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Uncorrected fust proof - for troiming purposes only

(2} Essential Question

Atthe end of this unit, students should be able to
answer “How can you use different measurements i
solve real-life problems?”

Each chapter explores a different essential question|
that assists stucents in answering the unit gquestion. |
The lessons In each chapter include exercises that
lead students to various aspects of the essential
question.

Understand congruence and similarity using

physical models, transparencies, or geometry

software,

1. Verify experimentally the properties of rotations,
reflections, and translations:

a. Lines are taken to lines, and line segments to
line segments of the same length.

b. Angles are taken to angles of the same
measure.

c. Parallel lines are taken to parallel lines.

2, Understand that a two-dimensional figure is
congruent to anather if the second can be
obtained from the first by a sequence of rotations
reflections, and translations; given two congruent]
figures, describe a sequence that exhibits the

congruence between them.
continued on poge 364
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Chapter 5
Triangles and t
Pythagorea

OLDABLES
Study Organizer

1

fom
Cut out the Foldable
the end of the book-

| @G \iestion

HOW can algebralc concepts be
applied 1o geometry?

S Math ematical Practices
L2314 578

Place yoay
e end of the chapteq

e the Foldabie
thwpughout this chimptes
ﬁwmngw

hom only

w

Focus narrowing the scope

This chapter focuses on content from the Geometry (G)
domain.

Coherenceconnecting within and across grades
Previous Next
: 1 1 st ent

ngor pursuing concepts, fluency, and applications

At the end of the chapter, students should he able to answer
“HOW can algebraic concepts be applied to geometry?”

- Launch the Chapter

“!’:}, Math in the Real World |
Games The chessboard is in the shape of a square. Remind |
students that to find the length of one side of the square, they
need to find the square root of the area of the square.

Chapter 5 Triangles and the Pythagorean Theorem 365
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What Tools Do You Neeg

Voca bulary Activity

@@ As you proceed through the chapter, introduce each
voca bulary term using the following routine. Ask the students
to say each term aloud after you say it.

Define: The hypotenuse is the side opposite the right angle in-

a right triangle.
Example:
A
B [
Ask:
« Which side of the above triangle is the hypotendie?
The Structure of Math
@ Have students read The Structure of Math section.
Ask:

« What kinds of questions are asked in the diamonds in o
flowchart?Sample answer: In a flowchart, the questions only
have yes or no answers.

+ What do the answers to the questions determSample
answer: They determine the path to follow.

« Where should all of the paths lecti® end oval

« What other uses can you think of for flowchaSafple
answer: A flowchart can be used to clarify any process such as a
computer program, the way a company produces goods, how to
cook, how to write a paper in English class, and so on.

What,Tools Do You Neeg® (

Study Skill: The Structure of Math

Use a Flowchar flowchart is [lke a map that tells you how to get from the beginning aft
a problem to the end.

A dhamand contains a guesten. You feed to stop md
make & dechumn.

[T vt e you what o, \
(: L oval indhcates the beginnng of end

Complete the flowchart to classify tiangles by their sides.

The mangle is a(n)

The inangle s aln)
isosceles triangle.

e

The triangle is a(n)
scalene triangle.

]

366 Chapter 5 Triangles and the Pythagorean Theorem
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Inquiry Lab

Parallel Lines

WHAT are the angle relationships formed when a third
line Intersects two paraliel lines?

A newspaper foute has twe paraliel streets. The streets are cut by another street

a5 shown in the figure below

Paraliel ines hove special angie relalionships. You will
examine those relatlonships in this acthaty.

/4
[ﬁj Use & profractor and angle relatonsheps ™ 18 .
you have previously kearnad to find the
measure of each numbered angle and

record it in the table

e | 1| 23 & s ¢ 7| g

Measure 115°  65° 65° MS° 115° 65 65 m“?
Colar the angles that have the same measEe.

See students’ work.

step3

Describe the position of the angles with the same measure.
Sample answer: Pairs of angles that have the same

m

Uncorrected frst proof - for tromming p

) Launch the Lab

Focus narrowing the scope

Objective Examine angle relationships formed when parallel
lines are cut by a transversal.

Coherenceconnecting within and across grades

Students will examine angle Students will yse angle relationships (o
telationships formed when parallel {ind missing sogles when paraliel lines

lines are cut by & tansversal are cUl by a lransvers:

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 370.

ENGAGE EXPLORE ExPLAIN ELABORATE EVALUATE

The activity is intended to be used as a whale-group activity.
Materials: protractor

Hands-On Activity

D O @ Roundrobin Have students work in groups
of 3-4 to find the measure of an angle either by use of a
protractar or by angle relationships. After each student gives
an angle measure, the rest of the group gives a thumbs-up
or thumbs-down to denote agreement or disagreement, If
there is disagreement, students work together to resolve it.
©1356

Ask:

« What do you notice about the position of the angles that
have the same measureSample answer; They are in the same
location in relation to the top line and the bottom line. They are
also opposite each other at the intersection of lines.

Inquiry Lab Parallel Lines 369
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Evaace EXPLORE ExPLAIN ELABORATE EVALUATE

) Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Create
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 11to 3, with Level 1
indicating the lowest level of complexity.

Exerctses

1-7 8-10 ", 12
Level 3 - o
Level 2 .
Level 1 t -

r‘A. Investigate

1 €Y Pairs Present Have students explain how they can

determine all of the angle measures if they are given only one

angle measure, Have them prepare a brief oral presentation to

share with the class, using lllustratio@.1,3.5,6,7

Ask:

s What do the obtuse angles have in common? the acute
angles? The obtuse angles have the same angle measure.
The acute angles have the same measure.

 What rulefs) can you generate to determine all of the
missing angie measures when you are only given one angle
meagsure? Sample answer: Angles are either congruent or
supplementary.

(@\Create

. Students should be able to answer “WHAT are the
angle relationships formed when a third line intersects two
parallel lines?”

".""_ﬂ Investigate

2 Use Math ToolsWork with a partner. If the measuresfin
the figure at the right Is 407, determine the measure of each given -
angle without using a protractor. Then check your answers by

measuring with a protractor.

1 2 W , 2380
3, 24 Va0 4, 2580°
5. /6 W40 ., ST 8

7, W .
[
. 2
RN A1V 28 ahd Refle QEENILE

Refer to the figure above.

8. What is the reintionship between the two horizontal lines?
Sample answer: The lines appeat to be parallel,

9, What ks true about the measures of angles that are side by side?
Sample answer: Angles that are side by side are supplementary.

10. & Renson Inductivelfongruent angles are angles that have the same
memsura. Describe the position of the congruent angles

Sample answer: Pairs of angles that appear to be congruent are In the
same positions with respect to both horizental lines.

n Q Make a Conjectur® aw a set of parallel ines cut by another line, Estimate
the mesoures of the sight angles formed. Check your estimates by measuring
each angle with a prottacicBee students’ work.

” WHAT are the angle relationships formed when a third line inteisects
wa paraliel lines?®

Sample answer: Bight angles are formed. Some of them add up to 180" and
some of them are congruent

-

Uncorrected fust proof - for tromming purposes only
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Lesson 1

Lines

@ esventoi© venn

" !muunﬂwnumm
When two ines intersect in a plane and form right angles they are | 0@ 4epbed o geametry?

called petrpendicular Bned wo knes are callcgnraliel linesehen iu |
—[ |

they are in the same plane and do not intersect
Complete the graphic organizerSample answers are given. petpendiculal ines
i - parnled bney
Favalle! Limes | (Rerpendicnbay & tranvennai
Ty el B [l L inteeior anghes
whetsr angles
two ines twe lines that prozse

" | y stwrnate nfenar angie
Defime ¥ sterniats exloicd agled
P A nNever cross cross and form e

90° anples Math Symbols

|| & paabal to

L It perpenidiculat to
1 the misasure okl

Vocabulary Start-Up

@ mathematical Practices
L4

ink

(€ Real-World L|

A gymnastic event in the Summer Olympics involves the paraliel
bars. The women compete on uneven paraliel bars and the men
compete on the parallel bars like the one shown. Circle the paralle!
limes shown in the photo &t the rigiSee studenis’ work.

1

i

i

R :

i f € Mathematical Practices did you uss?
Shade the circle(s) that applies.

i (DPareers with Prohiems (Dt Mt e

: D Remsen Bttty @ tnent to Precssion

3 ) Cormtruct an Arguement @ Make Use of Srshe

; @ Modst wan Mathemsics @re Bepesed Asasorwg

) Launch the Lesson

Focus narrowing the scope

Objective Identify relationships of angles formed by two
parallel lines cut by a transversal.

Coherenceconnecting within and across grades

Previous Now Next
Stutents examined angle | Students will classify the Stulents will explore
ietafionships formed angles formed and find he relationship among

wihen pataled lines are angles of a trangle

cut by o ranssersal,

missing angles when
paraliel Ines are cul by o
transversal

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 375.

ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

Ideas for Use

You may wish to launch the lesson using a whole group, sma
group, think-pair-share activity, or independent activity,

&5’] . @@ Pairs Discussion Have pairs complete the
“o graphic organizer. Then have them share and revise
their responses, if necessary, with another pair of students. Cal
on one pair to share thelr responses with the ciis, 2, 3,4,

5,6

Alternate Strategy

I @ Have students write parallel lines and perpendicular
lines on the front of two index cards. On the back, have them
draw an example and write the definition. Have them use
these cards as a reference throughout the les@rl. 2,4,5,6

Lesson1 Lines 371
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ENGAGE ExPLORE EXPLAIN ELABORATE EVALUATE

E Teach the Concept [
Ask the scaffolded questions for each example 1o differentiate i Key Cohce! '> Transversals and Angles

instruction. Alire that Imtersects two of more lines (s called a
A ‘fransversaland eight angles are formedd
Interiorangiedie mside the lines 1y I—
Examples'3 /4, /5 /6 N
Exterior anglelic autside the lines. i
1. Classify angle pairs. Examplesi’!. 2. 7, 28 !
@ . What does the term interior meaiside Anternate Interlor anghes = nterion nngles that lie
i il
« What does the term exterior mecmitside iiﬁf:ﬁ‘"&é'i‘éﬁﬁ' ’:'L'il&”;ﬁ‘i“_' i“"é"nlﬁ Ln:nigc e, S
€ . Are /1and£7 on the same side of the transversal or = Altesnate exterior anglese exterlor angles that e on opposite sides of
f the transversal When the lines are parnllel, thelr measures are egual
opposite sidesbpposite sides "'w"_,l - eyl gl
+ Are the angles on the inside of the parallef lines or the e | Cotmesgbiamgagtes e those angles thit are In the same position
outside? outside o the twn lines in relation 1o the transversal. When the lines are paratiel,
thelr measures are equal. Exampleste meS, me2 = me6,
« What type of angles oré1 and Z77 alternate exterior A =mal mey=meT
angles y
@ . What is true about alternate exterior ang/¥hdy are
congruent if the lines are pamlleL Special notation s used to Indicate perpendicular and parallel lines,

2. Classify angle pairs.

@Y . Look at the pasitians af2 and 6 related to each of
the lines. Whot do you noticé&Shmple answer: The
angles are in the same position.

@ . A the angles on the same side of the tronsversal or
opposite sides%ame side

» What type of angles 0782 and £67 corresponding
€Y - What is true about corresponding angldiifey are

congruent if the lines are parallel. Classify each pair of angles In the figure
Need Another Example? oot :
Classify each pair of angles 1 Zanda g
as G'ﬂtEJ'ﬂQTE ;'.rrIerior. nlr_emare f £ and LT are exterior angles that lie on !
exterior, or corresponding. 5|8 oppasite sides of the nar?wersnl. They are
3 Endgfﬂﬂﬁpﬂndim 1 2 1 I alternate extenor angles
/2 and /8 alternate interior e |
2. /2 ands6 i
- n £2 ands B are in the same positon on the two lines. They are !
coresponding angles. W

Uncorrected first proof - for troining purposes only
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3. Find missing angle measures.

:.G'"'_m D9t prclion tm flodd vl = @ - How doess5 relate tol2? £6 and £2 are
8. Classify the relationship between ; /4 and/6 are supplemema ry.
24 and2 6. Explain. ey s « If two angles ore supplementary, what s the sum of
angles because their angle measures180*
mmﬁ:‘r"" « If | know one of the angle measures is 1057 how can
opposite sides of | find the measure of the other ang/Babtract 105"
| the transversal. from 180",

Y . What is the measure of6? 75°

* How doess3 relate taZ 67 They are alternate interior
Find Missing Angle Measures angles.

When two paraliel fines are cut by o transversal, special angle » What is true about the measures of alternote interfor
relationships exist If you know the measure of one of the angles. angles? The angle measures are the same if the lines are
you can find tf\e measures of all of the angles. Suppose you know parallel.
?::r::.‘l‘- S0°. You can use thal to find the measures of angies 2. « What is the measure of3? 75"
' o and Ref Jgcy o . Explain how to find oll of the missing angle measures
G in the diagramSample answer: If m£2 = 105°, then
Py .:9::"'_";’- mZ4 = 105°, mZ5 = 105", and m£7 = 105", The other
Enpleais bete, four angles, £1, 26, £3, and £8 all have a measure of 757
e o using corresponding angles, vertical angles, alternate
Sample answer: The interior angles, and supplementary angles.
lines are paraliel and Need Another Example?
AandsS are " N
e Mr. Mohammad installed the gate shown. Line ¢ is parallel to
angles, so they have line d. If nd = 40°, find 6 and n7, Justify your answer.
shown. Line  Is parallel to line b. equal measures. m£6 = 40" and m£7 = 140°; Sample answer: Z4 and £6 are

i m2 =10%, find m8 and my' 3.
Justify your answer.

Since £2 and/6 are supplementary,
ihe sum of thelr measures Is 180
mB =180 - 107 or 75° -
Since 6 and./3 are interior angles
that fie on opposite sides of the
transversal, they are aliernate interior
angles. The measures of alternate

alternate interior angles, so they are congruent. £6 and £7 are
supplementary. Since m£6 = 40", m£7 = 140°,

T

e 1

iy
interior angles are equal A8 =75" -

105" Sample T WHE o
] { answer; 2 and /4 1 S = E 5

i | Ge# 17 Do this problem to find out. are comesponding “1 I II l n

| 'p ongles, 50 their

b. Refer to the situation above. Finddl. Justiy your answe
measurss are equal

1

Uncorrected fist proof - for troining purposes only
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4. Find missing angle measures.
@ . rriine g is perpendicuiar to line p, at what angle
measure do they intersec80*
+ What kind of angle daB, 27, and £5 form? a straight
angle
+ How many degrees are in a straight angiéd®
€ : Fnv 1= 40", what is m 67 Explain m£6 = 40°;
£1and £6 are alternate exterior angles, so they have the
same angle measure.
D : How con you use the measure g to find m7?
£6, £7, and £8 form a straight angle. Since a straight angle

measures 180°, | can solve 40 + 90 + m£7 = 180 to find
meT.

Need Another Example? a b
In the figure, line o is parallel to

line b, and line c is perpendicular /
to line d. The measure off is 125°. ¢
What is the measure of4? 35° 8l1

-
—
L)

d 9 \7\
8
Gulded Practice

Formative A ssessment Use these exercises 10 assess
students’ un derstanding of the concepts in this lesson.

5,‘,'; =1 If some of your students are not ready for
SNESER | assignments, use the differentiated activities below.

D @ Whole Group Discussion Work as a large group to
complets Exgrcises 4. Have students highlight in different
colars which angles are congruent, which are complementary,
and which are supplementaffs 1,5

@ @ Round Table Students take turns completing
the steps for Exercises 2 and 3, checking the previous persen’s
work as they progress through each probli®m, 3

4. in the figure, line m s paraliel to
line n, and fine q s perpendicular

to line p. The measure gfl |s
40°. What Is the measure off?

Sinces1 and 26 are alternate
exterior angles, w6 = 40,

Since/6, 27, andy 8 form n straight
liree, the sum of thelr measures is 180

40490 + msT =180
So, mi7 s 5O

Gulded Practics j]

1. Refer to the porch stairs shown, Line m is paraliel to line n ancd
mT is 35°. Find the measure afl. Justify your answeEsimpe 3

149; Sample answerz7 and 25 are supplementary, So,

mgS= 180 — 35 or 145, 5 and A are corresponding
angles. Since corresponding angles are have the same
measure, il = 4%,

Refer to the figure at the right. Line a s
paraliel to line b and m2 |s 135. Find
each given angle measure. Justify your
Nﬁﬂﬂ. 1?.}1'7."1 b aag &

2. msg 45 Sample answeg2 and
angles 9 and 10 are vertical angles. Saftn-
m£10 = 13%. So, m/9 = 135 — 90 or 45. . —
a. mz1 V¥ Semple snewend snd 27 are steinate 3
intetior angles. So, of = 135 . Rate Yourself!
B ) | Howe contiokent s ¢,m..\,mf
lines mnd angles?  Check Hae
tgm“mhmm“ﬁfem bex Humb applies.
measures of the angles related when parallel fines are )
cut by a transversal? . ‘ @ |I
Sample answer: The angles are elther equal or | |

Uncorrected first proof - for fraining purposes only
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independent Practice

Classify each pair of angles as olternate interior, alternate
exterior, or cormespondinglcle il
1. 22 and 24 Cotesponding

2. /4 andy s Atemate exterlor

B inme flag shown &t the right, line a is paraliet to
line B, ¥ md = 150", find n4 and mc7. Justify

your answetsteeryes 3 ME4 = 30°, me7 =150

Sampie answerl and £7 are corresponding angles so
their measures are eguall and £4 are supplementary.
So, ms4 =180"— 150" or 30",

Refer to the figure at the right. Line s Is paraliel tot]ine
mZ2 s 110" andmM Is 137", Find each glven angle measure,
Justity your answer: ol &

& ms 70, Sampile answere 2 and £6 are corresponding
angles, so they have the same measysh and 27 are
supplementary. So, 8 =1B0— 110 or 70"

5. mes 1M0% Sample answee2 and /8 are alternate Interior

angles, so they have the same measure.

6. mo3 137 Sample answee 1 and 23 are corresponding
angles. 80 they have e SaMe Measure.

7. Tne parafiel ines ol the right are cut by a ransversal
Find the value of x
. Angles 1 and 2 are corresponding anglex e 457, - I\4 }
and ms2 =(v + 257,20

b. Angles 3 and 4 are altemale Intenor angleg 3= 25"
and msd —p0° 40

8. Describe n method you could use 1o find the value of ¥ in the
figure at the right without using a protractor. ,-

Sample answer The two angles are supplementary.
So, »+2x=180"; x= 60.

Uncorrected first proof - for troining purposes oply

O#e EXPLAIN ELABORATE EVALUATE

ﬁécthlée and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant to be used as the
homewaork assignment. The Extra Practice page can be used
for additional reinforcement or as a second-day assignment

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level| of complexity.

Exerclses
1-6,13-19 7-9,20-22 10-12
Level 3 : .
Level 2 g
Level 1 * .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

CB Approaching Level 1-7.9. M. 12,21_.2
@ ontevel 1-5 odd, 7-9, 12, 21, 22

m Beyona Lavel 7-12,21, 22

0Py
| \4
5

20

Lesson 1 Lines 378
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(& MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

salving them, | 0

3 Construct viable arguments and critique the 112
reasoning of others. '

4 Model with mathematics. 9,20

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving,
to express their reasoning, and apply mathematics to real-
world situations.

Formative Assessment

Use this activity as a cios  ing formative assessment before
dismissing students from  your class,

Ask students 1o describ e the pairs of congruent angles in a
set of parallel lines cut by a transversal.
See students’ work.

Common Error Students may make errors finding missing
angle measures when there is more than one transversal.
Encourage students to begin by locating the given angle
measure and finding the angle measures that are adjacent
and vertical to that angle. They can then identify the
parallel lines and use the relationships between
corresponding, aitemate interior, and alternate exterior
angles to find the remaining angle measures.

£ 2 Model with Mathematich=rer 1o the graphic novel frame below for Exercises a-h

8. Describe a method you could use to find the missing arfiie top and bottam of the
ramp are parailel The sinnted part of the ramp can be consldered o transversal, You

can use angle relationships of parallel lines to find the measure of the missing angle.
b. Use your method from part a to find the measure of the missing angle,
F{ 3

t’b H.O_-To P!Obl'ﬂﬂ! Higher Order Thinking

10.€ Persevere with Problemsuaciriisteral ABCD is A @
parallelogram. Make a conjecture about the relationship of F
21 and /2. Justity your reasaningS? and £2 are
pplementary. Sampl : SinkB andDC are parallel, ~ 75 A

ms 1 = mZADE {alternate Interior angles have the same
measure), Sincer ADE and2 lie on the same line, they are
supplementary, and SHADE+ me 2= 180". Substitute 1 for
LADE. Therefore, ip1 + mg2=180".

11, @ Reason Inductively two parail=l lines are cut by & transversal,
what refationship exists between imenior angles that are an the same side

of the transversal They are supplementary,

12. € Reasen Inductivel§uppose myl= x°. Use an informal argument -
write an expression for the measureA® in the diagram at the right.

Sample answew' and £2 are supplemantary, so A2 =180"—x".
£2 and /6 are comesponding angles. So 8= 180" —x".

Uncorrected fust proof - for troiming purposes only
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Extra Practice

Classify each pair of angles as olternate interior, offernate exterior,
or corresponding.
13, 23 sneld6 mlresmare mrevioe

L3 s i LC mae intevios mnales vhak Le s sppesive sider of

. 1/
£ tHhie rransitrial Thay mvd altdraare mrones anales
. A ands3 correspanding
15, #2 and /7 alternate interior
18. In the quilt design at the right, line o 15 paraliel 1o line &
If mél = 120°, find 2 and me3 s -

Justity your answerdnd2 = 120°, m3 = 60%; s
Sample answer1 and 22 are afternate exterior

angles, so they have the same measw® and 3
are supplementary. So, g8 = 180° — 120" or 60",

Refer to the figure ot the right. Line s is parallel to line &,
m£2 is 110° and ¥ |s 137" Find each given angle
measure. Justify your answer.

