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Desert Descriptions

Desarts me one of the seven major land blomes, But an nest o any
ofthe chamclenstics that can describe o desern,

| AEafth's drlest ecosyutom
| B Can be hot duting the day and cold at night
C Can be very cold all the time
! D.Has soll that holds water
| E.Has plants that can store water
F.Has plants with large leaves
1.1 case Study
« What s the relaton betwe=n ndeDendent vark-

alsies ang eDEngent vanabios?
* How b scentific Pquiry used in o resHile scien-

| G.Cah be naar st ocean

H.Only tound i subtiopical arens

L Are always sand-coverad

J.Uards, bats, birds, and snakes live there,
1.2 Saruq Al-Hadid Study

« How i3 stienthic inquiry used n a real-life
stmalifi veshigation 5 moden dacsvery?

Emwn‘lwr thinking In the space below, Doscribe what makas o
desen diffeient om other biomes,

Methods of Science §isf The Scientific Method

0 TheBIGIdea Answers to the Page Keeley Science

There are no right or wrong answers to these questions. Write Pr%b;cz'tbbe;ound in Weclier's Eclition of the Activity
student generated questions produced during the discussion oh@? Workbook.
chart paper and return to them throughout the chapter.

Guiding Questions
‘What are different groups of Students may suggest different kinds of
living things? animals, plants and animals, or other
groups. Use this question to initiate
students’ thinking about the
classification of living things.

G® How do scientists classify living | Use this question to prompt students to
things into groups? think aboul the ways living things in a
are simifor to each other
different from other groups.

What are some ways the cells in | Use this question to begin o discussion of
. bacteria, plants, and animals differde differences between eukaryotic and

celis and between plant and
mmm
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Strand Map

Requ"ed BBCkngUﬂd * People can often learn about things arpund * Sometimes people aren't sure what Will
Know]edge them by just observing those things cardfully,| happen because they don't know everyfhing
but sometimes they can learn more by qoing that might be having an effect.
To understand the Key Concepts of something to the things and noting wifat -
this chapter, students should have happens.
the following background T
knowledge:
* Scientific investigations may take many * Sometimes similar investigations gi
different forms, including observing wiat different results because of unexpect
things are like or what is happening differences in the things being investigatdd, the
somewhere, collecting specimens for anplys, methods used, or the circumstances in Which
" American Ass ! 1 of Scence and doing experiments the investigation is carried out, and somdtimes
Frlorkesiori just because of uncertainties In ohservajons..

Y
1 The independent variable is the fdctof 2 Scientific inquiry was used throughout
Case Study a SLiEnTIS?U‘IﬂI'HQES to observe hof it | the investigation of the lceman wi
Jroo o affects a dependent variahle. A hypotheses, predictions, tests, analysis,
i dependent variable is the factor and conclusions were developed
% scientist measures or observes durifg a
expariment,

58

Al
BUE!
EIZHBy

2C Methods of Science
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ldentifying Misconceptic

Scientific Theories - The International System of
Find Out What Students Think - Units
Students might think that ... : Find Out What Students Think

up by much information. While an everyday theory is generd BIits Duly vt DI thas =

educated guess, a scientific theory is an explanation thatis Seientists o diffErenlt catmtyles use diftarent units of
based on knowledge gained from many observations and measurement. They might be aware that in the United States we

btk ot . : feet, inches, and miles to make measurements, while people
scientific investigations. Before something becomes a Sc‘e"ﬁr'giher countries use meters, centimeters, and kilometers. Since
theory, it must be fully supported by scientific evidence. :  we use different measurements in our everyday lives, students
. ; might think this extends to scientists, They might not be aware
Discussion . that an International System of Units (SI) was adopted to make it
Tell students that the theory of plate tectonics states that Eaeisier for scientists worldwide to share information.
crust is divided into plates that move very slowly in relatipn to
each otheAsk: How do you think the theory of plate tecténi@®iscussion

is different from the theory that your favorite sports teant wi ; P :
their next game if they practice hard? Form small discussio KWMW do you think that we measure things in centimeters

s o nd meters in the classroom when you probably measure things
groups. After & set time limit, let students present some of t ches and feet at home? Form 5g1aﬁllziiscu55!i(on grou;Js andg
ideas. Students _rmg.i}t correctly state that the theory of plateyon have students present their answers and supporting
tectonics Is a scientific theory, so it must be supported by maiiyi. 1 o s dents might conclude correctly that scientists
scientific investigations over many years, The theory that:th easure'thlngs using the metric system, while U. S. non

team will win is a guess based on their experience or geﬁer%l(. : ; L SRRl
observation that practice usually improves perform Becy 8Lientists mainly use the standard, or English, system. Some

&Y studenis s now that the metric system is part of an
Promote Understanding @ | Int m of units.
AdiVity Perform this activity to help students und;

&S ve students perform this activity to discover

how evidence is used to construct a sci A
9 ow difficult communication would be if

016 . L : . »
1. Use trusted scientific sources to find a variety g evidanccientists worldwide used different measuring systems.

that supports the theory of plate tectonics. Print or copy ga . . .
piece of evidence and make sure that the source infotma i(fﬁbrm small student groups. Provide half with metersticks and

is on each plece. Include one or two from unreliable shur:Ee hT:rﬁéiht:ardil'Cks‘ b ‘s heiahtin thel
2. Form small student groups. Hand out two or three pietes ; Sk ri RS SACH BSOS gt W their group.
information to each group. Make sure that each groug has Record each measurement and whether the student is male

... a scientific theory is just an educated guess that is notébaﬁﬁﬁ!

nderstanding
theary.

difLer?nLiniormation. Save some pieces of evidence for the tn::a[l?em:lbeiénk Agto BabIE LSt ca he board

end of the activity. i using chart paper or the board.

3. Instruct students to determine whether each piece cf§ Label 8 colqthl'ds’Enq the other oftBoys. When_ X
information is from a trusted scientific source. Tell them to fg‘é?: n}%s h?';h T%as%rlng._har%thehm recerc thelr data in the
disregard questionable evidence and summarize the : sl ,5 Heenis o Raan the Ui,
information from their trusted sources. : 4. AskE€an we find the average heights of boys and girls by

4. Have a student from each group present their summay. waﬂgdmg the numbers in each column and dividing by the total
as a class to develop a statement that explains all of the | omper of entrie¥d. Some of the measurements are in
information presented. This will be the “theory.” :_ Inches and some are in centimeters.

5. Share the “new" evidence that you withheld. Have a studin@*SkWhat do we need to do to find the av :
read each piece of information. Have the class determiin ches to centimeters, or convert centimeters to inches.
whether the new information fits with the “theory,” or 6. Asktiow could we have made data analysis easier?
whether it causes them to reexamine and alter the "trieory."E’-'ervone could have used the

; same units when measuring.

oI 5 Methods of Scien2D
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mivatery. Several pe

I 1.1c.e stuay T e

Alscai buis mhertiny,

ad the pulilic

@ ssantial The lceman’s Last Journey o identity of the
Lissiion. be haad died sl when e bad «
» How ame independent he Tyiolesin Alps bosder westorn Austiii nomhern laly, snd - - - . '
wariahles and vastern Switzerland, & shovwagers ey ate popels with - .,
dependent variables  tourists, hibers, mountain clmbers, and shiers In 1991, two hik Identifying Variables
relatedT ers discoversd the remams of 2 man, also «Higure®n a2 and Constants
+ How is sciantiic inquirymeliing glacier on the border between Aistria and laly. They When schemuses disign a ¢

wsed in a real-life theught the man had died in 3 hiking accident. They reponed perinent they have i
srientific investigation? ) experiment. they have to

their duiscovery to the aurhoritses factors that might affect the o

- Iniuially authoeries thought the man was 2 musc prolessor of an experimentydriable gy
E Vocabulary who disappeared mn 1938, Howwwer, they soon leamed thar the facter thar o hove sy U oy vale T Faguee BThese ol shrer whiad tHig loarien s
warizhle munic profesor was bugied in 2 nesrby toamn. Arvifaon near the cofutrolled expetiments, there am two et Fleetitact ith hisn mibghl have looked like
ingependant variable frozen corpse ndicated that the man died long before 1938, The Jev Thindependent variables ]
dependent variable artifacrs, s shown Bgore Bnere umousl The man, nick facr (g e 0 s & is odwoged fy (cientific mvestigations often begin when soeane
named the loeman, ws dressd in leggings, 4 loinclath, and 2 A K s @ guestion about something observed in
. Enteseiguror b observe hoo b offeres o depen
gvatskin jacker. A beankin cap lay nearby. He wore shoes made " i Tt TErtabidn fockor Ure.
Figure Locston ahere Ol of red deensbin with thick beankin soles. The shoes were studlfed 1 AN T 1
g e i 1 gt oleserie oF msEsire during o0 expeTimeit e, i
i eIt grass for msulation. in addition, tvestigaEen found 2 copper 4 Wien the indenendent varishle is ¢lumgedag -
st of I hdx, 3 partilly comstructed longbow., 1 qu ining 14 srrosc 1 bl 'i""_""' -y Ihlul § : PANgECal (s Ao o el b e 1 e
3 wooden backpack frame, and 1 dagger 3t the we i ot The: chepeiidlent VaniDie to CIumgY :_ ek
et T "
i A controlled expenment has two groups e The conyes il ol e Tipaden g
£ expuerimental group and 2 control group Tk T ek & & et s prOsevr b
: T e drepyeared in T3 sl bad v oo el
§ al group v used] w sty how 37390
£ g Heenke Mtk oo e ldy smrded bt
[ ] independent variable ¢ |:.|I|,'4'p'"u'
] T st s vt sy [humn [ o el
] dependent vartable, The contiol group conuyglga Al s bt
H § ekpetimental gr '=?N||h.,,|||‘,.1|.., Thar v firnd oon fend- it
I g I s el ] 1 el TR bersnas By @bk leadl o b
1' Withour a conomd, i s difficals vo know i Elll_“ua o dlady bwfoew b THADK
] experimenial obeery s fesuili he Predel || e arb whid b e e, ol
F wartable you are vesting of fron another Begly  dale sk T [hewr Ve cepgee o g e
| Scichitisty dsed (nquity 1o investigate thgd) e e
H # af the leaman. As ol read thi 1
l"l\. notkoe how scientiflc inguiny s

@ihour the investigation. The bige

marglie polng ol exanpleys gE
- Juiry process The notebogly
entify wlat 2 schentist might

e o 2 josirmal

Swecthan |.Case Stuy 8

@ Essential Questions The Iceman’s Last Journey

After this lesson, students should understand the Essential The lceman, also known as Otzi or Oetzi, was a rare find. At
Questions and be able to answer them. Have students writgnout 5,300 years old, he is one of the oldest, naturally

each question in their interactive notebooks. Revisit @ach reserved humans ever discovered. Have students read about |
question as you cover its relevant content. this discovery, and the items that were near the lceman. Then a

E Vocabmaw these scaffolded questions.
Synonyms and Antonyms Guiding Questions

1. Write the word variable on chart paper or the board. &% Why do you think the hikers who The hikers were in @ mountainous
2. Ask: What does it mean when someone says the weather ﬁscnvered the lceman thought he area, where a mountain climber or
d

: ed from a mountaineering accidenther hiker could have slipped,
variable?t means that the weather changes. falien, and died, It was likely thot

3. Ask: What do you think a variable in an experiment would the lceman would have been a -
be?would be something in the experiment that changes. victim of an accident.

4.Demonstrate to students how variables are used in an
experiment. Place two jars at the front of the classroom. lﬁ?

What evidence led inspectors to  Artifacts near the lceman were
believe that the lceman was more unusual and aoppeared to be from o

one beaker with 100 mL of water. Fill the other beaker with than 100 years old? more ancient time in human history
100 mL of vinegéssk: What is variable in this part of the .
experimenthe type of liquid used &» IWhy would it be important to Each artifact and its position can
: \ . carefully document the positions ofrovide clues to investigators that
5.Find the mass of two identical antacid tablets. Discuss the  ancient artifacts and to disturb themould help them to understand
terms independent variable and dependent variable. as little as possible as they are beinghen the artifacts were made and
. . . . excavaled? how they got to the place where
6.Tell students you are going to investigate how long it takes for they were found,

the tablets to dissolve in each liquid. Drop a tablet into each
container and have students record the time it takes each tablet
to completely dissolek: What is the dependent variable in
this part of the experimént? time it tokes the tablets to
dissolve varies, and is considered the dependent variable.

4 Chapter 1
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Explore  Explain  Elaborate Evaluate

A Controlled Experiment

Engage

Identifying Variables and Constants

To solve the mystery of the Iceman, scientists used observation,
hypothesis formation, prediction, hypothesis testing, and other
tools of scientific inquiry. In some cases, the scientists used con-
trolled experiments. Have students read the material on this page,
to learn about the components of a controlled experiment. Then
ask these questions.

Guiding Questions

€™ What kind of process did scientists igentists used the process of
to solve the mystery of the lceman?scientific inquiry to solve the
mystery. Scientific inguiry can
include observation, forming
hypotheses, making predictions,
and carrying out controlied
experiments.

{&® What are the two types ol variablesTie fwo types of variables are

a controlled experiment, and how dwdependent and dependent

they relate to each other? variables. An independent variable
is o factor that you want to test. A
dependent variable is the factor
that is measured during the
experiment that might be affected
by the independent varioble,

I An investigator tests the effect of  Temperature is the independent
temperature on the rate that a bodyariable and the ra
decays, What are the independent and dependent
dependent variables in the
experiment?

€D On Level @® Approachinkevel &% Beyond Level

Lesson 1.Case Study
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Aninference s & logleal emplanationfr AN Early Conclusion More Observations and Revised HypotheséScamiic imesgations offen
caservations based on past experlerons.  jopp Spindler was a professor ol When the leeman's body was discovered, Klaus Oeggl v [0 Riw queshons.
th ity of lmnsbruck. His ]

) ! achenlogy at the University of Innsbmick i assistant professor of botany ar the Uni
pot Austris when the lceman was discoversd area of study wen plant } ¢ prehdstonie times onthe Alps
4‘: S— D an b comdlrchon e e o bond Spanclier estienated that the ax. shown i He was Invited o joln the arch team studying the lepgnan : |
e S000 e bl Figure Qs at besst 4,000 years old basd on ) ) - . 2= Ot Plad il o

D Prdclon IF e o 5 ol ooed § 000w sl e < I th s that ald. the Upan close examination of the leeman and his lu-_-uuglm: T r———
ii‘_r e oy (i v 4 s bl el 9 000 e :;: ;:mm. I::_'t_' Il:u— ll‘ “_"1' '“" “ o 1{. Mrotessor Oeggl found tiree plant maverials -grass from VR sl i st i by
de i SIS W el 1 _““' ' 1“_ .u_\. o levmans shoe. a8 showignre Wy splinter of wood Fom W Gl thars| veepped o ek |
05 Tink Rl Rl iahivg e e 412 Tl ‘“l"':L duting "'l"‘"“"[““"" the lorgbow. and a tiny fruit called 4 skoe bermy G b, wid i chvenel s & |
j:. e 5300 peure leerman sctually lived abow 5,300 veans ago i o] ) i . de dffnd tnve- 7 B Lyges o
9 The loeman's body was in & mesantain Var the rut: yaar, Puokioulo) Oeygl eumiiped bits of el |

wrapped in puaple leaves thay had
samyples e

. w churraa oree al i
1 fomuned ar the disc m_ :
el the chinrooal

Lt T o o

glacter 1210 m abowe sea lovel. What was

this mun doing s bigh 1o the smiow and site. Exarmination of i

the e - .
Ieecoweted mmotintsing Was he hanting for e wocd of 'j-"hl ‘L[”I fypes ol ]““ .\” l“”h"T ' ieiailly hers: o lmanr il
o v e -y 1 hrsahye . . ok fne trees grewy only 3t kower elevations than where the Io P ol L el e
Afier many observations, revised Imnl._n.f; herding his anipsals, or Jooking for by was found. Like Spingler, Professor Oeggl suspecied] % b i
hypatheses, and tests, conclusicns cmeetil ore . v & eyl o b ave
be made. Cbondl the Jeeman bad been at 3 lower elevation shortly belione ? el shosins
! 5":”“‘kl el that some of the wood Lsed Fromi Oeggl's observations, he formed a hypothess and Fondckos, I b ceulibed ot
;/ mth ways from wees that grow ag some prediction wbaln e dgabuid |
levarer elevations. He concluded thar the |
|

“P- voeys B owute) il
v il b st (18l Bl
b il

Ul Wit dd In ko

Owggel realized thay he would mesd meee datd tw suppx
hypothesis He requested thar b be allowed 10 examine
coitents of the lceman's digestive trace. I all went well

fmchomss Thw copam = aical 51 ME) s il leeman was probably 4 wesonsl visitor w (Be
Ml @ wameral wsla b B g oo 1)
ded v b Whee oxkr oo e v -
bos brvmmm bared il (e v lin v oheck
prennad b fusdy

high mountans

Splinller abso hypothesteed tha shoiily g
belore the keeman's deatly, the lceman had §
driven his hesds from thelr summes high !
mountal iy pastures o the lowland valleys
Pigure When ax. tow and aues, and digger sodHimwever, the loeman soon retumed w the
uhiealh sesve found with the lcemen s body mountalis whete he died of exposure to e

1 H Figure 10P1olessor Cepol exnmined! ihe losrsan's beloagiros dong
old, wihtry weather | wwith: fhue bostpes and gosss thl eere stk io bis shoe
The lcemain’s body was extremoly well 1
preserved. Spindler inferred thay foe and \1!.'\\ _—
covered the leeman's body shortly afier he [ -
died. Spindler conchisded thar the Ikeman 1 u ! I { "
died n avtumn and was kly buried ang | A
frowen, which preserved his body and all I:? i e \ /
\ RSO i
. :

Section LCuse Stugy 7
An Early Conclusion

Radiocarbon dating and observations of the Iceman's artifacts
indicated that the Iceman was a 5,300 year-old shepherd.
Scientists initially hypothesized that the lceman lived at lower
elevations but traveled into the mountains with his herds in
summer. For some reason, he had returned to the high mountains
in autumn and died of exposure, Have students read about the
evidence that led to this early conclusion and then ask these
scaffolded questions.

study would show what the keeman had swallowad s B e i i e ded) |
T e
before his death o ,

EEEEEELE

Guiding Questions

What are the many things that The lceman could have been hunting for
scientists orié',!inally thought the  food, prospecting for metal are, or
Ieceman could have been doing in thehepherding his animals.

high mountains?

& How did the lceman's ax and other Scientists could see by the construction of
artifacts help scientists to learn mosee ax thot it was ot least 4,000 years old.
about the age of the lceman? Radiocarbon dating of the wood on the ax

showed that it was 5,300 years old. The
wood used in the ax and other artifocts was
from trees ot a lower efevation, so scientists
knew it was ot likely thot the lceman lived
in the high mounigins.

I How could the state of the lceman'slny signs of injury would indicate that he
body help scientists to understand might have died from o fight. An absence
how he died? ol infury would indicate that he died from

exposure or an iflness

6 Chapter1
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Engage Explore Explain ' Elaborate Evaluate

More Observations and Revised HypothesePifferentiated Instruction

The research team working on the Ilceman mystery included a .

botanist named Klaus Oeggl. Professor Oeggl learned a lot aboug'ddle School Boy

the lceman by studying plant matter near the body. Have studentslave students work together to write and perform a play
read about Professor Oeggl's findings and then ask these scaf- about future humans investigating the mysterious Middle

folded questions. School Boy of the early 21st century. Differentiate the act

as follows:

Guiding Questions €™ Portraying Future Generatibase Al students act

1 what does a professor of botany | A professor of botany studies plants. as future humans, discovering the artifacts and
study? hypothesizing to whom they belonged.

G What types of plant matter atthe = Professor Oeggl studied grass from the ® Portraying Scientistiave BL students act as future
Icextan she did Frotessor Deggl. | Yemon s $1oc. woad Ko, i Jorgt dow. scientists, using the artifacts to investigate and report
study? sloe bemry fruit, and charcoal wropped In :

maple leaves. conclusions about Middle School Bay.

I® Why was it important for Professor By knowing where current plants grow,

Oeqg! to know about the modern-daye professor could gat on idea of the o Teacher Toolb
plants thal grow in the Alps as he range of the different pfants and infer
worked to solve the lceman mysterydhere prehistoric plants grew. This would Fun Fact

help him lo determine where the lcemo. 3 r : .

,-,,;.Ef ;,Jed_ : = ! Radiocarbon DatiRgdiocarbon dating examines the

amount of carbon-14 that is in organic remains, such as
wood or bone. Carbon-14 is a radioactive isotope that fi

Visual Literacy: More Observations and Revised when cosmic radiation interacts with carbon in Earth's
atmosphere. Plants take up carbon-14 and the

Hypotheses : . : nonradioactive carbon-12 when they perform
Professor Oeqggl's observations about the plant material near the hotosynthesis. Each type of carbon is passed to ani
lceman led him to form a hypothesis and pregiefign. Have stu ;

hen they eat plants. Carbon-12 and carbon-14 are als
po »'{ sed to animals when they eat other animals. Qrgar
ROp taking in carbon-12 and carbon-14 when they die.
(Jrbon-12 does not change, but carbon-14 decays at
gonstant rate within the remains of the organism. Ther
’scientists can examine the ratio of carbon-14 atoms to|

read the material written in the notebook on
these questions.

Aslc:What led Professor Oeggl to hypome;]:e :9 =
that the Iceman had been at lower elevations 2018

before he diedBe plants identified near the | carbon-12 atoms in the remains to determine an orga
lceman grew at lower elevations. ) approximate age.
' Activity
l Examining Plant Pafmfessor Oeggl learned about thj
do de !é:#l:main by examinifng planft matg?‘fals at thle discovegyl
' _ . | ring in a variety of parts from different plants, such as
qq? H‘pai[h‘.ﬁ Th:i Immn;zld Predclion. If lve denlified plaits leaves, twigs, and bark. Form small student groups an{
Qey T8RN by been al lower elovalions are foad m fre digpelue fract of provide magnifying lenses to each group. Instruct eacl
Qe before he died becae the bre corpee. lhen lhe man achaly group to write a series of observations about each pla
4o plants idenlified vear hm gqow 32 was at lower cleiations befare b part and to draw sketches. Have students classify the
SO only al lower clevatione, 4 ded parts into different groups, based on their physical
g dp similarities,
g g: Careers in Science
Qf‘l = i Archaeologistn archaeologist carefully recovers and
- studies artifacts from ancient civilizations. Archaeologis
p : help us to understand the history of human culture,
| Ask:What prediction did Professor Oedgl Archaeologists generally study anthropology, history,
make?He predicted that if he could sho ancient languages, art, art history, and theology.
that plants that grew at lower elevation Archaeologists work on digs all around the world, as w
| mm’g‘:’:ﬁéﬂﬁﬂgézieﬂé the in museums, government agencies, and universities.
L i
¢ On Level €® Approachinkevel ¢ Beyond Level Lesson 1.Case Study 7
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Error is In serntific
Experiment to Test Hypothesls Analyzing Results ate caretul to document pracedures and any
The research team provided Professor Oeggl with 2 tiny Professor Oeggl obsorved thar the hop [depnticipated factors or accldents. They alio ary
samiple from the loeman’s digestive twact. He wis determined 1o beam pollen grains hud not been dmulm.|_“'m" ﬁtmlm saurces of wrray igtheis
There is more than one way toestuyly it careiully 1o bt b much formation a posible Therefore, thie ferman must have swallowhia
mﬁmmﬂﬁ Oeyg! carefully plannedd iy scientific inguiry, He knew that he them wit o hours Jsefore iy deatl Bu, l%
had 0 work guickly w avoid the decomposition of the wmple hormbearr trees unlr grosw b Jower valliy
| aral (o pediece the chanes of contaminating the samiphes Oeggl was confused. How could pollen gral s
froim trees st low elevarkons be ingested Stk
Hia pla divido the 1 he o . sl
lnwl.l!:m :;:;II!:_ I:I.I_I:L L;ﬂn:a:;:ﬂu;uﬁr:ﬂ& within a few hours of I’II.I A d:\'ullu " I'E'“ﬁ-m
cal veste Ther the wemples woukd be exanined wsler an snow covered Mum’ Perhups the san 0 @ Vied wlie sddes s ebolres miciomipe
ehectton iy to see 25 many details 25 possible plen from the leeman's digestive tract had Hrodls 0w b buavbeam
been contaminated. Oeggl knew e neededls o bl depsbs lract o stnt skl
Professor Oeggl began by adding 3 wline solistion to the 10 bnvestigate fur hior Vvt o il ot wlrlian messeerpe sl
first samiple. This couved it 1o swell alightl, making it essler b o bvamni pollen piwn preanl
o identify partichs using the micrmoope 3t 4 relxvely low Further Experimentation n
nugnification. He sow particles of 3 whes gram known s
winkorn, which was 2 conunen type of wheat grown in the ndDL‘IRi realieed that the most likely source
2 contamimation woitkd be Oeggls own
mginn dhiring peotibstoric times. He also found othiet edible ut + He decided 1o test whether his lab
plant material in, the smple. i ar saline solution contained
Oeggl noticed that ihe sample abo contained pollen grains hop-hormbesm pollen grains. To do this, he
i the digestive 1act of the keman To wee the pollen grams prepared two kdentical. sterile dlides with
e :m, he umed & chemicsl thae separsnsd wrwanted saline solution. Then, on one slide, e placed lmwww‘MWIm
substanres from the polien graim He washed the ampbe 3 a sample from the leeman's digestive tract.
few timmwes wirh aleohel. After each wash. he examined the The slide with the cmple was the experi
sample under 4 microscope a4 high nagnification. The mental growup, The siide withour the ssmp .
pollen grains became more visible My more microscopic was the vuntrol grotp "ﬂ"“lf:::“':: auvesal of g derr b pdbn
pollen graim could mow be seen. Professor Oeggl identifled T £
e Independient variable, or thie vatiable | Vool digplue e syl o ke
these pollen grains as those from a hop hombeam ree, that Oegg! changed, was the e of th0
sariple on the slide. The dependent varuablo, or
— the vanable Oeggl tewied, was whether hop
' horbear pallen gras showed up on tw
Lt i e chaas rom ths seciom @ i e batow \ alichex. Cregigl examined (e slices carefully
i Analyzing Additional Results
The experiment showed that the contral | Witholl & control iy ditfieulf 1o
gtontps itk alice withotit the digestive teacy | EUIMInG the “Wm
cottaimed bo hop hombean pollen ‘
relore, e pollen grains had m
his Lab pquipment or selutione e
v A Covlel T sdevikivel sl
Age from thw loemai's digestive |
| v re-examined, Al ol the sample Mnﬁ{" paf by
\_ the same hop-hombeam pollen ©
S o leeman had indeed swallowed the
. Chaghar 1 bearn pollien graiis Section 1.Uass Sty 9
20

2018

Expenment tedt Hypothems Describe Answémswers may vary.
Professor Oeggl performed careful observations on the digestive

tract of the lceman to determine the kinds of plants he had eaten.

Have students read the professor’s experimental procedure and

answer these questions.

Guiding Questions

I What was the professor looking for The professor was looking for plant
when he examined pieces of the mafgiakﬂnflbemghwmm.
lceman's digestive tract?

G» What procedures did the prolessor isedivided the tract into four samples,
when examining the digestive tractbdded saline to the first somple, and

examined it using an electron microscope
at low magnification. Then he used o
chemical to seporate unwanted
substances in the sample, applied
olcohol, and examined it using an
electron microscope ot a higher
magnification.

B Why wasn't the examination of the Somple answer: The professor did not

lceman'’s digestive tract a controlledove o control digestive tract to compare
experiment to the lceman’s digestive tract.
8 Chapter1

Scanned by CamScanner




Engage Explore Explain | Elaborate Evaluate

Analyzing Results / Further Experimentation / Differentiated Instruction
Analyzing Additional Results lceman Comics

When Professor Oeggl found pollen in the sample of the Iceman’$ave students create a graphic novel that illustrates the .
intestines, he performed an experiment to make sure the pollen coveries made by Professor Oeggl as he investigated the
was not simply contamination from his laboratory. His results mystery of the lceman. Differentiate the activity as follow

showed that the pollen had indeed been swallowed by the lcem

Have students review Professor Oeggl's procedures and the int arébf 5“"1’““":[;"9:29 ?tﬁwzstud]entsbsummanze thg
pretation of his results. Then ask these guestions. imormaton about Frofessor Qegal's oRsarvations an

experiments in their graphic novel.

Guiding Questions » Making More Storidsve students use the
™ What kind of contamination did ~ He thought his sample might have been information they gained about Professor Oeggl and his
Professor Oeggl think might have conteminated by pallen flogting around techniques to create a graphic novel about his further
happened? his lab.
adventures.
€Z® What procedures did Professor Oegghk sterilized lob equipment. Then he D 2 i
use to test for error? prepored and viewed a control slide : llustrating !'he Stdﬂ:’v? StLIdEI.'II;iS wok m?lmly‘
cantaining just safine to verify that no pictures and brief descriptions to illustrate the discover
polien was present. He also prepared of Professor Oeggl.

and viewed samples of the lceman’s
intestines and found pollen. He

re-examined the samples and still found O Teacher dolbo Xt EEee etk e ais daix arele eln ainin il
the poilen.

€% Why was it important for the profesSyrknowing the types of pollen, he could Careers in s?ie"ce . _ _
to identify the types of pollen that determine where the plonts that Archaeobotanigin archaeobotanist studies the remains
v found in the lceman's d'gm\':ﬂdt;f NS Dae PO ;A o) of plants that lived thousands or even millions of years
system? then heip determine where the Iceman ' i |
fiod tioveled bafors he disd. Archaeobotanists study fossilized plants or plant rema

ch as pollen, that has been trapped in sediment.
haeobotanists need a good background in chemist
sics, mathematics, statistics, as well as plant biolog
ology.

eading Strategy

inking Specifics and Generalitie® students work in
pairs to revidigure 2nLesson &f this chapter, which
shows the steps of a scientific inquiry. Have students

b
Visual Literacy: Analyzing Results . \
The procedure to find the source of the pollen gi:mf

experiment. Have students study the notes i T
the procedure and answer these questions. gg)g

Without a control group, itlis Ask:-What were the co discuss how the investigations related to the Iceman n

difficult to determine the and experiment groups in up with each general scientific inquiry step. Encourageé

origin of some observatio error analy;'is!he cg;;rer;; students to record their ideas in their science journal.

eri) b
/ e oxperioeni gapwed. FunFact -

de the sterilized slide with the Tracing the Origins of the Chinese Clay\Arfmyized
SO Control Group: clexilized dlide digestive tract sample. army made entirely of clay, containing 8,000 soldiers,
%o Expenmenial Grop. denlized < witn e horses, and 200 chariots stands guard over the tomb
4 i a7 first emperor of China. This army Is 2,200 years old, al
G bract canple archaeologists have long wondered where the figures
&D made. Now scientists are grinding up small pieces of t

terracotta soldiers and horses to examine pollen samp
— embedded in the clay. Scientists have already determii

So that the horses and soldiers have different types of poll
ch Procedure so they were likely made at different places. In fact, the
Aﬂkiﬂﬂl W'i;‘“'le ; ;c‘- Slevilize laboratony equprment mystery of the origin of the horses might be solved. Th
conc on 0 e error i i
analysisThe laboratory Pmpam calve dides. pollen found in the horse figures matches tree pollen ir

o View <aling <lides under sloctron soils near the tomb. This indicates that the horses were
;“;ﬁﬁi;:;‘g",:{ﬂ;’,’fm g F&m[f&?u bog-horvieam polen, gars = probably made nearby. Scientists have still not determi

"

ingested the pollen. o Add ol b where the soldiers were made.
38 +View s wnder clecion msrssepe. Rosal
Gy hop-hamieam polien grame precen
E‘.@
¢ On Level @» Approachinkevel ¢ Beyond Level Lesson 1.Case Study 9
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Mapping the lceman's Journey Conelusion
The hap hambeam pollen gratrs were helphul i detemmining
the season Lhe leemun died Because the pollen grains wete
b whiole, Professor Ovggl inferred Ui the leermen swallowed the
pollen grains during ther blooming season. Therelore, the
leeran must have died between March and June,

Hesearchen from arsund the world worked on dilferet cinliions :
ol the leeman mystery and shared their esulia I\rul_ylln ickown i
lomman's bute pevealed hils diey usaally containied vwegetal
mieal. Examsiabing the loeman's one remalniog fngeraall, .

usts determined thae e ad been sick three umes within the
Alver sdditiond] bwestigation, Professor Oeggl was ready 10 Last six monthe of hid e, X-rays revealed an srrowhead 1
map the loeman's final ek up the mountain. Becanse Ooggl the keeman's left shodder. This suggested chat b died 6 o bkl
knew the rate 2t which food travels through the digestive serious njury rather than from expostre, T it e i s
p e e S s s el s cnced e v g
- _ pine reglon i spring to his native village in the
23 h-h-h:;-—-hn Oeggl estimated where the loetian wis bocated when he aie walleys. There, during a conflicr, the loeman sistatied a (48] b soslos ol o g of
Lr hﬂh—h ol il Firit, the loemian ingesied pollen graimi fstive 1o higher injury. He tetreated bacl to the higher elevations, where &y pentvsircel ge whvee be dadd o
E Muhi'ﬂ"; LT r:g;lummnxn e vwaliowed hop l'“':'lhvr.m rI:::'n md Sclentists recogniee li:r{ﬁﬁlﬂ:]‘mﬂ can ET._{U b
Iermer Kovwrg bv ok & grans fmm ¢ ver muntntain regions several hoors Lasa, by supported o not supported. However, wit vanc
% whch il v ke the lovman swallowed other pollen graim from vees of higher wohnology, scientists are sble o more thoroughly invesiigate
Gy e slnad, v b mouditain ifess agatn. Oeggl pooposed the loemian travebd from myvateries of nature
Bttt e s howre Tt e o s et
€O Punditen The s de B ths a1l 1 3 e )
his 2l in 4 perdod of about 33 hours
4o : pe

e 7 e B %>
% T "‘I » 1 !

y =

JE A

Figure 1Ry sianunng he
conbeits. of (e kemas's
digestive i, Professor Oeg
s ke W rECEALIL e
i & Lokt ey

1w Chaghat 1 Sectian |.Uass Study 0

Mapping the Iceman’s Journey Visual Literacy: Figure 11

An inference is a logical explanation based on the infetmatiofiigure 15hows the hypothesized final journey of the Iceman, fron

is available to the scientist. After Professor Oeggl gathered iffd@w alpine valley to the high mountain region where he was
mation from the Iceman’s digestive system, he was ready to #§&l. Riiessor Oeggl used evidence from pollen in the Iceman’s

inferences, or provide an explanation, of the lceman’s final jodigegtive system to create this map. Have students study the majs

and answer these questions.

Guiding Questions
Ask:What do the green spots on the map

&> What is an inference? An inference is a logical e, tionof an| representThe green spots represent areas t
abservation that is dravn from prior contain the types of plants that produced the|polien
knowiedge or experience. found in the Iceman’s digestive system.
What inference did the professor  Knowing the rate at which food and
@ make after ng the plant polfen gecampase after swallowing, the
evidence in the lceman's digestive professor inferred from the plant
system? evidence thot the lceman ate thres time
on the day he died.
[ BL ] Whulcart}mu infer about pollen altSomple answer: I can infer that pollen is
reading all of the evidence about thepecific to a species of plant and can
lceman? remain identifiable fathogsands of years
Aslc:Where did the Iceman's last journey likely
begin? What evidence led to your ¢ ?
Journey began in the alpine valley near the nt
Juval Castle. There was evidence of pollen from
plants that grew only in this region.
10 Chapter1
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Conclusion 0y i
Research on the Iceman and the artifacts surrounding him helped “Sigwd ity

scientists to understand how he died. Scientific inquiry often
occurs over years and years, as different scientists test different
hypotheses and adjust old conclusions. The story of the lceman
shows that science is an active discipline that assembles many
pieces of information to obtain the most accurate conclusion
possible.

