3 i

i How does energy cause change? tirme. The gas tank w, sl emphy. Asma asked hat fam ity what
happened o the enorgy that was used by tho cor This kg whot thay
sad

deray's Father: 1think most of the enargy In the gas gol used
ug and no i exlsts. There s le tial
anergy after 1| L burhed than bofore

femm's Mather | {hink the same amount of energy exlsts, [t's
just in & gifferem farm, The i
Ama Al energy now A2 balore the gag
Burned

Asma's Brother | think the car's engine created new enerdy as

o Ui befors the gas bumed
Yok
. Which membor of Asma’s family da you agree with the most?
_Explain what happens 1o the amount af enaengy in gese.
Ine as it bums in 4 car's engine
m Chapter Xne Y. ¥k nd Simole MachineT

e burned. T

e

ere IS mare enangy

PAGE KEELE

EnergyWbrk, and Simple Machin
() TheBIGIdea
Ansaers to the Page Keeley Science Probe can be

There are no right or wrong answers to these questions. Write  ¢5,,n4 in theedcher's Edition of the Activity Lab
studentgenerated questions produced during the discussion on Workbook

chart paper and return to them throughout the chapter.

SCIENCH

Running Out of Gas

Guiding Questions

&5 What do you think of when you heabiudents moy describe different types of Get Ready to Read

energy, such as light energy, kinetic

the word energy?

1> How do you think energy makes
things happen?

&Z® How do you think energy is related Students may explain that energy

to work?

energy, or elecinc energy, or they may
discuss how they expend energy when
they work or play, among other
possibilities

What doagu think?

Use this anticipation guide to gauge students' background

knowledge and pre-conceptions about energy, work, and simple

Py PRI machines. At the end of each lesson, ask students to read and
uoents may expiam nal energy - - 2 . . . _—— . . oy

provides the power needer fo make evaluate their edrherlreaponbes. Students should feel comfortable

H;mngs nﬂpp(ln .F-Or’ l."XOﬂF,I'JfC‘. food we et IO C|'|a|"lgE.‘ Flﬂy 01 ThEIr FESDDHSE‘E

contains the energy we need for growth

thermal energy cooks food, electric
energy runs CO players, and so on,

Anticipation Set for Lesson 1
1. Energy is the ability to produce motion.

DisagreeOnly kinetic energy involves motion. Potential
energy is stored energy due to the interaction of atoms,
particles, or ohjects.

2.Waves transfer energy from place to place

provides the power negded lo do work
For example, food we eat contains the
energy we need to perform octivities,
such as reading, writing, exercising, and
olf of our bodies” internal processes.
AgreeWaves transfer only energy from place to place,

not matter.
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Strand Map

ReqUIFGd BaCkgfoun‘d * People burn fuels, such as wood, oil, or natural gas, or * The Sun warms th
KnﬂWlEdge use electricity to cook their food and to warm thelfhouses. land, air, and water

To understand the Key Concepts of
this chapter, students should have
the following background

* Changes in speed or direction are caused by forces.

knowledge:
|
| - |
Y X
* Moving air and water canjbe " The greater the force is, the)
used to run machines. greater the change in motion wilf be
Y
Types of EnEfg'y' =] 1 Energy is the ability to cause change{ 4
[Fed Fopne it by |
¥

2 Kinetic energy is the energy of objects in motion, including electric enefay. The
forms of potential energy Include gravitational potential energy, chemicalfaneray, and
nuclear energy. Thermal energy and mechanical energy are forms of eneggy involving
both kinetic and potential enargies.

pve
ples,

_Lesson 2
4 The law of conservation of energy statds

E nergy . i .1 that energy can be transformed from one fgfm to

Tra ﬂSfOI'ITI ations anothebul it can never be created or destroped.

and Work I

5 Energy can be transformed from pne
farm to another in a variety of wa

y

6 Doing work on an objecl=

*] transfers energy to the objdet.
¥
acnines 7 Simple machines do work using UIE 8 Machines make work easier b
* movement. changing the size of the force  |=
required, the distance over whicijthe

object moves, or the direction of fjhe
™ input and oulput forces.

78C Chapter 3nergy, Work, and Simple Machines
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Identifying Misconceptic

Conservation of Energy . Machines and Forces

Find Out What Students Think : Find Out What Students Think

Students may think that... : Students may think that...

... energy is created at power plants. They may not fully : ... simple machines exert forces on objects but objects don't exert

understand that one source of energy, such as wind powgr equal forces on simple machines. They might not understand
water power, is transformed into another—in this case elécthigityton’s third law of motion and how it relates to machines.

Discussion : Discussion

Engage in a conversation about the characteristics of differdntplain that when you pre ur han
types of power plants and how they transform energy. Studgmtsses back. Olherwisea
will study various types of power plhesssom #AskCan  : desk into the floor. WY i
you name a type of power plant? Write responses on the Hoprd same thing happen
as students provide answers. Responses may include  : and other kinds of simp h -
hydroelectric plant, a fossil fuel plant, and a nuclear plantexert forces on objects; ver, objects exert equal forces on
Then, for each plant type, ask the following questions.  :  hammers, screwdrivers, and other machines. Explain to students
AslkHow is it different from other power Santple : that when you turn a screw with a screwdriver, the screwdriver
answer: It runs on coal instead of wind power or anothér fomuse applies a force on the screw. The screw also exerts a
of energy. . force on the screwdriver, which helps the screw stay in place as
AskWhat is source of the electricity that is generated at thatou turn it. Remind students about Newton's laws of motion,
plant 3t comes from burning coal. : whlﬁli:‘.‘ilexp:rirr;qhm?r {qrcttisr f]clt on ?bled:tls a;dl:gsutlt in ntw'.lon‘

. ; ¢ : What is Newton's third law of mdtione object exerls a
Write students answers on the board. Draw lines betweeh ce on another object, the second object e:!erts an equal and

type of power plant and its energy source. Once the energy ; g i
: : ite force on the first oledtHow does Newton's third
source is listed for each type of plant, ask students to think %@g motion explain how forces interact when you turn a screw

how power plants are similar. Discuss the idea that all powef", ; ;
P P pe a screwdrivdife screwdriver exerts a force on the screw,

lants use an energy source to generate or produce power; i
Son'l create itin a%:cuum g P p : he screw exerls an equal and opposite force on the
: screwdriver.

AskWhat does the law of conservation of energirstaty?
cannot be created or destroyed. It can only be !ransior:’nepromote Understanding

WONNGING SV Ay GG {\slt, Have students perform a task similar lo the
AskHow does that apply to what happens at poweApIams?ACtlv tyone shown Figure 20°rovide them with

ot plants. one type of energy, such o the chemical;ew hammers, boards, thumbtacks, and safety glasses.
stored in coal, is transformed into electric energy. ;

sk, the desk
ould drive the

. : 1. Explain that the students, hammers, thumbtacks, and boards
Promote Understanding : all exert forces.

ACUV“Y Have students research one kind of powef 2. Have students wark in pairs or small groups and take turns
plant on the Internet or at the school libraty.  hammering thumbtacks into the boards. Ask them to describe
Ask them to write a brief two-page report about it. Their tepartthe forces they feel.

should identify the type of power plant, briefly explain how B Asktise Newton's third law of motion to explain how forces
works, and include a diagram or illustration of the plant. Studemi$eract when you hammer a thumBlechammer exerts

should determine if and why the plant relies on a renewable or force on the thumbtack, and the thumbtack exerts an
nonrenewable resource. For hEIP Selecling which p]anl lhey W@d.ual and Opposile force on the hammer.

to further research, refer them to the images of power plf.mla Ask them to create a diagram simRiguce 20 show

fromLesson.1 the different forces at work. They should include the force of;
« the hand on the hammer,

the hammer on the hand,

the hammer on the thumbtack,

the thumbtack on the hammer,

the thumbtack on the board, and

the board on the thumbtack.

Chapter Energy, Work, and Simple Machwam
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s ate coft™ You could rull
them togethe) N I I T pockinied thue e 4 + What s energy?
feates Pl e v hands pet woned » What sre the
u E ditfatant torms af
ennrgy?
V. et gyt cowrgmete 4 baly ety b + How b5 snprgy ussd?

e Y e o e Biisllcns

Discusdie ead -'!';Ll,' Vocabulary

Py . yF = 3 b e hands maether. What do you lesl?
Wrils ot respannd b -
weut itderaclve nedes u % A, L rmamtaiy i gl & G, Holding ye

e ficgrm nuclzar energy
- A i ht oo & mechanical energy
g T flashlightinere g the Ight came from?
- thesrmal energy
6. Otrserve the aveifmac fghts in your clissiom What b (e Saund snergy
sournce of e light rig
ralind e gy
Think About Thiz

NQUIF L4 LABManager

About the PhoRabots?his image shows an assembly lineaj| the labs for this lesson can be found in the Student Resource
at an automobile factory. Today, many factories utilize robot$fhdbook and the Activity Lab Workbook.
do repetitive tasks, such as welding and drilling. This image also

iilu_sltrates several examples of energy, including electric ene l Essential Questions

thermal energy, and kinetic energy. Have students discuss s

of the examples of energy transformations from this photo. After this lesson, students should understand the Essential
Questions and be able to answer them. Have students write

Guiding Questions each question in their interactive notebooks. Revisit each

question as you cover Its relevant content.

1 What is one way that energy changBsmple answer. Electric energ)
in this photo? the robols ond makes them mow

15 an example of mechamcal energy : vocabulary
i . ;
ts work the A& Brainstorm a List of Related Terms

5 Name two examples ol energy  Sample answer. As the rol

SERTFOEREIOW WP ,J. chor ."""‘f.""';,"’,,'][”-“ ' r;:,“j-';'”".'l' 1. Record the vocabulary terms on the board or a large sheet
hermal energy, but olse hanges into :
fight energy ond sound eneigy of paper.
2.Ask students to read them and think about which terms or
I What is an example of an energy  Somple answer. The workers get energy words they have heard before.
transformation that you might find lrom the food they eat, which transforms
a factory where workers assemble o kinetic energy as they put bicycle 3. Students are likely to be familiar with a number of words,
bicycles? paris together including electric, chemical, and mechanical. Ask them to

brainstorm a list of related words for the vocabulary terms
that they already know. For example, they may mention
current or circuit for electric energy.

4. As students read the lesson's pages, ask them to brainstorm a i
of related words for the vocabulary terms that they did not know

80 Chapter 3
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Engage Expit_ar;- Expiain Elaborate Evaluate

5.You may wish to add additional related terms to both lists as Teacher Notes
they read or create links between vocabulary terms.

6.Use this list to review vacabulary at the end of the chapter by
creating sentences that link the vocabulary words to the related
words. Example: Electric energy relies on a circuit that carries a
current.

Explordctivity

Where does energy come from?

Preps minClass20 min

Purpose
Students observe and identify different types of energy and
their sources.

Materials
Per student teabicthday candle, small ball of clay, match,
flashlight

Before &u Begin

Demonstrate how to set the candle into the clay. Caution students
to be careful with lit matches and candles and make sure they
extinguish them completely.

Ask students to brainstorm types and sources of energy.

Draw a data table like the one below on the
dents copy it into their Science Journals and
observations.

Rubbing hands
Candle
Flashlight
Overhead lights

Guide the Investigation

= Encourage students to try rubbing their hands together slowly
and then faster to observe the difference.

+ Monitor discussions. Prompt students to go beyond their first
ideas about the source. For example, they may say that the
source of the light in the overhead lights is electricity.
AskWhat is the source of the electricity?

« Extend discussions by asking what source of energy causes an
earthquake, powers a car, or produces sound?

Think About This

Students may not know the answers to all questions. Encourage

them to hypothesize.

1. Students may suggest that the heat in their hands came from
the movement of them, the heat and light from the candle came
from burning it, that the light from the flashlight came from
energy in the batteries, and that the light from the overhead
lamps came from electricity.

2. Key Conceptnswers may vary. Students might list thermal
energy, radiant or light energy, and sound energy. They might
say that the forms of energy are used in different ways.

€ On Level @@» Approachirievel % Beyond Level

Lesson 3.Types of Energy 81
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Kinetic Energy

Vou just turned the page of this book. As the page was roviRe s verness 2«4 foldgd
it hadkinetie energy eseray o obpece s bevatse i s g | A0 Labol i 4a shown

L it 11 (o gk Yo
amsorms, Aryrbing vl ds in moien has Kloede energy, inch N,MU‘ ‘,'|’...,,J.l,,,'l."'||||q pn

WIWI ! Kl‘ﬂ_‘ | WH 'il.(ﬂd h Llﬂfﬂ WH I_l !Fﬂ'l!d_ large obpects that you can see as well ss amall parthcies, s !:lllll_'l'ﬂ:l-l‘!'lll-l'.:'r'lll vach

e thay firnt colammn. i the shpcon

5 ma e dmar mlval you

ol i e Afer

n the 1 i

snolecuslien, ana, atisin, and electron

ST
| Kinetic Energy of Objects | “
When thit wind bloves, the blades of thie wind turbines i s
Figure Jurmn. Because they are moving. they have kinete =

energy. Kinetic energy depends oh masd. I the turbing blades i:.u
r
were amaller and Bad less mass they would have loss kinotic el
| eniergy. Kinetle enirgy also depends on speed. When the wind
tlows harder, the blades pove [asver and have maore kinetic

wtiergy, When the wind stops. the blade stop. When tie Cheig
) are nol moving, the kinetic energy of the blades 1§ 2er0, OBR0)y om G
What is eﬂergy? the drawhacks of using wind-generated energy is that wintegismm, means “amoet™;

The ol s e _ not always blow. making the supply of energy inconsistent because electiicity was
-4 You probubly have heard the word enwrgy used on the 15t generatad by Ubblag
wrgyielevision. the mdio, of the Intemet mmercials claim that the Electric Energy pieces of amber togethar
newest models of cars are energy efficient. What & energy?

Scwentists de ergws the whality 10 course @ change

When voit tarn on a2 lamp or te 2 cell |'\|\Ili'h‘ il e dising 4
wype of kinetic energy vlectric enetgy, Recall thar all ebjec are

arn whiat does energy huve 10 do with: the coinposed of atotns. Elecirons itove around the miacleus of N fﬂw
ears bn prodocton on the previous page? Most cans e some atomy, and they move from one atom to apother., When ele B 81 (s one g |
v of fuel stch as gasoline of dicsel as theif energy source The e ¥ s kinethe er il o e . .

8 manvie they have kinetle energy and eteate an electric cuntng back of wind pr1-|r;,-1
CarS ETEIW WTansorms enwTgy ®ored in the fuel to a form of The exwrgy that an electric currenr cerrfes is o form of kinegic prergy
energy tha moves the “oemypated 1o other car an energy rullneleciric energy

effic

obpects, Whtn the |
¢ 1t clanges

Ry

v of wind

Blecuric enwrgy can be |.-u-1u| v by mowing
whines fotate. they i a

Cigsoline ar
Food |5 an e
in Figure o

wvorus will read, wind, coal

rated fron the kinetic energ
e producia

Sun also pre sources o
can be transfor

rv. Energy fram each of these spur k \
ne At bt
e forms of energy, sach as eledinic & tha kinatic

enetgy. Every thms you 1

§ ransdoriged from one §
b e Ceepl U

.;T L What i wpeegy !
! P

B3 Chapter 3

M wirid o

whes e gy

Lesson .Y ypes of Energy B3

What is energy? Guiding Questions

" : ; t is kinetic energy? Kinetic energy is the energy an object has
Remind students that matter is anything that has mass anfFBRES etic ey s e s
up space. Energy does not take up space; it affects matter. Have
students read the section and Figdye 1Ask these &> Give an example of kinetic energy. Sumple answers: apening @ book, lifting a
questions to assess their understanding. pencil, driving a car
Guiding Questions @D Is running a lawn mower an exampliées, becquse it invalves the energy of

_ of kinetic energy? Why or why not? objects in motion, such as the blades on

™ What is the energy source of a car? The energy source of a car is a fuel, the mower or the grass that {s cut.

such as gaosoline.

@ What s energy? Eneray is the abily o cause o changdinN@tic Energy of Objects
Have students read the paragraph and study theRigane
Kinetic Energy Then ask the following questions to informally assess their

; - . a ; understanding.
Obtain several images of objects in motion from newspapers,

magazines, or the Internet. Some possibilities include an @oiding Questions

throwing a ball, a vehicle being driven down a road, a per Why does the kinetic energy of the The kinétic energy of the blades changes

Jumping rope, a dog carrying a bone, and so on. Hold up THE piades change? because the speed of the blades

images for students to observe. Ask them to describe how things changes.

are changing in each image. Then have them read the pa@rﬂ:‘)h ) o

and answer the following questions at two things does kinetic energiinetic energy depends on mass and
- depend on? speed.

&I» What is one drawback of wind enerffyiun be inconsistent because wind does
not always blow at the same rate and
sometimes does not blow af all

82 Chapter 3
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- - -
Electric Energy Differentiated Instruction
Explain that the electricity we use in our homes and schools com ,
from one or more power plants. The plant transforms one form ofa In Yur Own Worddave students rewrite the caption
energy into electric energy. Many power plants burn coal to forFigures 2nd3in their own words. They should includ
generate electricity. Others use energy from the wind or the Sun. the terms kinetic energy and potential energy in their
Have students read the paragraph and explain electric energy in captions. They should also explain how each image is ¢
their own words. Their definition should note that electric energy i§Xample of energy.

the energy that is carried by an electric current. © Draw a Diagrahlave students research how a powe
plant works and draw a diagram of it. They should inclu

Word Origin the source of energy used to generate electricity and

electric indicate how that form of energy is collected, such as w

. A turbines outside a wind-generated energy facility or a c
Have students read the Greek origin of the word electric. Explain %t a hydroelectric plant.

that an ancient Greek philosopher discovered that when he rubbe
a piece of amber with a cloth, it became electrically charged due to

friction, and feathers and other objects stuck to it. o Teacher dolbhox et ey

Reading Strategy

What's the Main Idda3ve students record the main ide:
for each section that begins with a red heading. They
should also include a few sentences with important det
For example, for the first section, they should define en
and explain that there are several different types.

Teacher Demo

Energy Pluses and MinuSes students thinking about
ﬂp.qhe benefits and challenges of different types of energ

reting them on chart paper or the board.
LA 'Across the top of the list write Energy.
As you work through the lesson, write the name of
type of energy, classify it as kinetic, potential, or wa
energy. Then list one benefit and one challenge of
it as an energy source. Examples of energy types li

Electric | kinetic |clean but inconsistent

..
from wind
Hydroelectric
energy from da

potentia| clean but can cause
s disrupted course of natyire

¢ On Level ¢@» Approachirievel g% Beyond Level Lesson 3.Types of Energy 83
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Potential Energy

poce of paper. When the paper
Ls batled sbwrve the ground, & hes potential svergy

Potential energyvorad energy thir degwencs an e
lmrmiaction of ahgvte partiches, or sfewwe

Gravitational Potential Energy

Coavitstiomal porertial enetgy i 2 type of potencial
enefgy stoned in an objert due to B beight sbove Eanbi's
surface. The water a the op of the Bigein 3as
gy Gravitational puotentis]

Suppose you hold up 2

V- -
cal i s et

o af ts clistawe
kg ric) Joy cliseancy ! vy smoecd in the cherle
Vs surface The more mass an obyect e and T botwerin atonm
the g s diance (om Earth, the greater its {
gravitational potenitial i Figure Lhemenl enetgy and nuckees e igy mte b fatms of poteriial ehiergy
m In a2 hydroel 4 Chemical EI'IHW ol fuiels are mort the only sounce of chemle
¥ ) Mast cloctnic energy in the United ‘\'..HE‘meiRI' - l"ml“l.'ll ‘L"l_‘[h: ks 5 =I||rth In fhe
§ 4 \What s chemes ! iy convert
f e b comes from fossil fuels such as petroleum ' 074 YO ';'" OUT BOCY COMVELE B orarg
Eneegy d 1 1 x4 :.LILrn:-J tn chentcal bonds 14 food listo the
{  nmural gas and coal. The stoms thay make H‘\-" PRI - S e —— A
i these fosal fuels are joined by cheqnlcsl l.-I]Il LG SNETRY ©f YOUT MGV FLC|Es i
: 1 by %o T s b hyuatt0 the electre energy that sends sigrials
Hydoelecuic power plas are 2 very clean source of 5 Chemical bonds e the potential o 1n'.:q.l otagh YOUE Hetves fe) Yol bram
energy, Abour 7 percemt of all electiric power in the 1 apart. Thersfore, chemical bonds have a (o 1 .
Unsitedd Statest bs prrodiced frien hydmslectric energy i of povential energy called chemical IImIIq\.NI..IC*EaT Eﬂﬁl’gv
Hiwewer, hydroelecisic plants can mtermig the move i Chemical energyncgy that & stonad in . .
e of antmals kn sress and rivers i onf refesrserd fromm the bonds betveen aroms | e |n.||:‘|m\- of 1‘I1I'I|}|:t' lII=I Earth comes fromh
W Sl A process, called nuclear hudon, in
|- Wheen fossil fuels buimn, the chembeal l:wk.ll\| R I, 7L AOORIE, G e #edz Huslan
§ . Uhve Sun joirin thie muelen of atoms and, in the
- betwien the atoims Chat make up the fossll (e
AIpposs, releasny large amouns of energy, On
P broak apare. When this happers, clusdeal ofit ) 3
Jiotrem b therial crency. THis ey Is f!u‘*‘ nbclear enemgy planty, stch dx the oiwe
trailomm (o the ety ]
i : . I R + BT Sl (Figure dareak apart the nucel of
v faear wared ap foam seam. The SET By soms using 4 process called nuelear
ot a turbine. which bs connected w g 1 x
(emlon, Both twiclear fudion and meclear fisiop
persmator that geverates elecric enemy
1 releasmuclear energyeri stord m gnd
| A drawback of lossil fuels Is thar they invedrased frome the el of an aoe
duce ful w product ch 1 |
i e harmiul wavte 3, such as nillug leat faston produces 4 Liege amouit of
dieide and carbon diox it the anvirggn i
Friergy from (ust @ samall dment of Al
mem. Suliur dicxide in the alr creaces ack timwover, this process produces tadioastive
[} u p\.* vt eCliemnninny scpect (hat inereaned 3 ; He ’ '
| M . J waste that |s hazardiou and difflcul to
- wide in thie .||11|1n]\|1|‘||-[ f satoly
* # ¥ - LRI | ey
t_ - o climate « lange. SCentists ae
. -:H‘ " L - . t replacement (uels that do not
gue Hydroelectiic enengy plarts use the - o
patertil enetgy stored in waler (O producs T
[ 1] Chapter 3 Lesson 3.ypes of Energy 86

Potential Energy reaction occurs inside the battery that transforms the stored

sy e . chemical energy to electric energy, which transforms to light
Gravitational Potential Energy energy. Then have the students read the paragraphs and answeq‘
Explain that water is another source of energy that is often usgé following questions.
to generate electricity. Then ask your students the following

questions. Guiding Questions
. g " 1> What kind of energy is stored in faofiTe energy stored in food is chemical

Guiding Questions energy.

