water, including water that cycles through the
atmosphere, makes up the hydresphere. The eryosphere is the
frozen component of the hydrosphere. It is made up of all the ice
and snow on land, plus sea and lake ice.

11 Liguid water on Earth absorbs energy from sunlight, which
moderates the climate. When the air in the atmosphere is cold,
heat from the ocean can keep the temperature above freezing.
When the atmosphere is warm, the ocean absorbs some heat,
making coastal communities cooler. Snow and ice reflect sunlight,
which otherwise would be absorbed by water, soil, trees, and rock.
Without water in all of its forms, Earth would experience extreme
changes in temperature.

P Water on Earth The hydrosphere,
cryosphere, and biosphere interact
as a polar bear walks on ice floating
in the waters of the Arctic Ocean.

Fhrield Credil Mario_Hoppman iy Snullerslock,
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The Biosphere

12 Life has been found in virtually every part of Earth, from deep
below the continental ice shelf of Antarctica to high up in the
Himalayan Mountains. The parts of Earth that contain all living
organisms are collectively known as the biosphere.

13 Living things, including animals, plants, bacteria, and fungi, interact
with each other within the biosphere. As living things, humans
are an important part of the biosphere. Humans interact with
other components of the biosphere when they consume plants
or animals for energy. When living things die, their nutrients are
absorbed by the roots of plants or broken down by bacteria or
other living things. These complex systems within the biosphere
support all life on Earth.

P Life on Earth The biosphere and atmosphere
interact as a frog breathes in oxygen from the
atmosphere that was produced by plants and
released into the air.

Phiolo Credik Panther Maedia GmbHAlamy Siodk Pholo
|

Copyrighl © Sawwas Learning Camparry LLC. All Rights Reserved.

EXPLAIN The Earth System: Earth's Sphereés and Their Interactions 15




Interacting Spheres

14 As you've read, Earth's spheres are part of a system, and they

: : . Vocabulary Support
interact with each other. An event in one sphere can affect another,

which in turn can affect the other spheres. For example, glaciers are | Feedbackinvolves

t of th here. Th large blacks of ancient i TV e, iy
part o 2 cryospnensg. ay are large OCKS OT anclent 1ICce, usua Y .=.igr'|.1|-::|-r aciian
tound near mountains and in polar regions. Like a freezer pack in a triggers another

cooler, a glacier keeps the surrounding air and land cool. signal or action.
How is this similar

Many glaciers are melting around the world due to warmer air to getting feedback

temperatures. As glaciers melt, they lose mass and volume and from a T:l-l'_'al:htr on a

turn into liquid water that drains away or evaporates. This allows .

the land underneath to absorb more sunlight, which causes the

surrounding air and land to get warmer. The warmer air makes

glaciers melt even faster. This is an example of feedback. The

system returns, or feeds back, energy into itself, and that energy

results in change.

Sometimes feedback is negative: it causes a process to slow

down or go in reverse. Other types of teedback are positive:

they reinforce, speed up, or enhance the process that's already
underway. Feedback may result in conditions becoming stable or
it may cause more change. The melting glaciers are an example of
positive feedback and change as the geosphere, atmosphere, and
cryosphere interact.

P Glacial Feedback As ice malts
from this glacier in Valdez, Energy from the sun
Alaska, more land is exposed, warms the ground and

i! creates a feedback loop. air around the glacier.

which
h‘h:h;' . s .
! P '
i LY . -
LR T - 8 \ %
[ - ‘_.\- 74 P
i I-. -
ST
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Mare land becomeas

exposed as the
glacier retreats.

16 EXPLAIN Thea Earth Systam: Earth's Spheres and Thair Inlaractions




NAME CLASS DATE

Reading Check
Earth’s Systems and Their Interactions

Answer the following questions after you have completed reading the Read About It.

1. In paragraph 1, you read about systems. Why is Earth considered a system?

2. In paragraphs 2—4, you read about the flow of matter through the Earth system.
Identify the two sources of energy that drive most of the cycling of matter.

A. the sun
B. small pieces rock

C. Earth’s interior

D. the water cycle

3. In paragraph 6, you read about Earth's atmosphere. What are the components
of the atmosphere?

A. all living things on Earth

B. the thin envelope of gases that surround Earth
C. the rock that makes up Earth
D.

all the water on Earth

In paragraph 8, you read about the geosphere. What are the components of the
geosphere?

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
s
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5. In paragraph 10, you read about the hydrosphere and cryosphere. Place an X in
the correct column to identify whether the component in each row is part of the

hydrosphere or cryosphere.

Hydrosphere Cryosphere

liquid water in the ocean

frozen ice in glaciers

running water in a river

6. |In paragraph 11, you read about liquid and frozen water. How does energy from
the sun affect liquid water differently than frozen water like snow and ice?

7. |In paragraph 12, you read about the biosphere. Identify two components of the
biosphere.

A. air

B. plants
C. animals
D

. s0il

8. Vocabulary In paragraphs 15-16, you read about positive and negative
feedback. What does the term feedback mean?

18 EXPLAIN The Earth System: Earth's Spheres and Their Interactions
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Extend and Enrich Activities

Earth’s Spheres and Their Interactions

1. Model Use a graphic organizer to differentiate among Earth's spheres. ldentify
and briefly describe each of Earth's spheres.

Earth's
Spheres

2. Apply The island of Hawaii is home to four active volcanoes. During a volcanic
eruption, hot, molten rock flows over the land and can meet the ocean, where
it is cooled by the water and hardens into solid rock. Dust, ash, and gases are
released into the air and can settle on the ground. These effects of an eruption
also harm plant and animal life, as well as human life and property. What are
some ways in which Earth’s spheres interact during a volcanic eruption?

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Lesson Review

Earth’s Spheres and Their Interactions

Choose the best answer to each question.

1. Which of the following descriptions of Earth's sphere is correct?
A. The geosphere is made up of Earth's living things.
B. The hydrosphere is all the frozen water on Earth.
C. The biosphere includes Earth's rock.
D

. The atmosphere is all the air surrounding Earth.

2. After heavy rains, loose rock and soil slide down the side of a mountain, destroying a
small forest at the base of the mountain. Which of Earth's spheres are interacting in
this situation?

A. biosphere and geosphere

B. hydrosphere, geosphere, and biosphere
C. atmosphere and geosphere
D

. cryosphere, geosphere, and atmosphere

3. Which of the following is an example of positive feedback as part of an interaction
between two of Earth's spheres?

A. Walking outside in hot weather makes a person warm. They begin to perspire,
which cools their body.

B. Warm weather causes clouds to form. This shades the ground from the sun and
causes the temperature to cool.

C. Warm air melts sea ice, exposing more sea water to sunlight. The water
becomes too warm to freeze into ice.

D. Flowers in a field absorb sunlight and rain, grow tall, and then produce seeds,
which fall to the ground and become new plants.

20 EVALUATE The Earth System: Earth's Spheres and Their Interactions
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Phenomenon Activity

Earth’s Surface and Landforms

| can...

* describe and give examples of ways in which Earth's surface is built up and torn
down by physical and chemical weathering, erosion, and deposition.

* recognize a variety of landforms on Earth’s surface.

Vocabulary
chemical weathering coastline delta deposition dune erosion
glacier lake landform mechanical weathering mountain  river

sediment significant topography

‘ Phenomenon How did this giant hole form?

Tribune Mews ServcaGetly Images

Make a Claim Explain how the hole formed by describing the processes that change
Earth’'s surface.

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Hands-On Lab

Raindrops Falling

You will...
* develop a model of a river delta.

®* describe the processes on Earth's surface that form deltas.

What You Need to Know

The Mississippi River Delta is North America’s largest delta. The delta is a landform
made up of sand, clay, and organic material deposited by the Mississippi River as it
flows into the shallow waters of the Gulf of Mexico.

Your class has been asked to participate in the RESTORE the Mississippi River Delta
campaign to help rebuild and protect the delta. Human activity and natural disasters
have threatened the existence of the delta, which serves as a natural protective barrier
to coastal damage. You will model how deltas form and observe the processes that are
responsible for transporting sediment to the delta. Be prepared to predict how the land
surface may change over time under specific conditions.

Materials
* paint tray or tray liner ¢ 250 mL of sand
* foam cup with a hole in the bottom * 2rulers
* 75 mlL of water * books

®* pitcher of water

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

Capyright & Sawas Learning Camparny LLC. All Righs Resereed
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Procedure
1.

2.

Rest the shallow end of the paint tray on the books (about 10 cm high).

Fill the deep part of the paint tray with water from the pitcher until it reaches the
shallow incline of the tray.

Place the 250 mL of sand in the dry end of the tray.

Use the two rulers to support the foam cup on top of the pile of sand. Itis okay if
the cup rests on the sand.

Pour the 75 mL of water into the foam cup. It should flow out in a slow trickle onto
the sand.

As the water and sand are flowing downslope, record your observations.

Draw your delta in the space given and label the following: tray, water, land,
shoreline, river mouth, deltaic plain (sediment above the waterline), subaqueous
deltaic plain (sediment below the waterline), and distributary channels that may have
formed in the deltaic plain.

Observations
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Diagram

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Analyze and Interpret Data

1. Identify Erosion is a process that carries away rock particles, sand, soil, and other
sediments. Where did you observe the process of erosion in your model?

2. ldentify Deposition is a process that occurs when agents of erosion, such as a river,

deposit, or lay down, sediment. Where did you observe the process of deposition in
your model?

3. Predict How could you adjust your model to make the delta grow larger?

EXPLORE The Earth System: Earth's Surface and Landforms
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4. Cause and Effect What environmental factors could affect the rate at which a
delta forms?

5. Construct an Explanation Prepare a short explanation for the campaign directors
of how a delta is formed. Be sure to refer to your model.

6. Nature of Science Meet with another group. Discuss and compare your models,
observations and results, and the explanations you wrote for the previous question.
Revise your explanation as needed based on your discussion.

26 EXPLORE The Earth System: Earth's Surface and Landforms
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Graphing Activity
Comparing Weathered Limestone

You will...
* graph and analyze data about the weathering of limestone.

What You Need to Know

Weathering is a geological process that breaks down rock and other materials. Heat,
cold, water, and ice all contribute to weathering. Some types of weathering involve
physically breaking down rock. Others involve chemical changes.

Limestone is a rock composed of calcium and carbon. You might be familiar with a kind
of limestone called chalk. Limestone is the source of lime (calcium oxide), a substance
used in the manufacturing and production of steel, plastic, and paper products. The
rock is a durable, or strong, material. However, it absorbs water easily and can weather
quickly when exposed to even mildly acidic rainwater.

The data table shows how much rock was broken down by weathering for two identical
pieces of limestone in two different locations.

Weathering Rates of Limestone
Time Thickness of Limestone Lost (mm)
sl Sample A Sample B
200 1.75 0.80
400 3.50 1.60
400 5.25 2.40
80O 7.00 3.20
1000 8.7/5 4.00
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Analyze and Interpret Data

1. Construct Graphs Use the data to make a double-line graph. Decide how to make
each line look different on the graph. Be sure to provide a title. Label the axes and
each graph line. Choose an appropriate interval for each axis.

2. Patterns What happens to the limestone thickness as time increases?

3. Ewvaluate Which sample of limestone weathered at a faster rate? Explain.

Capyright & Sawas Learning Camparny LLC. All Righs Resereed
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Read About It

Earth’s Surface and Landforms

1 If you drove across the United States, you would observe many
changes in topography. Topography is the shape of the land. Land

can be described using elevation, relief, and landforms.

2  The height of a point above sea level on Earth’s surface is its
elevation. The difference in elevation between the highest and
lowest points of an area is its relief. An area's relief is the result of
the different landforms found there. Landforms are features such as
coastlines, dunes, and mountains. Different landforms have different
combinations of elevation and relief,

P Many Landforms The topography
of the United States includes many
differant land features such as
mountains, rivers, and plains.
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Types of Landforms

3 There is a variety of landtorms on Earth because Earth’s surface
differs from place to place. A mountain is a landform with both
high elevation and high relief. Landforms that have high elevation
and low relief are called plateaus, while landforms that have
low elevation and low relief are called plains. A coastal plain is
a plain that lies along a seacoast. In Morth America, the Atlantic
coastal plain extends from Florida all the way up to Cape Cod in
Massachusetts.

4  The boundary between the land and the ocean or a lake is a
coastline. The mainland of Florida has a coastline measuring about
2,170 kilometers. The land that extends from a coastline may
be rocky cliffs, sandy beaches, or dunes. A dune is a hill of sand
deposited and piled up by the wind on a coastline or in a desert.

5 Alake is a landform made up of water that collects in hollows
or low-lying areas. The water in lakes is usually supplied by
rainfall, melting snow and ice, and runoft. Florida has over 30,000
freshwater lakes across the state. Lake Okeechobee, the state's
largest lake, is known as Florida's "inland sea.”

P.l

P Florida from Space This image
of the International Space Station
over Florida highlights the state’s
long coastline. Lake Okeechobee
and several other smaller lakes to

its north are visible.,
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A river is a natural stream of water that flows into another body of
water such as an ocean, lake, or another river. When the water in

a river slows, small pieces of sand and soil in the water sink. The
sediment deposited where a river flows into an ocean or lake builds
up a landform called a delta. In Florida, the Apalachicola River
supplies sand to 5t. Vincent's Island, a wildlife refuge.

A glacier is a large mass of ice that moves slowly over land. They
only form in places where more snow falls than melts, so they occur
in the coldest places on Earth. Over time, the particles of snow
press together so tightly that they form solid blocks of ice.

P Different Landforms There are many differant
types of landforms on Earth's surface.

e
e

Glacier
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Weathering, Erosion, and Deposition

8 The topography of Earth's surface is constantly being created and
destroyed by competing forces. Forces that construct, or build up,
land are called constructive forces. Forces that destruct, or tear .

) ) Venn diagram to
down, land are called destructive forces. The geological processes help you compare
ot weathering, erosion, and deposition act together in a continuous and contrast

Literacy Support

As you read, use a

cycle that wears down and builds up Earth’s surface over time., the processes of
mechanical and
%  The process of weathering breaks down rock and other substances. Lﬂ-'hemital weathering.}

Heat, cold, water, ice, and gases all contribute to weathering. The
type of weathering in which rock is physically broken into smaller
pieces is called mechanical weathering. Mechanical weathering
usually happens over very long periods of time. The natural agents
of mechanical weathering include freezing and thawing, release of
pressure, plants, animals, and abrasion.

10 A second type of weathering, called chemical weathering, also
breaks down rock. Chemical weathering is the process that breaks
down rock through chemical changes. Chemical weathering can
happen over relatively short periods of time. The process often
produces new minerals as it breaks down rock. Water, oxygen,
carbon dioxide, living organisms, and acid rain are agents of
chemical weathering. When carbon dioxide dissolves in water,
carbonic acid forms. This weak acid easily weathers certain types
of rock, such as markle and limestone.

Fhiplo Credils: iFios Pholographyddlamy Sieck Pheio; CordafiradShulersliock
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P Mechanical Weathering This unusual P Chemical Weathering The holes in this
- rock formation is the result of mechanical limestone rock are the result of chemical
weathering. 5and and other small particles weathering. Acid rain reacts with the
are blown across the rock, which slowly minerals in the limestone.

Wear It away.
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Erasion, which is another destructive farce, is the remaval of rock
particles by wind, water, ice, or gravity. The process of erosion
moves material called sediment. Sediment is formed in the process
of weathering and may consist of pieces of rock or soil, or the
remains of plants and animals. Gravity, water and waves, ice, wind,
and living things are all agents of erosion. Glaciers and moving
water of the hydrosphere are the primary agents of the erosion that
has shaped Earth's land surface, the geosphere, for billions of years.

Deposition, which is a constructive force, occurs where the agents
ot erosion deposit, or lay down, sediment. Like erosion, deposition
changes the shape of Earth's surface. Agents of deposition include
wind, which can form sand dunes, and water, which can form

river deltas.

P> Mississippi River Delta Over
thousands of years, sediment
carried by the Mississippi River has
been deposited where it meets the
Gult ot Mexico, torming the delta
seen here.

P> The Grand Canyon Over millicns
of years, the water in the Colorado

River has eroded rock and carved a
path through the land, forming the
Grand Canyon.
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Karst Topography

In rainy regions like Florida where there is a layer of limestone

near the surface, water erosion can significantly change the shape

of Earth's surface. Deep valleys and caves commanly form. If the
roof of a cave collapses because of limestone erosion, the result
i5 a depression called a sinkhole. This type of landscape is called
karst topography.

14 The formation of karst topography happens over small to

large areas and over short to very long time periods. Chemical
weathering starts with a single drop of water that dissolves a
microscopic amount of limestone in seconds. This weathering,
combined with the process of erosion, might take thousands

to millions of years to form a deep valley or huge cave system
hundreds of kilometers long. The roof of a cave may very slowly
erode over hundreds of years but collapse within minutes to form
a small or large sinkhole.

P Karst in the United States The shaded areas on
the map indicate areas of karst topography.

Groundwater ercsion caused the
formation of this sinkhole, which
collapsed and formed in a day in
Winter Park, Florida, in 1981,

Something that is
called significant
is usually great or
important enough
te be worthy of
people’s attention.
What are some

things or events you
think are significant?
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Reading Check
Earth’s Surface and Landforms

Answer the following questions after you have completed reading the Read About It.

36

1. Vocabulary In paragraph 1, you read about topography. What does the term
topography mean?

2. In paragraph 3, you read about mountains and plateaus. How does a mountain
differ from a plateau in terms of elevation and relief?

3. |In paragraphs 3-7, you read about a variety of landforms. Which of the following
landforms is not found in Florida?

A. glacier
B. lake
C. river
D.

coastline

4. In paragraphs 5-6, you read about lakes, rivers, and deltas. How are the three

landforms related?

A. Deltas provide water for rivers, which often flow into lakes.

W

Lakes and deltas are landforms that form rivers.

()

. Ariver can flow into a lake and create a delta where it enters the lake.

=

Both rivers and lakes are different types of deltas, but they form in different
places on Earth's surface.

EXPLAIN The Earth System: Earth's Surface and Landforms
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5. In paragraph 8, you read about the forces that shape Earth's surface. What is a
destructive force? What is a constructive force?

6. In paragraphs 910, you read about the different types of weathering. Place an
X in the correct column to identify whether each example involves mechanical
weathering or chemical weathering.

Mechanical Chemical

over a long time, a tree's roots grow and
slowly break down rock in the ground

acid rain falls and slowly wears away
limestone rock in the ground

water gets inside cracks in a rock, and as it
freezes and thaws, it wears away the rock
and makes the crack larger

7. Inparagraphs 11-12, you read about erosion and deposition. |dentify the two
statements that correctly identify these geological forces.

A. Erosion is a constructive force that involves building up sediment in an area.

B. Erosion is a destructive force in which rock particles are removed by wind,
water, ice or gravity

C. Deposition is a destructive force that involves the removal of sediment.

D. Deposition is a constructive force that occurs where the agents of erosion lay
down sediment.

8. In paragraphs 13—-14, you read about karst topography. What is karst
topography?

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Extend and Enrich Activities

Earth’s Surface and Landforms

1. Model Use a graphic organizer to identify and describe three different landforms
on Earth's surface that are found in Florida.

Florida Landforms

2. Apply Provide one example of a way in which Earth’s surface is built up. Then
provide one example of a way in which Earth's surface is torn down. For each
example, describe the process and identify whether mechanical weathering,
chemical weathering, erosion, or deposition is involved.

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Lesson Review

Earth’s Surface and Landforms

Choose the best answer to each question.

1.

Erosion and deposition are often discussed together Which statement most
accurately describes their differences?

A.

B.
C.
D.

Erosion wears away material, and deposition moves it.
Erosion moves weathered matenal, and deposition resettles it.
Erosion wears away material, and deposition resettles it.

Erosion builds up material, and deposition resettles it.

What is a dune?

A.

B.
C.
D.

a hill of sand piled up by the wind
the boundary between land and a body of water
a landform with both high elevation and relief

a stream of natural water that flows into another body of water

Which of the following statements about mechanical and chemical weathering
is correct?

A.

Mechanical weathenng involves chemical changes that break down rock into
smaller pieces. Chemical weathering involves physically breaking down rock into
smaller pieces.

Both mechanical and chemical weathering break down rock, but mechanical
weathering breaks down rock into smaller pieces than chemical weathering.

Mechanical and chemical weathering occur in different places and to different
types of rock.

Mechanical weathering can occur due to the actions of animals or plants.
Chemical weathering can occur when acidic water dissolves rock.
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Phenomenon Activity

Energy in the Earth System

| can...
* differentiate the ways heat is transferred through Earth's system.

* explain how energy provided by the sun influences temperature differences
between air, water, and land.

Vocabulary
absorb conduction convection electromagnetic wave  greenhouse effect

radiation thermal energy  wind

Phenomenon Why does wind come from opposite directions on
‘ the two coasts?

Develop a Model Draw a model with labels and captions to explain why wind comes
from opposite directions on Florida's two coasts.

40 EMNGAGE The Earth System: Energy in the Earth System
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Hands-On Lab

Heating Earth’s Surface

You will...

* observe how different parts of Earth’s surface absorb and release the sun's
gnergy at different rates.

What You Need to Know

You are swimming at the beach on a sunny day. When you get out of the cool water and
walk across the sand, it is so hot! As you guickly run back into the water, you wonder
why the sand is hot but the water is cool. You decide to conduct an experiment to find
out how different materials can heat up and cool off at different rates.

Materials

Several plastic jars containing a variety of objects (one object per jar), as follows:

* thermometers or temperature probes *  metric ruler

* beakers * clock or stopwatch

* sand ® string

* water * scissors

* lamp with 100-watt bulb * nng stand and 2 ring clamps

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

Wear safety goggles.

m Wear a lab coat or apron.

EXPLORE The Earth System: Energy in the Earth System 41



Procedure
1.

42

Make observations about the sand and water you will use. Record your observations
in the space provided at the end of this Procedure section, or you may use your lab
journal or science notebook.

Work with your partner to develop a model to compare how fast sand and water heat
up and cool down. Plan to use the equipment and materials provided. Design the
model so that you will be able to test the temperatures of sand and water as they
heat and cool over time. Consider the following in your design:

* |t will take about 15 minutes for the temperature of your materials to increase
using a 100-W bulb that is 20 cm away. It will take another 15 minutes for them to
cool down.

* When comparing the rates of temperature change, you will need to know two
things: the temperatures of the materials and the time frame during which the
temperatures changed. Plan on using a thermometer and a stopwatch or clock to
collect and record temperature changes over time.

Describe your set-up and write a detailed procedure for your investigation. Use the
space provided below, or you may use your lab journal or science notebook. Your
procedure should list the equipment and materials you will use.

EXPLORE The Earth System: Energy in the Earth System
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4. In the Observation section that follows, construct a data table in which to record
your results. Your data table should include columns for both temperature and time.

5. Obtain and set up the materials you need. Have your teacher check your set-up,
procedure, and data table before proceeding.

6. Follow your procedure and make observations using the thermometers and
stopwatch or clock.

7. Collect data to provide evidence of different heating rates of different surfaces of
Earth. Record your data in your data table.

Observations

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Analyze and Interpret Data

1. Construct Graphs Use the data from your table to make a double-line graph.
Decide how to make each line look different on the graph. Be sure to provide a title,
and label the axes and each graph line. Choose an appropriate interval for each
axis. Your graph should show the temperature change of sand and water over time.

2. Analyze Data Which material heated at a faster rate”? Which cooled faster?

3. ldentify Variables What was the independent variable in your experiment? What
was the dependent variable?

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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4. Determine Differences Calculate the total change in temperature for each
material. Which material had the greater increase in temperature? Which had

the greater decrease?

5. Construct Explanations Using data from this investigation to support your claims,
write an explanation about how different parts of Earth's surface absorb and release
the sun's energy at different rates.

6. Evaluate Your Model What were the advantages of using your model? What were
the limitations?

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Read About It

Energy in the Earth System

1 Most of the energy that is moving within Earth’s atmosphere and

across Earth's surface comes from the sun. The sun's energy travels to e Bl
Earth as electromagnetic radiation, a form of energy that can move Absorb means "to
through the vacuum of space. Electromagnetic waves consist of an ::;:I::ti’;::g";’:_l";””""
electric field and a magnetic field. Most of the electromagnetic other things that are
waves that travel from the sun and reach Earth are in the form of absorbed?

visible light and infrared radiation. A smaller amount arrives as
ultravielet (UV) radiation.

The Structure of the Atmosphere

2 In order for the sun's energy to reach Earth's surface and sustain
life, it must first get through the atmosphere. Earth's atmosphere
is divided into layers based on temperature. Some sunlight is
absorbed or reflected by the different levels of the atmosphere
before it can reach the surface.

3 Some UV wavelengths are absorbed by the topmost layer of
the atmosphere, called the thermosphere. More UV energy,
along with some infrared energy, is absorbed in the next layer,
the mesosphere. Below that, in the stratosphere, ozone absorbs
more infrared and UV energy. By the time sunlight reaches the
troposphere, there is some infrared radiation, some UV radiation,
and visible light. Some light is reflected into space by clouds.