7, mus M0°; Sample answer 2 and.26 are
corresponding angles, 5o they have the same measure.

18, m13 107 Sample answerd and/13 are vertical
angles, so they have the same measure.

19, ;-4 43" Sampie answezZ11 and /3 are corresponding
angles, 50 they have the same measure alland £4
are supplementary. So. o8 = 180 —137 or 43°.

20. € Model with Mathematics:zw 2 pair of paraliel
limes cut by a transversal. Estimate the measure of one angle
and labe| it Without using a protracior, labsal a6 the other angles
with their approximate measwre

Uncorrected farst proof - for froiming purposes only
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1
powel‘ Up‘ Test Practice
Exercises 21 and 22 prepare students for more rigorous Power UP‘- Test Practice I

thinking needed for assessment.
2. Lines m and n are paraliel and cut by the transversal p. Which of

T ) the following palirs of angles represent comesponding angles?

21 This test item requires students to reason abstractly and Seloct ail that apply.
quantitatively when problem solving B 22 andsB
Depth of Knowledge DOK1 £ £4 ands6
Mathematical Practice| MP1 £3 anaz4

W 1andss

Scoring Rubric

1 point | Students carrectly answer the questior) 22. Lines 0 and b are parallel and cul by the transversal . Label ench
of the 7 unknown angles with the correct angle measure

22. This test item requires students to reason abstractly and
quantitatively when problem solving

Depth of Knowledge | DOK1
Mathematical Practice| MP1
Scoring Rubric

2 points Students correctly labed all 7 of the
angles.
1 point Students correctly label 5-6 of the 7
angles. | BEE0000000

23, A poster has a trlangular image with a base that measure 10 centimeters, and
i height that measures 20 centimetars, What is the aren of the poster?

100 e

Classity each pair of angles as complementary, supplementary, or neither.
24, nelther 25, Supplementary 26, tomplementary

PO Y

Uncorrected fust proof - for troiming purposes only
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Lesson 2
Geometric Proof

Focus narrowing the scope
Objective Write geometric proofs

CohereﬂCEcnnnecllng within and across grades
Now Next

Students use definitions, tutients
properties, and (heorems
1o prove s hypothesls

Previous

Real-World LI
be applied 10 geomein®

Detectives A police detective uses analytical thinking 10 solve crimes

Inductive reasoning: the process of making a conjecture aners Oﬁﬂ-tl‘\rlhq_r
several examples ]
Unilke inductive reasoningeductive reasoning: 103 'acts, rules. Inguctve reaBcreng

definitions, of laws to make conjectures from given situntions

Complete the graphic organizer by matching each situation with
the type of reasoning used.

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 383.

P agiph ool
el proat

trn-Cilurmn peool
Every Ve Mhdalla wabches kit T o ENGAGE EXPLORE

formal proof N BORAT
Fayteibe beam o teleitio, the | . s )
Deductive reote
beom lotet o, e Arcidet e | h L
e | |_tesmns | ) Launch the Lesson
. — N © Mathematical Praceices
ot 1214 Ideas fo r Use

1
I gwiie bo plavy gpovhs, you nggd | > i ;
bt e B overese. Favithen | | ' You may w ish to launch the lesson using a whole group, sma

A B awevage. se e comchdes ||| pA: group, thi nk-pair-share activity, or independent activity.

e comn phay mpeert | |
e — " . — ™ @) Pairs Consult Have palrs write inductive

AR brianaler ke T sider and o, & “ reagning  and deductive reasoning on two index
cards. Have them write the attributes of each kind of reasoning

T amaler. Hala bt & Flaane with

3 tidet and S ansler se it mingt {

on the back of each card. Have them use their cards to

be o brimale .
_— determine which type of reasoning was used for each situation
Abres perfonming A science " mductive in the graphic organizeD 1.5.6
experment, Ay crachaded Remtmime

Pk auby FOX oF bowunbe seeds |

il geon inbe plasts

Which@ Mathematical Practices did you use?
Shade the circle(s) that applles.

Alternate Strategy

Y Have students provide thelr own examples of when they
have used inductive and deductive reasoning to solve a
problem in everyday lifd® 6

_ (@) Persevers with Prodiems @L‘E— ki Toois

? @ Rezsgn Absacty @ atiend 2o Precmon

3 @ comtruct an Arzement (D Mbsi= U= o St

£ (@) Mocs weth Mathematics EMis= Repezied R ezsoning Unconm for troining putposes only
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I
T T AT

ikﬁ‘ [@l29Y The Proof Process

ENGAGE EXPLORE

EXPLAIN ELanORATE

) Teach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

1. Complete a paragraph proof.
@ - What is o paragraph proof® proof that is written in
paragraph form
« What information do you know that is stated In the
problem? m£1 = m£4
« What do you know about the refationship betwedn
and £2 from the diegramThey are vertical angles.
« What do you know about the refationship betwsh
and £4 from the diogromThey are vertical angles.
« What is true about the measures of vertical ongles?
They are equal.
m' « f m£1=m44 and mZ1 =m£2, what can you say
about m£2 ond m4? mL£2=msd
+ if m£2= md4d and mid= m£3, what con you say
about m£.2 and nE3? m£2 =m4£3
Y : What definitions, properties, or relationships were used
in this proofrsubstitution; vertical angles have equal
measures
Need Another Example?
Refer to the diagram. if #1= m.£5, write a paragraph proof
to show that pfl =mZ£1.

o
E}

3
0
BT

zZ\n

m£1= mZ9 because they are corresponding angles. m£9 = mZ£11
because they are vertical angles. Since m£9 = m£1, then
m£1=m£1! by substitution.

Proofs

Ry £y prids wii
- At s ATTmE]
whmt pen frowed

Step1  List the given information, or what you
lnowy, If possible, draw a diagram o
ustrate this information,

Giwen
| Hypathewn |
| Etadements and

Reasans

L

Step 2 Siate whot is to be proven

Step 3 Create a deductive argument by lerming a
loglcal chain of statements lioking the
given informatian to what you are trying
o prove.

Step & Justify each statemend with a renson
Reasons include definifions, algebrale
properties, and theorema.

Step §  State what it is you have proven.

v
Y
¥
Piava |
fConclusiom
J

Apreddis a logical aigument where each staterment s justified by a
reason. Aparagraph proohiso colled ailnformal proafinvolves wilting a
paragraph to explain why a conjecture Is true. In Example 1 below, you
will use the algebraic property of substitutlon and the geametric
relationship between vertical angles.

1- The diamondback
rattlesnake has a
diamond pattern on its
back. An enlargement
of the skin is shown. If
mL1= mdd, write a
paragraph proof to show
thot m2 = me3.

Glwen: ' 1 =m./4

Prove: 2 = ms3

Proof: myl = m/2 because they are vertical angles Since
mA = mLA, ma2 = m.L4 by substitution. £ = m&3
because they are vertical angles. Sincelr—m 4, then
m2 = m#3 also by substitution. Therefore,
m/2 =mz3.

Uncorrected first proof - for troining purposes only
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q' -

T

Emanpt * s

( Ge¥ I 0o this probiem tofid oxt.

. Refer to the diagram shown

AR= CR and DR= BR.

Write a paragraph proof

to shaw that

AR+ DR= CR+ BR. €

Given: AR= CR and
DR = 8R

Prove: AR+ DR =CR+ BR.

Proof: You know that 4R CR and D= BR
AR + DR = CR+ DR by the/Addition

Property of
Equality So, AR DR = CR+ BR ySkibstitution

Two-Column Proofs

A two-column proad: formal proot-ontains stotements and reasons
organized in two columns. Once a statement or conjecture has been
proven, it is called e and it can be used as a reason to justify
statements in other proofs

:.Wdhammtomlhdllm ’
angles are vertical angles, then they have the A
same measure.

Given: lines m and n intersedt] ands 3 are vertical angles
Prove: ¥l = m/3

Statements Reasons
a.  [ines mand n intersect Given
A and 73 are vertical angies.

b. Aand/2 are a linear par
and/3 and/ 2 are a inear

Definiticn of linzar pair

pair
. mlEms2=180" Definition of supplementary
m3 +m.2 =180° angles

d. md+mf2=mi3+m2 Subsfituiion

e ml=ms3 Subtraction Property of

Equaiity

Segment Motation
e e
g Besrrsk A8 __,J

Linear Pair

B L poie #F Smmgr s A

por o edacesd medes |
h—vdwmﬂwgm—)

2. Complete a two-column proof.

Uncorrected fist proof - for troining purposes only

@» « What information are you givelihes m and n intersect;

Z1and £3 are vertical angles

« What is the relationship betweet! and£27 They are
supplementary angles,

« What is the relationship betweet® andZ3? They are
supplementary angles.

« If two angles are supplementary, what is the sum of
their angle measures180*

@ - Ifms1+ms2 =180 and L3 + m£2= 180", what
new equation can be written using substitution?
mel+mLL=mL3 + mLl

« What property olfows you to subtracthfrom each
sidde? Subtraction Property of Equality

@Y . Do you prefer using o paragraph proof or o two-
column proof? Exploirsee students’ preferences.

Need Another Example?

Complete the two-column proof ta show that iFPQS and

QS5 =S5T, then PQ=5T.

P 0

s T
Given: PO= QS Q5=S5T
Prove: PG= ST
Statements | Reasons
a. PQ=QSand Q5=ST  Given
b. PQ=ST Substitution

Lesson 2 Geometric Proof 381
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Gulded Practice

Formative A ssessment Use these exercises to assess
students’ un derstanding of the concepts in this lesson.

lcr:___'- . If some of your students are not ready for
SHET) assignments, use the differentiated activities below.

1 @ Roundrobin Have students work in teams of three
to comple te Exercises 1 and 2. The first student should fill in
the first blank and explain their answer, then move on to the
second student, and so on. Have them trade their solutions
with another team of students and discuss any differences.
®123,56,7

D @ Pairs Consult Have students work in pairs. Give
themthe f ollowing information and ask them to create a
paragraph proof or a two-column pra®i1,3,5,6,7

In the figure, two lines intersect to form four anglet6land

£8B are supplementary angles, prove thiét is a right angle.

Have them trade their proofs with another pair of students and
discuss any differences,

[I_mmhpummumm

b, The statements for a two-column ¥

proof to show thet if gy =m 22, 7%= % L
then x= 100 are given below, 220
Complete the proof by providing x

the reasons,
Statements Reasons

8. méY =miZ, I
méy=2x—0p, |Given
M2 = x4+ 10

b 2x— 90=x+10 |Substitution

€ x=00=10 Subtraction Property of Equallty
x= 100 Addition Property of Equality

Glided Practice j

1. Use the figure to complete the parsgraph prdalmeds b

Giver: my 1= m 2, A1 and £2 are supplementary, J
Prowve:1 and 22 are tight angles E
Proof: i1 +ms2 = 180" since they are supplementary angles. Since

me =me2 then mel 4 me 1= 180" pysubstitution  Soiving

the equation gives 1 =90"  Since mA = m22. then me2 1s

also 90" Theretore 21 and 2 2 are right angles

Refer to the figure above. Complete the two-column proof to show that if
EG=3x— 1 ED=2x+ 4, and EG=ED, then x=5. |Exmple 2

Statements | lh_nm:
a EG=3r-1

ED=2x+4, Glven

EG=FD et = —

=1= 4
b In—1=2x4 Substitution |1 Ra® Yoursels! \
e x—t=4 Subtraction Property of Equality Jre you remdy ba g
d x=5 Addition Property of Equality Chode b gocton Humk applled

' ( vs (7)) Y |
Q Bullding on the Essentlal Questiotw s deductive N e I
reazoning used in algebra and geometry procis? | |
hnﬂemhum!mmumdpm (
In proofs.

Uncorrected first proof - for troining purposes only
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Independent Practice

¥ in the Bigure at the right. two lines intersect to form four angles.
It M7 =9x and r’B = Tlx, compiete the paragraph proof to show 3
that x= 9. (Exsgie 1

Glvern: Two Intersecting lines withyfh= 9y and /8 = s

Prove: x=9

Proof7 and /8 form .«Wﬂll'ﬂ angle so they are
supplementarysngies. So, 7 +m.B =199" by the
definilion of supplementary angles. By substitution,
S + Thrm 180. S0, = 9 by the Division Property
of Equality.

2. @ Construct an Argumestu: towns lic on a straight road. Town B
L S
Is micway between Town A and Town C Town Cis micway between 4, 5 ¢ o
Town B and Town D. White a paragraph proof to show the distance from
Town A to Town B is the same as the distance from Town C 1o TommsDe 1

Glven: 5 is the midpointAC and C is the midpaint 5D,

Prove: AB. CD

Proof: By the definition of rrudpoﬂ =BC and BC = CD
Theretore, AB=CD by Substitition

3. @ Construct an Argumenmpiets the two-column proof 1o show thal
If A and£2 are supplementary and. g = m2. then.d andZ 2 are

right angles. B 7
Glven ] and2 are supplementary, f1 = mZ2
Prove: /1 and /2 are right angles
Statements. Reasons g -
&
7
“ Cpdemertuy, (Gen
mel =ms2
B mel+ms2=180" Definition of supplementary angles
e ml +ms1=180" Substitution
d. 2{n¥ = 180" Simpitty
e mel=90° Division Property of Equality
L m2 =5 md1= ms2 [Given)
g. Aands2 are nght
angles. Definition of right angles

Uncorrected fist proof - for troining purposes only

Exprons ExPLAIN ELABORATE EWALUATE

i‘ﬁcﬁce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1te 3, with Level 1
indicating the lowest level of complexity.

Exerclses
1-3, 8-10 4,1,12 5-7
Level 3 ‘ .
Level 2 &
Level 1 : .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

LA approaching Level 1-3,5.7,11,12
@ onLewl 1,3-5,7,1,12

@ seyondlevel | 47112
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solving them |
2 Reasoh abstractly and quantitatively. | 5

3 Consiruct viable arguments and critique the
leasnn!ng of athers,

2-4,7-10

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving,
1o express their reasoning, and apply mathematics to real-
world situations.

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from your class.

Have students describe  the differences between a
paragraph proof anda  two-column profifie students’
work.

a. € construct an Argumenomplets the two-column proof to
show that when two parailel lines are cut by a transversal, consecutive
Imarior angles are suppiEemenany

Giver: paraliel lines m and n cut by fransversal
Prove: /2 and /3 are supplementary.
Statements | ReaRONS
& Lines m and n ate paraliel | Given
and cut by transversal

b, AandZ2form a straight | Definition of stralght angbj
angle |
e ma+mi2= 180 | Definitian of supplementary angles
d mél=ms3 : Corresponding:s have equal measures
e. ma+ mil=180 | Substitution
L £2Zano 23 are supplementony | pefinition of supplementary angles

angles

gb H.O.T. Problems Higher Oroer Thinking

5. & Reason Abstractifpescribe the theotem of definition you could use
to find the measure of 2

Sample answer: Vertical angles have the same measure,

)
'B
5
[d
" c 4 E‘A(

Sample answer. The sum of the measures of the acute angles of a right
triangie is 90°. So, the acine angles are complementary.

6. © Persevere with Problemsiven
the right triangles shown, use inductive
reasoning to make a conjeciure allo
the sum of the measures of the two
acute angles of any right triangle

7. 2 Reason Inductively the diagiam, (CFE = 90" and

mLARE = mACFD. Which of the following conclusions does not o

have to be musdl A g g
| mLAFE+mADFE=90 ® miCFD=miAFE

8 BFdiidesAFDin half W ZCFEis a right angle.

F

Uncorrected frst proof - for froiming purposes only

384 cChapter 5 Triangles and the Pythagorean Theorem

Scanned by CamScanner




[ TRy —

Extra Practice

8. @ Construct an Argument ine figure ot the right, AEDS end C 1s 1
the midpoint odE andDB. Complete the proof to show that ACCH

Given: AB= DB and C s the midpoint AE andDE.

Prove: AC= C8

Proot: Since € s the midpoint A ancDB
AC=CE=1 AE  andDC=CB= yDB  bythe
definition of midpoint. We are given A8, By theMultiplication
Property of Equality-AE = 7DB. So, bylubstitution .. cg

9. € Construct an Argumeriieior 1o e figuie at the right. Complete i
the two-column proof to show LB = 2% — 15 and AY6=x + 55, ’

then x= 70,
Given: || k. ransversal ; g8 = 2x =15, mB = x + 55
Prove: x=70 ]
Statements Reasons
o J||k tronsversal £ o8 = 2x-15, Given /
M6 =x + 55
b, m'3=ms6 Alternate intetior angles have the
saIMe measure.
e w-15=x+55 Substitution
d x—165=55 Subtraction Property of Equality
e x¥=70 Addition Property of Equality

mLABD= mESC.
Glvens ABE andsDBC are right angles ] [
Prove: meASD =mEBC

10, e Construct an Argumeriizfar 10 the figure &t the righl Compleis
the two-column proof to showdABE andsDBC are right angles, then i b .

Statements Reasons
A  SASE and/DEC are right angles. Gwen == 0
b. mPABE= 90 and myDEC=90 Definitlon of right angles
- mMEABD+ mfDBE= 90 Angie addition

meDBE + m/EBC =30
MEABD+ mZDBE=mZDBE+mZESC | Substitution
e mYABD= m/EBC Subtraction Property of Equality

Uncorrected first proof - for troining purposes only
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1
power Up' Test Practice
Exercises 11 and 12 prepare students for more rigorous Power UP‘- Test Practice

thinking needed for assessment.

. In the dingram showdE intersectPB at C.

. - . _— . 4 B
M. | This test tem requires students o reason abstractly and Detetinine if each of the following conclisicns Wil c
quantitatively when problem solving always be true. Select yes of no
Depth of Knowledge DOK1 & MLACD=mZBCE WYes [ Mo d E
Mathematical Practice| MP1 b. ZACD and ZECD form a linear pair. B Yes ' Ho
Scaring Rubric €. ZDCE and £ACH are veriical angles. B Yes [ No
oring ku d. LACB and ZBCE are complementary angles s vl Mo
1 pw:-lnt Students carrectly answer the question|
— - : — e ] 12. Select the approptiste reason for each statement of the geometilc
prool below
2. This test item requires students to support their reasoning ar - o T e
evaluate the reasoning of others by Justifying their response and l Substitution I '.,mx iy | e Jnpee |
constructing arguments | e l Alternate Interlor angles Corresponding angles
Depth of Knowledge DOK2 have equal measures. | have equal measures.
: aralled < a transversal,
Mathematical Practice| MP1 Shown n‘:}?r;: ;';': gf,'“ by & transversal
Scoring Rubric Prove; =47
2 points Students correctly identify all 4 steps in Proon
i _| the proaf. ]
1 point Sludents correctly identify 3 of the 4 steps Stat [ Rk
i ihg proot ami=2mi=94 | Glven
bl =m3 Caorresponding angles have squal measures.
ck=9 Substitution
dx=47 Division Preperty of Equallty

Spiral Review

Refer to the dlagram. Identify each palr of angles as adjacent, vertical,

of neither.
13. /A andsE adjacent /
A
. ZA andsC Vertical n‘ /
15. /Cand £ Delther £IF :

16. ZE ann/F Odjacent

Uncorrected fust proof - for troiming purposes only
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Inquiry Lab
Triangles
WHAT is the relationship among the measures of the e #:‘u‘:',‘."“
angles of a trlangle?

Fahd has n metal bracket that ks in the shape of an angle that attaches a
h  bike 'P-

wonders if it will fit into the frame of the bike by the hi

angle of the br

GELCELE
e
Trangle means thie
how the three angles of a triangl

s Acthvity you will explore
ade felated

Sllrp 1] Ona separate plece of papes, diaw a triangle like the one
showm below.

Step 2 Label the corners 1 2. and 3. Then tear off each com

/ A
/

/ mp S

_S-I.‘ep_!

What does each tom comer represent?

an angle of the triangle
The point wherne these Comers mest is the venes of anol
angle. Classify this angle as aciie, npht. obtuse. or
1. Stralght: the angle forms a straight line,
Extpiai . ™ - Uncorrected first proof - for froims

only

- 1
Focus narrowing the scope

Objective Explore the relationship among the angles of a
triangle

Coherenceconnecting within and across grades
Now Next

Students explore the e latlonship Stuidents will fing ml iy
amang the angles of a triangle. meEasures in triangle

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 388.

ENGAGE EXPLORE

Launch the Lab

The activity is intended to be used as a whole-group activity. |

iHands-0n A : )

O @ Think-Pair-Share Have students work in pairs to
complete the Activity, Give students a few minutes to
individually read through each step in the activity and think
about how they would complete each step. Students then
gather in pairs to discuss their responses and progress through
completing each step In the activity. Students can then present
their respanses to the questions in Step 3 to the o@e.3, 4,

6.7

O @ Pairs Consult Have students work In pairs to alter
the #tivity =g that an obtuse or right triangle is used instead
of an equilateral triangle. Have them note whether the type of
triangle affects the angle that the three corners i, 3, 4,
6,7.8

Inquiry Lab Tiiangles 387
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Evonce ExPLORE ExpPrain ELABORATE EVALUATE

) Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Create
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exercises
1,2 3,4 5.6
Level 3 . B
Level 2 i
Level 1 t -

(‘s ) Investigate

> @ Rally Coach Have students work in pairs to
complete Exe rcises 1and 2. The pair has one piece of paper
and pencil. S tudent 1 completes the first exercise while
Student 2 w atches and listens, coaches and praises. Students
switch role s for the second exerci@®.1,3,4,6,8

B Analyzé and Refledk

D @) Pairs Check Have students work in pairs to
complete Exercises 3 and 4 and trade their answers with
another pair of students to check their wifd.3.5.6,7.8

@\ Creata

. Students should be able to answer “WHAT is the
relationship among the measures of the angles of a tnangle?”
Check for student understanding and provide guidance, if
needed.