5 What is gravitational potential energy@wvifational potential energy is slored g :
energy thot depends on the pasition of on €2 What is chemical energy? Chemical energy is the energy that is
obfect relative to Earth's surface. stored in the bonds between atoms.

5 What are two things gravitational  Gravitational potential energy depends & Where is energy stored in fossil fuelbie energy in fossil fuels is stored in the

potential energy depends on? on position and mass. bonds between carbon atoms.

I Does a book hanging off a table eddes. becouse the book has mass and Is €I» Name a material, other than fossil Sample answers: wood, paper

have gravitational potential energybbove Earth’s surfoce. fuels, that is burned o release
Why or why not? chemical energy.

Chemical Energy Nuclear Energy

Have students discuss their experiences wiathribl Lalisk Have students compare the images of coal and nuclear fuel pellet
them what were the sources of the energy for the light and theFigure 4Explain that both are examples of stored energy and
heat (the battery and the match). Explain that batteries and can beused to generate electricity. Then have students read the
matches are examples of stored chemical energy. When you gtiRgraphs. Ask the following questions to informally assess their
the match, a chemical reaction occurs that transforms the stotemprehension.

energy to thermal energy. When you turn on the light, a chemical

84 Chapter3
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Guiding Questions

% What is nuclear energy? Nuclear energy is energy that is stored in
and released from on atom's nucleus.

®» What is nuclear fusion? Nuclear fusion is o pracess in which the
nuclei of atoms ore joined together,
releasing large amounts of energy.

€Y In what way might nuclear energy Widuclear energy can generate a lot of

more beneficial than other forms ofelectricity from a small amount of fuel,

energy? In what way might nuclear which might make it mare beneficial than

energy be less beneficial than otheother forms of energy. However, this

forms of energy? process can rasult in dangerous
radiopctive woste, which makes it more
hazardous to produce than other forins
of energy.

€D On Level @» Approachiricevel ¢ Beyond Level

Differentiated Instruction

® Create a Postétave students work in pairs to make
poster that shows different examples of energy source
Some possibilities include coal, gasoline, wood, paper,
the Sun. They can create illustrations or find images in
magazines or on the Internet. Students should label ez
energy source and identify the type of energy it repres
such as chemical energy, solar energy, and so on.

€ Make a Brochuresk students to make a brochure
advertising a certain type of energy source, such as fo
fuels or wind energy. They should identify the energy
source and explain how it is used and how it benefits
consumers.

Reading Strategy

Compare/Contrastive students write a short compare-
and-contrast paragraph on chemical and nuclear enerc
They should explain that both cause change and are
examples of stored energy. One is stored in bonds
between atoms, whereas the other is stored in the nu
of an atom.

Ehat is temperaturBInperature is not the same as
Ermal energy. Every object is made of particles that |
ays in motioeniperature describes the average |
Winetic energy of these particles. The faster particles
"the greater the kinetic energy and the higher the W
temperature. Increasing thermal energy speeds up pa
and increases temperature, whereas decreasing thern
energy slows down particles and decreases temperat

Real-World Science
Energy from the Silihe Sun is a major source of energ)
Energy from sunlight helps plants grow and is stored ij
them as chemical energy. It is also the source of energ
in wood and fossil fuels, two other examples of chemi
energy. The Sun itself is an example of nuclear energy
Energy released from hydrogen atoms gives the Sun
its power.

Lesson 3.Types of Energy 85
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Kin@lic and then‘iﬂl Enefgieﬁ cﬂn'lbined s vurns perbines i eleciric genermon, comns eIty Ll
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Kinetic and Potential Energies Combineuiding Questions

Remind students about the difference between kinetic energfasriéhat is thermal energy? ”lgfmﬂf energy is the ﬂ-‘mf’ the kinetic
potential energy. Kinetic energy is the energy of objects in motion, ﬁfmﬂf;igrﬁ; Eg‘;g}::f” Loty
whereas potential energy is stored in objects, particles, or atoms.

Have Students_ nam!a the different forms of en_erg_y they have mhal happens to the movement of The particles vibrale faster and/or the
ied so far and identify them as examples of kinetic energy or  particles in an object as thermal  particles move farther apait.
potential energy. energy increases!?

Mec h an ical E ne rgy I Describe the difference between a éugup of hot tea has a higher sum of the

i .ol hot tea and a cup of iced tea in kinetic and patentiol energies of (s
Have students read the paragraph and study the image of a Winerms of thermal energy particles than a cup of iced tea does,
turbine ifFigure S54sk: What is mechanical enddgyhonical
energy is the sum of potential energy and kinetic energy in® Why does an entire wind turbine haMechanical energy is the sum of potential

system of objects. mechanical energy, but the particlesi kinetic energies in a system of
14 / a single blade do not? particles, The wind turbine Is o complete
system, so it has mechanical energy. The
Thermal Energy . ) ) individual particles in a single blade have
Remind students about their experiencekannioh Labisk thermal energy but not mechanical
them to describe how their hands felt after they rubbed them energy.

together. Explain that this was an example of thermal energyﬁg@
students to name other examples of thermal energy. Then as thermal Energy

following questions. Have students read the paragraph and eRiganesexplain
that workers at geothermal plants drill deep into Earth to tap into
sources of geothermal energy. It is found in magma, which is hot,
liquid rock found beneath the planet's surface. Magma is also
released from erupting volcanoes in the form of lava.

86 Chapter 3
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Radiant Energy Visual Literacy: Figure 10

Review how sound waves that travel parallel to each other aitevi Have students refer to their reading of the section and
through matter carry sound energy and how waves that movexamin®igure 1@ answer the following questions. If students |
through the ground carry seismic energy. Explain that the difterentt answer the questions, reread the section together as you
types of electromagnetic waves move perpendicular to eachrefbezncfigure 2ndFigure 10Clarify that although the radio,

as they move through matter or a vacuum. Have students redantips, cell phone, and microwave might be powered by electricit
paragraph and study how different types of electromagnetic twayase all emitting radiant energy.

have different energy functions. Aslk: What kinds of waves are used by all the appliances shown?
electromagnetic wakow are they forméd2y are formed by

electric and magnetic waves moving perpendicular to each other. |

Guiding Questions

&I» How does radiant energy travel?  Radian! energy travels in the form of

electromognetic waves.

&> Name one kind of radiant energy. Sample answers: radio waves, light

waves, or microwoves

&» How is radiant energy used? Somple answer: Radiant energy is used
for many purposes including cooking
food, lighting homes, heating and cooling
homes, transporting people and products,
and manulacturing products.

&5 Why is light from the Sun able to

b i Light is carried by electramagnetic
reach Earth?

waves, which can travel through a
vacuwm, such as space.

88 Chapter3
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Use Vocabulary Interpret Graphics
1. Defineicrgy iIn your own words 7. Sammarizell in the graphic onganiee:
below to identify three types of

rotential enetgy i
¥ K oo e rain outl [ES e

P ™™ somu of the hama's enl
2. Distinguiietween kinetic energy and T o
potential energy 1
<o
3. Energyarmied by clectronugnetic Critical Thinking
Waives 5 8. Applyit gradustion a3 suudent throws 2
cap imto the air. During which pan of
Understand m Concepts the cap’y journey does it have the mos k g It
4, Comparrismic and sound encrgies kinetic energy! When doe it have the Srnghe
mest potemial energyt Explain your
TR } ) : J ) ) ﬁH ol Faai

5. Which of the following is NOT a form of

stored energy?
A chemical energy 9, AssesaVhich foris of energy are

A mvolved when you tiem on a desk Lamp
B. cleciric energy and the bulb becomes hot!

C. gravitational potential energy

D, nuclesr energy

6. Explaihow hydroeleciric enetgy plangy, Symmaris (he dilerent types of
convert potenitial energy o Linoik energy plavis mentioned i i lesion
SIETEY and bentily which wype of eneryy

(kinetic enetgy, potential energy. o
radiant energy) b converted Into elect
energy m each

[

2018

Use Vocabulary Critical Thinking

1. Sample answer: Energy is the ability to make things happeB.it has the most kinetic energy just as it leaves the student's
and and just before it is caught. At these points, the cap has
e greatest speed. It has the most potential energy just as it
begins to fall back toward Earth. At the peak of its travel, all o
the cap's kinetic energy has been transformed to potential
3.radiant energy energy.

Understand Key Concepts 9.Electric energy moves through the wire to the lamp's bulb. In

iy the bulb's filament, electric energy transforms into thermal
4.Both sound waves and seismic waves carry energy through energy and light energy
material. Seismic waves specifically travel through Earth. ;

5. Belectric energy

2.Kinetic energy is the energy of motion. Potential energy is t
energy stored because of the interaction between objects,
particles, or atoms.

10.Geothermal plants: potential energy and kinetic energy (from
turbines), Hydroelectric plants: potential energy and kinetic
6.Hydropower plants convert gravitational potential energy in energy (from turbines); Fuelpowered electrical power plants:
water to kinetic energy by channeling the falling water into potential energy and kinetic energy (from turbines); Nuclear
a turbine. The falling water causes the turbine to turn. The power plants: potential energy and kinetic energy (from
turbine transforms gravitational potential energy into kinetic turbines); Most power plants convert potential energy into
energy. kinetic energy then into electric energy.

Interpret Graphics

7. gravitational protential energy, chemical energy, nuclear energy
(in any arder)
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About the PhoBpace Alienstemind students about

Space Aliens? _—_
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How far will it go? |
Suppose you are Mo de gulu consieCoud you ik Q'Igmn'
it any thape you warled? Could o bl in theohtioeide be « What is the low of
higher than the stagioii? canservation of
energy’
rpiofl?dm'm * hlﬂ';'::waun

1f ancmemplety a b sefetly foom snergy be
e ond offsam tracks tho wal ﬂ.‘f‘ﬁm’

Think About This
1. How doss the haght

1o which the marble rises reiate 1o the
reigm a3t which it staned?

2 Key Concegd

@)
Q5 # :

LABManager

All the labs for this lesson can be found in the Student Resource

photovoltaic cells, which they learned about in the previous Handbook and the Activity Lab Workbook.

lesson. Explain that the vehicles in this photo also run on
photovoltaic cells. Refer studefigtwe tt the beginning of

Lesson 4nd compare the solar cells on the satellite to the s

cells on these vehicles.

Guiding Questions

.'» What kind of energy powers the casslor energy
in this phota?

I» How do photovoltaic cells help powieey copture sunlight and turn it into
these cars? eleciric energy that moves the cors

&> When might it be difficult to drive it might be difficult on a rainy or cloudy
these cars? day when there is little suniight

92 Chapter 3

O@ Essential Questions

After this lesson, students should understand the Key Concepts
and be able to answer these questions. Have students write
each question in their Science Journals. Revisit each question {
you cover its relevant content.

1 Vocabulary
l-_“‘SJ Identify Examples of Energy Use

Prepare students to understand the law of conservation of

energy and energy transformations by completing this

background knowledge activity.

1. Have students name some examples of energy use, such as
cooking food or turning on a lamp. Write a list of all the uses
of energy they name on chart paper or on the board.

2. Ask students to group all the different forms of energy by
type. For example, cooking food is an example of thermal
energy, and turning on a lamp is an example of light energy.

Scanned by CamScanner
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| Academic Vocabull Energy Transformations

s As you mead in Lesson 1, different tyvpes of electric enstgy

fverh) o change form of
Sruchsas

planis supply the energy you use in vour home and school
Energy transformatioge covmversaon of one form of anergy
w uroeher, 35 showiFigure Mibe elecuric energy 1a the

wiring of the bwat amp Is tran i thermal eneorgy

e object to
v does ot
we hest Limpy

Energy also b mramderred when i mos
another. When energy & tramd [

have to chunge For example
is rasderred 1o the air and then

Energy Conservation )

Suppose yous tuin on a light switch. The radiang energy j!m
k Vo

e eneagy o

from the bulb had many other forms before i shined |

ves It was electne energy m the limp's warmg. chemical §
energy in the fuel 3 the electric eneegy [ S I
conservation of ene thar energy oo be crovsjormed §
frons g foree po wnorher, bu B oot b cvarad or destrogal Even
though energy can change foom, the votal smow of 1'|:-'li\. by
the univers does not change. t just changes lorm
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Figgure T e you vl i sl coatlisr, yir st on polerial shegy i andonmed o Enetic enespy oo Sack 1o

cravitatintal potertial Eseny

Roller Coasters
Have yoi ever thought abour thee energy transformations tha

occur on a toller coxster! Most roller coastens stare of by pulling

youi 1o the wop of a big hill. When yoil go up a hill, the distance

between vou and Eaith increases and sb does your potentjal

energy. Next, you race down the hill. You meve faser and 19l e o iy it e

The pravitstional poventisl energy iy transformed 1o kinee

enwedgy AL the botiom of e il yous gravitational poteit
etvergy b wmmall b you lave 4 loe of kinetie anorgy. This kifighig,
eriergy b tranlomned back o ,.1|J\.'..I.II|!J|.|| |l|~1|'|'.'.:1| energy an

womi move ap the nesy hill

Plants and the Body

When a plant carmies on photosynthests, as shown |n

w 18 trinsdorms radiant ey froom ihe Sun ingo clie
. Thie ehepical energy Is stored in thie bonds of oh
decules When vou eat the brocooll, yvourr body b
wimical bonds in the imolecules that make up ths
it rebeases chemical energy that your body trans

Hadignl
gy (Hun)

[ U P L

Chemical sseryy

ergy Yol body needs, such 48 sniesgy lar maovel
r . Lanie molecules)

we control, and other life processes

Lesaen 3. 2nmrgy Transtarmstices and WoilS

EnergyBnsformations / Energy
Conservation

Roller Coasters
Remind students about the ideas for roller coasters from the

Launch Lalkxplain that if roller coasters have higher hills in the
?gﬁdle of the ride, additional energy must be added to the roller
¥ter. Then have students read the paragraph and study the

Have students read the paragraphs anFigudy1Discuss
how the heat lamp transforms electric energy into thermal en

help warm the piglets. : 2o h ] .
9 help the piglets image ifFigure 124sk the following scaffolded questions to infor-
Ask: What is the law of conservation of efiergy® of mally assess students’ understanding.
conservation of energy says that energy can be transformed from one
form to another, but it cannot be created or destroyed. Guiding Questions

&> What kind of energy transforms, Kinetic energy transforms from
from gravitational potential gravitational potential energy as a roller
energy as a roller coaster speedsconster speeds down a hill
down a hill?

Academic Vocabulary

transform

Have students read the definition of the word transihimat
is a synonym for the word transform®e onswers: change,
ailter, mutate, convert

€I» How does energy change as you Kinetic energy transforms to gravitational
ride a roller coaster? potential energy as you ride up a hill, and
gravitational potential energy transforms

to kinetic energy as you ride down a hill

&% How do you think energy Kinetic energy transforms o grovitationaf
transforms as you ride through apotential energy as you roll from the
leop on a roller coaster? bottom of the loop to the top. Then the
gravitational potential energy transforms
to kinetic energy as you rolf from the
top back down to the bottom and out of
the loop.

94  Chapter 3
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Electric Energy Plants

About S0 million yean ago. planm carried ou phousynthesi,
just like plants do todsy. These scient plants suored radiam
energy from the Sun as chemical energy in theit molocular borads
Adres they died, the planes became burted under sediiness. Altes
msch vime and presaae from the sediments sbove thein, theee
plaries turmed ineo st fudls. Wihen elecinc energy plass bumn
fosl il they transform the chemical energy from the mol
ecules that were made by plants that lived millions of years ago
That chemical energy iy tranlormed 1o the dectric energy that
you use i your home and school

As you fead in Lesson 1, othet forms of energy. sisch as solar,
wind, geothermal. and hydroclectric energy, also are mransformed
10 electric energy by electric encrgy planm

Energy and Work

When you smdy for 2 tess. do you do work? & mighe seem ke it
bt & would not be workl & defined by Wbty tramfer
of ey the ooz il @ foror meshey oy obyert meoe g e directaon
of the forve winle the florce acts on the obsers. Recall tha forves sre
b or pulls. When vou 5t 2n object, you (ramsfer eneigy from
yulir body to the obpect. As the boy lifts the Figume 84
they move and have kinetic energy. As the dnems get higher off
the groumsd, they gain gravitarional povential energe. The boy has

O thae shghit 1 Figiare 14, the Dy (s stasiliag still witlygrmmepess
driams lifted in place. Because Te i nos moving the dra "
not doing work. To do werk on an objeci, an object must RAOM Greek aigon,
in the direction of the force. Work 14 dobie only while the Gica!s 20
is moving the object

Doing Work

Honw smich werk do you do whien you e your backpa 4 X
. P il ’ wate 8 vaitical hall-
the groand? I vou 1t a backpaick with a force of 20 N voull ok Latel It 35

lews work than if wou lift a backpack with a force af 40 N, \Woel # 1o summarize, i

depends on the amount ol force applied 1o the object, | your o words, i
| relaticnship between
Work also depenids on the distance the object moves durdiygesek and energy.

the cimme the force is applied. 1 vou B a b.lrl\.]ur.L 1 i yor] do
Bows work than i wou Bk i 2 m Supposs you biss @ tm-Lp.«;‘l‘ﬂT‘"
the str. When vou releass i it eontinies moving opward. Even
though the backpack iv sull moving when you ket go, no work s
being doe Thils is becatse voll ane bo lopger applylng a larce Lo
the backpack while it i in the air.

Calculating Work

The equation for wark s shown below, Foroe |s the force
applied 1o the object. Distince i the distance the abject moves
in the diwection of the force while the force is aceing on it

Work Equation

dote wotk on the diuema RN IM’U’” f:f“m TEWIDNM Salancfin mels)

Figurs 1l ks tioy dies. mork o i druss wiee te 0 Seen Decn Be sy s 0 ece. fo sk s hedeg donm

Thie foeoe i the squeathon 0 in newtons (N], and distance (in
metens (nl. The product of newtons and meers i neswio nees
el A newtonneter i also called a joule ()

|

08  Chagier 3 Lesaen 3. 2nwrgy Trarstarmstices and Woill?

Energy and Work Visual Literacy: Work and Energy Transformations

Ask students to define the word work in their own terms. Haldave students study the imadtigire 14nd compare the

them identify examples of work. For example, they may namémage of the drummer on the left to the one on the right. Then as
examples of professions, such as working as a doctor or a ladfollowing question to assess their understanding of the diagrg
or they might identify specific tasks, such as housecleaning. Fhen

have students read the first paragraph. Ask them to compar k:What energy transformations occur as the drums aféliftest?

class definition of work to the scientific definition of the term %{r’mmd it ihe imuscles-of o drumdier (roistortis 10 the kinetic energy of

ms moving upward. When the drums stop moving at the top of their
Pa"? 5‘2""?{.‘%"‘5 read the second paragraph and answer . they no longer have kinetic energy, but they do have greater gravitational
owing questions.

potential energy due to their higher position. Chemical energy stored in the
Guiding Questions

muscles of the drummer also transformed to this increased grovitationo!
potential energy.
> What is the scientific definition  Work /s the transfer of energy that occurs
of work? when a force makes an object or o
particle move,

€S It you do work on an object, howits energy will increase.
will its energy change?

&® How is putting a book in your ~ Possible answer: When | put a book in my
bookbag an example of work? bookbag, the book moves down info the
bag, which is in the same direction as the
force that | apply.

AslcOnce the drums are lifted and the drummer is standing still holding the
drums, imork being done™No. Holding up the weight of the drums might feel

like work to the drummer, but since he is not exerting a force that is moving
anything, his actions do not fit the scientific definition of work.