Guiding Questions

&» How did sdemisis solve the mysterplany scientists studied artifocts, tested
of the lceman different hypotheses, and analyzed dolo
to come up with the mast logical
conclusion.

& What evidence in 2002 led scientisi radiological investigation reveaied on
to revise previous conclusions aboutrrowhead under the lceman’s left
the lceman? shoulder, indicating that he had died from
an injury and not exposure.

&€I» Do you think that the mystery of th&Sample answer: No. Scientists might
Iceman has been completely solvediiscover even more evidence that will
Explain. help them to revise their conclusion to

make it more accurale.

€D On Level @® Approachinkevel ¢ Beyond Level Lesson 1.Case Study 1
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His Highasess Shelkh Mohamsed Bin Rashid Al Maktoum wanchied as be () lﬂ

hislcoper over thie Sarug AFHadid an area which i led on aspectacular desere L

scape af southetn [hibat on the northern edge of the Great KRulb al Khali o .4

wstidy dusties with differein colors from its desent surtouncdings, I immmeciaelf confes (o
hin rndnad vhay there s something hidden by thise dark duanes, and he decidind 1o sprum o

| the peglon - In 2002 - secompanked by 2 group of weorld and local arlaslogisis wiho

] anniored Budon Chud 1t was an area O Bisworica) gonamicenis where Acvab tibos liped $000

! Years ago

| The identty of the anchacological location was a moysteny, with many assuntptiofis

| abos thie location, so many expertments were feqired to remove the mystery of the
wdentity of this archaeclogical location, His Highness, sclentists and the public wanfed 1o

I kriowe the age of this archasological leeation snil what kind of Living organlsis his been
bived in vhis era and what other could be (Inds in e archasological Teeathon, |

I By examminiig the previois case [ The leeman's Last joumey ) How can vou follop and
apply the same steps to confirm the theory of Sheikh Mabammed B Rashid fhat]there
'umm.nlhm; hidden around dark dunes” J

N J

Section VEase Stuly 13

Interpret Graphics

5Sample answer: Observation-The construction of the ax

. The independent variable is the factor a scientist chang@éicates that it is at least 4,000 years old; Prediction-If the ax

to observe how it affects a dependent variable. A is 4,000 years qld. the body found is at least 4,000 years old;
dependent variable is the factgfa scientist measures of ==t Resuit-Radiecarbon dating showed that the ax was 5.30(

= Scientific inquiry was used throughout the investigaﬂﬁﬁm" 2
|

: hop hornbeam blooms from March to June and it only
g;edlggnmcé:[ll smaesnvgy;godt:ﬁ?:égéedlcﬂons. tests, ana ws in lower elevations. Because the hop hornbeam was st

intact in the lceman’s stamach, he had to have died in the
Use Vocabulary spring when the hop hornbeam bIDOKs3

1 variablOK 1 Critical Thinking
2 The independent variable is the factor a scientist wants to ple answer: Who shot the Iceman with the arrow? Why was
The dependent variable is the factor a scientist observes OTihe Iceman shcﬁiDK 4 ' "

measures during an experiment. A scientist changes the g g,mpie answer: There is an assumption that he died from an
independent variable to observe how it affects a dependen njury instead of exposure to the elements. Could both have

VRS been a factor in his death? A hole in the research is who shot
Understand Key Concepts the arrow and wiiOK 4

3 D.Make a computer moBOK 1
4 The control group is the group given sugar pills. The exper
mental group is the group given aBiih2

12 Chapter1
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LABManager

Explore

Evaluate

Inferring from Indirect Eviddide lab can be found in the

Student Reference Handbook and the Activity Lab Handbook,

=
3

by

GO On Level €® Approachinevel €3 Beyond Level

el

o Teacher dolboxX TP T PPN R

Transparency

Focus on Content: The lceman's last Joamey

this transparency to help students visualize the path ti
lceman traveled on his last day.

Transparency available ireffmacherEdition

Fun Fact

Examining the lcembBine body of the lceman is kept in

the South Tyrol Museum of Archaeology in Bolzano, It
High-tech investigations have revealed that this ancier
was not in good health before he died. Analysis of his

fingernail has shown that he had three bouts of diseas
the last six menths of his life. More analysis of his intes
has found whipworm eggs—an intestinal parasite.

Technology Activity

Learning More About the Icelap students to find the
National Geographic Web site that provides more
information and interactive features related to the Icen
Encourage students to write a short report about some
additional evidence used to understand the Iceman,

Lesson 1.Review 13
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14

Chapter 1

Discover the area of Saruq AL-Hadid

His Hightwss Sheikh Mohamswd Nin Radid Al Makiowmn
wvestehieed s be Mew by helicopter over the Sarug Al-Hadid aes
wihich b5 Led on sspectscular desert lindscape of southern Dubal
on the porthern edge of the Gres Rub al-Khali desere, wirh sandy
dunes with different colon from s desent narroundings, It wime
diately comes o his mind that there i something hidden by
thesie dark dunes, and he decided to returmn o the negiot - n 2002

accompanied: by a group of world and local archaeolagins, whe
assured him thar it was 3 historieal monument area . whene Arab
wribes fived 5000 yoars agn

The identmy of the achaeological location ‘was a mystery.
with muany sssurrrtions about the location |, wo many experiments
were reguired 1o remove the mystery of the sdeniiiy ol this
srcheeological location . His Highness, scientins and the puiblic
wanted io koow the age of this schseclogical location and whn
kind of Living srganicns bas been lived in this era and what other
could be finds in the srchseological location.

Laman St Ll -8 LT M e 5 Pk B W

By studying the previous case

Howy: cam your follmwe and ||1||l\: the same s n
lcemarn's study case 1o coldinm the theory. of il
vews Sheikh Molwm B Rashiie Al
seat thar “there i samething hidden an
dark dusives *

The identity of the biady was 2 imvetery, w
many asumptions and there were also cone
absouit the Saric) Al Hadid inoa

Thierelore. controdbed trisls wiese fitquired 1
dhemayuiafy kdenitity of Sarug Al Hadid anea. S
tists and the public wanted to know the histoty e
this ares and howe was the lide dhere and whFigure 8 |
this empry desent and other gquestions

i s v g i

b
3
=
J}( it se
i
e
L
b
..z
d
P
-
o Prdese
.".
a
x
b
e
Section LEass Study 18
{ 1/
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An Early Conclusion More Observations and More Observations and Analyzing Results
Revised Hypotheses Revised Hypotheses
|

[

|

1

i' ] Figure 100he: srchecingial smhined a cainn of arifacts founse
+ Ll catson Of the S AlMaded

F-quml(l' " EFgy I. ol e - :

i Satui A-Hatld

N = =
e

20139 -

" Chaplet 1

16 Chapter 1
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More Observations and Revised
Hypotheses

The research teams provided Frofesor Deggl with 2
iy satnple from the loomnan’s digestive tact He was
determined 10 study & carefully o obeain s much
Iformation as possible. Ovggl carefully planted his

‘. T schenitific maquity. He knew thit be had to work

—— quickly 1o svoid the decomposition of the sanple and

1w peduce the chswe of contaminating the umpla

sm—f  Additional Results Analysis

TR groes: of svigulies dscovessd 4l the
Lt of ihe Sern Al Hadd

N
Wity e fhes parscutar location chowen? 1t lacks Wesh water s and () 1 o Srom the Clope minws
0 IR ARG * Wiy BNIE chaltion it Ebed Dy D Hudesn Dancd & Dotal wrchamlogpit

18 Chagter 1

Mapping the Sarug Al-Had| L
T Sarug Al Hadid 15 one of the I T
and st importane sives dating back
whw vienies of fron Age I the Aralalan
Tentrals bus become 1 el crowm

L] [ \ .
e g t | - *
Archacological sities in the Emirato of \ \
Dbl \ \ o !-
L ——

The sdiee has & ghohal importance as it
opetn the way 1o ol knowledge for

I rial activity asid diily lie duri
Irem Age Arabilan Island,

T site provades conyyehuemsive
1o povie the manifactuie of copper
and works of gold and inon. An tron
has special imponance bocause the
evidence relaved o the fron mdustey in
these part of period s very rare in the

s 8
Arabim Peninsula

s,
. Ak
2 —
Conclusion

“Sarug Al Hadidl is an important archacological sioe 0 the UAE because #i completes What we
previoushy knew about the links with * Al Mullsha® in Sharjah, 0 Um Al Quwaln, snd Pmm Al
Nar tr Abu Dhabil. Thise sttes are embedced in basic blocks thar align with each other fio form o
complete picture about the anciem hiwory of the United Arab Emirates *

Rastiad Mohammed Bukhash

Exwcutive Director of Urban Heritage Managemaent, Dubal Munlelpality

e

Section LEase Study 19
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Sclentific meestigation afien DegrScentific inveutigalion may
when somsone ashs » ouesion  Ssorove esly ypoihesrs or
abioul semEthirg atsasved 0 SRR

| Semaa iy

e a— ~
J’/‘l:_ e NECpEE ] vtk 2014 dr o, gl 1

l 2How s sctentific nguiny wed in & reak-ife siontin inestigalon T |
|
)
3|
|
\

18

20 Chagtat |

Use Vocabulary Interpret Graphics
1 A lactor thay can have more than one 8, Summackziill i the Gow chan below
walue I8 aln) summmarieimg the sequence ol selentilic

Irgpuatry steps that wis used in ofe part
of 'the case study

Lol =]

G, Explabhy'lat 1s the algnificance of the
hop-hotnbeam pollen fotnd in the
leeman's digestive tract!

2. Difterertintervwecn e pendent and
depemdent vartables

Understand Key Concepts

3, Which part of sclentific itoquiny was
NOT used in this case stidy?
A Diraw conelusipns.

B. Make obwervations.
€. Hypotheure and predict,
D. Make a compurer model,

4, Determinelich s the conral group
and wldch s the experimental group in
the following sceaario; Sclentlas are
testing 3 new kind of aapinn w see
whether it will relieve headaches. Th
give abie group of voluiteets the asplrin
They give snother group of volunteces
il thise Tonk lke aspirin lan ae
actually sugar pifls

Critical Thinking

7. Formulateore questions about the
leeman. What wotld you want o knis
nexid

& Evaluatdsc hvpothesed and conclisions
made churing the study of the leeman,
[ your sew anything thar mighe be an
wusurnpuion! Are there holes in the
resedrc iy

Sectian |.Lase Study 3

20  Chapter1
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1 Study Guide

Q TheBIGIdea
Scie n 15 the process of sclentific inquiry to periorm scientific
Investls T | i n
1.1 Case Study: The Iceman's Last Journegable

b PdEpEndEnt

- Theindipendent varlalil« 'acior & soental cheogess o obiesw
Tect: dependent 8 R

Chapter Btudy Guide

Use Vocabulary

Each of tha follawang
each semonce true by
s Wit (e Conert Vol

writoncos i falie, Mak
g n.- |'.:|I|r. ire
aitulary b

il ate
|rtematianal Symtem
wysiam 1o use
taim at

L Anie
g

is an

ol olervations

2. Tho moans ara the numbers
of digits & n measisemend thal yol know wilh
& cadtain degree of felinkslity

topic sentence mJ ] LL"ILlLIL"'u
senience in your paragraph

» st of watchi -1g somaething and taking
rote ol what occurs is-ein) mference

&, A soensfic r"||:-|’.|.",L —— F T
tha 1|:u= ATIEE & PettETh in raties,

Usas Mumbers
6. Comwert 1625 hg to grams

| :T
| oo,
\G
Key Concepts Summary Vocabulary

Study Strategy: Sentence Scramble

Most students enjoy playing games, which make games an ideal

tool forstudying. Many games, like the sentence-scramble igame

described below,can be adapted to the classroom.

1. Tell students to choose five different Key Concept statements
from thischapter.

2. Have students make a chart like the one below. In the first
column,they should scramble the words of the five Key Concept
statements they chose.

3. Ask students to exchange charts with a partner. Students
should unscramble the sentence in the first column and write it
in the second column.

Example:

Scrambled Sevlence
ovaluale thal mean dalicdical ~ Mean. median. mode. and
median sle mode and range are range are dabelical
caleulations are wed Io of data  caleulalions fhat are wed

lo evaluale <le of dala.

Comecled Senlevee

Study Strategy: Self-Assessment

It is important for students to know how to Identify concepts and

terms on which they should focus when they study. Having

students work in pairs to quiz each other can help students do this.

Students can use this activity to find out how well they know this

chapter's vocabulary.

4. Have students form pairs. Each partner will take turns reading
the definitions of the chapter's vocabulary fram the Glossary.

5. The partner will then try to identify the term that matches that
definition,

6. Tell students that If they did not correctly identify a term, they
should write it down in their Science Journals. Next to éach
term they did not correctly identify, they should write the term'’s
definition. They can use a chart like the one below.

Example:

Desfinilion
4 vule [hal desribos a patlem in nalure

Terme fo Sty
sionlitic law
variable

Levels of Questicll) Concepl® Applicatiof®] Text-Dependent Read £ 5Science Performance Assessifjnintegration of Content and Process Standards

22 Chapter 1
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Engage Explore Explain Elaborate Evaluate

Use Vocabulary Teacher Notes

1 explanation

2 significant digits
3 observation
a4

scientific law

Writing in Science
5 Student answers should contain factual information and
the paragraph should be well structured

Math Skills
6 16,250¢g
7 B.97 mm

D On Level @® Approachinkevel % Beyond Level Chapter ftudy Guide 23
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Understand Key Concepts TheBIGidea

1. hlhnrhuqr-rnufﬂ‘uwmn:t‘lwnm 3 poct
which skill i missing from the Test frocess 0o Loentniy use 1o padform
ax? screfvific investiganons? List sid ohioen

A Analyre ez € Make & model Uvee of the saills invohed

B. Communicate D Make !.m:mmunmdmemmu:m
resulta olarmion srientific imeshgabon St n ook
2 You have the folloemg dataser 2,3, 4.4 5.7,
gl B Is & the mean. madizn, the mode, or
the range of the data ==t7
A mEan (=S
B. madian B range

3. Which best descnbes an ncopsndent verabie?
A Iti= a3 tactar that is not in every test
A, Itz a2 factor the Evestgator changes
C. ®im s factor you meavpe duning & et
-3 L‘;‘ faciod thist stays the sanve in every

Critical Thinking

4 Predickbat would fuy in'n?l(-nlnt
triwed 1o use all the skills of scieniific inguiry in the
e preer in every invessgatien

S Amwsthe role of measuremant uncartanty in
R iNVESTgaon.

imporiance of having a conwol
Wuup i @ scenidic nvetigaton

gy loes

Understand Key Concepts

1 C. Make a model.

2 D.range

3 B. Itis a factor the investigator changes

Critical Thinking

4 Sample Answer: Scientific progress would slow down

8 The pink dye is an indicator that gives scientists a reference

because scientific testing would contain unnecessary steps.

5 Sample Answer: Because measurement uncertainty is
unavoidable, it must be correctly communicated to others
and managed.

6 The control group reveals whether the experimental observ
tions are a result of changing a varnable or not.

Review
7

scientific inquiry; devising a testable hypothesis-If the
hypothesis is not testable, it is of little value. devising an
experiment to test the hypaothesis-If the experiment is not wel
thought out, the results might have little value. drawing
reasonable conclusions-If the conclusions do not make
reasonable inferences from the data, they have no value,

point to measure. The movement of the pink dye shows the
movement of the ice.
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Technology and the Stretch of thgw
Imagination

Design Process

() TheBIGIdea

How do people use tools and matenials fo modify or create
technologies?

The Incredible
S!rzﬂchlng Putty

T P T e ————

26 Chapler Te

Technology and the Design
Process

() TheBIGIdea

There are no right or wrong answers to these questions. meackground Information
student-generated questions produced during the discussiomgnq World War II, there were shortages of many materials. On
chart paper and return to them throughout the chapter. material that was in short supply was rubber, which is a natural
carbon-based polymer that comes from trees. Because of the wa
scientists were trying to replace carbon in polymers such as rub4
ber with silicon. Polymers are |large molecules made from mostly
small molecules linked together, Various organic compounds are
often attached to the polymer to control and change its physical
properties
Before &%u Read
Call on students to share what they know about silicone bouncinc
putty.
Ask: How have you used the silicone bouncingputty?

will vary. Students might say they used it as a bouncing ball
f'-\ or use in piE f tape to secure an item,
e

\¢

Guiding Questions

1% What are some ways you use
technology?

26
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Explore Activity

How can you use magnetism?

' A material, such as won, can act agetieow can you tum
Who is being - s soaeic discovery Into something useiv|?

protected?
: a3

1, Rmxd angd cosnplote o lsb safety form.

INGUIAY

2. Exarmune rovesssg ) g magnetsail

agnets o bar magnetaldove around the
roam s fing oul wial Typeerel e regrets wil ang
e ENck 0 Record your obametions in youlicence
Joumal.

3. With a patiner, biainstomm st Sseosetul thios you cald
dowith magnets, Try Lo think of new and differen? wses,

&, Chooss one of yolo ideas and discuss how you would pro
i ael 1. Reordyour ideas in your Scence Joumal

Thiirk Asaut Tis

1. What selsniific knowledge makes § pessible o make chijs ':_ 1
such &5 safety pine or paper clips? i

. Wirat robe ced stlente and Coeativity play i your design®

LABManages d -
m )

) Essential Questions

About the PhoWho is being protect&dplain that silicon  After this lesson, students should understand the Essential
is a naturally occurring nonmetallic element. The making of siGu@stions and be able to answer theim. Have students write
wafers used for the conduction of electricity is a highly compkach question in their interactive notebooks. Revisit each
process that involves several different types of technology, aljuestion as you cover its relevant content.

designed and carefully monitored by humans.

Guiding Questions Vocabulary
€ Why must the worker wear protectRmlective glasses prevent contaminotion Use Word Parts
glasses? of the wafers and to pratect the worker's 4, Write the word technology on an interactive whiteboard or
i the board. Draw a circle around techno. Explain that techno
® What other industries require the Examples of industries are comes_from the Gree!-c language _Emd mefms a Sk_'" or art
workers to be fully covered? nanotechnology and medical. 2.Underline logy. Explain that logy is a suffix meaning the study
) . of. Mention other examples, such as "biology-the study of bio
L BL mﬂﬂ' Czﬂdh“".“"“q"l:ﬂ?n:&!dfugs [his question [o help students ~~ life” and “archeology-the study of archaic/oldathings".
INAPRIS LA CI ';mziecimmgﬁﬁ:ﬁ%ms::m i What is the meaning of technology using its wotteparts?
contamination or defects will cause the study of a skill or &l Why type of skill might we study
wafers to fail. when thinking about technology used in photageaphy?

skill needed to work different types of cameras.
3.Have students add the lesson's vocabulary words to their

Science Journal. Remind them to write the definition after
LABManager each word as they read the lesson.

All the labs for this lesson can be found in the Student Resource
Handbook and the Activity Lab Workbook.

28  Chapter 2
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Explordctivity

How can you use magnetism?
Preps5 minClass?15-20 min

Purpose
To distinguish between science and technology

Materials
Per team of 3 studentsiety of magnets

Before &fu Begin

Assemble a variety of magnets, such as refrigerator magnets, small
harseshoeshaped, or bar magnets, and devices that use magnets
such as a compass. There should be enough magnets that each
team can observe and use several different shapes.

Guide the Investigation

+ Have students use pairs of magnets to determine what
materials the magnets will and won't stick to.

« Encourage students to brainstorm ways in which magnets can
accomplish tasks. Students may begin with ways that magnets
are already used and then come up with ideas of their own.

Think About This

Students may not know the answers to all questions. Encourage

them to hypothesize.

1. The knowledge that metals can be pulled into the shape of a
wire or bent into different shapes without breaking.

2.The inventions are all based on the scientific principle of
magnetism. The use of the magnets is a product of creativity.

. by,
) b

€D On Level @® Approachingevel &% Beyond Level Lesson 2Tools ofdchnology 29
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Sclence and Technology
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30 Chagter 2 Section 2 Yook of Technolsgy 3

Technology Explain

Technology is the application of scientific knowledge to t?lﬂgﬂfe and Technology .
people. Have students generate individual lists of five typtav/gfstudents read the four paragraphs. Discuss the advances that

technology. Then, have students share their lists and writ@gred in the Industrial Revolution, from everyday appliances like
items on the board as they are identified. vacuum cleaner and washing machine to the first automobiles and aj

. planes. Have students answer the questions below.
History oféeEhnology

Have students identify examples of technology from the (#diding Questions

such as the wheel, Discuss how past technologies in agrigl¥uwey do some technological solutionsThey are very complex and invalved many
communications, and/or transportation improved peoples’ livesych as the bullet train, take years todifferent systems.

Direct student attention to Figure 1 and read the caption. Hava®velop?

students identify how technology helps accomplish the task. Key Concept chetlaw might Greater knowledge of science can lead to

. . advancements in science affect new technologies.
Guiding Questions technology?
» What are three examples of Possible answer; computers, flat-pane] 3 ’
technology? v W: and sou.cé snurrfgs - s » What role do inventors play in advandingntors use existing technology and
> g technology? scientific knowledge to create new and

: - . ’ improved technologles.
Reading Chechthal is technology? application of scientific knowledge (o P g

benefit people
D syt o e o - oy o
™ How has technology helped Possible answer: Tools used for Review Vocabular Y
civilizations to advance? hunting, as weapans, and for farming mechanical energy

!mfp{*d civilizations prosper and grow. . . . R R
Write potential energy + kinetic energy = mechanical energy on the boi

or chart paper. Remind students that potential energy is stored energ
while kinetic energy is the energy of metitWhat is the sum of
potential energy and kinetic energy of anmbjEri@ical energy

30 Chapter 2
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Technology Resources

Developing technodogy requires knowledige, skills, mw
muatertals. wods and energy W create the products and
wervices we want abd neod. The wwpsss of resources wked in
ancient diys are still umed 1o devedop new Lechnologies A
resource a souny of supply or supporr. Technological
resoutites inchile

Flgume & e wriwlocgs thal
Piprd Senemlag computeng alse
contribwted ta e creation of Aal

sciogn TV
» prople » information ook
« machines « capital » time Information
2.What type of =y o materidls  » energy Why |s lnformation needed to credte weelnmology? lnlomuation
il — can lead o knowledge, learning, and understanding. Wee apply
o People trafiorrnabon, aktll, aned natural resourees o meer our neesds
Any list of technology resoutces must inchade peaple. All wants

1
N & Wiy n Infarmation |
Technology can be improved with new Wiformation. Whete inportant to

mformation found! information can be found in many plapes. technaligy?
Prople fitd it in thie library, on the Intefmet. of bo scientilic
journabs Wnformation also can be found by talking to oth

wrchnologies were developed by people who used their
knowledge and creativity to find new solutions 1o existing
- — - problemm. Do you watch movies on a IVD player? b inven
tor developed 4 way (0 mprove the muage quality of

videotapes peopie or 3t sclentiic meetings | i
Fiioure Vot et ssed “:;‘P‘" =';'ﬂ;;_° m'z““ﬂ“ e 'Mrh“:"h““mﬂ When setenists conduct mvestigations, the resulting data may. -
re st el s b § P g o e comine rdcde kT contribte rew inforrmadon or knowledge abon an ides or
pesible ovtler 1 perfisrm an sty ol People wse their skill 1w product, With this new knawledge, engineen might improve

comvert ideas into real products of proceses existifg echnologies of develop new omes For example, w

People sre also the usen of the products. Betwees: the cotmpiters were first boilt i the United States between )

designey and the user, there are many jobs that are done by anud 195 . they were very brge and extremely slow, As sc

poaple. People busild the tooks sid machines, st up the andd techiological knowledge abottt cotesputers grow, conipul

factories, Tun the mackines, and package and ship the prod 1 became smaller and fasver. Everroally, knowledge abowr oo

ucts, Othet people work in the service ares of technology I e led 1o the development ol many other divices, such s

They sell insrall, and repair these producs ' screen TV as showrFigare dand compurer wblecs,

[ % h s L
— Tools rm:u'm r-l:u -mlru"unnwl.

Peaple consikder devioes that belp tien pedormn thelr ol as
woils of their tradetoody o dedoe g mordases Ehie abilifg o
de wiork. 1| beatniing s vour wotk, then pens, pencile papor, and
COETIVITETR AN ROITh of youir ool

b (st tools were handlield nonelectrle ool These waly
‘ a person's abiliny 1o bold, cox, deill, bend, and b
-y 18 B rifigure SPcuplie wse these tools 1o constnisbyce
gmeet himan needs and wanis. These tools are|ifhounh plece of
other tools Without tools, more complex tpeitpent decgned to
non develop. One positive impuct of inproved| u‘ﬁ;ﬂl g6 e
are done mom <'I!icirml_\'. accurately, and vafely) B o

Smction 2 Toot of Technokegy 33

Technology Resources Reading Check Answeskill is an ability you develop when
Have students read the paragraph. Ask students to identify YOU gombine Knowledge and practice in order to perform an
resources they need to be successful in school, such as writifgtivity well.

utensils, computers, textbooks, and workspaces. Direct studdmformation
attention tBigure 3ind read the caption. Use the questions

below to discuss technology resources. Have students read the paragraphs. Write the word information
the board or chart paper. Create a list as students identify sourc
Guiding Questions of information. Discuss the value of each source.
™ What is a resource? o source of supply or support Guiding Questions
Visual Checllihat resources are people. capital, maferials, energy &% What do many people use as a sounte Internet, the TV, ibrary, teachers
shown in the figure? of information?
&® What is true about technology  the need for similar resources to develop Key Concept Chel#ay is Informatfen can lead to new knowledge
resources today and in the past? technology, such os creative ideas from information important to technologyhd understonding which can creaﬁffgew
people, tools, and time, technology.
PEOPIE &I® Are there times when scientists mayassible answer: Sclentists may want to
i i o not want to share information aboupratect the technology for national
Direct student attentioRigure &nd have them read the cap technology? SeCurIly FeSDIS o N s 1o sacire
tion. Discuss the importance of people as a technology resource. funding for the development of o
particular technology.
Guiding Questions
% What is one way you use Possible answer: | use my cell phone to
technology? communicote with friends.

&® How do people impact the Possible answer: They build on successful
development of lechnology?  ideas to improve existing technology ond
develop new lechnologies.

32 Chapter2
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Academic Vocabulary Differentiated Instruction

device

Have students identify a device used in science, one used in matf® Learning About Capiltalite a local banker to the
and one used in mugideWhat is important to remember when  €/@ss 10 explain how credit is extended to buyers. In

using the word deviéé? word can apply to many different particular, have the banker explain how loans and cred
types of technology. cards provide capital to individuals.
Tools D Creating a Business Ptamlain that before a new

technology project is started, a business plan is develc
o determine needed resources, including capital and
people. Ask a local business leader to assist your class
putting together a business plan for a technology stud
determined should be developed.

The development of tools moved from simple to complex. The firs
tools were all hand held and muscle powered. With tools, humans
can change the materials they found in nature. Direct students’
attention tBigure 5ead the caption. Have students identify the
task and explain how the hammer helps to accomplish it. Have
students read the paragraphs and answer the questions below.

Gl.lidil'lgol.lestions O T'E'acherd.olbo (R N RN N

&I» What is an example of a tool you usBossible answers: pencll, pen, computer Teacher Demo
at school? Buying on Creditt up a day when students can buy ol
_ , » credit. For example, students may purchase a pencil fr
@D What is a tool? ﬂgﬁ”‘e that increases the abilty te.do the store using credit, but they must pay it back the ne
day with a pencil plus erasing the board as interest
&I What is the relationship between tobls/s help to develop more complex payment. Make sure students sign a contract as part o
and improved technology? technology. credit purchaseWmay wish to assign students differen
roles in establishing and running the business.
Math Activity

Sanderstanding Capitak a math teacher to help

Fdents understand how wealth accumulates and car

st with investment in the stock market.

Students will pick a stock and learn its cost per shar

.Using the computer students will track the daily valu

their stock for two weeks.

3.5Students will create a line graph showing the value
stock over the two-week period.

4. Students will then determine if an initial investment
stock resulted in accumulated wealth,

€ On Level @€® Approachinevel €3 Beyond Level Lesson 2Tools ofdchnology 33
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Machines Materials "
wy huve you ume trmhm Marenals used 1o make products are called engineering

il mork eunker Whent vou i 4 muachine rals o production marerals. They are the bulliding bloe h‘a wararm =
AL designed workd F I: |.. il

How many i
dheinier it el ¢
Vol iy e
However, maciine

Uiy

1oy "
o People create materials by combising of reflning natural

resoutees. Matetial resources cat be classiflod according th haw
they were formed. Materials can be raw. processed. manilac
tured. or symtherie. Some examples of materisl resources fe
shiown |fable 1

Table 1 Ma | Resources
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Technology takis tiine o develop Most food recipel gl - ‘A
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and lar a spocific amount timee. Whether you are ma

cake, building 3 car, or designing 3 new producy, results Whill clifls,
shupe over time

Lo Sectlon 2 Toat of Technolsgy 38

34 Chapgter 2

Machines Time |
Have students read the paragraph. Hold up a stapler and hatxplain that, though changes in technology seem to occur quickl
dents explain why it is a machine. Have students identify othitrtakes knowledge, creativity, time, and good management of ca|
non-electronic machines. Examples of non-electronic machir=at fanstechnology to develop. Some technologies, such as the Ja1

bicycles, screws, and scissors. anese bullet train, took years to develop.
Capital Guiding Questions
Write the word capital on the board or an interactive whiteb

: . Ayt - How do you learn about changes inadvertisements, information from
and define it. Draw attentidfigore @nd read the caption. technology? friends and teachers, maguazines

Have students read the paragraphs and then identify the four types
of capital. Remind students that profit is money that remains &% What is the relationship between tiibanges in a particular

all expenses are paid. and technology advances? technology take time to develop,
Guiding Questions CI» What might happen if enough timeliscovld foil or cause harm.
not given to the design of a new
&» How is cash different from credit? Cash is money on hand. Credit is product?
money you promise lo pay ot o
fater date.
Key Concept Chellby do Capital con be used lo hire skilled
companies need capital? people and oblain materials,

tools, and information

BL] w:z it s important for a business td¥ithout making o profit, a
e a profit? business will eventually run out of
needed capital and may go out of
business.

34 Chapter 2
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-
2.1 Review
Energy
How would yvou define erwrgy! You might wy hat esting &
plate o e v ight say tha you
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“) Sectlon 2. Tooh of Technulogy 77

Write the word energy on the board or chart paper. Have stud

skim the paragraphs to find the definition. Push a chair to changeinformation needed to complete this graphic organizer can b
its position. Explain that energy was used to change the posimd in the following sections:

of the chair. Direct student attentfagure Znd have them + Science and Technology

read the caption. Discuss the energy released by a lightning bo-h‘l‘echnaiogy Resources

and the change it can cause when it strikes a tree or building.

Guiding Questions
€15 What is an example of energy?  fire

Reading Checihal is energy? the ability to couse change

C® Why is it important to find new  Energy resources usually need to
technologies to use energy resources?processed in order for humans
o use it. Humans consume So
much energy, finding efficient and
clean ways lo provide this energy
IS important.

Describe Answértudent answers will vary.

36 Chapter 2
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Use Vocabulary Interpret Graphics

1. Definesource in your own words 6. Summartsopy and Gl in the graphic
organizer listing the resources neoded
for technology

2. The ability 1o do work s
3. Use the termchmuviogy In a seotenos

7. Explaimhy the tvpe of resource
shown below b tmporant i developing
new Lechnology.

Understand Key Concepts “
A, Which material resource s foynd in
plastie roy?

A munufactured matertals —_— -
8 processed maternls Critical Thinking
C. raw materialy & interwhy v skill importan when
0. withetie materlals ereating rechnology!
6. Discushow ene techpology has }
changed (o your Wetiine ;

9. InterVhat could happen i no one

|
3l

understood the wience behind a
technclogy they used!

38 Chapher 2
Lesson 2. Tooh of Technulogy 39
Use Vocabulary Critical Thinking
1. A resource is something that gives help to a system Inforn@idriled people make better use of resources (less time, less
can be a resource. DOK 1 wasted materials, etc.), and the products they produced are o

better quality. DOK 3

2.energy DOK 1
: : ; . eople would not have the knowledge needed to maintain or
3.Technology is anything and everything we design and use?urmprove the technology. DOK 4

get things done. DOK 2

Understand Key Concepts
4.D. synthetic materials DOK 2

5.Accept all reasonable answers. Possible aslviesoh has
changed in my life time. The TV signals used to be sent as
analog, now they are digital. TV sets used to be big and heavy
g%ca%se of the picture tube. Now TVs are lighter and thin
K

Interpret Graphics

6.information, tools/machines, capital, energy, materials, time
DOK 2

7. The image represents capital or money. Capital is needed to
buy other resources and to hire people DOK 3

38 Chapter2
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Materials
and Their Properties

: What are the properties of e et al
INGUIR materials? % Gleslions

How are matials
Technology on Thl‘ ' am wngineer designs a vehicle, bridgelg, Bwid ;m.mu for a designea
sll:lp(-"i oir mat for construction must De s ebesiet goduct? :
f L " nanufactunng orosars mbiesn |y

o
(]
L

« Wiy are matenals
modified to change their
proaities?

= How e mestoiale
cluasifiedg?

1% Vocabulary
physical propeny
chemical property
mechanical prapemy
polymers

Think About This camposite materjal
alloy

1. Compare and contrast the fiexinilnty of the twa wires

INUIRY w4 LABManager

About the PhoTechnology on the Slofeswboards are || the labs for this lesson can be found in the Student Resource

built with different properties based on the type of snowboafgiiMdibook and the Activity Lab Workbook.
the rider wants. The snowboard designs are tested and adjusted

to achieve the desired results. Explain that humans are esse

in making sure techneology works efficiently. Have students a eErSSEI'ItIEﬂ Questions

the following questions. 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
€I» Why does the snowboard slide over combination of gravity and the smooth QUESTION as you COver Its relevant content.
the snow? polyethylene ;:mr.rr{' curface allow the

snowboard lo eosily slide over the snow.

Use this question (o begin discussion of - ' VOCEI bUIary
the physical properties ‘of the snowboard !j
and the snow. P«SS_OCIR!IDHS b §
Associating words with images can help students understand and
recall scientific words.
&% What other products do you think afessible onswers: bothtubs, car bodies, 1. Write the word physical on the board or chart paper. Hold up

made of fiberglass? ouldoor furniture . Pl ;
¢ R a pencilask: What are some physical characteristics of this
D What considerations do you think afessible answer. friction reduction, pencilhard, yellow, smooth
mﬁdebwhegfhonsmg material 'Urﬂ[!;u;m}i-'f-'rv i ’0‘1:‘{-'!}1:'}-'. (jf_c"fa‘”ﬁ's-‘ Explain that these characteristics are called properties becaus
ot uf;},i; Catiade s il A they belong to the object, but in a different way then we think
the design of @ product. of a person owning a house. Use a few examples comparing

the two uses of the term.

40 Chapter 2
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When thinking about a material’s physical, chemical, or

mechanical properties, remember that the properties describe SRV @L UL
the characteristics of the material.

2.Have students add the lesson’s vocabulary words to their

Science Journal. Remind them to write the definition after
each word as they read the lesson.

Explordctivity

What are the properties of materials?
Preps minClass?s min

Purpose
To investigate how metals may respond to fast and slow
temperature change.

Materials
lab bumer, tongs, several beakers of ice water, 18-gauge steel wire

Guide the Investigation

« Point out that both wire pieces are heated to the same
temperature, so the only variable is the rate at which they cool.
Remind students that healing metals to high tepmperature 335
then allowing them to cool occurs in engi &,
elements.