Investigate

Work with a partner. Repeat Steps 1-3 of the Activity on the previous page for
each of the following triangles. Draw or tape your results In the spoce provided.
See students’ work,

-‘:,, Analyzd ahd Refled

3. & Reason Inductivelyhat is the sum of the measures of the angles for each
of your mmglﬂm

Vierify your conjecture below by measuring each angle using a protractor
Exercise 1 a1 +ms2 +me3 = 8574 90" 4 26°= 180"
Exeicise 2 gl + ms24 med = 140+ 15°4 25°=180"

.S Justity ConcluslonBeler 1o the bicycle problem on the previous page
Will the bracket fit exactly into Fahd's bike? Expi 874 854
35 = 177" so the bracket will be too small.

e
b,
A=
I )

5 G Use Math ToolsFind a realworld example of a triangle. Measure the angles
of the triangie. What i the sum of the messures of the angles? Does your answer

suppert your findings in this Inquiry Lab7? Expifife students’ work.
Answers should be close to 180, but likely not exact. Reasons may
Include the triangle was too large to measure accurately or the lines
weren't exactly straight.

& . WHAT ks the relationship among the measures of the angles of a
triangie? The sum of the measures of a triangle is 180".

LT

Uncorrected fust proof - for troiming purposes only
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&3 Real-World Link

Lesson 3

Angles of Triangles

alhmﬁn

EXTI) Eiman and Asma are bullding a bridge out of toothpicks for o 2PPis 10 prometry

trianghes. Use the activity 1o find the sum of the measures of the

g
'ﬁ;‘. tansversals that infersect at point A.

3

2. What is true about the imneasulessd

trlangle.

science compeution. ASma thinks the sides should be constructed using -
,ﬁl Vocabulary )
argie

Unes m and n are parallel. Lines p and r are e

What is true about the measures of
£ and 227 Explain
They are equal because they are

alternate Interior angles.

and £47 Explain.

angles.

3. What kind of angle is formed by £1, £5, and £37 Write an

equation representing the relationship between the 3 angles.

4. Use the informabon from Exercises 1, 2, and 3 to draw a

l @ Comtnict an Arpement

conclision about the sum of the measures of the angles of
AABC Ewplain your réasoninghe sum of the measures.
of the angles InLABC Is 180", Since s = m2,
m3=mid, and A+ mi5 +m3 =180,

by substitution, 512 +m<5 + ms4=180"

Jf m&ﬂmﬂﬁmdﬂmu!?

Shade the circle(s) that applies.
@ Perssvers wih Probiems Btz bt oo
@ Besson Absuacty @ asiend to Precimon

(B M L= of Styuctues
(@) Mncisl weth Mathematics
—_—

.) Launch the Lesson

(D= Repesied Ressoning Uncormected first proof - for training plTnm only

Focus narrowing the scope
Objective Find missing angle measures in triangles.

col'lereﬂte:onnecllng within and across grades
Previous Now Next

Stutients explored the . Students will find missing ', Students will exanime

reiabionship of angle angle mepsures in e refntlonship among

measures in Hiangles trlangles angles of reguias
polygons

ﬂ'ﬂﬁf pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 393.

ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

Ideas for Use
You may wish to launch the |esson using a whole group, smal
group, think-pair-share activity, or independent activity.

EE . @) Circle the Sage Poll students to see who has

. asolid understanding of angles formed when |
parallel lines are cut by a transversal. Have those students (the
sages) spread out around the room. Place remaining students
in teams, Have students report to different sages, with no two
team members going to the same sage, if possible. Have the
sages lead the work for the Real-World Link. Then have
students report back to their teams and discuss any

Lesson 3 Angles of Triangles 389
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ENGAGE EXPLORE EXPLAIN ELABORATE BEVALUATE

ETeach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

1. Find missing angle measures in triangles.

m » What is the sum of the measures of the interior angles
of a triangle 180"

« What are the known angle measureSS” and 90
@ . What equation could be used to determine the missing
angle measureX” + 55° + 90" = 180"
+ What is the value of x35
@ . I the measure of one known angle in a triangle is 90",
what is the sum of the other two angle measw/8@?
« What other equation could you use to solve for x in this
example?55® + x* = 90"
Need Another Example?
The city park is in the shape of a w
triangle. Find the value of 16

2. Use ratios to find angle measures.

@D . What expression could be used to represent the measure
of the first angle® the second angledx the third

angle? Sx
€ - What equation could be used to find the value of x?
X+ dx + Sx =180

« Why can we write # 4x+ 5x as 10x7They are like terms.

€ . How con we check our woriSample answer: Check
that the measures 18°, 72°, and 907 are in the ratio 1:4:5.

Need Another Example?

The measures of the angles of triangle DEF are in the ratio

1:2:3. What are the measures of the angla&dl, 60°, and 90°

Segments
R
b fier o Pap beimatig
e e AR R ok 30

—

Words The sum of the measureModel
of the interor angles of a
triangle is 180"

Symbols  xiy + 7= 180’

-

Atrlangle (s formed by three line segments that intersect only at their
ehdpoints. A paint where the segments intersect is a vertex. The angle
formed by the segments that lies Inside 1he triangle inteslar aivgle.

4. Find the value of x In the
Antigun and Barbuda flag.

¥4 55490= 180

X+W5= 180  Sunpiiy

—MAB= —44F  Sitrinct
x= 35 ity

The value of x is 35

 Ge® M7 po this problen to find out.

B I AXYZ, Il misX=T72" and m£ e 74° what & mZZ7

2, The measures of the angles 2ABC are In the ratio 1:4:5.
What are the measures of the angles?
Let x tepresent the measure of angle 4.
Then 4x and 5x represent angle 8 and angle C.
K+ 4x+ Bx= 180 Wit
10x= 180  Coment llbs i
x= 18 L =i Premerty of Equality

Since x=18, 4x=4{18) or 72, and Sx= 5{18) or 90
The measures of the angles are 18°, 72", and 90",

LT

Uncorrected first proof - for froiming purposes only
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(GF T oo s prblemto ot

b The measures of the sngies QILMN are in the ratio 246
What are the measwutes of the angles?

Exterlor Angles of a Trlangle

Wards The measure of a0 exderior Model 4

angle of a tilangle Is equal to
the sum of Ihe measures of its
two remote interior angies Y

s C

Symbols  mLiAe moF=mal

In addition 16 its three intenor angles, a trinngle can it
angle formed by one side of the Iriangle and the extension of the
ndjncent side. Each exterior angle of the trinngle hnrmble
Interior anglesnat are not adjacent to the esterior angle

@ ere nenec

Mg £ X 24

W ey baal 2
/Ais an exterior angle of the IS mld Repemt
triangie. Its two remote interion St procen for enbevien

angles are Zand £3 h"‘:"—""hﬂ.m.
e N ]

LT
mA=msa+ ms3

mB =med 14+ md2
msB = me 1+ mZ3

3. Suppese mZ&=135". Find the x
mensure of £2.

Angie 4 is an exterior angle
= two remote interior angles L £ 1
are £2 and JLKM.
ml 3+ mll K=ms 4 . oy
x4+ 80°= 135" 1=y pisLi =0 "
= 45* e Prpmart .
g, the m2= 45"

.

Uncorrected fust proof - for troiming purposes only

3. Use exterior angles to find a missing angle.
@ « What is the sum of the interior angle measures of
triangle?180"

« What kind of angle is angle 4kterior

« What are the two remotle Interior angles for angle 4?
Z2and ZLKM

« What is the measure afll KM? 90°
@ - What is true about an exterior angle and its two
remote interior onglesThe measure of an exterior angle
of a triangle is equal to the sum of the measures of its two
remote interior angles.
« What equation could be used fo find the measuré2i¥
Sample answer: m£2 + 90 =135
@ - Explain another woy to find the measure’d
Sample answer: 24 and £1form a straight line, which
means that the sum of thelr angle measures Is 180°, 135 4
m£1= 180" so m£1 = 45", The total degrees In a triangle
are 180°. 45" 4 90 ° + m£L2 = 180", so m£2 = 45",

Need Another Example?
Find the value of x In the triang @0

D
n

C
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Gulded Practice

Formative A ssessment Use these exercises to assess

#1 | | Gok I 0 g probiem to find out.
students’ un derstanding of the concepts in this lesson. =1 =

cir K
S22 I some of your students are not ready for e
SUESS) assignments, use the differentiated activities below. 4
. fu : i
D @ Team-Pair-Solo Have students complete Exercise 1 [ M

in ateam o f four students, then complete Exercises 2 and 3 in —
pairs. Have them complete Exercises 4 and 5 on their own and Gulidéd Practice ;.j
then compare answers with their original te@it. 3.5.6,7 '
1. Find the value of x in the triang@umsls § 2. What is the value of x in the sail of the
O @ Pairs Research Have students research or look as S —

for areakw orld example of a triangle formed by transversals
crossing parallel lines (a map, for example), Have them explain
how known angle measures can help to find unknown angle
measures in the triangl@® 1,2,3,4,5,6,7

3. The measures of the angles. ALMN are in the ratio 1:2:5. What are the
measures of the anglesumph 2|

225", a5°, 1M2.5°

4, Find the value of x in the tiang@smgie 3. 31

2 Ra® Yourself!

o | Are you rendy b2 meve -l

Shnde Hhe secton Hunk mpel
i L3 g_; Buliding on the Essentlal O W can
WC.‘ tCh OU!’. you find the mizsing measure of an angle ina

. . : triangle # you know the measure of two of the interlor an Ies?
Commen Emror When working with angle ratios, students may Samgple answer: If you know the measure of two of the,
solve for x and leave out calculating the measures of the three Sikaiior siiinct the £ th
angles. Remind students to multiply x by each of the coefficients et mm,,::éo _:1;":;10 .
in the criginal equation to find the measures of each of the sngies’ moasures o find the missing
three angles. Then have them find the sum of the angles to _measure. e
check their work.

e —

- —— — |

—EEEL A AR AN

Uncorrected first proof - for training purposes only
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independent Practice

1. The top of a kite is shown below. What is the2. A popular toy puzzie is shown below. What is

value of x7Ermei 58 the value of X Eurge 157

Bl

3. The measures of ihe angles SRST are in
the ratio 2249 What are the measures of

d. The measures of the angles pIXYZ are in
the ratio 336 Whiat afe the measures of the

the anglestass » 247, 487, 108° angles? Exsesie 1 957, 45", 80°
Find the value of ¥ In each triangle.
5 m 6 62 7 45

-« Bl a=

8. InAABC the measwe of angle A I5 23, the measure of angle 8 Is
4x+ 2, and the measuwe of angle Cis 241 What are the measures of

the angles¥™ LA=4T', ngB = 90°, myC = 43"

) S Reason Abstractijnat 5 the measure of the third angle of 3 nangle I
ane angle measuwres 25" and the second angiz measwres 5077

05"

Uncorrected furst proof - for froiming purposes only

nons EXPLAIN ELABORATE EVALUATE

Practlce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
hemework assighment, The Extra Practice page can be used
for additional reinforcement ar as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exarclses
1-7,16-26  8-12,27-29 13-15
Level 3 ‘ .
Lovel 2 :
Level 1 ' .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ approaching Level 1-7,9,11, 14, 15, 28, 29

@ onLewl 1-7 odd, 812, 14, 15, 28, 29
oD Beyond Level

al A

815, 28, 29

Lesson 3 Angies of Triangles 393
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{# MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

salving them | B
2 Reason abstractly and quantitatively. | 9
3 Consiruct viable arguments and critique the " 15 27

:easan!ng of athers,

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world
situations.

SUE

2018

Formative Assessment

Use this activity as a clos  ing formative assessment before
dismissing students from  your class.

Draw a wiangle onthe b gard and label the measures oftwo
of the three angles. Hav e students describe the steps they
would take to find the missing angle measure.
See students’ work.

Find the measures of the angles In each triangle.
w0, 120°,30°, 30" i 90, 60°, 30"

\X-I\;

1. 53,55 T2

@j H.O.T. Problems Higner oner Thinking

13. © Persevere with Problemsse the figuie af the 1ght o a
informally prove that an exterior angle of a triangle is equal to
the sum of its two remate interior angles

Given: SABC, 21 is an externor angle

Prove: nel = ms2 4 mz3 [}
Proof; Sample answer: Sincg 1 and.24 form a stralght angle ,

m 1+ ms 4=180". By the Subtraction Property of Equalitylt%
180 — m£4. Since ASC Is o triangle, AR + ms3 + mi4= 180, By the
Subtraction Property of Equality @+ ms3 =180- me 8. So by
substitution, 2 + me3I=mA,

14. € Find the Errofisreen is finding the meastres
of the angles in a tHangle that hothe ratio 135,
Circle her mistake and cofrect it
9x =180

:l*—"h"ﬁ = |Fo
(== 10
=705

The enales measure

22.5°, 3115 ev 615,

and S22.5) o 12252

x=20
The angles measure 20°, 60°,
and 100"

15. & Justity Concluslontake a conjecture abaut the sum of the
intetior angies of & quadiiiateral. Justify your reasoning

Sample answer: The sum s 360°. Drawing the diagonal of & quadriiateral
forms two triangles. So, the sum of the Intedor angles s 2{180"), or 360"

Uncorrected fust proof - for troiming purposes only
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Extra Practice

Find the value of x In each wiangle with the given angie measures,

meTreTee g2

oy =i loa= |ro 100 65
i - =3 - ﬂ.by,
19, 70, 607, x50 20.x. 607, 25" 95 21,357, 25" 120 r .%
O
[
zmay

22.The measures al the anghes MDEF ate in the ratio 2244 What are the
measures of the angles?

23.The measures of the angles AXYZ are in the ratic 456 What are the
measures of the angles?

48", 60°, 72°

Copy and SolvdFind the value of x in each triangle. Show your work on a

separate sheet of paper.
2, s IS 70 26. 125
=) a5 . L]
I - LP Fej
~L

77, € Reason Inductivelrply what you know bout angles and P
H lines to find the values of x and y i the figure at the right. L
: =23 y=0 L g

Uncorrected fust proof - for troiming purposes only
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power UP! Test Practice

Exercises 28 and 29 prepare students for more rigorous

thinking needed when taking assessment.

2B. This test item requires students to analyze and solve complex rieel-
world problems through the use of mathematical tools and models

Depth of Knowledge | DOK2
Mathematical Practices  MP1, MP4

Scoring Rubric

2 points Students correctly place all values to
compiete the model and find the value of x.

1point Students correctly place all values o

| complete the model OR find the value of x.

29. This test em requires students 1o reason abstraclly and Quanm-iuvefy
when problem solving

Depth of Knowledge | DOKI

Mathematical Practicel  MP1

Scoring Rubric

1 poimt | Students corectly answer the question,

Power Up! test Practice

28 When viewed from the froni, the base of an upright fan has
a mangular face with the angle measures shown. Select the
comect values 1o complete the model that could be used (o
find the value of x

L=+ 2 J[as <[ w] Cx [
‘What s the value of 130 - 20 _|
| 28 180

20.Which of me following statements are alwoys true abo
the relationship between the measures af angles A and
of the right triangle shown? Select all that apply

The y are equivalent

Tho y are supplementary,
B The y are acite
B They are complementary

Spiral Review
30.The street maintenance vehicles for the city of Badr canpot
safely make twuims less than 70°. Should the proposed site of the new
maniehance garage at the northenst corner of Park anc Main be
approvedT Explain
Yes; the two comers at the intersection have measures of 108° and
72", Therefoie it s within the safety limit.

¥, LA and L8 are complementary, and the measure of £4 15 35° What 1s
the measure of 457 5T

Solve each equation.

32.x+ T2+ 63+ 120=360105 33.90 + 90 4 (2x+4) + [3x—20) =360 41

Uncorrected fust proof - for troiming purposes only
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15 st b

Vocabulary Start-Up

A map of the United States is shown. List the states that are in the shape
of a polygon. Then list the number of segments that form the polygon.
Sample answers are given. Some students may Interpret some state

borders as straight segments.
New Mexico B
Utah [
Colorado a
Morth Dakota 4
Wyoming -
Y
| Which@ Mathematical Practices did you use?
Shade the circle(s) that applies.
(D) Persevess with Probiess B s Maats oo
D Feason Abiractly @) titzndt 10 Freciion

@ Maicz 2 of Srucnae

Lesson 4

Polygons and Angles

A polygonis » simple closed figure formed by thiee of more ing
segments. The segments intersect only at their endpoints

) Launch the Lesson

Focus narrowing the scope

Objective Find the sum of the angle measures of a polygon
and the measure of one interior angle of a regular polygon,

Coherenceconnecting within and across grades

Students used properties y Students find the Students use mngle
of triangles to find measires of anghes in maaLures Lo show
misurg angle mensures polygons congruence and similarity

ol Nigures.

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 401,

ENGAGE EXPLORE ExpLaiN ELABORATE EVALUATE

Ideas for Use
You may wish to launch the lesson using a whale group, sma
group, think-pair-share activity, or independent activity.

2R € @ Team Consult Organize students into

- threeteam s_Assign each team a two-dimensional
figure to find in a picture: 5-sided, 6-sided, or 8-sided. You can
provide the picture or they can research a picture using the
Internet. Tell them that the figures should not have any curved
sides. Have them present their pictures with the figures
outlined to the clasd®?

Alternate Strategy
O Ask students to give a few examples of states that are not
polygons. Then have them justify their respof@e, 6

Lesson 4 Polygons and &ngles 397
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ENGAGE ExPLORE EXPLAIN ELABORATE EVALUATE

) Teach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

1. Find the sum of the interior angle measures of a
polygon.
@ . How many years are in a decaddd
« Decagon contains the same root word as decade
How many sides are in a decagoM
+» Draw a decagon, then drow all of the diagonals from
one vertex. How many triangles did you crecBe?
« What is the sum of the angle measures for each
triangle?180°
« What is the sum of the interior angle measures of eight
triangles? Explain how you found the sul40®;
Muitiply 180" by 8.
« What is the sum of the ongle meosures of a decagon?
1,440°
@ - What equation can be used to find the sum of the
interior angles measures of a polygon with n sides?
S=(n—2)180
« What equation can be used to find the sum of the
interior angle measures of a decagosiz= (10 — 2)180

@ . in the equation to find the sum of the measures of the
interior angles of a polygon, what does+#
represent ?the number of triangles you get when you draw
all of the diagonals from one vertex

« Why does the equation use-n 2 instead of just

n? The number of triangles that a polygon can be
separated into is not equal to the number of sides, n. Itis
equal to 2 less than the number of sides.

Need Ancther Example?
Find the sum of the measures of the interior angles of a
13-gon.1,980°

1}-:2)- Concep

Everyday Use
Deen o prefin mpmaag
A, = ArTaRE
Math Use
Treasm apdyomshe
s iy

e D
- T20°
v 1080°
c 23400

Interior Angle Sum of a Polygon

‘Wards The sum of the measures of the imerier angles of a polygon
Ie fn=— 2)180, where n represents the number of sides

Symbols 5= |n— 21180

You can use the sum of the angle measures of a triangle to find the sum
of the interior angle measures of varlous palygons. A polygon that s
etuiinteral (ol sides are the same length) agalanguladall angles

have the same measure) is colle degular polygon

Mumber  Sketeh ot Numberal  Sum of Angle
3 A 1 11807 = 180"
'l Q H ‘ 21180 = 360°
5 1 HIROY = 540"
! | |
& 4 ‘ 80y = 7200

4. Find the sum of the measures of the Interior angles of

o decagon.
5={n—2)180
S=f—2)180 A detagen Mis 10 aldies Beplate s wilh 10
S=(6)180 or 1.440 =mpiny

The sum of the measuras of the interior angles of a decagon
ts 14407,

[ Ge® U py these problems to find out.

Find the sum of the interlor angle measures of each polygon.

a. hemagon b. actagon € 15-gon

Uncorrected fust proof - for troining purposes only
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=

2. Each chamber of a bee honeycomb Is a regular hexagon. Find
the measure of an Interior angle of a regular hexagon.

(Step 1] Find ihe sum of the measures of the angles

5= (p—2)180 wrte

§=§— 280

S = (4180 or 720

The sum of the measures of the interior angées i 720°
[__l_l!'p_ii Divide T20 by 6, the number of interior angles, to find the

measure of one interior angle. So, the measute of one
irterior angle of a regular hexagon s 7206 or 120 - Y

( |
| Gek 1 pa tese problems to find out. ‘8
Find the measure of one Interlor angle In each regular polygon. e 1288
Round to the nearest tenth If necessary. il
d. octagon . heplagon . 20 ]
- ‘ - g emr

{'key Concept:

Exterlor Angles of a Polygon

Words In & podygon., the sum of the
measures of the exterior
nngles, one & each verlex,
5 360"

Symbols ol +med £ meI emad
meS= 380°

Regardiess of the number of sides in a polygon. the sum of the extariol
angle measwes s equal to 360° | | madslntern) and

drawings. 360°; 360°
120 +100 + 140=360" 105 + 10+ 105 - 40 =360°

2. Find the measure of one interlor angle of a regular

Uncorrected fist proof - for troiming purposes only

polygon.
@ - What is o regular polygord polygon with equal side
lengths and equal angle measures
» How many sides are in a hexagoB?
€Y « What equation can be used to find the sum of the
Interior angle measures of a hexagdhe (6 — 2)180
» What s the sum of the interior angle measures of a
hexagon?720°
* How can you find the measure of ane of the interior
angles of o regular hexagofvide 720 by 6.
€ « Wiite an equation that can be used to find the
measure of one angle M of a regular polygon with n

s.r'desh 2)-180
”:ﬂ—'

Need Another Example?
A designer is creating a new logo for a bank. The logo consis
of a reqular pentagon surrounded by isosceles triangles. Find
the measure of an interior angle of a regular pentad@’

Lesson 4 Polygons and &ngles 399
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3. Find the measure of one exterior angle In a regular
polygon.
@ - What is the sum of the measures of the exterior angles
of any polygon360°
» How many exterior angles are in a hexagdn?