96 Chapter3

Scanned by CamScanner



Engage Explore Explain Elaborate Evaluate

Doing Work Differentiated Instruction

Remind students that work is only done when the distance an

object moves is in the same direction as the force that is applied. €® Working in the Kitchidave students work in pairs.
Then have the class read the paragraphs. Ask the following ques-Ask them to find a recipe from a cookbook or on the
tions to informally assess students’ understanding of this concept.Internet. Have them list different types of work that are
as the recipe is prepared. For example, chopping
vegetables separates the pieces and pushes them apa

Guiding Questions Have them annotate their recipe to show how it can be

% What are two things work Work depends on force and distance. represented by the work equation_
depends on?
C® Write a RepoMave students research race cars at tr
L OL Ei:c' ;3: :npr::crinle m:!; ;lhszuv;it: .,‘,““”f" Mo work H.:rz_er;j }‘ﬂﬂlﬂff,f up a school library or on the Internet. Have them write a sho
ackpack because it is heavier than o : i
up a backpack? Explain. pencil and reguires more force o move. report to explam the SHEIYY transformat[ons' that occur
when a car Is raced. For example, the chemical energy
€D Are you doing work when you putau are doing work when you put a the fuel converts to thermal energy, which creates steal
pencil on your desk? Why or whypencil on a desk because the pencil which creates kinetic energy.

not? Are you doing work when theoves in the direction of the force thot
pencil rests on your desk? Why ovou apply. You are not doing work when

why not? the pencil rests on the desk because you o_
are no longer applying force to the Teacher Toolbg

pencil.

Reading Strategy
. 3 Active Readingave each student write down three
Word Orlgm sentences in this lesson that they believe most clearly
work represent the main ideas. Read key sentences in the te
Have students read the Greek origin of the word work. and have students raise their hands if they have writte

Ask: How does the Greek origin of work relate to the everyday use nfdm'"""n the same sentence. Ask students to defend thej
the wordWork involves doing activities, such as fﬁi case, rrearamﬁhClICEi

patients, completing reports, collecting garbage, on, 7 i ath Skills

much work has been défm® students solve the |

Ask: How does the Greek origin of work relate t : ! . ! !
lewing problem. A pair of students is preparing a |

the wordWork involves acting on an object and mcjr’n' semad i

happen, which is an activity of a sort. )

b ] “ 2
Calculating Work 2018 the wings of the stage, using a force of 150 N. How mﬁ
Remind students that work depends on that force that is applied t&/ork have they done? 3,825 joules Next, they hang a |
an object or particle and the distance it moves. Then have them banner over the stage. They lift it 31 m and use a forc
read the paragraphs and study the equation to solve for work. 72 N. How much work have they done? 2,325 joules

¢» On Level @9 Approachiricevel ¢ Beyond Level Lesson 3.Energy Transformations and WorB7
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Energy and Heat

Fave yonn ever heard the phrase furming ruldr? The tires
of mee cars are e of rubber. The tires amd the nosd are
in contact s they move past each other very (s Recall
that [riction is 3 force between tvwo airfaces in contact with
wach other. The ditection of friction s i the opposite
direction of the motion.

Friction between a car'y tires and the rosd cavuses somme
of the kinetic encrgy of the tines w tamdorm imo thermal
energy I race carv s gotngt neally fase, thermal energy in
the tires causes the rubber 1o give off 3 burmy odor

In every energy transformation and every enengy trams
fer, some energy i trasformed o thermal energy, a5
shown in Figure 15 This thernial energy is transferred o
the surmoundings. Thermsl energy moving rom 3 fegion
of higher temperature 1o 3 region of lower temperstues §s
called bear. Scientivs sometimes call thiv beat wase
energy becase it s not eadly med to do weeful work

VTt eneTgy S reses s o the
Sl g ey HanSGimaReT 850
enmgy Uershen n e eogines of isle cars

-

s -
CONServeQ

Visualize It!

=Ll

Erwergy can b fisms-
Tormrd irmo-difterent
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Wk arel #hergy are
related

-

f
FOL Wk e s o conasTention af eneny !

|
i wihal ways con epergy be transtonmed? i

¥ s

=

Lessan 3. eview B9

Work Equation
On chart paper or the board, write the mathematical symbols

and units for force (F, newtons), distance (d, meters), and wo

sample equation with them step by step to help them unde
how to solve for work when the amounts for the force and di

are known.

Practice
Have students solve the practice question. Then ask a volunteer to

write the steps he or she used to find the answer on chart p

the board.
W=(20 Np<(0.75 m}=15 J

Energy and Heat
Ask students to rub their hands together rapidly and describe the
heat sensation that they feel in their palms. Explain that the kinetic
energy created friction that transformed into thermal energy that
generated heat. Then have students read the paragraph and study
the image Fgure 15.

Chapter 3

i

Guiding Questions

@ What is friction?

When is heat generated?
(W, joules). Explain that a joule equals the amount of energy used ¢

by a force measuring one newton to move an object one meter.
Then have students read the Math Skills box. Go through the

| Summary
pts and terms are easier to remember when they are

Friction is @ force that acts against the
motion of two ebjects in contact with
each ather as they slide past each other.

Heat is generated when themal eneray
moves from a region of higher
temperature to a region of lower
temperatiire.

associated with an imaksk: Which Key Concept does each

image relate to?

e G
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e oy

7. Summarisiopy aod (il o the graphic

ocewrs when energy b organirer below 1o show whar work is

(um-crtntl froim ok form 1o another the praduct af.
Understand Key Concepts E:"..::]
2. Distinguistutwesn work and enigy critleal Thinking
8. Conside¥hich energy anslivimstions

3. Definehe Law of comservation of energy
i vemir o waards

&, which is NOT an example of works T
A. holding books m your amms
B. lifting a box from a table
C. placing a bowl oo 2 high shelf
0. pushing a cant acious the room
6. Describahe enetgy rindorouition

thar. occur when a piece of wood s
busrnaed

Interpret Graphics
6. Explalahe gravitational

potentisl energy

i enetgy Lranalers oocur i a
flahliphu?

Modeliaw 4 picture showlig bow
eneigy is andermed to 4 ddewalk on a
hot summer day. Label the different
foerms of energy In your drawing.

10. Calculathe wirl done by a bind
pulling & worm firom the din with a
force of 005 N 3 ditance 007 th

transformations it
oecur whien the object I
fight Is tn motion

100 Chagter 3

Critical Thinking

8.Chemical energy in batteries is converted to electric energy,

which is transferred to the bulb. The bulb transforms electric

energy to radiant energy in the form of light waves and waste
ermal energy which transfers radiant energy away from the
ashlight.

9.Students should show radiant energy from the Sun in waves
moving toward the sidewalk, and label thermal energy coming
from the sidewalk.

Use Vocabulary

1. energy transformation

Understand Key Concepts

2.Work is the transfer of energy that occurs when a force mak
an object or a particle move. Energy is the ability to cause
change.

3.The law of conservation of energy says that energy can be
transformed from one form to another but it can never be
created or destroyed.

4. Aholding books in your arms

5.Chemical energy stored in the bonds between the atoms .w
molecules of the wood is transformed to thermal energy ang. 0.004 J
light energy:.

Interpret Graphics

6.Sample answer: A car at the bottom of the wheel has the least
gravitational potential energy. As it rises, its gravitational
potential energy increases. At the top of the wheel,
gravitational potential energy is at maximum. It begins to
decrease as the car goes from the top of the wheel to the
bottom.

7. force, distance (in any order)

100 Chapter 3
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Can you make work easier? m
IRauaEy = [ZhE 3 vir irked to pull & nall trom s board without & clo Q’J s
Machine®r. b The claw han paminposubio task guite gaayWWhat are simple
" ¥ are 10me othel ways to makesmieR machinas?
« In what weays can
1 P e oot o bib sorety o easher?
2 : s thie tig ol o polvdne oo s poe blockwith you :
el dth e srme Ol sl | o mmuw
Science Joumal how the amouni umv 1 o
L= simple maching
:‘::‘_‘L’fﬁmr':‘ thie block as far s it will go. Start & wm
g ho
™ i o wedge
Uise the pencil to screw in the eyehook v
folCe yOou used in € n case *M.ﬂdm
=pring stale -
to @ height of 3 machine
¥
Think About This
1 How did the force 1 ihe first attempt af each tmsk difes
from w second Whisl caused ihis diference?
it of work you gl using the
p compare” What was the same? WA
103

INQUIRY L4 LABManager

About the Pho®MachineBiscuss unicycles with studentsa| the labs for this lesson can be found in the Student Resource

Explain that this rider must stay balanced as he pushes the yandbook and the Activity Lab Workbook.
pedals to ride forward or backward. Have students identify some

of the parts of the unicycle, such as the wheel, the pedals, t . .
seat, the gears, the chain, and so on. Essential Questions

Guiding Q . After this lesson, students should understand the Key Concepts
uiding Questions and be able to answer these questions. Have students write

1% What does the word machine meariudents moy describe a mochine os each question in their Science Journals, Revisit each question &

to you? something that has many different parts '
and thot can accomplish a tosk, such as you cover its relevant content.
washing clothes.

7.1 Vocabulary

15 What is one example of a machineStudents may describe different types of 2% \ -
machines, such as cors, compulers, or & Predict the Definitions
oif conditioners 1. Ask students to name some of the machines they use every

@0 N e i e ; day. Help them by pointing out items throughout the

3 0 you think a unicycie Is an ¢xam ple answer. Yes; it Nas severo 2 X k!

of a machine? Why or why not?  different paris, and a person can use it classroom. b’c.yde‘ Campum.r' stapler, doorstop, doorknob,
o move telephone, string to open blinds

2.Have them consider what makes something a machine.

3. Write the terms simple machine and complex machine on
chart paper or on the board. Have students classify their
examples of each.

102 Chapter 3
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suppose you want o open 4 bottle like thgurets,

mechanical energy to other objecta

Simple Machines

Figure 181 bottie apenes 3 KM I 50, you wsed 3 snple mShiaple machines
in m whing Dul baniten michimey that oy work ing one moaemsens. Ax

aotibe cap

machines do nov change @

1k they anly change the way work s done.
jl Whal w & siengle |

I machine T

104 Chagter 3

J Helen restng Fhuis kvsan, mde dimn whad yon Sresdy ko o S Orgl Catueas i e dycond covore

wile chown whal you ssnt (o e ARer yOu e Compieterd Pl ires0n sl cow sha] pow e

Machines Transfer Mechanical Energy

If you use 3 bottle opensr, you can esily pry off the wp. A
bottle openes is 4 puchine. Meny machames traisfer mechanical
energy from one obgert to another. The bottle openser transfers
mechanical energy from vour hand w the borde cxp In this
lessomn, yoo will read about the ways in which machines transfer

e you walk up a ramp this morning? Did you cut lood

erSg UM O SN 18 % on the next page. 2 simple machine can be an inclined pl
scirw, & wodge, & ver. s i|-ui|\1_ o & whieel s axde S
he aencwunt of work requined tw

Incilpmd Pane

AR

inclined Plane Furniture movers aften tse ramyps o mdBUre 12implo madines da
itk G G ST
furniruge fno o ruck bt is easler to slide 2 sofs up a rawp mn’ﬂh,...,;, ther directian
w0 life it sraigh up o the rudodined planech a il @ e o e o of farce

tlie ramp showiniFigure T8 o flol. shiped suifoce. Rimps ol ed to perlort o tesk

gentle slopes requine less force to mwove an ohiject than steepe

ramnps, bt you haeve o move the oblect 3 greater distance mﬂ:ﬂg—. .
Screw A sorew, such as screw top bottle, {5 a special ty . It NIHI-WI_CII

inclined plune shrewis an ocsed plene aropped erousd o EXRMEE 1ar Eac

simple maching
anjlinder. A sciew « hll'lR('! the directon of the force from an|
thur ey in 2 sratght leee to one thst notates

Waedge Like all knivis, plezs contens are 3 special type ol
inchined plane viedges wn mclimad phoe thee moves. Novee |
how the wedge changes the direction of the impur force

Lever The tab in Figure 17 on the nest (lawesy 2
nshich s @ sfisple imachine that plosis around & flxed poing. The |

i

l a fial bevel surince
j fixed point on a beverage can is whote the (nger b attachin.io
]

]

Nans

the can. Houtle openen, scissors. secsaws, Wonnils reequots, and
whieel batrows are other esanples of levers, Levers decreas

FOLDABLES
amount of force required o complewe a task, bur the force (it

be applied over 8 longer distance gy i

wbia. Label (f a5 shaw)

Wheel and Axle A doarknob, a car's steoting wheel, and ¥*® it b enplain Mo
weh slmiple machine

screwlriver are a tvpe ol simple machine wibedband changek the forces

axde o shaft antoched o o wheel of o larger dimeter so e boplreguined for o task

Y e object wirh vhe Lager diamerer 15 the whaeel, ani!
epith ehe srnabler diameter i the axle, Whien you use
axle, sich an 2 screwdrver, vou apply 4 gmall inpa
3 large distance to the wheel (serewdriver handlo),
the axle (screwdriver shafth to rotate 4 smaller
I|+I & greaer oot |"|" force.
Lesson 3. Machiies 108

Machinesrdnsfer Mechanical Energy

Have students stuFigure 1&nd read the paragraph.
Simple Machines

Ask students to name some commeon tools and explain that the
tools are examples of simple machines. Then ask students th@m 1s the eyehook used inlthench It is an example of o screw because you

following questions.

Guiding Questions

GI» Name one example of a simple Somple answers: an inciined plane, o
machine. screw, a wedge, a lever, a puffey, a wheel

and axle

I» What is a simple machine?
movement.

Why is a bottle opener an examplbu only use one movement lo do work
with o boltle opener. You use it to lift up

of a simple machine?
ond remove a cap from a boltle.

Inclined Plane / Screw / Wedge

Have students examine the images of the inclined plane, the
and the wedge fréigure Tlse the following questions to info
mally assess students’ understanding of the content.

104 Chapter3

Simple machines do work using one

Guiding Questions

&% What are some other examples oEomple answers include any sort of ramp
an inclined plane? including the wheelchair ramps next o
stairs, ramps in garages, and o slide af
o park.

Laban example of an inclined  twist it around to screw it into a plece
plane, a screw, or a wedge? of wood.

» Using the arrows on the board, caien you cut food with a knife, you are
you explain how a knife isan  pushing parts of the food apart. When
example of a wedge? you do that you apply o downward force

that creates two output forces sideways,

Review Vocabulary
plane

Have students read the definition of plane. Ask them to name
examples of flat, level surfaces, Sample answers: a table, a desk,
countertop, a mantel, and so on. Discuss the definition of incline.
Link the distinct definitions of the two words to the waords flat and
sloped in the definition of inclined plane.

CEVEr / Wheel and Axle

ﬁave students examine the |lefigume 12nd describe what
this simple machine is doing. It is applying a force to the top of the
can and opening it. Then have students read the paragraph and
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Pulley Have you ever raised 2 flag on 2 flagpole or \\JI11¢J
someone 1 a flag! The rope that vou pull goes theough
pradleyubic is of grooned usheedl werh @ rope o cobile unqr;!\am
wrceesd i A single pulley. such o the Kind on 3 flagpole. cilange
thie direction of a2 force. A wrries of pulleys decreases the ffoe
you need 1o lifl 2n objen because the number of ropes of Tables
supporiing the object ncreass.

Complex Machines

Bicycles, such = the orfigure 18e made up of many
difierem simple machimes. The pedul stem is 2 lever. The piedal
and gears together act as 3 wheel and axie The chain aroupd the
foar acts a8 )_puﬂn systenL Temo o mowe stmpie mehines gfvkiesy
wgwsher are P ieenplex machines, such as
hicyches, use more than one motion 1o accomplish tasks

Machines and Work
Think of & window washer like the Flgure 180 the

next page. It Gakes a givat amount of work o 1l the wisher's
own welght plus the weight of buckets of wawnr, windaw wash
ing tool, and the plaiornd up i vhe sle The winidow washer Iy
able to do thss work becase the pulley system that Lifts bim
ks the work easier. Recause two rapes. are supporting the
platform, the frce tequired (s hall

The work you do en 2 machine i called the ingre work. The
work the machine does on an objecy bs the ol work. Recall
that work 1 the product of foroe and distatce. Machines make
waork easier by changing the distance the object moves o tlie
foece requited to do work on an object

Changing Distance and Force

To pull himself toward the top of the bulldlivg, the wiidow
washer pulls down on a rope. The rope runs through a pulley
systemn The distance the window washer s pull the sope
{the npa distance) & much grearer than che distance be moves
{the cutpui distamce)

The force the window washer has o use o lift the pladorm
(the mmput toeee) s much less than the force the pulley exerts on
the plaform (the sutput force) Wien the inpur distance of a
machine i lagger than the outpit distapce, the outpit fofoe js
larger than thie lnput faece. This i teue Tor all dmphe machines
Bk ooty shemple smachines, the lopa force s decreased, bu (e
distance it in applied Iy increased

Changing Direction

Machines also can change the direction of 3 firce. A window
washer pulls down op the rope. The pulley system clunges the
divection of the foroe, which pulls the platform up .

Efficiency

fuppose the window washier warnits 1 buy a pew pulley

by 30 weay 1o compare machines is o calenlae each
eflicientfliciency the miio of outpul work i
I othuer words, 1t iy a measure of how much work
machine i changed (mo usefl output works [npus
L work are measured in joules {11 Eflchency |s
i a percontage by muliplying the rata by 100,

Lessat 3. Bachines 107

Complex Machines

Remind students about the examples of machines that they
listed at the beginning of the lesson. Explain that most, if not al

of the machines they named are different from simple machineégappens when you hammer aSwilple answer: The input work is
They have many moving parts. Then have students read the

paragraph and answer the following guestions.
Guiding Questions

= How is a complex machine differen® simple mochine uses one mation to

from a simple machine? accomplish o tosk, and o complex

&5 Do you think scissors are an examplées; scissors are made of two or more

machine uses several motions.

of a complex machine? Why or whysimple machines working together,

not?

They Include two levers and two
wedges.

Visual Literacy: A Complex Machine
Have students examine the diagram of a bEiguear8.

Then ask the following questions to reinforce their understand-

ing of both simple and complex machines.

Ask: Why is a bicycle an example of a complex niashine?

made of two orore simple machines that work together.

106 Chapter3

Machines and Work
Have students read the paragraphs anfigung/19.
hsk: Use the terms input work and output work to describe what

the work | do to move the hammer, and the output work the work the
hammer does to drive the nail.

Changing Distance and Force
Explain that some simple machines change direction and make

work easier, but others change distance, such as an inclined
plane. Have students read the paragraphs.

Changing Direction
Have students read the paragraph and then explain that a screwv
also changes the direction that a force is applied. Imagine trying
to push a screw straight into a wall. However, if you rotate it, yoL
change the direction. Now, the task is much easier and requires
less force. Have students answer the following questions to
assess their comprehension.
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Guiding Questions

® How does the pulley make raising tige window washer pulls the rope with
platform easier for the window  /ess force but over a longer distance. This
washer? decregses the inpuf force and chonges
the direction of the force.

&I» How can machines make work easiéf@chines can moke work easier by
changing distance, increosing force, or
changing the ditection of a force.

€ s the machine used by the windowBoth @ ramp and an elevator could help
washer most like an elevator ora  [iff the window washer ond his materials,
ramp? Explain your answer. The pulley system the window washer [s
using is most like an elevator because the
machine is lifting the object straight up,
whereas an inclined plane does not.

Efficiency
Explain that most household appliances have efficiency ratings.
These ratings help consumers know how much energy the

appliance will consume. Review the definition of efficiency. Then
instruct students to read the paragraphs and study the equation.

Visual Literacy: Efficiency Equation
Instruct students to study the equation as you ask the following
questions.

Newton’s Laws and Simple Mafh

Review Newton's three laws of motion: (1) an dig

rest unless unbalanced forces act on it; (2) the Jcd!
increases as the force acting on it increases; (3) (=]
there is an equal but opposite reaction force }ﬁ’

Write the three laws on chart paper or the bdfid-fen have s
read the section and answer the following questions.

€D On Level @» Approachinigevel ¢ Beyond Level

Differentiated Instruction

€ What is Energy Sta#2ve students research the U.S.
government's Energy Star program, which tracks the
efficiency of everyday appliances. The government We
is one place to begin. Ask students to research the
program’s goal, how it puts the efficiency equation Intc
practice, and some ways it suggests increasing the en
efficiency of everyday items. Have students create a sl
report on how the program works to conserve energy.

D Design an Experimémtve students design an
experiment to better understand how a simple machin:
makes work more efficient by changing force, distance
direction. Students should identify the simple machine,
the materials needed, explain the hypothesis they are
to test, and describe all the steps of their experiment.
report should include data on work and efficiency.

Teacher Toolbg

Reading Strategy

Main Idea and Supporting Detlaile students reread
the paragraphs on efficiency. Ask them to complete a|
idea and supporting details” chart to explain the mea

---------------------------

w‘}he term efficiency. Their charts should include a defi

x

d supporting details, such as the efficiency equatior

oorknob assembly. Explain that it is a simple machine
. Ask students to predict if a doorknob changes dista
dent3r direction to make work easier.