+ Ask studentshat happened to the atoms in
was heated. The atoms began to move fast
relationship to each other changed and

« Ask studentshy cooling quickly migiht nmzlgég ore the
flexibility to the metal wire. The heated atoms were not given
time to return to their original stable position.

Think About This

1. Before heating, both wires were somewhat flexible. After being
heated, then cooled, the wire that cooled slowly was still
somewhat flexible, However, the wire that was cooled quickly
became brittle and snapped easily when bent.

€D On Level @® Approachirkevel ¢ Beyond Level Lesson 2. Materials and Their Properties41
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Chemical Properties
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Section 2. Materials and Thes Properiesd
. ® . .
Properties of Materials Chemical Properties

Review with students that all objects have physical propertieklave students read the paragraph. Draw their attention to
Then have a student describe the physical properties of an dbigate SHave students describe the chemical change that

in the room. Have other students identify the object. Write pHiggesied to the car's material. Write the definition of chemical
chemical, and mechanical on the board. Remind students thairoperty on the board near the definition of physical property.
materials have all three properties. Have students answer the questions below,

Physical Properties Guiding Questions

Have students read the paragraph and define physical propagigWhich type of property gives a
Write the definition on the board. Direct student attention to material the ability to change into
Figure 8nd read the caption. Then have students answer the  another substance?

foliowing questions. » What is a chemical property?

Guiding Questions

&5 What is a physical property of somePossible onswers: magnetism, luster,
metals? malieability, ductility CI» Why is the ability to rust a chemic
property?
Reading Cheddame additional Possible answers. shape, color, size,
physical properties that should be magnetism
considered when evaluating
materials?

€™ Which physical property would be Possible answer: density. A high density
maost important to evaluate when mateniol could require more expendilure
choosing materials for a racing bikedf energy by the rider.

Why?

42 Chapter 2

chemical property

the ability or inability of a substance to
combine with or change into one or more
new substances

albecause a hel substance (s produced as
a result of rusting
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Types of Materials

Mavernals can be clasilied by b

E wutetials, wwh o

A

i (e of the most oo
from trevs. Wond i

Plastics
Many widely use
called plastu Flas

i vk B 118 g
T prskyrne
j.
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44  Chagier 2

latr 1o the compaltion
1

.
]
1
]
'
%
I

Composites

The bodies of sutomal(les ance were made entrely o metal
An sutoimobile with & metallic body was boavy and tisted
easily. With the advancemient of polvmer techniology. automa
baihe boddies are mow made from a type of palymer called oo
posites toulpoﬂr_-utcrlah a er.'lulr of Elaws ar friowy ;‘m‘m’m
smaterialy one fagerad 1 e other, The now material i boreg Sy o
the otiginal materials would have bees o thelr own. T !:.’.I‘II'
composites ingredients provide the correct phyaical propgriiess "
and a bit or glue holids them together Comporite matdrial@! melal e dutema
are wwod 1o make automobile bodies strong, lightweight. b e bacieet
rust reststant. Compesites are usecd 1o make other product
suich a8 boats, and sports equipment

Lk

! hed for' betrer maverials to make thelr lives
. Pind their task e, Advanicos ity matal
R nprosied the blending of metals, or mak t:1m
better merdl produsllose o mixure of 2 =R M
Alloys are used when the properties of @ W

Livgproved lor an application. Alloys cai Be
gfprove the hardness, strength, densivy, or dirabilnets>
Fial One exarmple, stainless steel, (s 2 mixcure jof
hromiuem, and niclkel, The mixture recains thee soengtlof

tron bart is corrosion resistatit This makes stainless stoel
useful inside the human body to replace or repair broken Homnes —

§ as shown Fgure 11
i
2
|
j Figure 151
1 et
i L 2
. [ & Tl iigh
[ I AT -
: min bl the Bane haal
i
i
:
Secthon 2 Manerals and Thss Progpe sl

Types of Materials

and contrast the properties of selected items.

Word Origin
monomer

Ask: What two Greek words make up the word mbhomeer?

means one and meros meansipdirtTogether, what do these

two Greek words meanwe port

Wood and Polymers

Direct student attentioRiture 1@nd have them read the

caption. Have students identify the items. After students rea
two paragraphs, discuss with them what makes polymers dif
Use the questions below to assess students’ comprehensio

44  Chapter 2

a& What is the relationship between

Guiding Questions

Write organic and inorganic on the board. Have students idef@What are some uses for wood?
materials that fit in both categories. Create a chart on the
interactive whiteboard as the materials are identified. Comp

toys and furniture, make pencils

Polymers are made up of repeating

polymers and monomers? molecules called monomers.

Possible answers: build houses, make

Reading Checlhy are there so  Changing the number, type, and position
many types of polymers? of the monemer changes the properties
of the polymer, Such changes can resull
in o large number of different polymers.
Plastics

Plastics are widely used for many products because they have
desirable properties. They can be lightweight, waterproof, strong,
and inexpensive. Transparency, melting temperature, and flexibilit
roperties of plastics that relate to the composition of the
er. Have students read the paragraph and identify the
roperties of plastic. Then have students identify products in the
tlassroom made from plastic.

Guiding Questions

&% What type of material is plastic?

a polymer

% What are three properties of plastichelting temperature, clarity, flexibility

&I» What defines the properties of a
particular plastic?

composition of the polymer that makes
up the plastic
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Engage Explore Explain | Elaborate Evaluate

Composites Differentiated Instruction

Write composites on the board and read its definition. Draw a Ver& )

diagram on the board to explain composites by drawing two Learning about Ceraniivste the school art teacher
overlapping circles. Write gravel in one circle, cement in the other Or a local potter to class to explain how ceramics are m
circle, and concrete (the composite) in the center overlap. Have If possible, provide an opportunity for students to make

students answer the following questions. ceramic object. Discuss the clay's physical properties a
students work with it.

Guiding Questions

@ whati e €D CompositeExplain that the snowboard pictured in th
al IS @ composite!

lesson opener is made from composite materials. Divid
class into teams. Have each team research a product u
in the sports industry made from a composite. Students
should create a diagram of the composite materials use
the product and make suggestions for improvements ir
products’ design. Have student teams share their work
the class.

Alloys

Steel is mostly iron, but with the addition of other elements, the Jeacher Demo _ ,
properties of the resulting alloy can be changed. Direct attention t8tainless Steérovide a variety of common stainless ste
Figure 13nd read the caption. Explain that stainless steel is an  Objects, such as a fork, cooking pan, baking pan, mixin
a"oy. Have students read the pa{agraphs' Fﬁ-ﬂdﬂnd bowls, and other utensils. Explﬂlﬂ that stainless steel is
discuss the medical advantages of using stainless steel for medicallloy made of chromium, iron, and other metals. Discu

a mixture of two or more malerials, with
one layered in the other

Key Concept Chety would Using o compaosite materiof for the
automobile manufacturers want to useomodbile body would make the cor
composite materials instead of metabhter and rust resistant.

for automobile bodies?

I» What is the advantage of using Possible answer: Composites provide the
composites in product production? correct physical properties needed for o
product’s design.

Guiding Questions
&% What is an alloy?

purposes.
a mixture of two or .rn‘r. ols

with students that the chromium in stainless steel reac
yyith oxygen making it slow to rust and easy to clean.

psent a stainless steel object and a piece of steel w
Jet have been placed In separate small amounts of w
qr three days. Have students observe the difference |

ghpearance of the items. Discuss the advantages of

Key Concept Ched#at are Alloys can be produc ve I{i (’
possible advantages of an alloy ovemalal’s properties -

Atainless steel over regular steel for everyday utensils|
pure metal? 2018

Reading Strategy
€D What properties of metals can alloysardness, strength, density, durability Taking NoteBraw the following graphic organizer on tl

improve? board and have students copy it. Create a row for eac
of material. Have students complete the chart for woo
polymers, plastics, composites, alloys, and ceramics. C
student pairs and have students share their charts.

Important
Details

Material Type

¢ On Level @» Approachingevel ¢ Beyond Level Lesson 2. Materials and Their Propertie45
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Engage  Expibre  Explbin  Elborate  Evaluate

Ceramics

This group of materials n samilar 1o alloys in thae they are
mixtures that are produced 1o achieve desired properties
Ceramics are nade from dried clay on clay Tke mateniab. The
clay by mobkded, 53 dhow Bigere When heated w 2 high
temipetatire {0 an over 10 create the final product. Ceramics are
strong desphie thetr brittlerma. The propenies of ceramios can
be customized for 4 wide variety of applications such sy wandpa
por, puttery, dimorware, sl muterish used @ furmaces and
Figrunm 1F by v space shiitthes

imatmrioh seere resde bom cley

thist weet Seatei] 1o Sehe ¢
SLIENE, 1l bl
\
6. HOw e DEsaTics and Silove sestar

* Lisk the miain e frm the seeion i (e ke ek \
] \

- -
| L How eee mateslply sejected ion s designed product? \

2. Wy mre matedisls modited 10 change thes properties? |
|

Visualize It!

Al natedals hase phyaical,  Many types ol matesiss, soch ps
chemicsl, and mechansal plasties dnd allove. are wsea to
pingerties Thess piogertes  ake prodiets. Each matsnal has
determing the usetulners of UmIguUE proparies that maks 1 use-
he makenale Tul i wide rangs of i|mnf_!1.lﬂl1!.

-

\A J!

Section 2 Materiats and Tres Proge:d e

Ceramics
Have students read the paragraph and cafigoriefZlhen

e

have students share their experiences with making ceramics Phe information needed to complete this graphic organizer can £

familiarity with ceramic products. Have students identify the found in the following sections:

physical properties of ceramics.

Guiding Questions
» What materials make up ceramics? dried clay or clay-like moteriais

are ceramics  Ceramics and alfoys are both mixtures

Reading Cheddow
and alloys similar? designed to produce desired properties.

D What process causes the clay to  heating the clay
change from a material that can be
molded to a material that is strong
and rigid?

Visual Summary

Concepts and terms are easier to remember when they are
associated with an imags: Which key concept does each
image relate to?

46  Chapter 2

» Physical Properties
= Mechanical Properties
= Types of Materials
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Engage Explbre Explbin Elbborate  Evaluate
Use Vocabulary Interpret Graphics
1. Ain} s a characterisf Analyzd trengih Is 2 mesure of
that determines how a material moacts to the amouw 1 *e

firces can withs

2. Defineilyg in yvour own words

3. Use the terpdypooa! properiy o

complete wenlence

Understand Key Concepts
A Which does NOT have modified
properties
A allovs metals

C.

D. palymen

B, ceramicy

. Explabhow you woulld clasally a
rnaterial that contains @ mixture of
el

thiee *201

AR Chagher 2

Y]

Section 2 Matenats and Thes Proge:iede

Use Vocabulary
1. mechanical propertB©K 1
2.Alloys are mixtures of two or more nikOis1

Critical Thinking

8.The materials would need strength to support the weight of th
structure and flexibility to withstand the forces generated by
the earthquak®OK 4

3.Possible answer: Physical property is a characteristic that can

be observed or measured without changing identity of the
material DOK 2

Understand Key Concepts

4.C metalDOK 2

5.The mixture would be classified as an alloy because an all
a mixture of two or more melldDi 3

Interpret Graphics

6.material DOK 2

7. DOK 3

Examples

Possible answers: conductivity,
density. melting point, solubility

Possible answers: ability to
burn, ability to rust

Possible answers: strength,
elasticity, hardness, fatigue

Properties

Physical properties

Chemical properties

Mechanical properties

48 Chapter 2
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2.3 e Design Process

How can you build a better

INGUIRY

T4
It takes a team !:nnou:seﬂ'ag ::-l.---. thie tesulis of someone having o S Vot e dmkion
Developing amy @ with technology i :
nd disposing of a dead mo i can diffarent
B f1h . rl;un A sable mouss trapg :"&.Wm
It

¥, yOu

i - constaints
2. Select one abject that you think you could mprove. Draw SEIESEEE ng
o how you would changs of add 1o e design 1o i
mporve Bhe product WW
protatype
Think About This
1 -'.'uw: he willing fo buy enu(%;:l sci? Wiy oriiniiy

1 that car gl [ Explain

T ——

ra s e 1k weild o v |0 lake Delots yoll
tulid and sell your inventon ?

xm

{INQUIRY ) Essential Questions

About the Pholbtakes a tearhlave students discuss times After this lesson, students should understand the Essential
when teamwork is needed. Make a connection with the team®asstions and be able to answer them. Have students write
needed in sports to the importance of teamwork in solving each question in their interactive notebooks. Revisit each
problems or creating a new product or in certain jobs, like — question as you cover its relevant content.

firefighting. Ask the following questions.

) Vocabulary

Compound Words
Compound words are formed by combining two words that form|

Guiding Questions

What is teamwork? Uise this question o begin discussion on
a
how teamwork involves several

individuals sharing ideos. new meaning when placed together.
: ) 1. Write the word brainstorming on the board or chart paper.
L oL ?;J"'Ly;l; :r,u think teamwork is ;{:gg:ed.'ﬁ:e g;ge:enl ideas and see Ask: What two words do you find in the word

brainstorming?ain and storming
» What advantage does teamwork hasse this question lo help students think ~ 2,Circle brain and underline storfing What is the
over individual problem solving? aboul the advaniages of having a team meaning of braia® organ that controls human systems and
e guix CRIgre Kees. thoughfisk: What is the meaning of storstng2hing
that occurs with great fdisk: What do you think the
word brainstorming mearis2n a lot of thinking occurs by
one of more people

_LABM&na.ger 3.Explain that brainstorming is a process where individuals

- ) spend time developing and sharing ideas to solve problems
All the labs for this lesson can be found in the Student Resourcegy create a plan of action.

Handbook and the Activity Lab Workbook.

4.Have students add the lesson's vocabulary words to their
Science Journal. Remind them to write the definition after
50 Chapter2 each word as they read the lesson.
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Explordctivity

How can you build a better
mousetrap?

PrepnoneClass20 min

Purpose
To have students identify a problem and a possible solution.

Materials per team
paper, pencils or pens

Before &u Begin

Ask students what it means to build a better mousetrap. Students
should say that it means making an existing product better. Display
a simple object, such as a can opener, Ask students how they
might improve the design to make it easier to use, more efficient,
or to do something more than it already does.

Guide the Investigation

- B get students thinking about what they might improve, have
them think about objects they don't enjoy or have a hard time
using.

« Encourage students to think about ordinary things that they
take for granted and how they might be | d.

« Challenge students to come up with ideas
from anything they've seen before. Help th
the possibility for invention is all around the

Think About This 20182

1. Answers will vary. If the students have developed an idea that
is much better than the existing product and not too expensive,
it might be easy to sell it. If it's not useful by a lot of people or
too expensive, people are less likely to buy it

2.Answers will vary. Students should recognize that almost
everything can be improved in some way. Help students see
that an improvement could be something that benefits the
environment or makes it easier to produce, but leaves the
object just as useful.

3. Key Concegtudents should recognize that they would have
to consider things like what material they would use, where
they would get it, how much it would cost to buy the materials,
what tools they would need to make it, what kind of skill people
would need to make it, how long it would take, and how it
would be packaged.

¢ On Level @» Approachinkevel ¢ Beyond Level Lesson 2.3he Design Process 51
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The Role of Creativity

.
o YOU WFRa0y Hiitem 1 110 Tru] coRmet, W1 T Dacond Co When you fook a1 your mp3 player. do you ever wonkler WETTERTEEATS

» i«
P youl Pmew COmpieted e rpaon, wide Cowh ste) pou iearsed thisight of this product? Just about everything yoi u'l'\l.@!lmh_h
ai idea Do spsones pand. Thie design of all msw proce m‘F arlport,

products beging with an idea Creativity ofven loads o ldga V'
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‘ | The Role of Engineering —
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82 Cragter2 ) o Section 2. Tnn Desin Process 53
2Aal0 “

Explain Guiding Questions

. - Reading ChecWhy is creativity an  New products start with an idea from
Creativity and Design Factors Tty o8| (o A CR W O K
Write creativity on the board or chart paper. Have students define
creativity. Direct student attentEigaoe 13nd read the cap- @ How can creativity affect the designtafon produce a design that is original
tion. Have students consider the creativity and problem solving 2Product? ot Heainaive.

needed when designing a product such as the insulin pump_T"le Role of Engineering

Guiding Questions Explain to students that there are many types of engineers,
€ What is efficiency? the ability to achieve o desired result with Engineering careers include, but not limited to, chemical,
as little etffort ond waste as possible aeronautical, civil, and electrical. Direct student attention to |

Figure 1dnd read the caption. Discuss how this product’s design|
Readi yisemcency | Enkency o redice e costora product 'S different from standard keyboards, Have students read the
important in designing a product? because materials are not being wasted. Paragraph and respond to the questions.

Guiding Questions

&I What three qualities do engineers durability, reliability, and ease of
strive for in the design of a new  mainfenance
product?

& What role can cost play in a productiscon determine the oppeoarance of o
design? product.

The Role of Creativity

Have students identify a creative product or idea. Discuss if o
product or idea solves a problem or meets a need. Talk about th
imagination needed for the initial idea and why the product or idea
is considered creative. Have students read the paragraph and
caption fdfigure 14

Why might some consider ergonomisssible onswer: Since it relotes lo the
a positive design feature? humaen body, it would be a more
e comfortable product to use.

52 Chapter 2
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De&ignlng Products tdentifying a Problem or a Need How do sclepaists and e
neets begin when they need 1o find 4 salution o 4 proble
— When you warch 2 movie on a DV, do you wonder honw or First. they rmist cloarly dofine the profslem The problem Sawe o vermics na-joid
why the IVD wechnology was developed? Every product you see be specific enough that a solution is possible. For oxatiple beok and label iL Use yolir
started as an Wdes. Taking an idea and turning i into a proghact wotild be weless 1o define the problm as, “Destgn an inpAY "’d"""“"” .
takes a lot of work antmal carmier” This definilon of the problem by too beoa "m' intha desion
vhis carriér for a can, 2 hied o some other apimal? Each mim.l
Imm“ﬂ on Old Ideas segires & different type of carrier. The pnlhlrﬂl statermnent dovs |
- Inaproving old kdeas i an important part ol technology. An old not provide enotgh informaipeobiem statemens N |
m:".":: Viighe ot idea can be enhanced becane of sthancomenta n socnoe and statemerst that chearly deffnes a problos to be aloed. A problem .;:
skl ey ,:‘1_'“",_]“' technology. In 1903 the airplifgune s built by the statement lor tie animal carres mighn be, “Design a cattler for “_:
Wright brothers ¥ flew three meters shove the ground and fos caty weighing up to 5 kg, The carmier munt fit under an aitline
3 distance of abwur 39 meters. Alreraft technology advanced in srat. Thee camrier muse eost ne more than 2000 AED" This
4 respome to Woekd War | Today, passenger airplanes can fy szatement wlls vou exactly what b reguired. A poorly wond
w =y almost snywhere on Earth at speeds of 800 km/h or more, and statement resudts in wasted time and effon. —_— .
ac mﬂ:ﬁﬁﬁ:ﬁ S AR o Yhecrad B meme Criteria and Constraints After the problom has beon iderg ety -2 g;?-plngw Ty
§ . criteria ane usially Idﬂltmm ular, critetion) dre TEIVE: B KL B
:':}..':;f‘:m' ki The Design Process the standierds by wbach the prodia uuif e eviloarod. For l.'!l.l'l'lpll‘ prebiem semEal?
How do scientisis and engineers wurk wopether 1o creae i designing the cat carn@igare TRhewelgho! the o s
techihologicl sobubioos’ Sciontific methodi. careful planning. and 2 criterion. These critenia may be ineluded in the problen|

Iesting ane some of the strategies sclenusts and engineets use (o
answer questicns or solve problems. The design process Is also a
wrategy Tidesign processa serie of staps wwnd 10 find

softiriions 1o sperific problieess. Problemn sohang using these steps
can be repeated as often 3 needed 20 ([ Sgeratt.

statemenCanstraintsr bmitaboms pat o the destgn of the | =,
prodiet from outside ficiors, such as oo, efficiency, enleomemeni@

imypact, pr availability of marerials. Constraints are generally

mined at the beginining of a project Otherwise sclentisis .
engineen might waste thedr time working on a product (. Explain the ﬂ'"'"md
cannot be usedd Sometimes, critens and constraings may dhun) EMEI:.:ITH‘:: aria sng I
a5 the produrt develops |

Figurs Wie desige prooest
can b thoughil of an s corcule
Mowchart

|
!

\ St
. I | JHH it
The Design I [I lily Science Usaravitatianal
fodne waerted on an object
Process Comman Use mesiuio

i1 thiat et ow
heavy a porsan o thing s
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Figutm TEwisn & il
product wch ws fhis pel
v s designed o
scdddiveus specific cribierla
il Canritidiinde

Section 2 3nk Deslgn Process 58

Designing Products The Design Process

Emphasize that every product began with an idea, some whi¢#ave students read the paragraph. Draw attdrigaretd6

seemed impossible to achieve at the time, others to address Bead through and discuss each step in the design process.

practical need. o 4 .
. . Guiding Questions

Improvmg on Old DESIQI"IS _ &% What is the design process? a serfes of steps used to find solutions to

Direct student attentioRigure 18nd read the caption. Have specific problems

students read the paragraph. Discuss how one idea can impact the ) { )
future in ways not imagined at the time. What are some of the tools that  scientific method, planning, testing, design

scientists and engineers use to cregimcess
Guiding Questions

solutions?
Why is improving on old ideas an  Possible answers: It’s always good to find Visual Checlthich step evaluates Step 4-Test and Evaluate Solutions
important part of technology? better woys to accomplish tasks. the strengths and weaknesses of the
Improvements can save money, solution?
resources, time and reduce fong-term
impacts on health and/or environment.

& Why can old ideas be improved?  O/d ideoas con be improved becouse
odvancements have been mode in

science and lechnology.

54 Chapter 2
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Research Information and Develop Sol usemiod assd 00 compare oprions or salonors. A
Befone enginevrs begin work on the animbigh Chart used 1o select 3 jacket may Jook
carmier, they need 1o know i other proplsimilar 1Tabie 3

have worked on the same or a sibesr prob

lemi. Researching solutions that huve bevn

trieel, those that ave Gailed. i soluilons ©

have worked is 4 good starting point. This
research could srve time and kead 1o 2 bery
wiluiam Afier the fesearch b completed.

enginesrs often brainsiorm posstble wiu:m{h

Brainstorming: problem solow wohmgue | y
theat il irfiimkfinaly comtribating o o

wastthoonit the foir of ety critictind

Branstonming allows people to openly an
creattvely talk sbout all sspects of the probend WISk ket weull Be ihe bast L‘““"
and develop possible solutions Mos problem

have mere than ooe wlitien. Some solutiof
ity be ks coatly, more efficient, of easier (o
prochuce. Of the different solutioms, bow do

engingers dovide which solution 1o developt,

Pugh Chares Have you ever had 1o choos,
between more than one option, such as
wehich jacket 1o buy! How do you dechde
which jacket Is best] i vou ook at the pos
thve amcl negative festures of cach jacket, ¥
select your ucket using a ser of criveris an
constrants. You can use 3 Pugh Chan to WEES

ot seleey your pckePugh Chars o
L] Chagtar 2

Winad s irvaived i finding .u-unuq
‘1 prublems?

Table 3
Pugh Chart: Jacket Criteria

Comtruct 4 Prototype Ouce @ possible solution s been
selectied, 4 protowy e must be impkotetyps o Jull ity \
meinchel that s grsed t0 test @ e prodisce. Englneers often con, hy ¥ [T Impartan:

lo teat o solution?
struct a protorvpe. When an airoralt company designs a i
airplane. they build several sirplanes for testing. Those tst ane
evaluated and the alrplane v changed av necessary before
full scale maniactoring begin

Testing and Evalusiing Solutions At all wages of (he design J
process, the design must be tosted and reviewed. Did the wlii '
tion miset all the eriterls and constraings? Tesving and evaluaring
the solution allawy the engineer 1o (ind and correct prablems
Sometimes the deslgn 8 changed. For example. an engineer
esigning an afrplane muay leatn show a new rechnology tha
will improve the origial idea befons the atiplane (s bulle. ldeas
are abwiays being refined. After evaluation and testing, bhe
solution will be chosen as the best

Redesigning Your Solution Does 3 mew product work the way
it ahould? Does |t mweet All the crbenia and comnstrainia? Alier
being evalusted, most designs change because new informarion
and ideas are reveabed durng the wsting and evaluating pro
cewmen I 3 pew solution s propissed. maty of the design stepw
are epeated

Section 2. 3ne Design Process 57

Research Information and Develop Solution€onstruct a Prototype

Have students read to find out why it is important to researctReayg the definition for prototype and discuss the importance of
solutions to an identified problem. Discuss how brainstormingaving prototypes. Remind students that prototypes are physical

helps to facilitate problem-solving.

Guiding Questions

Concept Che¥bal is involved collecting information on solutions (o
n finding solutions to problems?  similar problems. original thought and
creativity

[OL] Whichjfar.kclmuld bethebest  jocket 1

choice

Visual Check Answer: facket 1

56 Chapter 2

models. Have students read the text and guide their understandi
using the following questions.

Guiding Questions

&% What is a prototype? a full-scole model that s used to test o
new product
% Why is it important to build a Building o prototype will give the
prototype? engineers opportunity to change the

product before full-scale production,

Testing and Evaluating Solutions

Remind students that testing and evaluating are step 4 of the
design process. Have students read the text. Discuss the
importance of prototype testing. Assess student understanding of
the concept by asking the following questions.

Guiding Questions

Key Concept Chelthy is it Testing a solution allows the engineer to
important to test a solution? find and correct problems with the design.

I® Why does having a consistent testin€pnsistent festing procedure reduces the
procedure i Inxdve the quality and arnount of time production hos fo remake
cost of a pro a new product.
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Ehgage Explore Ekplain

Elaborate Evaluate

Comemunicaie Results Once the testing and the evauations ane
iy ancd
o srewematioms dor other

¥
agencies. private indusines

,
Ko, Concept Ched
'

§ 10 Wt see the slepa

of the Oesign
piaceusT

completed. the resules must be communicited Sc

IHgineeTs Write foports
scienibis engineen. governmime
ind the pubilic. The reparts provide details of the design proosa
sterpenanies of the daa, sncd final conchussons. Scowentsts and

eogineeny inchude recommendations for further research in thes

st prescs
[

wepons. Scie and i psually publishy their naost
benporan! i By con nucating thedr results, other
SCICTHIEDS OF ©TH s have the opportunity to duplicate the
work of 1o continue the work of others

Full-scale Product

s resobved,

nce all of the problem
g Dcilities, socl

e Thaka ture illt' Y i ¢ |
ul evahuation

Communicate Results

Have students read the text. Have students identify what

information might be shared when communicating results. Use the

following questions to guide understanding.

Guiding Questions

&% What step comes after a design
solution meets all criteria and

The resulis are communicated to other
scientists and engineers.

constraints tests?
E® What tasks are included in wriling reports and producing
communicating results? preseniotions for others

€D Why is communicating results an  Communicating results allows other
essential part of the design processicientists lo replicate and possibly
improve on the original work.

Full-Scale Production
Direct attentionRigure 18and read the caption. Review the

steps taken in the design process before full-scale productio

i
Prot
Ly best Sl i

| Simarz H

A Thie Besigh process?

1. Wit

2. How cin difedenit solutlons e lestod and compot sd? |

Section 2 Ihe Desgn Process G0

Key Concept Chetat are the
steps of the design process?

The steps include defining the prablem,
collecting infarmation, developing
possible salutions, building o model,
festing the solution, evaluating the
solution, redesigning the solution and
commumicating results.

C® Why is it important to continue the /1 is important to ensure that meterials
evaluation process after full-scale used fn production continually meet
production begins? established standards and the product

functions os intended aver longer periods
of time.

Visual Summary

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

-
n

occurs. Have students read the text and answer the question§he information needed to complete this graphic organizer can be

Guiding Questions

&€ When does full-scale production

begin? resolved

58 Chapter 2

after all problems in a design have been

found in the following sections:
= Physical Properties

« Mechanical Properties
» Types of Materials
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Engage Explbre Explbin Elaborate Evaluate

3, Use the tormoigps In 4 semtence

Understand Koy Concepis
4. Explaitie intluence engmeering ha on

a design
Critical Thinking

5, Which siep in the design process has (e
engimeer butlding 3 model for esting?

A kenilfy a problem
B. test & soluthon
€. construet 3 prototype
0. redesign a solution

6. Armangaclyve the proliem of 4 siver
looding sneually by putting the
following steps N order: a) Investigating

source and it geography

v, €) eredte severnl

"
80  Chagtar 2 2[]}89

Use Vocabulary Interpret Graphics
1. Detlnérastocming (0 your own wonll Organiss Informatiagy and (1l In
the graphic organizer below 1o list t}
weps design process
2. A method used to compare options or
soutions s a

Use Vocabulary

1. Possible answer: The design process is a series of steps u

to find solutions to probld@K 1
2.Pugh CharDOK 1

P Sripnre f

- er,
‘T_:g ighe

Y
e P‘aster

it patk
ey and

gh roller o Ml drop you dewnhill
ng 160 km/h. The excitement of such &

he
i e e

nstructions. The force
Bt | e
E11 B ODBE

R
Wour design with your clpssmates’ designe

| N

Science anSOCIETY
BiggerHigherFaster

Background Information
Roller coasters originated in 15th century Russia in the form of

3.Possible answer: A prototype is @ model of a new producligeetchutes that were navigated on a block of ice with a straw |

for testingdDOK 2
Understand Key Concepts

seat. The first true roller coaster was bullt in St. Petersburg in |
1784, and “Russian Mountains” appeared in Paris in 1804. Safety

was not a concern. Injuries seemed to be more an enticement |

4.Engineering makes sure the product works well, is durableala deterrent to riding them,

reliable, and easy to main@OK 2
5.C. construct a prototyDOK 2
6.d,a,¢c,f.b e DOK 3

Interpret Graphics

One of the first American coasters was a coalmine railway in
Pennsylvania. People discovered that the fast downhill ride was
exciting and would pay to ride it after the morning coal runs wers
finished.

The great roller coaster era began at the end of the 1800s when
trolley companies started to build amusement parks at the end o

7. Research information; Develop possible solutions; Build a their rail lines to attract customers on the weekends. The first
prototype ekt and evaluate solutions; Redesign your soluti@B|ier coasters were low-speed gravity railways.

and communicate resiDBK 3

Critical Thinking

Thrill rides like Coney Islands' Flip-Flap and the Loop-the-Loop
actually took riders through a 360-degree vertical loop. They
were uncomfortable and dangerous but extremely popular until

8.The design process requires taking a specific series of stedify's high speed coasters replaced them. Space Age
get the job done. The steps in the process might change, engineering and Disneyland launched the modern coaster era.
depending on the project. Building a new product from scrRy@ilar steel structure and nylon wheels made true looping
for example, would require more steps than improving on ggasters possible. The only limit to modern coaster design is the

already existing prodrOK 4
60 Chapter 2

ability of the human body to endure G forces.
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How would you asdsemit?
ars, mgdaiing go theuwn
:|.-;1||I|II i thie

I Z .4Technology Systems

Many products

such as
g ther | |
i

tioh. The
v time It tnitwsiict the

Around a Loop?

plizle & lab satety form

mmmmior brickn your Science Jaumal, make
1. Wl Fowy dhoe ok (s g il
and make note otmEias on thouts ot the

st ef the Slens you wolild Nave
Cl starting Jblo lunch bags, newspaper, colored
5 anidrawing compass

0 take 1o prodiuce s

«  HOW Hre subsgstims
diffesant than
ayitemal

+ Whiat s the difference
betwesn open-loop
systems and closed.
loeg syitams?

+ How are automatic

cantrals difersnt than

manunl controfs?

- What s lfe oycie
aralysis?

Think About This —
: { ke you to assenble iy Vocabulary

system
subsystem
opan-loag system
mput
PIOCosE
autgul
fesdback
closed-loop system
Ufe cycle annlysis

2. Wran type of amamgement coulil you wee T you had o congipees

55

2018

4

[t 9

¥/ Essential Questions

After this lesson, students should understand the Essential

About the Pho#round the Looghe Mammoth Pacific

power project is a geothermal power plant that converts ther@akstions and be able to answer them. Have students write

energy held in underground water reservoirs to electrical engigih question in their interactive notebooks. Revisit each
question as you cover its relevant content.

Guiding Questions

&% What is meant by around a loop? something that begins at one point, goes .
oround, and ends of the same place 0% vocab"'“ary
2 Visualization
Waords become easier to recall and remember if a visual image

can be attached to the meaning of the word.

1. Write the word feedboack on the board or chart paper.
Ask: What two words do you find in the word feedback?
feed and back. Feedback is something that is given back after
information is considefede: How does the word “feed" in
this term compare to “feed” as in Foadble answer; Both
uses mean to give something. In science it is a response to give
information. With food, it is the act of giving food to a living thing

a LA anager 2.Write input and output on the blsikd Look at the words

All the labs for this lesson can be found in the Student Resourceinput and output. What am | asking for when | ask for your
Handbook and the Activity Lab Warkbook. input on a projedtdssible Answer: help or to share ideas
with the projedWhat do | mean when | say we need a lot of
output todayPossible answer: a lot of work has to be done,
Encourage students to make pictures of words in their minds te
help remember and understand word meanings.

» What do you think goes around thewater
loop at the power plant?

I® What is the purpose of the loop
system?

fo convert the walet's energy into
electncity

62 Chapter 2
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Engage Explore | Explain Elaborate Evaluate

Explordctivity
How would you assemble it?

Prep20 minClassi5 min

Purpose
To have students think about systems and subsystems, which
produce a product.

Materials per team

a color brick

Alternativetou may assign larger teams so that you only need to
make a couple of color bricks, or have students help you make
samples.

Before &u Begin
Prepare a sample color block for each team. Draw three one-inch
circles and three two-inch circles on the flat sides of a paper lunch
bag. Colar the circles in four different colors (red, blue, yellow, and
green). Draw five half-inch wide lines on the bottom of the bag. Fill
a second bag with crushed newspaper. Insert the open end of that
bag into the colored bag to form a brick,

Guide the Investigation

« Encourage students to draw the color brick first. Have them
turn it around and specifically describe whgisk fon each SUW

« Allow students to take the brick apart to se itis 't
constructed. Then have the students reass

+ Have students think about the order in whj
produce a color brick. Then have studentd
they would take. 2018

Think About This

1. Students should guess at least 15 minutes. Share with students
how long it took you to construct the samples.

2. Key Concegitnswers will vary, but students should say that it
would be easier if one person did each of the tasks, such as
drawing the circles the right size, filling the circles with color,
drawing the lines, filling the bag with newspaper, and
assembling the two bags together.