+ How would you find the measure of one externior angle
of o regular hexagonFind 360 + 6.
& . What is the measure of each exterior anghl?®
« Wirite an equatfon to find the measure of one exterlor
angle m in a regular polygon with n s.idat=-?£
@ : Caon you use this method to find the measure of an
exterior angle of a polygon that is not regular?

Explain. No, the exterior angles of a polygon that is not
tegular are not all the same.

Need Another Example?
Find the measure of an exterior angle in a regular 30-§2n.

Guldéd Practice

Formative A ggessment Use these exercises to assess students’
understandi ng of the concepts in this lessan.

-E': | |f some of your students are not ready for

4% assignments, use the differentiated activities below.

% @ Pairs Check Have students work in pairs. Give
eachpalr a n index card. On the card, they should list the
names of polygons and corresponding number of sides from
triangle to decagon. Have students refer to their cards when
completing Exercises 1-5. Then have them compare their
answers with another pair of studer®@.7

@ @ Pairs Consult Have students read the information
abouttess ellations in Exercises 8 and 9. Have students work in
pairs to research M.C. Escher and tesseliations. They should
write a paragraph about the atiributes of polygon tessellations.
Give them sheets of colored paper or allow them to work on a
computer to create their own tessellations. Display the
tessellations throughout the roo@. 6

wo
aBl _______°=S
L9
i. 45"

T T i i i)
f

3. Find the measure of an exterlor angle In a regular hexagon,
Let x represent the mansure of each exterior angle.
Bx =360 W
x =80 Ciweshan Pragiiy of Lgu sty
50, ench exierior angle of o regulnr hexagon measures §0°,

aguation A himsgen b § exisils sngla

Find the measure of an exterlor angle of each regular palygon.
§ triangle h. quadtilnteral I. setagon

Guldéd Practice ﬁ

Find the sum of the Interior angle measures of each polygony. |
2. nonagon 1.260°

1. quadrilaters|360°

4, The guilt pattern shown is
made of repeating equilateral
irangles. What is the
measure of ohe ineror
angie of an eguilateral

triangle? Eae=gir 1!
60"

5. Find the measurs of an exterior angle of a regular
peniagon Sampe 372"

| 3. 12-gon 1,800°

i l!am_\foumm . _'|

| umderstand how to
Pind Hae suw of Hhe
inteviar angle memsures

cf & polyaon.
PP Geeatt You're ready to move anl |

B |

t@;mmmmwm»\:cammu | st e seme
the =um of the Interice angle measures of a palygon? questons about the I
Sample answer: Subtract 2 from the number of sides of  angles of pelygons. |

the polygon and then multiply by 180.

Uncorrected first proof - for training purposes only
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Independent Practice

Find the sum of the interfor angle measures of each polygon,

1. pertagon 340° 2 Ngon620° £ 3-gon 1980°

4, The soccer ball at the right consists of repeating reguilar pertagons and

hexagons. Find the measire of one intesior angle of & pentagon. \

108"

Find the measure of an exterior angle of each regular polygon:
ﬁ'dc-tﬂonn 3% 6. 2Crgun1r 7. 15gon FLh

A tessellation Is a repetitive pattern of polygons that fit together without
overlapping and without gaps between them. For each tesseliation, find the
measure of each angle at the circled vertex. Then find the sum of the angles.

8. o 9

90", 120°, 150"; 360

Find the value of X In each figure.
10. B0

Uncorrected furst proof - for froiming purposes only

ons EXPLAIN ELABORATE EVALUATE

Practlce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment. The Extra Practice page can be used f
additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exerclses progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exercises
1-7,16-25  B-12,26-29 13-15
Level 3 4 .
Level 2 3
Level 1 * L
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students' needs,

€% approaching Level 17,8, 11, 14, 15, 28, 29
€Y onLew 1-7 odd, 8-12, 14, 15, 28, 29

€ Beyond Level 8-15, 28, 29

B EX

Lesson 4 Polygons and Angles 4101
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(e MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

solving them s

3 Construct viable arguments and critique the 1. 15. 27
reasoning of others. '

4 Model with mathematics. 12

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving,
10 express their reasomng_ .‘|rn:l appiy mathematics to real-
world situations

Formative Assessment
Use this activity as a clos  ing formative assessment before
dismissing students from  your class.

Have students explain h  ow to find the sum of the interiay
angles of a polygon wh  en they know the number of sidg
of the polygonSee students’ work.

]

12. 2 Model with Mathematidafer 1o the graphic novel frame below. Find
he measures of the two missing angles using propenties of quadrilaterals and

paraligl lines130° and 28

fi!j H.O.T. Problems wigner orer Thinking

— 2180
- w0

{1 — 21BO=160n Multiplication

13. © Persevere with Problemtsow many
sides does a regular polygon have it the
measure of an interior angle is 1607 Justity

WOUr answer Property of qu.lﬂlltjiI

1B0n— 360= 160n Distributive Property
20n= 360 Properties of Equality

n= 18 Division Property
of Equality

14. € Reasen Inductivelyf the number of sides of a polygen increases
by 1, what happens to the sum of the measures of the interior angles?

It increases by 180°.

15. € Reason Inductivelyamal drew a regular palygan and measurad one
of its interior angles. Bxplain why It is impessible for his angle measure to be 145"

Regular decagons have equal angles measuring 144" and reguiar T¥-sided
polygens have angles measuring 47.27. 145" s between these two

values so It cannot be the interior angle measure of a regular polygon.

Uncorrected fust proof - for troiming purposes only
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Extra Practice

Find the sum of the interlor angle measures of each polygon,

. heptagon ™" | 1. 14 gon 260° 8. 24gon 3960°
= iw=1lro

™ e=7=2lre
ge=«¢ lro
< =%

Find the measure of one Intetior angle In each fegulad palygon. Round to
the nearest tenth If necessary.

9. nonagon140° 20.decagon 44" 21 19-gon 16LY 22%6-gon 157.5°

Find the measure of an exterior angle of each regular polygon.
23.nonagan 40° | 24, 12.gon 307 25. 18-gon 20°

26, The surface of the dome of Spaceship Earth in Orlande
consists of repeating equilsteral riangles as shown
Find the measure of each angle in each cullined tnangle
Then make s con@cture about the nterior angle measures
in equilateral triangles of different sizes.
The measure of each angle in each outlined triangle s
80" If & trlangle is aquilateral, the measure of cach angle

will be 60° regardiess of the size of the triangie.

27. € Justity Conclusiontniat is the sum of the interior angies of nonregular
I rexagons? Explain your reasoning to a dassmate
1 Sample answer: The sum of the Interlor anglés will still be 720" because

L. even though the figures are not regular, they are still hemagons.

Uncorrected furst proof - for troiming purposes only
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power Up! Test Practice

Exercises 28 and 29 prepare students for more rigorous
thinking needed when taking assessment.

2B. This test item requires students to analyze and solve complex :ieal-
world problems through the use of mathematical tools and models

Depth of Knowledge | DOK2
Mathematical Practices MP1, MP4

Scoring Rubric

2 points Students correctly complete the model
and find the measure of angie AED. |

1point Students correctly complete the model DR

find the measure of angle AED.

29. This test item requires students to reason abstractly and
quantitatively when problem solving

Depth of Knowledge DOK1
Mathematical Practice| MP1
Scoring Rubric

2 points Students correctly answer all four parts{of
the gquestion |

1 point Students correctly answer three of the
__l_q!.![_!y[ts of the question.

power UP! test Practice

28, Afier the first two folds of an origami paper design, the paper [s# £
shaped fike a square with two isosceles nangles removed from
adjacent comers

Angles AED and BCD are congruent. Select the correct values to)

complete the model bedow to find the measure of angle AED, T
A e A

x| 2 [ 3 | e | w0

180 | 360 | s40| 720

[ 2 "L = J+[ 3 [ s0 |=[ a0 |
What s rZAED? 135°

29, Fill in each box to make each statement true
a. The sum of the interlor angle measures of a uundtlln'ﬂ'JﬂI | 380
b. The sum of the interior angle measures o !lt hexagon . 5720
€ The sum of the interior angle measures of an Qctﬂl*‘il'l | 1,080

d. The sum of the interior angle measures o  Ygon is K620

Spiral Review

Classify each pair of angles as comp Y. supplementary, or nefther.

30. angle 1: 35-Complementary 3. angle 1 62+ Meither
angie - 55" anhgle 1: 108"

=

Find the value of x In each triangle.
32 51 33 26 |2g, 27

ARASS

Uncorrected fust proof - for troiming purposes only
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Case #1Spider Web

An activity In a low ropes course creates the inuoe of o spider
web ysing string. Ths group mambers form A pofygon The
strings stretch from each person 1o pvery NoNadiacent member
of the figure. Saveds group has 20 members.

Haw saany shrines will Saged held tw Hhae weo —

ﬂ Understandwnat are the focts?

+ There are 20 group members that form a polygon
= Astring stretches from each person to every nonadjacent group

Plan wnet is your strategy fo solve this problem?

Diawing a 20-gon would be difficuit Begin with a group of four
and kook for a pattern. Then make a table to find the pattem

Solve How can you apply the strategy?
Draw figures using fous, five, and six members. Draw the diagonals from one
mamber to show number of strings. Some figutas are drawn for you.

=
ILF*::“W‘I‘!!‘!KI !?

S

How many strings will Saeed holdSHings

Diraw a 20-gon and count the numbes of diagonals from one verizx.

would the patiern change if Sased

Gmmw
was looking for the toial number of strings from every persan in the web?

%m!ﬂmugmm i

) Launch the Lesson

Focus narrowing the scope

Objective Solve problems by using the look for o pottern
strateay. This lesson emphasiz@ Mathematical Practice 8
Identify Repeated Reasoning,

Look for a Pattern Looking for a pattern |s a good strategy f
solving a varlety of problems, When working with patterns, it
sometimes helpful to organize Information in a table.

Coherenceconnecting within and across grades

Now Next

Students solve non-routine problems, Students will spply the look for a pattem
shategy to snalyee the relationship
between the wde lengths of o rght
triamgle.

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 407,

ENGAGE EXPLORE [xiLs

The problems on pages 405 and 406 are intended to be usea
as a whole-group discussion on how to solve non-routine
problems and are designed to provide scaffolded guidance,
The problem on page 405 walks students through the solution
while the problem on page 406 asks students to come up with
their own solutions.

Case #1 Spider Web
® Have students extend the problem by answering the
following question.

Ask:
« Write an expression that can be used o find the number of
strings Chen will hold for n members— 3

Problem-Solving Investigation Look for a Pattern 405
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Case#2 Follow the Bouncing Ball

D @) Rally Coach Have students work in pairs to solve
theproble m. Have Student A complete the first step, speaking
out loud, while Student B listens carefully, coaches, and praises.
Next, have Student B complete the second step while Student
A listens carefully, coaches, and praises. Partners take turns
until they have solved the proble®1,2,3,4,5,6,7.8

D @) Pairs Discussion Have students work in pairs to

answer the following extension questi®1,2,3,4,5,5,7.8

Ask:

+ How could you solve this problem g different whaiple
answer: The height of each bounc aife height of the previous
bounce. | could draw a diagram to show the height of each bounce
after the third bounce.

Need Another Example?
All new showerheads are required to restrict their water flow.
Determine how long it will take Hidaya to use 18 liters of water

[wam\ | 2 3 4
(Numberoftiters 35 7w

Each minute, she usesglhcrs of water. She will use 18 liters of
water between the 7 and B* minute.

Eollow the Bouncing Bal

o a helghi of . -
the first, secand, i -

Case #2
A bl witk wopped It
27 conbimeiaTs Ater

thas huights waTe

S
thvird Doy 12 cortimetars, and

18 centimeton.
8 conumeters respectively.

1 Elas
b, s ™

Aibee v

(o

\ Uy enpmares
» -
——

ﬂ Understand
Read the problem, What are you being asked to find?
| weed be fin AMer which bounce will the helght of ball be less than 3 centimeters

Lt
) e VLT
2 Ve o

Underlindiey words and values. What Information do you know?
The ball iz dvepped frowd?  centimeters. The Fivsk bounce s
18 centimeters high, Hhe second bounce W | cenbimeters high,

and Fhe Hiivd bownce 118 | cenbimeters high

Plan
Choose a problem-solving strategy.

| will use Huelook for a pattern

Solve

Use your problem-solving strategy o solve the problem.
+1 41

pe e
Bounce 0] 1/2/3)4 5 6
Height (om] 27] 18] 12| 8 3‘-3;%

= o g

)".t- AQ'
sﬂt‘hlhﬁhiﬂﬂfcﬂhm-;ﬁfﬂlﬂmulhwﬂlilﬂdml

strateqy,

(CORNT)

e b 1

be less than 3 centimeters after the shxth bounce

- e

é} Check
Use infarmation from the problem to check your answer.

Uncorrected first proof - for troining purposes only
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P g P T

R M b

e y— \

Right triangles are arangoed a3

n i fiest Nigure is 360°

Work with a small group to solve the following cases
Show your woik on a separste plece of paper

shown The sum of the measures of the angies

|
I
I
1

' Case &4 S"ﬂn'

A theator has 12 seats in g
22 503 in the thirg row

l 47 seats; (80 4 7) sents

Study the pattesn

l 1,234,567,654,321

I

R

.-.-r-u-n_

: _ ;
Case #5 Mental Math Tricks

W N5l row, 17 seats In the Second row

and %0 an

Ixt=1

Hxt=12l
s il = 12321

Milxitii= 12347321 |

Case #6 Time

Hareb and his friends ar e going oul lo bowl, 2t dinfed and ses 8 mwlu
The movie starts st 810 P.M. and hey want 1o amve 20 minules beforel
R St@Es. They will bowl Tor ene hour and dinner will take 1 hour and

15 minutes. Travel me is 20 minugtes 1o the bowling zlley, 45 minutes

i Ihe redtayrant, and 10 minutes to e theater

plove b g Hoavreb'e laswurs

l 4:20 paa,

Uncorrected fust proof - for troining purposes only

ExpPLaiN ELABORATE EVALUATE

Collaborate

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exercises
3,4 5 6
Level 3 ‘ L
Level 2
|
Level 1 { o

I €@ Roundrobin Have students work in pairs to extend
the pattern in Case 4 to find the number of seats in the fourth
row, fifth row, sixth row, and so on, until they reach the eighth
row. If they are struggling with the number of seats in the nth
row, provide them with the beginning of the expression,
___n + 7 Have them find the coefficient ¢, 2. 3,4, 5,

6,78

O @ Trade-a-Problem Have students create their own
realworld problem with a pattern. Then have them trade thei
problems with each other, solve, and compare solutions. If the
solutions do not agree, students should work together to fi T'ﬂds
the errors@®1,2,3,4,5,6,7.8

Problem-Solving Investigation Look for a Pattern 407

Scanned by CamScanner



Mid-Chapter Check

If students have trouble with Exercises 1-10, they may need
help with the following concepts.

parallel lines and transversals (Lasson 1) 1,3-8,10
polygons and angles (Lesson 4) i 29

Vocabul ay Activity

ﬂ-’*"" . @ Numbered Heads Together Have students
AL S work in groups of 4 to complete Exercise 1. Each
student is assigned a number from 1to 4. Each student is also
assigned one of the angle relationships, such as corresponding
angles. Students are responsible to ensure that each group
member understands the meaning of their angle relationship.
Students should ask each other for clarification and assistance,
as needed, Call on one numbered student to define their angle
relationship for the class. Then have the groups complete
Exercise 21,4,6,7

Alte rnate Strategies

Y Have students use highlightars or colored pencils to
identify examples of angle relationships shown on the diagram
in Exercise 1.

I Have students write equations that represent the angle
relationships shown on the disgram in Exercise 1.

Mid-Chapter Chedk

1. Name a pair of angles for each of the followitgs YSample answers: 1a-~1d.
a. comesponding nngle? and 6
b. altemate interior angles a4 §
c.vertical a.nan.-f and 2
& alternate exterior nngld and7
2. List two attributes of regular PolyGgoftees 4
all of the sides are the same length
all of the angles have the same measure

Skills Check and Problem Solving

Refer to the figure at the right. Find the missing measure

of each angle. Lrosw fand 1)

3. mz1= 80 a4 mia= 5T

B mse= 12%

6. mia= T.més=

9. A building 1s in the shape of a regular polygon with five sides, What is the
measure of ane of the Intarior angles of the bullding2n 4 108°

the foliowing are equal to the measure of AFkon 1 1,

I the supplement of £5

B the complement of 2X

M the angle adjacent to /7
W angle corresponding to ZR

10. e Use Math Toelsin the figure, line o |s parallel mﬁlreldi. ‘Which of
X -

408 chapter 5 Triangles and the Pythagorean Theorem
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Inquiry Lab

Right Triangle Relationships

WHAT Is the relationship among the sides of a right
trlangle? 114
Three square tents at the funfair are situated as shown below.

The backs of the orange tent and the green tent form a right angle. The
back of the blue tent finishes the triangle.

IHands-Of Activl

Using grid paper can heip to investigate the relationship between
sides of o right triangle.

(Step1] 1n each ngure beiow, the sides of three squares form

o right triangle
Timg | Tranga 1 Trargle 1
@j_r, My s
o S

[m Find 1he area of each square that is attached toth§ |
triangle. Record your results i the table below. | [N B
The first one is already done for you. Lise the figures. | |
atthe right to help find the area of partial Orids.  Asa =1 o0 Aes=low'

o O
| :K

2 1 4
3 a

What relationship exists among the ateas of the three sguares
bordening ach wiangieThe sum of the arcas of the two smaller

squares is equal fo the area of the larger squalincomrected first proof - for training p

Focus narrowing the scope
Objective Mode| the relationship among the sides of a right
triangle.

Coherenceconnecting within and across grades
Now Next

Students will model the relationship Students will 1ise the Pythagarean
amang the sides of o right triangle Thearem and Ils converse to solve
i okl s

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 410,

ENGAGE EXPLORE ExPLAIN ELABORATE EVALUATE

') Launch the Lab

The activity is intended to be used as a whole-group activity.

Hands-On Activity

% @3 Three-Step Interview Have pairs complete the
activiy. Up on completion, have Student 1 interview Student 2,-
using the table and and question in Step 2 as interview
questions. Then Student 1 asks Student 2 any clarification
guestions about the relationship and how Student 2 can verify
the relationship using the values they generated in the table.
@1.34678

O €@ Pairs Consult Have students work with a partner to
trandate t heir verbal response to the question in Step 2 into ar
equation. Have them use the letters g, b, and c to represent
the lengths of the sides of the triangle, letting c represent the
length of the longest sid@ 1.2,4.6,7

Inquiry Lab Right Triangle Relationships 409
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Evoane EXPLORE EXPLAIN ELABORATE EVALUATE

) Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Create
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exercises
12 3 4.5
Level 3 : .
Level 2 1
Level 1 t -

(&5 Jinvestigats

D €@ Pairs Discussion Have students work In pairs.

Have each student complete Exercise 1 on their own. Then
have them trade their triangles and complete their partner’s
triangle fo r Exercise 2. Then have them compare solutions and
discuss a ny difference@ 1, 3,4,6

J
U\ Creata

D Have students verify their conjecture in Exercise 4 by
using grid paper to draw the triangle. Then have them make a
conjectur e about the length of the longest side of a triangle if
the lengt hs of the two shorter sides are double that of the
sidesin Exercise #91,3.4,5,6.7

. Students should be able to answer "WHAT is the
relationship among the sides of a right friangle?” Check for
student understanding and provide guidance, if needed.

investigate

Work with a partner. Draw a right triangle different than those of the
Activity on grid paper. Find the area of each square that Is attached to
the triangle. See students’ work,

Area of square T Area of square e

Asea of square 2= Area of squaie 2=

Area of squate 3= Area of soquare 3=

N A'aly 28 and Refled

3. © Model with Mathemati@n the grid paper shown, draw | ] [ | |
a right triangle so the two shoner sides are 3 units and 4 units i |
long. Diaw squares attached to each side of the triangle.

What Is the area of each square?
9, 16, and 25 square units
Whiat is the length of each side? | !
3,4, and 5 units | | L

- o]
L
4. [ Reason Inductivelyiake a conjecture about the lenath of

the longest side of a right triangle if the kengths of the two shotter
sides are 6 cemtimeters and B centimeters.

The length of the longest side would be 10 cm.

L 8 WHAT iz the relationship among the sides of & right triangle?
The sum of the squares of the two smaliest sides Is equal to the

square of the largest side.

)

Uncorrected first proof - for troiming purposes only
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Lesson 5

The Pythagorean Theorem

Vocabulary Start-Up @.mmum nn

A right triangle is a niangle with one right angie. iligeare the

sides that form the right angle. Thypotenuses the sic

fle oppasde
the right angle. it is the longest side of the triangle

Complete the graphic organizer. Label the legs and the hypotenuse.

an Thaoiam

f Dromae a sigh- angle sywinel o b right P P
| § Heatued cack tde of Hae risht brinag e mmd ik
| ‘\‘\\)m e mfur et im Hee beinle pels - ] 9 Mathematical Practices
\\\ Sude I.uﬂlﬂllﬂ
|  hypotenuse ¥ Son /
™ =
| leg \.“\ CA B8am i -
I R iE 10 cm |
\ ¥
,
H‘\
leg 5

When viewed from @ of some wooden we
ramps is a right triangl & height of a ramp is
and the | h of the base of the 20 cent &r1. How long do
you think the ramp will be? Explan your reasoning

Accept all reasonable answers: the length uﬂh; ramp is 150 em.
Which@ Mathematical Practices did you use?
Shade the circie(s) that applies.

) Lise Miats Toois

@ dit=ryd v Pracaon

(D) Persevess with Probiess
@ Faawon Abuiructiy

@ Comsiruct an Argemess
(D Model with Mathemaics

@hk%;\'—:\.'::i—_iur.rgmmml P

poses only

v |

Focus narrowing the scope
Objective Use the Pythagarean Theorem,

Coherencemnnmlng within and across grades
Now Next

Students will use the
f n Thearem i f
FvErse 1o solve Theoie

Previous

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 415,

ENGAGE EXPLORE

Launch the Lesson

Ideas for Use
You may wish to launch the lesson using a whole group, smag
group, think-pair-share activity, or independent activity.