2. Have students examine the doorknob, and ask thern
identify the kind of simple machine it is. @ wheel an
axle

. Remind students that a wheel has a larger diameter
an axlefskHow do you think a wheel makes the
work of the doorknob easdlér2n you turn a
doorknob, the knob moves around a larger distanc
than the shaft. That makes it easier to uniatch the ¢
AskDoes a doorknob change distance or dirkéctior
changes distance,

Math Skills

Solving for Efficiendgve students calculate the

efficiency of two machines:

1. A bicycle requires 200 J of input work but only 180 .
ake the bicycle move. How efficient is it?

(:30 x 100= soé

00
2. A car requires 3,000 J of input work but only 1,000 .

ake the car move. How efficient is it?
(IODO

X 100=3

Lesson 3.}Machines 107
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Ihie lrpead torce needed, ond
changes the Sitectan of e
trge

5. Mo does e pulley
; ke raiing the
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wRAREE [IMs fs pLatfore L

The window washer comsiders two systems that requare 100 |
of input work The first one does 90 | of outpue wiek on bis
platiorm. The other pulley system does 75 | of ourput work, The
eificency of the fust pulley sysiesn & (80 1100 [) « 100% = S90%
The effichency of the second one is (95 /100 ) « 100% = 95%
The window washer decides 10 buy the second pulley system

The efficency of 3 machine is never 1O0S Some work
always transformed into wasted thermul energy becsuse of
friction. One way 10 improve the effickency of 2 machone is o
Inbticate the moving parts by applying 3 substance. such s oil,
1o them. This secduces the friction between the moving pans o
that lew input work b transforined 1o veaste energy

Lasan 3.Bachines 109

¢ What is Newton’s third/f an object exerts a force on o second object. the

108 Chapter 3

.. [Efficiency Equation

law? second object exerts an equal and opposite force
Pstonpcs efficiencyin %’:*—M&:m; '::m"“j}’oo%- "5;;; % 100%
€I» What does acceleratioflcceleration equals the force that's applied to on object f ) J
equal? divided by the mass of the object \\
p
&I How can simple Sample onswers: Newton's first low—A door held Ask:How Is m A;, k'w:l-lnw“ ,gﬁg‘e mmém i cy
mn:hhudamommyudoars:opﬁndmamnejmysapennmua W 24 in the bookh uatio
Newton's laws of as wind, moves it. s second low— When| CXPressed as a percentage ae an e'} 11y EXPIESS
motion? you use a screwdriver as a lever to openapamrcml ihe ratios as fractions. Fractions show the
lid accelerates in the direction the screwdriver applies refationship between the two numbers they
the force (up). Newton's third low—When someone include. Efficiency is the ratio of output wprk to
pushes down on a lever, such as ¢ bicycle handbrake, input work multiplied by 100 percent.
the lever pushes back with equal and opposite force. 1
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Use Vocabulary Interpret Graphics

1. Contrastple and complex machiness, Explalahich winple maehine e
ablect shown below represents,
{ F
A‘.' % 2. Defingficiency in your own words

7. Summarksopy i complote the
following graphic organieer showing the

A boithe ooerer s a There are =x Typey A xyce » an eas—
ARpRE Madire of uirgEe nuchines, e of 8 Compies ways that simple machines can change
i i T i machine el 1§ macs the work dine o an object.
EaETRE =D of diffpesnt Gemoes
machres 3. Explainhie siv simiple imaclhilies . ——— 1
; disrussed i this lesson | i %

Ur 1d Key Concep
W 4. ldentitpVhat kind of simple machine Critical Thinking
b a thumbtack!? 8. Desiga machine that you codld ise 1o

{1 Wit ave seenpbe machenes 7 lit 4 bag ol groceries from e doar e
thie counter using bess force than (7 youy

lifbedd e bag with just your hands,

Which siinple machibe woild vou el

—

8, How does an nclined plane alfect the
work that is done on an abject?
A I decreases the input distance.

l B. b increases the inpur distance
/ I‘ i
Tiht what vy Fares, b W e
1 - S e fmmme | | B it changes the direction of the outpu

€ b changes the direcuion of the g ,
lorce /

loice,

|

B ——

Lesson 3 Bhaciines 19

™0 Chagter 3

Visual Summary Understand Key Concepts

Concepts and terms are easier to remember when they are 4.3 wedge

associated with an imadgesc Which Key Concept does each
image relate to? 5. Blt increases the input distance.

Interpret Graphics

W’ 6.3 lever

7. changing the size of the force, changing the distance the forc
Use Vocabulary is applied, changing direction of the force (in any order)

1. Simple machines do work using one movement, Complex
machines are made up of two or more simple machines. T&Uﬁc&l Thinking
use more than one motion to do work. 8. Answers will vary, For example, students may use an inclined -
2.Sample answer: Efficiency is the ratio of output work to inputpla"e or a pulley as the simple machine.
work multiplied by 100 percent.

3.An inclined plane is a flat, sloped surface, A screw is an
inclined planed wrapped around a cylinder. A wedge is an
inclined plane that moves. Levers are simple machines that
move around a fixed point. A shaft attached to a wheel of a
larger diameter so that both rotate together is a wheel and
axle. A pulley is a grooved wheel with a rope or cable wrapped

around it.

110  Chapter 3
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[m Use Vocabulary
C haph\t Pra]m:l

ﬂ Liner i e thesndl eregy in o semenos

sojectin

hiptn €Y ||.1 ot an ppect incieases as it
Vovis Tt

Sargy
kinetic energy
mieCiric energy
potential energy
chemical snergy
Ouchedr energy
‘mechanical enangy
theymal energy
sound enargy
S2ISMIC energy i
redfiard Enegy

1 @nergy ISR If you

@ This preduel o e and dstance s

B‘ Defing the e roofonf eaeg)y I your own
Wl

@ sl s made of mece than one simple
machine

Link Vocabulary and Key Canceph

Copy ithis cor ag, and (hen Uss vocabulary lerms roam he gresious gage m
comgietes the ooh

B S —

3 :'! Energy Trans{ormations and Work eneny
Pidaws of consarvation of snasg. ¢ ST o

i law of consarvatian | |
af energy ! —_—
1 Nt prty
3 L
1
1
| ]
smple machine |
ncined plane 1 1
wrew i !

= 3 ‘ w",
whoel and sasle |

- \A
compies machine

efficency [] Ao
\ole
-
M2 Chagter Blody Guide ! [= =]

Key Concepts Summary Vocabulary
Study Strategy: Match Pictures to Captimesabulary Quiz

Students sometimes remember what they have studied without Have students work in pairs to review the vocabulary terms. This activity|

developing a true understanding of the concepts. Use this activitydili help students review the terms and their meanings.

students better understand what they have read in this chapter; 4. Working in pairs, have students write the vocabulary terms an

1. Ask students to rewrite the Key Concepts in their own words in thegparate index cards. Ask them to include a definition for each term
Science Journals. on the back of the index card.

2. Then ask them to locate photographs in magazines or newspaReiawe students take turns quizzing each other by reading out either
on the Internet that illustrate those ideas. For example, for the Key term or a definition. The student being quizzed should give the
Concept that explains potential energy, they might clip a phato ofsppropriate definition or term.
piece of coal or other fossil fuel. 3. As a variation of this activity, students could identify an example of a

3. After finding photos to match each concept, have students put thésmm instead of a definition.
together on a poster, using their Key Concepl sentences as ‘aP.U;.‘i-HSof card:
for the different images.

Examnie:

Back of card:

a fom of kingtic
Polential evergy = eleine encrgy erergy {hat i camed
evergy fhal & dored by an eloclric curvenl

112 Chapter 3
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N\ Teacher Notes

Use the Foldables® Chapter Project as a way to cornect

Key Concepts.

1. Ask students to organize their Foldables® in a way that
reflects how the concepts in each Foldable relatg to each
other.

2. Use glue or staples to hold the sheets together as
needed. >

3. When complete, ask students to place their Foldabje
Chapter Pl’OjECt at the front of the room. Have the ¢

critique and discuss the way in which ts hade 0Py,
organized their Foldables®. o 4 -%
et
Use Vocabulary . i
1. Answers will vary. Sample 4. work 218
answer: A cup of hot tea
contains more thermal 5. Sample answer: Radiant
energy than a cup of energy is energy carried by
iced tea. electromagnetic waves, such

as energy from the Sun.
2. kinelic energy
6. complex machine
3. Sample answer: An energy
transformation occurs when
energy is converted from
one form to another,

Link Vocabulary and Key Concepts

7-8. (in any order) chemical 12-13. (in any order) sound \
energy, nuclear energy energy, seismic energy

9-11.(in any order) mechanical
energy. thermal energy.,
geothermal energy

@ On Level g@» Approachinigevel 3 Beyond Level Chapter Ftudy Guide 113
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Understand Key Concepts 6. What enengy bansformation Ooous in a8
1 Which of tha fabiowing & gravfatonal potentsl Satuasy Worif
oneigy? A chemical to eecttic

. wiecinc to thermal

€ kinetic to chemical

B. tha sneigy of An akection maving through aD. thermad in slecnic
copper wie i

7. How much work did the man do on the
Dol i he Sustiston below?

A the energy soned in an objed that i Km
nbove e ground

& e eneigy sioted o e bonds of 8
corbotrydrate molecule
D. the stered 0 the nucleos of 2
uranerm st
2. Winch of the foligwing increases the knets
ens1gy of an object?
A deosasing the mas of the ot
B decrssing the vouse of the obiect
C  moreasng the object’'s helght
D. Increasing the object's speed

2. Al which pairt i the photn below = the A 00G=N
graetetional potentisl energy the greates? B 7 Nm
A C. &5
- " D. 205
cu B. Wrhich form of eneegy & MOT carned by
BN wEes?
L A chemical enengy
) B. rackard snevgy
] €. seivmic energy
D, »oung enevgy
4. The mput work Shaly dnes on & mie v 50 9, Which & NOT 2 mrpis machngT
'|'Pl.l::.l’lrh.ﬂmmt“m.r.ltm-lit\dsml.llwhl'mlnll incmeo
70 1 What s the afciency of the rmke? v plane
A 70 pevcent
B. BO percent € loop and hook
€. §75 porcert D. il snd sxke

D. 954 percant

8. Whicn of tha fabowing types of elecinc energy
plants tranylorms ﬂ““""“’ potental ecergy
to ebectric onergy’

A fowsll sl
B geuthormal
€. hydroelscine
D, nucipas

T Chagter Pevew

Lo Chaptor Brview 18

Critical Thinking 15. Consldévou pull o nall out of o place of
. ek o 4 hammar When you

! oD i ba
10. infetow does an sirplane's kingtic ene et
and E]'l-'!'w envwrghungn s | takes OFf [ the nait 1t s warm. Why?
and kands

ﬁ,ﬁlhb least two reasons why wﬂ.p?mra
Crithiquiou ovierhear someche say, "Tm red below i considarad a & "
poing to nuke 1 when tefemng fo cooking machine.
fond in & miciowave. Explais why this

11 Consideyfou ae going to tum 8 screw using
awrench Wil the work you do an the wrench
I more o less than the work done by the
wranch on the screw? Explan

1 Comparfeescrine the eneloy .
transtormations that one simisar n the humag 17, WritFind n compiex machine
lbexety ane in fossil fuel eleciric anergy plan yaur house of your schoal, and writd a
parl?;nuh describeng the different
almpl

machines that it comaing

) TheBIGidea
Ibetween fwo evenly matched teama Both

\enms pull against the rape &y nard &s they 18 HOW is enoigy transtormed in slectric

can, i the Tope does nat move. s any work e dy PETIS, in rokar comsters, ard
Iwring Cooie? Why or why not? W

B o
W, Explalsh cooch sots Up & tug-ofwif

e Wik
Bgpifoty Dhoitijaby weiigiha 400 M, He il 61 8 il 3 i Righ, Mo much work wins o byt ey

Understand Key Concepts

1 A.the energy stored in an object that is 10 m above the
ground

2 D.increasing the object’s speed
3 B.IL

4 C.875 percent

5 C.hydroelectric

6 B.electric to thermal

7 C.425)

8 A.chemical energy

9 C.loop and hook

Critical Thinking

10 As an airplane takes off, its kinetic energy increases because

itis moving faster and faster. Its gravitational potential energy
also increases as it moves farther from Earth's surface. Its kinetic

11 When someone says they are going to “nuke” it, they infer that they
are using nuclear energy to cook the food. Actually, the person is

using radiant energy in the form of microwaves to coak the food
12 Work you do on the wrench will be more than the work done by

the wrench, Because of the law of conservation of energy, the
wrench cannot do more work than you or it would be creating

energy.

13 Both fossil fuel electric energy plants and the human body convert
chemical energy stored in plants to energy that is used to perform
specific tasks.

14 No work is being done, because there is no movement.

15 In every energy transfer, some energy is converted to thermal enerﬁ
in the surrounding materials. There Is a lot of friction between the
nail and the wood, so a lot of thermal energy is transferred to the nai
during the energy transfer.

16 The part that is moving the egg has an inclined plane surface so that

it can slip under the food easier. When you flip the egg over, you use
the spatula as a lever,

energy decreases as its speed decreases; its gravitational potential

energy decreases as its height above Earth decreases.

114  Chapter 3
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Writing in Science
9 . St Teacher Notes
17 Answers will vary. Many good topic choices for the paragraph

exist in the kitchen and bathroom. A can opener involves wedges
and wheels and axles on the gears, a wedge on the blade, and
a lever on the handles. Similarly a nail clipper is a wedge and a

lever. A pizza cutter is a wedge.

 TheBIGIdea

~ 18 Energy is transformed from one form to another in electric

energy plants. For example, in nuclear energy plants,
the potential energy stored in the nucleus of an atom i
transformed into electric energy in the nuclear reactor. In
roller coasters, gravitational potential energy is transfofmed
into kinelic energy as the height above Earth changes in the
roller coaster and as its speed changes. Machines change the
direction of the force, the distance it is applied, and tha size
of the force required to do work.

19 The pulleys allow the sailors to pull down on the ropes fo

lift the salls instead of climbing the poles to pull the sails into
place.

y
Calculate Work
20 W=400 N«3 m=1200 J
21 W=(9.8 <12 kg) x 1.5 m=176.4 )
¢ On Level gg» Approachinievel g9 Beyond Level Chapter Review 115
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5 Tha 4

Multiple Choice
1 Whai dos all energy haweT
A e and mhape

re ghows folr car on a rﬂ"ﬂ coaglas
ek Ay wihich poa is gravitstional potentisl
eneigy e greatest?

A point A
0 mass and volume 8 pomB
€ tho abiity 1o cause changs C poinC
D he ability 10 transport mutier D pomD

Lisr the figure brbduy i anverr guestaw 2

st
Fh. ihull.l Fectric
L]
Eln traen

§ What happons to the rofler-conster cor's
energy as it moves from point A to polnt 87
A Maw enorgy s created
B The energy iy destroyed
€ Mew energy transfarms from the car's
mass
D Tha enoigy transionms om one kind o
anpifier

Lmwmin
of trawel

l mmﬂmﬂwumum 7’ mﬂ::thmw shines honae work and force
. ‘mp'm“-: snengy A work = foroe « distance
e —— & work = foroe - dstnce
€ mackant anavgy € work = force = istance
B scurd B work = foroe = distance
. ;:rmm;.;':m-" P EODGY  Line s figuee below 10 anaier yyreston i

A o produce electnc eneigy

B 1o power Randheld machnes

€ o giow and mairtain body cels

D 1o cook food n & MU oven
& ‘Which & ue of enevgy?

Ak cannot be

Bk canaot be taneied.

€ Rcannol change mater,

D It cannot be tansiamed

Ll the flgure heloss 1 s guestons 5 endih. The figure shows & pedstn using a hamme
femove & nall from n board. Which simple

machin describes o ihe hammes i heing

used in the picture?

A inclinen plne

8 lever

C pulley

D wedge

. O R, 5 115 s
010520 P40 S S R 1 o

S Chapter Elarcteiaed Test Psciie

9 Hoiw con wmpks machines maks wonk sauerle the floare o anser goestions 13 omd 14
A Dy INCIEIING e MMOoUNT Of WOIk 30N
B by decressing e amount of woik done

€ d‘mﬁhdhﬂtnmhhu
=] Wil

D by getnng ng of the work Aescet! 15
Mowe an obect

IWark

1901

Wik
2605
Constructed Response

10 A softball has basebail

Compare the lonetx; energy of a softball
hait of 4 Dasaball moving at the same

more mana Fan a

Wt simple mschine v hown T Whal & the
efMciency of this machine?

1 What i an energy transformation? Gae an
. e of an enengy nslomation used 10

12 How could the efficiency of this maching be
lemgrrerewd? Conudd it irver Ly 100%7 Explain

I

7 8 % W M3
2 3 3 § 3 a

Chagtet Bewocisoued Tesl Prociced??

15 &
3|2l 3

Multiple Choice
1 C—Correcti, B, and D are not true of all forms of energy.

2 C—Correct is incorrect because the dark- and light-shaded matter and energy.

fields are perpendicular to each other. B is incorrect becaus
the electron vibration produces the light-shaded field in one
plane. D is incorrect because both fields carry the energy of
electromagnetic wave.

3 A—CorrecB is true of electric and chemical energy, C is true

P

of chemical energy, and D is true of radiant energy.
4 A-CorrecB, C, and D are incorrect because the opposite o
each statement is true.

5 A—CorrecB, C, and D are incorrect because they are all at
lower heights than point A.

116 Chapter 3

6 D—Correctl and B are incorrect because of the law of
conservation of energy, and C is incorrect because a roller
coaster car's energy is not explained by conversions between

C—Correctd, B, and D do not show that work is the product
of force and distance.

E" B—Correch and D can be true of a hammer but not as it is
shown here, and C is incorrect because a hammer does not
have a rope wrapped around a grooved wheel.
C—Correcth and B are incorrect because machines do not

increase or decrease the amount of work done. D is incorrect!
because a machine cannot eliminate work output.
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Constructed Response

101f the two balls are traveling at the same speed, the kinetic
energy depends on mass. The softball would have more kinetic
energy than the baseball.

11 Sample answer: An energy transformation occurs when energy
is converted from one form to another. On a gas stove, for
example, the chemical energy of gas is converted to thermal
energy when the gas is burned. This thermal energy is
tranglerred to the food. As its temperature increases, the food
cooks.

12The pulley’s efficiency is 95 percent.

13The efficiency of the pulley system could be increased by
reducing friction at the center of the pulley. Also, reducing any
slippage of the line that runs through the pulley would result in
less wasted thermal energy produced due to friction between
the line and the pulley. The efficiency of this machine can
never be 100%. Friction never can be totally eliminated in any
machine.

€D On Level gy Approachinkevel % Beyond Level

Answer Key
1 C |
2 &
3 A
4 A
5 A
6 D
7 C
8 B
9 C |
10 See extended answer,
n See extended answer.|
12 See extended answer.
13 See extended answer.

Chapter Btandardizeadt Practice 117
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Deseribing Atoms

Fve el worl Lk ng atodl 1he aifor oes among ol e, g

and garee. T hoy sa duag ead il the dilferenc i havie 10 do with th
parsciesineach type of matter, Howaver, they disngreed about which
differences determing whether the matter is a solid, liguid, or gas. This
% e they haid
Hessn | thirk @ has to do with the number ol particles
Humaid: | think it has to do with the shape of the particles.
Halimac | think it has to do with the size of the particles,
Sumayya | think if has 1o do with the movement of the particles.
Maren | think it has 1o doowith how hard o soll thae paticles ans

With whain do you agres most? Explain why

you agree with that friend

Chagpter #atter and Atam

Matter and Atoms

Describing Atoms—

() TheBIGIdea

There are no right or wrong answers to these questions. Write

Ansaers to the Page Keeley Science Probe can be
found in theedicher's Edition of the

studentgenerated questions produced during the discussior] on

chart paper and return to them throughout the chapter. '.\_*

Guiding Questions
&% Why does it mean to classify?

Classify means lo erganize or group
things in 0 meaningful way.

Get Ready to Read

&» Why is it important to classify mattelBe classification of matter helps us to What do you think?

&Iy How might studying atoms help
scientists classify matter?

118

study It in an organized woy so that We | Jse this anticipation guide to gauge students’ background knowleo
can understand the similarities and . ; h '
erences hohican sohstapres and preconpeons about matter and atoms. At the end of the

chapter, ashugents © read and evaluate their earlier responses.
An atom is the smallest particle of an - Students should feel comfartable changing any of their responses.

element that retains the properties of that = -
element. Studying the atom might help Anticipation Set for Lesson 1

scientisis learn more about the elemen
how they ore different and how Hleyar:" Things that have no mass are not matter

g;f'c;ﬁ:gﬁ;gé"f”‘?” they can be clossified pgreeMatter is anything that takes up space and has mass.
2.The arrangement of particles is the same throughout a
mixture.