G On Level @» Approachingevel ¢@» Beyond Level Lesson 2.4echnology Systems 63
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Understanding Systems [ose i oo ptomenstatme

Scientists study different things in nan
Some study how the human body works
while ailiwrs study how plinets iove 2o
ther St What do these thingy have in o
e Thay are systenms. Whien we 1alk sy
a wystem, we are talking sbour an orga
nized way of doing somoethisgssenss a
group of pares tha werk topether by &
organired way. Technology wwstems mum
it the things we want and eed This
process | done through the skilled e of
people, tnforrmation, capiral, ronls machines
ey, and time

When yvou see buses vrgirs cary, snd
alrplanes, you see wad of getiing rom ongl s w0y gt \
place 10 another. They are pare of the tras |

portation system One part of the transpofia
Fagure 19

i
|
i
!

ety wystenn b show

Understanding how systems work is an
isppesrtant part of technology, The feld of|
aaterm andbvals stiches the eractions
among the parts in 3 setent

Types of Systems
There are many dilferent tvpes of syateiis atotind youl
Have you studied about the human body system? Your bidylsse one ineet o1 papeg
diaests food throurh the oras of v "!:"‘ o g 30 mike & BOGK with ot
ety food rhrough the organs of your digestive aytem. oo sine tabs, Wiils

When you send 3 vext message 10 2 rdend, you are baing a) esch highlghtea term gn

COHRERINC Ao Wale i|a 1-?? Write 1he dafinign
Tnlde,

Svarerm are not found only in sclence. 10 mathematics vis
different sywtots to sobve addithon, mibtracton, divistan, and
word probletms. In soctl studies vou study our systems of goven| e
ment. Our country has formed many goversunenal, legal, and
educationsl sulwystems o catry ol thee base ddess o our
syatem of fieedom dnd democricy

Subsystems

All svaterns are friade up of othed svstenis Fot exarmple, ol
are part of your school system. Yoiir school ks part of the educ
notial sysvens desaricy, state and padonal You have your school
divtmct. Your district i part of the statewide school system The

statewide school system (s part of the natisnal muuun
Subsystenwy sl siysions thal exlst itk brger sipdita, ey

A subsyatem usually cannor function properly withot e fodfectivegstinguishable
surroundings For example, the jet engine is ane of many st eye or mind a5
ters of an aifplane. However, some systems can be both 4 oiscrete. separate
systern aiud 3 subsystem. The airpladisibessysten, b i

i also 2 subsysten of the Lransportation system. The car s

another subsystem of (w vansportation systern. The car |
subsystein such 2 the engine and the electrieal system

"
w i pbmystems |
Technological systems turn jdeas, facw, and principles iy o ™ ,...“:1“- \

things that wie want and need. This o done through the qkille
use of people, informatsn, capital, ook, macdsnes, matersils,
enetgy, aimd time I

Settisr LAechistony Seitems 68

Understanding Systems Types of Systems

Write the term system on the board or chart paper and read f@int out that there are many different types of systems. Ask
definition. Have students read the three paragraphs and anssidents to explain how a system works in sports—a football play
the questions. Direct student attenfagure 19nd read the for example, or soccer players moving the ball down the field to
caption. Have students speculate on the parts that make up thake a goal. Have students read the paragraphs and then ask th-
transportation system. following questions.

Guiding Questions Guiding Questions

€ What does a technology system doums ideas into the things we wont and G What s an example of a system? sgss.'b.‘e answers: mathematics, human
need dy

® How is a text message ;mrt ofa  Possible answer: It makes a connection
Reading Chedlhat is a system?  collection of structures, cycles, ond communication system between two points, It travels through o
process that relote to and interact with system of wireless lechnology.
each other
I® In what way is the federal governméotsible answer: Several different
I® What is the field of systems analysishe fieid of system analysis studies the a system? Individuals, departments, and branches of

government work together to accamplish

interactions among the parts of o system,
e - established goals.

64  Chapter 2
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Diagramming Systems

Wiy di people tie diagrams when they make plang® Socoer
couches often diagesn plavs o belp weam membsens uodervand
whut they ste going 1o do during i game Technology ees 2
method of dagramming ceiginally developed by engineen. 1o help
people understand how 3 system operates. A dizgram denes how
one part of 3 watem relates to the other para. This kame diagram
can abso help people otganiae plams for new ideds. Two svdeomn tha
can be disgrammed are open-loop systems and closed loop wsems

Open-Loop Systems

Have you ever seen an Urigation sprinkler, wch as the ome
shown iffigure 20watering the grawa while it rained? The
sprinkler operstes at sot Gmes, oven when it s raéning. The only
wav ta tirn the sprinkler off i fof 3 person 10 do it When a
srpstern has e wwiy to meaare o comendl fes prodiact, the mpstem
i called pepen-loop ubs stoves, and eraffic lighes
are examples of open loop wstems. What makes them open loop
systeens’ What s o being controlled?

3 Try b cagrEme
I Bysiemi hetpiul?

These devices cainol operaie without niman input. Waer I
bathtub might overllow unless 3 person turm off the “:It‘s A
stove will continue 10 hest and puy burm food. A red traifs
light sutomatically goes on even when there s ho cross In.!lc A
penen msd comtrol tiese systems

An open joop svitem inchedes three paric input, process, gind
Ut rh resorrors, adens. aned arrteews vhar derermn
ushot mevets 10 be armmpinded For exemple, vou might wanibn
run for school presiden:. You decide 1w muke campaign poslen
arvd bwmeons All the stops thar lesd up to the idea of crt';u,g
these posters sndd buttons are part of the g

i
|

Figure 200 spimicer vywiem | L
ma pasmgee 0F s Open-iaog
syt The wprrdder il
czbenpe Wy ogzesate il
sarharutie anrr & o,

Open-Loop Process

Adter deciding o make comipaign matetialy, the next step
opien loop systein b w ke your buttons and posters. Th
creation snd making of a product is & prpmecekss
oompwrslon of oy o octiolgfes inte prodices by g schings end I
b, Designing your buttons and posters and densemining

stieps tvolved i making them also ane part of thee proces ]
shown (Figure 200 lerent produces and different 1-1-IumhLJn '
mvolve different processos

)
Ourpiats plan the system prochives. Yonar postery and by
witdled be the cutpu of vour camipalgn plinning The the ~
parts of 4t open-loop watem are an jdea (lpit), which lo mlger‘; .:;ﬂ:mu |

an ation (prog est), which leads roan outcome (0npath 38 cepea) jeam, what
shown |Figure 2Eametimes an outplt can become the iput infomation would

for another system vl place in each
. sechon of yonu

Can an vpen-loop system meisure effectiveness! Could you o@lenfoaped system]
if yousr buttans and posters aecurately coimmunicatied youg
miessage 1o the other students? Probably nios. How could you
measure the effectiveness of your buttons and posters!
| |

™
Whal v 4 procesa? |

FPeosie afen graps oyEhems 1o focus Hai seention
on o parficuln project

Pnocesb @uw@

Setisn LA echistony Seitems &7

Diagramming Systems

Open-Loop Systems

Emphasize that a diagram shows how one part of a system ré\4ite open-loop system on the board and read its definition. Hav
to the other parts. On the board or chart paper, diagram howstudents read the three paragraphs. Then, direct student attentiar
children are part of a family who are part of a larger family thi igure 2@nd read the caption. Assess student understanding
part of an extended family. Use the following questions to gadigésking the following questions.

students’ understanding.

Guiding Questions

Guiding Questions

» What three parls Tahe up an input, process, and output

€ What does a diagram show? A diagrom shows ::’o;w one port of @ open-loop system?
tem relates (o the other parts.
i &% What is an open-loop system? a system that has no way ta measure or
control its product
Concept Chet¥ay is It shows how the various parts relate to

|u‘i:,;mmuu»g systems helpful?  one another. ox I» What role do people have inan  People control the system.

open-loop system?

«I® How does Earth and the living and Possible answer: Everything on Earth
non-living things on it relate to the makes one planetary system. The planet
system concept? is made up of many sub-systems, such as

the ocean and land. On those systems,
other smalfer systems function, such as
an ecosystem. The layers of systems keep
going, which shows everything on Earth is
connecied.

Key Concept Check Answaprocess is the conversion of
ideas or activities into products by using machines and labor.

66  Chapter 2
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Engage Explore Explain

Open-Loop Process

Elaborate Evaluate

Have students read the text, followed by asking the first guiding
question. Help students understand how different products and €® Open-Loop Syster¥é/ide students into small groups
different technologies involve different processes. Assess studentProvide chart paper and markers for each group. Assig
understanding by asking the remaining two questions.

Guiding Questions

& What is a process? conversion of ideas or acthities into

products by using machines and labor

Visual Checl:you were making  Inputpiciures, slogan, paints and

buttons for your school team, what b

rushes or paste, blank buttons.

information would you place in eacProcessoaint or paste picture and
section of your open-looped system@ogon on each butiGatput:
completed butlons lo distribute.

I When might an output become the Possible answer: when the output from

input for another system? o

ne system becomes an idea or

component for another system. For
exomple, ¢ hen loying eggs and the egy

a

s an ingredient in a recipe.

Visual Literacy: Open-Loop Systems
UseFigure 23nd the questions below to help students think

about open-loop systems.

| Aslk:Which part of the open-
loop system is the conversion of
an idea into a prodymticess

Aslk:During which part of an
open-loop system is the actual
product available from the

systemdutput

INPUT PROC

ES# ouwﬂ

G On Level @» Approachingevel 9 Beyond Level

2018

Ay £

Differentiated Instruction

one of the following topics to each group: water systen
home entertainment systems, home appliances, vehicle
and personal banking system. Each group should use t
markers to create an input—-process—output diagram to
explain its assigned open-loop system. Display chart pe

® Creating a Closed-Loop Systerm groups of five
students with each group identifying a closed-loop syst
Have the group illustrate how the system uses feedbac
control the outcome of the system. Have each group st
their illustration and explanation.

Fun Fact

Telephone Operatdrsiay our communication systems
are closed-loop systems. Feedback provides callers wit
call waiting, call forwarding, and voice mail. In the early
1900s an open-loop system controlled phone connectic
Operators managed a switchboard containing some 20
phone lines, The operators worked first by answering |

and then plugging an incoming call into the phone ling
the person being called. As phone service grew, city
operators handled as many as 600 calls an hour.

Reading Strategy

Summarizinglave students write a summary of an
open-loop system and a summary of a closed-loop sys
Form student pairs. Have them compare their summar
and add illustrations to their written waork.

\'J-b_u,

&
< g

Lesson 2.4echnology Systems &7
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6. WAt i e Qifersncd
Eawlywd-ofi W Gpeer)
loop systen and a
Closmd-lonp syatem®

7. Wty @ impoitant wl
knaw If 2 iytteam =
effectiveT

Closed-Loop Systems

When you nube an effost 10 control the quality of the outpul
of an apen koop system. you need Lo get informution abou your
|'ﬂl.|lll.E or output. I you knew that your postens were offending
stdenis, whar would you dot You would change your postens o
cortect the problem The information that vou received about
your pertens i fevdbuiitedbachs the part of the siptem tharr
mevistiees ad comtrls the curcome of the gprem. Feedback serves
as a bridge bevwesn what you want to do (mpat) and what you
are actuially doing (peocess). Feedback chows the boop 1o make
the symtem 2 closed loop system, 25 shifgunn22

Aclosed loop systens antom s far a oay of automati
cally concrofivg or mensereay os ovepu. Can you think of exam
ples of cloved loop syszems® The hedter in a fish tink warm the
wanet in the tank. The heater shuns off when the water reaches
the right tempersture I & did not shiw off. the fish might o
survive because the water coukl become w hot. A wafiie light 2
an mitersection with builtdn metal detecton can sisy green for
laries that hawve taffic. b femains red for empiy lanes.

Complex vwstenm hove many Liven of feedback and control
An example of 3 complex system s the geothersal power plam
shown at the beginning of this leson. The plant's proces v
constntly monitored and has two closed loop systemns

Controlling Systems

ben owcher low & sywteim to functbon ]wtqrmlv
miust have some tvpe of contol Controls
any part of 2 system thar can be sdpised. For
esample, the beater on the fisly tank has o
cantrol 1o et the wiler temperare. The
heater tums on arkd off i order vo matntaln
the cormeoe mperature

Lontrols can be either manal or astemaic
Amansal contrak deiie that ngiiees o
Furnsm operator, An example of 2 mantal
device is crowswalk slgnal. In order to oo
the street safely, you first push the crosswalk
bruttesy. Thee bstton thien turms oi the cross
walk sigrial which allows you 1o croey the)
sreet salely,

Anautomatic contreliaioe tha can be
prrogramed aiiid then contiites 10 ofienite
srithetat hmarncm indervenition, The thermostat in
vour home is an suomanc conl. Opce g
st the temperature, the thermostr maintine
the tempermiure withou your mvohwemen
Feedback and control systems are importaty
to keep systems running smoothly with liitle

W 18 T CiTeince DTN [Tk
_conirols and sulomehc contiol?

himan imvoliemerii e —_— 7_-"’

Interactions of Systems

Most mratrufaciuriing conipanies do ni lave
all the resources thiy nesd 1o make el
proshuces. Thiey degrenad on other companies to
produce these reouice. For examgle, (e of thiy average knetic
attomotive industry relios oo iany dilferen onergy of the partieles ina
companies for the various parts w make an sl
autgenohile & rubber compamy makes ey for Common Use muusuie

ment that indicates. how
the auio cotrpuny. The suromiotive manific hot of cold sorething ix
et Is o system and the ubber company (s
y ng systemt. The outpun of the rubber

Sciencs Une v Common}

perrmgam radure

Science Uste measurg

Figurn TR Cosed 0o vy em s @ e
messerirg) the efectvrieis of Ihe systes

Settisr LA echisbagy Systems 6

Rt
LUTE =

Closed-Loop Systems Visual Literacy: Closed-Loop Systems

Have students read the text. Review the examples of closedAdgafFigure 22nd the questions below to help students think
systems in the reading. Have students identify the control in @bout closed-loop systems.

system. Emphasize that feedback controls the outcome of a closed-

loop system. Use the guiding questions to assess student
understanding.

Guiding Questions
@ What is feedback?

the part of the system that measures and
conlrols the outcome of the system

PROCES

Visual Checliéhat is the difference The closed-foop system hos feedbock.
between an open-loop system and a
closed-loop system?

Key Concept Chel¥by is it Only with feedback information can o
impm:tan;tokmﬁasy:ﬂmis product or system be lixed or improved.
effective

Ask:Why is feedback Ask:How is the output of a
important to a closed-loop closed-loop system controfted?
system meosures and contrals is automatically controlled by
the outcome of the system. feedback.
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Engage Explbre Explbin Elborate

What is a life cycle? TV hT M) T Bckh. G

FigLire 2 litis el

1 Getting Natural Re
Is made from many different materials,
such as polymers, plastics, ghue, rubbers
and cotion. Each material has its own Ilf
cycle that involves snorgy and waste

2 Ma aProcessin@aw materals are
processad before they can be used to
a product. For example, the coverlng c
fonthall is made from synthetic leather
During each step along the way the
synthatic leather uses anergy, other
resources, and produces waste.

s T
Life cyc

i it alledd b
nalyss o s L2l o
weherita] gt of @ prodia 3 Manufacturing the Proddet

products, including footballs, haw
miultiple steps 1o get to the finishd
product. Factoiles use a lol of res
aspecially enengy, when maniufac

products,

F‘n(l-.ng.ng'Tm:unﬂrlu!lun.‘[?'(:. i
Packaging lor footballs can be

cardboard boxes. In some cases totballs
dao nol have n:I prltlmrrlnq Fooltisils
are transported to refal stores or pthep
Iocations by plano

which all use fosll fuels.

8§ Using the Prodilisotballs are

used by man peophe Including yaung
childien leaming the gama ane

ofessional football playars. Taking caie ol
he football will extend s lite

& Reuse, Recycle, or Disphidebetter
for tha amdrammen if the feotbal) s
revsad insiend of recyclod o thrown away
Reusing will save energ
ecycling a footbail is al W
the ball has been glued, stitched, and
painted,

n Chagtar 2

What is a life cycle? The Life Cycle of a Soccer Ball

Write life cycle analysis on the board and read its definition. peyiew the definition of life cycle analysis. Read the caption and
Have students identify products that may impact the environg\gstit students to the six steps in the life cycle of a soccer ball.
such as empty water bottles or plastic bags. Have them readifaQe students read and discuss each step. Use the fallowing

section. questions to guide student understanding.

Guiding Questions Guiding Questions

€5 What "5"1‘5"'_3" ineachstage ofa  natural resources and energy €™ What resources are used to create polymers, plastics, glue, rubber, cotion
product’s life? soccer ball?

=% What is used to process the materiafnergy and other resources are used.
that becomes a soccer ball? What isioste is produced,
produced during the process

Key Concept Chetlaw can life Life cycle analysis can be used lo reduce

cycle analysis help designers createnvironmental impact, reduce the cost of
better products? production, and make il easier to

maintain and repair )

I Why is it difficult to recycle a soccer l%eral processes are used that result in

the saccer ball being glued, stitched, and

&&» What might a life cycle analysis of a Possible answer; If may cause oir or painted

product indicate about the product’s water pollution, increase habitat joss, or
impact on the environment? adversely affect human health

Describe Answéitudent answers will vary
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Engage  Expibre  Explbin  Ebborate  Evaluate

Use Vocabulary Interpret Graphics
vlsuahze lt! 1 Smaller “'li!l.'.llﬂ that extst within lrgd, Sequenctiopy and B the graphic
L svsters are cilled erganieer o show the Tow ol a
2, Use the temmyil ih & senlende Cliodlod. pystard
[ — x
; — \._,__.'1
¢ [ 1
b | "
. l 3, Definede tetn e cucle analsds A = .
Technoiogy hes pro- Am.wmcntumuae(md LB oyoe anayws is uled by 1 i
Suned itarry TyElEes ond martEeed Dy e U AN RGeSl s enginesrs wiies 1} ] "ME" J—=
submyatems Ted wiystn  sutomatic contioier can be e PRGOS B -
CBran & pstaers are prograrered and comtmes | itemstion iound n il cpos
apen-oog and Clowss mﬁm,&ﬂﬂm‘ mt{&ﬂhmﬂ-{"ﬂ‘é Wh’w
leog TR ATTE v By @ PR wilth Tewess emeogn. l
IMEFER Dt | 4. Compampen and closed loop syarems
Critical Thinking
; 8. Explaidiow docs lie cvcle analysis
hr]p selenitlsts credte bettes prudurt_ﬂ
5. A timer on a micowave oven b an
- ™ example of
[ 1 How are sulrsyaiems different than systeme® A U
‘ B process

€. automiaric control.
0. manial conol

Wihal il e diffeddrale Dah \ ol Syilesrd b Chhia- iyileai®
. T - e | 6, Clarify/hen vou send 4 text message,
you ste par ol § communication system
thiat uses inpur, process, s feedbsck
Whan part of the comownication tystem
3 How e mtoenatc sontialy difor el M sl coedeah 1 bs creaing 1 (ex1 mewage senling 4 e
| mesaage, and receiving & vext mewagel

e B e

!
|4
|
=
I A.What i (e TyTier anaiyms?
|
j ]
e L.

T2 Cragpher 2 Settisr 24 ec hioogy Systeme T3

Visual Summary 5. Dmanual contr@®OK 2

Concepts and terms are easier to remember when they are 6. Inputreating a text message; process-sending the text
associated with an imd#g&:Which key concept does each image message: output-receiving the text méBQK S

late to? .
g Interpret Graphics

W 7.In a clockwise manner: input; process; feddMDNR

The information needed to complete this graphic organizer c@@ritical Thinking

found in the following sections: 8.Life cycle analysis helps scientist by providing information on
+ Understanding Systems the resources and their environmental iDOK8

« Diagramming Systems
= What is a Life Cycle

Use Vocabulary LABManager

1. subsystemBOK 1 Design and Build a Useful Prddictab can be found in the
2|Samp|e answer: Input can be the ideas, which is used at trﬂﬂdﬂﬂf Resource Handbook and the ACﬁVfty Lab Workbook.
beginning of a procePOK 2
3.Life cycle analysis is a method of estimating the environmental
impact of a product throughout itBGK.1

Understand Key Concepts

4.An open-loop system does not include a way to measure or
control its product; it includes input, process, and output. A closed-
loop system adds feedback about the end [DGH:2t.
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prototype | |
1 w0 cn i lades we e e b s d i
2.4 Techneolegy Systems patem i J ,T'
+ AsuBeysienm o oo emyateem o o lagen s subaystem
Auaie szl p b . open-loop WHem i i """_"'"-"'_'
LD eedbatk | open 0GP Vrklom L:H::"“ { j Totts Uyww e d (L] |
\ Mh edlieck mo {} d e
] Loadt v i SR = | output : ; ‘-‘hﬂf o | —_
Manuil contrals -0 o Y Tewidbodh .
: s reesairire closed-loop system)] ) -mg——-—
b, e life cycle analysis [ o & ]
. HeAhon Eo Ol v wercroreneednl epact of 8 ' . f Ml e :
Srert o S reanlertaing stage Baugh 1 the dapeal slsge d | .F‘-ﬁ r—m—_-]
L]
7 Chapher Eiuoy Cuice w - Crapter Eiudy Gilde 75
T8 "
LU=

Chapter Study Guide

2 Study Guide

0 TheBIGidea R FoLbagLES Use Vocabulary
Tools and materiale extend people's abilities to design, build, or use thilﬂﬂ'? Pro;ec
pioducts, processes, and systems Arnemile youl lesson Foltdabies m shagi 1o o i puancs L PP TRy

i gt b

4 Vocabulary i

y technaol
gﬂ‘ o
¥ sklll
» toal
# - ik machine
wrnclogy, . ‘ emphal

ol eNergy

2.2 Materials and Their Properties physical property
+ Muterish are sslecsnd Yo e by thes - chemical property
properties, machanical property

problem statement
criteria

constraints
Brainstoming
Pugh Chart

(o SR
—

composie materal H
alloy |
! Link Vocabulary and Key Concepls
{ Copy this coneeps map, and ther s yocstleny tenms Sam e predos s 1o
comiplede the concepl map.
Camgn proctm é | teepaiay,
!
i
§
i
i
1

Key Concepts Summary Vocabulary
Study Strategy: Metacognition Study Strategy: Restating

Metacognition allows students to engage in higher order critical tRsitating words In the student's own vocabulary is an effective techniqu¢
skills. To accomplish this, students pose questions to themselves @hadcabulary recall and comprehension. If there is time, have students
the material being studied. work in pairs. One student selects a vocabulary word. The other student

1.

2.

74

Have students review Lesson 3 and write five Key Concept qu@ggb}l,gs the meaning of the vncabyiary word using his or hers @wn
from Lesson 3. words. Then have the students switch roles.

Each student should then write a summary statement answerilg fédents should create a three-column chart like the own below in
Key Concept questions. their Science Journals.

. Encourage students who cannot write a complete answer to desifjti¥e students write the chapter’s vocabulary words in the left

learning strategy for reviewing the information, such as creating &olumn.
graphic organizer, reading the information aloud, or explainingai! Have students write the definition of the word in the center ¢olumn.

another student. 4. Students should restate the word's definition in the right column.
. Create student teams. Have students share their questions, Examinle:
i . : ple:
responses, and strategies for effective learning.
. Have selected students share one question, response, and Strate@y ot Word ~ Delinilian Recdaled Definilion
with the class. g e np;plicrﬂm‘ q it

egienlilic knowledge  wemg science o ereale product

lechrology 1o benefil people desips frat belp people

Chapter 2
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Engage Explore  Explain Elaborate Evaluate

N Ny

Use the Foldables® Chapter Project as a way to coninect
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 Foldables®

critique and discuss the way in which nts have
organized their Foldables®. :

Use Vocabulary 3
1. Brainstorming 6. Life cycle araahgs‘g,gz 5
the environmerntal impact of

. subsystem a praduct through all stages
of the product’s life.
feedback

2
3

7. Mechanical properties are
4. Technology characteristics, such as
5

strength and fiexibility that
. Criteria are standards that a dme"g“ine how a m:[i.ﬂm

product will be evaluated on.  reacts to forces.

Link Vocabulary and Key Concepts

8. resources 12. systems

9. machines 13. closed-loop

10. capital 14, feedback

11. eneray

@ On Level @» Approachinkevel ¢» Beyond Level Chapter Btudy Guide 75
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Understand Key Concepts 7. What e of matetinl rescurce does the

image below epnesent
1. Whech technology tesource i i sourtce of i
er thist rung technolo ey

P el wysimery
A pecols C enegy
B, tools 0. capital
1 Whech teen provades information on how a

ot reduce it emdronmental mpact?
: 5 B'n Syl L A manufacured materals
B o 8505 SrEie B. orocessed muterals
C. life cycle analysis ., raw ma,mm“ R
D. Pugh Crant D. symithotic materiabs

Use the D - - Mmﬂawlm:hnﬁchnmmpawnm.

matenaly shity o remst bending?
questions 3 and 4 A iy [ —
C hardness 0. strengih

9. Whit part of 3 products e cyrie analyss 3
fncEng anothar wes for the product?
A mateniak proceszing
B. manufacheng the produc
C. using ™e prohec
D, recycing of the produst

0. In a laege oy, there 2re wWays 10 gt
around. Thare s b-_‘ur::rzn. mnd b

1. inwhich m'g:lm design process would 4 ﬂ:ﬁnﬁmﬂmﬁﬂmu
Pughs Chait be used? call thesa smaiier parts of the larger

P e W B

A Step! C. Swpd VAMApOrEin Fysien
B Smp3 D Swps A spewm
A ‘What & the typical net step after buskding o B, Subsystes
protatype? €. open-ioop sysem I
A bralngtormng  C selling D. ciowor lona pytiom
8. memdacturing  D. testng 1. Which type of material doel a doctor ine
5. Mudtiplication is a sutsysiem of rEnkace OF rega Droken hones?
A divinion €. subtracton.

B mattematicn. O, geography

8. What i the normal fiow of an open-ioap
wystom?
A Input process, Sutput
B. process, nput. outout
€ input. feedhack, process. output
D. Inpul outpul. praceis. eedback

™ Chupher Beves

12, Whiat i one method 1o test and compiaie 19, DeckodY ould you rather work as A schentist

differen solutions? OF BE an engEneser 4y o career? What parsongl
A heanuoming strengths of weaknasses led you o you
B design precesa decluian?
C. Pugh Chart
D, problem stamment 20, m;nvlmlnmrm 0 new invention i )
wolld imake your dassioom a Detle plac i
Critical Thinking stucerits, List the matenals that you
1 ¥ technalogists must corkider cost U5e o build yialr device: How did yau selecy
waen they plan 1o manufacture o product the matenals for your device
4, Comparsanusl comtrcls o sutomatic é 21, Creats Nowchart to show the deﬂﬁ,

controls, l process wsed o develop W skatebaard

5, Discushow maisnals are selecied for a o

parsoular produtt

) TheBIGidea
32 Describe how tools and materals are used
. Explaiminy do prople dagram plans? to modity or create new technologles
7. Determingyou test and sojust yout 23 How oo sCiEmlisE and enginoan select
4 P materinls for & new prodiict?
SOUBON, #E you I.rll’ﬂﬂ iR DpT- (g ar

closed-ionp Fysiem

. mrgcamee Tarm of !n:mow
. g frsguanithy usie =y yout
Ul bo debberent of that technology n
s clireniopod.

Chapter Review 77

Understand Key Concepts

1 C.energy

2 C.life cycle analysis

3 C.Step 4.

4 D.testing

5 B. mathematics

6 A.input, process, output
7 A. manufactured materials
8 B.flexibility

9 D.recycling of the product
10 B. subsystem

11 A.alloys

12 C.Pugh Chart

Critical Thinking

15 Materials are selected based on their physical, chemical, and
mechanical properties.

16 It helps people organize what they plan to do. The diagram
helps them see relationships that exist within their plan.

17 You are using a closed-loop system because you are using
feedback to determine the need to adjust.

18 Answers will vary. A possible response could Iinclude commeny
about how the student could or could not compensate for the
lack of the particular technology in his or her life.

19 Answers will vary. Responses could include comments about
whether the particular student feels more comfortable workiny
with ideas, or prefers to work hands-on solving problems.

20 Answers will vary. Responses should include comments about
the advantages of various materials based on the materials’
properties.

13They must ensure the cost to make a product is less than what

it will sell for.

14 A manual control is a device that requires a user to operate.
An automatic control is a device that can be programmed to

operate without human intervention.
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Engage Explore  Explain | Elaborate = Evaluate |

Writing in Science
21 Accept all reasonable answers. Possible answer: 1

Design a skateboard that will support 72 kg and cast

| no more than $30; 2. Research the materials used to
make a skateboard; brainstorm possible solutions fuse
a Pugh Chart to determine the best solution; 4. Build a
prototype, 5. Test the prototype; evaluate the prototype;
6. Redesign the prototype if necessary; communicate

| your results.

) TheBIGIdea

22 Accept all reasonable answers. Possible answer: Tpols
and materials help people to design, build, or use
products and processes.

23 Accept all reasonable answers. Possible answer;
Companies use capital to hire people and to buy
materials, tools, and information to create or improve

technology.
B F
G
2019,9
G On Level @» Approachinievel € Beyond Level 77
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What is energy?

Pour nends argued about energy. They each had gifferent idoas
alrud aregy. Thi is whal they sald:

Bllal: | thitik enetgy gots used up |ike fusl

Rasheod: | think energy cousas things 1o happen around us.

3.1 Formsal Energy
= Wit ls energy®
= What are potentsl and ket energy T
+ Hom 5 ensigy redaton o work™
= Vinal ate the different form ol ensgy?

Ahmed: | think energy 15 a type of farce that makes things
Mo

Jassim, | think enargy & a waste product gliven off when some-
thing it aclive

With whom do you most agres? Explaln why you agree
weith [hat person,

3.2 Energy Transformations
+ What i the e of comuervation of energy?
s Howw does iriction affect enengy enaformation:
o How e difforont types of snorgy veed?

Chagrterr L vy and Enengy Transtomation®o

2018

What is energy and what are Get Ready to Read
energy transformations? What do you think?
Use thi ticipati ide t students' back d k
[@)TheBIGidea oo ol S el et Mo gy

There are no right or wrong answers to these questions. writbe end of each lesson, ask students to read and evaluate their
student-generated questions produced during the discussiof§fj®" responses. Students should be encouraged to change an
chart paper and return to them throughout the chapter. of their responses.

Anticipation Set for Lesson 1

Gatli:::tgmt:ueﬁonstm O TR e D e 1. A fast-moving baseball has more kinetic energy than a slow-
school today? How are they similar.energy (o my body: gosaine, o fuera  Oving baseball.

and how are they different | car: and electricity. lo move an elevator  Agree.The faster an object moves, the more kinetic energy it |
has, so the fast-moving baseball would have more energy. '

& What are the major energy Possible answers may include the Sun
transformations in the photograph?warming Eorth or gosoline moving cors. 2, A large truck and a small car moving at the same speed have
Discuss how the Sun’s energy worms the same kinetic energy.
Earth and helps plants grow and how *
fossil fuels move cars. DisagreeA large truck moving at the same speed as a small

= car has more kinetic energy than the car. The kinetic energy
@:'g';”w?::,'?,,‘:‘:ﬁ;‘;{,?mh - m;’ ]gﬂ?ig;ﬁm energy  (KE) of an object depends on its speed and its mass.

classified? in motion or kinetic . Students
gt know there are diferent ypes of 3+ A book sitting on a shelf has no energy.

m:’m“’%fgmmmms DisagreeA book sitting on a shelf has thermal energy. Also,

begin to differentiate forms of energy there is gravitational potential energy between the book and
based on chemical-versus-thermal or Earth.

mechanical-versus-polential

characteristics.
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Science Content Background

m : Energy and Woflnergy can be transferred by doing work. Work
- Is the application of force over a distance. Faor example, work is
Forms of Energy . done when a person lifts an object or when one object transfers

s s _ = . energy to another object when the two collide.
Kinetic and Potential Eneiragrgy is the ability to cause
change. There are many forms of energy. Kinetic energy i$ (@#lonal Forms of EneFly energy that sound waves carry
due to motion, The faster an object moves, the more kineticic gound energy. Energy that an electric current carries is electric
energy it has. Potential energy is stored energy—energy th The energy that electromagnetic waves carry, stch as
comes from interactions between objects or particles. Gra.w@ﬂgg%lfmm the Sun, is radiant energy. Energy that is stored in the
energy is a type of potential energy. : nucleus of an atom is nuclear energy. Thermal energy is energy
. resulting from the motion of particles that make up an object.
: Mechanical energy is the total kinetic and potential energy in an
: ob]ect

Ad

[
zmay

T8A Chapter Energy and Energy Transformations
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Science Content Backgro

m : Using EnergWhen energy is used, it is usually changed from
+ one form to another. Turning on a light switch changes electric
Energy Transformations : energy into radiant energy and thermal energy. Organisms
. lransform chemical energy in food into kinetic energy necessary

Changes Between Forms of Enlrgygy transformations are ement
changes between different forms of energy, such as kinetic q{e'}]ﬁy :

changing to potential energy and vice versa when a ball is tNf@é@le EnergWhen energy changes form, some thermal energy
in the air and then falls down. According to the law of conp@bﬂﬁbﬁ is released, such as the thermal energy that comes from
of energy, energy can be transformed over and over again, BUming on a lightbulb. This thermal energy is generally not useful,
cannot be created or destroyed. : and is called waste energy.

olh.-ﬂ-.nr.-m.mw L & [

- Eransforie eldci

7 | _ . ety into i
7), | PN E BRI

Chapter Energy and Energy Transformatil&B
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Strand Map

Required Background

Knowledge

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

Forms of Energy
X —

Transformations

* Changes in speed or direction of mation are
caused by forces.

p—l

' Substances may moye

from place to place bjt

they never appear ogt

of nowhere and nevdr
just disappear.

* Sunlight is used to run

many devices.

machines.

* Moving air and wafer
tan be used to run

¥

¥

1 Energy is the ability to cause change.

¥

2 Kinelic energy is energy a body has because
moving. Potential energy is stored energy.

S

¥

3 Work is the transfer of energy that occurs when
is applied over a distance.,

,'"9-
il
L

=

C18

[

L

5

force

4 Different forms

of energy includsg

thermal energy arf
radiant energy.

=

¥

5 According to the lay
of conservation of

6 Friction !h‘iﬂbfﬂrﬂl‘l

energy, energy can b
transformed from ong
form into another or
transferred from one
region to another, buj
energy cannot be
crealed or destroyed

- mechanical energ

6 Any form of energ
can be transformeci=

into thermal energy

1

into other forms of
energy.
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Identifying Misconcepti

Energy Is Everywhere . Friction Is All Around

Find Out What Students Think . Find Out What Students Think

Students may think that... . Students may think that...
... energy is only in living things. They may think of energy onlfriction only hinders the movement of rough objects that come
as the ability of living things to grow, move, and eat, failing toto contact with each oStedents may not think of friction
understand that energy is in everything. : asa constant presence that is always working against
the motion of all objects that are touching.

Discussion L= -
Explain that energy is defined as the ability or capacity ta dd?ISCUssion
work or to produce change. The composition of an object altbfes students Figure nd review the example of friction at
position determines what kind of energy it has. Living thingswandk from the lessen. Have students explain how the two objects
unique in that they can convert chemical energy in food to (the bicycle wheel and the brake) are interacting and how the
another form, for example, thermal energy. But enerqy is'in resistance from friction is affecting their slide. Clarify that friction
everythingdsk:What are some examples of energy that we usalways present when two objects come into contact. Give the
every dayStudents may suggest solar energy or electric example of rubbing your hands togl#tlei¥hat objects are
energyPoint out that the food we eat comes from solar enemyming into contact and how is friction affectirijtilzm®s
and that many of the things we use each day use electric ershguld note that as your hands come into contact with each
Then explain that energy is present even in nonmoving objeather, friction slows down their movement and creates some
This type of energy is called potential energy, or stored enetipermal energgeview with students how oil, graphite, grease,

. . or other lubricants reduce friction but never eliminate it. There
Promote Understanding . will always be some friction present when two objects touch.

Cusieey, FOrm pairs of students. Have each pair fill larg g
kﬁhm glass jars with water. Distribute lids, tea bags.ﬁromc’te Understanding

and thermometers to each pair of students. : h i'Hity Bring in pictures from sports, automotive, or

1. First, have students check the temperature of the water. g engineering magazines. Select a group of images
have them add one or two tea bags to each jar. Studeptsthat illustrate sliding, rolling, and fluid freatioan éiso include
should cover the jars with a lid and place them in a supnjhe iceberg photo at the beginnlnession 2bie basketball

spot in the classroom. . players iFigure Gnd/or the racing cards Figure 9.
2. In about an hohave students remove the tea bags and ctiecl- Form pairs of students and give each pair a few images.
the temperature of the water 1 2. Write the definition of friction on the board: Friction is a force that

3. Have students describe what happened and why they think iresists the sliding of two surfaces that are touching.
happened. Have them explain where the energy came froB. Clarify for students that these surfaces can include solids,

and what energy transformations took place. : liquids, and gases and that some mechanical energy is always
4. Have students record the process and results in their Sciendéansformed into thermal energy when two surfaces rub
Journals. : against each other.
q 0’.:1; . 4, Ask students to examine their images and locate the surfaces
B ‘% . coming into contact.
’ . 5. Ask each pair to present their images, pinpointing where
) /el f : friction is at work.
L] e -
2018,9
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I 3.1 Forms of Energy

Can }f_::l._:l_lchqnge matter?ll:_“p_”_”_ . ng, wﬁﬂ:rl“

y things changlr
T N Pt men o Wit s energy?

can you causs o« What are tial

and ki enegy?
s How |s energy

related to work?