@) Pairs Discussion Ask students to draw &

recta ngle on a piece of paper. Then have them
draw the diagonal. Ask the questions below, then have
students work in pairs to complete the Vocabulary Start-Up on
the student page® 1.2,3,4,5.6
Ask:
« When o diagonal is drown, whot is formawd triangles
« How would you classify the trianglesght triangles
« [s the diogonal longer or sharter than the sides of the

rectangle?longer

a1

Lesson § The Pythagorean Theorem
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ENGAGE ExPLORE EXPLAIN ELABORATE EVALUATE

%) Teach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

1. Find a missing length in a right triangle.
@ « Do you need to find the length of one of the legs or the
hypotenusehypotenuse

« What are the lengths of the leg97tm and 12 cm

@@ : What equation do we use to model the Pythagorean
Theorem?e® + b =¢
+ What volue would you substitute for o in the equatkdh?
+ What value would you substitute for b in the equat®n?
@ : Why can the value of ¢ not be negatiength must
be positive, so you need to use the positive square root.

» How do we know that our answer is reasonaiSafple
answer: The hypotenuse is the longest side of a right
triangle. Since 15 > 12 > 9, the answer is reasonable.

Need Another Example?

Write an equation you could use to

find the length of the missing side

of the right triangle shown. Then £om
find the missing length. Round to 2cm

the nearest tenth if necessary.

12!+ 162 =¢% 20 cm 16 cm

Pythagorean Theorem

Words I & rigiht triangle, the sum of thiviodel
squares of the lengths of the legs :
is egual to the square of the L)
length of the hypolenuse

&

Symbols o + b =

Thie Pythagorean Theoremscrives the relationship hetween the
lengths of the legs and the hypotenuse for any right trlangle.

You can use the Pythngorean Theorem to find the length of o side of
a right triangle when you know the other two sides

Wiitte an equation you could use to find the length of the missing
side of each right triangle. Then find the missing length. Round to
the nearest tenth if necessary,

1

cin
12in

fin
uaq. bz=c2 Pythasysiean Thaoien
2922 e — T
ey B1=c?
225=¢2 BB
#/225=¢ Bl
c=160or-15 Simpllt

ol nijunte hool

The eqguation has twe solutions, 15 aslE. However, the length
of a side must be positive. 5o, the hypotenuse Is 15 centimetars

long.

Check:  oi4bi=c?
122497 2952
1444812225

225=2325 v

Uncorrected furst proof - for troining purposes only
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8 U

o = y
&0 =28 Besiais gwts 8 M
64-.-6 =576 ¢
64 — 64 + F =576 —64
& =512
.D-g,\l‘ﬁ
b =22601-226
The length of side b is about 22 6 meters

Chack for The hypotenuse is always the longest side in a
right triangle. Smce 226 Is less than 24, the

tigm :’ j

answer is reasonable

'W'hmummuwm

Epd

i

2= a
. 30dm

F+pi=g2
2R,

ol + 1 =200,
'c_'.{.’élc_".'_.__

Converse of Pythagorean Theorem key Concept

| If the sides of a triangle have: lengths o, & and ¢ units suchieis =2
\_.!'en the triangle is & right triangle

if you reverse the parts of the Pythagorean Theorem, you have
formead onverse

Statement: If ariangle Is a right tangieen 2+ ¥ =1
Converse: if 825 = tnen metiangle is a right wiangle

The converse of the Pythagorean Theorem is also true

2. Find a missing length In a right triangle.

€D - Do you need to determine the length of one of the leg
or the hypotenusedne of the legs

« What is the length of the known le§n
« What Is the length of the hypotenus2d m

» . What equation do we use to model the Pythagorean
Theorem?a® 4+ b* = ¢

« What volue would you substitute for a in the equatin?
« What value would you substitute for c in the equatRh?

@ - Why do we not consider the negative square redg 67
The side length of a triangle cannot be negative.

« How do we know if our answer is reasonolSaiple
answer: The hypotenuse is the longest side of a right
triangle. Since 22.6 is less than 24, the answer is reasonabld

Need Another Example?

Write an equation you 2Bcm

could use to find the o
length of the missing

side of the right triangle acm
shown. Then find the 33 cm

missing length. Roundt

the nearest tenth if negsary.

@+ 28 =334175cm

Watch Out!

Common Error Students may think that they always

substitute the known side lengths for o and b and solve for c ir
the Pythagorean Thecrem. Remind them that c is always the
hypotenuse of the triangle, so if the hypotenuse is one of the
known sides, they will need to substitute the known lengths fo
a and ¢, and then solve for b.

Uncorrected first proof - for traiming purposes only

Lesson 5 The Pythagorean Theorem 413

Scanned by CamScanner



3. Use the converse of the Pythagorean Theorem.
@» . What are the lengths of the sides of the triondia,
12 ¢m, and 13 cm
+ Which side length is the longesi3 cm
@ : if this is a right triangle, which side would be the
hypotenuse?3 em
+ What equation do we use to determine if the triangle is
a right triangle®® + bF = ¢
« What value would you substifute for o in the equation?
§ b?12 7B
@ - Sets of numbers that work in the Pythagorean Theorem
are called Pythagorean Triples. Can you think of other
values for a, b, and ¢ that are Pythagorean Triples?
Sample answer: 3, 4, and 5

Need Another Example?

The measures of three sides of a triangle are 24 centimeters,
7 centimeters, and 25 centimeters. Determine whether the
triangle Is a right trianglaes; 7* + 24 = 25

Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

RO If some of your students are not ready for
MWL assignments, use the differentiated activity beiow.

D O @ Team-Pair-Solo Have students work in a team
of 4 (making sure there are some approaching level students
grouped with beyond level students) to complete Exercises 1
and 3. Then have them work in pairs to complete Exercises 2
and 4. Finally, have them work individually to complete
Exercise 5. Upon completion, have them regroup with their
g’ginal team to compare answers and resolve any differences.
1.2,3.4,6

3. The measures of three sides of a trlangle are 5 centimeters,
12 centl -

triangle. Justify your answet.

d. 36 km, 48 km, 60 km e dm7mbEm

cno@sgisr 1
|

Guldéd Practice =

Write an equation you could use 1o find the length of the missing side of each
right triangle. Then find the missing length. Round 1o the nearest tenth If

NECERSAY. Frompir Tind 1)
2 100" + 200°= ¢%; 223.6 mm

L @ +18=cizom
'.-*' | o i fite
e, = |

200 mmy

Determine whether each triangle with sides of given - j—
lengths s a right triangle. Justify your answet:- | '

3, Scm 10 cm, 12 enfios § +10°E 12
4. 9m, 40 m, 41 nyes; § + 407 =4f

Rate Yourselfl |

| Hew conBldes b oave you about
fing Hae Pyt h:eacn'l

Theerew Th eck Hie pox i.

5. (&l Buliding on the Essential Questisf=t = the Thunkr e s .
relationship among the legs and the hypotenuse of a [ 1) [0} @
right triangle? ] |
The sum of the squares of the lengths of the legs is !

|

v T

Uncorrected first proof - for fraining purposes only
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habe Fnee o sk s, and 13 ¢ Determine whether the
cnali oz the A mamperes trinngle is a right triangle.

o gt bebandle. F+ = Pyrageensn Theowem

yow potrele B4 1EI P ebb=Te=D
— 254144 2188 Fwne ¥ 0 a1

Sample answer: 3, 4 169= 169+ Senpiy

s¥+é=¢ The trlangle I  right triangle.

# o | Gek I o these problems to find out.
yes: 36 + =
AAR=60l Determine whether each triangle with sides of glven lengths Is a right

g ma g




Sy rer—

indépendent Practice

‘Write an equation you could use to find the length of the missing side of
each right tHiangle. Then find the missing length. Round to the nearest
tenth if necessary, o o o)
1 5!+ 17 =c); 3 em.

12 f+5F =60 i MEm 3 d+F=wiim

, LT b
l:" Sn ‘q:m
- - in
T L

Determine whether each triangle with wides of glven lengths s a right trlangle.
Justify your answers o

4 2Em 8Em19Tm
yes; 288 + 1957 =07

B30 cm. 122 am, 125 cm
no: 30 + 127 % 128

BT e
§. Caiculate the length of the diagonal of the rectangle

about 735 km

‘Write an equation you could use to find the length of the missing side
of each right trlangle. Then find the missing length. Round to the nearest
tenth If necessary.
Bo—s8mb_55m
2 +58 =cZ 73 m

L o=23cm b=1cm
23 -8 ::1. 292 cm

9 8=51mc=123m

d+sf=12F1m2m

Uncorrected farst proof - for froiming purposes only

FLons  EXPLAIN ELABORATE EVALUATE

Prac&née and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

VG

Exarclses
1-6,15-22  7-10,23~25 11-14
Level 3 ' L
Level 2 b
Level 1 ' .
Suggested Assignments

You can use the table below to select appropriate exercises f
your students’ needs.

@ Approaching Leve| 1-5.7.9, 12-14, 24, 25
@ onLevl 1-5 add, 6-10, 12-14, 24,25
@ Beyond Level 6-14, 24, 25

O-by,

\¢

Lesson 5 The Pylhagorean Theorem 415
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(& MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in
n
solving them. |
3 Construct viable arguments and critique the
reasoning of others.

5 Use appropriate toals strategically. | 10

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving,
1o express their reasoning, and apply mathematics to real-
world situations.

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from your class.

Hawve students determin g whether a triangle with side
lengths of 1 centimeter, 3 centimeters, and 3 centimeter
a right triangle. Have them justify their response.
Sample answer; ¥ + 37 £ 3%

Waich Out!

Find the Error In Exercise 12, Amani identified the
hypotenuse as one of the triangle’s legs. Ask students to
label the two legs of the right triangle a and b and the
hypotenuse c. Point out that it is often helpful to write
the formula before replacing variables with numbers.

S

10. Q Use Math Tooldhe whole numbers 3, 4, and 5 are
|"'|‘WEM “‘lﬂﬂ
called Pythagorean inples because they satlsfy the
Pythagorean Theorem, Complete the graphic organizer 3 4 ]
shown 1o list 4 additionnl sets of Pythagorean triples. Z 8 w
q 12 15
H 12 I3
B I 17

& H.O.T. Problemsiignes order Tinking

1. D Persevere with Problemis the figueHD s
the dingonal of the base afd s the diagonal
of the figure. FinBD to the nearest tenth

78 cm

£

12. D Find the Errorman is wiiling an equation to find
the length of the third side of the right triangle. Find her
mistake and correct it

™

She used the sides given as legs, when
one is o hypotenuse; ‘ot ¥ =42

1o Justity Conclusion#/nat does the value of ¥ have to be for the figure
10 be classified as a right isosceles triangle? Justify your reasoning s

about 71 cm; Sampie answer: The Pythagorean Theorem states that
et= g + b2 Since both legs are x inched, = 2¢. When you replace
¢ with 10 and simplify, = 7.1.

1, 3 Justity Concluslonhe hypotenuse of 5 right triangle |=
23 centimeters long. Find possible measures for the legs of the triangle.
Round to the nearest hundredth. Justify your answer. §

Sample answer: 15 cm and 17.44 cm223529 and
152+ 17.44 = 5291536 So, 23= 157+ 1744

s g T R

Uncorrected first proof - for troiming purposes only
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Extra Practice

Write an equation you could use to find the length of the missing side of each
right triangle. Then find the missing length. Round to the nearest tenth It
necessary.

HE W s L eres e 0T N2em g 308+58 =80 74,2 mam
e ¥ e
Tm .
'y L Hom L 2o - b
Em
M enle
1Y+ 3 =
1005w & (Lby,
=/ T.00%7 = ¢ ‘%

=l -
s
Simce lengtin Comnet e f F‘C g
neaative, Hhe lomath of side -
< i dT preve e

Copy and SolviDetermine whether each triangle s a right triangle. Justifty
your answer, Show youl work on a sepatate plece of paper.

18, 24m M3m WS m 19, 135 cm, 140 om, 175 cm
yes; 28 +14F = 48 no: 138 + WF # 7T

20.56 i, G5 m. 16 m N 48 o JOem, 55 ¢
no: 56 + 1614 67 no: 485+ 581 2 700

22. A triangle is formed by three wns, as shown on the map.
Is this tnangle a nght triangie? Explain
no; 124+ 242 4 292

232 Construct an Argumentxplzin 1o & classmats why you can ey 1
twa sides of a right riangie to find the third <AMMPle answer: if you know
L the lengths of twa sides of a right triangle. you can substitute the values in
the Pythagorzan Theorem and find the missing side.

M M P

Uncorrected fust proof - for troiming purposes only
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power Up! Test Practice

Exercises 24 and 25 prepare students for more rigorous Power UP‘- Test Practice

thinking needed when taking assessment.
S 24, The base of a4 390.-meter Iadder stands 150 meters from a house

24. This test item requires students to suppart thelr reasoning or | Sketch a drawing to model this situation.
evaluate the reasoning of others by Justifying their response ang How many meters up the side of ihe house does the Iadder teadfi? :
constructing argumenls. | Explain how drawing the picture helped you solve the problem.
Depth of Knowledge | DOK3 | =
Mathematical Practices  MP1, MP3, MP4, MPS 3.60 m; Sample answer: Drawing and labeling the .
T picture helps you to see how to apply the Pythagorean

Scoring Rubric Theotem to solve the problem.
2 points Students correctly mode! the situation, find

the height of the ladder and explain thelr 25.Which of ihe Tollowing lengihs represent the sides of a right triangle?

response Select a1l that apply.
1point Students correctly model the situation OR Sem 12em Bem

find the mdghl of the ladder and explain B & cm, 1S em, 17 cm

| their response. 10 cm, 24 cm, 28 cm

' B GomBcm W0cm
25. This test item requires students to explain and apply mathematical
concepts and solve problems with precision, while making use of

structure. |
Depth of Knowledge | DOK! ‘Spiral Review
Mathematical Practicel  MP1, MP2, MP6 »
A neEm a ruc et Simplify each lon.
Scoring Rubric 26, 10 + 147 = 296 2016 + 21 = 260 220 —1F= M
1point | Students correctly answer the guestion,

29, The area of sach sguare Is 16 square units. Find the perimetar of
the figure shown .
64 units

Find each sguare root. Round to the nearest tenth.
30. 200 = W1 |31 35 = 67 32126 N2

IR e TIPS

Uncorrected furst proof - for troiming purposes only
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... A

Inquiry Lab

Proofs About the Pythagorean Theorem

B Mattwinatical
@ HOW can you prove the Pythagorean Theorem and Its converse? ?'f"‘,""'

The Pythagorean Theorem is named after a fam miathematician

Pythagoras whao ved around 500 BC. T

QHEAdEON Activiy] _'

'.é.ltpt Draw ared cut out B copies of a right trangie I
Label each palr o 7 and O \

hypolenuse c 1

Step 2|

yes. Sample answer: The sides of the figure have the same

measure ¢ and all of the angiles measure 90",

2
Write an expression for the area of the inside sqim

amange the remaining J 1
aw the hwo *.g-_,-c_.x_. shown \. :
+ b "

by the dashed nes. 1 3
The i 2 st 3] ; !

Et;p 3, Onthe same pap

triangles as show

Are the two figures represented by dashed line
squares? Explain
y=s: Sample answer: The sicdes of sach figure have the same

| measure and all of the angles measure 907,

2

Write an expression for the area of the small squfts.

r the area of the large squalé.

Ungorrected first proaf - for troining putposes only

v

Focus narrowing the scope
Objective Prove the Pythagorean Theorem and its converse,|

Coherenceconnecting within and across grades
Now Next

Students will use models and diagrams use the Pythago
o prove the Pythagorean Thoerem hearem and (s con
problem

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 420,

ENGAGE EMPLORE

Launch the Lab |

Activities 1 and 2 are intended to be used as whole-group
activities. Activity 1is designed to provide more guidance to
students than Activity 2.

Hand<.0f Activity! )
D O @ Teammates Consult Have students work in
small greps te complete the activity. Group one or more
Approaching Level students and one or more Beyand Level
students in the same groups, if possible. Have one student
read each set of directions aloud, checking to see if the team
understands what procedures to fallow. Have students who
understand the procedures check the work of those who have
trouble or need clarification. For each step, have the student
who is reading the directions pause and ask if students have
guestions. If no one on the team is able to answer a specific
guestion, the team may ask you for help and assistance.
Cras

Inquiry Lab Froofs About the Pythagorean Theorem 419
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EXPLORE ExPLAIN ELABORATE EVALUATE

W) Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Create
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 1o 3, with Level 1
indicating the lowest level of complexity.

ENGAGE

Exerclses
1-3 a6 7.8
Level 3 : .
Level 2 )
Level 1 $ .

Binvestigate

D O @ Teammates Consult Continue the groupings
from Activity 1. After researching the Egyptian technigue in
Exercise 1, have students work in their small groups to
demonstrate the procedure. Give groups ropes of different
lengths with knots already tied. Have students trace their
triangle on paper or on the boaf®1,4,5

I @ Teammates Consult Using the same activity
above, give the groups ropes of different lengths that do not
have any knots. Have students tie equally spaced knots and
trace thelr triangle on paper or on the bodSi, 4.5

e

.__lt_tLlﬂ Since the area of each of the two composite figures you created Is
(o + b}, the areas are equal Use the space provided to draw each
figure from Step 2 and Step 3. Place an equal sign between the two
figures 1o show the two areas are equal

am——
|
|

Remove the triangles from each side. Use the space provided to
drivw the remaining figures

)

What property justifies removing the triangles from each side of
the equationtSublraction Property of Equality

Write an nigebralc equation that represents the relationship
betweean the figures shown In smpf +p?=

Summarize the relationship among the sides of a right triangle

measuring o units, b units, and ¢ units
Sample answer: The sum of the squares of the two smaller sides

Is equal to the square of the largest side.

Work with a partner.

1. Alegend states that the ancient Egyptians could - *
ceate a right triangle by using a knotted rope.
Resesarch this on the Internet. Describe their
technique In the space provided and draw a

diagram to illustrate the technigue.

Sample answer: The Egyptians tied 12 knots in a rope that were equally
spaced. They then lald it out so ane side had 3 units, another side had
4 units and the third side had S units. This made a right triangle.

Uncorrected fust proof - for troining purposes only
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The converse of the Pythagorean Theorem states if a triangle has side lengths,
@, b, and c units such that @&? = ¢, then the triangle is a right triangle. In this
Activity, you will prove the converse of the Pythagorean Theorem by using &

two-column proot A
s v s
Prove:AABC is a nght triangle .

Complete the proof with the correct reasons justifying each statement.

I

I ey S—

Statements

Draw a right triangle DEF 5o that |

BF s a units lang and¥ Is b units
long. LabeFE as o

White an equation that describes
the relationship between the side |
lengths of ADEF. State the
theorem that allows you to make
that statement.

o? 402 mcd

2+ b2 = and 0% =R
then gd= ¢l

If ¢ = ¢, then d=c.
Iif d=c, thentE =A8

It AC=FD, CH=DE, and AB=FF,
the two triangles are the same
shape and size

Substitute ¢ far o+ b7 In the
second equation.

Definition of square root

| Definition of equal segments

If three sides of a trisngle are the
same length as the comresponding
sides of ancther inangle, the tnangles

| are the saime shape and size

msC=mzsD

Comesponding parts of the

| triangies with the same size and
ishape have the same measures.

L0 aright angie.

AABC = & night triangle

' Definition of right angle
| Definition of right triangle

So, if a miangle has side lengths, o, b, and © units such thatieP— c2,

L tenfmethonos ey ioRiinargs

Uncorrected first proof - for traiming purposes only

Hands.Of Activity &

{I» @ Think-Pair-Share Have students work with a
partner to complete the activity, For each step, give students
about 10-20 seconds to think through how they would
provide a reason for each step. Then have them share their
responses with their partner, asking for support and
clarification if needed from their partner, or you. You may wish
to provide students with numerical measurements for the side
lengths of the triangle instead of variable measurements, if
students are struggling with the algebraic manipulation,
@123,4586,7

O @ Popcorn Share Have students work in small group
to complete Activity 2. Have each student be responsible for
providing the reason for each step. Have students take turns
providing the reasons. When it is their turn to provide a reaso
have that student stand up, verbally give the reason, and thei
explain the reason in their own wor@1, 2,3,4,5,6,7

Inquiry Lab Freofs About the Pythagorean Theorem 421
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ﬁ B Investigate

@ m Group-Solo Have students work as a small group

to cornplete Exercise 2, ensuring that each group member

understands how to determine whether the triangle is a right

triangle. Then have students complete Exercise 3 individually.

Upon completion, have them share their responses with their

group to check their wor®1,2,3,4,5,6,7

Ask:

» What equation can you use fo determine If the triangle is a
right triangle?a® + b* =

+ In Exercise 1, what length on the triangle must be substituted
for ¢? Why?6; Sample answer: because it is the longest side of
the triangle

8\ Analyze and Reflect

(WL 15

D O @ Value Line Students place themselves on

a pretend ling, using the number 10 to repreésent that they
understand the Pythagorean Theorem and its converse
completely and the number 1to represent that they do not
understand ar have a lot of questions. Have students pair up
with someone from the ather side of the line to complete
Exercises 4-6@1,2,4,5,6,7

-]
'd_.s Create

1 @ Think-Pair-Share Have students work in pairs. Give
students s everal minutes to think through their responses to
Exercises 7 and 8. Have them share their responses with their
partner. T hen call on one student to share their response
within @ small group or large group discuss@®, 2,4,5,6

Students should be able to answer *“HOW can you
prave the Pythagorean Theorem and its converse?” Check for
student understanding and provide guidance, if needed.

B TVEstigatE

Work with a partner. Determine whether the following figures are right

ulmolu..lusﬂuyour answer,
dom 16 m
w.““’-ﬂ.’ yes; 123 167 = 20?