Longer Infrared Visible Ultraviolet Shorter

W wWaves (IR) ‘L (UV) Waves 2
The - P Sclar Radiation Through E
b il the Atmosphere Much of ;
the energy in sunlight that =

reaches the atmosphere ‘-_;

does not reach Earth’s 3

surfaca. However, the 2

amount that does can 3

ME5C'5PI1EFE still be harmful, which is n
why humans benefit from E

______ wearing clothing, sunscreen,

and sunglasses. %

Stratosphere ‘-'E

Troposphere l l '
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Earth’s Energy Budget

4

Ot the sun’s radiation that travels through the troposphere, only
about 50 percent is absorbed by land and water and converted,

or transformed, to heat. The rest is reflected by clouds and other
particles in the atmosphere (25%), absorbed by gases and particles
(20%), or retlected by the surface itself (5%). Snow, ice, and liguid
water also reflect some sunlight back into the atmosphere.

Only a tiny fraction of the visible light that reaches Earth’s surface is
transformed to chemical energy in plants and other photosynthetic
organisms. The rest is absorbed by Earth and re-emitted into the
atmosphere as infrared radiation. Earth's surface absorbs and
re-emits equal amounts of energy so that its energy remains in

balance over time,

P Solar Energy Mear Earth's Surface Only
about 55 percent of all the sun's radiation
that reaches the troposphere strikes Earth's
surface. The rest of the energy is absorbed
or reflected by the atmosphere and clouds.

25%

20%

2%

Literacy Support

As you proceed
through the lesson,
keep track of how
Energy moves

and changes by
identifying relevant

sentences.

%, P

50%
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The Greenhouse Effect

& Earth's atmaosphere plays a role similar to the glass walls of a
greenhouse. Sunlight is absorbed and transformed into heat within
the atmosphere and in the materials at Earth's surface, such as
rock and water. The surface reradiates the energy, and Earth's
total energy remains in balance over time. In a process called the
greenhouse effect, gases in the atmosphere trap some of the heat
near Earth's surface, while some heat escapes into space.

Overall, the atmosphere keeps Earth within a stable temperature
range that is adequate to support life. As a result, surface features
such as sea level and the amounts of ice trapped in glaciers have
been relatively constant for thousands of years. However, changes
to the composition of the atmosphere can result in changes in
temperature, causing changes to otherwise stable surface features,

P Earth's Greenhouse Through the
greenhouse effect, heat emitted by Earth
becomes trapped near the planet’s surface
by certain gases in the atmosphere.

Some of the sun's radiation Some haat emitted from

passes through the atmosphere, Earth @5capes Lo space.

and some is reflected back into Greenhouse gases absorb

space by the atmosphere and the rest and trap it,

Earth's surface. heating the atmosphere
and Earth's surface.

Atmosphere

Earth's surface absorbs solar
radiation, converts it to heat, and
amits most back into the atmosphere.
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Heat Transfer

8  All matter is made up of particles that are constantly moving. The
faster the particles move, the more energy they have. Temperature
is the average amount of energy of motion of each particle of a
substance. Thermal energy is the total energy of motion in the
particles of a substance.

%  Heat is not the same as thermal energy. Heat is the transfer of
thermal energy from one object into another. Heat flows from a
warmer object to a cooler one. Heat transfers on Earth through
three methods—convection, conduction, and radiation.

10 In fluids like liquids and gases, particles move easily from one
place to another, taking energy with them. Convection is the
transfer of heat by the movement of a fluid. Thermal energy
maoves within the atmosphere mostly through convection. The
transfer of heat between two substances that are in direct contact
is called conduction. Heat transfers into the atmosphere mostly
through conduction at Earth's surface. The transfer of energy
by electromagnetic waves is called radiation. The energy that is
transferred from the sun to Earth is radiation.

> Types of Heat Transfer The sun’s radiation is

transtormed at Earth's surface into thermal energy
that is conducted into the atmosphere. Convection
then moves thermal energy within the atmosphere.
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Causes of Winds

11

12

13

The cool air moves to
o take warm air's place.

a0

During the day, sea breezes occur as solar
radiation warms land faster than water. faster than water.

The unequal heating of the atmosphere by the sun's energy results
in areas of the atmosphere with different air pressure. Warm air
expands, becomes less dense, and rises. As the warm air rises, its air
pressure decreas.cs.

Meanwhile, if another area is not heated as much, then the air in

that area is cooler and denser. The denser air sinks and air pressure
increases. The air with a higher pressure then flows across the surface
to replace rising, less dense air in the area with lower air pressure.,
This flow of air is wind, which is the movement of air parallel to
Earth’s surface. Scientists measure wind speed and direction using
devices called anemometers.

Winds that blow over short distances are called local winds. Land

and sea breezes are two types of local winds that are commonly
experienced in communities that live near large bodies of water,

like the ocean. Temperature differences between air, water, and

land cause these local winds. These temperature ditferences

occur because Earth's land generally warms faster than water and
cools down more quickly. The temperature of the water and land
influence the temperature of the air above them. These temperature
differences cause air to move from the water to the land or the land
to water, depending on the time of day.

P Sea and Land Breezes Many people in Florida live or work
near the ocean. Communities near large bodies of water like
the ocean often experience sea and land breezes due to the
temperature differences between the air, water, and land.
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The warm air rises.

-\.

The warm air rises.
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At night, the cool

air moves off land.

At night, land breezes accur as land cools
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Global Atmospheric Patterns and Winds

14 The effects of Earth's rotation and global convection currents in

15

the atmosphere combine to produce patterns of atmospheric
maovement that flow around Earth. These patterns of movement are
called global winds. Like local winds, global winds are created by
the unequal heating of Earth's surface. However, unlike local winds,
global winds occur aver a large area. They occur as direct rays from
the sun heat Earth’s surface intensely near the equator at midday.
Mear the poles, however, the sun’s rays strike Earth's surface less
directly. The sun’s energy is spread out over a larger area, so it
heats the surface less. As a result, temperatures near the poles are
much lower than they are near the equator.

The temperature differences produce giant convection currents in
the atmosphere. Warm air rises at the equator, and cold air sinks

at the poles. Therefore, air pressure tends to be lower near the
equator and greater near the poles. This difference in pressure
causes winds at Earth's surface to blow from the poles toward the
equator. Away from Earth's surface, the opposite is true. Higher

in the atmosphere, air flows away from the equator toward the
poles. Those air movements produce global winds, which affect the
weather and climate we experience on Earth.

PO°N P Global Winds The combination of

/’] D\ E||1:||:ua| canvection currents and thea
60°N \‘7 effect of Earth’s rotation interact to
. rlie

form a pattern of global wind belts
from the equator to the poles.
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Reading Check

Energy in the Earth System

Answer the following questions after you have completed reading the Read About It.

1. Vocabulary In paragraph 2, you read that sunlight is absorbed by the
atmosphere. What does the word absorb mean?

A. to take in
B. to remove
C. to enhanced
D. to reflect

2. In paragraphs 2-7, you read about the influence of the sun's energy on Earth
and its atmosphere. Describe the atmosphere’'s role in moderating the amount
of electromagnetic radiation necessary to sustain life on Earth.

3. |n paragraph 8, you read about thermal energy. Which has more thermal energy:
a 1-kilogram block of ice or a 1-kilogram volume of water vapor? Why?

4. |n paragraph 9, you read about thermal energy and heat. What is the difference
between thermal energy and heat?

52 EXPLAIN The Earth System: Energy in the Earth System
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5.

6.

7.

In paragraph 10, you read about convection. Explain how a pot of heated water
could demonstrate convection.

In paragraphs 11-12, you read about wind. What causes wind?

In paragraph 13, you read about local winds. How do differences in the
temperature of the land, water, and air result in sea breezes?

A. At night, the land is warmer than the water. The air above the land rises and
moves toward the water, creating a sea breeze.

B. During the day, the land is cooler than the water. The air above the land sinks
and rising air above the water moves to the land, creating a sea breeze.

C. At night, the land is cooler than the water. The air above the water rises and
sinking air above the land moves to the water, creating a sea breeze.

D. During the day, the land is warmer than the water. The air above the land
rises and sinking air above the water moves to the land, creating a sea
breeze.

In paragraphs 14—15, you read about global winds. How does the diagram help
you understand the text about global patterns of air movement in the atmosphere?

EXPLAIN The Earth System: Energy in the Earth System 53



NAME CLASS DATE

Extend and Enrich Activities

Energy in the Earth System

1. Model Use a graphic organizer to differentiate among radiation, convection, and
conduction. Provide an example of each method of heat transfer.

Method of Description and Example
Heat Transfer

radiation

convection

conduction

2. Apply Explain how energy from the sun influences the Earth system. How are
global patterns of atmospheric movement affected by the sun's energy”? How
does the interaction between energy from the sun and the Earth system result in
temperature differences between the water, air, and land?

Coapyrighl & Saweas Learning Camparry LLC. All Rights Resarved
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Lesson Review

Energy in the Earth System

Choose the best answer to each question.

1.

2.

3.

QOzone can damage lungs and lead to a type of pollution called smog. At the same
time, it is beneficial to organisms. Which statement explains why this is the case?

A.

Ozone absorbs harmful ultraviolet radiation before it reaches Earth’'s surface,
where it can harm or kill living things.

. By allowing heat to escape, ozone keeps temperatures from getting too warm on

Earth.

Ozone allows visible light to pass through the atmosphere, which allows
organisms to see their surroundings.

Ozone enhances the greenhouse effect, keeping temperatures from getting too
cold on Earth.

Which of the following describes an example of conduction?

A.

B.
C.
D.

how energy travels from a campfire to your body
how energy is transferred from a flame to a pot on a stove
how most of the energy from the sun travels to Earth

how energy moves with rising particles of carbon dioxide in the air

Which statement best explains how global winds form?

A.

Due to the uneven heating of Earth by the sun's energy, warm air sinks near the
equator and cool air rises near the poles. This causes global winds.

. Earth's rotation causes air in the atmosphere to move from the equator to the

poles as Earth's surface drags on the atmosphere.

Air above the ocean rises and sinks over land, which causes global winds
to form.

The sun does not evenly heat Earth, so the atmosphere is warmer at the equator
and cooler at the poles. This results in differences in air pressure that cause
global winds.
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Phenomenon Activity

The Water Cycle

| can...
* differentiate between weather and climate.

* demonstrate how the water cycle affects weather and climate.

Vocabulary
climate condensation cycle dew point evaporation precipitation

water cycle

‘ Phenomenon Why is it humid in Florida?

Fhiolo Credik Tom Salypenflamy Siocs Pholo

Develop a Model The photo shows a foggy morning in Florida where there is so much
moisture in the air that dew forms on spider webs throughout a field. Draw a model that
explains why the air is usually humid in Florida.
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Hands-On Lab

Water in the Air

You will...
* observe the condensation of water.

* investigate the conditions necessary for condensation to occur.

What You Need to Know

The atmosphere contains water in the form of water vapor. But water vapor is an
invisible gas. In this activity, you will bring about the conditions that will make water vapor
change into liquid water.

Materials
* glass beaker, 400-mL ®* ice cubes
* cold water * clock
* tongs

Safety Precautions

Be sure to follow all safety precautions provided by your teacher,

B Handle glass equipment with care.

Procedure
1. Pour water into the beaker until it is half full.

2. Observe the outside of the beaker for one minute.
3. Add ice cubes to the water,

4. Letthe beaker stand unobserved for five minutes. Observe the outside of the
beaker. Record your observations.

EXPLORE Weather and Climate: The Water Cycle
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Observations

Analyze and Interpret Data

1. Observe How did the outside of the beaker change after you added the ice cubes to
the water?

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.

58 EXPLORE Weather and Climate: The Water Cycle




Capyright & Saewms Learning Camparny LLC. &)l Righs Resarved

2. Infer Where do you think this substance came from”? How do you think it formed?

3. Develop an Explanation Why did the substance appear only after you added the
ice cubes?

EXPLORE Weather and Climate: The Water Cycle
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Read About It

The Water Cycle

1 During a humid day, the air around you may feel moist. On a clear,
cloudless day, the air may feel dry. The difference between these i N e

feelings is caused by the amount of water in the air. Water is always Reread the last

moving between the surface of Earth and the atmosphere. This ‘D:‘:’hi“;:::c‘“
process is known as the water cycle. A cycle is any series of events paragraph. What
that repeat in the same order over and over again. other cycles might

YyOu experience
or observe in a

Water in the Atmosphere typical day?

2  In one phase of the water cycle, water vapor enters the atmosphere
through a number of processes. One of these processes is
evaporation. During evaporation, molecules of liquid water in
oceans, lakes, and other bodies of water are heated by the sun.
The energy of the sun causes the water molecules to speed up
and collide more often. As the molecules collide, some of them
"escape” and enter the surrounding air.

3 Plants and animals also release water vapor into the air. In plants,
water enters through the roots, rises to the leaves, and is released
into the air as water vapor. This is known as transpiration. Animals
(and people!) release water vapor into the air every time they
breathe out, or exhale. This is known as respiration.

Phiolo Credil Alexanderkaralun/Fololia

P Water Enters the Atmosphere Water
is released into the atmosphere as
water vapor from bodies of water such
as a stream, and living things, such as
grass and cattle.
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Condensation
d

Recall that water vapor is a gas mixed in with the rest of the air.
Condensation occcurs when water vapor changes into liquid water.
For condensation to occur, tiny particles must be present in the
atmosphere so that the water has a surface on which to condense.
Mast of these particles are salt crystals, dust from soil, bacteria, or
particles contained in smoke. During condensation, molecules of
water vapor mix with these particles.

Temperature is also a major factor in condensation. Warm air can
hold more water vapor than cold air can. Theretore, as warm air
cools, the amount of water vapor it can hold decreases, and the
water vapor starts to condense. Liquid water that condenses from
the air onto a cooler surface is called dew. The temperature at
which condensation begins is called the dew point. If the dew point
is above freezing, the water vapor forms droplets. If the dew point
is below freezing, the water vapor may change directly into ice
crystals called frost.

One result of condensation of water vapor in the atmosphere

is cloud formation. Clouds form when water vapor in the air
condenses to form liguid water or ice crystals. When you look at

a cloud, you are seeing millions of these tiny water droplets or ice
crystals. When water vapor condenses near ground level, it can take
the form of fog. Water can condense as dew on any solid surface,
such as a blade of grass or a windowpane.

P Cloud Formation Clouds are the result
of the evaporation and condensation of
water, cycling it between the hydrosphere
and atmnenhara

*
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i Clouds form as the rising water vapor

begins to cool and condenses on tiny
particles in the air.

e

Through evaporation, water in the
form of water vapor leaves the
lake and enters the atmosphere,
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Water Leaving the Atmosphere

7

62

Water is continually evaporating and condensing in the atmosphere,
and this process forms clouds. When enough condensation occurs
within a cloud, water droplets form. At first, the droplets are very
small, but they grow larger as condensation continues.

Depending on temperature and other conditions in the
atmosphere, the droplets may grow heavy enough that gravity
pulls them down toward Earth's surface. When this happens,
precipitation occurs. Precipitation is any form of water that falls
from clouds and reaches Earth’s surface.

The most commeon kind of precipitation is rain. Rain comes in
various forms depending on the size of the water droplets that
form. Rain starts out as cloud droplets. When cloud droplets grow
a bit bigger, they become mist. If condensation continues, the mist
droplets will continue to grow until they fall to Earth’s surface in the
form of rain.

P Thunderstorm Over Lake Monroe, Florida Thunderstarms
are often accompanied by lots of rain. Rain is the most
comman type of precipitation in Florida.

EXPLAIN Weather and Climate: The Water Cycle
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10 Temperature is a very important factor in determining the type of
precipitation an area may get at any given time. In warm climates,
precipitation is almost always rain. Howewver, there are many other
types of precipitation. In colder regions, precipitation often falls as
snow or ice. Besides rain, common types of precipitation include
freezing rain, hail, sleet, and snow.

11 Raindrops sometimes freeze when they hit a cold surface. This kind
of precipitation is called freezing rain. Freezing rain can occur when
the temperature of the air is above 0°C but the temperature of
the ground is below 0°C. However, when raindrops fall through a
cold layer of air below 0°C and freeze into ice before they hit the
ground, sleet can form.

12 Hail can fall during a storm when the temperature of the air is
below 0°C but the temperature of the ground is above 0°C. Hail
starts as tiny ice pellets inside a cold region of a cloud. Strong
updrafts of wind carry the pellets up through the cold region many
times, adding layers of ice to the outside of them. Eventually the
hail becomes heavy enough for gravity to pull it to the ground.

e

I P Snow When the termperature of the air
and ground are below 0°C, snow can form
as water vapor in a cloud forms ice crystals
that clump together into snowflakes.
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The Cycling of Water

13 The water cycle describes the way that water moves through Earth's
systems and affects our lives in many ways. As the sun heats the
land, ocean, lakes, and other bodies of water, its energy changes
the amount of water in the atmosphere.

14 Through evaporation, transpiration, and respiration, water rises up
and forms clouds. Rain, snow, and other forms of precipitation fall
from the clouds toward Earth's surface. The water then runs off the
surface or moves through the ground, back into lakes, streams, and
eventually the ocean. Gravity and energy from the sun together
drive water molecules through this never-ending cycle.

P The Water Cycle The cycling of water on Earth
is driven by energy from the sun and involves
many processes between Earth's atmosphere,
hydrosphere, biosphere, and geosphere.
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Literacy Support

As you read, identify
the sentences that
contain information
you consider
important to
remember,

Clouds form as water vapor in
the atmosphere condenses on
tiny particles in the air.

N
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o .
Water leaves the atmosphere as &
o | different types of precipitation. | S
v — - - M
: b

Water vapor enters the atmosphere
through evaporation, animal respiration,
and transpiration in plants
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The Water Cycle and Climate

15

146

17

The amount of water that moves through the water cycle influences
local weather and climate. Dry areas usually have little water
maoving through the cycle, while wetter areas tend to have more
water moving through the cycle.

While weather describes the short-term conditions in an area,
climate is the long-term weather pattern in an area. Specifically,
climate refers to the average, year-after-year conditions of
temperature, precipitation, wind, and clouds. So, while "it's hot"

or "it's snowing” can describe the weather, you would need more
information to describe the climate. For example, information about
the amount and type of precipitation that falls in a year describes
the climate of an area.

The water cycle is related to climate patterns. For example,
year-round freezing temperatures in Antarctica prevent snow

from melting and limit evaporation from the ocean. As a result,
Antarctica has a cold, dry climate. Another example is California’s
Mojave Desert, where the limited precipitation evaporates rapidly.
The climate there is hot and dry. But, if you move west from the
Mojave Desert toward California’s coast, you will notice a cooler,
more humid climate. This is because climate is affected by latitude,
altitude, distance from large bodies of water, ocean currents,

and global prevailing winds. These factors are not constant; they
continuously change. If the factors change too drastically, an area's
overall climate could change as well.

'\ 8 -

| P> Cold and Dry Antarctica has a "dry” climate

despite being covered in snow and surrounded
by ocean. The continent’s extremely low
tamperatures lirnit the eyeling of water.
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Reading Check
The Water Cycle
Answer the following questions after you have completed reading the Read About It.

1. Vocabulary In paragraph 1, you read about the water cycle. What is the water
cycle? Why is it referred to as a cycle?

2. |n paragraphs 2-3, you read about water vapor entering the atmosphere. Which
processes allow water vapor to enter the atmosphere?

Process Allows water vapor to
enter atmosphere?

oceans and lakes warmed by the sun

transpiration by plants

respiration by organisms

rain falling from clouds

3. In paragraphs 4-6, you read about condensation and cloud formation. How do
clouds form?

A. cool droplets of liquid water high in the air combine and grow larger

B. warm water vapor high in the air cools and condenses to form liquid water or
ice crystals

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.

C. ice crystals high in the air warm and condense into water vapor

D. cool water vapor near the ground warms and condenses, and then rises in
the air
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4. In paragraphs 7-9, you read about water leaving the atmosphere. What is
precipitation and how does it accur?

5. Inparagraphs 10-12, you read about the types of precipitation. Identify the two
most important factors that determine the type of precipitation an area will get.

A. ground temperature.
B. time of day

C. wind speed
D.

air temperature

6. In paragraphs 13—14, you read about the water cycle. Use the diagram to trace
the path a molecule of water takes through the cycle.

7. In paragraphs 15-17, you read about the water cycle and climate. How is the
water cycle related to climate patterns?
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Extend and Enrich Activities

The Water Cycle

1. Meodel Complete the flowchart to show how water cycles between the
atmosphere, geosphere, and hydrosphere.

E N

\. y, \

2. Apply Distinguish between weather and climate by describing both the weather
and climate of the area in which you live.

68 ELABORATE ‘Weather and Climate: The Water Cycle
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Lesson Review

The Water Cycle

The diagram shows the typical weather and cycling of water around a lake fed by a
mountain stream. Use the diagram to answer questions 1 and 2.

1.

2,

3.

O

Which statement best describes the process indicated by the upward arrows?
A. Water vapor rises by transpiration from the land into the warmer air.

B. Water evaporates from the lake and trees into the air to form clouds.

C. Water changes to vapor by transpiration and evaporation and then rises.
D

. Water vapor moves by evaporation and transpiration from lakes to the clouds.

Which combination of factors is necessary to produce the cloud?

A. water vapor in the air, warm air temperature, and solar energy

B. water vapor in the air, warm air mass, and small particles in the air

C. water vapor in the air, cool air temperature, and small electrical charges
D.

water vapor in the air, cool air temperature, and small particles in the air

Which statement refers to weather rather than climate?

A. A thunderstorm is expected today.

B. The temperature is usually around 24°C (75%F).

C. This area usually has a relative humidity lower than 50 percent.

D. Precipitation amounts have increased over the last several years.

EVALUATE Weather and Climate: The Water Cycle
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Phenomenon Activity

Global Atmospheric Patterns
and Ocean Currents

| can...

* explain how global patterns in the atmosphere affect local weather.

®* describe how ocean currents influence local weather.

Vocabulary

airmass  humidity jet stream  prevailing weather front

‘ Phenomenon Why does the Gulf Stream prevent Florida from getting too hot?

Make a Claim Write an explanation for how the ocean currents around Florida, such as
the Gulf Stream, affect the weather in Florida.

70 ENGAGE Weather and Climate: Global Atmospheric Patterns and Ocean Currents
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Hands-On Lab
Weather Fronts

You will...
* model colliding air masses.

* investigate the behavior of air masses at a front.

What You Need to Know

You have a beach volleyball tournament coming up, but the meteorologist is predicting
stormy and changeable weather. The weather maps show colliding air masses, but what
does that mean? In this activity, you will use water and oil to model how air masses act
along fronts.

Materials
* 2 beakers, 250-mL ® blue food coloring
* plastic container with divider * vegetable oil
* wooden block * plastic spoon

* chilled tap water

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

Wear safety goggles.

m Wear a lab apron.

Procedure

1. Place the plastic container on a wooden block so it is tilted. Place the plastic divider
in the plastic container, dividing it in half across the slope of the container.

2. Fill one beaker with 200 mL of chilled water. Add 5 drops of blue food coloring and
stir with the plastic spoon.

3. Fill the other beaker with 200 mL of vegetable oil.

4. Pour the chilled water into the lower side of the plastic container.

EXPLORE Weather and Climate: Global Atmeospheric Patterns and Ocean Currents
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5. Pour the oil slowly into the higher side of the container.

6. Carefully remove the plastic divider and observe at eye level what happens to the oil
and water. Draw what you see and record any other observations you make.

Observations

Analyze and Interpret Data

1. Analyze Data What happened to the water and the oil when the divider was
removed?
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2. Use Models What do the water and oil represent in your model?

3. Construct an Explanation Use your model to help explain what happens at both a
warm front and a cold front?

4. Synthesize Information Which do you think is more dense, cold air or warm air? How
then does the sun's energy influence the behavior of air masses at different fronts?
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Read About It

Global Atmospheric Patterns
and Ocean Currents

1  The weather you see each day is happening due to the movement
and interaction of air masses. An air mass is a huge body of air that
has similar temperature, humidity, and air pressure at any given
height. Humidity is a measure of how much water vapor is in the
air. The ability of air to hold water vapor depends on temperature.
Warm air can hold more water than cool air. Scientists classify air
masses based on temperature and humidity. Global atmospheric
patterns and ocean currents move these air masses and influence
local weather as a result.

Air Masses

2  The characteristics of an air mass depend on the temperature and
moisture content of the region over which the air mass forms.
Whether an air mass is humid or dry depends on whether it
forms over water or dry land. The temperature of an air mass also
depends on the region over which the air mass forms. Warmer
air masses form closer to the equator, and cooler air masses form
closer to the poles.

P Air Masses All local weather in North America is influenced
by one of four major types of air masses: maritime tropical, .
continental tropical, maritime polar, and continental polar.

Continental polar
v LA _ form over cold land
1 MRl and are cold and dry.

.
£7
K

o
W

Maritime polar
form over cold ocean
waters and are cool

and humid.

-

Continental tropical
form over hot land
and are hot and dry.