1. RBead and complate the Bb safety form « Wihat are the

wandPlace the bulb otermometer different forms of

he s2nd, Da Record the tempetaimEneTayT

Why s this cat
glowing® mmera

e ahd plidemthe cup. Hold dewn |
e for 10 i @ﬁ“’mm!w

tempesrature of

energy

Think About This
1. Wat changs dd jou observe in the sand miechanical snergy

3. Koy Concegilitet do you think caus thi change you
bearved in the sand?

MiniLABCan & o
Ui wors®
Skill Practicds o

4 @) winatic; enargy T

Chagtar 3 "

INGUIRY w4 LABManager

About the PhoWhy is this cat glowing?p students All the labs for this lesson can be found in the Student Resource
understand that the colors in this picture result from thermalygndbook and the Activity Lab Workbook.

energy, not light energy. Remind students that different amounts

of thermal energy travel to the camera as radiant energy of & . .

infrared light. Use the questions below to start a discussion AguEssential Questions

radiant and thermal energy. Then lead a class discussion abogifter this lesson, students should understand the Essential
the forms of energy, and see if students can suggest any oth@uestions and be able to answer them. Have students write
forms of energy. each question in their interactive noteboaks. Revisit each

Guiding Questions question as you cover its relevant content.

& In this image, what are some of thePossible answers may include its eyes,

cal's warmest areas? mouth, ears, foce, and pows G Vocabulary
25 Brainstorm: Where can you find energy?

@ How does the cat's fur affect colorse brightness depends on the thickness  1- FOrm groups of four students. Have each group brainstorm
this image? How would shaving the the cat’s fur—the thicker, the darker. If 15 examples of energy. Try to guide the brainstorming from
cat affect the colors? Lfn.- Em\,w{lm shaved, the image would be examples in daily life, such as food, toward energy sources

e that students do not experience often, such as nuclear
]® Where would a car's brightest and The hood ond wheels would be brightest energy. Summarize all the examples by writing them on chart
darkest areas be if it had just finishEd windows might glow if the the heater paper or on the board.
a long drive? were on. The sides, top. and trunk would 2 psi: How would you group (classify) these examples?
be darker becouse they would be cool :
Challenge students to find common as well as uncommon
ways to classify their examples of energy. Students may
notice the definitions in the vocabulary list and opt to use
these.
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Engage Explore Explain  Elsborate  Evaluate

3.Have students share their classifications and write them on
the board. Point out similarities between students’ Teacher Notes
classifications and those used in this lesson: kinetic energy,
potential energy, mechanical energy, sound energy, light

energy, thermal energy, electric energy, radiant energy, and
nuclear energy.

Explordctivity

Can you change matter?

Prep5 minClassi5 min

Purpose
To observe the relationship between maotion, energy, and
temperature.

Materials
Studentsolystyrene cup with lid, sand (or rice), thermometer

Before &u Begin
Form teams of two and provide each team with a set of materials.

Guide the Investigation

« Have students use previous experiences to discuss the types of
changes that can occur to matter, including ¥
size, temperature, color, positions of obj
composition, such as when food is cooked

+ |f students use glass thermometers, caution
when placing thermometers in sand. Make, s
do not attempt to shake their cups with th
or use thermometers to stir sand. 2018

« Encourage students to take turns and shake the cup vigorously
for at least 2 min.

+ A variation on the procedure is to half-fill one cup with rice or
sand, take the temperature, and then tape the rim of an empty
cup to this cup's rim. This gives the sand or rice twice the room
to move while the cup is being shaken.

Think About This

Do not expect students to determine the correct answer. Students

should be encouraged to speculate. Use the answer set to guide

students’ reasoning.

1. Students should observe that the temperature of the sand
increased several degrees after shaking. Students may infer
that the sand rubbing together while it was shaken caused the
increase in temperature,

2.Students may suggest that they could have shaken the sand
longer to increase the temperature even more.

3.Students may conclude that the energy they used in shaking
the cup was somehow transferred to the sand. The increased
energy in the sand caused an increase in temperature,

€D On Level € Approachinkevel % Beyond Level Lesson 3.Forms of Energy 81
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ﬁl Merfize readng iy esson, wrile Quwn whst you sreely Snow @ T Trvd cotusn I the sipoongd oelumn
wilde own wtal you mant 10 heern Al you heve Comgiried B etaon wille down stal pou learred

1 ihe ihitd Cokure

wmxm} What | Wand fo Leam What | Leamed

‘ | Figure Fhe kinefic ensigy (KE) iof s obipect depends on ifs wpied snd #y
miass. The werlicnl bars show Uhi kmietic enety of smch vebicke

\ \ l, ! ) Kinetic Energy—Energy of Motion m_l\
—— F— e i Have you ever been to 2 bowling alley! When you rolled Fﬁﬁ:,hﬁ&ﬁ": ':,?:;‘i
i biall ard 1 hit the pins. a change occutred- the pins fell :n'cvﬂﬂrll-!u:!u:'ltkgﬂ I:m
. - | | Lty |t a3
What is energ—y? i change ocoured because the ball had a form of energy call B awn. Organize
: kinetle encrpiinetic energyenergy due to motlon AL | information abou the fods
it might be exciting o wateh a fiseworks display. such xi_mr merving abjerts have kinetic energy L sty G0 quarter §hedte
- one shown Bigure Over and over, vou lear the crack of 3 ﬁ::zm:&m At g iny
m cxplosions and see bursts of colors in the night ey I—'lrn\'ni'k.i Kinetic Eﬂﬂ'm and smd
eraale, e * " telmns energy whatt they £x[NREINP the by to : An object's lanetic energy depends on s speed. The [as
ENErgen, means "aArhlY e change: The energy in the freworks causes the r.'uliﬁ. )
b + (Lash I 1 hear 25 Joxd booms ohject moves. the more kanetle energy i has. For example, 1
you swe a8 hurstiog flashes of lighe and hear as Jocd “‘“"1 Blue car lis more kinetic energy than the grofiguae @
.. Energy abo cises other changes. The fgureisss i because the blue car 5 moving faster
- the energy from the Sum and makes food that it uses for g@wth
andd other procesws. Energy can cause changes in the motgns Kinetic Energy and Mass
1 What s snegy? X “ar
g ’ L and posttions of objects, such a the Fighte Uan you! A muwing object’s kinetic energy also depends on s mass, 1
think of other ways enengy might cane change rwo abrjects move at the same speed, the objeer with o njaws
hay more kinetic energy. Por rumplu', the rruck and the gre
Pijusre The eagomiorn of feeworks, Sw Fow® of 8 plars. sl Hae =elin o - "'L“ " g m:'."m‘.ﬂ le s speed, e the truck | NHnt i kinmtie
! & mamewy 8t Pvoive enegy miore kinathc shengy because [ has more mas energyT
Potential Energy—Stored Energy
Energy can be present even i objects are pot moving. i you

ol & ball e vour and and then loe 0 go the gravitational

i betwsewrn the Ball and Earth causes 4 chahige W eocur
i crpped the ball, it had 3 (orm of enemgy called

1o oteniial energionad eoery due o dhe

Wt iwen objectn or purficlen. Gravitational potential
mie potertial energy, and chemical poventil energy
m of potential energy

Section Jborm of Enstgy 83

az Chagtar 3
i ? Ask: How could the truck moving at the same speed as the green ca:
Wh ajt IS energy - have more kinetic ener§yufdents should note that the car and truck
Use this question to help students connd@uheh Lab are moving at the same speed, but the truck has more mass,
observations to the definition of energy. Help students understand
that a change is the only way to detect energy. Kinetic Energy and Speed
Ask: What is energyflergy is the ability to couse change. Use the following questions to help students understand the
relationship between the speed of a moving object and its kineti
Word Origin energy.
energy Guiding Questions
Ask: How does the word energy relate to the wordogtiwity? &Y Give examples of objects with and Possible answers; o moving cor has
that energy is the ability to cause change, and an activity is the result efthout kinetic energy. ﬂneﬂ'c energy and a parked car has no
netic energy.

that chan?e. For exampile. the octivity of boiling water uses energy

released from a flame.
I» Explain how a fast-moving bowling The fast-moving bowling ball has more

Ask: What might be the energy source of the hammer in ball can cause more change than a kinetic energy than o slow-moving one and
Figure 1Possible answers include a person or mamhioenY slow-moving bowling ball. f::vf:;g;;f’e change because it is

produce the activity of hammering by using human energy or o machine.

€I» How does kinetic energy change asds you guickly walk, mation and kinetic
you quickly walk to your class and energy increase; both decrease when you

Kinetic Energy—Energy of Motion then sit at your desk? sit down,

Visual Literacy: Figure 2

Students often associate kinetic energy with speed, but they may
need to be reminded that it also depends on mass. as shown in

Figure 2.
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Potential Energy Gravitational Potential Energy :
Figure Eiere aow cifteeent fanms of Even wehen you ane fjust hokling a book, gravitatiomal ~ !I .
POt wneryy povential energy is stored between the book and Eanh o t L
Gravitational Puteniisl Energy  The gitl shoran Figure Bwcivass the gravitaional rJ
E:;ff'ff:;'ﬁ:‘r,::‘;ﬁ;’*'“m potentldl energy between het hackpack and Earth by
I ' lifirg the backpack higher from the ground
g L. The gravitational pocential energy stored between an ” i
. - = . 1 s il o it Low e shie 1 1§ s b s geaieilatiorial b bl
. s arh deprs o e ety wegs nd T s b S Lt i e et e
causes 4 grester change than deopping 4 1o hall fom
| m Smilaly. dropping 3 bowlng ball from 3 m casees 5 Enﬂfgy and work
greater change thar droppinsg the same bowding hall Yo cam vransler energy by doing workapplied foroe are in diffesent directions, work iy
Sy fomoenly | m Works the tmfer of energg then perars dsgedone on the box.
0 force pislrs n odsfect stioce i the direttion g ohiecy thar las energy abo can do wark
5 Elastic Potential Energy I “'TF""T wubsile the froror i acting am the o uut:pln. when a bml;["-]hm hall collides with
. What facior dessmine e When you snetch i rubber baniFigue 3, Fuor exainple. a3 the girl lifts the box omg @eepmg pin, the bowling ball does work on
gravitatonal posential r-;rt;-u anwther form of potental eergy, called el poteficaal shell iFigure Aihe transtons energy from, (he pir. Some of the ball's linetic energy s
“r:e;bt:?ﬂndﬂ Crhject enetgy. s b=ing ored in the nubber band. Elstic hetrsell 10 the box. S does W“"L.‘-"lh‘ whilesiered to the bowling pin. Because of ths
. " ‘ potential energy & energy stosed in objects that "l the box moves in the direction of the g ection between energy and work, energy lis
| | compressed or stretched, such a5 sprngs and rubb andd while the force bs applied 1w the bogdfooimes described as the abilliy 1o do work
- S bunds. When vou relesse the end of 3 srevched N the box stops moving, the farce is no longer
hard, the swoved elastic povential energy is vansiorghed apphed, or the box nuwvemnent and the Other Forms of Ene'gy
Etastic Potential Energy irite inet e enefyy This ifansdnimation is obwioin @hen a
Thee it bae's slautic poteatial ssesdy flies across the moom. — Somye other formms of etergy are shown h
[P reases when @ i stoetchec. e 8 How {5 anergy s 40 wark? ‘l Tabie 1Al enetgy can be measuned b foubes ()
hemical Potential Energy ' ' A softball dropped from a height of about 05 @
r Fol, gasoline, skt ouher subneances are made of | | has aboiit 1 ) of kisetle energy just befose i higs
oy fjoined together by chemical bonds. Chemical L% _J thit oot
J potential energy ks energy stored in the chemical ¢

between Jtomra. 5 showigore X hemical {
Fmﬂ'mmmmq potentisl energy b rebrased when chemical fﬂ:uui =
|

huciie, hauw chismeal potentiel mesgCUUE Tour body uses the chemical potensul ener
ol i Ui s betesen atomt  foods for 3l o activities People alwo use the chemd

potential energy in gasaline to powwer cam and lnl-ts

mm “
A In gl wary 8w al ofon of polenisl enecgy il

ttingr =

Llnt Wi myiiyy st froeen (s section (o e Wies below. \

- |
2HE=~
Gravitational Potential Energy Guiding Questions

Use the following questions to review factors that determine €8 What changes when an elastic bandfise/astic potential energy increases

A : . when the elastic band is elongated and
gravitational potential energy of an object. deformed. This change in shape is where

the elastic potentiol energy is stored; the

Guiding Questions elostic band will cause change in order to
@ Give examples of objects with  Possible answers may include a book return to its original shape.
gravitational potential energy. lifted off a desk; o diver on o diving
board; and an airplane in flight &» Name some materials that might stésible answers mey include a rubber

a lot of elastic potential energy. Howand, o busketball, o meta! spting, or ony

G® What factors determine the An object’s weight and its height above are all of these materials similar?  object that can be deformed and then

ravitational potential energy storeflorth determine grovitational potential return to its original shape. All these
en an object and Enr&; energy. A book bag held above one’s head objects can store elastic potential energy.

has more gravitationol polentiol energy
than a book bag held ot woist level, The €% What characteristics make an objectin object must be able to withstand o

some bag of waist level has more effective at storing elastic potentialchange in shape—flexibility—and aiso
grovitational potential energy if it is full energy? quickly return to its original shape. A
than when it is emply. baskethall, for example, flexes when it
hits the floor but immediately returns to
& How could gravitational potential Weights can be attoched to power its origingl shape.
energy power devices when electridtyices. Raised weights on clocks store
il ? 1 ! i - -
15 not avallable? growtotional potentiol energy that then— Chemical Potential Energy
. . Use the following guestions to help students understand that
Elastic Potential Energy chemical compounds contain potential energy.
Use these questions to help students understand the concept of .
elastic potential energy. Guiding Questions

& Give three examples of chemical Possible answers may include food,
potential energy in your life today. gasoline, and firewood.
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G In what way are all forms of potential forms of potentiol energy are stored
energy the same? energy.

&€ How are the calorie contents of ~ Colories are one way of measuring the
various foods related to their potentialount of emergy that food contains. As
energy? the calorie count increases, the amount

of chemical potentiol energy increases.
For example, ice creom has more
chemical polential energy per gram thon
celery, because each unif of ice cream
has mare chemical bonds or
higher-energy chemical bonds.

Energy and Work

Stress the difference between energy and work. Work is the
transfer of energy. When work is done on an object, the object’s
energy increases. When work is done by an object, its energy
decreases. Use the questions below to discuss the relationship
between energy and work.

Guiding Questions

&I» Give some examples of how energyPossible answers may include lifting a
can help you do work. book up onto a shell, creating sounds,
and riding an elevalor lo move belween
the fioors of a building.

&» How is energy related to work?  Work s the transfer of energy that occurs
when o force couses on obyect (o move.

of o hill has

potential energy bec
to move it up the hill

I Does a person work when he or shd¥ork is done when lifti
lifts a box? Does a person work whaiy holding the box b
he or she holds a box in the air?  change in the positiqi

Other Forms of Energy

An effective way to get students to classify other forms of energy Fi€ chemical reaction of burning hydrogen.

by using the example¥able tn the next page. Have students
use the examples as a starting point for other possibilities.

¢ On Level @® Approachinkevel % Beyond Level

P, JYorking in pairs, have students challenge their partne

Fun Fact

Differentiated Instruction

D Local Energy Ustave students create an album of

examples of energy use in thelir lives. They can draw
pictures, cut them out of magazines, or copy them from
library pictures. Ask students to write a short caption fo
each picture that includes the type of energy it illustrate
For example, they may write electric energy or radiant
energy next to a lightbulb; nuclear energy next to a stal
the Sun; radiant energy next to solar panels, and sounc
energy above a picture of a radio.

C® A Day in the Life of Enerigwe students, in pairs or

groups of three, outline and write a short skit that follov
energy through one day as it transforms from one type
another. Have students begin by using the reading to li
the types of potential and kinetic energy they will inclu
their work. Then, have them brainstorm how those type
energy exist in a classroom. Finally, have students
demonstrate how those types of energy can be linked
together in a 5-min episode.

O Teacher Toolb i T T

Reading Strategy

Gentify how each type of kinetic energy and each typ
gential energy relate to each endfailanl

pe of work done by each type of en¥edptar

Fusion v. Chemical Reacfiba energy from a hydrogen
nuclear reaction is over 1 million times more powerful

Careers in Science

Design Sculptobéearly all automobiles begin as model
At some point, those models need to be tested for eny
efficiency to help engineers decide how to minimize e
consumption and maximize speed, safety, and utllity*j
Automobile engineers work with professional sculptor
take the engineers’ ideas and create an exact scale m
of the car out of foam and clay. Design sculptors are é
important link in the pracess of creating new, more eff
means of transportation for the future.
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Visual theracy: Forms of Energ‘y I® How can thermal energy be used tolhermal energy can couse water fo turn
Use the questions below to help students better understand the make electric energy? How can  fo steam that can turn o turhine

A 3 P electric energy be used to create  connected to a generator, which will then
forms of energy by asking them to give examples from their livesg, - energy? create on elactric current. Electric energy

heots a wire as it flows it as in a logster.

ol wond redaswd i plee nideres of wer e by the Sun

] wwhen nuckel join 1ogether. Ina

LA

Mechanical Energy / Sound Energy
Guiding Questions Radiant Energy—Light Energy / Nuclear Energy

&9 Is a car in motion an example of A cor in motion shows mechanical energy Guiding Questions

mechanical or sound energy? How A loud classroom, like a stereo or an - . : .
ot : 1> What objects can you think of that Answers may include objects that emit
(AN 00 explosian, emits sound energy. shine? tight, such as the Sun, stars, flashlights,

W
]» What do mechanical energy and  Both types of energy have the ability to anelgus.

h i ? p ” ;
SOUING. IRy 138Ve.R1.Conson R ST ® Describe three forms of energy.  The eneray given off by the Sun is radiant

enargy. The energy stored in the nucleus

> How are mechanical energy and  Mechanical energy is related o objects; of an atom fs nuclear energy. The energy

sound energy different? sound is refoted lo woves. carried by sound waves s sound energy.
Thermal Energy / Electric Energy {I® How can one energy resource—for The Sun is made up of atoms whase
Guiding Questions example, the Sun—be the source ofnuclel store eneray. Energy from these

multiple types of energy? nuchel is refeased in the form of thermaol

&I» What kind of energy does an oven A hot oven gives off thermal energy (o energy and radiant energy

use? Does a television use thermal oook. A television uses electric energy lo

electric energy? disploy images end emit sound.

G What other it lled thermaPossib lude thermol Visual Summary
at other items are ca rmaPossible answers may include thermo o
What do these items do? blankets and thermal underwear, Both Aslk:Which Key Concept does each image relate to?

items are relgted to heat.
Summarize it§
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Use Vocabulary Interpret Graphics
1. Distinguishrtwern Linetic energy anddl, Identifyill in the graphic organtaer
potential energy. below 10 identily three types of

potmtisl chetgy

Understand Key Concepts
2. Write definiion of work

8. Describavhere chemibcal potentil

3 Wi of energy § when enrqp.' s stored in the molecule shown

vou cotnpress a spring?

A elistie potential energy

B. kinetic enctgy J it
C. ralianl ehergy —d

O, soutned energy e 8

4, Inferdhow could you Increase the
gravitational potentisl energy between
youmsel! and Eanh?

Critical Thinking
9. AnalyzaVill pusling on 3 car always
8. Infaow 2 bicycle's kinevic energy change the car's mechanical encrgy?

changes when that bicycle slows down. wigg aust happen for the car's kinetic
energy to ncnese!

6. Compare and contrasba: cuergy !
andd saund energy

Section 3 0orms of Essrgy 89

Use Vocabulary Critical Thinking

1. Kinetic energy is energy due to motion; potential energy i9.Pushing on a car will not always change the car's kinetic
stored energy due to the interactions between objects or energy.d change the car’s kinetic energy, the car must
particlesDOK 1 move DOK 4

Understand Key Concepts

2.Possible answer: Work is the transfer of energy that occurs
when a force is applied over a distDaé 1

3.A.elastic potential encD@K 2

4. You could increase the gravitational potential energy between
yourself and Earth by climbing stairs because you are moving
higherDOK 3

8. The kinetic energy decreases as a bicycle slonD@Kv@.

6. Both sound energy and radiant energy travel in waves. Light is
radiant energy. Sound waves carry sound energy. Light waves
travel faster than sound waD@K 2

Interpret Graphics
7. gravitational; elastic; chemical (in any DOkr2

8. Chemical potential energy is stored in the chemical bonds in
the molecule belcdOK 3
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Explore Activity

Is energy lost when it changes forn

% Enargy can e different forms. What happens when energes -

What's that sound? changes Bom one form 10 aothey?

' idy o]

1. Pgad and complete a lob safety form.

2. Three students should ¢t i a circle. One student has 30
buttensgrs has J8ne ditham coimmd one hns HApel
lips.

3. Each student should sschange 10 items with the studant 199
right @ 30 dems with the student to the left.

&, Rapsat step 3

Think About This

1 the butions, the one diriam coins. snd the paper ciips
represent diferent forms of energy, what represents change
from ane form of Energy to another? |

M

2. Key Concegl each bution, one disham coln, and paper clig
raprosanis one unil of eneiqy, does The tmhal amoun of origy
mcrease, decreane, of Yiny the snme? Explain your anasen

(INGUIRY LABManager

About the PhoWhat's that sounB¥ect students to use  All the labs for this lesson can be found in the Student Resource
Table 10 describe which types of energy are shown, and prdestdbook and the Activity Lab Workbook.

them to observe any changes from one form of energy to another.

Bring the terms potential energy and kinetic energy into theQEgsentim Questions

discussion. ) .
. . After this lesson, students should understand the Essential
Help stud_e ms identify. exa.mph'as of one form of energy Questions and be able to answer them. Have students write
transforming into another in this photo. : . haly
each question in their interactive notebooks. Revisit each
Guiding Questions question as you cover its relevant content.

CI» The radiant energy in sunlight heat8ossible answers may include suniight
ice, melting it and causing it to fallfsadiant energy) heats the air (thermal g vmbulaw
all in a series of energy energy). which melts the ice, causing it to "
transformations. Describe your owdull (releasing potential energy) and to Build a Class Definition
1. Explain briefly that one of nature’s laws is that energy is

series of energy transformations. make noise (sound energy) and woves

A gy conserved and only changes form. The total amount of
I Describe a set of transformations Possible answers may include o car energy remains constant. Write the words law of conservatior
similar to the one shown inthe  engine that starts (mechanical energy), of energy on the bodkdk: What are some examples of
picture that could possibly happengowers the car out of the driveway used
your town. fkinetic energy), and quickly drives the energy being in your daily life?
car to the top of the hill (potential 2.Form student groups and choose one student from each
energy); sunlight {radiant energy) melts t ickly shout out an ex le of energy being used.
bl e gl deylotyoal 1 group to quickly shout out an examp energy g
itational potential energy); which
falls to the ground fkinetic energy).
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3.Then, challenge them to invent the best brief story or illustratig
of the law of conservation of energy. Remind them that there alry A a0
many types of energy, and one type can become another. Have
one or two groups share their explanations of how it is possible
that the total amount of energy remains the same even after
changing form.
4.Finally, challenge each group to write their interpretation of the
law of conservation of energy.

Explordctivity

Is energy lost when it changes
forms?

Prep5 minClass?5 min

Pu
To infer energy transformations in change and the conservation
of energy.

Materials
3 plastic sandwich bags (one containing 30 buttons, one containing
30 pennies, one containing 30 paper clips). Small washers or pasta

shells may also be substituted. ’
Before &u Begin 3
r

Prepare one set of bags for each group of th

Guide the Investigation

« Discuss the meaning of transform. The pr
move across.d Transform is to move from
another. Ask students for examples in daily life of how energy
transforms (lightning, lighting a match, turmning on a lightbulb).

« Explain that the objects in the activity represent different forms
of energy, such as electricity, heat, or light. Each object '
represents one unit of energy. When energy changes from one
form to the next, in this case by moving from one bag to
another, none of the energy is lost.

Think About This

Do not expect students to determine the correct answer. Students

should be encouraged to speculate. Use the answer set to guide

students’ reasoning.

1. Exchanging one type of object for another represented
changes in energy from one type to another. Each student
ended up with different types of energy from what they started
with to represent that energy was transformed.

2.The total amount of energy is the same, even though it is
located in different places and is present in different forms,

&5 On Level € Approachinkevel I Beyond Level Lesson 3.Znergy Transformations 91
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Changes Between Forms of Energy
It ts the weskend and vou are resdy to make some popoom in

the microwave and watch & movie. Energy changes form when
wvou make popcoun and watch TV, As oigeredy muicro

wave changes electnic energy mto radiant energy. Radiant
energy changes imto thermal energy i the popoom kernels
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Changes Between Kinetic and Conservation of mev
Potential Energy
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movies downwatd, The balls ipeed and helght change
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Kinetic Energy to Potential Energy
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A thie ball mevees. iprwand, its speed sivd Kinetic i
wiergw deciease. However, the poteniial eoergy s
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Kmetic energy is changing into potential energy, At
tht ball's highist podiit the gravitatlonal potential
energy s 3 it greatest, and the bally kinetic energy
1 4t s lovwest
Potential Energy to Kinetic Energy
As the ball moves downward, ts potential mdr l:‘- I l:‘.'
decreases. Al the wame tlime, the ball's speed increg "
Thimmefone. the ball's kinetic energy increases. Potent
enetgy is wanaformed dine kivese energy. When the
ball reaches the other players hand. 1o kineoc ene

telrvision tamsfors clecne energy imo sound energy and
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racllang energy "

The Law of Conservation
of Energy

The 1otal energy m the aniverse i the -|1||n ol all
the different forms of energy everywhere Arconding
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b ornernsfiwmmed from one form ime asopher or gransjern
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Ask:What do the science use and common use of the word

Students may readily understand transformation of energy b ﬂ%'t Il:::e ;;' ?b“:. n'ﬂﬂm’ i:ggs reter to sometaing that is
realize how common it is in daiKiglae Sraces energy g ait.or ey @ ’
transformations in a common kitchen setting. Refer students to the

forms of energy listeable InLesson 1. Cha nges Between Kinetic and

Changes Between Forms of Energy

Guiding Questions Potential Energy
&% What enr'r?y transformations do  Possible answers: fan, electricity into ~ Refer students Figure 6Remind students that as an object rises
you see re 57 kinetic energy, lightbulb emitting radiant then falls back to Earth, the total amount of energy remains

energy; electricity into microwaves;
popcorn, radiant energy into thermal
energy

constant.

Visual Literacy: Conservation of Energy

Ask: What are other examples of a change between potential and
kinetic energy?ossible answers may include an elastic band
being stretched and released. a car driving over a hill: a
pendulum swinging.

CI» What energy transformation takes Kinetic energy is tronsferred into sound
place when you slam a door? energy and thermal energy.

I Describe another kind of energy  Possible onswers: oven, electric energy
transformation that can take place info thermal energy; blender, electric
your kitchen. energy into kinetic energy Ask:When is the gravitational potential energy the diédatest?

the ball is at the top of its trajectory.
Science Use v. Common Use
radiant
Radiant comes from the Latin, rodians, meaning “to shine.” E

that scientists use radiant to describe energy transmitted by
electromagnetic waves.

Kinetic Energy to Potential Energy

{pd students that kinetic energy can turn into other kinds of
otential energy, including elastic potential energy, gravitational
potential energy, and electric potential energy.

92 Chapter3
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Guilciay Questions Differentiated Instruction
€ How are potential and kinetic enerdfotential energy /s the energy an
different? object has because of its position. ' Illustrate Energy Transformatibms students
Kinetic energy (s the energy en object choose partners and create three illustrations of instan

has because of its motion. T t
where kinetic energy is transformed to thermal energy

. students to examine machines and natural occurrence:
Potential Energy to Kinetic Energy around them for ideas. Some instances should show o
Gravitational potential energy is an excellent way to introduce the in motion and some at rest. Each illustration should us
law of conservation of energy. But continue to remind students thdhbels to show where friction occurred and where ther
potential energy takes many forms, including chemical, elastic, an@nergy went. In addition, each should include graphs
electric. showing the relative amounts of kinetic energy and the

: energy.
Guiding Questions Graphing dane barid i
L €D Graphing-ave students research and graph the sp
oL Ny Coun i oMLy, | Thelats Regix decrecsss o idais of a space shuttle or a meteorite as it enters Earth's

atmosphere and slows because of friction. Then by eit
researching or estimating, students should create a gr

The Law of Conservation of Energy increasing thermal energy for the same object.

Students often confuse the loss of energy with the transformation
of energy. Help them work through the Idea of conservation of o ............... I e
energy by following the energy transform®#igoserb

Teacher Demo/Activity

Guiding Questions Friction
&® What is the law of conservation of Energy can be transformed from one 1.Ask students to rub their hands together quickly. Th¢
energy? form o another or transferred from them to stop rubbing and immediately shake hands |

one region to another, . It cannot be aPes, another student.
crecteclor Basiv0y E‘& . < sk:What is this type of enerfy? /s thermal
w nergy.
\ A f Ask:From where did this energy céme?on
‘A) R between the rubbing hands transforms kinetic ener
ot :) into thermal energy.

Fun Fact

How do ice skates woitk®: argument is that friction
between the skate's blade and the ice generates ther
energy that melts the ice, which acts as a lubricant be
the blade and the ice. However, this does not explain
ice is slippery even if you're standing still. It is now kn¢
that a microscopic layer of water forms on jce's surfac
when it is below the melting point, without the aid of f
The colder the ice, the thinner the layer of water.

¢ On Level @® Approachinievel €3 Beyond Level Lesson 3.Energy Transformations 93
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i Friction and the Law of Conservation of Energy
. Sovnwrtimes it may seom & i the bw of cometvation of ooergy
1 WhHat i the aw of |

I8 mot Ssecutate, ragine tding 3 bicyc g he

moving bicycle has mechencsl energy. What happems 1o this
mechanical energy when you spply the brakey and the bicycke
aopa?

cansivation of
aney”

| When you apply the brakes, the biovele’s mechanical energy i
—eee ek hiitioyesd. nitead the cyckes met hanical erengy b ttEn
m_ lormed 1o thenmal enengy. 25 sholfgeme TThe total amoum
of energy vever chargres. The sldrional thermal energy caunes
Cut fhise shests of the brakes. the wheels and the air sroumd the bicyele 1o becore
papar i hall. Une the alighaly warmmer
Pkl AP 1 PHARE &
wicke-Lal B wil fles Fricticon between the bicvcle's brake pads and the moving
ik dnd @ coves e
wheels transforms mechanical energy meo thermal energy.

your tioak to organize ¥
YU Adbes o energy Frictioss o force that resosts bhe shiding of foo surfaces that are
Fovechang,

aosbormatioes

| "‘ri There is alwava some friction between any owo surfaces thae
{ f-zuq == ate rubbing against each other A% 3 result. some mechanical
L ] energy alwivs b ansformed o thernul energy when two
| g wurfaces Tub against each other

It v exsier 1o pedal 2 bicycle & there i3 less fnction between the
bicycle's pars. With less friction. kess of the bicyele's mechanieal
enetgy b vansformed Fito thenmnal etergy. One way o reduce
friction & 1o apply a lubricant. such s ol grease. or graphite, 1o
sterisees thur rub againm each other i

Friction and Thermal Energy

Tadning

Iriciionfrom Ladifricare
means "ta ub®

Using Energy

Every day vou use difforent forms of energy w do diffen e o YRR
things. You might use the radlant energy from a lamp w N athect weraigy |

a roomm. o vou might use the chemical energy stored in

hody &0 tun & fsee Whet vou use enetgy, you lsially ol

q!ur tranutonmation?

o drom e (ot ioitor s bt P exatitjle thie |J|I1]| changis

electric energy into radiant energy and thermal energy

Using Thermal Energy

All forms of energy can be transformed o thormil o

T I

l
\ J

TRy

People ofien we thetmul energy o cook food o }lrll\'lm
warmth. A gai stove tranilonms the chemical enetgy

natural gas imto the thermal energy that cooka food. An
trwc apace heater transfonms the electie energy from a
plane b the thermal energy thar wanmas 1 foom. oo |
engine. burming fuel releases thermal energy that the o
trarsforms into mechanical enegy

Using Chemical Energy

During photowynthesis 4 plant transformis the Sun's ra
energy into chemical energy that it sores in chemical o
poundi Same of these compaoiinds become food fisr o}
bving things. Your body wansorms the chemical energ
vour food ine the kinetic enengy necessary for movenis
Your body also tandoms chemical energy intm the tha
ENTIRY Necessary 1o keep you warm,

Using Radiant Energy

The cell phine Figore Bends and receives radlan enily
using wacrowaves. When you are lisentag 1o somione
cell phone, that cell phone & tranaforming radiunt enefy
electric ehiergy and then mto sound ebergy, Wheh you

ol
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Friction and the Law of Conservation of Enir'gy! Origin
Students should understand the meaning of friction and that friction

friction occurs between two surfaces moving in opposition; "eaéiBatin word fricare means “to rub” or “to chafe.” Brainstorm h
the product of friction. Use the questions below to assess styfigitatin word became the root of the English word friction.

comprehension of these ideas.

Guiding Questions
I» What are some examples of frictionPossible answers may include rubbing

creating thermal energy?

I How does friction affect energy

transformations?

hands to warm them, o rope
burn, or striking a match.

Friction transforms kinetic energy into
thermal energy. A typicel example is o
bicycie brake rubbing against the rim of
the wheel. The rim and the broke surfoce
both become warm after the brake is

applied.

I How is the total amount of energy idafriction causes the bicycle to slow
bicycle affected as the friction in thelown, kinetic energy decreases while
bike chain and wheels cause the billkermal energy increases. The folal
to slow and grow slightly warmer? energy remains the same.

D If the contact area between two  Friction is producing thermal energy.
objects is getting warm, what might

you conclude?

94  Chapter3

Ask:What is friction and what actions can create friction?
Friction is the resistance created when two surfaces touch each
other. Have students focus more on the resistance created by
rubbing their hands together and less on the heat that is created
Remember, thermal energy comes from friction, but they are not
the same thing.

Visual Literacy: Friction and Thermal Energy
Students who are not yet comfortable with the transformations of.
energy occurring all around us may need some extra help
understanding where each type of energy comes from and where
it goes. Help students understand that the energy is still there; it
may just have a new name. Use the questions below to help
students describe the role of friction in energy transformations ani
understand the role of friction in the three images that make up
Figure 7.

Ask: What is happening to the speed of the bike in the second
image? What evidence can you offer to support your/diswer?
bicycle is slowing down because of the friction that is being
applied to the bicycle wheels. This is shown by the decreasing
kinetic energy graph and the increasing thermal energy graph.
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Engage Explore  Explain

Ask: What happens to all the kinetic energy when the bike
stops?You can see what happens in the graph in the third

Elaborate Evaluate

Differentiated Instruction

picture. All the energy has transformed to thermal energy in Ihe@ Classroom CQIIaﬁng in a dozen old magazines or
brakes and rims. Note that the thermal energy graph matches fhﬁewg.paperg_ four poster hoards, scissors and g]ue or ri

total energy graph.

cement. Hang the poster boards around the classroom.
Label them Using Thermal Energy, Using Chemical Ene

Ask: What would happen to the speed of the bike if its moving partssing Radiant Energy, and Using Electric Energy. Instru

were not well lubricated? How would the graph in the first picture

change®Students should understand thot, in addition to the

brakes, other parts of the bicycle can create friction that slows
the speed. The pedals, gears, and chains can slow the bike. The
graph would look more like the one under the middle picture.