,;"a{. Analvza ahd Refled

Qamm Conclusloniork with a partner. The whole numbers 3, 4, and 5

are called Pythogorean Triples because they satlsfy the Pythagorean Theorem,
Determine If each of the following Is a Pythagorean Triple. Explaln your
reasoning.
472425 B 15, 20.25 6. 9,12, 16
yes; Sample answer; yes; Sample answer; no; Sample answer:

|
[

725+ 242 =252 | 159 + 209 =282 : 92 4+ 123= 152, not 162
|

e ]
-
I YaEE

7. @ Identify Structurdn the Activity In the "Right Triangle Relationships”
Inguiry Lab, you examined the relationship between the sides of a right
triangle. Compare the process used in that Activity with the one you
completed when you did the “Proofs About the Pythagorean Theoum®
Inquiry Lab. Whist kind of reasoning was used in each Activity?

Sample answer: In the first Activity | used measurement to demonstrate
the Pythagerean Theotem sa that was inductive reasoning. In this
Activity. | used properties of mathematics to prove the Pythagorean

L . HOW can you prove the Pythagorean Theorem and is converse?
Sampie answer: You can use a physical model and the properties of

mathematics to construct proofs of the Pythagorean Theorem and its

ST T |
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£ Real-World k

Parasallingin parnsaling, a tOwWTODE is used 10 attach a

parazalier to a boat. Refer 1o the diagiam below for Exeicises -4

1§

. Suppose the wind picks up and the parasailer rises o 7 m

What type of triangle is formed by the horizontal distance, the
vertical helght 1 ihe length of the towrope plain

right triangle; Since the sum of the squares of two sides |s
equal to the square of the third side, the triangle Is a right
trangle: H + 72 = 79

and remaing 24 m beh
help you find how much towr

5034+ TH =2

. Solve the equation 10 find the amount of rope the parasailer will

need. Round to the nearest meted® m

. Suppose the lowrope is W00 meters long and the parasaiker I

0 m 5 above the water surface. Wiite an eguation to find
the horizontal distance b behind the boat.

3007= 200 + &

Which®® Mathematical Practices did you use?
Shade the circle(s) that applies.

(DPenevers with Protioms e Mot oo
@ Rezen Apsractly @ atend in Pracsice
3 Constnct n Arguenest (D Make sz of Soucture

(@ Modet win Mashematis
e e ——

p—

Lesson 6

Dhuse pezed Azmones Uncorrected first proof - for troining putposes only

N 4 1

Focus narrowing the scope
Objective Solve problems using the Pythagorean Theorem. |

Coherencemnnmmg within and across grades
Previous Now Next
atuiem 1 e Studhents wil use the b ents wall frn £

me to proye f’yt:-.\ rean Thearem o |
solve problems, i

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 427,

ENGAGE EXPLORE

Launch the Lesson

Ideas fo r Use

You may w ish to launch the |esson using a whole group, smal
group, thi nk-pair-share activity, or independent activity,

_ @ Think-Pair-Selo Have students work in pairs.

. Give them about 20 seconds to think through their
response to Exercise 1 individually, then have them share their
response with a partner, taking care to make sure they justify
their response. Then have them work together to complete
Exercises 2 and 3. Have them work Individually to complete
Exercise 4/@1,2,3,4,6

Alternate Strategy

@Y Provide students with copies of a blank Pythagorean
Theorem equation, + 1= Zto use as they

complete the exercises,

423
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ENGAGE ExPLORE EXPLAIN ELABORATE EVALUATE

%) Teach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

.

1. Solve aright triangle.
@Y - How con you tell that the triangle is a right triongle?
There is a right angle symbol.

@ - What equation can we use to model the Pythagorean
Theorem?a® + P = ¢

@Y - Why do we not use the negative square roSiimple
answer: The length of a ladder cannot be negative.

Need Another Example?
Write an equation that
can be used to find the
length of the boat rampa 2m
Then solve. Round to the 25m
nearest tenth

42" + 250 =¢% 254 m

2. Solve a right triangle.
@ . Do you need to find the length of one of the legs or the
hypotenuseone of the legs

€ - what equation can we use to model the Pythagorean
Theorem?a® + b= ¢

€Y . Derive a different equation that you can use to solve
for the leg of a right triangle, when the other two sides
are known. Sample answer: When b is the unknown, you
must subtract o’ from both sides to get b by itself;
P=c—d.

Need Another Example?

Wirite an equation that can be

used 1o find the length of the

backboard. Then solve. Round

fo the nearest tenth.

1052 + x2 = 208.5% 180 cm

— Solve a Right Trlangle

The Pythagorean Thearem can be used to solve a varlety of prablems
It Is helpful to use a disgram to determine what part of the right triangle
IS unknown

1. Write an equation that can be used to find

the length of the ladder. Then salve. Round
to the nearest tenth.

Natice thal ihe distance from the bullding, *m
the bullding ltself, and the ladder farm a
tight trlangle. Use the Pythagorean
Theorem

P+ Pymagoresn Thosrs
BYF + Wi =c?  maplice mwith 879 and b with 1
765625+ 328 = Lyaliabs 175 sy 197
400.5625=c?  Add 205675 and 234
++A00.5625= ¢ Dlimitioi it 1eal
2200 =c J yirulasor
Since length cannol be negative, the ladder Is nbout 20 meters long.

2. Write an equation that con be used to find
helght of the plane. Then solve, Round to the 12 ki
nearest tenth. &hm

The distance between the planes s the 10 km
hypotenuse of a right triangle. Use the
Pythagorean Theorem.

[N Pthiicienits Tha st

104 =1 Pesiliie & with 10 st ¢ silth 1

100468 =144
B=43
b=+y/24

b=+B6

Since length cannot be negative, the height of the plane is about
6.6 kilometers.

Ry T
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(G W 2 v i ot iy

8. Mr. Khafid wants 1o bDuikd A neéw banister for the staircase shown adim
If the rise of the stalrs of a building |5 1.5 meters and the fun is
3.6 meters, what will be the length of the new banister?

The Pythagorean Theorem In
Three-Dimenslions

You can use the Pythagorean Theorem to find missing measures in
theee-dimensional figures.

3. A 12 meter flagpole Is placed In the center ofa
square area. To stabilize the pole, a wire will
stretch from the top of the pole to each comer
of the square. The flagpole is 7 meters fromheac e
corner of the square. What is the length of ]
each wire? Round to the nearest tenth.

— ‘.—_E
Draw right triangle ABC. You weant to find the A‘E _/

length of each wire or BC. This is the 2
nypotenuse of & right riangle, 5o use the
Bythagorean Theorem.

AF +ACf= BCE Pz
Rl =B Retceiis
49+ Wa= BEC D Ve I

193= 8¢ =
ELEEES
4392 BC

Since length cannot be negative, the length of the wire is about
139m

3. Use the Pythagorean Theorem in three

Uncorrected fist proof - for troiming purposes only

dimensions.
@  What do the wire and the pole forth& hypolenuse
and one leg of a right triangle
* What could be used as the second leg of the right
triangle?the length from the pole to one corner of the square
D : Do you need to find the length of one of the legs or th
hypotenusehypolenuse

« What are the lengths of the legTim and 12 m

* Use AB and AC to denote the legs of the triangle. Use
BC to denote the hypotenuse. What equation can be
used to find the length of the wirdB® + AC! = BC*

« What volue would you substitute for AB? AC? 12

* Explain why we don't consider the negative square roo

fo be a solutionThe length of the wire cannot be negative.

o . Suppose your friend solved this problem ond came up
with an answer of appreximately 9.7 meters. How
would you know that this answer is incorrect without
perfarming the colculationSample answer: The length
of the wire must be the longest side because it is the
hypotenuse. Since 9.7 < 12, 9.7 cannot represent the
hypotenuse. So, this answer is incorrect.

Need Another Example?

The slant height of a pyramid is the helght of each lateral face

What is the slant height of the pyramid shown? Round to the

nearest tenth.11.7 cm

Lesson 6 Use the Pythagorean Theorem 425
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Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

@@ If some of your students are not ready for
ST assignments, use the differentiated activities below.

1 @ Numbered Heads Together Assign students to
3- or 4-person learning teams. Each member is assigned a
number from 11o 4. Each team completes Exercises 1-4,
making sure that every member understands. Call on a specific
number from one team to present the team's solution to the
class. Ask each student clarifying questions to ensure
understanding®1,2.4,5. 6
Ask:
« How did you know haw to set up the equation?
See students’ work.
« Whot steps did you take to solve the equation?
See students’ work.
+ How can you determine if your answer is reasonable?
See students’ work,

D @ Gallery Walk Have students work in pairs to create

a real-world problem in which the Pythagorean Theorem must
be used to solve the problem. In their problem, they should
create a drawing. Then have them post the problems around
the room. Pairs of students should walk around the room and
select a problem, not their own, and return to their seats to
solve it. After every palr has solved their problem, have pairs of
students re-post the solutions around the room. The original
pair locates their problem and determines if the solution is
correct®1.2,3,4,5.8

o My,

Ae & ¥
A 2

2018

r

i~ Get IF7 po this problem to find out.
v.Bm b. The top part of 6 ciicus tent is in the shape
of a cone. The tent has a radius of 16 meter
The distance fram the top of the i2nt 1o ihe
edge i 20 meters. How tall is the top part of.. -~
the tent? Round to the nearest whole

num per

Glldéd Practice ‘J

Write an equation that can be used to answer the question, Then
solve. Round to the nearest tenth If necessany: o 12

’_?\__.l.'.

1. Wnit is the eight of the ten? 2. Haw high is the wheeichair ramp?
t L
“w Wm
Im

ad +if =368, 27 m
Fanl=F:4m

3. Nisreen made a model of o pyramid ke the ohe shown for history
class What is the haight of the mod@@mpe 5 12 em

‘ Rate Yourselfi |

-

Fi \ 4 ] | understand low ko
. B e apply Hhe Pybhmgavean |
L r Thearew,

»(-rr o1l Youre resdy o move url'I
4. gj Bullding on the Essentlal Questidow do you solve ]
a night triangls? | sHll lamve questHons
Sample answer: You need to determine what about wow ko apply Hae

measulements repiesent the legs and the hypotenuse, I Py gJerean Theavew, r
and appropristely use the Pythagorean Theorem. | |

o

i
i
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indépendént Practice

Mewe T

Mmunmmlmhmmammewuﬂm Then solve.
Round to the nearest tenth If necessans -

n How far up the tree is the cat? 2. How deep is the watler?

-18-

1F +H=27134m F+al=15210Tm

Find the missing measure in each figure below. Round to the nearest tenth
I necessary. (-
4 A 15m

g

[

LEN

5. Refer to the map of the Scout's Camp at the right, —m =3
Round your answers to the nearest tenth L P
s, W W
a. How far is It from Khaled's cabin to Husant's canf@pm EE Y -~ - |

b. A camper in Fahd's cabin wants to wisit a friend in
Mohammad's cabin. How much farther is it if he walkes to the

Camging Hall firzt724.7 m

6. 2 Justity Concluslonibrzhim is buying a 165-centimetarlong fishing rod for his
father He wants to put it in a box so that his dad will not be able to gusss what is in the bax. The
he wants o use & 120 cenfimsters long and 120 centimeters wide. Will the pole &t in the box? R
YO reasoning

yes; Sampie answer: The comer of the box is a right angle. Find the length of
the diagonal using the Pythagorean Thecrem? 2026 = 28,800,328 = 170
Since the fishing red Is 165 centimeters long, it will fit diagonally in the box.

Uncorrected first proof - for traiming purposes only
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Pract!ce and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exerclses
1-4,12,13 5-7, 14-19 8-1
Level 3 ' .
Level 2 p
Level 1 ' .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ approaching Leve| 1-5,7-9, 11,18, 19
@ On Leve|
o Beyond Level

1-5 odd, 6-9,11,18,19

5-11.18,19

Watch Out!

Common Error Students may substitute the side lengths of
the triangle for any variable and then solve. Remind them that
the variables a and b must be legs of the triangle and ¢ must
be the hypotenuse,
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{9 MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in
solving them.

3 Construct viable arguments and critique the

reasoning of others. 6.9
4 Model with mathematics. an
7 Look for and make use of structure, 7

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world
situations.

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from your class.

Ask students to write ho  w they think using the Pythagorean
Theorem will connect w  ith the next lesson about finding the
distance between two points on the coordinate plane. Use
the writing prompt beloviee students” wark.
« The Pythagorean Theorem will help me find the distahce
between two points on the coordinate plane becausqg ...

7 c Identity Struct@rHow do yoi use tha Pythagorean Theomm?

o] : | @ +bl=d l
by -l
b |- < huM&mm ®
i vl | o imanal

See students' work. See students” work.

@ H.O.T. Problems wgner oaer Thinking

8. € Modei with Mathematiwite o real-world problem that can be solved
by using the Pythagorean Theorem. Then explain how to solve the problem

Sample answer: Nasser leaves his house, He walks 2 kilometers north, and then turns
and walks 3 kilometers west, How far |3 Masser from his house? Using the Pythagorean
Theotem, é =27 + ¥, Solving for ¢, Nasser is about 3,6 kilemeters from his house.

9. @ Which One Doesn't Belonlch set of numbers represents the side

measwes of a triangle. |dentity the set that does not belong with the other
thiee. Explain your reasoning

[33=) [(m3s% ) [==7 | [ &0 )

3-5-T. 34584 F

10.@ Persevere with Problerisppose a ladder 20 meters long is placed
against a vertical wall 20 meters high. How far would the top of the ladder hy
move down the wall by pulling out the bottom of the ladder & meters? Explain
YOUr Teasening
about 0.6 m; By solving 20= x2 + 52, you find that the ladder reaches "

approximately 19.4 m up the wall. Therefore, the top of the lndder
would move down 20 m 19.4 m or 0.6 m. by pulling out the bottom
of the ladder 5 meters.

mn e Model with Mathematigdiie and soive a realworld problem that
imvolves using the Pythagorean Theorem of its convernse
See students” work.

sEwTTR) T

Uncorrected furst proof - for troining purposes only
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Extra Practice

v T P

comay

12, Write an equation 1o find how far the bird is from the boy >
Then salve the equation. Round 1o the nearest tenth
Weid e -
A= T orls mic= s e N
T v 200 = o
S100 o dog = L T
oo - xt l
\""-W - ud

Tifax ;
.
Ped!
i
13. A hat s in the shape of a cone with dimensions shown P { ]1'_‘ e}

Find the feight of the hat Round 1o te nearest telihS WWW

ST

&, Mazen wants 1o go from his house to his 15 Suppese three towns form a right thangle
grandimother's house. How much distance is  'What is the distance between the two towns
saved i he takes Main Street instead of it foim the hypolenuse?

Maiket and Exchange? about 105 km
2 blocks —

s Persevere with Problemiind the missing measure in each figure below.
Round to the nearest tenth If necessang

13.9 mm 1w 2056 cm

Uncorrected first proof - for troining purposes only
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power Up! Test Practice

Exercises 18 and 19 prepare students for more rigorous

thinking needed when taking assessment.

18, This test item requires students to explain and apply mathematical
concepts and solve problems with precision, while making use gf
structure.

Depth of Knowledge | DOK2

Mathematical Practices MP1. MP7

Scoring Rubric

2 points Students correctly iabel the diagram ang
find the petimeter. |

1 point Students correctly label the diagram OR

find the perimeter.

19.  This test item requires students to explain and apply malnemm’,al
concepts and solve problems with precision, while making use of
structure. |

Depth of Knowledge | DOKI
Mathematical Practice| MP1 !

Scoring Rubric
1 point Students correctly answer the question |

Power Up! Test Practice

18. Suhaila decigned & decorative glass window In the shape of a kite, Se:ectrrqg om | a2
commect measuras 1o label the dimensions of the window, _I..._.‘ﬂ.
: 3cm | 46 em
| 39 cm . 39 cm 36cm | G0 cm
36 cm |36 em 3 em

What is the perime  ter of the window?
168 cm

19. Ayoub is bullding the model bridge shown
How long must he cut the piece of wood for
ane of the vertical suppon beams,
represented by x?

25cm

Spiral Review

20. Determine whether o trangle with sides 20 centimeters, 48 ceptimeters, ancl
52 centimeters long k& a right triangle. Justify your answer.

’!ﬂ]@-l—d:#

Estimate each of the following to the nearest whole numbet, Justify your
reasoning.
n 5= " 234B0= 3

3%=27 and § = 64, Since

| 22+/1a5= —12
61=36and F=as, —(12% = —144 and
since 39 Is closer 1o 36 l —(133 = —169. Since
than 49.y39=6. | —146 is closer to-144

" than—169,—146 = —12.

30 is claser to 27 than

64.,J30 =3.

-

i ]

Uncorrected fust proof - for tromming purposes only
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] ey
Lesson 7

Distance on the Coordinate Plane

%) Real-World

Mountaln Blklngsseed was biking on a
trail. & map of the tail is shown. His brothes
timed his ride from point A to point 8

1  What do the blue and red ines on the
graph represent?

The blue lines represent the hortzontal

and vertical distances between the two
paints. The red line represents the actual
distance between the twe points,

2. What type of triangle is formed by the lines?
a right triangile

3. How can you find the lengthAf ancBC without
couniing the numbes of units?
Sample answer: subtract the x-coordinates
and subtract the p-coordinates

4. What are the lengths of the twao blue lines?

AC=% units 8c= 55  units

5. Write an eguation
that you can use t
42 58— ¢12

= Pythagorean Theotem

i the t=ngtid

L 4

Which@ Mathematical Practices did you use?
Shade the circle{s) that applies.

(2 sssenter @ uestm

HOW ¢ yebimic ©
be applied 10 grometry®

B Vocabulary

Diatance Formuds

& Muthematical Practices
LIiLs

(@ Perzsvers wth Probiem:
&5

L) Beason Absaacty

@ comtruct an Argzement

(@) Mocs weth Mathematics

D= bt Toos

Bm-\n o Precmon

(D M= L= of Struchues
Biis= Repeated Reznonang Uncorrected first proof - for fraining pu
B

poses only

b

Focus narrowing the scope

Objective Find the distance between two points on the
coordinate plane.

Coherenceconnecting within and across grades
Now Next

Students will find the

e eEtween two {istance of
peints on A coordingle i d
plane transiarmatic

Fl’relvioqs

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 435.

ENGAGE EXPLORE

Launch the Lesson

Ideas for Use

You may wish to launch the |esson using a whole group, smal
group, think-pair-share activity, or independent activity.

@™ Numbered Heads Together Have students

work |n groups of 3-4 to complete Exercises 1-5
Assign each student a number. Each student is responsible to
ask for help or support and for ensuring that their teammates
understand each exercise. Call on one numbered student to
explain the group's responses to the cldf1, 4, 5,6

Alternate Strategy

€ Students may benefit from a quick review of how the
Pythagorean Theorem can be used to find the length of a
missing side of a right triangle.
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the Concept '
Ask the scaffolded questions for each example 1o differentiate Find Distance on the Coordinate Pla
instruction.
You can use the Pythagorean Theorem te find the distance between
two poinis on the coordinate plane,
1. Find distance on the coordinate plane.
@ - A right triongle can be formed using these two points 1. Graph the ordered pairs (3. 0) and ). Then find the distance
and @ third point {3-5). On the drown triangle, which € batween the two points. Round to the nearest tenth,
side represents the distance that we need to determine? & 4t "y ' —t
the hypotenuse, ¢ drgied e ..t".'_j"f} mmmn
« What is the length of the harizontal ledBrits ' - N
i Distance =2 s =1 Pl = N
« What is the length of the vertical le§units i St B vt it 11
€Y . What equation can we use to mode! the Pythagorean :_’;'::.“"‘““_‘" EM =y Ot ol iquite el - 4_}r. -:l...
Theorem?@® + b = ¢ S m Aghl et B4 mc | .
« What value will we use for o? BAunits; 5 units -t ppertade ‘ The points are about 6.4 units apart
+» Could we have used 5 units for a and 4 units foyes, =
The order in which you add does not matter. o =1 [Gek I po s prablem to find out.
+ Why do we not use the negotive squore robiftance 2.2 units = I B
cannot be negative. N a (1.3),-2.4) T
€ . Could you draw a different triangle and still determine the | pmEE N
same distance? Explairyes; You could draw a horizontal =+
line to the right of {3, 0) and a vertical line up from (7, —=5). 2 B] 153
Need Another Example? I L TT11 -4 >
Graph the ordered pairs (86) and ! j . ! =
{5, —1). Then find the distance ol | — x
¢ between the points. Round to A
the nearest tenth7 units 1 EEE (SRS a) Distance Formula
| 1 - Symbols The distance o between
0, —6 ! two points with coordinates
%1 | %, y)and ix. v
is given by the formula R

Uncorrected fust proof - for troiming purposes only
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You can alse use thBistance Formulao find the distance between
Iwo points on the coordinate plane. You can use the moded from the
Key Concept box to see how the Distance Formula is based on the
Pythagorean Theorem as shown below

= +p?

& =lny—xf +ly—rf atritinte The emgen of vkt 2 relv- @
Iate 2l Sl d
.‘-.g;:.

2. On the map, each unit represents 72 kilometers. City A Is

located at {1.5, 2) and City B Is located-#§,—15).
What Is the approximate distance between City A and

City B? ‘
|
Use the Pythagorean Use the Distance Formula ~ : |
Theorem Let {4, ) =(15. 2) and —
Let c represent the (e2 5l = +15,~15)
distance between City A \L—-—‘—-
andCayB. Thene3 | ©= WG —AF + 0—nF
and b=35. | c= 151944 (15—
¢ +ol=c c= [+ 357
*
Frasi=¢ | o=l
N25=c* = D25
WAB=VI c= 6
Hb=r

Since each map unit equals 72 kilometzrs, the distance between fhe
cities is 4.6 72 or about 331 kiomsters.