Maritime
polar

Maritime Maritime tropical
tropical form over warm
oCean watars F.II'II.'.I dare
warm and humid.
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How Air Masses Move

3

Air masses are always on the move. In the continental United
States, air masses are commonly moved by the prevailing
westerlies and jet streams. Think about
the meaning of
Prevailing winds are winds that usually blow in one direction over prevailing in terms

of wind. Keeping

large distances on Earth. These winds are organized into belts that S
this in mind, what

can move air masses with different temperatures and humidity might be the

aver long distances. The amount of water vapor an air mass carries prevailing noise at
- 2 g a

affects how much precipitation it can produce. I S—

Jet streams help to move air masses and weather systems around
the globe. While the weather may be warm and sunny one day, a
jet stream can push a cold, moist air mass into the area and change
the forecast to cooler, stormy days.

In general, the major wind belts over North America, known as the
prevailing westerlies, push air masses from west to east. Embedded
within the prevailing westerlies are jet streams. A jet stream is a
band of high-speed winds about 6 to 14 km above Earth's surface.
As jet streams blow from west to east, the surface air masses
beneath them are carried along. The movement of these air masses
and their interactions have a great impact on weather.

r

T P Prevailing Winds
FPolar Easterhes | Belts of prevailing
winds and jet streams
within the prevailing
westerlies influence
local weather by
Al ; Maving air masses
J : 4 .s-* : \ \ across Earth's surface.
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Influence of Ocean Currents

7 Oecean currents move warm and cold water around the world, which
helps keep cold places from getting too cold and warm places from
getting too hot. These streams of water within the ocean move
in regular patterns caused by different amounts of solar energy
striking Earth at different latitudes.

8  Ocean currents affect local air temperatures and precipitation, and
they also cause changes in wind speed and direction. Warm ccean
currents cause the air masses above them to become warmer, while
cold currents lower the temperature of air masses above them.

%  Meost warm ocean currents move warm water from the equator
toward the poles. Conversely, cold currents move cold water
from the poles toward the equator. Cold currents affect climate
by carrying cold water from the polar zones toward the equator,
cooling local air masses.

P Major Ocean Currents Major currents
circulate warm and cold ocean water
between the poles and the equator.

Literacy Support

Identify the portion
of the text that
relates to the
image. How does
the image add to
the information you
gained by reading
the text? How does
it support what you
have read?
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Weather Fronts

10 Global winds like jet streams move air masses. When two air masses
with different temperatures and humidity meet, they do not mix.
The boundary where two different air masses meet is called a
weather front. There are four main types of fronts.

11 A cold front occurs when a cool air mass moves into a warm air
mass. |he warm air mass rises. As the warm air rises and coaols,
water vapor in the air condenses and forms clouds. A cold front
causes abrupt weather changes, including thunderstorms. After the
front passes, colder, drier air moves in.

12 A warm front occurs when a warm air mass moves into a cool air
mass. The warm air mass rises above the cool air mass. As it rises
and cools, water vapor condenses and clouds form. Light rain or
snow may fall. The weather can be cloudy and rainy for days, but
warmer weather usually follows.

13 A stationary front is when a cold air mass and a warm air mass
meet, but neither moves much. Along this front, weather can
include long periods of rain, snow, fog, or clouds.

14 Sometimes, a warm air mass is -::aught between two cool air masses.
When this happens, an occluded front occurs. As the warm air rises
and cools, the weather may turn cloudy, and rain or snow might fall.

P Cold and Warm Fronts The type of front that develops depands
on the air masses and the direction in which they move.

Cold Front Warm Front

t '__-.-.‘
—_— =, -~ Cold air
Warm air Jj;}’i"}“gﬁ:ﬁjﬁ;':ﬁain

apyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.

When a faster cold air mass runs into a When a fast-moving warm air mass

8 slower warm air mass, the dense cold air overtakes a cold air mass, the warm
slides under the lighter warm air. If the air moves up and over the denser cold
rising warm air is humid and condenses, it air, If the air is humid, clouds form and
torms clouds and precipitation precipitation can fall.
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Reading Check
Global Atmospheric Patterns
and Ocean Currents

Answer the following questions after you have completed reading the Read About It.

1. In paragraph 1, you read about air masses. What three factors are used to
classify an air mass?

A. humidity
B. pressure
C. altitude
D

. temperature

2. In paragraph 2, you read about the air masses that influence weather in North
America. |dentify the characteristics of each type of air mass by placing an X in
the correct column.

Air Mass Type Ceold and Ceool and Hot and Warm and
Dry Humid Dry Humid

continental polar

continental tropical

maritime polar

maritime tropical

3. Vocabulary In paragraphs 3—4, you read about prevailing winds. What does the
term prevailing mean?

78  EXPLAIN Weather and Climate: Global Atmospheric Patterns and Ocean Currents
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In paragraphs 5-6, you read about jet streams. What is a jet stream and how
does it influence weather?

In paragraphs 7-9, you read about ocean currents. Which statement about
ocean currents is correct?

A. Ocean currents help move air masses around the planet.
B. Ocean currents affect the temperature of the air masses above them.
C. Cold ocean currents move warm water from the equator to the poles.

D. Ocean currents only affect wind speed and direction.

In paragraph 10, you read about weather fronts. What is a weather front?

In paragraphs 11-14, you read about the different types of weather fronts. What
is a cold front? How does it influence weather? What is a warm front, and how
does it influence weather?
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NAME CLASS DATE

Extend and Enrich Activities

Global Atmospheric Patterns
and Ocean Currents

1. Model Cﬂ'r‘l‘lplﬁtﬂ the mncapt map with some exam plEE of how ocean currents
affect the weather in an area.

How Ocean
Currents Affect
Local Weather

2. Apply Describe how global atmospheric patterns help determine the weather
in Florida.

ELABORATE Weather and Climate: Global Atmospheric Patterns and Ocean Currents
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Lesson Review

Global Atmospheric Patterns
and Ocean Currents

The graph shows changes in air temperature, air pressure, and precipitation during a
24-hour period at a certain location. Use the graph to answer guestions 1 and 2.

(I'

Weather Conditions Over 24 Hours
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1. Which statement best describes the weather during this 24-h period?

A. A cold low-pressure air mass moved in to replace a warm, high-pressure one.

B. A warm high-pressure air mass moved in to replace a cold, low-pressure one.

C. A cold front moved through with stormy weather at the air-mass boundary.

D. A warm front moved through with steady rain at the air-mass boundary.

2. Which weather conditions were most likely present at the end of the 24-h period?

A.

clear sky, low humidity, and cold temperature

. clear sky, low humidity, and warm temperature

B
C.
D

cloudy sky, high humidity, and cold temperature

. cloudy sky, high humidity, and warm temperature

EVALUATE Weather and Climate: Global Atmeospheric Patterns and Ocean Currents
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Phenomenon Activity

Natural Disasters

| can...
* analyze how natural disasters have affected human life in Florida.

* describe ways that humans can protect themselves in hazardous conditions.

Vocabulary

approximate flood hurricane storm  storm surge  thunderstorm  tornado

\ Phenomenon Why does flooding often occur in Florida during a hurricane?

Make a Claim Write an answer that explains why many areas in Florida are prone to
flooding during a hurricane. Describe how people can protect themselves from the type
of flooding that occurs.

B2 ENGAGE Weather and Climate: Matural Disasters
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Hands-On Lab
History of Hazardous Weather

You will...
* collect and analyze data about hazardous weather in the United States.

What You Need to Know

Tornadoes can be very destructive. Their high winds can break windows, tear roofs

off of buildings, and snap tree branches. Sometimes in advance of a tornado, skies
become gray and wind gusts begin to kick up. Other times, there is little warning before
a tornado hits.

The table shows historical data about tornadoes in the United States. The top row lists
the first letter of each month of the year (beginning with January). The data represent

the average number of tornadoes that occurred in each location during each month.

Data

Average Number of Tornadoes in the United States, by Region (1990-2010)

U. S. Regions J F M| A M J A S | O| N | D

Pacific 1 2 2 2 =1 3 0 4 2 1 1 2
Rocky 0 0 2 4 32 &0 36 19 5 q 0 0
Mountain

Central Plains 3 1 13 | 32 | 79 | 65 | 25 | 10 8 8 4 2

Southwest 13 8 [ 26 | 51 | 81 | 36 7 & 14 | 20 | 21 | 10
Great Lakes 0 0 5 | 20 | 35 | &6 | 33 | 19 8 6 3 1
Southeast 15 | 16 | 32 | 37 | 38 | 23 | 18 | 19 | 29 | 20 | 28 9
MNortheast / 0 0 0 4 7 10 | 18 8 9 2 2 0
Mid-Atlantic
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Analyze and Interpret Data

Part A: Interpreting Weather Data in a Table

1. Analyze Data Which region had the most tornadoes, on average, in a single month?
How many tornadoes occurred, on average, and in what month?

2. Construct Graphs Construct a bar graph that shows the total number of tornadoes
that occurred in each region during an average year. (Hint: Assume an average year
consists of the twelve average months shown in the data table )

3. Construct Graphs Construct a bar graph that shows the total number of tornadoes
that occurred in each month, on average, in the United States.

84 EXPLORE Weather and Climate: Natural Disasters
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4. Read Graphs Which month had the highest average number of tornadoes? How
many tornadoes occurred that month, on average, in the United States?

5. Read Graphs Which region had the greatest total number of tornadoes in an
average year? How many tornadoes did this region have?

6. Recognize Patterns Describe the pattern of tornado occurrences over the
course of a year. In your answer, explain how tornado frequency changed from
month to month.

7. Apply Scientific Reasoning Suppose you live in the Rocky Mountain region, and it
is June. A weather report comes on the news forecasting dark cloud cover and light
winds. What do the historical data tell you about how you should react? How would
you prepare?

8. Draw Conclusions How can analyzing hazardous data help meteorologists make
predictions about future hazardous weather?

EXPLORE ‘Weather and Climate: Matural Disasters
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Part B: Collecting and Analyzing Local Weather Data

Research data about hazardous weather in your local area. For example, perhaps you
live in a region that experiences hurricanes, flash floods, or drought. Foecus on one or
two vanables that you can graph, such as precipitation amounts or average temperature.
Also, choose a time period to focus on. Construct a data table to organize and record
the data from the period of time you have chosen. Once your data table is complete, use
the information to make a graph. Be sure to include labels, a title, and the proper scale
for each axis.

86 EXPLORE Weather and Climate: Natural Disasters
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9. Predict Use your graph to make a prediction about a future weather event in your
local area. Provide support for vour prediction by explaining with evidence from your

graph you used.

10. Connect to Society Suppose a public service announcement about the weather
event you chose is going to be broadcast in your town. What advice to the public
would you want to include about how people should prepare for this weather event?

11. Connect to Technology What questions might meteorologists ask to identify
technologies that would help people to stay safer during severe weather events in
your region? (Hint: Your questions can focus on weather conditions that occur during
specific types of severe weather events. Your questions can also focus on how
specific types of severe weather events cause loss of life or destruction to siructures

such as roads and bridges.)

12. Connect to Science Look at the questions you wrote above. How might your
questions help to guide the development of technologies that meteorologists need
for preparing people for hazardous weather?

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Data Analysis Activity
Florida Hurricanes

You will...

* analyze data on hurricanes that have struck the Gulf and Atlantic coasts of the
United States.

* determine ways that Floridians can address the continual threat of hurricanes.

What You Need to Know

Hurricanes usually form far out at sea over warm ocean water, but many of them
eventually make their way toward land. Florida’s exceptionally long coastline and tropical
location make it a prime target for hurricanes. The map shows the Atlantic and Gulf
coasts and locations where hurricanes have made landfall. The numbers in the circles
indicate the number of years between hurricanes making landfall in that location. The
average summer temperature of the different areas of the ocean is also shown,

Florida can't change its location. Therefore, officials and residents in the state are
working hard to find ways to lower the risks. These plans include issuing new rules
for storm-resistant structures and spending more money on disaster planning so that
communities will be better prepared for future storms.

ATLANTIC OCEAN

4

7 1O)
- .? -.l:-'-"-*'ﬁ;.
Gulf of Mexico
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Analyze and Interpret Data

1. Analyze Data What do the lower numbers represent? What do the higher
numbers represent?

2. Patterns What patterns do you notice in the data”? Which locations in Florida tend
to experience hurricanes most frequently? Which locations experience hurricanes
least frequently?

3. Construct Explanations What conditions in the ocean and atmosphere do you
think contribute to the patterns you identified?

4. Solve Problems Besides the solutions mentioned in What You Need To Know, what
do you think Floridians might do to address the continual threat of hurricanes?
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Read About It

Natural Disasters

1 MNatural disasters, like severe storms and heat waves, can threaten

Vocabulary Support

these disasters are caused by hazardous weather that can destroy Think about

human life in Florida and around the rest of the world. Most of

property and injure or kill people and animals. That is why human the ""“"_’”'"T‘ﬂ “:;.rh .
. ) approximate. a

beings must protect themselves from dangerous weather and sun o ——

exposure, even when the weather is nice and sunny. between an

approximate and an
exact number?

Severe Storms

2  In October 2016, Hurricane Matthew struck the Caribbean and the
United States with heavy rains and strong winds with approximate
speeds of 250 km/h. It was one of the strongest storms ever to hit
the United States. The storm caused extreme property damage
along with about 40 casualties in the United States and many more

in the Caribbean. Many areas were battered by winds and flooded £
tor days. Buildings were blown down and roads washed away. £
3  Ahurricane is one example of a severe storm. A storm is a violent i
disturbance in the atmosphere. Storms involve sudden changes o
in air pressure, which cause rapid air movements and often G
precipitation. There are several types of severe storms: winter 3
storms, thunderstorms, hurricanes, and tornadoes. E
L

iJ

;

£

P Hurricane Matthew This satellite
image shows Hurricane Matthew
as it moved north of Cuba and
began to cover Florida.

r -
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Winter Storms and Thunderstorms
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In the winter in the northern United States, most precipitation is in
the form of snow. Large winter storms can produce lots of snow.
Heavy snow can block roads, trap people in their homes, and delay
emergency vehicles. Very cold temperatures can cause water pipes
to burst.

Florida is more likely to experience thunderstorms than winter
storms, A thunderstorm is a localized storm that often has heavy
precipitation, frequent thunder, and dangerous lightning. It usually
forms when warm air carrying lots of moisture is forced upward
along a cold front. The warm, humid air rises quickly, farmi ng dense
clouds. Thunderstorms can bring heavy rain and hail.

Thunderstorms can also cause serious damage. Their heavy rains
may flood low-lying areas. High winds or large hailstones ruin
crops and damage property, such as cars and windows. They can
injure or kill people and animals out in the open. Lightning strikes
start fires and damage structures or sometimes just the electrical
equipment inside structures. If lightning strikes a person, it can
cause unconsciousness, serious burns, and even death.

P Thunder and Lightning Thunderstorms
ara very commaon in Flarida. Lightning
strikes can cause severe damage and
injury during thunderstorms.
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Hurricanes

7

e

A hurricane is a powerful, rotating storm around a low-pressure
center with winds that exceed 119 km/h. Hurricanes usually form
in the tropics. They can stretch more than 600 kilometers across
and may have winds as strong as 320 km/h. In the western Pacific
Ocean, these storms are called typhoons. When they occur in the
Indian Ocean, they are known as cyclones.

Hurricanes often result in severe flooding, which in turn

contaminates drinking water supplies. Wind damage and severe
flooding can make travel after a storm difficult and cause power
outages. Residents of hurricane-prone areas are encouraged to

prepare for the aftermath of a storm. They should stock a three-day

supply of drinking water, ready-to-eat food, and other necessary
items, such as medications or diapers.

When a hurricane makes landfall, it often brings high waves,
severe flooding, and wind damage. A hurricane’s low pressure
and high winds can raise the level of the water in the ocean
below it by as much as & meters above normal sea level. The
result is a storm surge, a "dome"” of water that sweeps across
the coast where the hurricane is traveling. Storm surges can cause
great damage, destroying human-made structures as well as
coastal ecosystems.

P Storm Surge In communities near the ocean,
strong winds during severe storms like hurricanes
can result in heavy damage from flooding caused
by storm surge.

Literacy Support

Textual evidence
is information ar
clues that reinforce
or support an

idea. Reread the
paragraphs on

this page. Identify
the evidence that
hurricanes are
hazardous weather
events that human
beings must protect
thamselves from.
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Tornadoes, Floods, and Heat Waves

10 Thunderstorms can lead to something even more dangerous
than heavy rains or hail. Under certain conditions, they can cause
flooding and produce dangerous tornadoes. A tornade is an
extremely fast spinning column of air extending from the base
of a thunderstorm to Earth's surface. Tornadoes tend to be brief,
intense, and destructive. A tornado may affect the ground for
15 minutes or less and be only a few hundred meters across.

But its wind speed can exceed 300 km/h.

11  Tornado damage comes from strong winds and flying debris.
Tornadoes can move large objects and scatter debris many miles
away. Meteorologists use the Fujita Scale to categorize tornadoes.
The scale is based on the kind of damage tornadoes cause to trees
and human-made structures, Only about one percent of tornadoes
are ranked as F4 or F5, the strongest types.

12 Flooding is a serious danger during severe storms. A floed is an
averflowing of water in a normally dry area. Some floods happen
when excess water from rain or melting snow overflows a stream
or river. In urban areas, floods occur when the ground can’t absorb
any water because of the pavement,

13 The excessive heat caused by heat waves can also be harmful
to people. Lengthy exposure to heat and the sun can cause skin
damage, heat stroke, and dehydration. To prevent overexposure
to the sun, wear protective clothing, sunglasses, and sunscreen.
Avoid spending long periods of time in direct sunlight.

' P> Tornade Damage Metecrologists use the Fujita Scale to
categorize the strength of tornadoes by looking at the
damage caused to trees and human-made structures. The
damage shown here was caused by a 1.'eur';,r stroeng F4 tornade.

L R Py T
Fujita Scale ‘ Types of Damage

Branches broken off trees

FO

Maobile homes overturned

F1

F2 Trees uprooted

F3 Roofs torn off

F4 Houses leveled

F5 Houses carried away
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Protecting Ourselves from
Hazardous Weather

14 Pay attention to your local news and weather reports for
information about potentially dangerous weather. When dangerous
storms are likely, weather announcements indicate when areas
are under a storm “watch” and where there is a storm "warning.”
A watch means that conditions are right for producing severe
weather, but the severe weather has not yet developed. A warning
means that severe weather is approaching. People should seek
shelter and take proper safety measures,

P Severe Storm Safety People must protect
themselves from the harmful effects of
severe weather, Different types of severe
weather require different types of safety

Measures. Winter Storm Winter storms can limit your

vision and make it easy to get lost. Strong
winds cool bodies rapidly. Stay or get
indoors, and keep a supply of water and

Tornado If you hear a tornade warning, food on hand in case of a power outage.
go to a safe area quickly. Move to the \

middle of the ground floor, Stay away
from windows and doors.

Thunderstorm Get and stay indoors.
If you are in a car, it's safe to stay
there. But if you are outside, find a

low area away from trees, fences,

and poles. If you are swimming or in Hurricane Today, weather satellites can track and
a boat, get to shore and find shelter, warn people well in advance of an approaching

: . hurricane. You should be prepared to evacuate, or

maove away tempaorarily. If you hear a hurricane waming

and are told to evacuate, leave the area immediately.
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Reading Check

CLASS

Natural Disasters

DATE

Answer the following questions after you have completed reading the Read About It.

1.

Vocabulary In paragraph 2, you read that Hurricane Matthew contained winds
with approximate speeds of 250 km/h. What does the word approximate mean?

A. powerful
B. estimated
C. dangerous
D.

exact

In paragraphs 5-6, you read about thunderstorms. How do thunderstorms affect

human life in Florida?

In paragraph 7, you read about hurncanes. |dentify the characteristics of a
hurricane by placing an X in the correct column.

Wind speeds
over 119 km/h

Low pressure

Snow and ice

Tropical

hurricane

In paragraph 8, you read about the effects of a hurricane. How can people in a
hurricane-prone area prepare for the possibility of these storms?

EXPLAIN Weather and Climate: Matural Disasters
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5. In paragraph 9, you read about storm surge. What is a storm surge and why is it
dangerous to human life?

6. In paragraph 10, you read about tornadoes. |dentify two conditions that are not
associated with a tornado.

A. storm surge

destructive winds
C. snow

D. thunderstorms

7. Inparagraph 12, you read about floods. What are two ways that flooding
can occur?

8. In paragraph 14, you read about hazardous weather. What do you think is the
most important thing you can do to protect yourself from hazardous weather?

EXPLAIN ‘Weather and Climate: Matural Disasters
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Extend and Enrich Activities

Natural Disasters

1. Model Complete the T-chart to explain the different ways you would prepare your
home for a hurricane and for a tornado.

B Hurricane Safety Tornado Safety E

2. Apply Describe or draw a diagram to show how hurricanes can affect the local
environment at a beach town.

apyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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The table shows the average number of tornadoes each year by land area in each state.

Lesson Review

CLASS

DATE

Natural Disasters

Use the table to answer questions 1 and 2.

- oo peryor | Mo Ye
Florida &b 1.23
lllinois e4 0.97
Kansas 94 117
Oklahoma 52 0.50
Texas 155 0.59

1. Based on the data in the table, which statement about tornadoes in these states is

most accurate?

A. Encountering a tornado is most likely in Texas.

. Encounternng a tornado is most likely in Flonda.

B
C. Encountering a tornado is least likely in lllinois.
D

. Encountering a tornado is least likely in Oklahoma.

2. What additional information would you need to compare the estimated risk of human
deaths and injuries from tornadoes for these states?

A. population size of each state

B. number of cities in each state

C. number of houses in each state

D. length of tornado season in each state

98 EVALUATE Weather and Climate: Matural Disasters
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Phenomenon Activity

Kinetic and Potential Energy

| can...
* describe the nature of work, kinetic energy, and potential energy.

* understand different forms of energy.

* explain energy transformations and energy transfer.

Vocabulary
chemical energy  elastic potential energy  electrical energy

electromagnetic radiation energy gravitational potential energy  kinetic energy

mechanical energy  potential potential energy  thermal energy  work

‘ Phenomenon Why does the pendulum stop moving at the end of its swing?

Fhiplo Credil Agsac@lamy Sleck Pholo

Develop Models Draw a model with labels and captions to explain how the motion of
the pendulum depends on its starting position.

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Hands-On Lab

Mass, Speed, and Kinetic Energy

You will...

* model how speed changes when mass changes and kinelic energy
remains fixed.

* descnbe the mathematical relationship between mass and kinetic energy.

What You Need to Know

Look around you. You will probably see objects in motion, such as other students
writing, someone walking down the hallway, or a pencil falling. If two students
with different weights walk at the same speed, do they have the same amount

of kinetic energy? In this activity, you will observe how constant kinetic energy
affects velocity when mass varies.

Materials
* skateboard or toy truck * string
® three large books *  meter stick
* spring scale * stop watch

Safety Precautions
Be sure to follow all safety precautions provided by your teacher.

Procedure

1. Find a large empty space on the floor. Place one book on the skateboard. Attach
one end of the spring scale to the skateboard. Attach the other end of the spring
scale to a string.

2. Hold the skateboard stationary and pull the string to apply a force to the skateboard.
Let the skateboard go, and observe its motion. Adjust the force of the scale until the
skateboard reaches a safe, moderate speed.

3. Using the same force to put the skateboard in motion, measure the speed of the
skateboard. Repeat the measurement.

4. Place a second book on the skateboard. Use the same force to put the skateboard
in motion, and measure its speed. Repeat the measurement.

5. Place a third book on the skateboard. Use the same force to put the skateboard in
motion, and measure its speed. Repeat the measurement.

100 EXPLORE Energy: Kinetic and Potential Energy
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Observations

Trial 1 Trial 2

1 book

2 books

3 books

Analyze and Interpret Data

1. Compare Data What can you infer about the magnitude of the kinetic energy of the
skateboard in your various trials? Explain.

2. Compare Data How do the speeds in the trials compare? Explain.

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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3. Identify Variables What quantity was kept constant in this expenment? What
quantities varied?

4. Use Mathematics The equation below expresses the relationship between an
object’s kinetic energy, mass, and speed.

1

Kinetic energy = ? % mass ¥ speed”

Did your observations agree with the equation?

5. Predict Suppose you determined the skateboard’'s speed while carrying 1, 2, and
3 books. Then suppose you constructed a line graph with mass (number of books)
on the x-axis and velocity on the y-axis. What do you think the graph line would look
like? Explain.

102 EXPLORE Energy: Kinetic and Potential Energy
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Data Analysis Activity

Analyzing Kinetic Energy

You will...
* evaluate mathematical expressions.

* apply mathematical concepts.

What You Need to Know

Moving objects have kinetic energy, and there is a clear mathematical relationship
between KE, mass, and speed. The formula:

1
Kinetic energy = ? X mass X s;pt*e.«an::i2

You will apply the formula to two moving objects, a girl and her dog. The dog has a mass
of 20 kg. The girl has a mass of 45 kg.