Using Energy

students to look for images that show each type of ene
being used. For example, a runner is using chemical en
a washing machine is using electric energy, and a stove
using thermal energy. As students find images have the
create collages for each type of energy use.

D Conservation of Enetgyve students create three

Use the reading and the Guiding Questions below to help studentdifferent sets of flash cards. One set represents the diff
name the types of energy related to some of their daily activities. forms of energy, another set represents the sources of

Using Radiant Energy

Guiding Questions

™ What are examples of thermal ener§ssible answers. hot air fo heat o house
that you used today? or classroom; hot water fo cook; burning
gasoline that powered the bus to school

¢ Why is thermal energy common? = All forms of energy easily change to
thermal energy

Using Chemical Energy
Guiding Questions

& Where can people get the chemicalPossible answers: from fruils, vegetables,
polential energy stored by plants? bread, and other foods

energy, and the third set represents the users of energ
Students can play a rummy game in which they try to g
rid of cards by finding matched sets of form, source, an
user cards.

Jump Up and Down

1.Ask two volunteers to come to the front of the roo

2.Explain to the class that humans are machines and, |
all machines, we waste a lot of energy.

3.Ask the two volunteers how they fueled themselvesj

Teacher Demo rJ

morning.
4.Have one of the volunteers begin to do a mild aerol

exercise (e.g., jumping jacks, lifting textbooks up ant
down) while the other volunteer just watches.
5.After one minute of work, have a few other students

Using Thermal Energy fe;:;m:z ;he temperature of the two volunteers’

Remind students of items that “radiate” energy, such as the Sun o ... What difference did you feel between the twx
the microwave ovefFigure Shen have them read the section. ’Voll.llﬂtM? How do you explain that diffefeace?
volunteer who worked was warmer. Some of the
volunteer’s energy was wasted as thermal energy.

Fun Fact
Efficiency in Humahisnost 90 percent of a hiker's
energy will be Ia&as waste thermal energy.

& Ay

Solve a One-Step Equation V] e f
A one-step equation is an equation that can be sotved in oned’))' o
L]

& What are examples of how you
transform food's chemical energy?

Possible answers: to move, [o keep warm

Ask: Compare and contrast different forms of radiari @msrgy.
forms of radiant energy are visible, like the light from lamps or
sunlight; some forms of radiant energy are invisible, like the
microwaves and radio waves that we use to communicate.
Radiant energy can travel long distances quickly.

step or action. If you plug in two parts of the equation, you
can figure out the third part. This one-step equation assesses?018
how much energy something will use over a period of time.

Practice
The hair dryer uses 0.3 kWh of electric energy. The lone-
step equation is written as follows:; [
kWh=1,200/1,000 watt€0.25 hours. Students shoul
divide the number of watts by 1,000 to get 1.2 kW and then
multiply that number by 0.25 hours to get 0.3 kWh.

\ A
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m_ _ Using Electric Energy
L.ﬂ.l he rutin ideas bom e ..I -.‘u"‘ ‘1r “l(" ‘h’ 1 You mlh‘m use EVeTy ‘u"
.

section I he Loy beiow I sach as handheld video games. MP3 plavers. and
haks dryers, use electric energy. Some devioes, such
o hair drvery, uwe eleciric energy from elecinic
power plant Other applisnces, soch ax handheld
video gamex, tramidorm the chemical energy stored
In batteries imto electnic energy

Waste Energy
When energy changes form, some thermal energy
is abways refeased. For example, 5 Bghebulb converrs
| soune electric energy into tadiam enegy, Hovweve

| he gubull st s e enery e e
| [ tme thermal swTgy s 15 what makes the ligin e Lo of conseivg:  inja thesmal energly,  sound and radiant
i | bulby hot. Somne of this thermal energy moves into gr: d:ahtivif-:g. mg;ﬁ:xﬂh
'.\ ,'r thur air and caanor be used o !Jgil{bve-ﬂ a onacell nhm:
e Scienitists often refer to thewmad energy thar
cannoe be used 48 waste energy. Whenever energy
Jw -_ i el s energy is tansdinrmed nto wsefiul
. oy e diffesent ypes of -| energy and some is tansionmed Into waste energy
I enelgy ussd? | For example. we une the cheiniral enetgy in ganline = ——_ N
o maske cars. wach as th Snove. How g
. ) ewet it of that chn.-nwu:r::rg\ ends up as wase t I. 1 werat i thie e of commeereation of woegy? |
R — [ — energy - thesmal energy that mewes ino the sir E

;1Wn Wae anegy |

o —— —

l’ 3 Haw e different bypes of enegy Ussd? ]

2 How does frcton e snengy banstarmations?

Flgure Warn larduem mumt of S Carsal sesrgy s grues i watis enewgy

Sektion IWevew 07

Using Electric Energy Visual Summary
Emphasize that electric energy is everywhere in our lives. Us€oncepts and terms are easier to remember when they are
events like power outages to remind students how much we associated with an imagé:Which Key Concept does each

depend on electric energy . image relate to?
Guiding Questions
I» How are different types of energy Possible answer: in entertoinment

used? devices, to cook food, or to power

Id Why are many devices that we use Possible onswer: Electric energy is safe,
powered by electricity? inexpensive, and eosy to transport long
distances.

Waste Energy

Use these questions to remind students that energy can take a form
that is useless to humans. Since every form of energy can change
into thermal energy, it is the most common form of waste energy.

Guiding Questions

€I What is waste energy? Waste energy is energy thot cannot be
used.

D Can you think of waste energy that 8und energy often tokes the form of
not thermal waste? waste energy. Jet engine noise is
unusable. Light given off by the heating
elements in a loaster is waste because it
doesn’t do anything useful.

96  Chapter3
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Use Vocabulary Interpret Graphics
1. Usane emiricion in 2 complete 6. Orpanizmformation ||| in the graphic
BRI, organizer below w show how kinetic

andd potoniial encrgy change when a ball
s thrown strsight up and then falls

down
Understand Key Concepts %
2. Explaighe Liw of comservation of — e
energy in your own words [,_,H. - ,_.]
Critical Thinking

3. Describalic energy mansiormations 7, Judgedn adverisement states that 2
that ocour when a plece of wood burms. machine with moving pars will
continge moving forever without having
to add amy energy. Can this be comecy?

Explain
4. ldentifihe cnergy tramformation thar
takes place when you apply the brakes
on a bicvcle

8. Whiclnergy transformation oceurs in 4 8. Calculatll you use 4 1000 WY
1tiantof? microwave for 015 k. bow immth
A, chemical w electric electric energy do you et

B. elecurie 1o themmal

€. kinetic to chemical

D, thermal 1o potentisl

98 Chagher 3 Sacticn 3.Emergy Tiamsturmsbans 99

Use Vocabulary Critical Thinking
1. Sample answers: Friction made the bicycle stop rolling. Fridtibine advertisement must be false. The machine would always
made the machine less efficidOK 1 release energy because of friction, and eventually all of its
kinetic energy would be transformed into thermal energy, and
Understand KE')' Concepts would StOFpEgK 3 -
2.Possible response: The law of conservation of energy states that
energy cannot be created or destD@KI4

3.Chemical energy is transformed into radiant energy and  8.1000 Wx 0.15h =150 Wh=0.15 kWIDOK 2
thermal energPOK 1

4.Kinetic energy is transformed into thermal BOKgY.
5. Belectric to thermDIOK 2

Interpret Graphics

6.The ball has the most kinetic energy when it is first thrown. This
kinetic energy transforms into potential energy as the ball rises.
At the top of its path, all of the ball's kinetic energy has been
transformed into potential energy. As the ball falls, potential
energy transforms back into kinetic energy. Boxes show kinetic
energy > potential energy > potential energy > kinetic
energyDOK 3

98 Chapter3
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e TheBIGldea [m ~ Use Vocabulary
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Key Concepts Summary Vocabulary
Study Strategy: Synthesis Study Strategy: Meaning Match-Up

One way to help students figure out if they understand Key Concéfstsépairs of students create a match-up game. This activity allows
to have write them in their own words. Students should think abostudents to build skills in word recognition and vocabulary.

how they would explain these concepts to someone who has notqeqtovide each pair of students with 12 index cards (six each). Then

the text. provide each pair with six vocabulary words from the Study Guide.
1. Ask students to draw a chart like the one below in their Science Tell each student to write those words on six of the index cards, one
Journals, listing each Key Concept in the left column. word to a card. Then tell each student to write the definitions of
2. For each Key Concept, have them first put it in their own words. TH@se six words on the remaining cards, one definition per card.
have them explain why the Key Concept is important. 2. Have students mix up the cards, turn them upside down, and place
3. After students have completed the chart, they can share thelr idelitem in five rows of four cards each.
with other students. 3. Player 1turns over two cards. If the cards are a word and its matching
Example: definition, the player keeps the two cards and continues his or her

turn, If the cards don't match, they are turned back over and Player 2

; ' il all .
Kty Cancep In My Oun Words Wi 1 o bnporiand takes a turn. Continue until all the words are matched

Fricion Wher langs are  Erevgy 1 never d{rg{w{-!d Exampiec
lravedame nivoed loaetrer It & a}a‘m& changed wlo a torce fhal resiele: the sliding of
mechamical il cauese fnclion aolher |f.'lWI al ergy {retion audntes e thal are [qw;}uqu
energy mlo which gves off '
Inexvnal erergy a litlle keal

100 Chapter3
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N Ny

Use the Foldables® Chapter Project as a way to corjnect
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 Foldables®

critique and discuss the way in which gRdents ha
organized their Foldables”. o~ |

Use Vocabulary

1. electric energy 4. friction g %
2. kinetic energy 5. nuclear energy
3. work

Link Vocabulary and Key Concepts

6. potential energy 8. thermal energy
7. kinetic energy 9. radiant energy
¢ On Level @» Approachingevel ¢» Beyond Level Chapter Btudy Guide 101
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Understand Key Concepts & Which iranformation i accuning in
1. ‘Whai fictors defarmine an cbject’s kinesic e Ko heloa?
enargy?

A 18 height and o mess
B, it rmasy and ity spesd
C. s sire and it weight
D, s speed and s height
memmmmm
an ghiject and Earth depends on
l. the obyect's hesght and weight.
B. he objects mass prd spead,
C. the olyect's sire and weight
D. the obyecTs soeed ond height
l.m'nibnl&ﬁunﬂﬂwmmm;
hawe the least kinetic energy?
A. =t its highest pont
B. =t s lowest wien 1 s
e poend mening

o -
= =S
-
. id
— s
A hemical energy 10 mEChanical energy

In which situation would the graviiations
wwmmmmmu
A Yau-n!mnnnqdumuﬂi.

B. You are munning up & hil

€.t its lowest point when £ s moving Wt sikinruf A e Aituliin 1 2 1
ﬁmmﬂymﬁwmmlmm 0. Vou siand a the lop cf 3 hil
st point K When you speal inio 3 call phoane which M
4. Which type of snevgy & rebeased when e TSRy Conwerzion acnun?
siring in e photo belaw &5 plucked? A e enegy 10 rEE Energy

B. mechascsl energy o chamcal &
€. Bound eneigy 10 radant eneTgy
D. ihemnal enegy to sound energy
a enerTy It released when 8
iula:'g‘e Qg l

A etexiric mergy A chemical patential energy
B nucioar energy
€ radiant energy
D, sound enegy

8. elam potental energy
€. wlactric aneigy
0. ruckear ereigy

innade the emgne of a gasaline powwwd
I.At.:ur:u "I:rlwmm!modmn’“ al eneigy  converted primanty 30
which kind of energy?

l. Enhw:mmnmumwumk Airvatic
| 8 Enmhmn:mmmmmn otential
(- T h-em_- by (gasnis : wound

et i s & nengy i

mary difterent formy g D waste
0. Work i done when o force s eserted of) an

object

02  Chaghter Boves

Critical Thinking

. Determinbwi is done on the nall show
below if @ parsan nml:mn.mdl to the
and the handie moves. Expiain,

15, Eﬂ“ y -0 akateboard consting dn s st
& & Elows Hown s cumugatm

6. 1D et weiieigy b co t wher
mm-uu\ll I threwn stralght up Inte tna nlr
and falls back into your hands,

17, Decldsmail stretches a rubber band and
[5H I‘L-Lnl'i'rl rubber band flies across the
il says this demonstrates the
trarsfermation of kinetic ensrgy o stastc
potential energy. bs lsmal carrect? Explain,

12. Contrasde snargy tansformations that
ocour m a elecncal toaster oven and in an
slecincal fan

13, fnfeh red box and & Do muntﬂe

same shel l'here is more
potantial #ne ﬁ“ﬂd o ind

_amlthinhntum blue baw ang Earth,
Wihich bos weighs more? Explain your ans ~
|'l.0r| another plece of pawrtEshon
expluining e energ
ralions thsl occus i an
m:mnmem fignthulo

¥, Infelsma meves a tound box and & sgunm -—
bex from o lumuhvllw o figher shalf. Th
proviational polentisl energy for the ro
Dox incraaves by 50 J Tha gravitaional
potantial energy for the sguare bex inen
&y 100 J. On which bas olg Asma da mare
wark? Explain yout repsoning

18, Write an amnnuﬂuﬂ of energy and enaergy
transfor ns fos & fourth gracer who has
v hieard af these torms

l Ore-Step Equations
Srical water healed W tated ot 5500 W dnd operatis lod 106 1 ped manth. Haw muek
ie mhmigy i WWH dodas the watiod hosle Use aach mionth?

|
w1000 Wil of slectiic snmgy b s manth 1 the posess compasy Hr.-lu-uiﬂ on
urst, it ia tha totel slectiic anengy bill tor the month®

iy

Chagter Jiviow 103

Understand Key Concepts

1 B.its mass and its speed

2 A.the object’s height and weight.

3 A. atits highest point

4 D.sound energy

5 A.Energy can never be created or destroyed.
6 D.radiant energy to thermal energy

7 D. You stand at the top of a hill.

8 C.sound energy to radiant energy

9 A. chemical potential energy

10 A. kinetic

102 Chapter3

Critical Thinking

11 Work is done on the nail. A force is applied to the nail over a
distance.

12A toaster transforms electric energy into thermal energy. A
fan transforms electric energy into kinetic energy and wastes
thermal energy.

13The red box weighs more, The gravitational potential energy
between an object and Earth depends on the height and
weight of the object. Both the red box and the blue box are at
the same height.

14 Asma did more work on the square box. Asma transferred mor.
energy to the square box.

15 Friction in the skateboard's wheels transforms kinetic energy
into thermal energy.

16 The law of conservation of energy states that energy cannot be
created or destroyed. Conserving energy means reducing the
rate at which we transform energy into forms that are difficult
or impossible to use.

17 Ismail has his order wrong. His example shows the
transformation of elastic potential energy into kinetic energy.
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Writing in Science

18 Answers will vary, but students should justify their
reasoning. They should discuss electric, thermal, and
radiant energy.

g TheBIGIdea

19 Answers will vary. All answers should include the ideas
that energy is the ability to cause change, and that we
can transform the energy in energy resources into lother
useful forms of energy.

Math Skill \

Solve One-Step Equations

20.The water heater uses 583 kWh of electric
energy each month.
5,500 W=5.5 kW
5.5 kW 106 =583 kWh

21. The electric bill for the month is $104.2E

-,

1,303 kWix $0.08/kWk $104.24

€D On Level @» Approachinkevel ¢ Beyond Level Chapter Review 103
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Standardized Test Practice ' est Practi
Multiple Choice Lise the table heliw to ansaver pnestion 4
it I (il s B Dl tHiows & Ul plw dliagramy belowr i gnsawr guesnon . Constructed llupanu
' \;:‘_I“r .:|| toward & r..'-.lnp-. ™ ...IU—'E.'?"——-E!-‘-L-—,M Lise the tabille bedosp g avseeer quespions 1
Car

- 1300 kgl 20 m i "

A Einefic energy & constant and 11
Car 2 |L500 kg| 20 m r ]
B =~ | enorgy 3 conglan _
C Werk s done e>|)' the pinyet [Trock 1 | 4806 | 20 mes P Formi of Enaigy Datinition
D Work is done on the ball Trock2 | 6,000 4g 20 afs
Lise the tasgriom helons o ansier questos 2
L

ibid 0 Witlch vahicle has the moat kinetc energy?
° A carl
B card B The work being done In the disgram abowe
L C truekl transfor energy to

D truck 2 A the bos N inthe -!ht‘iwu table, list six forma of eneigy

o, i Brinthy defing ssch form

(] 5 When you compress & spting, which type of B the foor
anergy increasas? i il 12 Provicia real-ife axamples of each of the lste
¥ C  the girl
A kinetic D thi shelt lormy of energy
o Y 8 Which s true of snesgy?
e g A | cannet b= crasted or destroyed

2

2

.3
04 Chapper Fandardized Test Pracnce Chapter Banasdzed Test PrachodDs

€ polfued air
D porn water

1 B it carnot change form
& il eRelgy cannol travel Birough € Maost forma cannat be consanved
A @ vatuum
B a3 wooden table
d 2
1

Al winich I:u-rn:. is the kinstic enagy of the T
baskethall grestest?

A Nond5 -
B Zaw3 B gravity

C Zandd € kimetic enesgy
D Zand4 D themal enengy

radiant to tharma

At which poent is the gravrational potential

anegy at its raximum?

! 13 Dewcritie the energy ransfoemations Mt
artur at locatlons A, B, and C

gnme
bk b

[ Y MY P
Erpwg ot B

4 5 6 7 B 8 0o |n g

5
2

3
Ga to Section... LY B ISR S Eh e B B2 5

Multiple Choice are moving at the same speed (20 m/s), the object with the

1

104

D—Correctd, B, C—To move the ball through the air toward greatest mass (truck 2) has the greatest kinelicOK®.

the hoop, the player must transfer energy to tbelbahist 5 C—Correchh—A compressed spring is not moving so it does
the player must do work on the ball. Work is the transfer of not have kinetic energy. B, D—Nuclear and radiant energy are
energy that occurs when a force is applied over a distance, "t Part of a compressed sp@@K 1

Neither force nor motion alone will cause an energy transfer- A—Correct. B, C, D—Sound is a mechanical wave and can on
both are necessaOK 1 travel through matter. A vacuum does not contain any matter,

A—CorrectB, C, D—The diagram shows the trajectory of therefore, sound cannot travel throunoK.1

a ball as it is thrown between two players. The ball has the 7 A—Correct. B, C, D—When a bicyclist applies the brakes, bral
greatest kinetic energy as it leaves the first player's hand (poinpads rub against the wheels, which produces friction. Friction
1). As the ball moves toward the highest point in its path, kinetitransforms kinetic energy into thermal energy. The bike slows
energy is transformed into gravitational potential energy. As  as it loses kinetic energyOK 1

the ball falls, gravitational potential energy is transformed b&M—Correct. B, C, D—The diagram shows a girl doing work
into kinetic energy. When the ball reaches the second player on a box; she is applying a force to the box over a distance.
(point 5), its kinetic energy is again at its gBD@KS2 This results in the girl transferring energy from herself to the
C—Correct. A, B, D—The gravitational potential energy isa  box. DOK 2

function of the ball's height. When the ball is at the highest 9 A—Correct. B, C, D—Although energy can be transformed fro
point in its path (point 3), the gravitational potential energy is one form to another or transferred from one region to anothe
greatestDOK2 energy cannot be created or destroyed. This principle is know
D—Correctd, B, C—An object’s kinetic energy is a function of as the law of conservation of en2xQK 1

that object’'s mass and speed. As speed and/or mass increaséQA—CorrectB, C, D—Gas does not have potential nuclear,
kinetic energy increases. Because all objects listed in the table electric, or radiant enempK 1

Chapter 3
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Constructed Response

11 Answers may vary slightly. Possible answers: ADWer Koy

Question | Answer
Form of Ener* Definition 1 D

the sum of the kinetic energy and potential engrgy of

echanical
Mechanic an object

Sound energy from vibrating objects carried by sound waves

energy due to the motions ol parlicles that maje up

Thermal !
an object

Electric energy that an electric current carries

Radiant (Light) energy that electromagnetic waves cary

L= =l WA PSR N
P20 0>

Muclear energy stored in the nucleus ol an atom

—
L]

A
See exlended answer,

—
-

DOK1

12 Answers will vary. Possible answers: mechanical energy—
moving pedals drive bicycle wheels; sound energy—
vibrating violin strings produce music; thermal energy—a
hot oven; electric energy—you can turn on a lamp when
the lamp is plugged in; radiant (light) energy—microwave
energy cooking a frozen dinner; nuclear energy—nuclear
reactors heating water to steam, which powers generators
for electricitpOK 3

13 Atlocation A, electric energy is not transformed but it is
transferred from the outlet to the microwave. At location
B, electric energy is transformed into radiant energy. At
location C, radiant energy is transformed into thermal
energy.DOK 2

-
(%]

See exlended answer,
See exlended answer,

—
el

¢ On Level @» Approachingevel » Beyond Level Chapter FItandardizeast Practice 105
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Waves and Matter

Sound angd light both ravel by waves, Clecle the statement that bast
cuonoribes o their waves trave| thraugh matter

A.Sound ravels through alr ligh travels through i,

B Sound triveels thrauah alr, light travels through water and
air.

C.Sound travels through water and air; light fravels through

* What are waves. and how are waves produced i

+ How can you describe waves by thesr
propertes’

+ What ar2 some asys N which wawes @ierac

waith msiter?

D.Saund travels through water and air; light travels through
wister and air,

___ E.Sound travels through water, air, and metal; light travels
through water and alr.

F.Sound travels through water, ali, and matal; light travels
through water, als, and matal

Explain your thinking. Describe your ldeas about how sound and light
waves travel through matier,

4.2 Light

+ How does ght aiffer fom omer torms of

eloctromacnets wirves?

+ Whal are 50mE wirys N which lignt interacts wiil
[
« How go eyer change ight waves mio the imag
you seaT

4.3 sound
+ Whal e soeme progedies of sound weved T
« Hioni 00 E&is enable peaple 10 heal sounds’

Chapter @, Lightl ang Soumndo?

w v r L' ht’ n i PAGE K LE
aves, Light, and Sound JpeiEne: Waves and Matter
@ TheBIGdea 252 Answers to the Page Keeley Science

There are no right or wrong answers to these questions. Write Probe can be found in tmclier's Edition of the
studentgenerated questions produced during the discussion o!‘f‘c“wry Lab Workbook.
chart paper and return to them throughout the chapter.

Use thghototo start a discussion that connects students to The

Guiding Questions Big Idea. To focus the discussion, ask the class the gquestions
@D Describe a water wave you have | Students may describe o large wave roll- DEIOW.
seen. ing across an ocean or @ loke, smoller

waves in a pond or swimming pool. rip- TIP List Relatedrfns Ask students to brainstorm a list of terms
ples in a pool of rainwater, @ bathtub, or they already know that relate to waves, light, and sound. For

- example, students might list words shclylatnessrenergy.
Students may describe the size, Write the list on chart paper or on the board. As the class reads th

or height of @ wave, or the amountof ~ Chaptemdd newterms based on what they leamn .

energy it carries.
Guiding Questions
€D Think about water waves of varyingtudents may describe how larger waves &> What do the different colors on theVarying colors are used on maps to show
sizes on a lake or in a swimming parffect boats and other abjects in the hlipcofins fosiy AWeni s daceuas af e halation
Describe one way in which waves obater s compared to smaller waves, p : ring deg, precipi .
varying sizes are the same and onavhich often have little effect. No malter g
way in which they're different.  the size, all water woves transfer energy €L% How do metecrologists get the  Weather satellites capture images that
as they move across the surfoce of the information they display on a weatherteorologists rely on fo predict weather
wafer. map? patterns and climate.

G Describe one property of a wave.

I How do waves transfer energy  Energy creales disturbances thot transfer
through matter and through emptythe energy in waves through matter and
space? space.

106
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Science Content Background
=D g Lesson2)

Waves . Light

What are waved®wave is a disturbance that transfers energ\Whst are light waves?

a wave moves outward from its origin, particles push and pulilectromagnetic waves can travel
against each other in a medium and move energy from oné plrcadh matter and the vacuum of %
another. However, waves do not transfer matter. : space. Electromagnetic waves include®
. radio waves, microwaves, infrared

Different Types of ) - ; . e .
WavesVibrating particles . y : waves, ultraviolet waves, X-rays, and %
produce mechanical waves, § % ! / A: GRIIMA ERYS. — -
including water waves, . pm— : ; : : ; :

seismic waves, and sound RSSO : How Light Interacts with Madlerinteractions of light waves

waves, which can travel only through matter. Mechanical wavétcgiptter affect what we see. Matter can transmit, absorb, and
be either transverse or longitudinal. Vibrating charged particfé$lect light waves. Transmission occurs when light waves pass
produce electromagnetic waves, including visible light wavedhrau@h transparent or translucent materials. Absorption occurs

vacuum, such as space. + light waves bounce off surfaces.

Properties of Waviavelength is the distance from a specifi

point on a wave to the same point on the next wave. Freqh% gPropemes aHUUQRIIE AL 08 Spaac & 200,080 Kk

Lgh empty space. Visible light includes all colors that humans

certain point each second. A wave's speed is affected by b e. The color_vlollet has the shortest wavelength and red has
wave's type and the medium through whlcll1 it tre?vels. The'l i atiargeeﬁréiglreg!sgg;?;?ﬁ :?;E“U”[: dOfTile;?z;ILart!ﬁgsggzrtgyiucﬂgah
the amplitude of a wave, the more energy it carries. : wave, the higher its intensity

How Waves Interact with Mattassmission occurs when a :

wave passes through a material. In absorption, a wave tran Ees “Sedtyes convert light into electrical signals. These
energy to a material. Reflection occurs when a wave bounca§pths are transmitted instantly to the brain, which “sees” them as
the surface of a material. The angle between the normal (afmages, The human eye includes the cornea, which refracts light,

imaginary line perpendicular to a surface) and the incomingaYgns, which focuses light waves, and the retina, which absorbs
equals the angle between the normal and the reflected wevgaht and sends signals to the brain via the optic nerve.
Refraction occurs when a wave changes speed as it moves from

one material to another, Diffraction occurs when a% cf blocks ab
Ll

measured in hertz, is the number of wavelengths that pass

the path of a wave and causes it to change direct Wy

»| \A
O ¥

2018
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Science Content Backgrc

Sound

What are sound wavé&sund also travels in waves. Sound :
waves are mechanical waves and must travel through maﬁter

Sound waves are longitudinal waves in which the particles in the _
material travel in the same direction as the wave. The energ ‘b}‘"""‘""', =l
sound waves comes from vibrations, which create compressions

and rarefactions in the medium through which the waves tra eh

Table 3 The Spee
of Sound

Material Speed (m/s)
Air (0°C) 33
Alr (20°C) 343
Water (20°C) 1,481
Water (0°C) 1,500
A 1533
lee (0°C) 3,500
Iron 5130
Glass 5,640

The Properties of Souffte compressions and rarefactions of G
sound wave determine its properties. Properties of sound:waves
include pitch, speed, and intensity, among others. Pitch is:how
high or low a sound is. The higher the frequency of the waue is,
the higher the pitch of the sound. :

: How Ears “HeaOur ears transform sound waves into electrical

. signals that the brain interprets. Sound enters through the outer
. ear. The middle ear increases the intensity of the waves and the
+ Inner ear converts the waves to signals that are transmitted to the
brain via the auditory nerve.

D The Hllllllll !ll' _

Sk e

srdiT, CALSE
II|||||||'|---
Lt Wi

vitntian g me
1 -n.-....-; by the
ot e to 1

Outer ear mw/ Inner e

&
‘ " Ad ’arlrlllﬂ
J

Hawrimiie|
" N A

TN
"y NCochied
Eardram

) The Inner Ear

n i inner ear fravel theough fukg-hlled

i thi cochibea [KOH kisw ub), Tavdhaies in
vibrmle and produce merve slkgiat iljet

1ot bk, The Bean inderpnits these signals af sound

Chapter 4Vaves, Light, and SourtO6B
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Strand Map

Required Backaround * Light travels and tends to maintaf its : _ i

q g direction of motion until it interactsjwith The brain gets signals from all parg of
Knowledge an object or material. Light can ”I‘_ﬁélgﬁiFEE_I!'l'S”CfJS'Lm;ﬂ;!'{i'nq.ﬂ"l% ?Jgrltr Ec:;"-'-
T(J_ understand the Key Concepts of absorbed, redirected, bounced badk, or the body to influence what they dd,
this chapter, students should have allowed to pass through

the following background

knowledge: e *Something can be "seen” when light waves emitted or reflected byjit enter the
eye—just as something can be “heard” when sound waves from it erfler the ear.

* Things that make sourfd .
-'12'515"&.'.'.{?.'}'.'23 ey i g vibrate. * How fast things move differ gregtly.
Mew York: Ouford Ui

Y

1 Waves are disturbances that transfer egergy 2 You can describe
from place to place. A mechanical wave forms| wavelength, frequency
when a source of energy causes parliclgs of speed, amplitude, and
matter to vibrate. A vibrating electric ch@rge energy of waves
produces an electromagnetic wave

“'"‘h.lfi ¥

3 Matter can transmit, absorbj or
. é’ reflect a wave. It also can chapge

@

i ! ’2"‘ a wave's direction by refractioh or
| 9 i diffraction.

2018

¥
Lesson Z
| 4. Light differs from other forms of electromagnetic whves by

nght its frequency, wavelength, and energy. Light is the type of
= electromagnetic wave thal is visible with the humanjeye.

1

5 Matter can transmit, absorh, and reflect light. These intefactions
differ in how much light the matter transmits and how mfch it
changes the direction of light

Y

6 Celis in the retina of the eyes change jaht
into electric signals thal travel to the brgin.

7 Sound waves travel through matter as a series pf

=1 compressions and rarefactions. ﬁ-.e frequency and warelength

of a sound wave determines the pitch. Sound waveg with
greater amplitude sound louder.

8 Ears collect and amplify sound il
then convert it to signals the brainjan
interpret,
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Identifying Misconcepti

Different Speeds through : Solutions
Different Mediums . Find Out What Students Think

Find Out What Students Think St;l:c[ﬁm;maga?mgk Tcl;‘%t-:.lnsuﬂ a sound is. They ma
. G 2xplal w loud or und Is. y may
Students may think that... : ?I:glieve that loudness and pitch are directly related and not

... waves travel at the same speed through solids, liquids; and. . ; :
gases. They may not underst.‘fnd that wa?.res move aq; differe pitze that they Atsindepancant propertes OREOLIIC waives.

speeds through different mediums. Refraction is a change in. . .
direction that occurs when a wave changes speed as it mov&4ISCUSSION

from one medium to another. . AskWhat is pitciPitch is how high or low a souridsle
; How does changing the frequency change tHeopitete?at
Discussion . higher frequencies have higher pitches. Sounds at lower

. . freguencies have lower pitdhski oudness is how your ear
¥as> 8 Qa0 BrURd 107 STt 1 PSS OF o PeEr gaﬂﬁl’%&iues the intensity ofpa sound. What is the defi):mion of

in the shallow end of a swimming poo! or any pool&skater.; ) L
How do the legs appear in the fhe{?seem to bend or intensityfhtensity is the amount of energy that passes through

; : : asquare meter of space in one selskdHow can you
ripple Ask:How does the image of the legs compare to their : /
actual positiofhe image is distorted and at an angle - Change the intensity of a sound Wauan change the

die ., amount of energy that flows through it or move closer to or
compared to the actual posifisi:The light waves changed :
direction, which causes this change in appearance. Waves SIS WoN the Tauc B9 b 0150 O AN e

Sl : amount of energy or moving closer to or farther from the source
change direction when they strike a smooth surface or m}::u..-é@g gy g

i ; . Isg change the frequency of the Neyéfle frequency
around an object. What else causes waves to change Mirectigiit, 4 yamain the same. To change the frequency, you would
change in speed also causes waves to change dirsltion.

to change the waveledighSo, does changing the

How are the particles in water different from the particles ’I”Tﬁ uency and pitch of a sound wave also change its loudness or
Water is a liquid and air is a gas. So, the particles in wa{er.ﬁ\g sitydo

closer together, move more slowly, and collide less oftén
the particles ar.Light waves travel at a slower speed thrl')ugpiomote Understanding

:Jna-;ﬁri lhf:gn e D L S lc:;:ben tﬁﬂity Provide each student with 3 or 4 empty soda

pRe. : bottles of different sizes, a beaker, and water.
Promote UnderStandmg : 1. Have each student add 100 mL of water to the first bottle,
M‘i!ity Have students work in pairs. Provide each pair 200 mL to the second bottle, and so on.

’ WiTlE an opaquefhuwi. A 1"35 “l’i"' f’lgla"’ics;‘l;fz. Have students blow with the same amount of force across the
water.[?n ;&?‘IPE- b"-‘ aimuunt of water in the glass should:be 145 of each bottle to produce a sound. Have students listen
enough to fill the bowl. . carefully to gach sound and describe it in his or her Science
1. Have students tape the 1-fils coin to the bottom of e should notice that, although the loudness

2. Have students place the bowl on a flat surface. Onew s the pitch increases as the water level
should slowly step away from the bowl until he or sheycag p—?
el
sgvater level increases, the amount of air in the

longer see the 1-fils coin on the bottom. Then the s - d
':/‘ls}eaker detteases. The shorter column of air results in sound

should stop moving and remain in place. .
3. The other student should pour water very slowly in?o ﬁ1 aves with a higher frequency and a higher pitch.
ave students blow across the top of each bottle again, a

bowl. The student should keep pouring water until his‘;oTeH
ittle more forcefully this time, and record their observations.

partner can see the 1-fils coin appear on the bottom. : |
4, Have students switch places and repeat the experiment. Th

g P P 4 g he sounds they produce will be louder, because the amount
of force has changed, but the pitch will only change as a

ask them to record their observations in their Science:
rhesult of the change in waler level,

ibrating air in each bottle produces the

Jaurnals. ,

5. Explain that when the bowl is empty and you step awa:y fro
it, you cannot see the 1-fils coin because the light waves do
not reach your eyes. However, when you pour water into the
bowl, light waves change speed as they travel through the
liquid. The light waves change direction, which enablés you
to see the 1-fils coin. :

Chapter &Vaves, Light, and SoumD6D
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4.1 v.ocs

How do waves form? ) w
L . A . ou pradatily have see |.«.| B WAYD |1','-.---.|||1n|.-|:-.||..q|$ ns
What causes 'Hn. . N e Y # ol. How are the waves produced? « What are waves, and:
W 'ivef-" v taty form how are waves
i stiges glammpan Aod shout
Mtwhltwpﬂu daar : gl ik

cotk? Record your ’
= & aric i o data table 5 youiEs e

our pencil tip on the surface af the watet WV: ahutary
s mechanical wave
 your pencl tp taster this pme u~..—:nni_"w-"-'"'

langitudinal wave
Think About This m
1. How are the waves you produced in steps 3 and 4 allke? Hovwrirection
e ey diffesent? )
2. How does the bahawiar of the £oik change in steps 4 and §F
i
I{ .! ﬂl.'nnlcu‘lpt'.:.n! do yol think ix the source ol the waves [81
SIIll PrACHCRSaw (o el Wi B - 3
Wilvets (ITheract wih ey 3\ o ¥ | 3 f
A -
) Essential Questions
About the PhoWhat causes the wavésk students to After this lesson, students should understand the Essential
describe the waves in this photo. Discuss how the waves trav@uestions and be able to answer them. Have students write
across the surface of the water. each guestion in their interactive notebooks. Revisit each
L . guestion as you cover its relevant content.
Guiding Questions
I How does it feel when a wave flowlloves push against you and make you e,
past you? bounce up ond down in the water. vocabl'"ary
Create Wave Trading Cards
G Waves make objects rise and fall inWaves have a lot of energy and can :
the weter, Why do you think that | moie things move, 1. Give one index card to each student. Assign eachlstudent a
happens? number from 1to 4. Then tell students to draw a picture of a|
different kind of wave according to the assigned number:
[ BL] Hnw;.‘lu you think the waves affectAs the waves pass, they offect the 1.Graw a picture of what happens to pond water when a
' ? f the peopl : ; :
people and objects in the water ;;ﬁfﬁg{gr the people and objects in pebble is tossed into it.