Disagreelhe arrangement of particles is the same throughout
some mixturesyt the arrangement is not the same throughout all
mixtures.
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Science Content Background

m Mixtures v. Compouridany kinds of combinations can be made
from even a small number of substances. Some combinations are

: compounds while others are mixtures. It is difficult to determine
Substances and Mixtures . . . the difference between a homogeneous mixture and a compound
Atoms, Elements, and Compodutter is anything that has: when you study them with the naked eye because homogeneous
mass and takes up space. Examples of matter include: the asfiufifles are evenly mixed. However, unlike compounds,
below us, the air we breathe, and many other different kinds@hogeneous mixtures do not bond at the atomic level and they
materials. All matter is made of parts that are too small to:be &€& separated using physical means, such as evaporation.
without a powerful microscope. These include atoms, whith are
the fundamental particles or building blocks of all of matter. All the
objects that exist in the world are made of atoms. Some .
substances are elements and contain only one kind of atom.
Others are compounds that made of a combination of twa or more
kinds of atoms that have chemically bonded together. Sodium (Na)
is an element, while salt (NaCl) is a compound of sodium dnd
chlorine. While the number of elements is limited—about 115 have
currently been discovered—there are literally millions of :
compounds because of the various ways that the different kinds of
atoms can come together. :

Mixtures vs. SolutioMsiterials can be combined to make : Individual atoms
something new. Most of the materials that we see or use each day
are composed of a combination of substances. There are millions

of different combinations. Some of them Include atgmg {hat bond, ., p
feablne but Ly

while others don't. When two or more substances g
not physically bond, they form a mixture. '

compounds. Mixtures have unique properties fro
they are made from and some mixtures have diffe
at different compositions. Homogeneous mixtures Contain:
substances that are evenly mixed, while heterogeneous mixtures
contain substances that are not. Examples of helerogenedus
mixtures include fruit salad, concrete, oil and vinegar, and: blood.
Soda, fruit gelatins, and salt water are examples of homogeneous
mixtures. Solution is another word for a homogeneous mixture,
which forms when one substance dissolves into another. *

Molecules

TIBA Chapter &datter and Atoms
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Science Content Backgro

m i An Atom's |dentiTje atoms of an element are not necessarily
: all the same. They can differ in a couple of ways. Although an atom
Th re of Atom : cannot gain or lose protons without losing its identity, it can gain or
e Structure of Atoms , : lose electrons. A neutral, or uncharged, atom has the same
Protons, Neutrons, and Electidass are made of tiny  : number of electrons as protons. A charged atom has gained or lost

particles, called protons, neutrons, and electrons. All atonis ékctrons, becoming an ion. A positive ion has fewer electrons than
structured in the same way. The structure of an atom consisiiy@fahs, while a negative ion has more electrons than protons.
nucleus with electrons moving in empty space around it. theons form different kinds of bonds compared to neutral atoms.
empty space is often described as a cloud because the exagitoms can also have a different number of neutrons than protons
position and speed of an electron cannot be determined at agiv@fiain their identity. An isotope is one of two or more atoms
moment. The nucleus contains protons and neutrons held:taggthfe same number of protons, but a different number of

by subatomic forces. The negatively charged electrons are peutrons. Isotopes can be useful in different ways. For example,
attracted to the positively charged protons, which draws thafelpcan be studied to help date ancient rocks, artifacts, and other
the nucleus. However, some electrons are closer to the nuclgtfects.
than others. The distance between electrons and the nucleus is
directly related to the amount of force the particles have dn each
other. :

Atomic Numben the periodic table, each element is listed wifli'ios
an atomic number. This number defines the element and ihdicates oo
the number of protons in the nucleus. The number of protons
determines the physical and chemical properties of an element.

Every element has a unique number of protons. As a result, the
periodic table is arranged according to atomjc gumber, starti

all the mass of an atom Is in jis
5. The mass of & praton is siightly

ster (han the mass of & neutron

____——— Protorjpositive charge)

Electromegative charge)

with hydrogen (atomic number 1) and endj h unun 7
(atomic number 118), which is the temporariggyipie of & -% Neutron charge)
discovered element. re M. f
3 f .f.h: 3
zma,')

Chapter &/atter and Atomd18B
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Strand Map

Required Background

Knowledge

To understand the Key Concepts of
this chapter, students should have
the following background
knowledge:

* Materials may be composed of parts tat are

too small to be seen without magnificafion.

'

!
1

* All materials have certain physical properties, such as Bifentii Jot of different materials can pe
hardness, flexibility, durability, resistance to water and {irg. andde from a small number of baglc

ease of conducting heat. kinds of materials.
Advancern= of Scencs, (193
1

* When a new material is made * Collections of pieces (powdeps,
combining two or more malenal marbles, sugar cubes, or woo 0
has properties that are different fofn blocks) may have properties tift |

Substances and
the original materials the individual pieces do not

Mixtures

¥
1.An alorn |

+*
|
g-4; atom. A compound Is a substance that Eontains

ding block of matter. An element is malfs made
JO or more elements.

|

a solution becausfhe
makc upa he;erageneuus mixture af® not”
evenly mixed. The substances that make up a solutiofp, or a

homogeneous mixture, are evenly mixed.

3.Mixtures differ froi
compounds in their]™
compeosition, whethdy
their parts join, and the
properties of their
parls,

4

The Structure of
Atoms

[ o= Zate==

4.The center of an atom is the nucleus j¥he
nucleus contains protons and neutrorgs.
Electrons occupy the emply space in anjatom
outside the nucleus,

¥

5. The identity of an atom is
determined by its atomic number e
atomic number is the number d
protons in the atom.

¥

6.The identity of a
atom stays the sange
if the number of §™
neutrons or
electrons changes

LAR

118C Chapter 8atter and Atoms
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Identifying Misconceptic

Components of Mixtures : Atoms as “Mini-Substances”
Don’t Mix i Find Out What Students Think

Find Out What Students Think . Students may think that...

Students may think that... ! ... two or more elements on the periodic table can have the same

... changing the amount of substances in a mixture fundame . . :
changes the mixture. For instance, they may believe that:addi atan atomic number reveals the identity of an element.

a little bit of sugar to a lot of water produces sweetened wajet. .
while adding a little bit of water to a lot of sugar produces skdlREUSSION

: a:ogiic number. They may not realize that each element is unique

syrup, and that these two mixtures are unrelated. ¢ Explain to students that the atomic number is the number of
: > : protons in the nucleus of an atom. Although the number of
Discussion : electrons and the number of neutrons may change (in ions and

For most students, the idea of a mixture is not that difficult. FQ&oPes respectively), the number of protons remains constant.
misconceptions arise due to differences that can occur mems :t:fdm:;isr ';:;ng;:: K\:S?I?;:ToﬂIeofcgrelgfejr!gslidﬁe} ngjk
components are mixed in various proportions. It is importan bl 1 "
Sdents Understand et the samg b0 5k etarioes cgn mjix §ArPon (CAskWhat is the atomic number of bBaL is
different ways at different proportions, but still form the ganti atomic number of carifddw many protons and neutrons
kind of mixture. Changing the amount of one substance doé4q§5t@ normal boron atom HavefPeacklow many protons
change the mixture's idenfigk When two substances are : and neutrons does a normal carbon aton lefvesich

mixed together, do they lose their individual projmrties? : Ask3Boron-11is an isotope that has six neutrons. Does that
substances retain their individual propsis3o i mean it is the same as carbon? Why or whypnidtid not the
substances bond in a mixture and form somethiNg,they : Same because boron-11 and carbon may have the same
don't chemically bond the way elements in a compound dgumber of neutrons, but boron-11 still has only 5 protons.
AskSince substances retain their properties and don't bon emind students that it is the number of protons that provides
does adding more or less of a substance change the me,.imy]gatumnc number and determines the identity of an element.

the mixtureo Promote Understanding

Promote Understanding ACt|Vfty Have students work together in pairs. They

Ct. . Provide groups of students with cg ¢h, Wi, should select a group (all t!'le elements ina
A UVity powdered drink mix, water, and b or COlUpamagHl)c nonmetals on the right side of the periodic
plastic bowls that will allow easy mixing. Have studgii§skore/f P\ (nclude all the elements in that groupona
the following mixtures: : e number of protons, neutrons, and electrons in

« 5 mL drink mix in 25 mL water : } :J'
+ 30 mL cornstarch in 10 mL water (approximate) ‘9
+ 25 mL drink mix in 5 mL water 2018 v !
+ 10 mL drink mix in 10 mL cornstarch ¢ separate column. After students have completed their charts,

The second mixture should form a colloid, which is a typé oftave them discuss how the elements are alike and how they are

mixture in which one substance is evenly dispersed throughgiierent.
another. The mixture appears to be homogeneaus, but is:actually
heterogeneous because the substances do not dissolve. Milk is

an example of a colloid. Have students describe the properties of
each mixture compared to the properties of the original :
substances. Then ask them to identify the two mixtures that are

the same even though the substances have been mixed in

different proportiofiee mixtures with the powdered drink

mix. :

Chapter #atter and Alom418D
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4 Substances
- and Mixtures

Can you always see the parts ¢, Essential

of materials? -v'ms:‘f.';tg“'

H SR PR el GBI My S S, £ Bt A retationship among

' ) T h -. mn N you ahvdhgrirsirmd und siams, slemanis. and

ATt iy o e e <7

anoE T

1 Rl and comiplza inb safety fom from solutions?

2. Chserve tamatetialst (he sightaions yotssche ha . mm;:r:m
—_ e iy Vocabulary
u:--::hhu'r. I{I‘!ﬂ;l:nEl‘

able parts substance
wlement
molecul
‘compound
mibkture
heterogeneous minture
hemogeneowus mixture

2. Key Concepit 1 ahways easy 1o sew the ris of misbeial Ut

TRIT Faplam
g fz
Ve g
% =
,‘)
L

120 Chapter 4 J 2018

INQUIRY w4 LABManager

About the Pholsit pureThe photo shows a worker makindll the labs for this lesson can be found in the Student Resource
award trophies. The molten metal is bronze. Bronze is a metblandbook and the Activity Lab Workbook.

alloy that is mostly copper with some other metals added for

strength and durability, such_as tin or aluminu_r'_n. It also ;Dnd%? Essential Questions

heat and can be molded easily. These properties make bron

ideal for creating trophies, among other objects. Classifying For this activity, gather a dozen objects from the classroom for
matter and understanding the properties of materials can helptudents to describe, including both solids and liquids. If these

you better understand their uses are not available, bring them to class, show slides of various
objects, or have students clip images from magazines. Explain
Guiding Questions that the objects are all examples of matter
I i

™ Describe one property of bronze. Answers will vary. Possible answ
include: It con melt easily, il co

molded into differant shopes, it is shiny, .;‘J',-, VOCﬂbUlary
and s0 on s Describing Matter
r— i e " For this activity, gather a dozen objects from the classroom for
&5 Why do you think a pure metal trophyight not be as sirong os the . aeprita i i ol i
would be different? COmbinalion of metls and. ok o result students to dcscrlbq. including both solids am;l liquids, If these
might scratch or break more easily are not available, bring them to class, show slides of various
objects, or have students clip images from magazines. Explain
&® Draw a conclusion about the physiéidcause the molten bronze is very hot that the objects are all examples of matter.
property that makes it possible for the container must have a higher melting ' , ,
the container to hold the bronze. point than the bronze to retain ifs shape.  1- Have students examine the different objects. Ask each
student to describe five of the objects, including their color,
size, shape, weight, texture, and so on.

120 Chapter 4
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2.Discuss with students the kinds of words that they use to
descrbeobects Then skthemtoconsider other possible
ways to describe matter beyond what they can observe with
their senses.

Explordctivity

Can you always see the parts of
materials?

Purpose

Tolnvestigate whether the parts that make up a material are

alweys visible

Materials

3 magnifying lenses, 3 plastic bowls, 5 150-mL beakers, 85 mL

sugar, 115 mL sand, 150 mL vegetable oil, 350 mL water, 3 plastic
spoons, marker, 8 index cards

Before &u Begin
« Set up eight lab stations each with an labeled index card:
Sugabowl with 50 mL sugar
Sandbowl! with 50 mL sand
Sugamand Santhow! with 25 mL sugar and 25 mL sand
Qilbeaker with 100 mL oil
Watebeaker with 100 mL water <
Water and Gikaker with 50 mL water and
Water and Sameaker with 100 mL water ans
Water and Sugaeaker with 100 mL very warg
10 mL sugar

« Stir the mixtures and allow them to set. Plgmeg nifyin
lenses at stations with solid materials only so students can
observe the parts. Include a plastic spoon so students can
move the parts around and observe.

Guide the Investigation

- Before students begin, ask if they have ever stirred a drink mix
into water or chocolate powder into milk. Ask them to describe
the drink's appearance after they mixed parts.

- Encourage students to compare the lab materials before and
after they are mixed.

Think About This

1. Accept any reasonable answers. The question prompts
students think about what makes up matter, Students may note
that sugar and sand are made of tiny grains. It is fairly easy to
distinguish individual grains in the sugar-sand mixture. The oil/
water and water/sand are also easy to distinguish.

2. Key Concepto; even though the water and sugar were
mixed, the parts could not be seen individually.

Lesson 4.5ubstances and Mixtures121

Scanned by CamScanner




-

I tha therd columen

Whal | Know | What | Want to Leam What | Leamed
= — 1 ) .

| |
\ | | W,

What is matter?

atemfram Gresk atomos. magine how much lun i@ would be 10 go windsurfing! As
e uncul. theforce of the wind pushes the sl you lean back 1o halance
theboard. You feel the heat of the Sun and the spray of water
againstyour Bee Whether you sre windogles yn 2 hike o
sitring arvour desk in a chsaoom, even
mude of mandattess angthing thar has
space. Matter 18 everything you can see
trecs i s abo soime Lthings you cannot see.
kniow that air is mamer because you can felgd
blows agatast vour skin. You can see t
when It inflates a sail or a balloon

1 Anything that does not have mass ot matter,
Types of energy, such as heat, sound, eleciricity, are ot
matter. Forces. such 23 magnevism and gravay, also are not

. -
1. Why are there so |

many types of
mattes?

butleding block of metter. In this chapter, you will read thapin
atom is made of even smaller panicles. There are many ILs
of atoms Each vype of stom has a different number of smaller
particles. You also will read rhat stoms can combine with each
other in many ways. it is the many kinds of atoms and the
wavs they combine thar form the different rypes of marter

{ m =
HBafore ruacking this lesson, wiite douwn what you slready know n the first columa, in the I.I-cﬂ-‘\ﬂ colamn,
werite diwn shat you want ko e After you have cosmipieted thid lesson, etie down whal you learmed

A — 7 forms of mares l have 3 new substance Figure 2\ substance
Rlwisyn cantaing e warme
o 1l
What is matter made of? ! Sult (2 DU Chvb it of war tonoed in
The mmatrer around you, mcluding all solids, liquids III-‘
gases. is made of atomsafoems o svall partick that i the

Classifying Matter

Because all the different Types of marter around vou are | 4
atoms, they must have charactertstios tn commen, Bur why ,},ﬂ,'
types of matter look and feel different! How ts the matter that
makes up a pure gold ring similar 1o the macter that makes u Matter

vour favorite soda or even the marter that makes up your b FL NG M s mats

tukes up space
How are these types of matter diiferent « Matot s made up

As thit chart Bigure thows, scientists plice matter o one u?"“““

two groups-substances of mixtures. Pare gold s in one gro
Sadda and vour body are in the oflwr, What detemilnes wh i
type of marter is a substance or a mixture? The dilference is

i can classify
N B BLDSTANCE OF &

COMPOoSiTIon

j Whatis a substance? ol sed |
What s the difference betwesn a gold ring and a can of soda?

What is the difference between table salt and mall mix? Purg
ts always made up of the wme type of atom, but soda s .
Stmilarly, table salt, or sodium chloride, s always made up gty is gold clas :m:-dl
same types of atoms, bur trail mix is not. This is because focyifa substincs?

ride and gold are substanamlatance maner wich o
hpgorsition that 18 alusays the same. A cenain substanee always
s the same kinds of atoms in the same e:uml.llrl-mui Sucla

il mix are another type of matter thar you will read abour |

n this lesson

faame composizion Bars of gnld are made of the same atoms as
2 I a pure gold ring, ax shoiguee 23nd. since sodium

chloride is a substance, If vou are salung your food in Ras Al

Khama or in Abu Dhabi, the aroms thar wake up the salr will be

the same. Il the composition of 4 given substance changes, you will

i

What is matter'What is matter made of? and study the tabldFigure 1se the following questions to

Have students discussliaench Lalkxplain that all matter is

macdle of parts we can’t see. Have students read the paragragfi§iding Questions

and answer these questions.

& Is thermal energy matter? No. Energy does not have mass, so it is
not matter
Ed Why are there so many types of  because of the different kinds of atoms
matter? and the mony ways they combine

Word Origin
atom
Have students study the Greek origin of the word atom.

guide your students’ comprehension of this concept.

€ What are the two types of matter? substances ond mixtures

€25 Why are soda and the human body Rure gold is a substance and has o fixed
the same group, while gold is in a composition. Sedu and the human body
different group? are mixtures and their compaosition can

vory.

€I Does the composition of one persoisYes, even though the composition of
body vary from another’s? the human body is similar, each person
ths o unmique mixture of substanices within
em,

AskHow do you think its Greek origin relates to the scientifi Nat Is a substance?
use of atomn atom is a small particle of an element that haklave students read the paragraphs and study the images in
the properties of that element. If you cut an atom, it loses theFigape Zxplain that no gold jewelry is truly pure. However, 24-kt

erties of that element.

Classifying Matter

Matter is everywhere, but in order to understand it we must figh
able to identify some basic characteristics, which can then be

gold, as shown in the photo, is 99.9 percent pure, which makes it

the purest type.

After reading this section, some students may struggle with the

t that the composition of substances is constant. To demor
is, hold up a glass of water and a glass filled with ice

to classify it into different groups. Brainstorm a list of ways togl@ags. Have students describe them. Explain that even though on
sify materials, such as by color, by size, by shape, by use, by RUasolid and one is a liquid, they are both water and both have th
ber of parts, and so on. Then have students read the paragrapfifie kinds of atoms that have combined in the same way. The
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amounts are different and the states are different, but the compo

tion remains the same. Then ask the following questions.

Guiding Questions

€™ What is a substance? A substance {s matter with @ composition
that is always the same.

& Why is gold classified as a substand#2/d is clossified as o substonce because
it has a fived composition.

& How can astronomers claim that = Substonces don't change depending on
certain substances on Mars are simllamtion. So water on Mars will have the
the same substances on Earth?  some properties as water on Earth,

€D On Level @ Approachinicevel ¢ Beyond Level

w‘)and write the answers for each one.

Differentiated Instruction

¢ Elemental Objedbsovide pairs of students with a lis
of some of the elements on the periodic table. Have tt
circle elements they are familiar with. Ask them to
brainstorm a list of objects that contain some of the
elements they circled. Finally, have them discuss the v
objects that they identified. How many of the elements
they identified are metals? How many are nonmetals? |
many are metalloids?

€ Trends in the Periodic Taldee students investigate
one of the groups on the periodic table of elements. A
them to research the similarities and differences betwe
the elements in that group, such as the melting and bc
points, and their state at room temperature. Then have
write a brief report to describe their findings.

o Teacher dolbho X r t ey o s T U T

Reading Strategy

Write Pre-reading Questidnse students pose a list of
guestions they have about substances, compounds, ar
molecules before they continue to the next section. As
read the next two pages, have them refer to their que

pacher Demo
AE¥sign a Web Padedve students choose an element
pbm the periodic tables in their textbooks. They shoul

eb site that identifies the element’s name and prope
and includes suggestions for links.

Careers in Science

Nuclear Physiciskiclear physicists study the structure
and properties of atoms. They use extremely large
machines known as particle accelerators to make new
discoveries. These machines accelerate particles to ve
high speeds (sometimes near the speed of light—
approximately 300,000 km/second) and cause them {
smash together. These types of experiments lead to
discoveries about the building blocks of nature. Scien
discovered that protons and neutrons are made of sm
particles called quarks by particle acceleration.

Lesson 4.fubstances and Mixtures123
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Elements
Some sulstanced, such as gold, are made of only one kind of

atom. Others, such as sodium chlotide, are made of more than

one kind Aslement o sdwiance made of ooy one kind of

| utor. All atoins of an clement are alike, but stoms of one
element are different from atoms of other elements For example,

L the elenwent gokd b made of only gold stoens, and all gold atoms
are alike But gold atoms are different rom sllver atoma., oxvgen

atoms, and atoms of every other element,

What is the smallest part of an element?

I vou could break down an element o o snallest par,
thar parn would be one stom. Most elemenis, such as earbon and
sitver, comsist of a large group of individual swoms. Some
elements, such s hydrogen and bromine, consist of moleculs
Amoleculs two or more atoms thar are held wogether by
chemical bonds and act as a unit. Examples of elements made of
individial atoms and molecules are

Elements on the Periodic Table
You probably can name many elements, such

and axygen Did you know that there are shout I’ 8

m -
3. How are atoms and |

F staments relatee”

-

Figure T e smanest pert of
all wlements s an mom i
some elements tie slores se
grouped ntg molefules

as C for carban, Au for gold, and O for oxw
= table printed inothe hick of this book gives ¢
abour each element. You will lesm more sbo@(
nExt lesson

A What color are the
bioeks used for lemasn

thast hasss not yel begn
weribied?