Analyze and Interpret Data

1. Ewvaluate Expressions Suppose both the dog and the girl run at a speed of 3 m/s.
Evaluate the expression for kinetic energy to find both of their kinetic energies.

Kinetic energy of dog =

Kinetic energy of girl =

2. Calculate Suppose the dog speeds up and is now running at a speed of 6 m/s.
Calculate the dog's new kinetic energy.

MNew kinetic energy of dog =

EXPLORE Energy: Kinetic and Potential Energy 103



3. Calculate Suppose the dog slows down and is now running at a speed of 1 m/s.
Calculate the dog's new kinetic energy.

MNew kinetic energy of dog =

4. Apply Mathematical Concepts When the dog's speed falls to a third of its value,
what is the ratio of the new KE to the former KE? Explain why the KE did not drop to
a third of its value.

5. Distinguish Relationships Which variables are proportional: kinetic energy and
mass, or kinetic energy and speed?

6. Calculate Suppose the girl picks up the dog and carries it at 3 m/s. Write two ways
to find the total kinetic energy.

KE =
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Read About It

Kinetic and Potential Energy

1 Energy is the ability to do work or cause change. Energy comes in
many forms. Light, sound, heat, and electricity are all forms of energy.

Work and Energy

2 You might think of work as a job, perhaps being a doctor or bagging
groceries at a supermarket. But the scientific meaning of work involves
only force and motion. In scientific terms, you do work any time you
exert a force to move an object. You do work when you pick up your
backpack. A crane does work when it lifts a shipping container.

3  The amount of work you do depends on both the amount of force you
exert and the distance an object moves. Force is measured in newtons,
distance is measured in meters, and the unit of work is the newton-meter
(N-m). One newton-meter is the amount of work you do when you exert
a force of 1 newton on an object that moves a distance of 1 meter.

G Phols

A
&1
ﬂ'.; w\; R § "ilz":-'-'; ..

i o TR

W Fhiolo Credit Egmont SiriglimageB ROKER &lairy S

o T ::l}\_? . |“-_‘

By i e e E.‘I.! 5

= P Work Most climbers in the
: Himalayas would not make it up
the peaks without help. Sherpas,

shown in the photo, are natives
ot Mepal. They do a great dea

af wiark CArrying hi-_'uv}r lzads of
equipment up the mountains for
the climbers.




arrnona Guemero@lamy Sleck Phaole

-
-

Phiolo Credil Faustino

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.

Kinetic Energy

4

A newton-meter is also called a joule (J). Recall that the ability to
do work or cause change is called energy. When you do work on an
object, you add energy to that object. Both energy and work are
measured in joules.

You can do work to lift an object, and you can also do wark to
change the motion of an object. If you push your younger brother
on a swing, he will start moving. The harder you push, and the
farther you push, the greater will be his energy. The energy of a
moving body is kinetic energy (KE). Earth revolving around the
sun, a basketball soaring through the air, and the tiniest particle of
matter vibrating within a solid object all have kinetic energy. As you
sit at your desk, you give your hands kinetic energy every time you
turn a page in a book or type on a keyboard.

P Faster Pushing somecne on a swing takes
work—you have to use a force to move their
weight through a distance. The farther you push
and the harder you push, the faster they will go.
More work produces more kinetic energy.
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The kinetic energy of an object depends on both its speed and its
mass. The faster an object moves, the more kinetic energy it has.
For example, if a tennis ball moves at great speed, it has more
kinetic energy than if the ball is softly lobbed over the net. Kinetic
energy also increases as mass increases. A wheelbarrow full of dirt
has more kinetic energy than an empty wheelbarrow has, due toits
greater mass.

7 You can use the following equation to solve for the kinetic energy
of an object:

Kinetic energy = 3 x mass x speed?
Kinetic energy is measured in joules, and 1 joule (J) = 1kg-m?/s?,

For example, suppose a girl with a mass of 50 kg is jogging at a
speed of 2 meters per second (m/s).

3 % 50 kg x (2 m/s)?
100 kg-m?/s? = 100 J

Kinetic energy of girl

In the formula, the exponent 2 that follows speed tells you that
the speed is multiplied twice. Notice that doubling the mass of an
object doubles its KE, whereas doubling its speed increases KE
by a factor of 4.

P Causing Change The kinetic energy
of a meteor that struck the Arizona
desert 50,000 years ago caused
visible changes in the landscape.
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Moving objects are not the only examples of kinetic energy—
there are also other forms of kinetic energy. For example, the heat
you feel against your skin is due to moving particles of air hitting
your skin. That type of kinetic energy is called thermal energy.
When the kinetic energy of the particles of matter increases,
thermal energy and temperature also increase.

Sound, electricity, and electromagnetic radiation are other
examples of kinetic energy. Sound is a wave that transters energy
through materials. Electromagnetic radiation is a form of kinetic
energy that travels through space in waves. Light waves travel
through a vacuum and through matter. Like other waves, light
transfers energy without a transfer of matter. Visible light is the
type of electromagnetic radiation that you know best.

Maoving Energy Heat, light, and

sound are all farms of kinatie anargy.

EXPLAIN Energy: Kinetic and Patential Energy

109



Potential Energy

10 Think about a landslide. The dirt and rocks are moving, so

11

12

they have kinetic energy. Yet, only a few moments earlier, the dirt
and rocks were not moving. At that stage, they did not have kinetic
energy, but they did have potential energy. Potential energy (PE)
is energy due to the position or shape of an object. Potential
energy has the potential to change into kinetic energy.

One type of potential energy is gravitational potential energy
(GPE), which is the energy an object has due to its position
relative to Earth's surface. The dirt and rocks had GPE before the
landslide began. The amount of gravitational potential energy
an object has is proportional to the mass of the object and its
height above Earth’s surface—the amount of work needed to lift
the object. You can calculate an object’s gravitational potential
energy using this equation:

Gravitational potential energy = weight x height above ground

For example, suppose a cat with a weight of 40 newtons is lifted
2 meters off the ground.

Gravitational potential energy = 40 N x 2 m = 80 N-m, or 80 J

The difference between potential energy and kinetic energy is that
potential energy cannot cause change on its own. But it can cause
change if it is transformed into kinetic energy. For example, if you
drop a heavy bock, its potential energy decreases and its kinetic
enerqgy increases. The book may cause change by denting the floor
and release kinetic energy by making a loud sound.

P Potential to Fall Balanced Rock in Big
Bend Naticnal Park in Texas has a large
amount of gravitational potential energy.
It has a large rass, and it is high above
Earth’s surface.

110 EXPLAINEne

The word potential
refers to something
that is possible but not
yet actual In terms
of motion, potential
energy has the ability
to cause motion.

In other usage, a
person might have
the potential to be a
great singer, but they
need more practice.
In what areas do

you have potential?
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P Stored Energy When the woman pushes down on the rampoline, the
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Elastic potential energy is energy a material stores due to a
change in shape. A change in shape is also called a deformation.
Elastic potential energy can be stored in such objects as rubber
bands, bungee cords, and springs. A drawn bow or a trampaoline
can store a large amount of elastic potential energy.

Compression and elongation are common forms of deformation.
During compression, a material is pressed together. When

you squeeze a jack-in-the-box closed, you store energy as

you compress its spring. In elongation, a material is stretched.
Elongation occurs when a tennis ball hits a racquet and stretches
the strings. The strings store energy as they stretch. When the
strings release their stored energy, they give the ball kinetic
energy, and it flies off the racquet.

springs around the rim stretch, and they gain elastic potential energy.
When the woman bounces off the trampaline, the stored energy is
transferred from the trampoline to the woman, sending her upward

8

At her lowest point, the woman
has no kinetic energy. The
springs store potential energy.

Literacy Support

In your notebook,

sketch an object
with elastic

potential energy.

7
A
—

At her highest point, the woman
again has no kinetic energy. She only
has gravitational potential enargy.
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Chemical and Electrical Energy

15 Mechanical energy is a type of energy that includes gravitational
and elastic potential energy, as well as kinetic energy. But energy
can take many other forms as well. Some of those farms of energy
are associated with the atoms and molecules that make up objects.

16 An airplane’s engine provides the power to move the plane. But the
engine gets its power from the stored energy in fuel. Jet fuel and
other fuels, as well as the food you eat, contain potential energy. It
is chemical energy, which is the energy stored in chemical bonds.
Chemical bonds are the forces that hold molecules together. When
those bonds are broken, energy is released.

17 Like fuel and food, batteries store chemical energy. Chemical
reactions convert the chemical energy into electricity, which is a
form of kinetic energy. The electricity then can be used to run your
phone, flashlight, or remote control.

18 Electrical energy is the energy of electric charges. Electric charges
attract and repel each other, so moving them around takes work.
That work can be stored as electric potential energy, which is the
energy of stationary electric charges. If the charges are allowed
to move, the potential energy can be converted to electricity that
powers devices such as lights, computers, and audio systems.

el T el e i R e DR

P Generators This bicycle dynamo, driven
by a spinning wheel, transtorms enough
energy to power a headlight. Bigger
dynamos, driven by the water from a river,
can power a city.

112 EXPLAIN Energy: Kinetic and Potential Energy

Photo Credit Science phatosttlamy Siock Phaio

Coapyrighl & Saweas Learning Camparry LLC. All Rights Resarved



NAME CLASS DATE

Reading Check
Kinetic and Potential Energy
Answer the following questions after you have completed reading the Read About It.

1. In paragraphs 2-4, you learned about work. Suppose you used aforce of SN to
move an object 7 m. How much work did you do? Show your calculations.

2. In paragraphs 5-7, you learned about kinetic energy. A running deer has a mass
of 100 kg and is moving at a speed of 8 m/s. What is the deer's kinelic energy,
in joules?

3. In paragraphs 8 and 9, you learned about types of kinetic energy. Which of the
following is true of increasing the thermal energy of a matenal?

A. The speed of the particles increases.
B. The number of particles increases.
C. The mass of the particles increases.

D. The density of the material increases.

4. In paragraphs 10-12, you learned about potential energy. Suppose you have a
birdbath in the yard of your house. You need to carry the birdbath to the attic.
You can climb a ladder to an attic window or staircases inside the house. The
ladder is much steeper than the stairs. Will you do more work if you take the
birdbath up the stairs or if you climb the ladder? Explain.

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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5.

In paragraphs 10-12, you learned about potential energy. As Emily is hanging a
calendar on her wall, she accidentally drops it. Which statement describes how

the energy of the calendar is transformed as it falls to the floor?
A. Energy is created as potential energy is transformed into kinetic energy.
B. Energy is destroyed as potential energy is transformed into kinetic energy.

C. Potential energy is transformed into kinetic energy, but energy is not created
or destroyed.

D. Kinetic energy is transformed into potential energy, but energy is not created
or destroyed.

In paragraphs 10-12, you learned about potential energy. You have two identical
weights swinging on strings of the same length. At the lowest point in their paths,
Weight A moves three times as fast as Weight B. Which ball will swing to a
higher point, and how much higher will it go?

A. The two weights will reach the same height.

B. Weight A will go three times as high as Weight B.
C. Weight A will go six times as high as Weight B.
D. Weight A will go nine times as high as Weight B.

In paragraphs 13—14, you learned about elastic potential energy. What is the
difference between gravitational potential energy and elastic potential energy?

A. Gravitational potential depends on height and weight. Elastic potential
depends on shape.

B. Gravitational potential depends on height and shape. Elastic potential
depends on weight.

C. Gravitational potential depends on weight and shape. Elastic potential
depends on height.

D. Gravitational potential depends on shape. Elastic potential depends on
height and weight.

EXPLAIN Energy: Kinetic and Potential Energy
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Extend and Enrich Activities

Kinetic and Potential Energy

1. Model Make a Venn diagram for the types of energy in this Topic.

Kinetic Potential

2. Apply |dentify similarities and differences between kinetic and potential energy.

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Lesson Review

Kinetic and Potential Energy

The diagram below shows four penguins ready to go fishing. Use the diagram to answer
questions 1 and 2.

1.

2.

3.

116

Assuming the penguins in the figure have similar masses, which penguin has the
least gravitational potential energy?

A. penguin farthest to left
B. penguin second from left
C. penguin third from left

D. diving penguin

When the diving penguin reaches the water, what will be true?
A. The penguin’'s speed will be twice what it is now.

B. The penguin’'s KE will be twice what it is now.

C. The penguin's PE will be twice what it is now.

D. The penguin’s PE will be four times what it is now.

Which of the following is not a form of kinetic energy?
A. thermal energy

B. electromagnetic energy

C. chemical energy
D

. sound

EVALUATE Energy: Kinetic and Potential Energy
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Phenomenon Activity

Conservation of Energy

| can...
* understand the law of conservation of energy.

* explain how energy conservation applies in different situations.

Vocabulary

law of conservation of energy  pivot

Phenomenon Where does a “sleeping” yo-yo get the energy to come
back up?

Make a Claim Explain how the energy differs when the yo-yo is in the person’s hand
compared to when the yo-yo is sleeping.

ENGAGE Energy: Conservation of Energy 117



NAME CLASS DATE

Hands-On Lab
Energy Conversion and Conservation

You will...
* investigate the energy conversion that makes a mechanical device work,
* describe how energy is conserved in a mechanical device.

* observe how a mechanical device is affected by gravitational potential energy.

What You Need to Know

When energy flows through systems, it can be transformed from one type to another.
In this descriptive investigation, you will construct a simple mechanical device to
demonstrate how energy is conserved in a system. You also will investigate how
gravitational potential energy affects the device's motion.

Materials
* empty oatmeal-type container with a * 2 nails
cardboard bottom and plastic lid i

pipe cleaners or twist ties

* rubber band ® flat board (wood or stiff cardboard)

* 3 steel Ve-inch nuts * hlocks

Safety Precautions
Be sure to follow all safety precautions provided by your teacher.

Wear safety goggles.

Use caution when punching holes in the container with the nail, as nails have
sharp points.

Procedure
1. Use pipe cleaners to tie the nuts to the middle of the rubber band.

2. Use a nail to punch one hole in the center of the bottom of the container and
another hole in the center of the lid. Use a pencil to make the holes large enough to
thread the rubber band through them.

118 EXPLORE Energy: Conservation of Energy
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3. Slip one end of the rubber band through the hole in the bottom of the container.
MNext, slide a nail through the rubber band to secure it on the outside. Repeat the
process for the lid. The rubber band should reach both ends without being stretched
too tightly.

4. Write a hypothesis that describes what you think will happen when you roll the
“comeback can.”

5. Gently roll the can away from you on a hard, level floor, and let it go.

6. Record your observations.

7. Prop one end of the board up with blocks to create a ramp.

8. Place the can at the higher end of the ramp. Let it roll down the ramp, and record
your observations.

Analyze and Interpret Data

1. Develop Explanations How is energy transformed from elastic potential energy and
kinetic energy as the can rolls away from you and then rolls back?
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2. Analyze How did the can's gravitational potential energy affect its motion when it
rolled down the ramp?

3. Cause and Effect Consider how changing the incline of the ramp affects the can's

gravitational potential energy (GPE) and kinetic energy (KE).

Cause

Effect on GPE

Effect on KE

Increasing incline of
the ramp

Decreasing incline
of the ramp

4. Energy and Matter How is energy conserved when you roll the can on a level
surface? How is energy conserved when you roll the can down the ramp?

120 EXPLORE Energy: Conservation of Energy
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Read About It

Conservation of Energy

1 In everyday life, energy conservation means using less energy,
which saves money and benefits the environment. In physics,
however, conservation does not mean reducing the amount of
energy used.

The Law of Conservation of Energy

2  The law of conservation of energy states that energy cannot

be created, nor can it be destroyed. The amount of energy in Literacy Support
a closed system always remains the same. When one object Paraphrase the
loses energy, other objects must gain it. In science, a law sentences that

explain the difference

) i ] between energy
energy is conserved, it can only be transferred from one object transfer and energy

to another or transformed from one form to another. Energy ktrem!-furmﬂtinn-
transfer occurs when energy moves from one place to another,
such as when two objects collide or when electricity flows.

Energy transformation occurs when energy changes form, such

describes what will happen, but not why or how. Because

as when the gravitational potential energy of a diver becomes
kinetic energy. All forms of energy can be transformed into
other forms of energy.

P Potential Energy A
diver at the edge of a
platform is at rest. Her
kinetic energy is zero.

Fhriolo Credil Ashlay Cameronalamy Seck Phalo
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Mechanical Energy

In systems influenced only by gravity, mechanical energy is the
sum of gravitational potential energy and kinetic energy. When
the kinetic energy of an object increases, that is because potential
energy is transformed to kinetic energy, and so potential energy
decreases. When the potential energy ot an object increases, that
is because kinetic energy is transformed to potential energy, and
so kinetic energy decreases.

As an example, consider a roller coaster. Did you know that roller
coaster cars do not have motors? A motor below the track drives a
chain that pulls the car up the first hill on the track. After that, the
roller coaster car moves only because of gravity. Follow along the
path of the coaster in the figure and note the changes that occur in
the car's kinetic and potential energy.

A pendulum also shows the relationship between kinetic and
potential energy. You may have seen pendulums without recognizing
them as such. Any object that is suspended from a pivet and swings
back and forth can be considered a pendulum. Recall that the
weight of an object and its height above the ground determine its

& pivotis a point
around which
something turns.
The term is used in
describing the action
of a basketball
player who keeps
one foot firmly in
place while moving
the other foot.
What other things
in everyday life
might pivot?
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gravitational potential energy. Potential energy is greatest at the top,
or end, of the pendulum’s swing. The kinetic energy and the speed of
the pendulum are greatest at the bottom, or midpoint, of the swing.

P> Roller Coaster Energy At the top of the hill, the car
is barely moving. It has maximum potential energy. As
the car accelerates down the hill, the potential enargy
declines, while the kinetic energy increases. The car's
kinetic energy is greatest at the bottom of the first hill.
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Energy Transformation and Transfer

& Energy transformation and energy transfer are not the same thing,
but they sometimes occur in the same process at the same time.
The potential energy of a pendulum is transformed into kinetic
energy as its weight falls due to the force of gravity. A wrecking ball
is one example of a pendulum,

7 When the wrecking ball swings downward and hits the wall, some
of its kinetic energy is transformed into the energy of sound. Some
is transformed into thermal energy that warms the wrecking ball.
However, much of the kinetic energy of the ball is transferred
to the wall, causing the wall to collapse. Throwing a ball or
transmitting electric power are also energy transfers. Can you think
of other examples?

8  The wall falling down is not the only transfer of energy from the
wrecking ball. When the ball swings, kinetic energy is transferred
from the ball to the air, due to the force of friction. As the kinetic
energy is transferred, it is also transformed into thermal energy of
the surrounding air.

?  Whenever a moving object experiences friction, some of its
mechanical energy is transtormed into thermal energy. You may
notice that a roller coaster’s hills get smaller as the ride continues.
That is because some mechanical energy is lost to friction as the
wheels rub against the track during the ride, slowing the car down.

—

A,
o

P Transformation and
Transfer As it swings
downward, potential
energy of the ball is
transformed to kinetic
energy. The ball has
its maximum kinetic
energy at the bottem

of its are. The ball &
loses nearly all of 1 _
that energy when it __\Eall at top of swing
strikes the wall. 1\

T -
Ball at bottom of swing
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10 When a batter hits a baseball, the ball flies through the air. Kinetic
energy of the ball is transferred to the air and is transformed into
thermal energy due to the force of friction. In Denver, at high
altitude, the air is not as dense as at lower altitudes. The result is
less friction, and less loss of kinetic energy, so a batted ball travels
farther. Conservation of energy explains why more home runs are
hit in Denver than in other cities. In every case, whether a baseball,
a wrecking ball, or a roller coaster, energy is conserved because the
environment absorbs the heat that friction generates.

Energy Conservation in Electric Circuits

11 Think about the electric circuit in the photo. The chemical potential
energy in the battery is transformed to electrical energy, a form of
kinetic energy. That energy travels through the wire and is changed
into heat and electromagnetic energy (light) in the bulb. In the wire,
some of the electrical energy is transfermed into thermal energy.

If you felt the wire or the bulb, the warmth would demonstrate the
change to thermal energy. The environment absorbs the thermal
energy generated by the circuit, so that the total amount of energy
remains the same. Energy is conserved!

P Simple Circuit Electric circuits demonstrate the law
of conservation of energy. The electricity in a circuit
can be transformed inta many different forms, but
energy is neither created nor destroyed.

Fhista Leedil & PhaieSiRckSoancs Soarca

i Savwas Learning Caompany LLG. &1l Rights Resarvaed

Capyright

EXPLAIN Energy: Conservation of Energy 125



Energy Conservation in Biology

12 In some processes, energy is transformed once (a single
transformation), and in others, multiple times. Think about how
read is made. Sunlight, which is electromagnetic energy, is
transformed to chemical energy by wheat plants. Mechanical energy
is used to grind the wheat into flour and then to mix it with yeast and
water. The resulting dough is baked in an oven, which is heated by
transforming electrical energy or chemical energy to thermal energy.

When you eat the bread, there are again multiple transformations,
Your body transforms chemical energy stored in your cells into the
kinetic energy of your moving jaws. Your digestive system uses
mechanical and chemical energy to digest the bread. The energy
that is released from the bread keeps your body warm and provides
energy for movement, growth, and all your other body functions.

A food web shows the relationships between the plants and
animals in an area. Plants use photosynthesis to transform light
energy into chemical energy stored in sugar. Plants are eaten by
animals, and then those animals are eaten by other animals. The
energy stored in the sugar is conserved throughout the food web.

> Energy in a Food Web Each arrow shows the
transfer of energy from an organism that is
eaten to the organism that eats it. Throughout
the food web, energy is only transferred or
transformed. It is never created or destroyed.
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Reading Check
Conservation of Energy

Answer the following questions after you have completed reading the Read About It.

1.

In paragraph 2, you read about the law of conservation of energy. Which of the
following describes the law of conservation of energy?

A. Energy cannot be created or destroyed.

B. Energy can only be released through transformation.
C. When energy is conserved, it always changes form.
D.

Energy increases when it is transferred.

In paragraphs 35, you learned about mechanical energy. In its orbit around the
sun, a comet has the least KE when it is far from the sun. It has the greatest KE
when it is close to the sun. How does the difference in KE explain why a comet
is only near the sun for a short time in each orbit?

In paragraphs 6 and 7, you learned about energy transfer and energy
transformation. What type(s) of energy do you acquire when you eat a bowl of
hot vegetable soup? |s energy transferred or transformed? Explain.

In paragraphs 6 and 7, you learned about energy transfer and energy
transformation. During the summer, pavement gets hot when the sun shines on
it. How can you descnbe the process?

A. Energy transformed by radiation is transferred to thermal energy.
B. Thermal energy is transformed by conduction.
C. Electromagnetic radiation is transformed to thermal energy.

D. Energy transferred by conduction is transformed to radiation.

EXPLAIN Energy: Conservalion of Energy
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In paragraphs 8—10, you learned about fnction. A bicycle’s brakes use friction to
stop. When it stops, what happens to the bicycle's kinetic energy?

A. It is destroyed.
B. Itis transformed to electrical energy.
C. It is transformed to thermal energy.

D. It is transformed to elastic potential energy.

In paragraph 11, you learned about energy in electric circuits. Which of the
following is (are) true of toasting bread? Select all that apply.

A. The toaster transforms electrical energy into light energy.
B. The toaster transforms electrical energy into sound energy.
C. The toaster transforms electrical energy into thermal energy.

D. Energy is destroyed.

In paragraphs 12-14, you learned about energy in biological systems. Sunlight
supplies the energy for ecosystems.

Part A

When you burn wood in a fireplace, you get light and heat. Put the following
forms of energy into the order they occur in the process: chemical energy, fire
light, sunlight, thermal energy.

Part B

Corn can be made into alcohol fuel that is burned in an automobile's engine to
make it move. Put the following forms of energy into the order they occur in the
process: chemical energy, kinetic energy, sunlight, thermal energy.

Process Chemical | Fire Light | Kinetic Sunlight Thermal
Energy Energy Energy

Part A:

Firewood

Part B:

Automobile fuel

EXPLAIN Energy: Conservation of Energy
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Extend and Enrich Activities

Conservation of Energy

1. Model Write an example of each type of conversion process.

Kinetic Energy to Potential Energy Potential Energy to Kinetic Energy
Process Example Process Example
KE to Gravitational
Gravitational to KE
KE to Elastic Chemical to
Electrical
Thermal to Chemical to
Mechanical Thermal

2. Apply Energy transformation processes are not perfect. What form does the
“lost” energy typically take?

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Lesson Review

Conservation of Energy

The diagram below shows an arrow in a drawn bow. Use the diagram to answer
questions 1 and 2.

1.

130

A drawn bow stores elastic potential energy. What was the source of that energy,
and what form was it in?

A. elastic potential energy in the archer's blood
B. chemical energy in the archer's muscles

C. electrical energy from the sun
D

. thermal energy in the archer’s muscles

When the archer releases the bowstring, the bow will transfer its potential energy.
Where will the energy go, and what form will it take?

A. It will be transferred to the arrow as elastic potential energy.
B. It will be transferred to the bow as thermal energy.