K T — totgot

-

b. K Field js located at (25, 35) and L Feid at (15, 45)oma | 10224 kilometers
each map unit is 016 kilomaters, about how far apartherields? T

b o e

Uncorrected first proof - for fraining purposes orly

2. Use the Distance Formula to find actual distances.
@ . What ordered pair represents City f5, 2)
» What ordered pair represents City B21.5, —1.5)
@ . If you make a right triangle to find the distance, what
would be the length of each sid?units and 3.5 units
« If you were to use the Distance Formula, what paint
would you use for (x,, y, 0.5, 2)
- What point would you use for {x,, y{#71.5, =1.5)
« Once you find the map distance, what do you need
to do to find the octual distancMultiply 4.6 by 45.
@ -« Does it matter whether we use the point (1.5, 2) for
!x y,) or for x,, y.)? Explaino; Sample answer: The
stanice between the two points will be the same, regardles;
of which point you consider, the first or second point.
Need Another Example?
Fahd lives in Seattle, Washington, One unit on this map s
0.08 mile, Find the approximate distance he drives between
Broad Street at Denny Way (-1, 0) and Broad Street at Dexter
Avenue North (4, 5)0.57 mi

(TTITITLI EEE W
EEREEEE EEEEE A
EEENEESEEENE
CO s
e 5
EEEEEENEENE NN N
NEEENEENEEENS B
| I 1 | Bl
SRR EER R E
BN SRR A
| . L1 1] 4
i 11 .8 | L
'. - 1]
[ ]| | | 1 1]
rJ f —x
wiwi 1
1 i
BEESSEND
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3. Use the Distance Formula.
@ . What point would you use for (x, y.f5, —4)
+ What point would you use for (.. yl}?3. —2)
€ . When you substitute the values in the formula, what
expression is inside the rodical sigh23 — 5P +
(2-(—-%
» How can you simplify this expressiof+"8) + 2%, or 68
Q@ - Why do we not consider the negative square root?
Distance Is never negative.

+ Suppose you forgot the Distance Formulo. How could
you determine the distunce between these points?
Sample answer: Use the Pythagorean Theorem.

Need Another Example?
Use the Distance Formula to find the distance between

G{-3,-2) and H-6, 5). Round to the nearest tenth, if
necessary.7.6 units

Gulded Practice

Formative A ssessment Use these exercises to assess
students’ un derstanding of the concepts in this lesson.

&;- 21 If some of your students are not ready for
SR assignments, use the differentiated activities below.

D @ Team-Pair-Solo Have students work in a group of

3-4 students to complete Exercise 1, ensuring that every team

member understands. Then have them work in pairs to

complete Exercise 2. Individually, they should complete

gercise 3 and then share their responses with their partner.
1,4,5,6

O @ Pairs Present Have students work with a partner to
prepare a brief oral presentation about how the Distance
Formula is derived from the Pythagorean Theorem. Their

presentation should include illustrations. Have them present to
the class®1,4,5.6

o T —
ST 3. Use the Distance Formula to find the distance between

H-nﬂ':.w X(5,—4) and Y{-3, —2). Round 1o the nearest tenth |f
et s

legth susfocte necessary. .

: seqmanh white d=\fg =2y + 0=y Dlstanes Fermmstt
miapabel YR TR
cndpumts are (g7 and Xy =\a- 8 + -2 (—4F =10, =)
sy W bl y
M*-_lﬂllﬂﬁ XY= \J-B]* + 2 Urnplity
substitute the values XYB\EE +4 Evaligabe |~ #ared J
"'1"“1"‘“’1 J!"r"l\l'rgé Aalif 64 wonif 4
sk, 2 B X¥=182 P—
Then simplity. So, the distance between points X and ¥ Is about 8.2 units,

Guldéd Practice U

1. Graph the ordered pairs (1, 5) and (3, 1). Then
find the distance between the points, Round
1o the nearest tenth if necessafwm |

4.5 units

2. On a park map, the ranger station s located at (2.5, 3.5) and the nature
center |s located at (05, 4). Each unit In the map is equal to 0.8 kilameters,
Whint is the appraximate distance between the ranger station and the

NAatre CEMErTE sk 1 o< 116 Kilometers

3. @ Buiiding on the Essentlal Questisaw can | Rate Yourself! \
you use the Pythagorean Theorem to find the distance |
between two paoints on the coordinate plane? fAre you ready o ove ol }

Sampie answer: After you plat the points, draw a right | /a4 Hhe section Hut apples. |
L Use the Pythagerean Theorem te find the < ==

e |

G- )|

length of the hypotenuse which Is the distance e i
( P

the two points.
|

434 Chapter 5 Triangles and the Pythagorean Theorem
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ot

indépendént Practics

Graph each palr of ordered pairs. Then find the distance between the
polnts. Round to the nearest tenth if necessans -
1 (4,5, (2, 2/3.6 units 2 (-3 4 (1, 3781 units Bl 25-1,(-35 -5)

7.2 units

]
'

[
)
L]
]
)
*
'

(L

-11. -5 |

4, Aferry sets sall from an island located af (4, 12) on a map. s
destination & Ferry Landing 8 ot {6, Z). How far will the femy travel if each

unit on the grid is 0.5 kiiometaffeme: ) tbout 5.1km
Use the Distance Formula to find the distance between each pair of points.
Round to the nearest tenth if necessangt -« - 1
B C1-5.-3).0-4.-2) 6. V35,1.34.25) 2. K8y ). -6z 73
1.4 units 7.6 units 15.9 units

8. Chicage, lingis, has a longitude of B8"'W and a laitude of 4N
Indianapolis, Indiana, & located at BE"W and 40°N. Al thss longituda/a
zach degres is about 85 kilomsters. Find the distance betwesn Chica:

Indianapoiis. about 240 km

Uncorrected first proof - for troining purposes only

EnGacE Explors EXPLAIN ELABORATE EVALUATE

Practice and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant ta be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exarclses
1-7,13-19 8,9,20, 21 10-12
Level 3 ; .
Level 2 &
Level 1 ' .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises far your
students’ needs.

@ approsching Level 1-7, 9, 10, 12, 20, 21
@ ontew 1-7 odd, 810, 12, 20, 21

@ seyond Level 812,20, 21

Lesson 7 Distance on the Coordinate Plane 435
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(& MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

solving them.
2 Reason abstractly and quantitatively. 2
3 Construct viable arguments and critique the 9
leamnl_ng p!' athers. !
5 Use appropriate tools strategically. 10, 16

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world
situations.

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from your class.

Have students explain ho  w their knowledge of the
Pythagorean Theorem h  elped them to find the distance
between two points on a coordinate plane.

See students’ work.

Common Error When the Distance Formula calculations are
done mentally, it is easy to incorrectly subtract a negative
number from another number or replace a variable with an
incorrect value. Encourage students to designate which values
are x, %. ¥, and ¥, write the formula and all the steps, and
then evaluate the formula.

9. @ Multiple Representatiofsints Ai-2, 1), 52, 6, and Il

C{1, 3) are the vertices of a triangle 11

8. Graphs Graph the points AR, 1), Bi-2, 6) and C[1, 3) |

b. Words Explain how to find the length of segment BC. | €|
Sample answer: Use the Distance Formula and the polints -

{2, 6) and [1, 3). —d=3=3 |9 3 3 a8
¢. Mumbers Find the lengih of each side'dBC. Round 1o the R

nearest tenth if necessary,

AC=36 units

A= 5 unita

Br= 4.2 units

d. Numbers What s the perimeterARBCT Use the values
from parc

permeter=12.8 units

\% H.O.T. Problems Higher Order Thinking

10.€ Use Math Toolsay|n needs to find the distance between the points
Al=2.4, 37) and 8(4.5:-14). Suggest a tool she could use to find the length
Then find the length, Explain your reasoning

Sample answer: Caleulator; It will be most hedpful when squaring and
finding the square rool invoiving decimals; about 8.6 units,

1. € Persevere with Problemsply what you have leamed about
distance an the ceordinate plane to write the coordinates of twe possible
endpoints of a line segment that Is nelther hatizental nor vertical and has
a length of 5 units

Sample answer: (1, 2) and (4, 6)

12.€ Reason Inductivelyompare the steps to find the distance between
twe peints on the coardinate plans by first wsing the Pythagorean Theorem
and then using the Distance Formuia.
Sample answer: To use the Pythagorean Theorem, connect the points to form

a right triangle. Then use the Pythagorean Theorem 1o find the length of the
hypatenuse. To use the Distance Formula. replacespand (%, y4 In the
formula with the coordinates of the two endpoints and simplify.

Ry T

Uncorrected first proof - for troiming purposes only
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Extra Practice

Graph each palr of ordered pairs. Then find the distance between the points.

Round to the nearest tenth If necessany

13, (6.2}, 1, Q)74 = W (-5 1), 2, 476 units 15. {4,-23) -1, -63
—————— - 6.4 units

==

- 2018

16, & Use Math ToolDn a map, Al Jabar s located at (3, 2.5), and Dhaman is
located st (8.5, 14.5). Each unit on the map equals 26.4 kilometers. What is the
approsimale distance between the clies?

about 348.5 km

Use the Distance Formula o find the distance between sach pair of points.
Roun to the nearest tenth If necessan:

. W7, X2 4 BGE2s 5 M5 W AsL T ok

1.4 units 39 unhts 13.6 units

Uncorrected fust proof - for troiming purposes only
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|
powel’ Up' Test Practice
Exercises 20 and 21 prepare students for more rigorous Power UP‘- Test Practice

thinking needed when taking assessment.
- e — —_— — 20.Mr Manzour 15 using a coordinate plane to design a trea
20. This test item requires students to analyze and solve complex real- hunt for his students. The hum begins at the flagpole.

world prablems through the use of mathematical tools and modets The fimt clue {n hiddan 5 units norh of tho isgpole: The
1 second ciue i located & units east of the flagpole, Clue

Depth of Knowledge DOK3 says that Clue 3 is located 5 units soLith of the fiagpole
’
Mathematical Practices  MP1, MP4, MPS Fiot the locations of the flagpole and the 3 clues on the ol
Scoring Rubric coordinate giid and show the path students will follow
with straight lines.

2 points Students correctly piot and connect IM, Each unlt repiesents 15 meters. What is the shortest combj

points and also find the shortest combined distance along the path from the flagpole to Clue 1 to CIy

distance | 1o Clue 37 Round o the nearest foot if necessary
1 point Students comectly plot and connect the 310 meters

points, but fail to find the shortest

combined distance OR students incorredtly 21. Two cars leave a house in Al Hadra, The first car travels

plot points but draw lines and find a 8 kilometers north and then 6 kilometers east. The second car trn =

distance based on the incorrecl points. 12 kilometers south and then 9 kilometers west Determine |1 e

statement Is true or false

a. The first cai is 10 kilometers from Al Bmet 0 True 1 Fal

b. The secono caf i 15 kilomiters from Al Haom, Il True L Fal

€. The cais are 35 kilometars apart Tue B =

21, This test item requires students to reason abstractly and
quantitatively when problem solving

Depth of Knowledge | DOK1
Mathematical Practices MP1, MPZ, MP5
Scoring Rubric

1 point Students cotrectly answer each part of fhe
guestion

Spiral Review

Graph each set of polnts on the coordinate plane. Then connect the poaints and

Identify the figure drawn.s3
22.X-1.-2). . 2). 83-2) 23.A(0, 0), 83, 4), €13, 4), D(3. O
W I [T O c

_,__:_:E.ﬁ.. <32 9] 1231 = -
K ril ] H

—at -
i | g
Isosceles riangle | right trapezoid f

Uncorrected fust proof - for troiming purposes only
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ExPLAIN ELABORATE

——e e )
E Collaborate = Time to Get Away!
a @ Circle the Sage Poll the class to see which Use the map to solve each problem. Round to the nearest tenth If necessary.
students have knowledge about the Pythagorean Theorem. 1. What is the approximate distance between 4. To the nearest 0.5 unit, name the ordered
Those students (the sages) spread out around the room. Key Largo and lslamorada?3 kiiometers &""11[:::1"’“’ﬁ?ﬂ';”‘r*gff:;”"llfs”f i‘i“j::t
\ H the teams split ’ use the ordered pairs to estimate
Assign the rest of the students to teams. Have ! 2. Draw and lobel a right iriangle to finct 5 sm the distance between the keys
up with each team member going to 3 different sage, if the distance between Plantation Sampie answer: Key West §0, ~7.5)
possible. Have the sages lead work for Exercises 1-6. When ¥ey and lslamorada. Then find Cudjoe Key 44, ~5); 26 kilometers
the exercises are complete, students go back to their teams the approximnte distancd.6 Kilometers ~
and compare solutions, Students discuss how the sages may 3. Describe the ordered pairs that represent 5 WWhat is the approximate distance between
have explained the steps different$.1,2.3,4,5.6,7 Layton and Piantation Key. Then find the Key West and LaytorSample answer: 715 kilometes
Ask: fpproximate dislance belween Layton and 6. What is the approximate distance between
* How do right triangles help in reading a map and finding Plantation KeyLayten: (7,-2); Plantation Tavernier and Big Pine KeyBample answer:
distances?Sample answer: Right triangles help find distances Key: (11, 1); 20 kilometers 62.5 kllometers
that are not easily distinguishable.
D @ Pairs Discussion Have students work in pairs to | ,
extend the activity by answering the following ques@n 4, e
5,6,7
Ask: -
s Describe the focations of Marathon, Cudjoe Key, and i [ roall
Islamorada using ordered pairs. Why is Cudjoe Key closer to e A
Marathon than IslomoraddSample answer: There are about =
17.68 miles between Cudjoe Key and Marathon and about 20.16
miles between Islamorada and Marathon. f
..= E
1 I [y 7 it = = L
@ Career Portfolio ot I S EEEE h
When students complete this page, have them add it to their " SR SR T—
Career Portfolio. Lith seveve) |
& Career Project nenu:‘:‘,ﬁﬁ‘: ave
ca It's time to update your career portfolio! Go online and research a career asanad Fouv g iq.quﬁ\,:e
"@ads S - ‘
Describe three things that you leamed about being a travel agent
Agents with backgrounds in computer science, geography, ok yom did ok bmows, .
communication, foreign languages, or world history often
have a greater chance of being hired by travel agencies. : H
These backgrounds show that the agent=s have an interest . .
in travel and cuiture, which clients find appealing. . '.
S = | i

Uncorrected first proof - for troining purposes only
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Chaptet Review |

Vocabulary Cheéc ﬁJ

Fill in the blank with the correct vocabulary term.

1. Aline that intersects two or more lines s
called a transversal

2. Corresponding angies  ue those
angles that are in the same position on the
two ines in relation to the transversal

3. Deductive reasoning uses facts.
rules, defintions, of lows Lo make
conjectures from given situations.

& A statement or conjecture that has been
proven and can be used as a reascn to
justity statements in other proofs s called
a theorem

5. Th=FYthagorean Theorem describes
the relationship between the lengths of
the legs and the hypotenuse of ony right
triangle

€. Intevior angles that lie on opposite sides

of the transversal are called
alternate interior angles

Two lines that are in the same plane
and 4o not imtersect aie called
parallel ines

Inductive reasoning it the process

making a comecture after obsering several
examples

The Mypotenuse 15 the side
opposite the right angle in a right triangle
A polygon that is equilateral (all sides the
same length) and equiangular {all angles

have the same measuia) is callad 3

reguiar polygon

Uncorrected fist proof - for troiming purposes only

Vocabulary Check

-~ @ Rally Coach Have students work in pairs to
v complete the Vocabulary Check. Have Student A
complete the first exercise, speaking out loud, while Student
listens carefully, coaches, and praises. Next have Student B
complete the second exercise while Student A listens careful
coaches, and praises, Partners take turns until they have
completed the Vocabulary ChedBi 1,6

Alternate Strategy

€ @ To help students, you may wish to give them a
vocabulary list from which they can choose their answers,
A vocabulary list for this activity would include the following
terms.

+ alternate interior anglegasson 1)
« comresponding anglegesson i)

+ deductive reasoning.esson 2|

+ hypotenuse(Lesson 3]

+ Inductive reasoning-esson 2)

+ parallel linesLesson 1)

+ Pythagorean Theoremesson 3)

« regular polygorjLesson 4)

« theoremilesson 3]

+ transversal(Lessont)
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@ Answering the Essential Question

Before answering the Essential Question, have students review

their answers to the Bullding on the Essential Question

exercises found in each lesson of the chapter.

+ How are the measures of angles related when parallel lines
are cut by a transversalp. 374

+ How is deductive reasoning used in algebra and geometry
proofs?(p. 382

+ How can you find the missing measure of an angle in a
triangle if you know the measure of two of the interior
angles? jp. 392)

« How can | find the sum of the interior angle measurse of a
polygon?(p. 400)

+ What is the relationship among the legs and the
hypotenuse of a right triangle? 414)

« How do you solve a right trianglg? 426)

« How can you use the Pythagorean Theorem to find the

distance between two points on the coordinate plane?
(p. 434)

Ideas f or Use

'~ | Think-Pair-Share Have students work in pairs. Pose

H205 the Essential Question. Give students about

one minute to think about how they could complete the

graphic organizer. Then have them share their responses with

!'hgir classmate before they complete the graphic organizer.
1.6

Track Your Progress

Return to the beginning of the chapter to review the objectives
that it addressed. Students should see that their knowledge of

the key ideas has increased now that they have completed this

chapter.

@-, Answering the Essentlal Question

Use what y ou learmned about triangles and the Pythagorean Theorem to

complete the graphic organizer. List three ways you used algebra In this
chapter. Draw a model to represent each way.

Sample answers are given, See students’ work for models.

1
|
1
|
|
I
|
[
|
|
|
|

to geometry?

See students’ work.

Uncorrected first proof - for fraining purposes only
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@ Answer the Essential QuestlohDW can algebralc concepls be applied

e‘ Essential Questio
HOW can algebraic concepts be
applied to geometry?
< <5
Find the missing value in ' Find the measure of an Use the Pythagorean
triangle. exterlor angle In a regular Theotem to find the length
hexagon. the missing side.

e e e e B e e A N e st s i




205

sowced from Glencoe Math Course 3 Wol 2 Chapter 06

Chapter

-
gﬂiﬁt Es " Focus narrowing the scope
-  Essentia : .
| estio This chapter focuses on content from the Geometry (G)
=% Ou " domain
HOW can we best show or
[} ® - . describe the change in

Position of a figurs? Coherenceconnecting within and across grades

 Mathematical Practices Previous Now Next

12.34,5748 : SRS e Y

f tratsformntions

Rigor pursuing concepts, fluency, and applications
The Levels of Complexity charts locatec throughout this
chapter indicate how the exercises progress from conceptual

<. Math in the understanding and procedural skills and fluency, to applicatiol

| n and critical thinking

m A figure

nature.

has Ene symmetry when a ine

has e symmetry when o In Launch the Chapter

T -

O e s Sl e "% Math in the Real World

line of symmetry. Nature Remind students that a line of symmetry will always d

through the center of an object.

a.h”,

) -
e | -
[FoLDABLES| 2018

= - Foldable
i 3 Use the
| Cut out the Foldable fram /‘3 :::“ yout Foldate throughaut this chaptet
ir ﬂi the end of the book. end of the chapter, l.m.;'_‘3 ?mmrqmmg putposas only

e
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Are You Ready,

Use this page to determine if students have skills that are
needed for the chapter.

Quick Review
Students with strong math backgrounds may opt to go directly
to the Quick Check. i

1 | Graph on the coordinale plane.
2 T Add integers.

" Quick Check

If students have difficuity with the exercises, present an
additional example to clarify any misconceptions.

Exercises 1-3

Two vertices of a rectangle are-, 4) and B(3, 4). The height
of the rectangle is 3 units. Graph the rectangle and label the
other two verticesSee Answer Appendix.

Exercises 4-11

Find12+(—4). 8

Track Your Progress

Prior to beginning this chapter, have your students rate their
knowledge of the objectives it addresses. At the end of the
chapter, you will be reminded to have your students return to
these pages to rate their knowledge again. They should see
that their knowledge of the key ideas has increased.

448 cChapter 6 Transformations

Example 1 Example 2

Two vertices of a rectangle are X3, 2) and Find 2+ (~6).
KiL 2). The length of the rectangle is 4 { 24(B)=—4 |N-itl=-d
Giaph the rectangle and label the other two
vertices.

Wi}

Thie s i g v besumen

= 3 1,

I
I
|
.

)

]
&

H I

Coordinsis Plane Graph each figure and label the missing vertRmmple answers: 1 and 2

1. rectangle with vertices ' & triahgle with vertices
B(—3. 5). C-3, 0} side Of-2, -4, Ri2.—4),
length: 6 units height: 4 units

|3, square with vertices,
G{5, 0), H0. 5); side

I fengths: & units
A ‘ L

oo

T
18
|

‘ | I

| |
.| !

- X I
|
|

VAR |ﬂ

Integers Add.

4 -5+3=—2 E7+(-9j=—2 |6 -4+9=—M 7 2+8=-6
|

n3+(—n=2

-t~s+l—61.= ¥ 9,0+(g="56 0. 8+2=-8 4
Do '
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iHands-On Activity @

I @ Paired Heads Together Have students work with

a partner to complete the activity. Each student is assigned a
number. Provide students with tracing paper, a protractor, and
a ruler. Have them follow the steps using the given tools. Then
have them complete the questions. Upon completion of the
activity, call on one numbered student to share their responses
with the class® 1.5.6.7

I @ Pairs Discussion Provide students with tracing
paper, & protractor, and a ruler. Have them draw an angle that
Is nat a right angle and label the points as in the directions.
Have them follow the steps using the given tools. Then have
them work in pairs to check each other’'s work and answer the
questionsi® 1,5.6.7

IHands-On Activl

D @ Solo to Groups Provide students with tracing

paper. Have them work individually to follow the steps, making
sure to rotate in the correct direction. Then have students work
in small groups to discuss the questiof, 5, 6,7

O @ Pairs Consult Have students work in pairs to
complete the activity and the guestions. Then have them
answer the following extension questi®. 5,6, 7

Ask:

« The orientation of a figure is determined by the order
in which the vertices are named. If you walk around the
vertices W, Y, Z, ond X in the original figure, you walk
clockwise. What happens if you walk cround the vertices
W Y, Z and X after the turn? What does this tell you about
the figure’s orientation after the turdample answer: You
still walk clockwise. So, orientation is preserved after the turn.

step 1]

[step 2/

Draw right angle X¥Z on o plece of tracing paper.
Piace n dashed line on the paper as shown, X

Fold the paper along the dashed line. Trace the Vit i e

angle onto the folded partion of the papern Linfold &
and label the angle ABC so that A matches up with
X, B matches up with ¥, and C matches up with Z. A

Tape the paper 10 your boolk

Use aprotractor to find the measuretXYZ andZABC. Did the
measure of the angle change after the ﬂ%q-" 901 no

Use a centimeter ruler to measure the shortest distance from
X and A to the dashed line, Repeat for Y and B and for Z and C.
What do you notice?