2.Draw a picture of a rainbow created by a prism,
3.Draw a picture of wind pushing a sailboat.
4.Draw a picture of ocean waves reaching a rocky shore.
L4 LABManager .
2.Have students look at the four vocabulary terms that end witl
All the labs for this lesson can be found in the Student ResourcewaveAsk:Which term best describes your illustration?
Handbook and the Activity Lab Workbook ExplainStudents should write their answers on the backs of
their cards.
3.Instruct students to refer to their index cards as they read this
lesson, and to raise their hands when they read the section
that explains the type of wave they illustrated.

108 Chapter4d
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Explordctivity
How do waves form?

Purpose

The students will understand that energy causes waves. Changing
the energy transferred to a medium changes the properties of the
wave.

Materials

two textbooks, glass pan, sheet of white paper, cork, pencil
Alternative materialsztk sliced into a disc about 1 cm thick, fish-
ing bobber, or plastic bottle top

Before &fu Begin

Have students brainstorm different waves they have seen (such as
waves on a flag, ocean waves, or waves at a stadium) and then
think about what causes these waves.

Guide the Investigation
« A drop of liquid dish soap or food coloring in the water
decreases surface tension and makes the waves eas

« The cork might move to the edge of the pan. Have st

think about how energy is transferred to the cork and Whaf that f
might do to the cork’s motion. O
Sample Data Table gmgy

Procedure Behavior of water Behavior of cork
Tap one tine Concentric circles moved to edf obbed. then st moving

bounced off, and stopped.

Slowly tap Centinuous concentric circles Bobbed back and forth each time a viave

went under it
Quickly tap | Continuous concentric circles cjoser  Bobbed back and forth each time a wave
together went under it

Think About This

1. The waves were circular and spread out from the pencil tip in
all directions with equal speed. Step 3 produced a wave that
traveled to the edges and bounced off the sides of the pan, but
the water became still very quickly. Step 4 produced repeated
circular waves throughout the pan.

2.In step 4 the cork wobbled a couple of times, then stopped
moving. In step 5, the cork wobbled back and forth repeatedly.

3. Key Conceghe energy from the pencil tip caused all the
waves.

€D On Level @ Approachirkevel ¢ Beyond Level Lesson 4. Waves 109
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Twa Main Types of Waves

Some wavens carty energy only dhrough matier. Other typs
WIS Canl CAITY CTMTRY I||r:|||}:|| matler or emply space
Mechanical Wavasivepe thar praiels cely thrismgl) maner oo
mechanical waveinedium (s e st through which a
wechanical wave traveld A mechanical wave fooms whien y
| | of energy causes partiches that make up a medium o b

example, a pelible falling (o water transfers its kineth eie
| particles of the water, av shonFiguse Ihe water panticles :
vibiate aid push agabet nesrby panticles, mandemming the ='|,|:i;[H
onitwand After each particle pishies the e I, {e ferugns o

| | .
| it oviginal rest positlon. Eneggy b8 tansferred, but the w.lli'[m
¥

ticles are not

N4l Coturas Ut BTN OO LY

"'T

= B 2. How are waves
Electromagnetic Wastsioe thor oo traved terootl empiy spdce pimeduced?

through marrer sebectromagnetic walhes type of wave forms

Ocean waves hreak whe harged paruicle, sich a5 an electron, vibrates B

What are waves?

A [lag waves in the brecee

1]
m‘: lm— oata 3 beach ¥ a friend. All of elec netic waves transfer the Sun's energy 1o Ea -

ic nrl'. or up 3 i dlssturbance, or mekhonkos, means “ike

?_l" What are maves? | these act . » d L Waves ey space. Once the waves reach Eanth, they travel thm 3
ibways begin P 1 3 M= ey, such as the simosphere or 2 glas window of vour biyjse n
| Figure knergy of th

Describing Wave Motion & maching”

Somne waves move particles of a medium up and down or side 1o
ude perpandicular the dinection the wave travels. For oxg

il waves b 2 llag move side 1o side, perpendiculsg o the

snother wihous transle et the witsd, Other wave discurbances move panticles of the :11|'.LfJ:I;Ii|I|'::...'.:“""I"'
forward then backward in same direction, or parallel, w the macon
Energy Transfer | j of the wave. And Last, some waves are a combination of both Tt e rorgnoti
: Wiesl trarmiers energy to the Glwic in the flag 111.- i types af motilable Yuntmarizcs thew three types of \-.-.nﬂ‘l’ o !
wraTgy alang e fag Mg hes back ar a the enegy taveh gong s motion -transverse, longiodinal or 3 combination of botle it "
the labric. Notice that each point on the lag mods H or i consination of bath
buck and forth. bun the Ghre does not move alonly [ Tabie fTypes of Wave Motion
with the wave. Recall, waves only tramafier energy i > .
et atter from plaoe (o place 1 % Type of Wave Motion Mechanical Waves | Electromagnetic Wapes
i { v
‘ 1 W nimile Nag werdag L o biifeze whaingile light e

v

waatiple oL Wikt
el moves up and diw

wave passes, bt the waer dors not move ko

ther wave. J . PI:‘
Mo Chapter & J

What are waves? Two Mainypes of Waves

Ask students to describe the waves that ripple through the filgi#ain the two types of waves. Water waves and the waves in th

Figure TThen have students read the first paragraph on the pliag irFigure fire examples of one type. Light waves from a
and answer these questions. candle or a lamp are examples of another type. Have students rg

the first three paragraphs and Figdye 2.

Saction dWiwes M

Guiding Questions
Guiding Questions

@ What are waves? Waves are disturbances that transfer
energy from ane place to another withou!  @% What is a mechanical wave? What ist mechanical wave is o wave that can
transferring matter. an electromagnetic wave? travel only through matter. An
electromagnetic wave can travel through
How does a wave affect = A wove moves energy from one place to matter or through empty spoce.
energy and matter? another. A wave moves through matler
but does not move it. &» How are waves produced? Mechanical waves are produced when o

source of energy causes particles of

Energy ransfer matter to vibrate. Electromagnetic waves
; . i . are produced when o source of energy
Have students discuss their experiencebanmioh Labnd causes a charged particle fo vibrate.

describe how the cork moved in the glass pan when they created
waves. Review the definition of energy, then have students r&8 What are two ways that the energy Ble energy of @ mechanical wave causes
the section, a mechanical wave differs from theparticles fo vibrate and can move only
energy ol an electromagnetic wavellrough matter. The energy of an
electromagnetic wave causes charged
particles to vibrate and travel through
matter or emply space.

110 Chapter 4
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WORD ORIGIN Differentiated Instruction

mechanical

Have students compare modern uses for the term mechanical, suc? Make Waveblave students work together in pairs o
as in relation to a machine or as a type of energy, to its Greek origif@ms. Give each pair or group a long piece of string a

coiled spring toy. Ask them to create transverse waves
thi H using the string and longitudinal waves with the coil. T

Descnblng Wave Motion have them write short sentences to explain how they r

Have students read the last paragraph, and then compare the each type of mechanical wave

types of waves describeThlole 1Explain that different types of P 3

waves move in different ways. Then ask these guestions. D Create Dictionary Entifits/c each student create
. . dictionary entries for the terms mechanical wave,
Guiding Questions electromagnetic wave, transverse wave, and longitudi
& Which kind of wave moves backands longitudinal wave; a sound wave wave. They should write a definition for each term in ti
forth? Give an example. own words and include pronunciations from the dictior

m What kind of wave moves both bacle wave thot is o combination of

and forth and up and down? transverse and longitudinal, o . . .
Give an example, waler wave o Teacher 3ol box g

Review Vocabular Reading Strategy

arnendieul Y Summarizélave students reread the section efitibed
petpe - i . Main Types of Wavlsk them to write a short summary
Have students review the definition of the word perpendicular. {5 define mechanical waves and electromagnetic wave

Draw perpendicular lines on chart paper. Explain that the lines arepemind them that summaries should primarily include
perpendicular because when they intersect they form right anglesmin ideas of a topic and few supporting details.

Teacher Demo
Visual Literacy: Transverse Wave Transverse Waves iroa&lHold up a large piece of cloth

Ask students to recall what they know about right angles. Explain SUch as a beach towel or tablecloth, by one end. Ask a
that the term transverse means "made at right angles.” Then have to hold the other end. Gently shake the cloth and have ¢
students read the first two paragraphs on this page. Explain that ¢ass observe the wavesi that move through the cloth.

the top of a transverse wave is the crest and the bottom is the 5k Are these mechanical waves or electromagnetic

trough. Have students study the transverse Figueeii3. wavesInechanical wavask: How are they cre-
Explain that as the hand moves, it results in vibrations that make §ted?Moving the towel causes particles to vibrate in the
wave along the rope. welAsk: What kind of mechanical waves are they?

transverse wovAsk: How does the disturbance

Hand move?perpendicular to the wave's direction
motion Crest

4- : "J'bu,

@ \¢
Wave directi \T h ‘ AS' "k
ave direction roug

/ \ 2may

% —

Aslk:In which direction does Ask:What is the direction of the
the disturbance mowiife disturbance in a transverse
disturbance moves up and wave?perpendicular to the direction
down. the wave travela which direction
does the transverse wave in this

diagram travelfhe wave travels
from feft to right.

€ On Level €® Approachinievel €3 Beyond Level Lesson 4.Waves 111
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Figate 3 ramverse weve p_— Wi in Nature
)WL e ulen 10 e Ry [ (wnt aves
s Waves are common in naare hecause so many

duferem energy wirrces produce waveds Two com
TS WAVES [ LU E wateT winves and sebsimie
[SF TR

Water Waveslthough water waves Jook like

n...—.-.. ey transvetse waves, water particles move in circled. &
shown iFgure |V arer waves are a combination
of transverse and longinuding waves \Water par " - | ]
--- Trorsverse Waviasune in wisch the dicurivnr v perposdscular ticles move farwand atd backward. They alw move, B SRR o e paniciests
’ T\\ o e direction the wane neelrmasverse wave e up and down. The result s a clroular pach tha ge
Make 3 vortical Bee  oeoduces transvene waves in 2 g You can make rramsverss waves simallet an the wave approachies laod,

:raﬁ‘\#_'nrl m?;:ﬁs bry strachiog ooe end of 4 rope to 2 book and holding the other

compare and contras end 24 iffigure Avhen you move vour hand up and down
trapsvernse and longitk  transverse waves tavel slong the rope. High pomts on 2 wave are

Water wavies forin becaiie there b friction 3 Mo s thee path of the wates

between the wind at s and the warer. Energy ffum Particles néar the waler’s suriace
differint fream this path near e

» v this . .
chnial waves calied crests Low points are called troughs the wind transhers w the water 2 the water inodes. oo o0
voward land. Like all waves, water waves only s
Recall that 2 vibeating charge, such 18 an electon produces an it energy. Becaie the waves movie anly througls
electromugnetic wave. Electronugnetic wanes ate transverss waves NuELLer, water weaves are mechanicd] waves
The ¢lectnic and magnetic wave disturbances are perpendicular 1o
Seismic Wavedhwen laven of rock of Earth's crust

the mation of the vibrating charge You mead thur light i 2 form of
CRETRY transierred by transverse elecuomagnetic waves. Xrays and
racdio wawved are two other examples

suddenly shifi. an earthiquake occum, The moveme
of rock sendy out weaves tha travel to Banh's s ;
An eanhquake wave & called g seivmie wave. As § 8. Which seismic witve 5 s G

Wavlsiay tha mokes the paricks of @ medkim meoe shanam iffigure Blhere are different typees of setsm wlis e
et cwed forth: pusaded to the diresion the pose demjgibtadinal waves Sesoic waves are mechanical waves becauke
wavelongmsimal waves are mechamcal waves. Like 3 trawvernse they move though maiter,
wave 3 longitodinal wave digturhance possey energy from pasticle m
particle of a mediuom. For example, when you knock on oo CTRCTRY Figure e s weven can be kangitidinal .
of your hand teamdens w the panticles that make up the doot, The i para, 8 ot o Hhe b

energy of the vibeating partiches of the door i then tsmlerred w the
air in the nexe room. Also, you can make 3 loogituding wave by
prinkiing or pulling on 3 cofled spring WNigerdlnhing

meres thee eoils choser mogrther. Pulling spresh the coils apart

e ﬁ.mm-..m.n..ﬁru.[.'T

LY

- L.

WGl il P R £ o
Atk an - bertt maban = S -
aprg, The longiludine -.....-_.

ke i afle! 03 the a5 [P .

iR
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Visual Literacy: Longitudinal Wave Waves in Nature

Have students read the next paragraph and discuss the diffeRemind students that water waves are a combination of transvers

between perpendicular and parallel. Then discuss the longitweivak and longitudinal waves. Explain that another type of wave

wave iFigure &xplain that as the hand pulls back, it results inlso moves back and forth, up and down, and side to side. How-

vibrations that create a wave along the coiled spring. ever, it moves through land instead of water. Have students read
this page and study the diagrFigire SThen ask these ques-

WTITVITTOVENIRY o o

Wave directio &% What causes water waves? Wind pushes against the water and forms
waves,
Hand motion G How is the path of the water particlis water particles near the water's
/ near the water's surface different surface move in larger circles than the
from the path near the ocean floorporticles near the ocean floor,

Ask:In which direction does Ask:In which direction does

the disturbance move in this longitudinal wave in this diagram €I®» Why do water waves move in circleliter waves are a combination of
TThe disturbance mo! travel?The wave also travels tronsverse waves and longitudinal waves,
from left to right. left to right. 50 they move up and down and back and
forth.

Ask: What is the direction of disturbance in a longitudinal wave?

parallel to the direction the wave travels Visual Literacy: Seismic Waves

Have students stiRigure Gnd compare the different types of
seismic waves. Explain that "P" stands for “primary.” Primary wave
are the fastest and can travel through solids, liquids, and gases.
The “S" stands for “secondary.” Secondary waves are slower than

112 Chapter4
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P waves and can travel only through solids. Surface waves are thDjfferentiated Instruction

slowest and can travel only along Earth's surface.

Ask: Why are seismic waves classified as mechanical waves?

¢» Draw a DiagramMave students draw a diagram that

Seismic waves are mechanical waves because they move througH!lustrates how a wave transfers energy but not matter.

matter.

%ﬁpmmm-

Wones threction o

Particle
movement
L [ '
™~ ]'-'Edrm,m Particle
L L
- movement

Surface wavese o
combinatian of longitudigal
and transverse waves, They
have back-and-forth motjon
as well as up-and-down g
/*" side-to-side motion,

.

~
l{'
Ask:Which seismic wave is similar
\ to a water wavelirface wave

Ask: Which type of wave moves in the same direction as the
particles in the wave mawehary wave

\G

€» On Level €® Approachinevel €3 Beyond Level

Students can show waves created by a pebble droppe
pool of water, use the ‘human wave' example from the
teacher demanstration, or a lightbulb example. Their
diagrams should include a short caption that explains |
waves transfer energy.

C® Write a Short Stariave students write a short story
that describes what happens in a crowded lake when
large wave passes or on land after a seismic wave pas
below ground. Students should provide details that de
the impact of a wave in nature.

TEBChGFEOlbO Bovsanssnssosns AR R R

Reading Strategy
Compare/Contragtve students write a short paragrapl
to compare and contrast water waves and seismic way
including the kinds of materials each type of wave mo
through, how they cause particles in the medium to m
and at least one effect of each type of wave.

Careers in Science

Seismologyhe study of seismic waves is known as
seismology. It includes the use of a machine called a
seismograph, which registers seismic waves and reco
the motion of the ground during an earthquake. The
information that scientists (called seismologists) gathe
helps them learn more about earthquakes and their ef

Real-World Science

Seismic Reflection and Refradigamic waves move
differently through different types of rock. When they
through rocks of different densities, the speeds and
directions of the waves change. By studying these chz
scientists can learn more about how seismic waves tra

Lesson 4 Waves 13
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Properties of Waves

Hew could you deveribe water waves ath H ‘|| I\
beach? You might describe propetties self ) ) [
the heighs or the wparwed of the wave Wher) | |
schentists describie waves, they descrile thd |
proparties of wavelmngth and frequency

Wavelength

1 '
v VU ¥V

The distance beiween a point on one \\ir-*"\ ’-.II
such 2 the crest, and the same point on .
next swave §s called the wavelength. Differen 3 L}

| et Sl
twpes of waves cin hive wavelsnigilis thag

range fom thouwsinds of kikeneters w 3 = :I f ¥ : i 7]
than the stze of an stom! e Y 't,. :
w Tl e’ . > [

Frequency Figurs Pow Can ceacrta the mowbeagth o e
The munber of usavelengiis thar pass @ oy JER=CF Of D00 lnaivess whd losgacinal waves
servned i o wpieqUEnCYequency 1

memazed in bery (He) Ome b equah oo
wave per werond. As shovwBigure Mhe Wit i P 3 %
larger the wavelengiih, the lower the frequeny. i e

e

As the diszapce berween the crests gets Y |
tha mimber of waves passng a pxen esch seoymad

INCTEdM |

d Ll P s wissar froem Uhps see B i e Doe. Barleres

Wave Speed o e
A wave's speed depenids an che mediom, or Typy

Typieal

inaterial theotgh which it travels. ElectromagnetiSvyee o Wave [

waiee abways wraviel throigh empoy space il e s lrm'r“ |
speed, 3« t/s Thats 300 milllon meters each

second! They trave] slowsr through o medium, ar [Dossn wive 75

matter, becatne they mist interact with particles
Mechanieal waves also vravel slower throlgh mat L

L] Wi I @iE 340
brecaume the waves tandler energy from one pansdge 1o
another. For example. sotmnd waves travel about oife
millionth the spoed of light waves, Thie spred ol
wiaves depends on the strenguh of the wind thas e
duces thedTable Yompanes the speeds of differont
wypes of waves

Beclromagresic

Amplitude and Energy ot hareigh

Diifferem waves canry different amounts of energy, (GEEL SpEce

earthaquakes, for example. are catastrophic becaunse ri@

WETME SEIRTIE
3 1
= i D0 fo T.000

=t

Lol sessri
wave {F wave) 1,000 | 14,000,

200,000 000

le 2 e spesd of & weve degents on
e type ol wave and the medivm through
ich Thes e lieeld

camy so much energy. A shaft in Earth's crust can ¢
prarticles i the cruse w vibrae back sod forth very
from their fest positions, producing seisimic waves [h
Jarmsary 2010, sedsmic waves In Hain sramsferred enough
enirgy o destroy entire cities

A waveamplivwde the muxynsen duganee o puve -
sy fromm s e powirion. For mechanioal waves, s3mpl gt can you destribe *“1.

e s il maxinuim distance the pariicles of dwe
medium miove from thisie rest positions as 4 wave pasjes.
The mone energy a mechanical wave has, the larger i
armplitude. The anplitude of 4 tansveiss mechatiieal '\ct"qw' J

s sliorys Fegure 8 -
B v ram b sl waue

Y

Nampee aemiiliiisie.
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Figure B ke e gy |s Loed bo poduce o
mechanical weee, Hmrlicles of & medium vk sle
Fartiz Teeai thrlr vl posstions
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Properties of Waves

Explain that waves have different properties that can be use®emind students that wavelength and frequency are two proper-
describe how they move and behave. Then have students reli@igé waves. Have them discuss their experien

first paragraph on this page.
Wavelength / Frequency

Refer students Figure ind have them compare the lengths ofAMplitude and Energy
the red lines. Wavelength is the distance from a specific poinEg@lain that amplitude is another wave property. Refer students t-
one wave to the same relative point on the next wave. FrequEigyre Explain that the person moving the rope would need to
is the number of wavelengths that pass a point in one secon#se more energy to make waves that had higher crests and lowe
Ask: Which wave do you think takes longer to pass a giveriroughs. Then refer stuclerffigore &nd note that the wave

point?The wave with the longer waveldMbytThere is more
of it to pass the point.

Guiding Questions
I Which unit is used to measure wavaheriz
frequency?
&» What is frequency? The number of wavelengths that pass o

point each second.

B If a wave's frequency is 0.5 Hz, howwo seconds
long does it take it to pass a point?

114 Chapter4

Wave Speed

and the properties of the waves they created. Then have them re-
the first paragraph and siahle 2.

with the higher crests and lower troughs has higher energy. Amp
tude is a measure of the energy a wave carries. All waves have
measurable amplitudes.

Guiding Questions

5 What is amplitude? Amplitude is the moximum distance o
wave varies from its rest position.
» How can you describe waves? You can desciibe a wave by its

wavelength, frequency, speed, amplitude,
and energy

I How can you decrease the amplitudéu con reduce the amount of energy the
of a sound wave? wave caries.
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Wave Interaction with Mattagsorption

Yot lurve pesd thr whbseis vori knoek on 3 a8

loryginubinad sound waves tansder the eneg o eruke up the door
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Reflection
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MWE Chapter &
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Law of Reflection

You can predicn how waves will reflect from a
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d ligha w Prpsroacting
callied i wave
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Refraction
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Wave Interaction with Matter

Visual Literacy:

Bring to class a clear plastic container and an object that malf2€flection

noise, such as an alarm clock or a music box. Explain that thddave students study the illustratfigure 94sk these ques-
objects will help students understand what can happen whetions to informally assess students’ understanding of the differ,
ent ways waves can interact with matter,

. What are transmission,
ion, and
ionTransmission is the

waves interact with matter.
Transmission / Absorption

Turn on the clock’s alarm or music box so that everyone ca
Then place it under the plastic container. Students should
to hear the noise but it should be quieter. Explain that this i3 fnsfer of wave en
example of transmission and absorption. The sound is quietemedium. Absorption is the transfer
because the box absorbs some of the sound waves. Howevenfyawe ene
can still hear the sound because the box transmits some of
sound waves. Then have students read the next two parag
on this pagéskHow does the plastic container transmit
wavesThe energy of the sound waves is carried by the particles

in the container and transmitted to the air.

Reflection

Take the clock or music box out of the room but next to an open
door so that students cannot see the it but cafbBieMaty

can you still hear the sousmdhd waves bounce off walls and
travel to my ears. Have students read the last paragraph on this
pageAskWood transmits sound better than foam. Why do you
think this id%ibrating particles transmit sound. The closer

together the particles are, the better the sound is transmitted. The
particles in wood are closer together than the particles in foam.
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Ask:Does all of the energy
reflected from the plane return to
the antenna? Why or why it?
travels. the plane and particles in the air
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Engage Explore Explain Evaluate Extend

Use Vecabulary Interpret Graphics

¢ j i 1. Defindimqgudil twe (o your own 6, Identifyhe ploture below shows &
Visualize It! waords light ray bouncing ofl a Nat surface.

What is the correct scientilic term lor

this Interaction!
_— AN
2, A wave that can travel through both 2228 N =

matter and emply space s aln

A e 5 @ R A wane 30 have & 05 Wisves Com inevact Understand Key Concepts
Dance tat ranstens  turbancs Darafiel Of peee  with male by
engigy tom ges pandiculer to e refiection, reiecton 3. In which type of wave does the medi P
ﬁ:&gex’mﬂh' D o e oy ] et vravel i a ciroular mwtjont 7. Organizeopy and Hill in the graphic
- COTORATGR o e tAT A oloctromagnetic organteer below. In vach oval, |k a way
[ ar s | * 41 |
N J 8, longtrudmat i which waves cai Interact with

Fmater,

C. transverse — :
D. water aw
il My
4. (dentityvhal produces 2 mechanical

v An electromagnetle wane)
Critical Thinking

8. Decldod lorout [ire makies 4 loud
roaring sound. The explosive processes
that releagsie energy from the Sun occur
ara much higher temperature, Why

5. Compare and contiust don't wou hear o roaring souid from
transmision. teflectlon, and absorption g0
affect a wave.

'rfi What ate weners, a'etf N S0 wive Sroois edf?

I
| 2. rew Can o descrite s try e propes tee

T WHat are scrme ways i wisch maves et witn manes?
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Visual Summary 5.Transmission transfers wave energy through a material.

. Absorption transfers wave energy to the medium through whi
Concepts and terms are easier to remember when they are the wave travels. Reflection is the bouncing of a wave off a

associated with an imagec: Which Key Concept does each surface

image relate to? Int d tG hi
nterpret Gra Ccs

Use Vocabulary I'P_ P
6.reflection

1. Sample answer: In a longitudinal wave, each particle in the_ ’ n
medium vibrates back and forth, parallel to the direction in?- List any four of these five answers: absorption, reflection,

which the wave travels. refraction, diffraction, transmission.
2.electromagnetic wave Critical Thinking
Understand Key Concepts 8.We cannot hear the explosions on the Sun because sound is &

2.D. water mechanical wave and cannot travel through space.

4.A mechanical wave is produced when a source of energy
causes particles of matter to vibrate. An electromagnetic wave
Is produced when a source of energy causes charged particles
to vibrate.

118 Chapter 4
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Canl you see the light? @m ,1',,

When ligh! avals through a mediim, 11 ntEracts with 1hie

particles of the medium. Ench materinl aifecty lght differen s does light d
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'mml In which light
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» How do eyes change
light waves |nto the
Images you see?

| X

p translucent
Think About This opaque
1. Which material aliows the most light to pass theough? Winy i intensity

2. Wi |uingage o thve dight wbaen yosa shine your Tashight onetie

m

Chagter 4

w4 LABManager

About the Phoﬁpreadmg Light?struct students to look at All the labs for this lesson can be found in the Student Resource

the photograph of light shining through the forest. Have themyndbook and the Activity Lab Workbook
consider what they know about how waves travel and the energy y

they transmit in order to make predictions about light waves, s .
7 ¥/ Essential Questions

Guiding Questions After this lesson, students should understand the Key Concepts
C ALY Where does t_}he light appear to!blear the fop of the picture, behind the and be able to answer these questions. Have students write
the brightest? j‘j‘tf’;“;-'"ﬁ‘“’ you see what might be each question in their Science Journals. Revisit each question §

you cover its relevant content.
I Where does the light appear the Near the bottom of the picture and to the

dimmest? left and right, which are forthest from the ’
beam of light : ;?' Vocabl.“al'y
=2 Develop Prior Knowledge
i i > fore ahites sre there are 5
I Why do you think certain areasoffie forest is brightest where there are 1. Write this lesson's vocabulary terms on the board.

the forest are illuminated by the fewer abjects blocking the light and
light waves better than other = where you can see its source. The forest 2.Ask students to read them and think about which terms they
areas? is darkest where (e trees are thickest have heard before. Students are likely to be familiar with the
and in those areas farthest from the . ;
light beam words transparent and intensity, among others,
3.Working together as a class, have student create definitions
for any terms they already know. Write their definitions on
chart paper or the board.
4. After completing the lesson, return to the definitions and
revise them as needed or include additional information that
studenis have learned.

120 Chapter4
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Explordctivity 82
Can you see the light?

Purpose
To observe how light interacts with different materials.

o

W= o] s

Materials

a collection of five materials that can cover the end of a flashlight

such as white paper, gauze, plastic wrap, a textbook, or paper

towel

Before &fu Begin

Discuss percentage and estimation. Tell the students that their

estimations can be whole numbers.

Guide the Investigation

Make the classroom as  [FTFTPempg 7o v Pty

dark as possible for best of light (%)

results with this lab. e 208

Students should shine [ P2PeS

the flashlight 15 cmto  [G3we  [80%

20 cm from the same Texthook | 0%

white surface or white Plastic 100%

piece of paper for each trighper towe( 40%

Think About This

1. Answers will vary. The plastic wrap allowed the most light to
pass through because it was clear.

2.Some of the light was blocked, but some of the light passed

through.

3. Key Concepgitnswers will vary. The light waves are blocked by
particles that make up each material.

€D On Level @® Approachinkevel ¢ Beyond Level Lesson 4.Zight 121
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The Electromagnetic Spectrum
Hte PaEng) el MeES07. Wit 0w WKL pOw ity krsie w0 e ] COMPRA I Uit SECONG COl Light i just s cee type of slectromagneiRadlo Waved [ froquimicy, o energii
witte dower st you ment lo ke Al you feve comgeted Tvs, easors me e Oown wh sl you leared wave. There s a wide range of electiamagalecirnimogmetic wiaoe that B o akassengeh
i the therid cahumn el weaves than make up the electromagnetic  bger s abo 10 vl b alindm
now l eam hﬁ I Earne spectiun, shownRigure 1Besldes light,  Radio waves have the least aimotni of l'llnﬂ
!’H IK_ wuﬂd h Sl | w l_ — ‘_ YOu encountet several ather 1ypes of elecinbany electromagniotic wave, On Earthi, radid

magnetle waves every day, and they probabid television ansmimens produce radio
| | play 20 ynportant mle in your lije waven that carry radio and welevision signals.

Microwavesou might e fnloowaves (o

| I’l“’ of E'lCthﬂgl'l'ltlﬂ w.uqml\, your food. Micnowaves alse carry cell
The elecuramagnetic spectnamn consis of phone signabe Wavelengts of microwaves tage
I s maln types of waves. These waves fillign about 1| mm 1o 30 cm. Micrewaves easib)
\ \ fraim low energy, lohg-wrelength radio iyl hrotigh smoke, nght radny, ard chouds,

\ ' o very highenergy, shon-wavelength gamma Wikl makes tietn usetu] for rapsiiteng
g Nothoe the relationship between wavelenstlformsation by ssteliites. Weather eakar i'ﬁ1l|‘l1l
What are light waves? frequency, and energy insicansd byt aromect microwaves off wain o sioem clouds w
You: Ierve. midl s Tt types of inFigure 133 the wavelength of elee trititidetect and caleulate the sworm's distance and
s e ardeal Jru!mcu'lh!TErmllgnr[mllc Mocteanical netic wives decreases. the wave frequency motion. Then, these caloulations ane ised o

incteases. Low lrequency electronagietic Wil weather e like the ane shown on the
catry low amiounts of ehergy, and high-frequimgyugs of this chaples.
waves carry high amounes of energy

waves move only through maner, but
clectrotnagnetic waves cait move throtugh matter and
through empty space. New you. will read abow

different tvpes of electromagnetic waves. The mont
familiar type of electromagneic wave is light Figume 1Eirciomagtes: weves fopve dilterent wirvslengihs, recuences. and sneegy

e

Reeall thar vitwming charged particles produce
m vleriromagneiic waves with many diffenent
range wavelengiha Only 3 narmsged these
(roun) wot of wilues wavelengthy ate detected by mowt poople’s eves. This
oM RSt 10 rewtast 1| tange ol electromagtietc waves is what o
il rang Ly
known as lighe. Light waves and other fomm of
electromagnetc waves differ in waveleagth snd
Erecuenicy:

.f'a,.-..'

M

The Sun s Eanth's major source of viuble light
Almosr half the Sun's energy that neaches Eanh

b= visible lighe. Other uminous objects include |
e 4 ‘ lighabulis and objects thet prodoce Light 2 oy -
X :::""c':':l._:'"':,‘:;::;‘r "'""", b, wich as 2 campilite

An object that produces light s 2 luminous ;ﬂ:Tl..
i

122 Chapter & Sectlon 4 Bight 133

What are light waves? The Electromagnetic Spectrum

Remind students that visible light is electromagnetic waves. Review the definition of an electromagnetic wave—a wave that ¢
Discuss sources of light, such as the Sun, lamps, flashlights, travel through matter and through empty space. Remind students
candles, and fire. Then have students read the paragraphs. that this wave type forms when charged particles vibrate. Then

Ask: How does light differ from other forms of electromagimetie students read the first paragraph and preview the different

waves?Light is the only type of electromognetic wave that yotypes of waves showRigure 13,
can see. |t differs from other forms of electromagnetic wave

wavelengths, its frequencies, and the amount of energy it cms of E‘ectromagnet'c Waves
Discuss with students their prior knowledge of radio waves

and microwaves. Student may note that both are invisible and
Academic Vocabulary that we use them for different things. Remind students that
range wavelength is the distance from one point on a wave to the near
identical point, and frequency measures the number of identical
PSvelengths that pass a point each second. Have students read
aining paragraphs on this page.

Have students review the definition of range. Ask them to name,
examples of numerical ranges, such as the range of measurgingn
of students’ heights or their ages.

Guiding Questions

& What is the wavelength of a radlo A radio wave's wavelength is longer than
wave? 30 em.

15 What is the Fange of wavelengths ofhe wavelength of o microwave is
microwaves? between 1mm ond 30 cm.

& How do we use radio waves? How déie use radio woves to catry radio and
we use microwaves? television signols. We use microwaves fo
cook foad and carry cell phone signals.

122 Chapter 4
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Engage Explore Explain Elaborate Evaluate

Visual Literacy: The Electromagnetic Spectrum  Differentiated Instruction

Have students exanfigure 18 compare the different kinds of )
waves along the electromagnetic spectrum. Ask these questions &@® Define UnfamiliarfhsHave students reread the
assess understanding. sections entitiMhat are light waves? he
Electromagnetic Spectriimi. them to write a list of any

_ . - i = unfamiliar words that are not vocabulary terms, such as
ASicWhy do radio e - L= ) (e detect or luminous. Have students use a dictionary to v
have the lowest freque \ : i |- e ity : 7
of all the waves on the - 'ﬂ' = Yord Y a definition of each new term in their own words. Then

’ | - ‘ 4 4 ) l..

them to reread both sections, referring to their definitio

electromagnetic spectru L

Radio waves are low- : \ ] needed.

frequency waves because NS AL . .

mﬁ- m{ the longest €D Graph Electromagnetic Wavase students conduct

research to learn the range of wavelengths for visible li
waves. They should use the information they learn to i
a graph that compares the wavelengths of visible light,
waves, and microwaves.

wavelengths.

Aslc:Which has a longer

wavelength, light or

X-rays? do you know? Ask:How do wavelength, O Teacher Toolb T
stk A Yok Tove rork Wit e bt e

wavelengins than X-rays. you move from right alo e .

Light is to the left of X-rays electromagnetic spectrum? Reading Strategy . ‘
on the electromagnetic Wavelength decreases but frequ Make Word Connectidtmse students work together in
spectrum. and energy increase. pairs to review the first two pages in this lesson. Studer

should take turns naming important words about light
waves, such as light, electromagnetic, and visible, The
Light / Infrared Waves student's partner should then name a related word fro
Review the two types of electromagnetic waves students have  1©550n. For example, if the first student says radio wav
studied so far in this lesson—radio waves and microwaves. Refer related term might be Jow-energy. Have partners take |
them tcFigure 13nd instruct them to note where visible light and N@Ming words and related terms.

infrared waves are on the spectrum. Dig Fun Fact

;?E":’ngi': d":ﬁi?ﬁ":?;‘ii ?g?efﬁgffsﬁ:v tr::oe Comparing WavelengBaslio waves have the longest
< J wavelengths of all the waves on the electromagnetic

frequency. Have students read the para vad S X |
Infrared waves and study.the: phil ,%\N ) spectrum. They can be as long as a football field, abo
2018

definition of infrared and then ask the 100 m. Microwaves, the next longest, can range in size

assess students’ comprehension. the length of a bee to size of the head of a pin. The s

electromagnetic waves, X-rays and gamma rays, have|

Guiding Questions wavelengths that are no bigger than an atom or its nu
€D Do infrared waves have wavelengtisfrared waves have wavelengths that Real-World Science
h‘;i‘lﬂ;‘:::.?"' or shorter than visibise longer than those of visible Hight What's the frequendii®ry radio station broadcasts its
signal in a specific frequency. The number of the statig
@ Does an infrared wave have a Infrared waves have a higher frequency such as 102.7 or 550, is the frequency of its bmadcas_tj
frequency that is higher or lower tharon microwaves. waves in megahertauYheed to turn your radio to the ri¢
a microwave? frequency to listen to the station.
€ How do infrared waves and Infrared waves hove shorter wavelengths, Cultural Diversity
microwaves differ ety Y- endmere energyihan - A Early Study of Lighit Arab physicist named Alhazen

was one of the first scientists to study light. In the late ¢
and early 1000s, he studied reflection, refraction, and c
He was also the first scientist to accurately describe the
parts of the eye and explain the process of vision.