C. It will be transferred to the arrow as kinetic energy.
D

. It will be transferred to the arrow as thermal energy.

Javier connects a battery to a light bulb using wires. The light bulb turns on and
shines brightly. Several hours later, the light bulb burns out. Explain how energy is
conserved in this system even though the circuit no longer works.

A. Energy continues to flow out of the battery into the wire,
B. Energy continues to flow out of the battery into the bulb.
C. Energy flows out of the wire into the battery.
D

. Energy stops flowing and remains in the battery

EVALUATE Energy: Conzervation of Energy
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NAME CLASS DATE

Phenomenon Activity

Graphing Motion

| can...
* measure and graph distance versus time for a moving object.

* interpret the relationships among distance, time, and speed.

Vocabulary

acceleration motion reference slope speed wvelocity

Phenomenon How is the distance a Florida panther can travel during an
attack related to its speed?

Develop a Model Create a distance-time graph to show how a panther's speed during
an attack is related to the distance it can travel in a certain amount of time. Assume
the panther runs at a constant speed of 54 km/h. Show how many seconds it takes the
panther to run 200 meters.

ENGAGE Force and Motion: Graphing Motion
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Hands-On Lab
Distance-Time Graphs

You will...
* collect distance and time data for an object moving at a constant speed.

* use the distance and time data to construct a graph of the object’'s motion.

What You Need to Know

What does speed refer to? Speed is the distance an object moves in a given unit of
time. As you may know, a panther has greater speed than a house cat. That means the
panther runs faster. When you apply the brakes to a bicycle, you decrease the speed of
the bicycle—it slows down.

In this investigation, you will collect data about a moving object. Then you will explore
how distance, time, and speed are related by constructing a graph to represent the
object’s motion.

Materials
* constant-velocity car * 3 stopwatches
* masking tape * calculator

* tape measure

Safety Precautions
Be sure to follow all safety precautions provided by your teacher.

A Be careful not to trip over the car as you perform the investigation.

@ Avoid running the car into people.

132 EXPLORE Force and Motion: Graphing Motion

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.



Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.

Procedure
1.

10.

Construct a straight, level course for the car to run on. Use the tape measure to
make sure that the course is 3 meters long. Use the tape to create a starting line
(0 m) and a finish line (3 m). Use the tape to mark distances of 1 m and 2 m along
the length of the course.

Test the course using the car. Let the car run down the course. If the car moves off
to one side, modify the course. You may find it necessary to set up guides, such as
placing books on either side of the course. Make sure your car travels in a straight
path for 3 meters before you continue with the investigation.

When you are ready, place the car on the floor a few car lengths behind the starting
line. One student will start the car

A second student should be positioned at the starting line.

Three other students should be positioned with stopwatches at 1 m, 2 m, and the
finish line.

A sixth student should be positioned at the finish line to catch the car after it crosses
the line.

When everyone is in position and ready, start the car When the car crosses the
starting line, the student at the starting line should call out “start” so that the
students along the course can start the stopwatches at the same time.

As the car crosses the 1-m mark, the student positioned there should stop their
stopwatch. Repeat the process for the 2-m mark and the finish line.

Record the times in the data table.

Run 2 more trials with the car and record the data in the table. Calculate the average
time for each position along the course.
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Observations

134

Distance (m)

Time (s)

Average Time (s)

Trial 1

Trial 2

Trial 3

Trial 1

Trial 2

Trial 3

Trial 1

Trial 2

Trial 3

EXPLORE Force and Motion: Graphing Motion
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Analyze and Interpret Data

1. Graph Construct a graph for the distance and average time data you collected.

* |abel the x-axis Time fSJ Create intervals of 5 seconds from 0 to 20 seconds on
the x-axis.

* Label the y-axis Distance (m). Create intervals of 1 meter from 0 to 4 meters on
the y-axis.

* Plot the data from your table as points on the graph. The first point should be
(0, 0) because the car has traveled 0 meters at 0 seconds.

EXPLORE Force and Motion: Graphing Motion
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2. Calculate The car's speed is a rate that tells how far it travels in a given unit of time.
Speed is often measured in m/s or km/h. To find the car's speed, divide the total
distance it travels by the amount of time it takes to travel that distance. What is the
car's speed, in meters per second?

3. Analyze Data How would you describe the line created by the points on the graph?
What do you think that tells you about the speed of the car?

4. Predict How could you use the graph to predict the distance the car travels in 24 or
48 seconds?

136 EXPLORE Force and Motion: Graphing Motion
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Read About It

Graphing Motion

1  How do you decide whether something is moving? For example,

if you were taking the photo of the dog below, would you say e L
the dog is moving? Parts of it seem to be. Its eyes blink, and its Reference means
ears flap in the wind. But to you, the dog appears to be staying zz::;tl':;';gﬁ .

in one position. You know, however, that the dog is in a car that is autherity, or for
speeding down the road, so it must be moving. What determines background. A

frame of reference
is something to
mMeasure against,

whether the dog is moving or not?

Motion

2  To decide whether the dog is moving, you need a reference paint.
A reference point is a place or object used for comparison to
determine whether something is moving. A change in the relative
position of objects is called meotion. Suppose a tree along the road
in the photo is used as a reference point. The car moves past the
tree, as does the dog inside the car. In relation to the tree, the dog
changes position, and therefore it is in motion. However, if you

are the photographer in the front seat of the car, and you are the
reference point, your position relative to the dog does not change.
You could say that, compared to you, the dog is not in motion.
Maotion is a key characteristic of all matter that can be observed,
described, and measured.

Phiolo Credil Selh K. Huglwsliragse Sourceilamy Sock Fhola

P> Relative Motion The dog is moving
in relation to the landscape, but it is

not moving in relation to the car.
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Speed

3

When you run or bicycle, you move

faster than when you walk. Sometimes

just fast and slow are good descriptions

of movement, but scientists have a more
precise definition of speed. Speed is the
ratio of distance traveled to the amount of
time taken. It can be measured in miles per hour
(mph), meters per second, or kilometers per hour,
depending on the situation. Since it is a ratio, it can
also be written as a fraction—mi/h, m/s, or km/h.

Speed can be constant, but often it varies from one
part to another of an object’s journey. For example,
a car traveling through a city may often slow down
and speed up. Knowing its speed in a two-second
period of time may not reveal much about the whole
trip. Knowing its average speed over three miles, or
over ten minutes, might be more meaningful.

P Speed The vertical bars represent distance
traveled by the turtle and the frog, and the
horizontal bars represent time.

The turtle moved 5 meters in 10 seconds. The frog moved 20 meters in 10 seconds. The
trog is much faster than the turtle.
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Graphing Motion

5 A very useful way of representing an object’s movement is to
measure and graph distance versus time. A graph shows where
an object is at a given time. The graph on this page is a distance-
versus-time graph. Each point on the graph represents the distance
a swimmer has traveled from his starting point during a given time
period. The x-value of the point is time, and the y-value is distance.

&  Thetilt of a line on a graph is called slope. You can calculate the
slope of a line by dividing the rise by the run. The rise is the vertical
difference between any two points on the line. The run is the
horizontal difference between the same two points. On a distance-
versus-time graph, the rise is distance and the run is time.

Slope = rise + run = distance + time.

7 Because speed is the rate that distance changes in relation to time,
the slope of a distance-versus-time graph represents speed. The
steeper the slope is, the greater the speed. For a graph with a
constant slope, you can interpret the relationship of distance versus
time as a constant speed. A level line represents zero speed.

8 Slope may be positive or negative, so when you make a graph,
you want to be sure to define positive and negative distance
with reference to your starting point. But whether it is positive or
negative, steepness of the slope reflects speed. For an object with
a constant speed, you would have only a straight line, and you
might not go to the trouble of making a graph. But if the speed of
the object varies, a graph is an excellent way to show the changes.

P Slope The points s ]
in the graph below N 3
show a rise of & ’ o - %i
meters and a run 5
of 3 seconds. The ' ] — T e %
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Velocity and Uniform Motion

Speed tells you how much distance an object travels during a
specific amount of time, but it does not tell you anything about

Literacy Support

direction. When a system contains more than one object in Explain how
maotion, it is important to know both speed and direction in order z?ua::_ér:agf::;m't'“
to determine what will happen. Velocity is speed in a specific important for air-
direction. Two objects may have exactly the same speed, but traffic controllers to

if they are traveling in oppaosite directions, they have opposite
velocities. One velocity might be described as +7 m/s, and the
other as -7 m/s. An object with a velocity that does not change is
said to be in uniform motion.

P Graphing Nonuniform Motion For complicated motion, the

apyrighl @ Sawvas Learning Comparry LLC. All Righls Reserved
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distance-time graph can be irregular. For example, each peak of
the graph shows that a sandpiper moves toward the water (positive
velocity), stops for a few seconds to feed (zero velocity), and then
runs away from the water as a wave comes in (negative velocity).

avoid collizsions.
L9
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=
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o
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3
o
o 2.

0

0 20 40 &0

Time (seconds)

P Opposite Velocities The
two upper vehicles are both
moving eastward at 25 m/s.
Their velocities are egual. The
lower vehicle is moving at 25
mys, but it is moving westward.
It has a velocity that is the
opposite of the other two.
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Scientists often study objects with velocities that vary. Suppose
you are a passenger in a car stopped at a red light. When the light
changes to green, the driver steps on the gas pedal. As a result,
the car speeds up, or accelerates. But acceleration can mean
more than just speeding up. Scientists define acceleration as any
change in velocity. When an object accelerates, it increases speed,
decreases speed, or changes direction.

The term acceleration means any change in speed or any change
in direction. A dog that starts running to chase a squirrel is
accelerating. You accelerate when you start walking faster to

get to class on time. When objects slow down, they are also
accelerating, or you can say they are decelerating. Even an

object that is traveling at a constant speed is accelerating when it
changes direction. Earth is accelerating as it moves around the sun
in its elliptical orbit.

P> Speed and Direction Each racer
accelerates as she follows the curve
in the track or changes lanes to pass

-‘-h another racer.
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CLASS DATE

Reading Check

Graphing Motion

Answer the following questions after you have completed reading the Read About It.

1.

In paragraphs 1 and 2, you learned about motion. Suppose you are riding
a bicycle along a street. In relation to a street sign, which of the following is
maoving?

A. you
B. bicycle
C. both

D. neither

In paragraphs 3 and 4, you learned about speed. The following time and
distance measurements are for a person walking: (0 s, Om), (1s51m), (38,7
m), and (5 s, 10 m). She starts at zero and walks 1 meter in the first second, 7
meters in the first three seconds, and so on. What is her average speed for the
five seconds?

A. 10 m/s
B. 3m/s
C. 10m/0s
D. 2m/s

In paragraphs 5-8, you learned about graphing motion. Suppose a student
graphed distance versus time for an object that moves 14 m every 2 5. What is
the slope of the line on the graph? Explain.
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4. |In paragraphs 5-8, you learned about graphing motion. Suppose you have a
graph of distance versus time that shows a line connecting the following points:
(0s,0m), (15 1m), (25 3m), (35 3 m) (45 2m) Answer the following
questions about the graph. It may help to make a sketch of the graph on a piece
of paper.

Part A

What is the change in slope between the interval from 1 s to 2s and the interval
from 2 s to 3 87 What does that tell you about the speed?

Part B

What is the slope in the interval from 2 s to 3 7 What does that tell you about
the speed?

3. You learned about velocity in paragraph 9. Suppose objects A, B, and C are all
moving at the same speed. However, A and B are moving apart at 10 m/s, while
A and C are not moving at all with respect to each other. Explain what is going
on, and give the velocity of each object.

6. |In paragraphs 10 and 11, you learned about acceleration. The table shows four
stages in a race around an oval track. Fill in the appropriate description of the
acceleration at each stage.

Starting Line Straightaway Curve Finish Line

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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CLASS DATE

Extend and Enrich Activities

Graphing Motion

1. Model A sparrow flies 48 min 4 5. Assuming the sparrow flies at a constant
speed, complete the table to identify the distance it flies in 1, 2, and 3 seconds.

Time (s)

Distance (m)

1

2

3

4

48

2. Apply Construct a distance-time graph for the data in the table. What is the

sparrow's speed?
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Lesson Review
Graphing Motion
The graph shows the motion of a runner. Use the graph to answer questions 1 and 2.

p

Runner’s Distance vs. Time
1,200

1,000

L

800

600

Distance (m)

400

200

Time {min) J

1. Based on the data in the graph, what is the speed of the runner, to the nearest meter
per minuta?

A. 150 m/min
B. 171 m/min
C. 1,050 m/min
D. 8400 m/min

2. Why is the graph of the data a straight line that slopes upward?
A. The runner ran in a straight line.
B. The runner ran up a hill.
C. The runner ran at a constant speed.
D

. The runner ran faster near the end of the race.

146 EWVALUATE Force and Motion: Graphing Motion
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Phenomenon Activity

Types of Forces

| can...

* describe the different types of forces—both contact forces and forces that act at
a distance.

* explain the law of gravity.

Vocabulary
contact force  electrical force  factor force  friction  gravity

magnetism  noncontact force

‘ Phenomenon What keeps the skater from flying off into space?

e

Make a Claim Identify and explain the force(s) that keep the skater from flying off into
space during a jump.

Fhiplo Credil Sleve Smilh'Digilal Vision' Gty Images
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Hands-On Lab
Observing Forces

You will...
* conduct an investigation to observe contact forces and other forces.
* use your observations to describe what a force is.

®* use real-world applications to describe different forces.

What You Need to Know

When was the last time you opened a door, bounced a ball, or rode your bicycle? You
use different kinds of forces every day. But what exactly is a force? A force is a push

or a pull. In this investigation, you will observe three different kinds of forces: friction,
gravity, and magnetism. You will then use your observations to infer what a force is

and describe the different forces in the real world.

Materials
* 4 metal washers * tape
* pencil * sandpaper
* ruler or meter stick * 2 bar magnets
* falt

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

Wear safety goggles.

E Make sure no one gets hit by objects when you drop or slide them.

A Be aware that washers may roll when they hit the floor

148 EXPLORE Force and Motion: Types of Forces
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Procedure

Part I: Friction
1.

4.

10.

In Part |, you will investigate how the texture of a sliding surface affects the distance
a washer travels when it is launched. The surfaces you will test are a smooth
desktop, sandpaper, and felt.

Write a hypothesis predicting how a washer will travel across each of the three
surfaces.

What is your independent (manipulated) variable? What is your dependent
(responding) variable?

Tape the sandpaper and felt along the edge of the desk. You should have three
different surfaces side by side: the smooth desktop, the sandpaper, and the felt.

Place a washer on the smooth desktop so that part of it hangs over the edge. Use a
pencil to draw a line across the washer, marking the desk edge. That will allow you
to set the washer in the same place for each trial.

Then, strke the washer with an open hand so it slides across the desktop. (If the
washer flies up or doesn't slide smoothly, try again until it consistently slides smaaothly.)

Measure the distance (cm) the washer slides across the surface. Record your data
in the table.

Repeat Steps 6—7 two more times. Be sure to use the line drawn on the washer to
position it in the same place on the edge of the desk each time.

MNext, place the washer on the sandpaper in the same position as you did during
Step 5. Repeat Steps 6-8.

Finally, place the washer on the felt in the same position as you did during Steps 5
and 9. Repeat Steps 6—8.
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11. Determine the average distance measured in the three tnals for each surface.
Record the averages in the table.

Surface Distance Washer Slides

Trial 1 (cm)

Trial 2 (cm)

Trial 3 (cm)

Average of
Three Trials
(em)

smooth desktop

felt

sandpaper

Part ll: Gravity

1.

150

Push a single washer (Washer A) off your desk. Observe what happens. Record

your observations in the table below.

Tape three washers together to construct Washer B.

Push Washer B off the edge of your desk. Record your observations.

Place Washers A and B on the edge of your desk. This time, push both washers

over the edge at the same time.

Place both washers at the edge of a shell or other surface that is higher than your

desk. Repeat Step 4.

Record your observations in the data table.

Object(s) Observations

Washer A only
from height 1

Washer B only
from height 1

Washers A and B
from height 1

Washers A and B
from height 2

EXPLORE Force and Motion: Types of Forces
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Part lll: Magnetism

1. Set a bar magnet at one end of your desk, with the end marked “N" for north
painting toward the desk’'s center

2. Place the second magnet on the desk about 30 cm from the first. The end marked
“3" for south should be pointing toward the north end of the first magnet.

3. Slide the second magnet slowly toward the first until the first magnet moves. Record

your observations in the table.

4. Repeat Steps 1-3, changing the distance to 3 cm.

5. Repeat Steps 14, turning the second magnet so the north ends point toward

each other.
Magnetic Starting Observations
Ends Distance (cm)
N-5 30
N-5 3
N-N 30
N-N 3
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Analyze and Interpret Data

1. Describe You observed different forces in action. Based on your observations, what
do you think a force is?

2. Cause and Effect Do all forces require that objects be touching in order to have an
effect? Explain your answer,

3. Describe Based on your observations in Part |, is the force of friction greater or less
on smooth surfaces than on rough surfaces? Use your data to support your answer.

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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4. Describe Based on your observations in Part |l, did Washer A have less or more
mass than Washer B? Did washer B hit the floor sooner than or at the same time as
Washer A? Based on your data, what can you infer about the force of gravity acting
on the two washers?

5. Describe Based on your observations in Part lll, how is magnetic force affected by
the distance between the objects? Use your data to support your answer.

6. Apply Concepts Complete the table with your lab group by describing each of the
forces you observed in this investigation. Then identify one example of each force
that you have observed in your daily life.

Force

Description

Example from Daily Life

friction

gravity

magnetism

EXPLORE Force and Motion: Types of Forces
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Read About It

Types of Forces

1 Oh, no! You're late for class! You rush down the hallway in such a
hurry that you accidentally bump into a teacher, which knocks you
back. Finally, you make it to class, sit down in your chair, and pull
your book out of your backpack. Whew!

Describing Force

2  Different types of forces made it possible for you to get to class,
even if you were late. A force is a push or pull. When you push
open a door or pull a book out of your backpack, you exert forces
on those objects. Forces are characterized in terms of their strength
and direction. The force needed to lift a dinner plate is smaller than
the force needed to push a refrigerator. Pushing a faucet handle to
the left is a different force from pushing it to the right.

3  In a diagram, the direction and strength of a force acting on an
object can be represented with an arrow. The arrow points in the
direction of the force, as shown in the photos. The length of the
arrow indicates the strength of the force—the longer the arrow, the
greater is the force, Scientists use the newton (N) as the unit for
measuring the strength of a force.

P Forces The blue arrow shows a small downward force
exerted by a bird perched on an elephant. The red
arrow shows a much larger force exerted by a horse
pulling a man in a cart.

Phioto Cmedils: dmussmaniSockGetty Images; Sorya ElchisoniFalolia
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Friction

4  Some forces, known as contact forces, act through physical contact.
They are exerted when objects are touching each other. Other
forces, called noncontact forces, are forces that act at a distance and
do not require objects to be touching. When you push a box across
the floor, your push is a contact force because the force only acts
while you touch the box. The box may be difficult to push because
there is another contact force acting on the box in the opposite
direction. |t is the force of friction between the box and the floor.

5  Friction is a contact force that two surfaces exert on each other
when they rub against each other. Sliding friction, the friction
between your shoes and the floor, for example, prevents you from
slipping as you rush down a school hallway. A smooth or wet floor
reduces friction, which is why you might slip and fall.

&  Friction acts in a direction opposite to the direction of an object's
maotion. Two other types of friction are rolling friction and
fluid friction, as shown in the figure.

- N

P Friction Skateboarders in a skate park
demonstrate different kinds of friction.

3

Relling friction occurs
between the wheels

of the skateboard and
the ground. There is
contact, but very little
sliding, so itis less than
sliding friction.

Fluids, such as water \l
and air, flow easily. Fluid
friction occurs when

a solid object moves
through a fluid. It acts

on a skateboarder's

body when he does a
trick in midair.

A

Sliding friction occurs
when two solid surfaces

slide across each other.
Sliding friction is what

makes moving objects

slow down and stop.

EXPLAIN Force and Mation: Types of Forces
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Both the types of surfaces involved and how hard the surfaces are
pushed together affect the friction between two surfaces. Have you
ever examined the surface of a tire? The tread on the tire increases
friction between the tire and the ground. In general, smoother

surfaces produce less friction than rougher surfac

Friction increases as surfaces push harder against each other. For a
bicycle, friction occurs not just between the tires and the ground,
but also between the brake pads and the wheels. The friction slc
the wheel turning. The harder the rider applies the brakes, the more

quickly the bike will come to a stop.

» Increasing Friction This mountain biker
applies his brakes and skids to slow down.
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Gravity

9  Anoncontact force is a force acting between objects whether they
are touching or not. One noncontact force that you experience
every day is gravity—a force that pulls objects toward each other as | Write an argument
a result of their masses. The force of gravity pulls your body toward ::zt:;nr-':;-::;hy

the center of Earth. You are so familiar with objects falling that you notebook resting

may not think much about why they fall. One person who did think on your desk are
not being pulled

together by the

Literacy Support

about it was |saac Newton.

10 Newton was not the first who noticed that gravity made objects fall SENER @F gty
; ) betwean them.
toward Earth. But he was the first who realized that not only any o S

everyday object but even the moon was attracted by Earth's gravity.,
Mewton recognized that Earth's gravity is what keeps the moon in
its orbit around Earth, and the sun's gravity is what keeps Earth in
its orbit around the sun. Gravity acts everywhere in the universe, not
just on Earth. Newton's realization is now called the Law of Gravity,
or the law of universal gravitation.

11 The law of universal gravitation states that every object exerts
gravitational force on every other object. So, any two objects
anywhere in the universe attract each other. In fact, all the
objects around you are attracted to you. You can clearly see the
gravitational effect of Earth on an object. However, you do not
notice the attraction between objects on Earth because those
forces are extremely small compared to the attraction between
the objects and Earth itself.

P Earth's Pull Gravity is the force that
keeps objects in place on Earth.
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The force of gravity exerted
on the pan keaps it from
floating away, which would
make cooking very difficult!
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Factors That Affect Gravity

12  What factors contral the strength of the gravitational force between
two objects? The force depends on how much mass the objects
have and how far apart they are. The more mass an object has, the A factor is

‘ T ‘ : ' something that
greater is the gravitational force between it and other objects. Earth's | ° p g
Intiuences or

gravitational force on nearby objects is strong because the mass of e o

Earth iz 50 IargE}_ result or outcome.
As you read,

Gravitational force also depends on the distance between consider which

factors affect

different kinds

of forces.

Vocabulary Support

the objects’ centers. As distance increases, gravitational force
decreases. What happens when you drop a pencil? You see

your pencil fall to Earth because Earth and your pencil are close
together. If your pencil were on the moon, Earth would not exert a
noticeable gravitational attraction to it because Earth and the penci
would be so far apart. The pencil would be much closer to the
moon, and if it fell, it would fall toward the center of the moon.

P Factors Affecting Gravity Gravitational force depends
on the masses of objects and the distance between them.

All objects with mass exart a
gravitational force on other objects.

Priobo Credil Faeilh Publicover Shullansiock

Gravitational force increases as the
masses of the objacts increasa.

Gravitational force decreases
as the distance between the

objects increases.
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Magnetic and Electrical Forces

14 Two other types of forces that act at a distance are the forces
exerted by magnets and the forces exerted by electric charges. A
magnet is a material that attracts iron and materials that contain
iron. A magnet can also attract (pull) or repel (push) another
magnet. Magnetism is the attractive or repulsive force exerted by
magnetic materials. Like gravity, magnetism is a noncontact force,
50 it does not require objects to be touching. Unlike gravity, it can
be a repelling force as well as an attracting force.

15 The strength of a magnetic force depends on the strength of the
two magnets, and, like gravity, it also depends on distance. A
stronger magnet exerts a greater magnetic force, but magnetic
torce decreases as the distance between the magnetic materials
increases.

P Magnetic Force Any magnet has two ends, called poles.
One pole is labeled the north pole, and the other is labeled
the south pole. A magnet exerts the strongest force at its poles.

Opposite poles attract.

Like poles rapel.
A — — N
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16 The electrical force is the attraction or repulsion between electric
charges. If you have found your hair misbehaves when you brush it
on a dry day, you have experienced the electrical force. Brushing
your hair transfers electrons from the brush to your hair, so your
hair and the brush gain opposite charges. As with magnetic poles,
opposite electric charges attract each other, and like charges repel
each other. Since each hair on your head has a negative charge, it
repels the other charged hairs, and you have trouble getting your
hair to stay in place.

17 As is the case with magnetism, the strength of the electrical force
depends on the strength of the charges, and it also depends on
distance. The electrical force decreases as the distance between
charged materials increases.

P Electrical Force Charged objects exert forces
on each other. They either attract or repel.

1 J 'IlII
'lll'lll |'IIII lllllllll
‘*.,I Opposite / / Like {+)
"I." charges II,." .-"II charges
\  attract / / repel

\ /
0—=0 0O
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Reading Check
Types of Forces

Answer the following questions after you have completed reading the Read About It.

1.