M bernet SyrnnGis e e e o Taso T
Temporary pymbols have Teee etlors

Compounds Moleculestecall thar a molecule s two o
Does it surprise you 1o learn that there affione atoms that are held together by

anly about 115 different elemenst After alffwmical bonds and that act as a unin Ish
you think about all the different things w[pulr:-:u]u the smallest part of a compouind?
wee each day. you could probably name mabigr many compauncds, this is true. Many
miore types of macter than this. Wiy are cdmpaunds exist as malecules. An exam
there so many kinds of matter when there AT 10 water, two hydrogen aroms and
otily about 115 elementst Most matter s pfEiien atam always exist together and 4
of atoms of different types of elements 9 UL Carbon dioxide Jaod table sugar

bonded together (GH ) are alsa examples of con spouncds

that are made of moleciles

Acempound a subsetance mode of i or

miore elements that are chemically Jolned na However, as shiwiFlgure Bome cony:
specific combunarion, Because each f'nmmwﬂ"!‘l“‘t‘ are ot nade of molecules. 10 sog
made of atoms in 4 spectfic combination, seomipounds, such as table salt, wr sodiun
compotnd i 2 substance, Pure wainidil chionde, no specilic atoms wavel togethdr
2 compound because every SJI“]JI-I! af pum““"' However, table salt (NaCl) s still a

wains atoms of hydrogen and oy, nce because it always contains only
e combination-two hydrogen ~ Sodium (Na)and chlorine (C1) aroms

ery oxvgen atom There are many
et becase elensents can join
& What happens jo the sall particles wh

tho boy mimes the soit in the watar? W
de you Ihink would happen if the wate|
evapolated?

sle s
e
°1as

1

a8 a

r particles are molecules becnuse they shuays travel together a3 8 unit

Figure Wouga
Sall paariaches Jo Dot Wivel Togethes @ & uni

Elements

Remind students about the “Building Block Bonanza” activityfgatain to students that the periodic table does not only list the
the beginning of the lesson. Explain that if atoms were toy bufigings of the elements, it provides other information as well. For
blocks, an element would consist of a pile of blocks of the sagwample, it classifies them as metals, non-metals, or metalloids.
color and shape, and a molecule would be two or more buildigve students study the imaBigure 4Then ask the following
blocks of different colors and/or shapes connected together.

Have students read the paragraphs and study Figure 3.
The periodic table shows all the elements that have been
discovered and how they are different from one another, mu

Visual Literacy: Elements

questions.

Ask:What color are the blocks used for elements that have not yel been

way an instruction booklet for a set of toy building blocks coutd
show the different kinds of pieces that come with the set. Then ask
students the following questions to assess their comprehensi

Guiding Questions

&I» What is the difference between an An otom is a single parficle, while o
atom and a molecule? molecule is lwo more atoms that are held
together by chemical bonds and act as
a unit.

> How are atoms and elements relateffich efement is made of o different kind
of atom.

&» Why might it be important for It might help them know if one element
scientists to know elements areould be used the same way as another
similar or different? or how elements will react when they are

chemically banded together.

124 Chapter 4
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f symbols it s have tempor
! mfwm i ksl
symbols are oururthe Latin word for gold. they are verfied and
first letter of , permanent ha
elament’s n I Exim The
such attior ; st un’wlm‘mum:ﬂ Thtl
e P dw #4 unmﬂdmmsmm
rr— ona of word
| : : pants. Unun-guad-§
oW i startds for 1-1-4.
[ Metals
e
[ Metalloids

Aslk:0f the three classes of elements, which has the greatest number of
elements: metals, nonmetals, or metaloiis?
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Compounds Differentiated Instruction
Have students read the paragraphs anFiguky/Students
will later learn that the two types of compounds described here afa® Play a Word Gamave students write a paragraph t
covalent compounds (such as sugar, carbon dioxide, and water) Summarize what they have read. They should leave a |
and ionic compounds (such as sodium chloride). space for each vocabulary word included in their
Remind students about the “Building Block Bonanza” activity at thBa@ragraphs. Then have them swap their paragraphs w
beginning of the lesson. Explain that if compounds were toy buildthose of other students to fill in the blanks.
ing blocks, a compound would consist of a pile of blocks with the@@® Everyday FormulBsovide students with several
same kinds of pieces attached in the same way. Because atoms chemical formulas for Everyday items, 5uc§\ as CH COi
can combine in many different ways, there are many kinds of com{acetic acid), NH (ammonia), C H7OH (rubbing alcohol
pounds. Listing them all in a table, the way elements are listed on HNQ (nitric acid). Ask them to do Internet research to
the periodic table, is impossible. Ask these questions to assess stlmenﬁfy the compound and find one use for it. For exar
dents’ comprehension. acetic acid is in vinegar and nitric acid is used to make
; : fertilizers. Ask them to create a poster that has a pictu
Guiding Questions each item along with a label that identifies it by its che

€ What is a compound? A compound is @ substance made of two formula.
or more elements that are chemically
Joined in a specific combination,

Teacher ToolbdE L L
€» How do elements and compounds Elements are made of just one type of O_

differ? atom. Compounds are made aof two or
more elements thot are bonded, Reading Strategy
| Know It Is.Have students write sentences about matt
D ::0:}1? a molecule, a compound, or Both, [t is a molecule becouse it has three elements, compounds, atoms, molecules, and substan
JESPIS Yo S, g'rf‘ff; ';fg 5‘:3,9‘;',’;; ﬂ;ffscge;gmﬁmds Each sentence should start with “I know it is (a/an)
because it consists of two elements, — because it..."” to define that term. For exam
hydrogen and oxygen bondedin 4. know it is matter because it has mass and takes up sp

the same combinath
=al-World Science

at Is Electrolysisi2ctrolysis is the process of using
ectricity to trigger a chemical change. For example,
electric current passes through water, it breaks the

Visual Literacy: Compounds
Write the elements in sugar (carbon, hydrogen, and oxy
and chlorine) on chart paper or the board. Explain th

combine in a different way than the elements in salt ve stull bonds between hydrogen and oxygen. The hydrogen |

studyFigure Sisk them to compare the two types of compounds oxygen separate into gases and new substances form
Scientists are working on ways to use electrolysis to

Sugar Salt produce hydrogen from water to run a hydrogen-fuel ¢

Maybe in the future, we'll ride in cars that run on wate
instead of gasoline!

Fun Fact

Chemical Formulas for Prot@msbodies rely on the
proteins found in meats and dairy products. Proteins a
complicated compounds made carbon, hydrogen and
elements. Each molecule is extremely large and has a
Ask: Describe the difference between the sugar particles and the saltnumber of atoms. As a result, proteins have complex

particles in this imagech suor partide moves through the water as chemical formulas. For example, hemoglobin, the cher
a clump with the elements stuck together. The elements of the salt that carries oxygen in blood, is made of protein. There
particies mave through the water separdiely. different types of hemoglobin, but the formula for the i
Ask: How are salt particles and sugar particles Bimilar® both common one isdgH 4ed¥ 50 53 P 4

compounds because they are chemically bonded dioweate
they different®hey contain different elements. The elements of sugar
travel as a unit. but the elements of salt do not.

Ask: What happens to the salt particles when the boy mixes the salt in
water?The salt particles separate and mix evenly among the water
particles\What do you think would happen if the water evaporated?
The negative and positive salt particles would altract each other and
reform salt.

€D On Level @@» Approachinicevel % Beyond Level Lesson 4.fubstances and Mixtures125
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Properties of Compousds would vou describe sodium What is a mixture?
chioride, or table salt? The properties of & compounsl, such as Dy Iooking at the ghass of clear ligRigham Bcan you

"ihl" “‘h'"'" "'“'l‘":' ‘:m"m:;_";":t':_" i;‘ ;!-Imﬂ o ;:" & toll whether ¢ o lemon-lme soda or water? Lemon-lin
. h ' .
SICHENLE [om wiscdh X & ma T, Ky cEmipie, | ma I alimwst cles, and someone miglt conluse it with

‘_': L!: elements sodium and ‘H‘"';:' Sedium htl:: solt ine ‘:' and which is & substance. Recall thar 4 substance is matter
lll.:l - 'r': ""J"'::“”I“:.F.'T" Fi“n . tlqu:.r "' e a composition that is always the same. However, soda
Gilloman] ioim, tho Tine KlE youl fpiinice an fou combination of substances such as water, carbon dioxidd

Chemical Formulps av elements have chemical symbols, sugar, and other compounds. In fact, most solldi lguids. and

Make & vorves twe
ook, and ot i s
whown, Une it 1o reves
properties of elerments
aid compounds

compounds have chemical formuls. A formuls includes the gawes you see each day are b ixbare martor )

Flgure Gt's nird o ted which ia
symbols of each element in the compound. k also cludey thet can wary by compesition. 1t s made of two or more ¢ R —{LIrE WALDr (1 SULStnCn) Of
numbery, called subscripta, that show the ratio of the r:I!c-mhlL\ substainces that are blended bt are not chemicallv bomthod.lime soda fm misturel.
in the compound. You can see the formulss for some compiounds What would happen if you added more sugar 10 3 glass ol
i1 Table 1. soclal You would suill have soda, but it would be sweeter
Different Combinations of Atemmc: ey the same elern Changing the amount of one substance (n 3 mixiure docs
combine to form dilferent compounds For example, muugﬂ‘-n not change the identity of the mixture of i individual
and oxvgen can form s differem compounds. The chemical sulsspnies

formiuilas ane®l NO, 8. NG NO. and M. They contain
the same elements. but because the combénations of atmmsare
ifferen, each compound has differers propenties, 2 showg in
Table 1.

Alr and tap water are alst mxtures. Adr 0s o mixcture of
nirrogen, oxygen, and other substances. However, the
cofposition of atr can vary, A 0 a sculba tank usually
containg more ocygen and lws of the other substances. Tap
water might look like paere water, hut it s & mixoore of pune
water (WD) and small amounts of otler substances. Since

Table $itnas can combine in
et ways and fanm dyiferen
COMBOUNDE

Formils snc Molecuda Swathee the substances that make up tap water are not bonded
N.lo ogether, the composition of ap water can vary. This is True
ferr all misnures
[ ; g
Lt the man (deas trom this sscton n the lines baelow [
NG
Brown gal b, an polytas
e |
Dirtitrogen triaude e hguia = -"]
126 Chapte: 4 Lesson 4 Substances and Misdre 27
CDITIPOUI"IdS (contmued) I Rewrite the following elements in aStudents should rearrange the elements to

Pour table salt into a clear container, such as a glass or a plastic chemical formula. HHOCCOHCH  show only C, H, and O. Next students

bowl. Ask students to describe the salt, including its color, its  CCCHHHCHOHHOHH iﬁ”&ﬁsﬂ fﬁggﬁf%ﬂ:ﬁ:ﬁ:ﬁfﬂ
shape, and its texture, Ask them if they think salt is an element or H,,0. —sugar. Students will not know
something else. Explain that salt is a compound. It is made of two e conventions for the order of elements.
elements sodium (Na) and chloride (Cl). Then have students read aoat gﬁggﬁggr”;ufggcggg’ Eﬁﬁaﬁ‘ oad
the paragraphs. Ask the following questions to informally assess in more advanced chemistry ciasses they
their understanding. will fearn the order for writing elfements in
chemical formulas.

Guiding Questions

What does a subscript show ina  ft shows the ratio of elements that make

chemical formula? up @ compound. Visual Literacya Hle 1

Have students compare the compounds sifable iDiscuss
how changing the ratio of each element changes the resulting
How do elements and unds the symbols of each element in the i . :
@ differ? EERER RS SO mfﬂmgaﬁdm mg,:'zm ;;n,;emum compounds. For example, nitrous oxide (N O) is a gas that dentist
the compound use to sedate patients. In a controlled dental environment most
patients can have this gas in small quantities with limited adverse

Does a compound of one hydrogenNo, because those are two different ioxi
@mm 2 Campe O cohirge -y s affects. Another gas, nitrogen dioxidg (N O ), commonly found in

same properties as a compound of and different properties. polluted air, has been reported to affect human health when

two hydrogen atoms and two oxygen present even in small quantities. Some studies report acdverse

atoms? Why or why not? health effects at nitrogen dioxide concentrations of 200 parts per
billion.

126 Chapter 4
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Types of Mixtures Homogeneous Mixtures

IF your pour socls into Ve glases, the smosints of w
carbon dionide. sugar. and other substances in the mi
would be the sarme i both glasses. Soda is an examy

B b trael i soila andd alr diffen? One dillfsrenes s dhat
trail v i o sobid, sods i o Douid, and sl e o gas This tells you
that & mmixire can be sy siate of matter. Anotler difference by

m that you can see the lndividual parts that make up erall mis h;"‘“m‘:llll':?fuﬁ b:;-!::rjmn t':l‘.l:l-ir
b yons camnot see the parts that make up sodd or ain This s WAL APy STy D, (N ot
i s PO - becaine tradl mix i a8 dilferent tvpe of miktune than soda and aie Evanly Mined Pahs 1 homogeneous mixtune, the
senarsis o Thene ane two types of mixtines heverogeneois dnd siibtainces are w0 small and evenly mived that vou ¢
homogeness. The preflx hevsro. meand “diflerern.” snd che see the boundiries between substances in the il
prefix hemomeam “the sine” Heterogeiwous and homogenecis Bram, 3 mixture of copper and rinc. i 3 homogeneou
mistuees differ ih how evenly the substances thae compose thein mmixture because the copper stoms and the sine son |?:I1lslr:||:f;l:tllllr:rl||:|ﬂ;lla
are mised evenly mixed. You cannot see the boundaries betwen, P A
different rypes of subsiances, sven under moss microsoogwesstiuon
Hetetogeneous Mixtures Lemonade dnd abt are also examples of homogenenis
Suppose vou Lake 4 bag of trail mix and pour # [mo two mixtures for the ame reasmn
idertical bowds Whar might vou notice! At first glance, cach Solutioshnother name for 3 omogemees oo is 2
bowl appeant the sune. However, 1 vou look closely, you night sohition A solution is made of two pans-a sshvent snd one
B, motice that one bowd has more mts and another bow! has guwe o¢ thure sohites The solvenst is the substance that is present
§ 7 Explas why vegata 1 ratune The contens of the bowls differ becase wrail mis l}l !n tm the L

bie s2up i ciasstad Lurgest amount The solutes disolve. of break ap

& & hEletogenesa beterogeneous misturhelerogencous mixtiee i and mix evenly i the solveilfighme Byater nthe %

Silatior e mitaieny o todsich the stabestances ane mod cvenilt mited, There8mre. solvent and salt i the sohae <alt iy soluble in water I \
you take owo samples from the sune mixoune, such as traslimix abso in the figure thar pepper does not dissolve in wa Npietites different
the smples might have dillerent amounts of the mdivid soluition s between pepper angd water, Pepper i am sol.tiom?

y substances. The muxtures shovwigose Rre examples af tsohible in water

J

Y — TI'(HJ?ﬂmIE mxIunes i
E

Other examples of solutions are descrifigde®,
Note thet all theee staes of muter-solid, bquid and gas |
can be a solvent or 2 sohowe in 2 solution S

ot el

Figure T he %o el padts of 8 beterngr . MiEbere e 08l sty Tesed

S 1%

Figure WMo, Muio. @ng Gases CEn Corriite 1wk salutian,

Ih- mumbers of pranuts.  You enow that grante WATR @ mETORCONe. Yo

L | ]
pretral, raesing, and MIWG{}!MOU‘ ITatLee would bo able 10 see that The natural gas used in This smitmonla claarier

ﬂ?:mw;r:ll a#torprn ;:::;:l ‘::-r!nr m|.1,u..’.,73*;:“:2§f,,.,¢ A Ga3 200V 13 4 1oluton Ia i sohtion of walw
il would be trad whsch it m made paiticles of methane, ethane_ and and smmonis gas
it g
Qe Chapter 4 ()) " Lesson A Subiatarces snd Mirkiet2e
)
2018 =
a -
Types of Mixtures Heterogeneous Mixtures

Students may not realize how many different kinds of mixturddawegtudents examine the imadigure Tsk them to

encounter everyday. Have them discuss possible mixtures freteseribe the similarities and differences between the trail mix, th
and around the school, such as the concrete and brick that nigké, and the smoke. For example, two are solids and one is a ge
up the building, food from the cafeteria that is made from a nf\&ef all three are examples of mixtures, but the parts that make
different ingredients, the air we breathe, and so on, Have studR il trail mix and the rock can clearly be seen and the parts
read the paragraph and answer the following questions to adé@dgnake up the smoke cannot. Then have students read the
their comprehension. Then ask them the following questionsparagraph and ask the following question to assess their

understanding.
Guiding Questions
&% Do mixtures only take the form of aNo, mixtures can be solids and gases, too. Guiding Questions
liquid? @3 Why is trail mix a heterogeneous  The substonces in trafl mix do not nix
mixture? evenly.

C» How do homogeneous mixtures ditfBvey differ in how evenly the substances
from heterogeneous mixtures?  that make them up mix tegether. ® Explain why vegetable soup is The contents of the Soup are not always
clnssilied as a heterogeneous mixtute some. Two bowls of the soup may
have different amounts of the parts that

& If you separated all the different kinMa, because the nuts, raisins, and other make up the soup.
of food in a bow! of trail mix, wouldkinds of food in trail mix are mixiures
you be dividing them into pure  themselves. I® Does every bag of trail mix have theVo, because trail mix is o heterogeneous
substances? same composition? mixture, each bag has o different humber
of each component, or even different
substances.
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@ I an atom bonded with a compoundio, because when an atom bonds with a DifferentiatEd Instru Ctiorl

would the properties of the compoundnpound, it creates a new substance

romain tie same? with its own sel of properties. » Separating the Nuts and Balésare a mixture of
) » odds and ends (such as buttons, paper clips, rocks, er:

» Would adding extra sugar to a pitchlo, because the composition (water, ! ; ! . ]
of lemonade change the identity of sugar, lemons) of @ solution could change along with soil or sand in water. Have students create
the solution? Why or why not? without changing its identity. Adding more to separate the parts of the mixture. Once they have a
sugar would not change lemonode to a ask them to create a flow chart to explain their approa

different kind of solution.
C®» Making Crystaldave pairs of students prepare
Separating Mixtures shallow pans with a solution of water, Epsom salt, and

Have students observe as you combine salt with water to make a cqlpnng o dempnstrate the process of F:rystalhzatlon, ‘
solution. Ask them if it is possible to separate the parts in the  MiXing the solution, they should pour it into in their par
mixture. yes Then have them predict ways to do this. Heat the and Iea\‘re them in a'sunny area, such as a w,ndowsﬂl.

solution and let the water evaporate, leaving the sailt behind, ~ Water will evaporate over several days, forming crystal
because water and salt have different boiling points. Then have Have 5‘”_“9”‘5 write a brief report to e_xplaln what hf"“r‘f"
students read the paragraphs and answer the following questions!© the mixture. The reports should indicate that the init
mixture was a heterogeneous mixture. Students shoule
Guiding Questions support this knowledge with the fact that the mixture v

@ i you separate e jrarts of 8. | yesi o separated by a physical change (evaporation).

mixture using a physical process? Can

you separate the parts of a compound
using a physical process? o Teacher Toolb X R R T A O T e

@ Name three methods of Sample answers include using a strainer; Careers in Science
separating heterogeneous picking out large, solid pfeces, and using a Factory Workeil® keep oil and vinegar from separating
mixtures. magnet to remove magnetic parts.

salad dressings, factory workers add an ingredient knt
w‘}!s an emulsifier to the mixture. The emulsifier prevent
il and vinegar from splitting into separate layers by
% pending the droplets of one liquid into the other.

eal-World Science
chen SeparatioBsparating the parts of a mixture is |
Ask: Does a chemical change affect the bonds Ffcommon step when preparing food. For instance, coo
or why not®s, because when a chemical changé®Betfs substances pften separate the yolk of an egg from the white part
change into other substances; in order to do that atoms must break me'ﬂ'}row away the shell. We also separate mixtures wher
bonds and form new ones. |
shells are removed from nuts, or peels are pulled back
bananas. Other examples include juicing fruit, peeling
3 . skins from potatoes and carrots, cutting fat off of meat
Visual Literacy: Separating Mixtures filtering grounds from a pot of coffee.
Have students examine the three photogRigoserQyhich Reading Strategy
show physical methods of separating the parts of mixtures. Explaig, <" 14e2 20 g Supporting Deftaite students reread
that it does not matter if the mixture is a solid, liquid, or a gas, the sections on separating mixtures. Ask them to com
you can find a way to separate the different parts using physical J 2 "iqea and supporting details éhart to explain tha
methods even if those methods are somewhat complex. For mixtures can be separated using physical methods. A
example, blood is a heterogeneous mixture, In medical labs, students to name and describe some of these method
researchers must separate samples of blood into different parts to
study them. To do so, they use a machine called a centrifuge to
spin the samples and separate the parts. Have students answer the
following questions to assess their understanding of the images
and separating mixtures.

Ask: How could you separate the small rocks and dirt that passed

through the strainer on the Bft3ple answer. Pour the strained part
through o different stroiner with smaller openings,

Review Vocabulary

chemical change
Have students review the definition of chemica

Ask: If you shake the oil and vinegar mixture up for a long time, won't
the oil dissolvélo, oil and vinegar combine to make a heterogeneous
mixture. If you keep shaking it, the oil will break up into small pieces at
first but after you stop shaking it will separote bock into two fayers.