€D On Level @ Approachinkevel &% Beyond Level Lesson 4.2ight 123
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2B

Word Origin
infrared, ultraviolet

X-rays / Gamma Rays
Continue the activity in which students note where the wave typs

Have students read the Latin origin of infrared and uitraviolethey are about to study is on the electromagnetic spectrum and |

Ask: How does the origin of these words relate to their
on the electromagnetic spectfamZatin origins of infrared

g compares to the types they have already learned. Have
students read the first two paragraphs on this page and study

mean below red, and an infrared wave has an energy and aFigure 160 learn about the last two kinds of waves along the
frequency that is just below those of a red wave. The Latin ofifiaomagnetic spectrum. Then ask these questions.

of ultraviolet mean beyond violet and an ultraviolet wave ha

energy and a frequency beyond those of a violet wave.,
Ultraviolet Waves

‘buiding Questions

1% What kind of wave has slightly shorMerays
wavelengths than ultraviolet waves?

Refer tFigure 13gain, note where ultraviolet waves are on _ .
the spectrum and how they compare with other electroma§we iy do you think gamma rays can'tbey have so much energy that they

waves. Have students read the remaining paragraphs on this

page and study the imadeigare 15Then ask the following
questions to assess students’ comprehension.

Guiding Questions

€5 Is the wavelength of ultraviolet lighfhe wavelength of ultraviolet light is
shorter or longer than that of visiblehorter thon thot of visible light.
light?

I Why can ultraviolet waves be
dangerous?

Ultraviofet waves can be dangerous
because they carry enough energy to
couse particles of matter to combine or
break apart and form other types of
matter.

124 Chapter 4

used for communication in the samevould be dangerous,
way radio waves are used?

Y How do hard parts and soft parts ofThe solt patts are neatly transparent. The
luggage appear in this X-ray imagehard ports oppear as solid shapes.

€I Radio waves bounce off walls, but Gamma rays have more energy than
gamma rays can penetrate throughradio waves.
them. Why do you think that is the
case?
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Electromagnetic Waves from the Sun Differentiated Instruction
Have students read the last two paragraphs on the page. Have students work together in pairs to research the we
Explain that the Sun is the major source of all waves along the  the electromagnetic spectrum. They should learn more
electromagnetic spectrum. Nevertheless, it is not the only naturakne ditferent waves and the ways that we use them. Afte
source of these kinds of waves. Stars and other objects in space completing their research, each pair should use what thy
also are sources of electromagnetic waves. In addition, people, |earn to complete one of the following activities.
animals, and objects emit infrared waves.

€ Write a TV Scriptave pairs work together to write a

short script for a science special on electromagnetic w
Visual Literacy: The Sun’s Energy They should explain some of the ways we use microw:
Refer students Figure 13lote that the three types of waves gamma rays, radio waves, and so on.
emitted by the Sun are side by side on the electromagnetic @ Design an Inventibtave pairs work together to
spectrum. Note the images representing each type of light and  design an invention that uses two or three different kir
discuss how people sense warmth and light from the Sun and ho“\électromagnetic waves. For example, they might desig
sunscreens reflect the absorption of UV rays. Then refer students microwave oven that also broadcasts television progra
toFigure THave students compare the different percentages of - They should create an illustration of their invention alo
these varying electromagnetic waves produced by the Sun. with a brief explanation of what it is and how it uses
electromagnetic waves.

Ultraviolet waves Aslc:Which type of wave can

cause a sunburndtraviolet
1% wovesHow inuch of the Sun’s o Teacher Toolb AR IERI R L T o Th

energy is emitted as ultraviolat
rays?seven percent Reading Strategy
: : Compare/Contrastve students create a Venn diagran
that compares infrared waves to ultraviolet waves. Stu
AslcHow much of the Sun’s should include two ways in which they are the same (4

energy reaches Earth as infrared ; i
WNEMD Deroertion e thet as the source of the waves and their ability to travel th

empty space) and one or two ways in which they are
.-gu,‘,"1"3'§,‘;‘;§§,,’i:",:‘§§?e‘,“ different (such as the fact that the human body emits
obe infrared waves and UV rays can be dangerous).
a '% Cultural Diversity
The Discovery of Gamma Rafsench scientist named
e f Paul Villard is credited with discovering gamma rays a|
&) O 1900. He recognized that they were different from X-rg
ZDIBQ because they had more energy and could penetrate

materials more deeply.

Integrate Career

Fighting Fires with Infrared Wavedighters often use
infrared images produced by thermal imaging camera
These images can help them distinguish between the
thermal energy emitted by people and the thermal en
from flames. That can help them find victims or injured
fighters through smoke and haze or predict where the
intense areas of a fire are located.

€ On Level €® Approachinievel €3 Beyond Level Lesson 4.2ight 125
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Speed, Wavelength, and Light and Matter Interact Reflection
Frequency In Lessons 1, yous vesed than matter can trane Why can you see your reflection clearly in a miror, but nocin

. . the wall of your room? Recall that waves reflect ofl surfaces
1 e laabyg i atworty of retiect waves How do these .
’ ey chowrriive thee igh from s '
Herw coukd yous desrribe the Bigh fron “"mr:: actions aflect bebw that travels from 3 acconding 1w the Lew of reflection. Parallel ravs than rellect from a
i1 e lighe thas trave m 2

thue Jight I 3 city &gl You cilght use i el snooth surface retain parallel and form o clear inage. Light that
vl ‘"'L:thr h':TJ"[ L': .kn{ oy might Llﬂ‘]rwu". e reflects from 4 burnpy surface scatrens In maniy directjons A wall
L colar of thie MRt You also coudd sy D 5 b Bkl N N A .
st - = " mission sewtny soath, but up close it too bumpy to fori a clear image
.u::”:-.r:.m'.?.: m :‘L: :I;- Prlll qu'..-.:l.':fx:l; r\’::n:‘ ar gl a0 showSigers W, Different types of master inferact with light o difforent ways

gusishy ooe color of lighs from another trarami i with litile or oo dbtortion. A4 lu'; example. the um@uﬂﬂne oth transmis amd

Like all types of electramugnetic waves, Moteral that alloers st @il of the Db seriking "":-:"" J‘ri'lL" L"-'“""L‘| ‘l“.. :-'R]”."‘I-"-\.'”L-"-‘ an ‘I'I-'-‘ll.ll-l" "h_ill'lt
it mo pares throogh and chroogh udich phjects can stich as a book. bs absorbsed and rellected at the same time

light travels at 3 speed of I m/s i

yh ) Lord Retlected light allowws an object to be seen
empty space. \When light entem a mediunt 0T CArajERansparent

ratter, it sk down This B because of thélaterials such o waneed paper or (rosied CDTO(
Interaction betwsen the waves snd the papliss alao tras light. buit you Cainot see
ticles thar make up the mate hrough them cleasly. A munerisd v aflons The colors of an object depends on the wavelengths of light
The wavelength aid the Beguency of 2 1% Jir '.'_#ll'"rhz hes w10 ra .uu'r. I.iul e ll.'ll the eve A lumineis IJl‘.lL‘t'l. ?Lll]: ai g .L'.Iﬁ‘.;l]l.u'. fs thie
swanr determine the color of the lighe The O gy oehich obits appear bliarmy = color of light that it emits. I an object i not liminos, it pet
sverage human eye ean distinguish mh:lqlmil‘ml. cetved cokr depends on other Betors
milhons of wavelengths or color Reds havg Opai Objectsppose white bight strikes an Emiratt flag
the longest wavelengihs and the lowsa [,Lmum The blue hackground alworbs all wavelengtha of light except
quencics of hight. Codon at the violet end of e materials absorb maost of the light that blue The blue wavelengihs reflect back w vour eve. The od
visthle light specurum have the sharea wlkes them They trarsmit no light Therdone, sitiwes shaoth sl coloms bt fed and fed reflacis to your eye The
lengths and the highest frequencie et cannoe wee nbjects through them A meae white stam and strepes redlecy all colors, Yo see white An @ -
riatl ghroiagh which Spks docs - pidpiie opaque abiect 1s the color it reflects. as sifgardt® wm 1

Transparent and Translucent Objectslook a1 2 white -?'E-"“-" Hosa /ight

Ifteract with maties®

lightbulb through a filver of red plastic wrap, only | uu\'uiuuu! i1

0 Wikttt b et Gliagit. ared refatt Siffered armoerids of kgist T are vransnutved dhoough the plasue. The ped plastic absorbs other
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Speed, Wavelength, and Frequency Absorption
Remind students that speed, wavelength, and frequency are Hold up the opaque object and have students describe what the
properties of waves that help describe them. Have students rzar} Explain that the object is opaque. Then have students read
the first three paragraphs. On chart paper or on the board, lighe&ext paragraph on this pagje. How does the object

range of wavelengths in nanometers for the colors of the visiBlksorb light waveétibsorbs most of the light waves and you
light spectrum; violet—400 nm, indigo—445 nm, blue—475 nfgNt see through it. Some of the energy is reflected but none is
green—510 nm, yellow—570 nm, orange—590 nm, and red—&8a@smitted.

nm.Ask: How is color related to the wavelength Giligit?

near the red end of the spectrum have the longest wavefeng{!;f. . g

Colors near the violet end of the spectrum have the shortest Visual Literacy: Interactions of Light and Matter
wavelengths. Have students compare the transparent, translucent, and
Light and Matter Interact opaque objects showRigure 18\sk these questions.

Bring a transparent, an opaque, and a reflective object to C'aﬂuidlng Questions
Explain that the objects will help them understand how light ua%s 4 i e
interact with matter. i"‘t'e“:a;?\:“ﬂh liﬂﬁgmﬂ ob)

A transparent object transmits almost alf
the J':'ﬁhr that strikes it, enabling you to

Transmission see through it
Hold up the transparent object and have students describe v How does a translucent object interddtansiucent object transmits some of

they see. Explain that the object is clear or transparent. Then havwith light? the light thot strikes it, enabling you to
students read the next paragraph on thidgagkMow does see through it. but the image is biurry.
the object transmit light wafbe?.‘:ght ‘1"“"95 pass through C» How does an opaque object interaclin opaque object does not transmit the
and enable you to see what’s behind it. with light? light that strikes it, and you can't see

through it.
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Intensity of Light Interaction of Sunlight and Matter

Bali i incenasty Have vou ever woisdered why the sky s Blue or the Susn |

At b properTy yis
i and e canpes |
t of erw gy 4 effecis sach as these when sunlight travels through

Intensity e eer wollow! Thee jmetacyion o

of spuce iy o

has & motch bowet
Scattering of Sunlight
s sunlight moves through Earths avmosphere, most of the
reaches the ground. However. blue wavel
avelengiha The partichos that make up the
e wavelengths morn lJuIl they scatter Jo
Ly sppeans bi s the hlue wavele
direction. Thay o wally seacl the eve from all pars of th G

miich enetgy 4 the S

A light source a5 the Sur, that omits al| colors of lgBo
shauld appe hy does the Sun ollen appear v o
instead of v wiigure 2%{1er the blue wave
lengthe of Hght scanes, the rermaining colors appear vellow] FﬂlniBLl“
Make o L
Refraction of Sunlight el

Anocther interesting effect of sunlight oocus becase « { ey

tion, Hecall that light chung werd ds it travels from one “FE\'fl'\‘&"'mJlgt
nother, If light emers a new medium at an angle, the ||p aht

into ar
wave refracts, or changes direction
1 I TRS I A T W Ml It D e § As shown Wgure 22he refraction of bght can affect the ey
s appearance of the setting Sun. The Sun's ays dow down when
they enter Esmth's .all.‘..n]'-ln-.'r The light rays relract towand Ban I||-

» brain assumes the ravs that reach vour eyes have LI
14 straight bne, and the Sun seems 1o e higher in the
sctiully is, Thin reftaction calmes voir to see the Sun
even alver it hay set below Barth's barjzon

b Reading Chochy

Wiy St 108 Bl 1aye rEtEICL AN O e I#J Why & i e |

Figure ZA10

f Wiy i tha Sun

P NN SIS S ——

2 el T
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Intensity of Light Guiding Questions
Have students compare and contrast the pRigoesi20. & How do blue wavelengths of sunligliie biue light bounces off the particles

Explain that intensity describes the brightness of a light wave. Aﬂgleract with particles in the air?  and scotters in different directions.

students read the paragraphs, ask these questions. 5 Why is the sky blue? Why is the SunThe sky is blue because particles in air

. o yellow? scatter blue wavelengths of sunlight. The
Guiding Questions Sun appears yellow because, after the

&® Name one thing that could affect a sample answers: distonce to the light 'b“je Wavelengihs scatter, the remeining
person’s perception of the intensitysstirce, sensitivity of the person’s eyes colors together appear yellow.
ight.
light &I Particles in air also scatter violet anduman eyes are probably less sensitive
indigo wavelengths bul the sky doeto indigo and violet wavelengths and
not appear dark blue or purple durihgve a harder time seefng them in the
the day. What might you infer aboukky
human eyes and indigo and violet

Interaction of Sunlight and Matter wavelengths?

Matter can transmit, absorb, or reflect sunlight. Explain that ‘.;B} . :
can interact with matter in other ways. Then have students r ction of Sunllght

G How could you increase the intensityou could increase the amount of energy
of a flashlight beam? thot the beam carries.

first paragraph on this page. Have students read the last two paragraphs and study the photos
wst par g.r P 'SP g inFigure 2ZExplain that the refraction of light In the atmosphere
Scattering of Sunlight also helps explain why stars seem to twinkle. Starlight refracts as

Write the word scattering on chart paper or on the board. Ask at enters Earth's atmosphere. Due to the constantly changing

student to look up the word in the dictionary. Ask them to predicdh@iions of Earth's atmosphere, the star's position seems to
scattering might relate to light. Have students read the next twdluctuate, which makes it twinkle.
paragraphs and study Eigure 21.

128 Chapter 4
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Vision and the Eye

b b e

As shown Bgure 24jgle enten the eve
8 What parl of Lh eye e pons L ] thstotgh 1he « Wi
oo p
. lighit et e feLti the
light and seme he light to the brain
Fellow the stepsfigure 28 leam more abow
-

v the eve works
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|19.z Review

Visualize It!

Ctian with mat

e Ciffesend fypes of  Materians tansm

L play limpocan 2
25 I o Hie

I 1, Hivw Boes kgl OiTes fimm amet lorms of slecramagiels wees?

& Whan gow somie wiryd i1 wiich Ignd inderacts wien e ?

S R

a%n oo yes changa light wives Inte the images you nee? |

<5

Sectian A Bevew 1M

Visual Literacy: The Eye
Discuss the parts of the efiigure 23ote that light enters

Visual Summary
Concepts and terms are easier to remember when they are

through the pupil. When the eyelid covers the pupil, no light associated with an imalgs: Which Key Concept does each

enters. Ask these questions and discuss the structures of thg

Ask: Why isn't the cornea or lens visible in the photograph of the
eye? The cornea is clear and thus invisible. The lens is behind the
pupil on the inside of the eye.

relate to?

~ Ciliary
— muscles

— Carnea
Lens
Pupil
Iris
¥
Aslc:What part of the eye

responds to colocdne cells
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Engage Explbire

Light

Use Vocabulary

1. Contrastwli
el ultr

2. Explaistu diflerer

Understand Key Concepts

3. Whi e pan responds
ighu?
A
B. comes
C
D. len
&, Compareu
a el book and a red wiained
5, Describmis
travioler wan
132 Chaptar 4

Explhin Elaborate Evaluats

} - L Is it keepin i frd
Interpret Graphics sfg.p' gf}:;hf

6 Explaiti

i

This Imajie was erested s dats gathered
By aatedlites, it & hows light paliution
penermtest by Human papuletians areiund the
wofld,

e fights uaed ta
wrey this road afe

nag protnim Acd bones J | o Irmagine: tnying to sieen)
f

Critical Thinking
8. Decidal

9. Conatruet!

Section 4 2ight 133

Use Vocabulary
1.

be sensed as thermal
wavelengths, higher

and they can pa

2.¥ou can see images clea

but images look blurry through a translucent substance

Radio waves have the longest w

4.With the red book, all wavelengths of light are absorbed exce|
cts off it. A red stained glass window absorbs
almost all wavelengths of light except red. The red wavelengt|
. gnetlic waves, o poth transmitted and reflected, so the window looks red
onger than light and Gafl., v th sides.

aves have shorter
iergy than lidht.ic

red, which ret

t waves have a longer wavelength, lower frequency, and
s energy than ultraviolet waves

tly through a transparent substandaterpret Graphics

6.Light rays from the fish refract away from the normal as they

Understand Key Concepts move from the water into the air. The person perceives the raj

oG

3.A, cc

132 Chapter 4

1s having come along a straight line, from the place where th¢
image appears

7. radio . micre
X-rays, gamma rays

Critical Thinking

8.infrared waves

9. Diagrams should be similfidare 28nd contain the same

information

5, infrared waves, light, ultraviolet,
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I 4.3 ... Explore Activity
Ho:v ca;'l you change the sound uqum
How does it make . rqw. Lo+ What are same
soundsMHave you eve \' ; Ur\fﬂ“ &Mml;llﬂﬂm
sys: o ; ROt e VO s How do ears pnabie
ad pecple to hear
Procedurtie wd L1 1 51 sournds?
1 Besd and complete s lob sabely fom
2. Usincerissorsout sstrawn hail one thie halves into Mvw.w
arts. Cut one of those parts i equal parts. SOM| i ian
vohibeibet
4. this time covering the battom of e&ch wtawith
Think Aboiit This
1. Wit is the sowrre of snergy (hat creates the sound wavest
2. How doos covering the bottom of the staw change the soungeE
i 3. Key Concapliow oo \he sounds madie by 0 lang straw andis
[ | - 108 straw ciffer” Why oo you think this |
W' LABEManage
SERALANC A yeu. mas o g
L s
J10
INGUIRY ¥ Essential Questions
About the Photow does it make sountd?e students After this lesson, students should understand the Key Concepts

brainstorm a list of musical instruments, such as a piano, guitaand be able to answer these questions. Have students write
drums, saxophone, and so on. Remind them that vibrations each question in their Science Journals. Revisit each question ¢
produce waves, including sound waves. Then ask students tayou cover jts relevant content.

predict how each type of instrument they name vibrates to make

music. For example, when you hit a drum, the skin vibrates afi} Vocabulary

produces sounah filay a guitar or a piano, you pluck or strike = Compound Words

the instrument'’s strings, which vibrate. When you play a wodgheilidt How Terms Relate to the Photo

instrument, such as a saxophone, the reed in the mouthpieceq, Write the four vocabulary words on the board.
vibrates as you blow across it 2.Have students describe what is happening in the photo and
ask them to read the caption.

3.Ask them to make predictions that explain how the four
vocabulary worddgght relate to the image of the trumpet
player.

4.To help with the predictions, guide students to connect the

Guiding Questions

™ How do instruments make sounds?nstruments create vibrotions in different
ways lo create sound waves

z1®» Why do you think different Different instruments vibrate in different ] v
instruments produce different ways and produce different sounds as o explanation from the c‘aptlon to the sounds Fjrqduc‘e?‘ by the
sounds? result trumpet playeksk: Which words from the caption might be

linked to vocabulary wobkds®ients might mention high

D Why do you think certain instrumerdtsfruments are grouped together and low sounds, and loud or soft soundelowimight a
such as strings, percussion, or becouse they vibrate in the some woy * t : el
woodwinds, are grouped together imd produce similar sounds as a resuit. so_und that is high d-lf'fEl‘ from a sound that‘isiddw .
orchestras? might a sound that is loud compare to a sound that is soft?

Encourage students to answers these questions by making
low soft sounds, then high loud sounds.
134 Chapter4
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What are sound waves? how sound waves moving through air chalfggale voice has & highet tange of frequencies
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Hght waves, sound waves must traved through 2 . g springs back. 11 pushes air partt
stepdiram cles Torward fogoing them closer 1ogether, NM&MW
This increases the air pressuse near the 1
Audible U‘ﬂ}ra_“uns stning Aormpressiom e reghn of o :
Suppese your strike two metal pans wogether. Now Bangirsdinal sane (where the particks of the —
EIppOE Vil ks together. How would mvdisern gy chomest togerher: As th string —
the twn sounds difier? Sound waves are vibrarions the vibwates it mioves in the other direction T _—
ear can detert. You hear 3 loud sound when you hie leaves behingd a region with lower pressur e
v ogether because they vibrate so 1 Yo rarefaction the repdon of o keaspincling] g —
I the pillows becsuse they vibrate o little tfere the particles ane firthieat apan —
Healthy. young bumans can bear souind waves —
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What are sound waves? Compressions and Rarefactions
. - 2 Remind students that sound waves are longitudinal waves, which

Audible Vibrations means the disturbance moves parallel to the wave's direction. Ha

Remind students that a mechanical wave travels through @ them read the paragraphs and Figdpe 25.

medium— a solid, a liquid, or a gas. Before studdniditaied - )

Vibrationsiold the rubber band taut, then pluck it. As it vibrat®#tiding Questions

it produces sound waves. Human can hear waves within @ What is a compression? What isa A compression s the part of

20-20,000 Hask: Why do you hear a loud sound if you drop a rarefaction? longitudinal wave where the particles are
book onto a wooden floor but not if you drop the book onto a pil- closest together, A rarefaction is the part
. of a longitudinal wave where the particles
low? The same amount of energy causes the wood floor to vibrate are farthest apart,
more than the pillow; therefore, the sound is greater.
& How do compressions and Pressure is greater than normal in a
rarefactions differ? compression but lower in o rarefaction

I» How do you think the compressionsThe pressure in o compression becomes
and rarefactions in sound waves even greater and the pressure in o
change as the energy increases? rarefaction becomes even lower,

Properties of Sound Waves
Wavelength, Frequency, and Pitch

Review the properties of waves (wavelength, frequency, speed,
and amplitude). Before reading the remainder of the page, discuss
students’ experiences in the Launch Lab, and how sounds change
as the length of the straw changed.

136 Chapter4g
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[Scioncs Uss v. Cammon| Amplitude and Energy Intensity and Loudness [Math siin B
res) posdtion Yioxi we more enengy to shoot than to whiper. The marne Gopserally, the grester the amplitude of & sound wave, the Uye & Fraction
Science Usaoution of energy you put imo vour voioe, the fanher the parvicles of air fouder the sound seems But what happets 11 vou meve awsecauss solind ehisegy
A b b el mewe as they vilnate The distance 3 vibrating panticle moves friomn a sounad sourcel As you move away, the wave's ang l|it||:(ﬂ"’""“"”' in all ”;"""”"
pamticles are still kn motion  from i pest position i the ampliiude. The mone energy decreases and the sound seens quicter. This is because as ¢ .Ir:::ulll.:‘ ::lnllrr\:-“u'.;u:a
P ciaied used 1> produce the sound wave. the greater the amplitude woun wave moves [arher from (e souree, mote 300 M0 gureases os gl
somthing not mm'm partscles colllde, snd the energy from the wave spreads oul. awey. You can Galtusse

Speed amony more particles. Therefore, the friher you move fromikdaction by which the
¥
Sotrud waves tavel arich skower than electromugnetic source, the lew encrgy present i the sme ares of space. Retdpnd inteasly changed

that the amount of ehergy that passed through a square mitBrEcion '_' whme
space in ome second b the intensity of a wave. Loudness is mmh Kty Shyinoe

. | ", ke the dning destants
var's perception of mtensity ’

wives. With sound, the transmitted onergy mant pas from
particle to particle. The type of medinm and the temperature
affect the speed of sound

Table 3The Speed of

Sound

Matedsl  Speed (mis)

friam thé suurce. For amery
ple, by whal fraction doed

Arocy m g “mw“fh e gt CoTh Jeas The Decibel Scale vord el ecrawee )t
I ten than partiches in a liquid or 2 solel. As shown in . WU e 1B & m
.Llr g 30 Table 3 gis takes longer to transfer sound enengy between 4 The tnolt fasse] £ ‘:‘Ilu:'a-ﬂ“:!il;ﬂ_ﬂwm- " M’?"‘ !:' Tr Froim i source?
| waes 2oT) 14m prtices ecibel (dBjhe euels of common sotinds are show | mplace tha varables

Figure 2%ach increase of 10 dB causes a soimd about twice as

Wates [0°C) 1500 T les - or and collide wath gheen values,

= = emparaturBioricles move tster and oo TGS OV M Touidl As the dectbe] bevel goes up. the amount of wme vou ki, -

I = the temperaure uf 4 gas moesses. This increase in the Esten 1o the sound without risking hearing loss gots shorter I "
balck®] | 3500 | number of enllisions transfees mote energy in less time shofter. People who work stound lotd sotnds wear protecthve DIVE. e pratnam

| vy 5130 Ternprratuie has the opposiie effoct an liguids and sounds. hiearity devices to provent hearing Joss ’]‘7 (4f =Fsothe
los 5540 | A Diquiids and solids coal. the molecules move clower intienalty “““"”’5“’

i togethes, They collide more often and trander energy faser at ita arigined waki

Figure 2Whe decibe! scale helps you uhiderstatd ssle lnits of aifferent
Eynees of Mol

x . You sie sanding &l 8
Pmm e ———— distance of 2 m from s
R 5 Whnat are wnme properties of doum weves sound soulce. How doey

the sound INTensiTy
changi I you move o 8
distance ol & m?

ka1 the dubin Wheas froeh This aecki i B Has Delin

douibai
fram Latin decibus, maans
“tenth*
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Amplitude and Energy / Speed Guiding Questions

Remind students that amplitude is the maximum distance a wE3eWhy are sound waves softer the  Sound waves spread out in all directions
moves from its rest position. The greater the amplitude, the mords':umg!"’" are from the source of t?!d htc’::m less enE;ryr{the fﬂ;‘;!hf-'f yeuare
energy a sound wave carries. Explain that sound waves travel at >0 GRS e

different speeds thmugh different materials. Have students rm What is the relationship between thé sound wave with o large amplitude has

the sections and staple 3. amplt,tude and the intensity of a sountligh intensity.
s wave?
Science Use v. Common Use
Z» How does the energy of a sound waVveound wave with a lot of energy has o
rest position ) o help explain how loud or soft it s neaeater amplitude and higher intensity
Have students compare the science use of rest position to the  the source of the sound? than a wave with less energy. It sounds
common use of the term. loud near the source, whereas the other

wave sounds soft,

Ask: According to the scientific definition, are particles in rest position .
still or in motion® motion; their rest position is their natural or starffipe Decibel Scale

pasition Remind students that you can measure the amplitude or frequenc

Ask: What are some properties of sound ways3de, energy, of a sound wave. Explain that you also can measure its intensity,

speed, wavelength, frequency, and pitch Review the word origin of decibel and then have students read ths
next paragraph.

Intensity anql l.ﬁoudness Word Origin

Recall that intensity is the amount of energy that passes thro |

square meter of space in one second. Remind students that | -

sity helps describe how bright a light appears. Ask them to pF&¥etstudents read the Latin origin of the term/ddcilktdw

what intensity might tell you about a sound wave. Then have the Latin origin help you understand the levels of the deci-
dents read the first paragraph. bel scale? tells you that the levels are in increments of 10,

138 Chapter4
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FoLDABLES Hearing and the Ear

Typieally, obsocts ane ween when light enten the eves. Simi
mmﬂm?mm s brly, sound waves ener the ears with informanion sbow the
shown Lke i to reve enwvirtmunent. The human ear has theee nuin parts, as dhown in
proparties of sound Figure 20t the extemal ouer car collects sund wavel
o Neat. the middle ear amplifies. or mrenssiies, the sound waver
The middle ear includes the ear drum and three ssall bones
the hammer, the anvil, and the stirmap, Fionally, the inner ear
contiltis the cochles The cochles eotivers amind wives to
wetve signai These nerve signals are typically processed by the
brabn, creating the perception of sound,

—_— = _—
3. WWhich part of the £3r hal A 4pa .ﬁ S.Hew do youf ears enable you 1o hal
1 abane? ¥ sounos T

. zl

S

Figuire 28 he different parts of e e wors iooriser to gather = rieroeet sound wewes
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A Ve ot e & ot e v g
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e e T e S e e
=t iy ol e i v v e Saeed
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M0 Chapter &

Visualize It!

yi .

SOUNG veiees are Sound Wwaves are com:  ¥iou Rear sounds
Prattued when an PrEESiONs and rareluc-  Wihen your Ean cape

ENSIY SOUICE CALSES  Hank INal move awly  ule Sound waves and
IMAlSY 10 VBl from a sound sowrce. preduce signats that
Vel 1o your birain,

| Sz

—— ~—
1. Wisat ave sastic operties of anuid wivea?

’ 2 riow do ears eriolie peope 10 henl sounds ! |

i En—
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Hearing and the Ear

Visual Literacy: Parts of the Human Ear

Explain that we hear because of the way our ears detect audtiawe students study the diagrfigure 28nd identify the
vibrations and our brains interpret the sound waves. Have stgtié@ent parts of the ear.

read the paragraphs on this page and answer these guestions

Guiding Questions

& How does the cochlea help you heaf®e special cells in the cochlea convert
sound waves into nerve signals that are
interpreted by the brain.

¢ How do your ears enable you to hedfour outer ear collects sound waves and
sounds? transfers the vibrations to the eardrum.
As the vibrotions move through the ear,
the ear amplifies the sound and then
converts it into nerve signals, which the
brain can interpret.

C» People who need hearing aids  The special cells in the cochlea send
sometimes wear them to correct  signals to the brain. If the cochlea were
problems with their cochlea. How dto have difficulty changing sound waves
you think problems with the cochlear sending these signals, it would be
can impact a person’s hearing?  harder for the brain to interpret sounds;

as o resull, it would be harder lo hear.

140 Chapter 4

Ask:What happens to the sound waves in the middle ear and in

ear? Sound waves make the eardrum vibrate, which amplifies the saund and
sends it to the cochlea in the inner ear. In the cochlea, sound waves are
converted to nerve signals and sent to the brain.

. \gmmum '
Sadnd syaves Hopm the ouber sar hil sgainal thyl

et deunt, Causing | b ulbiale Thess dbnfion] inee

Ehregh e miiidle s ity bones Bl amplly the
vt i fwedie Sl b the loner oy

L

theouygh 116 i Canl 1
A S it i e !

Sounel winvis e (e @ar o) eatgh Mulij e

chaitiney called the-zachlea (KDH kes wh) Thrghair i
the cothien vilemle and pradice nefe slgnils o el

Al thee b The bl lsleimiets these signals if sound
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. Engage  Explbre  Explbin  Ebborate  Evaluate

Use Vocabulary Interprat Graphics
1. The property ol 4 soiind wave that 5. Sequendalopy and Gl in 4 graphic
relates to 4 high or low musical note s organizer like the one below 10 describe
the sound's the path of a sourd wave from when it
odiced by 3 source untll i
2. Explainhe dillerence between a " e 4
compression and a tarefaction i a wundm"'rpm'd by the brain l'h-u-nhhr the
ke function of each pan of the pat
| wmed | iad 1
o i
= Critical Thinking
Endiwratani Kay Concapts 6. Construnct disgram of four sound
3. Which propenty of 4 sourd wave waves. Two ol the waves should have
describes the amount of energy thaet  the suime amplitude buy different
passes through 3 square meter of space  frequencies. The other two waves should
each second! have the sime wavelength but different
A ampliuce amplitudes. Label the properties of the
B. lrequeticy wave
C. intensity
D. wivelength m
7. A student in sanding a divtance ol
4, Describdawy the three main pars of 4 m from the school bell 11 the
the ear enable people 1o hear sl moves 1o & distance 20 n
awav. what fraction of the orig
intepsity of the bell's sound will{the
wudent hear!
2  Chapter &
-
Use Vocabulary Interpret Graphics
1. pitch 5.Sound produced in air«Outer ear collects sound

waves=+Middle ear amplifies the sound waves=Inner ear
hanges the vibrations to nerve signals=Sound interpreted by
he brain.

2.A compression is an area of higher pressure, where the
particles are closer together. A rarefaction is an area of lowe,
pressure, where the particles are farther apart.

Understand Key Concepts Critical Thinking
3. Cintensity 6.Check student diagrams to be sure that they have lllustrated

the correct wave properties. Students should label amplitude,
4.The outer ear collects sound waves. The middie ear frequency, and wavelength.

transfers and amplifies the sound waves. The inner ear

changes the vibrations to nerve signals, which the brain can

interpret.

T.1/2
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Engage Explore Explain Elaborate Evaluate |

Based on the results of the Lesson Review, use the chart
below to address individual needs.

Use Vocabulary (1-2)

[@ VGuiding Questions, Compressions and Rarefactions
Visual Literacy: Frequency Related to Pitch

[ Quick Vocabulary
Content Vocabulary

Understand Key Concepts (3-4)

I# Guiding Questions, Intensity and Loudness
Visual Literacy: Parts of the Human Ear
[ Key Concept Builder

Interpret Graphics (5)
Visual Literacy: Parts of the Human Ear

Critical Thinking (6)
Visual Literacy: Frequency Related to Pitch

[ Enrichment
Challenge

Math Skills (7)
i Math Skills: Use a Fraction
BT Math Skills

& Math Personal Tutor: Multiply Fractions \ J {IE" f
Math Practice: Use a Wave ) -
20185

52
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Key Concepts Summary Vocabulary
Study Strategy: Check Answers to Key Study Strategy: Create Wave Concept/Maps
Concept Questions Ask students to create a concept map for the different kinds of waves |
Teach students to focus on the areas that they do not understanddfi§dribed in the chapter. This graphic organizer enables students to
spend less time on concepts they have mastered. understand more about each word than just its definition.
1. Write the Key Concept questions from the start of each |es$°n'anﬂ\fe students draw concept maps, Simi!afltﬂ the one below, for 'E'ﬁCh:'
chart paper or the board. kind of wave. The type of wave should be in the center of the map.

2. Ask students to answer each question in their Science Journal#- Eﬂ;glsluder;;f write thfi m"”ﬂ? ??E'?E?{”S in tf:te surénungin% o
3. Instruct students to note the questions they had a difficult time  2UP0'€S On the concept map: What Is ¢ How IS 1t produceds Wha
answering. Then have them fompare theiryanswers to the Key 'S O€ property of thi?s kind of wave? What is one way this wave
Concepts Summary in the Chapter Study Guide. Tell them to writdjeracts with matter? , o
check beside any answers that were correct and to circle any 3. Then sludentslshould answer these questions and fill in the answers
answers that were inaccurate or incomplete. in the appropriate bubbles on the map.
4. Have students look through the chapter to find any informatiof- After students complete the maps, ask them to write a
relevant to the answers they circled. Have them use this infarmatfginprehensive definition of each kind of wave.
to rewrite their answers. Example;

wint ol coriws sead e ) g
of crmrproisane wd el by

How b | prodeeed !
iy viovulears fral e 2a
can dalec!

Example:
Avinie 1o & deshabance lhat lransfers oferay
It o conred by ovatans

Ahal & oe properyy
T bavid of waailch ar Fow b
o ' @ tend b

wrd Hwe went mlorachs with inaliyT
Wil (sler Barmadh st haw lgghach
SraF W GEds

Fvpldude o e property of %
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