You read about forces in paragraphs 2 and 3. Forces are described in terms of
which two of the following characteristics?

A. strength
B. position
C. direction
D.

velocity

In paragraph 4, you learned about contact forces and noncontact forces. What is
the difference between those two?

You learned about friction in paragraphs 5-8. Automobile engines have bearings
in which a shaft spins inside a metal collar. Friction in the bearings is reduced by
pumping oil through the bearings. How does that work?

A. Sliding friction is replaced with rolling friction.
B. Sliding friction is replaced with fluid friction.

C. Rolling friction is replaced with sliding friction.
D.

Rolling friction is replaced with fluid friction,

You learned about friction in paragraphs 5-8. One way to transmit energy is with
a drive belt looped around two metal pulleys. If the belt is too loose, it will slip
and lose energy. Which would be the best way to reduce energy loss?

A. Loosen the belt to reduce friction.

B. Loocsen the belt to increase friction.
C. Tighten the belt to reduce friction.
D

. Tighten the belt to increase friction.

EXPLAIN Force and Motion: Types of Forces 161
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In paragraphs 9-17, you learned about noncontact forces. What are three
examples of noncontact forces?

In paragraphs 9-13 and the diagram, you learned about gravity. Earth is attracted
by the gravity of which of the following objects? Select all answers that apply.

A. objects resting on Earth's surface

objects in orbit around Earth

B.
C. the moon
D.

the sun

In paragraphs 9-13, you learned about gravity. Gravity on the surface of the
moon is weaker than gravity on the surface of Earth. What property of the moon

accounts for the difference?

In paragraphs 14—17, you learned about magnetic and electrical forces. Both of
those forces can be either attractive or repulsive. Fill in the table with the correct
pairing of poles or charges to produce each sort of for force.

Magnetic
Attraction

Magnetic
Repulsion

Electrical
Attraction

Electrical
Repulsion

EXPLAIN Force and Motion: Types of Forces
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Extend and Enrich Activities

Types of Forces

1. Model Use the graphic organizer {o identify the different types of forces based on
whether they require objects to be in direct contact.

-

Contact Forces Noncontact Forces

e w

2. Apply Think about the force of gravity and the factors that affect its strength. If
the sun is so much more massive than Earth, then why does the moon orbit Earth
and not the sun?

ELABORATE Force and Motion: Types of Forces 163
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Lesson Review

Types of Forces

At baxing practice, lan works with his coach to improve the strength of his punch. Use
the picture to answer questions 1 and 2.

1. Which of the following is a contact force experienced by the punching bag?
A. electncal
B. frictional
C. gravitational

D. magnetic

2. lan says the reason the bag is heavy is due to the force of gravity that he exerts on
it. Is he correct?

A. Yes, lan is correct.

B. No, itis heavy due to the gravitational force that lan's coach exerts on it
C. No, itis heavy due the gravitational force that the bag exerts on lan.
D

. No, it is heavy due to the gravitational force that Earth exerts on it.

3. Which of the following statements about friction is not correct?
A. Friction depends on how hard surfaces are pressed together
B. Friction does not require objects to be in direct contact.
C. Friction depends on the materials that make up the surfaces.
D.

Friction acts in a direction opposite to the direction of the object’'s motion.

164 EWVALUATE Force and Motion: Types of Forces
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Phenomenon Activity

Unbalanced Forces and Motion

| can...
* describe the effects of unbalanced forces on the motion of objects.

Vocabulary
balanced forces inertia magnitude unbalanced forces

‘ Phenomenon Why does the curling stone keep moving for so long?

- -

Make a Claim Identify the forces acting on the curling stone. Explain why the motion of
the stone remains unchanged for so long and why it eventually comes to a stop.

ENGAGE Force and Motion: Unbalanced Forces and Motion 165
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Hands-On Lab
Net Force and Motion

You will...
* investigate balanced and unbalanced forces.

* describe the changes in motion that result from those forces.

®* calculate the net force acting on an object.

What You Need to Know

An object's motion is determined by the combination of all the forces acting on it, also
known as net force. A book lying still on your desk has forces acting on it, even though

it is not in motion. When you lift the book off your desk, you also exert a force on it. The
book's maotion depends on whether the forces acting on it are balanced or unbalanced.
In this activity, you will explore how different forces affect an object's motion.

Materials
* block of wood with hooks on each end * push/pull spring scale
and with midline marked on it "
paper
* standard spring scale
* tape

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

)
Wear safety goggles.

g Make sure no one gets hit by objects when you push or pull them.

A Be aware that the wood block may move unexpectedly.

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Procedure

Part |
1.

Draw a line down the center of the paper. Then tape the paper to the center of the
table.

2. Place the block so that the midline of the block aligns with the line on the paper.

3. Place a spring scale at each end of the block so that it hooks onto the block.

4. While one student holds the block still on the line, have two other students pick up
the spring scales on either side of the block.

5. The student holding the block counts to 3. At 3, each student holding the scales on
either end of the block pulls the block using a force of 5 N. Each student should
keep the force steady at 5 N.

6. The student holding the block lets go of the block. Observe the motion of the block
and record your cbservations.

Part

1. Set up the block and spring scales as you did for Part |, with a spring scale attached
to each side of the block.

2. While one student holds the block still on the line, have two other students pick up
the spring scales on either end of the block.

3. The student holding the block counts to 3. At 3. each student pulls the block. This
time, the student on the left pulls with a using a force of 5 N, and the student on the
right pulls with a force of 10 N,

4. The student holding the block lets go of the block. Observe the motion of the block
and record your observations.

Part Ill

1. Set up the block and spring scales as you did for Parts | and ll, but replace the
spring scale on the left side with a push/pull spring scale.

2. While one student holds the block still on the line, have two other students pick up
the scales on either end of the block.

3. The student holding the block counts to 3. At 3, the student on the left with the push/
pull scale pushes with a force of 5 N. The student on the right with the standard
spring scale pulls with a force of 5 N.

4. The student holding the block lets go of the block. Observe the motion of the block

and record your observations.
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Observations

Part Description of Forces Observations of Block Motion

Part |

Part Il

Part Il E
g
&
K
2
3
o
g
£
L
B
2
%
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Analyze and Interpret Data

1. Describe In Part |, would you say the forces on the block were balanced or
unbalanced? Why?

2. Describe In Part Il, would you say the forces on the block were balanced or
unbalanced? Why?

3. Describe In Part lll, would you say the forces on the block were balanced or
unbalanced? Why?

4. Patterns What kinds of forces result in an object changing its motion? What kinds
of forces result in no change to an object's motion?

EXPLORE Force and Motion: Unbalanced Forces and Motion 169



5. Calculate When forces are applied to an object in the same direction, the strengths
of the forces are added together to find the net force. When forces are applied in
opposite directions, the strengths of the forces are subtracted to find the net force.
Calculate the net force on the block for each part of the investigation.

Part

MNet Force Calculation

Part |

Part |l

Part Ill

Patterns What is the net force on the block when the forces are balanced? What is
the net force on the block when the forces are unbalanced?

Apply Concepts Based on your observations, what generalization can you make
about the net force on an object and its effect on an object's mation?

EXPLORE Force and Motion: Unbalanced Forces and Motion
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Data Analysis Activity
Effects of Net Force

You will...
* analyze data about the forces acting on an object to determine its motion.

What You Need to Know

The net force on an object is the combination of all the forces acting on that object. Net
force is the sum of the forces when they are acting in the same direction. When the
forces act in the opposite direction, the net force is the difference of the forces.

In each diagram, two animals push on an apple. In each scenario, the forces of gravity
and friction acting on the apple do not change. The forces that may cause a change
come from the animals.

A. Two chipmunks push on the apple in opposite directions with forces of

aqual strength.

2N EEp 4Em 2N

B. A chipmunk and a squirrel push on the apple in opposite directions
with forces of different strengths.

2N - - 5N

C. A chipmunk and a squirrel push on the apple in the same direction
with forces of different strengths.

ﬁ.N_
2N =)

EXPLORE Force and Motion: Uinbalanced Forces and Motion
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Analyze and Interpret Data
1.

3. Patterns Based on your answers to the previous questions, what do you think is the

172

Calculate For each scenario, determine the net force acting on the apple.

A:

E‘l
.

a2

Analyze Data For each scenano, identify whether the apple will move. If the apple
will move, identify the direction in which it will move.

Scenario Will apple move? Direction of motion
(yes or na) (left or right)
A
B
=

relationship between net force and the motion of an object?

EXPLORE Force and Motion: Unbalanced Forces and Motion
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Read About It

Unbalanced Forces and Motion

1  Forces govern the motions of objects, from specks of dust floating
in the air to faraway galaxies colliding in space. You deal with Vocabulary Support

forces every day, without even thinking about them. Magnitude means
size, or importance.

In science, specific
Fn rce scales assign
' ; . numbers to
2  If you were watching a game Df.ICE hockey, you wnul.d be T_'-.urprlsed eurthquskes and
to see a puck that was sitting still suddenly start moving without atars of diffarent
being hit. Your surprise would be the result of knowing that the magnitudes.

motion of abjects can only be changed by forces. Therefare, a
hockey puck that is sitting still will remain at rest unless a player hits
it, applying a force.

3 Aforce is a push or a pull, characterized by its magnitude and
direction. A force is required to put an object in motion, but
putting an object in motion is not all that a force can do. It can also
change the motion of an object already moving. In fact, changing
the motion (and the energy) of an object can only be understood
in terms of forces—pushes or pulls. When no force acts, an object
moving at a constant velocity will continue moving at that constant
velocity. To use hockey again as an example, you would be surprised
to see a moving puck suddenly stop in the middle of the ice. You
expect the puck to slide in a straight line across the ice. Its velocity
remains constant until it hits something like the net of the goal or
another hockey stick.

Phioho Credit Isanbilil1 23RF

o= P Speeding Up Just a
moment ago, the puck
. was at rest on the ice.
¥ The net torce that the
player applied to the
puck caused the puck
to accelerate.

Caopyrght & Saewas Learning Campary LLC. All Righs Resereed
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Inertia

4

The tendency of an object to remain in motion or to remain
stationary is inertia. You can also say that inertia is resistance to
any change in velocity. The law of inertia states that a body at rest As you read, take
will stay at rest, and a body in motion will stay in uniform motion, note of '"fm:"atm”
. : you can use to
unless a net force acts on it. It takes energy to change the motion diefine the L

i f inertia.
of objects. i

Literacy Support

One measure of the inertia of an object is its mass. Big, heavy
objects have a great deal of inertia. Think of moving a piano across
a room, and you will have a good idea of inertia. Once you get

the piano moving, it will soon roll to a stop, and you might think
that inertia is the reason. In fact, the force of friction with the floor
is what brings the piano to a stop. A force is needed to stop the
piano, because inertia alone would keep it moving.

If you need a large force to put an object in motion, you may also
need a large force to change an object’s motion. Think about the
piano again. If you and some friends pushed hard and started the
piano moving quickly across the room, it would have a great deal of
inertia. The faster it moved, the more inertia it would have. It would
tend to keep moving, and you would need a large amount of force
to change its velocity. Changing its velocity means changing its
speed or changing its direction, or both. You would want to be very
sure you could apply enough force to steer the piano or to stop it.

P A Show of Force Getting a large object in motion
means avercoming friction as well as inertia.

e
.

P Safe! The runner mowing at high
speed into second base has a large
amount of inertia. She must push
hard against the gruund and the
base itself to overcome that inertia.
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Balanced and Unbalanced Forces

7/ Suppose you are holding a tennis ball in your hand. |f you drop
it, the ball quickly falls to the floor. In order for the ball to start
moving, a force must act, and that force is gravity. The force of
gravity is an example of an unbalanced force, or a net force, which
means it is a force on an object that is not canceled by other forces, -y
An unbalanced force is needed to change the motion of an object.

8 Instead of dropping the ball, suppose you just hold the ball in
place. The ball is pulled toward the center of Earth with a force of Y
some number of newtons. To prevent the ball from dropping, your -
hand applies a force on the ball with the same number of newtons
in the opposite direction—a balancing force.

%  Forces of equal magnitude but in opposite directions acting on
the same object are called balanced forces. The ball and every

other object on Earth are constantly pulled down by gravity. If -
an object is not moving, there must be another force balancing

gravity's steady pull. When you stand still, the ground supports
you with an upward force that balances gravity. B Foree Unbalenced

10 Balanced forces acting on stationary objects are all around you. When you release
the ball, gravity takes

You can also find moving t.mdiea- with balanced forces acting on control and gives
them. When you walk or bicycle at a steady speed, you apply a R —
steady force to overcome friction. You know it takes effort to velocity.

keep moving, but you may never have thought of it as balancing.

P Forces in Balance

The boy's weight is a
downward force that is
balanced by an upward
force from the ground. The
water and smooth material
of the slide reduce friction
enough to let the moving
boy slide across the surface
for a few moments.

-
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Reading Check
Unbalanced Forces and Motion

Answer the following questions after you have completed reading the Read About It.

1.

You read in paragraphs 2 and 3 that changing an object's motion requires force,
In the game of curling, one player slides a heavy stone about 45 meters across
ice. To lengthen its slide, other players sweep the ice ahead of the stone. How
does the sweeping affect the movement of the stone?

A. The sweeping increases friction to increase the speed of the stone.
B. The sweeping decreases friction to increase the speed of the stone.
C. The sweeping increases friction to decrease the stone's rate of deceleration.

D. The sweeping decreases friction to decrease the stone's rate of deceleration.

As you read in paragraphs 4-5, inertia is resistance to change in motion.
Suppose a bowling ball is sitting in the bed of a pickup truck. When the truck
starts quickly, the ball rolls backward and hits the tailgate. Explain what happens
in terms of inertia.

You read in paragraphs 5-6 that inertia is a property of moving bodies as well as
stationary bodies. Which two characteristics of a body affect its inertia?

A. mass
B. volume
C. speed

D. density

EXPLAIN Force and Motion: Unbalanced Forces and Motion 177
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As you read in paragraphs 7-10, forces can be balanced or unbalanced. The top
row in the table below contains descriptions of four objects. In the middle row,

write either "balanced” or "unbalanced” to correctly describe the forces acting on
each object.

As you read in paragraphs 7-10, forces can be balanced or unbalanced. In the
bottom row of the table below, enter the balanced forces or the unbalanced force

to correctly describe the forces on each object.

Meen in orbit Bird on branch Coin dropped to
around Earth the floor

Nail picked up by
magnet

As you read in paragraphs 7-10, forces can be balanced or unbalanced.

Suppose a skydiver takes a jump from a plane.
Part A

What forces are acting when she first jumps? Are they balanced?

Part B

After a few seconds, the skydiver reaches a maximum speed and then goes no

faster What forces are acting? Are they balanced?

EXPLAIN Foroe and Motion: Unbalanced Forces and Maofion
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Extend and Enrich Activities

Unbalanced Forces and Motion

1. Model Use the graphic organizer to describe how forces affect an object's
motion. For each description, identify whether balanced or unbalanced forces are
responsible.

Change in Speed No Change in Speed

Change in Direction Mo Change in Direction

2. Apply While studying for a test, you knock over a glass of water sitting on your
desk. Draw a two-panel comic strip to illustrate the scenario. Include labels and
captions in your comic to identify when the forces acting on the glass of water are
balanced, when they are unbalanced, and how they affect the motion of the glass.

ELABORATE Force and Motion: Unbalanced Forces and Motion 179
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Lesson Review

Unbalanced Forces and Motion

Choose the best answer to each question.

1.

180

You push on a filing cabinet on wheels with a force of 125 N to the right. A friend
pushes on the same filing cabinet with a force of 97 N to the left. What is the net
force on the filing cabinet? In what direction will it move?

A. The net force is 28 N to the right, so it will mowve to the right.
B. The net force is 0 N, so it will not move.

C. The net force is 28 N to the left, so it will move to the left,

D

. The net force is 222 N to the right, so it will move to the right.

Tomas and his younger sister Gwen are finishing work on a wood sculpture. A friend
is helping them attach the sculpture to its base. Tomas and Gwen stand on either
side of the sculpture and push on it. They hold it still until their friend finishes
attaching the base. Which statement about the forces in this situation is correct?

A. The forces exerted by Tomas and Gwen are balanced because the sculpture will
fall over without a base.

B. The forces exerted by Tomas and Gwen are balanced because the sculpture
remains still.

C. The forces exerted by Tomas and Gwen are unbalanced because the siblings are
not the same age.

D. The forces exerted by Tomas and Gwen are unbalanced because the sculpture
cannot stand on its own.

Four friends push on the front, back, and sides of a shopping cart. The friends in the
front and on the two sides push with a force of 60 N. The friend in back pushes with
a force of 50 N. Which statement about the cart's motion is correct?

A. The shopping cart will not move.
B. The shopping cart will move backward.
C. The shopping cart will move forward.

D. The shopping cart will tip over on its side.

EVALUATE Force and Motion: Unbalanced Forces and Motion

Coapyrighl & Saweas Learning Camparry LLC. All Rights Resarved



Phiclo Credil Iinas/Shulersdack

apyrighl @ Sawvas Learning Comparry LLC. All Righls Reserved

-
e

NAME CLASS DATE

Phenomenon Activity

Scientific Theory of Cells

| can...
* explain the components of the scientific theory of cells.

Vocabulary

cell organism  structure

‘ Phenomenon If something grows, then is it alive?

Make a Claim In some caverns in Florida, you can observe structures growing from the
cavern roof, called stalactites. Explain why these structures are not considered living
things even though they grow larger.

ENGAGE Cells and Living Things: Scientific Theory of Cells 181
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Hands-On Lab

Observing Cells

You will...

* distinguish between living and nonliving things based on the presence or
absence of cells.

* provide evidence that all living things are made up of cells.

What You Need to Know

You and your classmates are invited to visit a special microscopy lab at the local
museum of natural history. Your job is to help the museum design an interactive exhibit
to help people distinguish between living and non-living things at the microscopic

level. Before you help design the exhibit, you must first determine ways to identify the
differences between living and non-living things. You will use a microscope to observe
and sketch characteristics present in living things. With this information, you will help
design an interactive exhibit that will help visitors distinguish between living and non-
living things.

Materials
®* prepared paramecium slide * prepared onion root tip slide
* prepared nylon fibers slide * prepared salt slide
* prepared human skin slide *  microscope

* prepared bacteria slide

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

Procedure

1. Start at the designated microscope station indicated by your teacher. You will rotate
with your partner among six stations.

2. Conduct an Investigation Record your observations and discuss them with your
partner. Fill in the table. Then make sketches of your observations from stations 1,
3, and 6.

182 EXPLORE Cells and Living Things: Scientific Theory of Cells
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Observations

Station Unicellular, Tissue or No Tissue Living or
Multicellular, or No Non-Living
Cells

1: Paramecium

2: Nylon Fibers

3: Onion Root

4: Bacteria

5: Human Skin

&: Salt

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Analyze and Interpret Data

1. Synthesize Information Based on your observations, what characteristics
distinguish living things from non-living things under the microscope? Support your
statement using what you know about the scientific theory of cells. Give an example
of a living and non-living specimen you examined.

2. Support Your Explanation Tissues are made up of groups of cells that work
together to perform a specific function. Compare your sketches, and determine
which one represents a tissue. Use what you know about cell theory to explain
YOUr answer.

3. Design an Investigation How would you build an interactive exhibit to help visitors
determine the difference between living and non-living things?

184 EXPLORE Cells and Living Things: Scientific Theory of Cells
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Data Analysis Activity

Getting the Right Magnification

You will...
* explore how a microscope magnifies the image of a specimen.

* understand how cell theory could not have been developed without microscopes.

What You Need to Know

When you examine a specimen under a microscope, the total magnification of the
image equals the magnifications of the microscope’s two lenses multiplied together. If
the objective lens magnifies the object 10 times, and the eyepiece lens also magnifies
the object 10 times, then the total magnification of the microscope is 10 x 10, or 100
times (expressed as "100X"). The image you see will be 100 times larger than the
actual specimen.

Eyepiece

Focusing
knobs

Mosepiece

Objective
lenses

Slide

This compound light microscope has a 10X lens in the eyepiece. The revalving
nosepiece holds three objective lenses: 4X, 10X, and 40X.
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Analyze and Interpret Data

1. Write an Expression Calculate the total magnification of a microscope with
eyepiece lens 10X and objective lens 4X. Then complete the table.

Objective Lens Total Magnification

4x

10X

40X

2. Explain Which magnification would you select in the revolving nosepiece to look at
a sample of pond water? Write an expression to show the total magnification of the
MICroscope.

3. Evaluate Scale Suppose you used this microscope to view a sample of human
hair that is 0.1 mm across, and the hair appears to be 4mm across in the image.
Which objective lens did you select from the revolving nosepiece? What was the total
magnification of the microscope? Use math to check your answer.

4. Cause and Effect How did the microscope contribute to the development of cell
theory?

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Read About It

Scientific Theory of Cells

1  What do a whale, a rose, bacteria, a ladybug, and you have in
common? You are all living things.

The noun structure
can mean different

CE‘ I IS things in biology.
When we talk about

2  Allliving things share certain characteristics. For example, all living a structure in a cell,
things are made of cells. A cell is the basic unit of all the structures :fthm:z:"a_ ,i':fhrln
and functions of living things. Cells form the parts of a living thing, we talk about the
or arganism, and carry out its functions. The smallest organisms, structure of a cell,
such as the bacteria in the photo, have only one cell, while the ?:E ";Et‘;':” :r';ﬁ:ﬂl" -
largest organisms may have trillions of cells. All cells come from e e o

existing cells.

3  The structure of an object can refer to what it is made of and
how its parts are put together. The structure of a living thing is
determined by the amazing variety of ways its cells are put together,

4 A single cell has the same needs as an entire organism. For a cell
to stay alive, it must perform biological functions. Those functions
include obtaining energy, bringing in nutrients and water, and
getting rid of wastes. Most organisms have bodies with many
different cells that work together to help the organism to stay alive,
grow, and reproduce. For example, cells in your circulatory system
move blood around your body. This blood provides you with fresh
oxygen and removes the waste product carbon dioxide. Cells in
your heart pump blood to every part of you. Your body's cells work
together to keep you alive.

Phiolo Credil Sleve GachmeissnerSoence Phole Libary Gely inages
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~ | = Cells Are Everywhere If you
- . were to swab your tongue, this
Ll is what you might see under the
s microscope. These cells are all
' bacteria with different shapes,
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Development of Cell Theory

5

Scientists discovered living organisms are made of cells in the
1600s. The invention of the microscope, an instrument that
makes small objects look larger, made this discovery possible.
Use of the microscope led to new knowledge of how life is
organized. As microscope technology improved, scientists were
able to discover new information about cells and how they
function. Scientists put these discoveries together to develop

a theory about cells.

In the mid-1600s, English scientist Robert Hooke built his own
microscopes to learn about nature. He made drawings of what
he saw when he loocked at the bark of cork oak trees (see below).
Hooke thought that the empty spaces he observed in the tree
bark looked like tiny rooms, so he named them “cells.” Tree bark,
however, contains only dead cells.

Continuous improvements to the microscope furthered the study
of cells. Each scientist proposed a hypothesis (plural: hypotheses),

a possible answer to a scientific question. Their hypotheses,
supported through the observations and experiments of other
scientists, led to a theory about cells and all living things. A
scientific theory, such as cell theory, is a well-supported and widely
accepted explanation of nature and is not simply a claim stated by
an individual. Terms that describe examples of scientific knowledge,
such as hypothesis and theory, have very specific meanings and
functions in science.

P Hooke's View of the Cell Hooke drew what he [
saw through his microscope in great detail. Every | T—
black spot on his illustration is the center ot a cell.

Literacy Support

How did early scientists

learn about cells
without performing
experiments?
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Microscopes
:

190

The cell theory could not have been developed without
microscopes, as you see on the timeline on the next page. The
microscopes we use today have the same basic function as the
one Hooke invented—to view tiny specimens. The advanced
technology in modern microscopes, however, provides far greater
detail. Light microscopes focus light through lenses to produce a
magnified image. Electron microscopes use beams of electrons
that scan the surface of the specimen. Electron microscopes
provide higher magnification and greater resolution, or sharpness,
than light microscopes. Observe the different photos of the same
red blood cells below.

A compound light microscope, like the one in the
illustration, magnifies an image using two lenses. Eyepiece
One lens is in the eyepiece. A second lens, called
the objective, is on the revolving nosepiece. Each
objective lens has a different magnifying power.
By turning the nosepiece, you select the objective
with the magnifying power you need. A glass
rectangle called a slide holds the sample. A light

Focusing

shines up and passes through the slide and the Mosepiece knobs

sample. The light passes through the lenses
in the nosepiece and the eyepiece. Each lens Objective
magnifies the sample. When the light reaches  lenses -wy(‘

: "
your eye, you see the sample in detail! Slide

P Magnification Red blood cells look very different
when viewed through a light microscope (left)
and an electron microscope with much higher
magnification (right).