€D On Level @» Approachinicevel % Beyond Level Lesson 4.fubstances and Mixtures131
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L T
wocka imo water, corbon dloxide, sugar, and other substances 1t 15
matde from. Beciuse the pants are w unall s evenly mised,
separating a homogeneous mixture such as soda can be difficult.
Herwiwit, you can ieparste some homogeneous mtxiones by

bolling or evaporation. For example. if you beave & bowl of sugar Visualize It!

water outside on 2 ot day, the water will evaporae, leaving the

sugar behind An exasmple of separating & homogensoun mixiure
by muaking ook candy b shuriFigs W00
Visualizing Classification of Matter ‘
Thank abous all the types of murter you have resd shout in this ’
lessan. As shorwiiFigure Miiattes can be clasified a0 elthet &
Ay el oW The subrstarces st Hurmogeneous

stibst e of 2 mixiure. Substances are either elements or

The twe kinds of et jre ath SULFSLANCe make make up 8 meture MiNIUTES ave me
compennds nchs af mictunes g of only s knn are Bhenssg UL ot Lame makew of
mixtuses ind hetefogetieows mivtunes Notice tha all milstances of atorh, chiediically bonded adstances thoughodl
ar] mistures sre made of atoms. Matter s clssdfied soconding w a ghvien daimple

the types of stone and the srangement of stoms in maner In
the next besson, you will sudy the sonucoore of atoms

Figure YWou con chenify mier haned on ifs chemeciensho ] W

'l - — N
Iy WWhat i the relstkomanip among #lome. elements. and compoands®

= Anyihing that has mas and takes oo space
- Maites oo Ear 5 made up of s
« Tty lissifications of matter: subnlindes @ Silies

| |
2 How ate s mituees Qe from soluto)s?

e

I By

-

Leswisr & Reviow 133

Separating Homogeneous Mixtures Visualizing Classification of Matter
Have students take a second look at the photograph of rock gavgstudents read the paragraph to review the different types ¢
inFigure 1Explain that the formation of crystals is one exampiastter. Then ask the following questions.

of separating a homogeneous mixture. Another example of this can

happen in a solution of Epsom salts and water. It occurs whe@uiding Questions

solution is boiled until the water evaporates and leaves behingh§@lhat are the two types of matter? Substances and mixtures
particles that form crystals. Have students read the paragraph and

answer the following questions.
&9 Describe the differences between Substances are made of one or more types

substances and mixtures. of atoms in the same combination, Mixtures

Guiding Questions are made of two or mare substances that
&1 Is it more difficult to separate a  Homogeneous mixtures are more difficult are not bonded together. The combinations

heterogeneous or a homogeneous (o seporate becouse they are evenly of the substances can vary,

mixture? mixed.

«» What T.nstlnn can you ask that willlre the substances within the mixture

Z]» Name one method of separating  Answers may include filtering, bofling immediately tell you if a mixture is ®venly mixed? If yes, it'sa h s

homogeneous mixtures. point, melting point, mognetism, or heterogeneous or homogeneous  mixture fa solutton); if no, then it's

evaporation, mixture? heterogeneous mixture,

In order to separate components in Bey must have boiling points that are
o homogeneous mixture, what must legnificantly different.
true of the solutes and solvent?

132 Chapter 4
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Visual Literacy: Classifying Matter

Have students study the chFigure 1Explain that organizing

all the information from this lesson on a chart makes it much easier
to compare and contrast the difference between substances and
mixtures, elements and compounds, and heterogeneous and
homogeneous mixtures. Use the following questions to help
students understand the chart.

Ask: What is a quick “rule of thumb” to determine if a substance is an

element or a compound? has one type of atom, it's an element;
otherwise, it's o compound.

Ask: What type of matter is not a mixture, but contains two or more
atoms? o compound.

Ask: What indicates that a material made of more than one element is a
mixture? If it is made of atoms or compounds thot combine together, but
do not bond.

Visual Summary

Concepts and terms are easier to remember when they are
associated with an image: Which Key Concept does each
image relate to?

€D On Level % Approachirievel g% Beyond Level
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Engage Explbre Explhin Elaborate  Evaluate
Use Vocabulary Interpret Graphics
. A sl particle that ls the bulding 7. Observiios n
blisck of matier ks aln) repe 1

o vou know!

o —
‘ -

8 Organize Informatiomyry and Gl in

ith details

2 Use the termbaanse in 3 sentence

3. Defineuicrule in your own words

Understand Key Concepts
4. Describdic ¢

Lationship among atoms

elementy, sful componinds |
Critical Thinking
9. Design method 1o sepa re
of sugar, sandd and biss of

5. Explaihow some mixtures are o

fromm solutions

subaitanee alfect 4 miniiure's ! H
a cormpotindy Kentity "_Lb” l
(A
@ v
ol f
N B
134 Chagter 4
- zmay
Use Vocabulary
1. atom

2.Sample answer: Hydrogen is a substance because Its
composition is always the same.

3.Sample answer: A molecule is a group of atoms that are
chemically bonded and act as a unit.

Understand Key Concepts

4.An element is composed of just one kind of atom. A compou

is composed of more than one element, each of which is
composed of a different type of atom.

5.A heterogeneous mixture Is not a solution because the

substances that make up a heterogeneous mixture are noiCritical Thinkin
evenly mixed, but the substances that make up a solution are

evenly mixed.

6.If the amount of one substance was changed in a mixture, t

identity of the mixture does not change. If another atom

0 Crude Ol
A S

4 Seporating Out Gasaline

H.-.- you e wonchened whwee e gasolioe Lsed n o) 2]
armes nscling is pert of o mistle of fusls called
epd

odl. Haw can wor

D oy ob (B> B ez e
I dorethy dpg wray
LRENE.  =H St trken
MU O AP e ¥

, = oAk ol 1 o 57t

Distillatic

towet
Lutksticatiog ail,
Pl T i
asphat

e

T

Interpret Graphics

7. The model represents a substance because all of the particle%
are combined in the same way.
i |

Substances Mixtures

fMadle of two or more substande
that are not bonded together

Made of one or more types
atoms

Has a fixed composition Composition can vary
ral

Can be either an element or pCan be mixed evenly or unevenly

compound

g
9.First, use a magnel to remove the fron. Next, stir the remaining
sugar and sand into water, The sugar will dissolve, and then
"Biter out the sandvcan boil the water away, leaving the

sugar

bonded with a compound, the compound’s identity would .
change. For example, if another oxygen atom was added #0.A compound. Elements are made of only one kind of atom.

water (K 0O), hydrogen peroxige,(H O ), a new substance with

different properties, is created.
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The Structure
of Atoms

How can you make different things- ial
frorn the same parts gy m

What makes them

ok
different¥nis ring neutrons, and

DIRE alectrons located in
an atem?

« How |s the atomic
number related to
the numbar of
protens in an stom?

; » What effect does
cany ihps. toothphcln
r Repmr clips, toothph changifg the nurtiber

s ook

cts, Vou oad s (sast of particles in an

Think About This electran
1. ObserveVhat do the abjects you mage have in commen? i) EIeEen glold

what wiays are they differen

i
{

LUTH =

LABManager

About the PhoWhat makes them differém? of the All the labs for this lesson can be found in the Student Resource
most amazing aspects of nature is that the structure of atomgjagndbook and the Activity Lab Workbook.
which are on a very tiny scale, has an enormous impact on the

elements they create. Understanding atoms can help you @1 . .
understand the elements and their properties, how they rea Essentlal Questions

one another, and how they can be used. After this lesson, students should understand the Key Concepts
and be able to answer these questions. Have students write
Guiding Questions each question in their Science Journals, Revisit each question &

@ What two of the elements used to carbon and gold: Gold alone is not very ~ YOU COVET its relevant content.

make the ring in this picture? strong, therefore, most gold is mixed with
siiver to provide greater strength for a
piece of jewelry. VOCEI bUIary
R — il _— . [_éj Predicting the Particles in an Atom
Q,- ooking at the piclure, whal are so iple answers include it being shiny,
properties of gold? yeliow, and can be shaped ond molded 1. Write the terms atom and element on the board.
without breaking 2. Ask: Think back to the last lesson. What is the definition of
&5 Do you think a diamond could be usdbaobly not, becouse diomonds and SIOINT-Whak Is the: dofinition of efeme m.is a:speill
: ly not, becouse dia s ar . : o s ,
to make a ring band and gold be used/d have very different properties. These  POrtiCle that is the building block of matter. An element is a
to make a stone? Why or why not? properties make them suitable only for substance made of only one kind of atom.
PPNTICINGE (583 3.Remind students that they learned that atoms contain even
smaller particles, Ask them to study the list of vocabulary
words on this page. Ask them to predict which words are

136 Chapter 4
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column
you iewned

\ |

The Parts of an Atom

Now that vou have read aboin ways m classify maner, you
can p'rd:ubl!.‘ recognize the dilferent types vou see cach day,
You might see pure elements, such as copper and iron, and
you probubly see many compounds, such a8 table il Table
salt s a compound bécaine it contiin the stoms of two
differemt elements- sodium and chlorine-in a specific
combilnaion You also probubly see many mixtures The
sihver olten used In jewelry Is 3 homogeneous mixtare of
imetals that sre evenly mixed, but pol botded 1ogether

As you read in Lesson |1, the many types of marer e
podsible because there are about 115 dilfferent elements
Each elernent i made up of 4 different 1ype of atom. Atoms
can combine in many different ways They are the basic
parts of matter,

What makes the stoms of cach element differen? Ar
are mude of severad types of Uy panicles The
each of these particles in an stom s what makes
different from each other. It is whar makes so
ey

Make g vemical
TWECDILmN Ehart book
Labeet It ws shown. Use

L Whai maksy the
atomy of diffgrent
elnrmernts oifforent
from sach othar?

The Nucleus—Protons and Neutrons

The basic structire of all atons i the same. Ak khown D cpgige

Figure 1240 atomn Has a center reglon with a positive chaiSeionce Usen eioctical

O o mve negathvely charged partieles move stound thlpreparty of some objects

center region. Theclews the region ar tee oeter of wh atoi) that determines whethet

thar contaiies most of the mass of the arom. Two kinds of part|PfpRiect Is positive,
Tghntive, or neutral

wnake up the nuckeupiutons o posiiody changad peticle 1 common Usieuying

the mclés of an atormesatroms an uncharged particle in the | somatning with #

rncheses of an asom, credit eard

Electrons
Avoms have 1o elecirie charge unless they change Lo son b
way, Thetefore, there must be a negative charge thar balapiids Why does & nucleus
’ always have 2 posl

the positive charge of the nucleeletmom o negarel) charge?
charged purticle that accuples the space I an atom oltside the

ruclens. Electrons are so small and move so quickly thar

sctentists are wnable ro tell exactly where a given eleciron |s
located &t any spectfic tme. Thereflone, sclentists deseribe Ll
positians around the nucleus as 2 cloud rader than specifl

points. A model of an atom and (s parts 1 siRgure2,

Word Origi
1Rl adoms have & poslively charged nuckeus sunoundad by peotonirom Gresk pml:*.
o (orE electiais | Imeans “first” |

Setre 1 Thy e o0 o o P -
-—um-p.-u‘—uqq. 2 2
i s o i \
—_— 1. Where ate protons |
neuirons, and
wlectrans located in

an wiam?

P g i e b

[0 e |\

g

1
4. How many prolons
and haw many
wlectrans does this
atnm have?

| )

Leston 4.2 Structuie of Aom A3

The Parts of an Atom

Science Use v. Common Use

Remind students that atoms are the smallest particles of elerShafge

For example, a bar of silver is made of millions upon millions
silver atoms. Oxygen in the air is made of many, many, many

R&k: Are the science and common uses similar or diffEerent?

oxygen atoms. An element cannot be broken down into anything
smaller than an atom and still retain its identity. However, ato
contain even smaller particles. Have students read the parag

D ORIGIN

and answer the following question.

proton
Ask: Why might proton have originated from a word that means

Guiding Questions “first"?The number of protons in a nucleus identifies the type of atom.
What makes the atoms of different Atoms of different elements are made of  This might be why it is considered “first” among atomic particles.
elements different from each otherdiifferent numbers of particles.

The Nucleus—Protons and Neutrons, Electr&niling Questions

Have students discuss the Launch Lab. Explain that all atomsgE3Wwhy does a nucleus always have a The nucleus has a positive charge
the same parts. However, the numbers and combinations of thes@esitive charge? ﬁ;",‘,‘jﬁ,ﬁ’;ﬁ?ﬁ;’;‘:ﬁ fﬁ:ﬁ""ﬁ charges
parts can differ. Have students read this page. Then complete the ' 98-

vocabulary activities and ask the guiding questions to assessgn, where are protons, neutrons, and Protons and neutrons are in the nucleus.

students’ understanding of the three atomic particles.

138 Chapter 4

electrons located in an atom? Electrons are in an electron cloud

surrounding the nucleus.
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Engage Explore Explain Elaborate Evaluate

Visual Literacy: Parts of an Atom

Have students examine Figure 12 to learn about the parts of
an atom.

| Almost all the mass of an atom isinjts
| nucteus. The mass of a proton is slightly
| greater than the mass of a neutron.

"___’_H___,_..- Protoripositive charge)

Electrognegative charge)

Neutromno charge)

Ask: How many protons and how many electrons does this atom
have?2 protons and 2 electrons

Ask: How does an electron and a neutron differfin size?on is
about 1/1.800 the size of a neutron.

Electrons

Remind students about the old plum puddin
learned about the beginning of the lesson. Ex
have refined atomic models over time as they
atoms and their particles. Today, we know that
atom looks like the diagrafigores 12nd13.Ha
the first two paragraphs to learn more about [
the following scaffolded questions to informaiiy dssess their
comprehension.

Guiding Questions

€% What does an electron cloud mostlympty space
contain?

&® In an atom, which electrons have thihe ones that ore forthest from the
highest amount of energy? nucleus

&> As you will read later in the lesson, The electron farthest from the nucleus will
atoms can lose electrons. Predict  be lost first, because it is less otfrocted to
which electron in Figure 13 will be losk nucieus
first—one closest to the nucleus or
one farthest from the nucleus.

ob of the model of the atom. Instruct them to name the

Differentiated Instruction
Modeling the Atdmudents at all levels may struggle with
understanding the model of the atom siigura13

simply because it is not in motion. As a static figure, it do
convey the sense of movement within the atomic structul
Find an open space where students can move around fre
Call out the number of protons, neutrons, and electrons |
different atoms (for example, carbon has six protons, six
neutrons, and six electrons) and ask students to demons!
each atom'’s structure according to their designations.

€ Designate AL students as protons. Their primarily rol
will be to observe and maintain the correct number of pre
and neutrons in the nucleus.

€ Designate BL students as electrons, They will need t
move around within electron clouds rapidly without leavii
general circular path. The innermost circle can have only
two students, while all other concentric circles can have
maximum of eight.

o Teacher Toolb

Reading Strategy
Mind Mappinigave pairs of students create a mind ma

rticles in an atom as the main idea and create branc
identify where the particles are |located and how t
ction inside an atom.,

Itural Diversity
Model from Many Natidns development of the
electron cloud model spans different decades and cu:{

Scientists from Great Britain, Denmark, and other cou
all made contributions to the model that we currently
today. The theory developed as scientists learned mo
more about atoms.

Students should be reminded that the electron cloud is not the same
as a cloud in the sky. Nor is there a cloud-like material in which the
electrons travel. The electron cloud is made up of electrons traveling
in empty space.

£ On Level ¢g» Approachingevel % Beyond Level Lesson 4.2 he Structure of Atoms139
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Figure T wctronm

Parihas frofn i Auckeus
hive rricee Sndrgy

Use Scientific Notation
Scientisty write very Bige
wnicl wéry sl waluss using
scaeniific natation. & gram of
canbon has sbout
50,000.000.000.000.000.000
atome Evpress this in wrientiiic
notation.
1. Move e gackmal untll goe
norrevo diit remmaEins on
e b L
5 00000 0000000000 0000
2. Cont the pincas you mawed
Here &5 1 e,
3. Show that nusmbser a & por
of 10, The sspanent & negay
W the decimal mowes ghn s

An Electron Clodlawings of an o, such a3 the ane
InFigure 1ften show electron circling the nucleus like
plariets arbiting the Sun. Sciemtists have conducted expert
paerpits that dhow the movemen of electioms s moge
complex than this. The modern idea of an stom is called
the electron cloud modeklbetran cloudihe rogion
suryoenling un dioe’s mlons where one or pare clectrons e
wit: Nty 6o b foutad. It 10 important to understand that
ah eléctron b bot a cloud of chirge. An eleciron s one
tiny particle. An elecuon cloud s mostly empty space. Ay
any moment in tme, clectrons ane locaued ac specilic
pasinits within that srea

Blectron Enecgyous have read that electrons are
constantly moving sround the nuelews in 4 reglon called
the eleviron closd However. sotne electnom are climer 10
the nuclews than others. Electrons occupy cenaln ameas
around the micleus according to thetr energy, as shown in
Figure Tlecuons close 1o the muchens are strongly
aftracted to 1 and heve les energy. Electrons farther (fom
the nuckus are les antacted o & and hive moe chergy

The Size of Atoms

Ir might be difficult 1o viswlize sn atom, but every
solid tgquid and gas is made of million and milliom
aoms Your body, your desk. and the alr vou bresthe e
all made of tiny soms. To understand bow small an gom

, s look Figure Mbuppose vou could increase the
peeslre of everything around you Il you could uu.dupl\ e
b widih of an atom by 100 milliore D i woild be

Differences in Atoms

Ty soame ways atoms are alike. Each has 2 positvely
charged nuclaus surrounded by & negaively chaged
elecoron cloud. But svoms can ditfier from each other in
several ways Avoms can have different muembers of protds,
neutons, of elecirons

e
LESA The i (deas o
il secticn i fhis Nnes |
Gt

Protons and Atomic Number
Lok at the peridic table i the back of this book, In
each block. the muwnber under the element nanwe shows
how many protons sach avom of the elensent has. For
example. cach oxygen atom has elght protom, The |
atomic numbenic number of protons i the nucks u,rmk f
afun of an clement. Il there are 12 protons in the Fic s ol —
an atom, that elements stoimie number 15 12, Examing
Figure TRuotice that thee atoose pumber of magnesian s
the whole mumber above ite symbaol. The atamic namber =

carbaom 18 & This means that each carbon stom has & § & How i the atomic |
I rumber related 1o the
i"ull“u

b of protens i
Every element in the periodic table has & different atomie ™ #om?

number, You can idennify an element if vou ki either, s

amomic member ar the number of protns i st have [ |
am atoan hus 3 different sumber of protois, (0 soa differci )
element. b i

Figure Y sl nustities s the nembey of grotons s s abom of e eemem,

- 9 . _——
positive Il & maves lefl the stee of an ofsnge AR afange would then Incroase go r——
Answer & 10° = 'y

the sise of Eartht t
4. Ruwurse the process 1o charige i ol o
LEIETTE MOt Dack 1o 4 b i
wiholi numbsr Al my——
W i
Practice & i
The diamieter Of & carban atomyis

2.2 W cm. Wiite ihis ax @
whale number.

Fignire 18l in cfange were T o of Carth, SBwn e elosn sl
Iheé sire Of ari orange

0 Chaptes 4 Lesson 4. he Structure of Alomsat

Practice

The Size of Atoms
Have students read the paragraph and study the comparisoriave students solve the practice question. Then ask a volunteer
shown iFigure 14Jnderstanding scale may be difficult for sorMgite the steps he or she used to find the answer on chart paper
students. To help them comprehend this concept, you may widg gpard. 0.000000022 cm

have them multiply the size of everyday objects by 100 million. For .

example, the length of an average car is between 4.88 m andEf§erences in Atoms

m. Multiply that times 100 million and you would have a car th@d{§ind students that, although atoms have the same basic
about 500 million meters long. Ask the following question togki@ure and the same kinds of particles, the difference in the
your students’ comprehension. number and combinations of these particles result in differences
Guiding Questions among different kinds of atoms. Have students read the paragray

@ By what amount would you have 1800 million or 1 Protons and Atomic Number
?I-Iltw the size of an !!Tﬂm to make Have students read the paragraphs aniguo/15Iso ask
e dotabiod o them to turn to the periodic table at the back of their textbooks
@ Do you think all atoms are the exadiswers may vary. Somple answer: No, to find the atomic numbers of magnesium, carbon, and other

same size? Why or why not?  because different kinds of otoms have ~ €lements. Then ask these guiding questions.
different numbers of particles, so they are
Guiding Questions

different sizes
% How is the atomic number related téhe atomic number is the same as the
the number of protons in an atom? number of protons in the atom.

Math Skill

Use _SCIEMIfIC _Nomu'?" N ) : If you know the number of protons ibu know the number of electrons. It will
Explain that scientific notation makes it easier to manipulate a neutral atom, what else do you  always be the same as the number of
large and very small values. Because converting to and from know? pratons for an atem thot Is neutral,

scientific notation is a skill, it is important that students follow and
practice the steps.