EXPLAIN Cells and Living Things: Scientific Theory of Cells
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P Microscopes and Cell Theory The irvention ‘Il;ﬂl
of the n*-i-::rns.-::npn:-. ann?i _ir'npr-m- ements to it E Robert Hooke studies bark
have led to the scientific theory of the cell. H ; : .
- and fossils with microscopes
. i and coins the term “cells.”
Anton van Leeuwenhoek observes living :
microorganisms under the microscope. — 1663
-
-
-
.
L
H
1674

Matthias Schleiden concludes
that all plants are made of cells.

that all animals are made of cells.
Schwann concludes that all organisms
are made of cells, and that cells are
the basic units of life.

Theodor Schwann reaches the conclusion —L
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Rudolf Virchow concludes that cells
only come from other cells.

Scientists developed several types
of electron microscopes that are
5,000 times more powerful than
light microscopes.

1930s
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Principles of Cell Theory

10

"

192

Cell theory is one of the most important ideas in biology. The
scientific theory of cells is a basic arganizing principle of life.
According to this scientific theory:

e All living things are made of cells.
* Cells are the basic units of structure and function in living things.
* All new cells are produced from existing cells.

Cells are the basic unit of life. Even though living things differ
greatly, they are all made of one or more cells. Most cells are

tiny. But some, like those shown in the photo, can be surprisingly
large. The cell theory holds true for all living things, no matter how
big or how small. Organisms can be made of one cell or of many
cells. We can study how single-celled organisms remove wastes to
sustain life. Then we can use this information to understand how
multicellular organisms carry out the same task. And, because all
new cells are produced from existing cells, scientists can study cells

to learn about growth and reproduction.

P Cell Sizes Many scientists consider eggs to be single
cells. An ostrich egg is about 15 cm long, and a large
chicken egg is about & em long. A human egg s about
the size of the period at the end of this sentence.

EXPLAIN Cells and Living Things: Scientific Theory of Cells
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Reading Check
Scientific Theory of Cells
Answer the following questions after you have completed reading the Read About It.

1. Vocabulary In paragraphs 2 and 3, you read that cells are the basic units of all
living things. What does the term strucfure mean?

2. In paragraph 4, you read that a single cell has the same needs as an entire
organism. How is a single cell similar to an elephant? (Hint: Think of functions.)

3. In paragraph 5, you read about an invention that made the discovery of cells
possible. What was it?

A. the microscope
B. the scientific theory of cells
C. science

D. living organisms

4. In paragraph 6, you read about how Robert Hooke discovered cells. What
features did he observe in tree bark, and what did he name them?

A. tiny rooms, empty spaces
B. empty spaces, cork

C. empty spaces, cells
D

. dead cells, empty spaces

EXPLAIN Cellz and Living Things: Scientific Theory of Cells
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5. In paragraph 7, you read about improvements to the microscope. How did
advancements in microscope technology influence cell theory?

6. In paragraphs 8, 9, and the timeline, you read how improvements to microscope
technology contributed to cell theory. Was the invention of the electron microscope
essential to the development of cell theory? Explain.

7. In paragraph 10, you read how cell theory is a basic organizing principle of life.
What are the three parts of cell theory?

8. In paragraph 11, you read that all new cells are produced from existing cells.
Knowing this is true, what can scientists learn from studying cells?

A. how organisms remove waste

B. how organisms sustain life

C. how organisms grow and reproduce
D

. how organisms become multicellular
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Extend and Enrich Activities

Scientific Theory of Cells

1. Model Complete the graphic organizer. Use it to explain the three key ideas of

cell theory.
( Scientific Theory of Cells )
NZ W N 4
( Key Idea 1 ) ( Key ldea 2 ) ( Key Idea 3 )
il ™ 4 ™ 4 ™
\, J \, J \, .

2. Apply Explain how you would investigate, or test, the key ideas supporting cell
theory. Draw a two-column table with enough rows for each key idea. In column
two, describe an investigation you could do to support the key idea.
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Lesson Review

Scientific Theory of Cells

1. Which of the following is not stated in the cell theory?

A.

B
C.
D

Animal cells are more complex than plant cells.

. All living things are composed of cells.

Cells are the basic units of structure and function in living things.

. All new cells are produced from other cells.

2. What would be the first step in proving that an object is a living thing?

A.

B
C.
D

Determining whether the object is an organism.

. Determining the mass of the object.

Determining whether the object is made up of cells.

. Determining the temperature of the object.

3. Which statement best explains why a single cell is like an entire organism?

A.

B.
C.
D.

They both can be investigated using a microscope.
They both perform functions that sustain life.
They both share similar structures.

They both reproduce.

4. Which of the following statements most accurately explains how advancements in
technology influenced cell theory®?

A.

B
C.
D

After the microscope was invented, it took 150 years to develop cell theory.

. High-powered microscopes made more scientists interested in observing cells.

As microscope technology improved, scientists could see cells more clearly.

. Scientists worked to improve the microscope until new discoveries led to

cell theory.
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Phenomenon Activity

Structures and Functions of
Plant and Animal Organelles

| can...

* explain how the cells of all organisms undergo similar life processes.

* compare the structure and function of organelles in plant and animal cells.

Vocabulary
cellmembrane cellwall chloroplast cytoplasm  endoplasmic reticulum

funcion homeostasis mitochondrion nucleus organelle  vacuole

\ Phenomenon What makes a mangrove tree different from a pelican?

Make a Claim Explain what makes a mangrove tree different from a pelican in terms of
the cells that make up each organism.

EMGAGE Cells and Living Things: Structures and Functions of Plant and Animal Organelles
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Hands-On Lab
Comparing Cells

You will...
* explore how different parts of a cell help it to function.

* recognize how animal cells are different from plant cells.

What You Need to Know

The invention of the microscope allowed scientists to discover that living things are
made of cells. As microscopes improved, scientists began to identify the parts of cells
and to compare the structures of cells from different organisms. In this investigation, you
will gather evidence to describe how plant and animal cells are the same and how they
are different. This comparison helps explain the different ways that plants and animals
live, grow, and function.

Materials
®* prepared slide of cells, labeled “Slide A’

*  microscope

* prepared slide of cells, labeled “Slide B

Safety Precautions
Be sure to follow all safety precautions provided by your teacher.

Caution: Slides and cover slips are fragile, and their edges can cause cuts. Handle them

carefully.

Procedure

1. With your teacher, review the proper use of the microscope.

2. Use the microscope and the prepared slides to provide evidence that living things
are made of cells. Obtain Slide A from your teacher. Examine the cells of the slide
under the low-power and high-power lenses of the microscope. Decide which
lens provides the better view of cell structures, and use this lens to make your
observations.

3. Use one box to draw a picture of what you see. Label your drawing “Slide A."

4. Repeat Steps 2 and 3 with Slide B.
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Analyze and Interpret Data

5. Compare Data Based on your observations, identify and describe the structure of
the two types of cells. In your answer, be sure to describe how the two types of cells
are alike and how they are different.

6. Relate Structure and Function Which slide shows animal cells, and which shows
plant cells? Explain how the structures you identified allow you to classify the cells.

7. Explain Phenomena Why do the animal cells not have chloroplasts?

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Data Analysis Activity

Breathing Without Lungs

You will...
* |earn how the cells of one type of animal gets oxygen.

* understand how the level of oxygen in Earth's atmosphere impacts growth.

What You Need to Know

The largest insects ever discovered were giant dragonflies that lived 300 million years
ago. These dragonflies had a wingspan of 67 cm! Today the largest dragonfly has a
wingspan of about 20 cm. The giant dragonflies existed at a time when the oxygen
level in the atmosphere was about 35 percent, compared to 21 percent today. Use this
information to answer the following questions.

The image was taken by a high-powered microscope. It shows you the details of the
exoskeleton, or outer shell, of an insect. The structure that locks like a hole, or a tunnel
entrance, is called a spiracle. It is an opening on the exoskeleton. Its function is to allow
oxygen to enter and diffuse, or spread out, into the insect’s cells. Spiracles connect to air
passages that lead into all parts of an insect.
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Analyze and Interpret Data

1. Analyze Proportional Relationships What is the percentage size difference
between the giant dragonfly and the modern dragonfly?

2. Evaluate How did the oxygen levels in the atmosphere change between the time of
the giant dragonflies and today? Did levels increase or decrease?

3. Calculate Percent Change First find the difference between the oxygen levels
in the atmosphere at the time of the giant dragonflies and today. (Hint: To keep
it simple, remove the percent signs before you do the math.) Then calculate the
parcent difference. Finally, explain what that difference means in terms of how the
amount of oxygen in Earth's atmosphere changed.

4. Make Inferences Refer to the image of the spiracle. What do you think the
relationship is between the spiracles, insect size, and air oxygen levels?

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Read About It

Structures and Functions of
Plant and Animal Organelles

1 Animals and plants are made of many parts. If you've ever taken
apart a flower, a leaf, or a nut, you've seen that it also contains

smaller parts. You could keep dividing the plant up into parts With a partner,
until you had individual cells. As you learned in your study of the ;ifur:::fmsfir:;ﬂm
scientific cell theory, cells are the basic units of living organisms. classroom. What

function, or rale,
does sach structure

PEI I"tEi ﬂf a CE'" have? The function
of any object relies
2 Within each cell there are working structures called organelles that on its structure.

help the cell function, much like an entire organism has smaller
parts that help it to function. An organelle is a cell structure that
carries out a specific function within a cell.

3 Structure and function are always closely related in biclogy. Each
organelle has a different structure because each has a different
function. Also, some organelles are found only in the cells of
certain types of organisms. Plant and animal cells have some
different organelles. Bacteria are single-celled organisms that
contain fewer types of organelles than plant or animal cells do. In
every aorganism, organelles are structures that allow cells to carry
out the same essential functions as organisms: maintaining stable
conditions, getting energy from food, getting rid of waste, and
reproducing. Organelles keep the cell functioning and contributing
to the whole organism.

Phiolo Credil Dawid M. PhilipsScience Source

_ P Working as a Team The organelles
o in these plant cells work together

to help the cell survive. The cells, in
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survive and grow.

=

b

5

%

L

Capyrhl © Seeass Learning Compary LLC. All Rights Ressrved.

T A T
o i'_!"'-if'* f_-
"

=

el
"



Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.

Plant and Animal Cell Organelles

4  Some organelles are found only in plant cells, some are found enly
in animal cells, and some are found in both plant and animal cells.
The rigid supporting layer that surrounds the cells of plants and
some other organisms is the cell wall. While plants, protists, fungi,
and bacteria have cell walls, the cells of animals do not have cell
walls. One function of the cell wall is to help protect and support
the cell. The cell walls of plant cells are made mostly of a strong
material called cellulose. Observe in the illustration that there are
small holes, or pores, in the plant cell wall. Pores allow materials
such as water and oxygen to pass through the cell wall.

P Plant Cells This illustration shows
typical structures found in plant
cells. The functions of some MNucleus
organelles are also included. directs cell’s activities Cell Wall

protects and

supports the call

Endoplasmic Reticulum
helps make proteins and
other substances

Golgi
apparatus

Ribosomes

Chloroplast
makes food for
cell using energy
from sunlight

Mitochondrion

Call Membrana

Cytoplasm

Vacuole gellike fluid carries

stores water, food, nutrients, protains,
waste products, or and crganelles
other materials around the cell
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5 The cell membrane is a thin, flexible barrier that surrounds a
cell and controls which substances pass into and out of a cell. All
cells have a cell membrane. In plant cells, the cell membrane is
a fluid-like layer between the cell and the cell wall. As you can
see in the illustration, animal cells do not have a cell wall, so the

cell membrane is the outermost layer. For cells without a cell
wall, the cell membrane forms the border between the cell and
its environment. Everything a cell needs, such as food particles,
water, and oxygen, enters through the cell membrane. Waste
products leave through the cell membrane. A cell membrane is
selectively permeable, which means some substances can cross
it, while others cannot. These movements allow a cell te maintain
homeostasis, a stable internal environment.

P> Animal Cells This illustration shows typical structures
found in animal cells. The functions of some
organelles are also included.

Cytoplasm

gel-like fluid fills most of cell;
moves nutrients, proteins,
and organelles within cell

Mucleus

Mitochondrion
converts enargy in food
to energy used by cell

Lysosomes

break down food
particles and
worn-out cell parts

Endoplasmic
Reticulum

Vacuole

Golgi Apparatus
packages and
distributes materials
from endoplasmic
reticulum (ER)
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Cell Membrane

forms barrier; controls what

goes in and out of cell Ribosomes
produce proteins

needed by cell
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Organelles in the Cytoplasm

Mast of a cell consists of a clear, gel-like fluid called cytoplasm.
Cytoplasm fills the region between the cell membrane and

the nucleus. The cytoplasm is made mostly of water and some
salt, and it holds all the cell's organelles. The clear fluid of the
cytoplasm carries nutrients, proteins, and organelles around the
cell as it circulates.

In some cells, the nucleus is a large oval organelle that contains
the cell’s genetic material in the form of DNA and controls many

of the cell's activities. The nucleus is one of the largest of the cell's
arganelles. Motice in the photo that the nucleus is surrounded by a
membrane called the nuclear envelope. Materials pass into and out
of the nucleus through pores in the nuclear envelope.

In the photo, you can see a structure like a maze of passageways,
The endoplasmic reticulum (en-doh-PLAZ-mik rih-TIK-yuh-lum),
ar ER, is an organelle that processes many substances, including
proteins and lipids, or fats. Ribosomes are organelles that make
proteins. The ER and its attached ribosomes make and process
proteins that the cell uses.

P MNucleus The nucleus acts as the control center
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As proteins leave the ER, they move to the Golgi apparatus,

a structure that looks like flattened sacs and tubes. The Golgi
apparatus can be considered the cell's warehouse. It receives
proteins and other newly formed materials from the ER, and then
packages and distributes them.

10  Floating in the cytoplasm are rod-shaped structures. Look back
at the animal cell image. Mitechondria (myt-ch-KAHMN-dree-uh;
singular: mitochondrion) convert energy stored in food to energy
the cell can use to live and function. They are the “powerhouses”
of the cell.

11 The chloroplast is an organelle in the cells of plants and some
other organisms that captures energy from sunlight and changes
it to a form of energy that cells can use. The function of the
chloroplast is to make food, in the form of sugar, for the cell. Plant
cells in leaves typically contain many green chloroplasts. Animal
cells do not have chloroplasts because animals eat food instead of
making their own food from sunlight.

P Chloroplasts A chloroplast is a green
organelle in plants and green algae that
collects sunlight and converts its enargy
to a usable form. These chloroplasts are
in a Hydrilla, or water weed plant
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water weed cells

#adr i

=

pe— e A J e -

% " T o l'hl:.:-'“"

" EIPLAIH Cells and LJ-.rI ' Thmgs. Slrud unag and Funrzl:lnns -:-I’ Plant and Animal {}t nellas

Literacy Support

Find a partner, and
take turns retelling
paragraph 10 in
your own words.
When you are both
finished, discuss the
differences in your
retellings.
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12  You can think of lysosomes (LY-suh-sohmaz) as a cells recycling
centers. Look back at the animal cell figure. The small, round
organelles are called lysosomes. Lysosomes contain substances that
break down large food particles into smaller ones. Lysosomes also
break down old cell parts and release the materials so they can be
used again.

13 Plant cells often have one or more large, waterfilled sacs floating
in the cytoplasm, as you observed in the plant cell figure. In some
animal cells these sacs are much smaller. This structure is a vacuole
(VAK-yoo-ohl), a sac-like organelle that stores water, food, or other
materials needed by the cell. In addition, vacuoles store waste products
until the wastes are removed. In some plants, vacuoles also perform the
function of digestion that lysosomes perform in animal cells.

P Organelle Closeups Advanced microscopes capable of
very high magnification allow scientists to see organelles
in fine detail. All of these images have been colorized to
help you see details.
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Reading Check
Structures and Functions of
Plant and Animal Organelles

Answer the following questions after you have completed reading the Read About It.

1. Vocabulary In paragraphs 2 and 3, you read that each organelle has a different
structure and a different function. What is a function?

2. |Inparagraphs 4 and 5, you read about the cell wall and the cell membrane.
Compare and contrast their structures and functions.

3. In paragraph 6, you read about cytoplasm. Suppose there is a drought and a
plant cannot get enough water. What might happen to the cytoplasm and the
organelles in the cells of the plant?

210 EXPLAIN Cells and Living Things: Structures and Functions of Plant and Animal Organelles
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In paragraph 7, you read about the nucleus. Why is it important?

In paragraphs 8 and 9, you read about the endoplasmic reticulum (ER) and
Golgi apparatus. What does the Golgi apparatus receive from the ER?

A. the cytoplasm's clear, circulating fluid

B. proteins and other newly formed materials
C. energy stored in rod-shaped structures
D.

materials passed through the cell membrane

In paragraph 10, you read about the cell's “powerhouses.” What are they called?
A. mitochondria

B. chloroplasts
C. lipids
D.

sugars

In paragraph 11, you read about chloroplasts found in plant cells. Why don't
animal cells have chloroplasts?

In paragraphs 12 and 13, you read about lysosomes and vacuoles. What is the
main difference between these two organelles?
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Extend and Enrich Activities

Structures and Functions of
Plant and Animal Organelles

1. Model Use a graphic organizer to show essential functions carried out by both
cells and organisms.

Essential

Functions

2. Apply Create a \fenn diagram to compare organelles in plants and animals.
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Lesson Review

Structures and Functions of
Plant and Animal Organelles

What do plant cells have that animal cells do not have?

A.

B.
C.
D.

endoplasmic reticulum and Golgi apparatus
cell wall and chloroplasts
lysosomes and nbosomes

vacuocles and mitochondrnia

Which organelle is found in animal cells but not in plant cells?

A.

B.
C.
D.

cell wall
Golgi apparatus
lysosomes

vacuole

What is the function of the mitochondria?

A.

They capture energy from sunlight and use it to make food for the cell,

. They convert energy stored in food to release energy for the cell.

B
C.
D

They act as the cell's control center directing many of its activities.

. They store water, food, or other materials needed by the cell.

What would happen to a cell if waste products could not leave through the cell
membrane?

A.

The cell would no longer be selectively permeable.

. The cell would no longer be able to maintain homeostasis.

B
C.
D

The cell’s lysosomes would have to recycle the waste products.

. The cell wall would have to become less rigid to let the waste move out.

EVALUATE Cells and Living Things: Structures and Functions of Plant and Animal Organelles
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Phenomenon Activity

Levels of Organization

| can...
* describe the patterns of hierarchical organization in all organisms.

Vocabulary
hierarchy organ  organ system tissue

‘ Phenomenon How do the cells in a surfer's body allow them to surf?

Make a Claim Explain how all the cells in the surfer's body are able to work together
when the surfer is riding a wave.
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Hands-On Lab
Observing Cells and Tissues

You will...
* dentify patterns in the hierarchical organization of organisms.

* describe the hierarchical organization of organisms from atoms to molecules and
cells to tissues to organs to organ systems to organisms.

What You Need to Know

A national organ-sharing organization has partnered with your local children’s hospital
to educate young patients about what organs are and how they function. Your class
has been selected to make presentations about various organs that describe what

they are made of and how various organ tissues function. In this lab you will look at a
variety of microscopic views of different tissues for specific organs and gather evidence
that demonstrates the function of various tissues. This information will be used in your
hospital presentation to the children.

Materials
* microscope * prepared lung tissue slide
* prepared bone tissue slide * prepared nerve tissue slide
* prepared cardiac muscle tissue slide * Handout: Tissue Structure and Function

Safety Precautions
Be sure to follow all safety precautions provided by your teacher.

Slides and cover slips are fragile, and their edges can cause cuts. Handle
them carefully.

Procedure

1. Go to the station assigned by your teacher. Note that the station number is the same
as the slide number. Fill in the slide number on Table 1.

2. View the first tissue sample under a microscope. Then, draw and describe your
observations in the table. Using the Tissue Structure and Function handout, identify
the tissue type. Move to the next station according to your teacher's directions.

3. For each remaining slide, repeat steps 1 and 2.
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Observations

Table 1

Slide Number

Drawing

Observations

Tissue Type

Table 2

Slide Number

Drawing
B
=
&
&£
2
=
=
E

Observations %
E
g
8

Tissue Type E
=
:
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Table 3

Slide Number

Drawing

Observations

Tissue Type

Table 4

Slide Number

Drawing

Observations

Tissue Type
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Analyze and Interpret Data

1. Relate Structure and Function How does the structure of the cells that make up
nerve tissue help with completing its function?

2. Construct Explanations The four cells you viewed are all types of animal cells,
but they are all shaped differently. What is the basic shape of a cardiac muscle cell?
Why do you think cardiac muscle cells have that shape?

3. Cite Evidence Use evidence from your tissue observations to inform your young
patients about how four organs function in the body.

218 EXPLORE Cells and Living Things: Levels of Organization
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4. Describe Patterns There are three types of muscle tissue in your body. Cardiac
and skeletal muscle tissue look very similar, but smooth muscle tissue looks
different. Smooth muscle tissue makes up organs such as the stomach and bladder.
All three tissue types contract, but smooth muscle tissue contracts more slowly than
the other two types. Draw how you think smooth muscle tissue would appear under
the microscope.
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Data Analysis Activity

Counting Cells in the Body

You will...
* |garn how difficult it is to estimate the number of cells in a human.

* understand why scientists use powers of ten, called scientific notation, to write
large numbers.

What You Need to Know

Scientists and mathematicians have wondered about the number of cells in the human
body for centunes. Estimates of the number of cells have ranged from 100 billion

to 1 quadirillion, or a 1 followed by 15 zeros! It's easier to write one quadrillion using
exponents: 1 x 10'% where the exponent 15 is the number of zeros.

A team of European scientists recently completed a new estimate of the human cells in
an average person. Their estimate is about 37 trillion cells per person.

Name Number Written with Power of Ten
Exponent
(Scientific Notation)
million 1,000,000 1 x 10°
billion 1,000,000,000 1 %107
trillion 1,000,000,000,000 1 x 102
quadrillion 1,000,000,000,000,000 1 % 10"

220 EXPLORE Cells and Living Things: Levels of Organization
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Analyze and Interpret Data

1. Identify Equivalent Expressions How do you write 37 trillion as a number and
using a power of ten exponent (in scientific notation)?

2. Analyze Quantitative Relationships How does the new European estimate
compare to the smallest and largest estimates of other research groups?

3. Calculate How many billions are in one trillion?

4. Describe Patterns Refer to the table. Compare each number, and how it is written
in scientific notation, to the number in the row below. What pattern do you see?

5. Make Inferences Cluintillion comes after quadnillion. There are one thousand
quadrillions in a quintillion. Write one quintillion as a number and in scientific notation
(using the power of ten exponent).

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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Read About It N

Levels of Organization

1  Flying an airplane is a demanding task. For a plane to fly safely
to its destination, all its systems must be working well. And for a
system such as navigation to be working, all the parts of the system
must work well. For each part of the navigation system to work, the
part's machinery or software must be working well. For machinery
to work well, the material it is made from, such as steel, must be in
good condition. The condition of the steel relies on the molecules
and atoms that make it up.

Body Organization

2  Like an airplane, your body is a system that is made up of smaller
systems. All these systems are essential to your body's overall
functioning.

P All Systems Go All systems in an
airplane, including the pilot and
co-pilot, must function properly in
order to cperate the plane.
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The smooth functioning of your body depends on its
arganization. The levels of organization in the human body are
atoms, molecules, cells, tissues, organs, and organ systems. All
cells are made of atoms and molecules. All tissues are made up
of cells. Organs are made of different kinds of tissues. And your
body can maintain homeostasis because different organ systems

A hierarchy, or ranked
order, is a way to
organize things.
Sports standings from
“first to worst” are

hierarchies. With a

work together. This sort of ranked order is called a hierarchy.

partner, come up with
other hierarchies in
everyday life.

P Animal Cells This illustration shows typical
structures found in animal cells.

Cell Bone cells are made of LR,
molecules, which are made of Y\ ke 1
atoms. Three types of bone cells ;H
help maintain homeostasis, form AN N

Organism A human

is an organism. All

organisms are made up

of simpler parts, such as

the skeletal systam, that
€O ntribute to its survival.

new bone tissue, and produce blood .
cells. All cells get energy from their //
/

_ environment, as organisms do.
f "
Tissue The three bone
cell types make up two
bone tissues: a hard,

|

|
dense outer layer and a [
I

| light, spongy inner layer. | I
e | \

-

&

. Organ The two types of

bone tissue form bones, the
organs of the skeletal system.

Organ System EBcnes make up
the skeletal systam. The skaletal
systern gives a body shape, aids
in movement, makes blood cells,
and protects organs.
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You are alive because specialized cells are performing their
functions throughout your body. Multicellular, or many-celled,
arganisms, such as humans and plants, are more complex than
unicellular, or one-celled organisms. Multicellular organisms are
composed of different types of cells with different functions. One
type of cell does one type of job, while other types of cells do other
jobs. For example, red blood cells are specialized to deliver oxygen
to cells throughout your body. However, they would not travel
through your body without the specialized cells of the heart, which
send them to cells needing oxygen.

Just as specialized cells differ in function, they also differ in
structure. The figure shows specialized cells from animals. Each
type of cell has a distinct shape. For example, a nerve cell has thin,
thread-like "fingers” that seem to reach toward other cells. These
structures help nerve cells transmit information from one part of
your body to another. The nerve cell's shape would not help a red
blood cell fulfill its function.

Cell Specialization Multicellular arganisms, such
as humans, have specialized cells with unique
structures that carry out specific functions.

T
The structure of some ﬂ
skin cells allows them N
to fit dosely together i
to protect the body. y

——————

]

\

3

The structure of some musdle
cells is pointed at either end,
which allows them to stretch.

\—>

Blood cells have a smooth
structure that helps them
flow through tube-like
parts of the body.

®
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Literacy Support

What is the purpose
of the example
invelving the red
blood cells and

the heart cells

in paragraph 47
Discuss your ideas

with a partner.

™

The structure of
nerve cells includes
“fingers" that allow
communication with
other nerve cells.
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Tissues

& Atissue is a group of similar, specialized cells that perform the
same function. Muscle tissue, for example, contracts, or shortens,
to make parts of your body move. Nerve tissue carries electrical
signals from the brain all over the bedy and back again. Connective
tissue, such as bone and fat, provides support for your body and
attaches its parts together. Skin, the largest organ of the human
body, has epithelial (ep-uh-THEE-lee-ul) tissue that protects your
insides from damage. Epithelial tissue covers the inner and outer
surfaces of your body.

P Muscle Tissue You can often see the shape of the muscle tissue
beneath the skin tissue when a person is "making a muscle.”

Fhiplo Credils: PerpisBhuilerstock; Raliya ThongdumbywEhutiersioos,

Skeletal muscle tissue sample,
showing the arrangament of
long cells inte muscle tissue
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Organs and Organ Systems

7 Your kidneys, heart, brain, and skin are all organs. An organ is a
body structure composed of different tissues that work together.
Each organ has a specific function in the body. Because the
functions of organs are more complex than those of tissues, the
structures of organs are more complex. For example, kidneys
remove waste from your blood and produce urine. Each kidney
contains muscle, connective, and epithelial tissues. In addition,
nerve tissue that connects to the kidney helps to control its
function. Look at the figure to see where different tissues are
found in the kidney. Each tissue contributes in a different way to
the kidney's function of filtering blood.

&  Every organ is part of an organ system, which is a group of organs
that work together to perform major functions. For example, your
kidneys are part of your excretory system. The excretory system also
includes the skin, lungs, and liver. The major systems of the human
body include the digestive, respiratory, circulatory, reproductive,
excretory, immune, nervous, and musculoskeletal systems.

P Tissues Make Up an Organ Kidneys are organs whose tissues
filter blood to remove waste and excess water from the body.
Merve tissue helps the kidney
Epithelial tissue in the renal cortex pump and filter blaad.
gives the kidney structure and protects
the nephrons that filter blood.

Muscle tissue in the ureter

The renal capsule covering sends urine to the bladder.

connactive and fat tissues
also protects the kidney.

226 EXPLAIN Cells and Living Things: Lavels of Organization

Pholo Credils: Bapholo AssacialasSoence Sourcs; Bopholo AssocialesiScience Sowrce;

Chiigiophes Maade'Shullersbeok, Martin M. Rotken'Science Source

Capyright & Sawas Learning Camparny LLC. All Righs Resereed



NAME CLASS DATE

Reading Check
Levels of Organization

Answer the following questions after you have completed reading the Read About It.

1. Inparagraphs 1 and 2, you read about how some of an airplane’s systems and
parts work together so the airplane can fly. How is the human body similar to
an airplane?

2. Vocabulary In paragraph 3, you read about the ranked order of the levels of
organization in the human body. What is another word for ranked order?

3. In paragraph 3 and the diagram, you read about levels of organization in
the human body. Which of the following is the hierarchical organization of
multicellular organisms?

A. atoms, molecules, cells, tissues, organs, organ systems, organism
B. cells, atoms, molecules, tissues, organs, organism, organ systems
C. atoms, molecules, cells, organs, issues, organism, organ systems
D.

molecules, atoms, cells, organs, tissues, organ systems, organism

4. In paragraphs 4 and 5 and the diagram, you read about specialized cells. Give
one example of how the structure and function of specialized cells are related.

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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In paragraph 6, you read about tissues. What type of cells work together to
make a tissue?

Vocabulary In paragraph ¥ and the diagram, you read about organs. Which
two of the following describe an organ?

A. a body structure composed of different tissues that work together

the level of organization in the human body with the most systems
€. a body structure that is more complex than a cell

D. the level of organization in the human body with the simplest structures

In paragraph 8, you read about organ systems. Give an example of an organ

system, and describe an organ, type of tissue, and type of cell that are part of it.

EXPLAIN Cellz and Living Things: Levels of Organization

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.



NAME CLASS DATE

Extend and Enrich Activities

Levels of Organization

1. Model Use a graphic organizer to show the hierarchy in an organism’'s level
of organization.

2. Apply Blood cells are specially adapted to transport materials from one part of
the body to another and keep the body healthy. Research the five major human
white blood cell types. Construct a table to identify and describe their functions.
Then answer the question, Why is blood considered a tissue in the human body?

Copyrighl @ Savvas Learning Comparry LLC. All Rights Reserved.
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1.

4.

230

Lesson Review

Levels of Organization

What does the smooth functioning of your body depend on”?
A. its number of organs

B. its specialized cells

C. its organization

D. its circulatory system

What are all cells made of?
A. molecules and tissue
B. atoms and molecules
C. other cells
D

. organ systems

Which option describes the hierarchical organization of the system that
includes bones?

A. muscle cells, nerve tissue, bones, integumentary system
B. bone cells, spongy outer tissue, bone, skeletal system

C. epithelial cells, renal capsule, bone, excretory system
D

. nerve cells, connective tissue, bones, nervous system

What is an example of multiple body systems performing cne specific function?
A. The circulatory system carrying blood cells with oxygen throughout the body.
B. The acirculatory and muscular systems working together to enable breathing

C. The integumentary system having epithelial tissue like a cell membrane covering
the inner and outer surfaces.

D. The excretory system and immune system filter blood to remove waste and
excess water from the body.

EVALUATE Cellz and Living Things: Levelz of Organization
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Phenomenon Activity

Classification

| can...

* descrnbe how and why organisms are classified according to shared
characteristics.

Vocabulary

binomial nomenclature characteristic classification convergent evolution

domain evolution genus natural selection species taxonomy

' ‘ Phenomenon Why isn't a bat considered a bird?

lkterskack.
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=
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Make a Claim Explain why a bat is not considered a bird, even though it has wings and
it flies in the air.
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Hands-On Lab
Living Mysteries

You will...
* make observations to create a taxonomic key for classifying plants.

* analyze how living things are classified into groups.

What You Need to Know

A taxonomic key is a series of paired statements or questions about the physical
characteristics of organisms. It is used to identify organisms. In this activity, you will
create a taxonomic key.

Materials

* variety of plant leaves
®* hand lens

*  metric ruler

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.
ﬁ Handle tree leaves carefully.

ﬁ Wash your hands with warm water and soap when you complete the procedure.

Procedure

1. Your teacher will give you five different tree leaves.

2. Use the hand lens to examine each of the leaves. Look for characternstics like those
in the table. You may make some measurements with a ruler Make a list of five or
mare characteristics for each leaf in the Observations section.

232 EXPLORE Cells and Living Things: Classification
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Characteristics to consider:

Characteristics

Observations

Overall shape

Is the leaf needle-like and narrow, or is it flat? If it is a flat leaf, is
it rounded, oblong, heart-shaped, or some other shape?

Simple vs. compound

Is the leaf a single unit, or is it made up of individual leaflets? If it
is made up of leaflets, how are they arranged on the leaf stalk?

Pattern of veins

Do the leaf's veins run parallel from a central vein, or do they
form a branching pattern?

Leaf edges

Are the edges of the leaf jagged or smooth?

Leaf texture

Is the leaf's surface fuzzy, shiny, or another texture?

3. Use your observations
of paper. Your taxonom

to create a taxonomic key for the leaves on a separate piece
ic key should consist of paired statements or questions such

as those shown in the table.

Exchange your leaves and taxonomic key with another student pair. If the other pair

cannot match all the leaves using your key, revise your key as necessary.

Observations

EXPLORE Cellz and Living Things: Clagsification
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Analyze and Interpret Data

1. Test and Evaluate What characteristics did you choose to make a taxonomic key?
How did you test and evaluate your taxonomic key? What did you change?

2. Support Your Explanation Why is a taxonomic key an important classification tool?
Could finding a new plant species change a taxonomic key? Explain your answer.

Copyrighl & Sawwas Learning Camparry LLC. All Rights Resarved.
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Data Analysis Activity
Aristotle and Classification

You will...

* understand how scientists use shared characteristics to classify living things.

What You Need to Know

Aristotle was a Greek scholar who lived from 384 to 322 BCE. He created the

classification system shown in the table.

Animals with blood Percentage of animals
fly
22%
*
walk, run, or hop
46%

Swim
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Analyze and Interpret Data
1.

236

Write an Expression Use variables to write an expression to find the percentage of
animals that swim. Then complete the table.

Classify How did Aristotle organize the animals?

Calculate Suppose Aristotle based his classification system on 50 different animals.

How many of those would be animals that fly? Show your work.

Calculate Suppose Aristotle based his classification system on 200 different
animals. How many of those were animals that walk, run, or hop? Show your work.

Analyze Suppose Anstotle saw a snake while he was observing animals. How
would he classify the snake according to his system? Explain.

EXPLORE Cells and Living Things: Clagsification
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Read About It

Classification

1 Do you have a collection of treasures? Are they seashells, trading
cards, coins? Do you organize your collection by color, name, or
something else? Scientists organize Earth's estimated 8.7 million A characteristic

: el R : is a feature of an
types of organisms based on similarities and differences. : .
object or organism

that allows you to
compare and contrast

Organizing Organisms t with another.
With a partner, list
2 Biologists place similar organisms into groups based on five observable

characteristics they have in common. Classification is the process of characteristics of an

. : o . . animal you both know.
grouping things based on their similarities. To classify the organism

in the figure, you'd first need to know about its characteristics. Then

you could figure out which group it belonged to.

3  Inthe 1730s, biologist Carolus Linnaeus arranged organisms in
groups based on their observable features. Then he gave each
organism a two-part scientific name. The first word in the name is
the organism’s genus, which refers to a group of similar, closely
related organisms. (The plural of genus is genera.) The second word
refers to the species level and might describe where the organism
lives or its appearance. This system in which each organism is given a
unigue, two-part scientific name that indicates its genus and species
is known as binomial nomenclature. The scientific name itself is
often referred to as a species name. A species is a group of similar
organisms that can mate with each other and produce offspring that
can also mate and reproduce. Scientists still use this naming system
that classifies organisms according to their shared characteristics.

P Animal, Vegetable, or Mineral
Some organisms are much
harder to classify than others.

__—Head

M ; _..H -d : Arm-like

structures
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Taxonomy

4 The scientific study of classifying organisms is called taxenomy
(tak-SAHMN-uh-mee). Scientists use taxonomy to identify the name
ot an unknown organism or to name a newly discovered organism.
For example, if you look closely at the characteristics of the
arganism in the photo on the previous page, you might guess it
was a sea slug. |t would then be simple to research sea slugs and
find out that they are ocean animals related to slugs and snails.
Sea slugs eat other animals by scraping away their flesh.

5  In the classification of organisms, the broadest level of organization
is the domain. There are three domains: Eukarya, Archaea, and
Bacteria. Eukarya (yoo-KA-ree-uh) includes the familiar kingdoms of
Plantae, Animalia, and Fungi, and a less familiar kingdom, Protista,
which has simpler organisms. Members of Domain Eukarya are called
eukaryotes. Eukaryotes have nuclei containing DNA. Domain Archaea
(ahr-KEE-uh) contains only the kingdom Archaebacteria. Its members
are one-celled organisms with no nuclei in their cells. Members of
Domain Bacteria, which contains the kingdom Eubacteria, also have
only one cell and no nucleus, but bacteria have different structures
and chemical processes from those of Archaea.

P Domains Because the gray wolf has a nucleus in its cells, it
is in Demain Eukarya. Eubacteria, such as the Lactobacillus
acidophilus in yogurt, have no nuclei and are different
trom Archaea, so they are in Domain Bacteria.

.,
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Literacy Support

Books become
outdated, and

the Internet is

full of incorrect
infarmation. When
you need an
accurate answer to
a scientific question,
where do you
look? Whom could
you ask for help?
Discuss your ideas
with a partner.
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&  The figure below shows the Linnaean levels of classification for the
gray wolf. The levels domain, kingdem, phylum, class, order, family,
genus, and species indicate how similar organisms are. The fewer
types of organisms in a level, the more specific their similarities are.
The more organisms in a level, the more general their similarities

are. For this reason, there are many more types of organisms at the
Domain level than at the Genus level.

P Levels of Classification This figure shows how
the levels of classification apply to the gray wolf.
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Scientific Names

[ Confusing Common Names |s this a firefly, a lightning
bug, a glowworm, or a golden sparkler? Different commaon
names are used in different areas. Thankfully, this insect
has only one scientific name, Phatinus pyralis.

Fhiplo Credils: JohnatdPWiFololia, Rober | Wyalli®amy Stock Photo;, Arao images GmbH&amy Steck Phalo;
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As explained at the start of this lesson, the first word in P Scientific Names vs.
Common Names Al of

these mushrooms are
commonly called puffballs.

an organism’'s scientific name is its genus, a classification
level of closely related organisms. Each genus contains
one or more species. The more classification levels two
organisms share, the more characteristics they have in
common and the more closely related they are. The
photo to the right shows a giant puffball mushroom

in the genus Calvatia. Another closely related kind

of puffball is also in Calvatia. Other puffballs that are
not as closely related are in other genera. The giant
puffball's species name, gigantea, describes its size,

but does not indicate how closely it is related to other
species. Together, the two words that identify the genus
and species form the scientific name.

A scientific name is written in italics. The first letter in
the first word is capitalized. You will notice that most
scientific names in binomial nomenclature are in Latin.
Linnaeus used Latin in binomial nomenclature because it
was the language used for European scientific research
at the time. He also used it because it eliminated the
confusion of different common names for the same
arganism in different areas.

Lycoperdon echinatum
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Evolution and Classification
9

10

1

242

When Linnaeus was alive, people thought that P Evolution of Whales and Dolphins
species never changed. Then Charles Darwin Dar:rm compared a;-::lent ar;d .

. . o b lop his t
developed a new idea in the 1830s, Darwin sailed OGS SRECISs 0 ceviop Ths eery

_ ) of evolution by natural selection. The
around the world for five years observing nature bones of the organisms below show

and collecting samples of fossils and animals. their evolution inte a modern delphin.
Carwin was fascinated by the relationships between

modern and ancient species. He was one of the first 50 million years ago (mya)
scientists to understand evolution, or the process of

change over time. -;1 o

Darwin concluded that modern species evolved from
earlier species over time through natural selection.
Natural selection is the idea that some individuals
are better adapted to their environment than others.
Matural selection is the primary way organisms
change over time. The better-adapted individuals
are more likely to survive and reproduce than other
members of the same species. So an increasing
percentage of their species has their characteristics.

Pakicetus, land-dwelling,
four-footed mammal

The scientific theory of evolution by natural selection
is the organizing principle of life science. Like cell
theory, the theory of evolution is a well-supported
and widely accepted explanation of nature, and

not simply the claim of an individual. Evidence from
thousands of scientific investigations supports the
theory of evolution. As understanding of evolution
has increased, biologists have changed how they
classify species. Scientists now understand that
groups of organisms may be similar because they
share a common ancestor and evolutionary history, Doruden, “spear tooth, *
The more similar groups are, the more recent their water-dwelling mammal

Ambulocetus, "walking whale,”
mammal lived both on land

and in water

common ancestor Is.

about 35 mya

- o “h.h
NN
-

Stenella frontalis,
Atlantic spotted dolphin
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Scientists research the evolutionary history of a species by
comparing several forms of evidence. They also compare the
genetic information contained in the DNA of organisms’ cells.
Sometimes unrelated organisms that live in similar environments
evolve similar characteristics, as shown in the figure below.

Sharing common characteristics, however, does not necessarily
mean that organisms are closely related. The process by which
unrelated organisms evolve similar characteristics is called
convergent evelution. When scientists discovered convergent
evolution, they had to change the placement of organisms

within the classification system. Because scientific research

leads to discovery and new Ir:nnwledgeJ scientists sometimes
reclassify organisms according to new evidence. Though scientific
knowledge is supported by evidence, it is also open to change
based on new evidence.

e
P Convergent Evolution Over time,
these three organisms evolved the
characteristic of flight. But they are
not closely related.
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Reading Check
Classification
Answer the following questions after you have completed reading the Read About It.

1. Vocabulary In paragraph 2, you read about biclogists using shared
characteristics of organisms to place them in group. What is a characteristic?

2. |n paragraph 3, you read about the two-part scientific names that are part of the
Linnaean system of classification. What is that two-part name called? What is
the first name and what does it tell you?

3. In paragraph 4, you read about the scientific study of classifying organisms.
What is it called, and what are two ways scientists use it?

4. In paragraph 5, you read about domains. List the domains and the kingdoms
in each.
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In paragraph 6 and the figure, you learned about levels of classification. Which
are the most general and least general levels of classification we now use?

A. most general: domain; least general: genus
B. most general: species; least general: domain
C. most general: domain; least general: species

D. most general: genus,; least general: species

In paragraphs 7 and 8, you read about the importance of binomial
nomenclature. Why is it important for organisms to have scientific names?

Vocabulary In paragraph 9, you read about evolution. Define evolution.

In paragraphs 10 and 11, you read about evolution by natural selection. Identify
two true statements about evolution by natural selection.

A. Matural selection is a necessary part of evolution.

B. Natural selection is based on how scientists classify organisms.
C. Evolution is supported by multiple forms of evidence.
D.

Evolution shows scientists how DNA can be compared.

In paragraphs 12 and 13, you read about convergent evolution. Describe an
example of convergent evolution.
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Extend and Enrich Activities

Classification

1. Model Use the graphic organizer to make a mnemanic for the Linnean levels
of classification. Fill each box with one word. Create a sentence or a rhyming
scheme you can remember.

- w 3 h
D K [F‘

b F . J
7 " 7 ™ '
c o [F‘

e W o .
~ . ~

G S

by r i ¥

2. Apply Draw a T-chart to categorize several organisms as animal or not animal.
Choose at least six organisms to categorize.
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Lesson Review

Classification

What are the three domains??

A.

Eukarya, Bacteria, and Plants

Bacteria, Plants, and Protists

C. Archaea, Bacteria, and Eukarya

D.

Animals, Fungi, and Plants

In the Linnaean system of classification, which levels contain more kinds of
organisms than the phylum?

A.

B.
C.
D.

demain and kingdom
genus and species
kingdom and class

order and family

What choice shows the levels of classification from broadest to most specific?

A.

B.
C.
D.

domain phylum, kingdom, class, genus, order, family, and species
domain kingdom, phylum, class, order, family, genus, and species
genus order, class, kingdom, family, phylum, domain, and species

kingdom species, genus, family, phylum, kingdom, class, and domain

Which of the following statements most accurately explains how scientists
classify animals?

A.

By examining an organism's physical characteristics and comparing them to
those of extinct organisms.

By examining an organism's physical characteristics and comparing them to
those of Iiving and extinct organisms.

By examining an organism's DNA and comparing it to the DNA of living and
extinct organisms.

By examining an organism's physical characteristics and comparing them to
those of a common ancestor's fossil.
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Phenomenon Activity

The Functions of Human Body Systems

| can...
* jdentify the general functions of the major systems of the human body.

Vocabulary
circulatory system digestive system endocnine system excretory system

hormones immune system integumentary system muscular system

nervous system regulate reproductive system respiratory system skeletal system

‘ Phenomenon Why can having asthma make a person feel tired?

Develop a Model Draw a model with labels and captions to explain the main function of
the respiratory system and how having asthma might make a person feel tired.
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Hands-On Lab
Gathering Information

You will...

* test your reaction time by seeing or hearing how quickly you can catch a
dropped ruler or meter stick.

* test your touch sense by doing a two-point threshold with two toothpicks.

* test your vision by using two pencils to check how your eyes use sight to
perceive depth.

What You Need to Know

Hawve you ever wondered how your body can quickly react or respond to changes in your
surroundings? What allows you to move, think, and act? The sensory organs—eyes,
ears, nose, tongue, and skin—communicate with the brain, spinal cord, and nerve cells
(neurons). Together, the parts of the nervous system control and coordinate the body's
activities. In this investigation, you will try out three sensory stations. You will explore
how information is gathered and how the body uses that information.

Materials Per Group

* 30-cm ruler * modeling clay
* 2 toothpicks * metal nut
* 2 pencils * atable with a hard surface

Safety Precautions

Be sure to follow all safety precautions provided by your teacher.

A Be careful with the sharp ends of toothpicks.
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Procedure

Station |: Measuring Your Reaction Time — Ruler-Drop Test

1

10.

250

. When a ball is moving towards you, there is a slight delay before you try to catch it.

This delay is called your reaction time. At Station |, you will test your reaction time by
seeing or hearing how quickly you can catch a dropped ruler or meter stick.

. Write a hypothesis stating whether you think you will have a faster reaction time

by performing the test using your sense of hearing (eyes closed) or sight (eyes
opened).

. Based on your hypothesis, identify one independent variable {manipulated variable)

and one dependent variable (responding variable).

. Hold a ruler vertically with one of your arms stretched out. Your fingers should be at

the highest measurement of 30 cm.

. Your lab partner should keep their thumb and index finger slightly open at the bottom

of the ruler. The ruler should fit between their opened fingers so that the 0-cm mark
is just above the fingers.

. Release the ruler. Your lab partner should catch the ruler.

. Record where your partner's fingers are on the ruler. The reading should be taken on

the top side of the fingers holding the ruler.

. Repeat Steps 3-6 for all members in your group, including yourself. Each person

should have three trials and record the mean, or average, value of three trials.

. The person with the fastest reaction time is the one who catches the ruler at the

lowest measurement (cm). (The sooner the ruler was caught, the less time it had
to fall.)

After completing the challenge with your eyes open, test your reaction time with your
gyes closed (but with your ears listening). The person holding the ruler will tell the
listener when the ruler is about to be dropped. Repeat Steps 3-6.

EXPLORE The Human Body: The Functions of Human Body Systems
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11. Record your measurements in the data table.

Senses Trial 1 Trial 2 Trial 3 Mean of Three
Used {em) {em) {cm) Trials (ecm)
sight

hearing

12. Create a bar graph comparing the data for the trials for each sense used.
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Station II: Measuring Your Touch Sense — Two-Point Threshold

13. Different types of nerve endings found in skin receive information about touch,
pressure, pain, temperature, and vibration. At Station ll, you will test your sense
of touch on different parts of your hand by using two toothpicks to do a two-point
threshold,

14. Close your eyes. Your partner will gently tap you with the end of one or two
toothpicks. Each time they tap you, state whether you feel one point or two points.
Do not guess; just state what you actually feel.

15. When using two toothpicks, begin with the tips 2 mm apart. Tap the points evenly
s0 they touch the skin at the same time. Move the toothpick tips apart in 1-mm
increments until your partner says they feel two points. Then, record the distance in
the table. Perform three trials on each location and calculate the mean.

16. Repeat Steps 12 and 13 for all members in your group, including yourself. Each
member should record their results in their own data table.

Two-Point Threshold (Touch Sense)

My Results Trial 1 Trial 2 Trial 3 Mean of
{em) {em) {em) Three Trials (cm)

tip of the index finger

inside of palm

forearm

back of hand
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17. Create a bar graph comparing the mean you calculated for each location.

Station lll: Checking Your Depth Perception — Two-Point Threshold

18. Sight is an important way to learn about your surroundings. At Station I, you will
use two pencils to check how your eyes use sight to perceive depth.

19. Hold a pencil horizontally in each hand with the points facing each other. Hold your
arms out on each side and close one eye.

20. With one eye closed, bring your arms forward. Can you bring the pencil points

together so that they touch? When one eye is closed, you see in 2D. Now try that
again with both eyes open (3D).

21. Place a metal nut on top of one pencil. Use modeling clay to hold the nut in place.
Repeat Step 17.

22. With one eye closed, bring your arms forward. Can you slide one pencil through the
nut on the other pencil? Now try that again with both eyes open.
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23. Record your ocbservations in the data table.

Test 3D versus 2D (Depth Perception)

two pencil points
touching

sliding a pencil
through a nut
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Analyze and Interpret Data

1. Explain How do you think your body receives information from the surrounding
environment? How do you think yo ur body responds to that information? Use
evidence from one of the stations to support your answer.

2. Develop Models Work with a partner to draw a model showing the pathway of the
nervous system for receiving and responding to information. Use one of the stations
you completed. Label your drawings.
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3. Cause and Effect At Station ||, for each part of your hand and arm, why do you
think that you did not feel the two toothpicks until they were a certain distance apart?

4. Draw Conclusions At Station lll, why do you think depth perception was more
difficult with one eye closed?
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