140 Chapter 4
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Meutrons and Isotopes

Fach avom of an element comains the same eember of
prrotens, by the mumbser of neutrons can
b ane of two or more atoms of an element having the same
number of protons, bt & different number of neutrons. Reron- 10
and boron- 11 are botopes of bonon, as siRlgmeASotice
that boron 10 has ten parvicles in it nocleus. Boron 11 has 11
partiches (o its puchen,

Electrons and lons

You read that atome can differ by the number of protoms or
neutrens they halfgure TRlustrates a third way atoms can
differ - by the number of eloctrons A neutral, or uncharged. stom
hus the samme number of poaitively ¢harged protons and
negatively charged electrons. As stoms band, their numbers of
chectroms can change. Because clectrons ane negatively charged, a
neutial stom that et lost an electron has 3 positive change A
neutral siom that has gained an clectron haw a negative charge
Anlons an aom that bas o charge berouse it e gose! or lost
elecrroms. Because the number of protom i unchunged, an wn =
the sifme ehetiere B was before

1 the previcus son. you fead that each particle of a
compond & two or more atom of different elements boneded
wogether. One of the ways compounds foam i when ooe or mone
electrons move from s dom of an element to an atom of 3
different element This resishis in 3 pasitive ioh kor one element
anad a pegative o fof the other element
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Poasible Changes in Atoms
Protans
#od oni proton

¢ Loy 7 ons
. ) + ¥ nadbons
£ sleciton [ Jrimtiniind
Neutrons lsotope
B T -

Blectrons fon
add g #leciron "

+ [ prohons
+ & neulrons
+ 7 elerirnms

Atoms and Matter amwwer the question of how they can be so
different i each v made of just one wpe of
Yot have pow peacd that matter can be qliign Eich carbon atoni i diaisoted has six
4 substance of & mixture A pulbstance Bavgoans Each gold atom has 79 protons, The
composition that is always the same, bue Hﬂu of an avom give an element (s (dentivy
compesition of a misire can vans ALtk ays inowhich the atoms combine pesult
matver are made of soms. The sons of 4 in the many different kinds of matter,
corain elerment abways have the same num
of protons, but the numbed ol peutrons ca -
vary. When elements combine Lo form codl s Wit attect does changing i numto a1
Btk number of electrons o the A8 paiticies in an stom have Gn ihe atom s
The different ways In which dromidertin®
g sumumani o Thile 3.

the diamond and gold rieg on |
r of this lesson, Now can you | J

Lessan 40 Structute of Atom=143

Visual Literacy: lons
Have students study the diagrams of Figane TZlhen have

following guestion.

Beryllium
L3

. . 4 Protons
U * 4 Eectrons

-
Neutral atom
A neutral atom has the

Ask: Would a nitrogen atom be a positive or a negative ion if ﬂlﬂﬁ
electrons? Whyfwould be o negative jon becouse, according to the
periodic table, a nitrogen atom has 7 protons. An atom must have the

Chigrine
Sodium 4 N
e Al
’ . I F . W\
& &«  MNMProtons '
+ 10 Blectrons ¢ 18 Blectrons
L1 S L]
L 'y ': Y Ll
. .
Positive ion (N4 Bl

I an atom loses an eloctron,  Negative ion (O
same number of electrons it has more protons than
and protons. The atom has electrons. It is posithwely
charged.

i an atom gains an electron,
it has more electrons than
protons. It is negatively

Atoms and Matter

f the ¥ A After learning all the information about the structure of atoms,
them turn to the periodic tables in their textbooks to answer Higdents will need time to organize, summarize, and reflect upon

what they have learned. Use the following guestions to help then
put all the pieces together.
Guiding Questions

€% What is the difference between an ian jon is a charged atom that has gained

and an isotope? or lost electrons, An isotope [s one of two
or mote atams of on element with different
numbers of neutrons,
» What effect does changing the  Changing the number of protons

number of particles in an atom haverodices a different fype

on the atom's identity?
number of neutrons or electrons is
different.

the electron cloud.

saome number of electrons os protons to be neutral. Therefore nitrogen
has 10 electrons. Three extro electrons would give it a negative charge.

142 Chapter 4
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Visual Literacy: Possible Changes in Atoms [ @) Teacher Tool b EEREEE PP EPEREPERPEPES
Have students locate the periodic table representation for carbon

at the top dable 3Ask them to identity the atomic number and  Fun Fact

the number of protons in carbon (6). Then have them compare theSeeing an Atoifhe twentieth century was marked by tf
different examples of atoms shown in the table. Ask the following fascination with the structure and later the power of th
questions to assess their understanding, atom, but it wasn't until the invention of the scanning
tunneling microscope in 1981 and the atomic force
microscope in 1986 that individual atoms could be see
manipulatedodiay, advanced versions of these
microscopes allow for even more detailed views and
greater control of the atomic world.

Reading Strategy

Five Minute Theatdnve groups of students write
five-minute plays telling the story of an atom and some
the changes it can undergo. Each student in the group
play a different role, either as protons, electrons, or
neutrons. Encourage them to be creative and incorpor
what they have learned about the structure of the aton

/
{
/

\
Aslk:How does adding Ask:How does Aslk:How does
proton change the carbpn adding an electron| | adding a neutron
atorl'l':'a‘t changes the change the carbon| | change the carboh
identity of the atom. It atom?/t becomes a| | atom?/t becomes
becomes a nitrogen at carbon ion. a carbon isotope.
instead.
(- e
Neke f
AR
ama))
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Visualize It!

£ p——
L@

All malie] & M of AR QIBNGE 5 Sl Ay of The aaes

GROTES ASOATE i OO melon Crees T Can e
magse of protn WL ITAMN @0 AeTr ctterers numbey of
electioins, @ eI

BELIE

| o

I'- 1. Where are peotore NEUCIoNE, S sSiron (ocated n &0 atom? "

|

2 Hovw in the atomic numbes neleted 10 1he memien of oootons in a0 stom?

WIS AT D08 RGN Tk MUNRES G LTI WA 80 S0 Pues &0 P aloe )

S

Va4 Chagier 4

Use Vocabulary Interpret Graphics
1. Distinguidimteween o proton and o7, Qrganlee’opy and (11 i the graphic
neutron otganizer below fo summarize what v
have learied abotit the parts, the sites
atl the differences of sonis

Properties of Atoms

2. An atom thar has lost one of more Parts

elecirons is ala)
Sires

Difterences

3. Use the termetope i a complete Critical Thinking
senence. 8. Declda’an voul tell which element ai
atorm i vou know s charge and the
iuinber of eleciron i has! Explaln
Understand Key Concopts
&, Whichs Jocared outsice thi nuckewn of
an atisril m
A, election C. neutron = i
9. The diameter of an aomic nuclegs
B. woh D. proton i about O O0OGIDDB0N000 16 ofn
6. Identifyhe clement thar lus nine Exprens this mimber (i setentific
netatkin
protons

0, Thwe wrasy of 4 hydrogen ol s
abolse 1AW 100 kg Express this
ak a whaole numibser.

I 6. Explalhow stomic pivmbwt relates 1o
w sumber of partiches nan atom's

Lossan 4 Beview 448

Visual Summary

Concepts and terms are easier to remember when they are 7,

associated with an imagec: Which Key Concept does each
image relate to?

Use Vocabulary
1. A proton has a positive charge. A neutron has no charge,
2.ion

3.Sample answer: Carbon-13 is an isotope of carbon which has

7 neutrons,

Understand Key Concepts

4.A. electron
5.fluorine

6.The atomic number is the number of protons in an atom's

nucleus.

144 Chapter 4

Interpret Graphics

Properties of Atoms

Parts Protons and neutrons are in the nucleus,
and electrons are in the electron cloyd.

Size A nucleus is about a trillion times smaller
than the tip of a pencil.

Differencd An atom which loses or gains a protdn is a

different element. An atom which los
gains a neutron is an isotope of the

ariginal atom. An atom which loses of
gains an electron is an ion.

ES or

Critical Thinking

8.Yes. For a positive charge, you add the number of the charge
to the number of electrons to get the atomic number, For a
negative charge, you subtract the number of the charge from
the number of electrons to get the atomic number. The atomic
number identifies the element.

Math Skill

9.1.6 % 10° cm
10. 0.00000000000000000000000000167 kg
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) TheBIGIdea

Matter is classified according to the type and ammangement of atoms
trom which it is made

Use Vocabulary

1 & particle that conelits of o of mone stoma
Ansemize your eeson Folasbies ns shog 1o [ IWI“'“ ™ M_

maks & Chagiit Progrcl. Ui the projectio

Viewtit WAL you e tasmd 0 this chaater @) & salnd ts an semple of sk

i iy 18 b iy erdetuee iy whilch gou can mss iy
ratrmee T e pa s,

S T~ |
Chapter Project

matter
atom

o Mattor i Classifipg o8 ap—— 1
18 it of B O sioee subclances tht am
physicaily blended but are not chamically
biteratled

4.1 Substances and Mixtures
o Aralgm o Sodong Do mitbec elemenl ot rade of Gy | gubstance
ere type of domctmpoun ssubtianceat cortain tes o mors | glament
Eerrmts | molecule
+ AINEIBIOQENFOUS MUK § Loulin i srie T Eiades 1 compound
Tdhe 1o 8 Belerogerienis mhikes e Aol ek Mised The Ltnidrmddste
ke 1 8 b O EneDUS MIThe sy moet heterogeneous misturs
- MR b corgounets i e Cereiaion, winiher Bt jRelNDETOG 5, FIiRtLY
o and the properties of thes parts

@ A positively charged garticle in the nuckeus of
AL S e

© Aimast all of the nass of an gLIm i Tound i
[ — - ..of an atom.
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Link Vocabulary and Key Concepts
(Cingwp Ml LONCED] g, and then Lss worabijlary [Eems hom e predous page m
coepRete the contept TEp

4.2 The Structure of Atoms mucleus
. This comtsr ol an ol ise ruscie cort » roton
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=« Thae identity of s stam i SeterrsnsSinmme numbdie o SctIon cioud

by 5 bhe sumtss of pesinen @ e o atomic mumber T
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walilimn

B Chagter ludy Guide Chagtes Siudy Guide W?

REY LONCepis summary _gb?

Study Strategy: Check Answers to Kef Study Strategy: Create Vocabulary Trading

Concept Questions IL Cards

Teach students to focus on the areas where they lack understandhayersfudents make trading cards using the vocabulary words from the

to spend less time on concepts they have mastered. J chapter.

1. Write the Key Concept questions from the start of each lessantinAsk students to write the vocabulary words on the front of index
chart paper ar the board. | cards. Students may also wish to include a diagram or an ill

2. Ask students to answer each question in their science journal.  that represents each term on the front of their cards.

3. Instruct students to make note of the questions that they had 2- Ask them to write the definition for each term in their own words
difficult time answering. Then have them compare their answers he back of the cards. Connecting vocabulary words to students’ own -
the Key Concepts Summary in the Chapter Study Guide. Tell them@gguage promotes understanding more effectively than pure
write a check beside any answers that were correct and to dircle Bigmorization.
answers thal were inaccurate or incomplete, 3. After students complete their cards, have them share and exchange

4. Have students look back through the chapter to locate any them with each other.
information relevant to the answers they circled. Have them uggdiipie:
information to rewrite their answers,

Prammpe: M barged alom lhal has qawed
on 12 a crar prea o smcthing [hat i pure
— hdc-_f{cw_______ Element and 1o mads wp of ol
M tealope 16 ane of bao alome of an ¢ ot kind of alom
that have a ditferenl wamber of pr

146 Chapter 4
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OLDABLES I\ Teacher Notes

Use the Foldables® Chapter Project as a way to cannect
Key Concepts.

1. Ask students to organize their Foldables® in a way
that reflects how the concepts in each Foldablerelate
to each other.

2. Use glue or staples to hold the sheets together gs
needed.

3. When complete, ask students to place their
Foldables® Chapter Project at the front of the room,
Have the class critique and discuss thg ic
students have organized their Foldal

Use Vocabulary

1. molecule 4. proton 2018

2. heterogeneous mixture 5. nucleus

3. mixture 6. ion

Link Vocabulary and Key Concepts

7. nucleus 12. element
8. proton 13. mixture
9, electron 14. helerogeneous mixture
10-11. ion, isotope (in any
order) \
€D On Level gZ» Approachinievel g Beyond Level Chapter &tudy Guide 147
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Understand Concepts & Which woulkd you most likely be abie 1o 10, at the Mustration below, b this —
1 \Mucﬂuuzm:-' senarade intd i 2am by fitecing? mode| of o substance of & maure? How 0o 47, Write paragranh m which you
& funsaind A heleropensous mivture of two Bquds you kengw? @xpindn the modern atomie mods) 1 an
B o coroal B. iwisropeneocas ricture of s wolds l‘uT't;:hl::“ "":::ﬂmnrd MJ.h:ﬂ rgt
ancla nelu i o
C St . hamopemects midhee of o Ry ‘ L 1&‘m:nlgmmnlvw
D. table sah hemogevoous miskee sold L =
6. Whais it almost 38 ths mass of an stom -
F A mgummuam ocatar? ' ‘
i : i e emcyem mﬂdﬁﬂ.
= fha neutons . Deducach atom of protium hai ane prato
C i the mucleus a%ﬂmedm&:hamm ﬂ:'ﬂhﬂ':oﬁ‘:‘hmﬂﬂd: :EE“'H!"‘!-
e protan, twe neutron oijern mixhires. homogeneaus |
D, i the proton g_feh;,nﬁm;ﬂm urd,ff‘,;,:m mixtures, mater, and substances are reisted,
T. Which best deswcrbes an siscon clowd? ements
8 - A Emdmmwﬂriﬁiﬂ 1. Decidéuppose you mix teveral guids in
4 @ jar. Afier 8 few minutes, the ligeids form 3.
'i‘.-. B. =lectrons on a fced path around the lnj;:'ulhumngmmmhﬂumm toye
\2a ‘ ke & heterogeneous mibdure? Wiy?
@ a = m‘?’mmwm 13. Describemethod for separating & misturs
D. & snlied moes of chasge Arnund the 53R um=r,
[ moleis M. GeneralizmBonsides the substanc
CH. HO, KC1 anc O it possible to tall
B 'Mu:ﬂum-ua;wlahnnﬂmm En:%ﬂ;n:nm;uﬁnwb;:’wm
are slements a e Coma
A Carbon-12 hes mose neutrons. Espiain.
: E:xg::wuwm w\gumdwﬁmnndam:lnm
n more neutrons jw
D. Cashon-13 has more proton ” subrstance has |gl1m I'Il.lélg‘.\ll'ﬂ'
ad pasiodic table boc any protons an aloems
* mlh:nli.::.l-ﬁ:- :‘un,- “"'1““:;:: ance have? Whal is e substance?
uncharged sloe of polessesn have
5 [ I/
3. Wrichis agropertyof al stoms? Math S
A mom olectona than protons ’ Use Schentific Motation
B & rechi with & postive charge ' um&nsdmzmrnminommmmmummmg Exptass th
€ 0 positivety charged slectron cloud number in sciantific notation
D, - faony el of protons s neirond | he i ula«el-cirohhal:mﬂrill'hg Wit thiln o & whobe it
AW - £ L of iydl gins, thero are about 54,000,000, 000 000, 000,000,000
4. Wisch i3 another rame tor @ sohition? s 30 j “'., l:xpmi thie number af alans usmng scntific notation
A slement | 0% i chemistry are ulkmoncrm By the unit male One maole » definegd ae ghout
B conpousd € ® ! 0% particies. Wrin this a5 4 whole number
€ het g 0. 0 of hydrogen-3, tritium, is aborB@-0hkg. Witle this s a whols number
il g i
D. homogenrous ruehse (
48 Chamter $dea Chaptet #eview 149

Understand Key Concepts Critical Thinking

1 D.table salt 10The drawing is a model of a substance, specifically, a coompound. Y

2 A can tell because the combination of atoms is always the same.

3 B.a nucleus with a positive charge 11 They are the same element (hydrogen) because they have the

B B et same number of protons. Protium and deutrerium are isotopes of

" o9 hydrogen—the number of neutrons they have varies.

58 !1&‘9“’99"9""5 e 12 It is a heterogeneous mixture because it contains substances that a

6 C.inthe nucleus not evenly mixed.

7 C.mostly empty space with tiny charged particles in it 13 You could heat the water until it boils. The water would evaporate,

8 C.Carbon-13 has more neutrons. leaving behind the salt.

9 A9 14 Yes; an element has just one type of atom, although the molecule -
may contain more than one atom of that element. A compound has
more than one type of atoyn. H and O are the only elements listed
because they have only one type of atom.

15 Sample answer: An electron cloud is the area of negative charge
around a nucleus,
16 Atoms of the substance have 80 protons and 80 electrons. The
substance is mercury.
148 Chapter4
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Writing in Science

17 Paragraphs should describe a positively charged nucleus surrounded
by an electron cloud. Protons and neutrons are in the nucleus, and
electrons are in the electron cloud. Sample questions and answers:
Where are the electrons located? The electrons are located in the
empty space around the nucleus. The space is usually described as
o cloud since we cannot be sure exactly where each electron s at
o given moment. Which particles have a positive charge and which
particles have a negative charge? Protons have a positive charge,
electrons have a negative charge, and neutrons are neutral.

@ TheBIGIdea

18 Matter s classified as either a substance or a mixture.
types of substances are elements and compounds. Twa types
of mixtures are heterogeneous mixtures and homogengous
mixtures.

19 The classification of matter depends on the number an
arrangement of atoms. Substances are elements, which are
made of one type of atom, or compounds, which are made of
two or more atoms that have bonded together. On the

may vary.

Math Skill .

Use Scientific Notation
20 1.994x10g
21 0.000000000000000000000000000000911 kg
22 5.4x 1072 atoms
23 602,200,000,000,000,000.000,000 particles
24 0.00000000000000000000000000501 kg

 On Level @» Approachinkevel & Beyond Level Chapter &eview 149
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Multiple Choice 5 A urs 2 spooniul of sugar no a goss of
. uﬁ}‘!‘n&ni!.hﬂnhmwuﬂiﬂungw
Lsw the figgure befow o v s § disappesrs. When she iasiss the watar, the
i 2. notice that it is now swest. Which cescribes
the nd of matter n the glass?
gQ A 3 compound
B an slement
C a sohution
1 How many am anein the gortcie? B - a sutstance
a i § How could you separaie o moture of
| 2 sone and wootsn beaos that are sl the
c 3 same sr=T
D& A Agd water 1o the mécture and siom off the
wooden beady, which Soat
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A 0 compound € Stran the matre o Sparate
8 an element o
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Une & magneat io pull o]
D ahomogencoss mistae

Ul phee flpeiry hekesy 1o aosuwy queston 7
3 Which class of matier ks the least evenly :
Lo Electron

A compounds 4 4

B heterogeneous miures |
C homogeneous miskes

D solutions "N

& Which corectly describes a compound bt | 70100 Neutron
niot @ fmibdue? 7 The figure showa mooess of thiee diflerent
A i the atoms are.of the wame lement rM!Wmmﬁuwﬂuﬂewm
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nevtrons. and electrons for four atoms. Which
atom fas 2 negative charge? -

A A
B = 12 mehi woeh medel A-0 ns ether an
a compound, of o mixture, Explain
g g pu- mnmw for @ach answer
13 imagine that samples A and [ were roactod
40 Which of e stoms iy 5 dilarent slerment thangnd formed o compound, Than magine tha!
the others? the same samplot weare combinmg 1o form a
A A mistune, How would the two combinations
B B
cc 4 Suppose a neutral stom has 5 protons,
DD 5 noutrons, and & sloctrons. List fhe
numBer of pratons, elections, and
ravattons fof the jol owing
a a positive lon of e same elumend
b. & negative lon of the same alement
€ A neutral motops of the same alement

Chapter Eisndordired Test Prochced§i

A They all show poslive ioni
€ The combination of whstarces cever B Thay &l show negatve ons
changes. € They sl show the same slement.
D &g;'%inml:!mmﬂmm D They sl snow e SamE SOU00
Multiple Choice 7
1 D—CorrecH is the number of molecules, B is the number
of different elements, C is the number of atoms of one type of
element in the molecule.
2 A—CorrecB and C would have to show more than one typeg
of particle, D would have to have atoms of all the same type.
3 B—Correch has molecules of all the same type and is 9
therefore evenly mixed. C and D describe the same type of
evenly mixed mixture.
4 C—Correch describes an element, B could describe

both compounds and mixtures, and D describes only mixtures.

5 C—Correctl would not involve parts of the mixture having
the same property or sweetness before and after combining,
B would involve only one kind of matter, and D describes
elements and compounds but not mixtures.

6 A—CorrecB would not work because the wooden beads
would be destroyed by temperatures high enough to melt
stone. C would work only on beads of different sizes. D would

C—Correctl and B are incorrect because none of the models
are ions, they all have just one proton and one electron, whiclj
means the atom does not have a charge. D is incorrect becaus
the models show different isotopes of the same element, not

the same isolope.

8 B—Correctl can be used to determine charge, C can be
used to determine isotope number, and D is the mass number

B—Correctd, C, and D have the same numbers of protons

and electrons and are thus neutral.

10 D—Correctd, B, and C have the same number of protons and
different numbers of neutrons, which makes them isotopes of'_

one another.

not work because stone and wood are not magnetic materials.

150 Chapter4
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Constructed Response

11 Protons have positive charges and are located in the
nucleus. Electrons have negative charges and are located
in a cloud around the nucleus. Neutrons have no charge
and are located in the nucleus.

125amples A and D are elements because their particles are
made up of one kind of atom. Sample B is a compound
because its particles are all the same but they are made
up of more than one kind of atom. Sample C is a mixture
because its particles are different.

13Sample answer: The model for the compound would show
that all the particles are the same. Each molecule would
have at least one of each type of atom. The model for the

mixture would show the original particles randomly mixed.

No new combinations of aloms (bonds) would be shown.

14 A positive ion would have 5 protons, 5 neutrons, and 4
electrons. A negative ion would have 5 pretons, 5 neutrons,
and 6 electrons. A neutral isotope could have 5 protons, 5
electrons and X neutrons, wherd&X

& On Level @@ Approachirikevel % Beyond Level

Answer Key
Question Answer

1 D

2 A

3 B

4 C

5 C "
6 A ';
7 [

8 B

9 B

0| D i
1 See extended answer.
12 See extended answer.,
13 See extended answer.
14 See extended answe
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