See students’ woik; Sample answei: The distance from the
original image to the dotted line ls the same as the distance
from the Image 1o the dotted line.

HAandS O Activity 3

step 1

[step 2.

shewn Copy the trapezoid. Draw paints A, 8. and {

Place n piece of tracing paper over the trapezald
DrawAB 1: 9]

Piace the eraser end of your pencil on A. Turn the A
tracing paper untAS passes through C Tape the
paper to your book

Did the shape of the trapezold change whan you
maoved it? If yes, describe

the change "”

Did the size of the trapezoid change when you moved
ii? if yes, describe the dlang&“

T g - sz

Uncorrected furst proof - for troiming purposes only
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Work with a partner. Use a ruler to draw the Image when each
figure ls moved as direcied.

1. 1 centimeter down and 2 centimeters 10 the 9@ 2 centimeteds up and 2 centimeters to the right

S

Draw the Image when each Ngure is flipped over line (.

3 O ] 4 b
_ A 7
i ¢
Draw the Image when each pentagon Is turned ddlipasses through C.
5. { 3
<1
ol - A

(a8}

7. Refer to Bxercises 1-6.
a. For which exercisss, if any, did the sire of the onginal igure change?

none

b. Forwhich exsrdses, f any, did the shape of the aniginal figure change?

€. Forwhich exercesss, if any. did the onemation of the originad figurs changs?
Emercises 3.4, and 5

Uncorrected fust proof - for troiming purposes only

Encac: EXPLORE EXPLAIN ELABORATE EVALUATE

Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group Investigations. The Creaty
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 110 3, with Level 1
indicating the lowest level of complexity.

Exerclses
1-7 8-13 14,15
Level 3 . .
Level 2 2
Level 1 § e

i linvestigate

1% @Y Group-Solo-Partner Ask a volunteer to lead

Exercise 11n front of the class while students watch and listen

carefully. Then have students complete Exercise 2 on their

own. Continue this process for Exercises 3-6. Then have

students discuss Exerclse 7 with a partn. 5,8, 7

Ask:

+ For Exercises 3 and 4, what tool could we use in place of
the dotted line lo help draw the new imagemitror

® @ Roundrobin Have students work in pairs. Have
Student 1 complete Exercises 1, 3, and 5 while Student 2
completes Exercises 2, 4, and 6. Then have students exchange
solutions and check each other's work. Have them discuss and
respond to Exercise T1,5,6,7

\‘}-l'*y,

B EX
SR

208
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A nalyzé and Refledt

1 @ Pairs Discussion Have students use tracing
paper to complete Exercises 8 and 9 as they did in the
activities. Then have them work with a partner to complete
Exercises 10-1283 1,5,6,7

O @ Category Sort Have students draw a pair of figures
in which either a slide, flip, or turn has taken place. Then have
students place all of their drawings in the center of the room.
Have students pop up out of their seats to randomly select
one drawing and classify it as a slide, flip, or turn. Have them
place the drawing into a pile labeled either Slide, Flip, or Turn,

@156 7

52
1 @ Pairs Present Have pairs research online or look
indoors and outdoors for real-world examples of slides, fiips.
and turns. Have them explain to the class what they
discovered and how they determined the type of
transform ationf1,4,5,6,7

'. Students should be able to answer “WHAT are some
rigid motions of the plane?” Check for student understanding
and provide guidance, if needed.

BN ANalyze and Refled

For each pair of figures, describe a movement or movements that will place:
the blue figure on top of the green figulis8, Sample answers are given

5. Fgue  Movementiy) 9, Figue ll!'—-?
v ¥ tum U slide to
AN the right
o | - L\) and down

10. Refer to Activity 1 and Exercises 1 andJcle the word that best describas
the movement of the figures fiip @ turn

1, Refer to Activity 2 and Exsrcises 3 anducigt he word that best describes
the movement of the figures: (D slice turn

12. Refer to Activity 3 and Exercises § and 6. Measure ane side of the ariginal
figures, Then measure that same side after the Lum. Did the length of the
side change after you tumned KT If yes, describe the change
no

13. @ Justify Conclusions Activity SWY andiT are parallel, Were the
sagments still paraliel after the twin? Would they still be parallel aftet a slide?
flip? Explain
yes: yes: yes; Sample answer: Since the size of the figure dees not change
In any of the movemnents, the distance between the two lines Is the same,

50 the fines remain parallsl

o YerE—

14. © Reason Inductivelyides, flips, and tuns are called rigic motions
of the plons Basad on ihe Activities, describe two characterstics of & rigid

mation of the planesample answer: The shape and the size of a figure do
not change in a rigid motion of the plane.

-3 . WHAT are seme rigid mations of the pladiides, filps, and tums
are some righd motions of the plane.

TN AR -

=

Uncorrected furst proof - for froiming purposes only
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Geoametry

Lesson 1 Focus narrowing the scope
Translations Objective Graph translations on the coordinate plane.

c{lhermteconnecllng within and across grades

Vocabulary Start-Up Previous Now Next
L HOW can we best show of Students loentified the Stuchents will qrnhph :E;Jlﬂlc[lllilu‘lw;Il.rlg;]:ri:fh
A transformations an opetation thit Maprs 4n ofiginal geometric m;:-:'cm in properties of transintions, f;:r;é.rmgsp}::n: e rlwl d:”_l'm m'l’“e-
figure, theprelmage oo a new figure caleo Umage A transiation oz Y . '
shices a figure from one position to another without tuming it it —J
Scan the lesson and complete the graphic organtzer. . nlgor pursuing concepts, fluency, and applications
","'":" ot | e See the Levels of Complexity chart on page 457,
D fine iu our Ows words List 3 Jharacrevist | ol
e
lmmmmu ‘Shape stays the same wratislation ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE
| Size surs the same N L om ;
T | h Lo b LR St 1 : “ 3 e n
py PO ramsiatrion | i read 4 prime
"""" Ideas for Use
q*"‘""""‘*“ You may wish to launch the lesson using a whole group, sma
{1 L2148 group, thi nk-pair-share activity, or independent activity.
[
l‘ B -ES: @ Think-Pair-Share Give students about ane

S5 minute to think through their responses to the graphig
organizer on the student page. Then have them share their
responses with a partneD 1,5.6

& Real-World Link

Amani created the design at the night on her computer
Alternate Strategy

€ @ Have students describe what a transiation Is in
everyday life, such as the translation of a word fram Spanish to
English. Then have them explain the meaning of the term
translation in mathematic® 1, 5,6

1. Desoibe the motion nvolved I moving the design from A to &4
over 1space and down 1 space

2, Compare the size, shape, and onentabon of the design piece in
= original positon to that of the plece In its new position
They are the same.

i ‘Which® Mathematical Practices did you use?

Shade the circle(s) that applies.
(D Parszers with Prnbiems (e Mt T
D Ruzson festracty &) stterct i Precmee
@ Comstrct an Argment @ Mske Use of Srutze
@ Modies wth Mathemzacs @iise Fepested Ruasonmg only

e —————

i | Wifiaa i tan et i iaaly mamte

Lesson 1 Translations 453

Scanned by CamScanner



YRATE EVALUATE

ExpPLAIN Franc

J) Teach the Concept

ENGAGE EXPLORE

Ask the scaffolded questions for each example to differentiate
instruction.

1. Translate a figure in the coordinate plane.
QD . How do we groph coordinate Start at the origin and
move 3 units left and then 4 units upcoordinate K7
Start at the origin and move 1 unit right and 3 units up.
coordinate L7Start at the origin, move 4 units left,
then 1 unit up.
€ . if point J-3, 4) Is moved two units right and 5 units
down, what are the coordinates of point(=1, —1)
« If point Kf1, 3) is moved two units right and § units
down, what are the coordinates of point 87—2)
* If point Lf-4, 1) is moved two unifs right and 5 unils
down, what are the coordinates of point(E2, —4)
€ - Was the orientation of the image changent®
* Are the two images congruesyes
Need Another Example?
GraphAABC with vertices 4(2, 2), B(3, 4), and C{4, 1. Then
graph the image o ABC after a translation 2 units left and
5 units down. Write the coordinates of its vertigkfs-4, —3],
BN, -1, C2,—49)

A
I

=" lexa]

454 chapter 6 Transfarmations

Prime Symbels
Vg oot Somn i b
L b I ]

b=k
yoy

Translations In the Coordinate Plane

Words  When a figure is transiated, the Madel
x-coordinaie of the prelmage [N 2
changes by the value of the MY W
horlzontal ransdation o, T AR
The y-coordinate of the praimage
changes by the vertical p*_ mEr
\renslation b ¥
Symbols  [x. pis [0,y & b] T

\

When transiating a figure, every point of the preimage |s moved the
same distance and in the same direction. The Image and the praimage
nre congruenCongruenthigures have the same shape and same size

S50, line segments in the preimage have the same iength as line segments
In the image. Angles in the prelmage have the same measure as angles
In the image.

4. GraphAlKLwith vertices{—3, 4),K(1, 3), and (—4, 1). Then
graph the image afy skLafter a transiation 2 unlts right and
5 units down. Wirite the coordinates of its vertices.

Move each vertex of the triangle 2 units rght and § units down.
Use ptime symbols for the vertices of the image,

o NG N g ¥ }
- ¥ St
= 1

Y e
lo| x 3 x)

K- - O

| i T H
W 1 BEY I

From the graph, the coordinates of the vertices of the image are
J-1,-0), M3, —2), ana -2, —4).

| Get iF7 Do this problem to find out,
a. GraphONABC with vertices A(4-3), B(0, 2} and C[B, 1). Then graph

s image after a translation of 4 units l=ft and 3 units up. Write the
o0 rdinates of the image.

ST g - i

Uncorrected first proof - for troiming purposes only
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Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

g5 If some of your students are not ready for
A assignments, use the differentiated activities below.

1 @ Paired Heads T Have a student volunteer

to lead a class discussion on how to translate the figure in
Exercise 1. Then have students complete Exercise 2 with a
partner, ensuring that each partner understands how to
translate a figure. Have a student-volunteer draw the image on
the board. If students are ready, have them complete Exercises
3-5 on their own. If not, have them work with a partner, while
you walk around the room and monitor their progrss, 5,

6.7

® @ Trade-a-Problem Have students draw an image on a
coordinate grid. Then have them write instructions in coordinate
form, such as translation notation, for how to translate the image.
Have students trade graph paper and translate each other's
images using the translation notations o@y1.5.6.7

] | Gek F? Do this problem to find out.

€. Refer to the figure In Example 3, If paint A was at (1, B), use
| tran slation notation 1o describe the tranalation from pain A
G poim 5.

T [ Caean
Glidéd Practice g_l

Graph AXYZ with vertices X4, —4), ¥|-3, 1), and Z{2.-2). Then graph
the image oy XYZ after each transiation, and write the coordinates of its
vertices. foamin
1. 3 units right and 4 units up
X1-1, 0), ¥io, 3), A8, 2)

R —

clatiy-4)

| 2 2 units left and 3 units down
X|-6,—7), -5, —4), {0, -5)
| i a3

,‘l‘-"_"“‘ﬁﬂ | ¥
n‘" T | D'}-{
D’}I . | : .:rH "'"—-,. |

L=t
He=r e
" J -
3. The ball at the right was filmed using stop-mation animation so ! th I
it appears to be thrown in the air Use transiation notation to describe 85
the transiation from paint A 10 pointBiamgls 1)

x+2y+5)

4. Quadillateral DEFG has veitices at O, 0). -2,
F2, 4), and Gi6—3). Find the vertices of BFG'aftet
a translation of 4 units right and 5 units dowWRampie 7
Sample answer: §B, —5), E12, —7), AB.—1), | I

| Rate Yourself!
and G110, —8) \ \
Are you rémdy b move anl

5 &) Bullding on the Essentlal Guestidow are figures | chade Hie secHaw Huat applies

transiated on the coordinate plane? |

e

Sample answer: They sre sl vpor downondvight | (“p. 7N 4o ) |
or left.

N |
l |

e i

BRfeE

o —_

mET ez

Uncorrected fist proof - for troining purposes only
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Encace Ewxpion:s ExPLAIN ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used

War My Roreposi

independent Practice

Graph each figure with the given vertices. Then graph the image of the
figure after the indicated translation, and write the coordinates of its

b 3 for additional reinforcement or as a second-day assignment.
n SABC with vertices A, 2). 813, 1), 2 rectangle JKLM with vertices-, 21,

?T:?vﬂi) 4) translated 2 units left and :fL!r;I?:.I;!;:.;I‘.’?gr:‘Hjagiw:msInled L els of Complexlty

AL-1.3) 011, 2). Q1. 5) J4=2,~2), K4, 1), £{5.~1. M1, —8) The levels of the exercises progress from 1to 3, with Level 1

indicating the lowest level of complexity.

Y Rl Exerclses
[ 4 1-6,12-15  7,8,16-19 9-11
o el 1N Level 3 ' .
- ]
Level 2 $
T T T 11T Level 1 e
Triangle POR has vertices P{O, O}, OfS2). and R{-3, 6). Find the
vertices of AO'R after each translations - - Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

1. 6 units right and 5 unis &8, 5), M. 3), A3, 1)
4. B units left and 1 unit dow1~8. —1), H-3,-3), R-N. 5)

Use the image of the race car at the right.-o. L
5. Use transiation nolation 1o describe the transiation from u ' 1a m Approaching Level 1-7.9.11,18. 19
peirit A to point gix— 3, ¥—3) B : L i o
. BN @ onLevel 1-5 otld, 7-9, 11, 18, 18
6. Use transiation notation to describe the transiation from M NEN . { Ertel - o
point B to point C¥ —2, y— 4] % i [ @ seyond Level 7-11.18.18

ﬁ Quadrilatzral KLMN has vertices-&K, —21. L1, 7). M{O. 4], and AB. 5)
It ks first translated by e 2, y— 1) and then transisted by (3, y+ 4}
Whan a figurs Is transiated twice, a double prime symbel is used. Find
the coordinates of quadrilaterd &M N after both transiations.

i K13, 1), £10. 4), M( 4. 7). N'(-4, 8)
=" Watch Out!
Common Error Suggest to students that they graph the
original figures in one color and the translated images in
another color to aveid confusion,

Uncorrected fist proof - for troiming purposes only
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1 Make sense of problems and persevere in 10
saolving them |

3 Construct viable arguments and critique the 9.1
reasoning of others. !

& Model with mathamalics. 8

8 Look for and express regularity in repeated 7

reasoning

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world
situations.

20

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from  your class.

Have students answer t  he following question: If point
P(—3, 3) is transiated 3 units right and 2 units down, wh
are the coordinates of P[0, 0)

8. € model with Mathematidaelie 1 the graphic novel fiame below. |ist
the five steps the girl took and Identify any transformations used in the

movemerits, Sample answer: right crosses ovey left; left crosses behind
wight; right forward one step; lef forward one step; both hop three 1o the

right; Steps and hops are translations,

@ H.O.T. Problems Higher Qrder Thinking

9. @ Reason Inductivelp figuie is transiated by (¥ &, ¥+ 7], then
by (v 45, ¥ = 7). Without graphing, what |5 the final position of the
figuie? Explain your reasoning te a classmdfle same as the ariginal
pasition of the figure; Sample answer: Since —5 and 5 are opposites, and
—7 and 7 are opposites, the tianslations cancel each other oul.

10. € Persevere with Problemignat are the coordinates of the paint (x, )
sfter being transiated m units 1eft and A units =M, ¥+n)

1. € Reason Inductivelpetermine whether each of the following
statemnerits is alwoys, Sometimes, or never trie. Justify your réasoning.

a. A transiation presetves orentaticiways; Sample answer: Each point
moves the same distance and In the same direction.

b. A preimage and its translaied image are the same sze, but not the
same shape NEVEN Sample answer: A preimage and image In a
transiation will always have the same size and shape.

R ——
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Extra Practice

Graph each figure with the given vertices. Then graph the image of the
figure after the indicated translation, and write the coordinates of ity vertices.

12 SHUK with vertices M1, 0], &2, —4) 13. Reciangle KEMN with veriices Kft)),
and K\, ~3) transiated 3 units rght and L, N, M5, 1), and N{S-1) transiated
3 units up 4 units left and 3 units up
WL )L -l ke e K3,2), 03, 8), M1, 4), N1, 2)

(reampht Sanch point anl cremect Hage b
Powwn a tslmnsle. Thes ssve sach paise
T oumity v e eae A rEs T it g

Commatcw Shen bo Soven 2001

o HOHEELTIT | I g
: N &
i H\‘.r i 5 -
ENE ‘ 1 m—
1 | el ___J
'E, ToHTT ] | B N
4 i

Quadrilateral ABCD has vertices & —1), B{-3, 0), €12, -2), and
D{0,—8). Find the vertices of lSCD " after each transiation.

. 4 units upd 5. 3), 83, 4), O2. 2). 0, -2)

15. 2 units right and 2 units oW -3, =3}, B-1, -2}, C14.—&). 02, -8)

. Ismadl is in Colorado explorng part of the Denver Zoo & shown, [l maa®e
He starts at the Felines sxhibi and iavels Junts tothe right and |~ '-l"
5 units up. At which axhibit Is lsmail located? if the Felines axhibit is
located at {3, 1), what are the coordinates of lsmail's new location?

Hoafed Animals: (8, 6]

17 = Identify Repeated Reasoning disgiam of 2 DNA doubie
relix |5 shown below. Look for 5 pattern. On the diagram indicate
where this pattern repeats o7 s transisted. Find how many

5

transistions of the original mati=m are shown in the diaghm

Uncorrected fust proof - for tromming purposes only
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|
powel’ Up' Test Practice
F U p! T r
Exercises 18 and 19 prepare students for more rigorous Power Test Practice
thinking needed for assessment.
18. Graph triangle DEF with vartices D=5, 2), E(1, 3}, and T T I
=4, =13), Then graph the image of the tnangle after it
1B.| This test item requires students to analyze and solve complex real- Emnsmr’m; un?,, ﬁunw,d ;g,_,n“.den. . . 1 1¢
world problems through the use of mathematical tools and modeis What are the vertices of trsnghEB? uﬁ?
th of Knowled DOK3 £
Dep ge 1 br{-1, -1), 85. 0), A0, —6) 4 ha-i o Bl T 4
Mathematical Practice| MP1, MP4 . c"l:J T r,rr
1 o’
Scoring Rubric ¥ l' '
2 paints Students correctly graph the figures and p
Jist the vertices. {
1 point Students correctly graph the figures buf 8. Trapezold ARCD Is shown on the coordinate plan, Suppose . T '- 1L
fail to list the vertices OR students :f‘f‘"ﬁf:'”,:‘l"““"“’m 3 bl "ﬂ'r‘: e B s | BHE
correctly graph one figure and st the -ct\:l e following are vertices of the transiated figure [ !
Select all that apply, ! .
verticas. . A2 4 e —y o) I
ao. 7 o006 HHHEEH
19, This test item requires students to explain and apply mathematcal [ I
concepts and solve problems with precision, while making use ¢f
structure.
Depth of Knowled DOK1
E ouace - Spiral Review
Mathematical Practice] MP1
Scoring Rubric Piad aach sum.
E512=T —3i= 20 —36+ = =78
1point | students cormectly answer the question, W.-5+0= BN a2 —3+-42)
23.256 4 (-82)= 174 24,1214 (-1g) = —240 26, —4524.97= —388
H
]

Uncorrected fust proof - for troiming purposes only
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Geoametry

Lesson2 Focus narrowing the scope
Reflections Objective Graph reflections on the coordinate plane,

— | cohereﬂCEconnecllng within and across grades

e 2 Essental @

&Y Real-World Link (c RTT Previous  Now Next

o HOW ca) you el show o Students loentified the Students will graph Students will graph
Pysan Mary derscsitie 1 i propesties of reflectiony reflections on the rotations on the

g PN EYE SEGREEN SIS 05 B S0 ¢ ICORBSIG pesition er.::w- [ coordinale plane coordinate plane

artists use Mips and line symmetry D create heir designs. Use the

Activity to create your own pysanky desiSee students’ work. [ .
1 Ejm __J Rigor pursuing concepts, fluency, and applications
5‘5_3_; mm Wﬁ: w view of an epg. mm See the Levels of Complexity chart on page 465.
m To create your egg. | gy i H mm ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE
draw & design in |4 Y . M p—i=m o _
Qs | ) Launch the Lesson
| @ Mathemateal Practices
B553 % comptete Ousro t H | B Ideas for Use
over the y-avis. i - You may wish to launch the lesson using & whole group, sma
B f group, think-pair-share activity, or independent activity.

[Step 3 RepeatStzps2and3 |
to 1l in Quadsants il |' ]
and V. You can cu:m:-i. |
a new design oryou |
carn draw the mirror |- I8
image over the »-axis L

& . @ Think-Pair-Share Have students work with a
S 0 pann er to complete the activity. Give students abou:
one minute to think through how their design would look in
Quadrants [, ll, and IV. Then have them discuss their
responses with a partner. Call on several pairs of students to
share their drawings with the cla@®.1,5,6,7

Aiternate Strategy

€I Have students fald their paper in half to verify that their
design has line symmetry.

w

Add color 1o your design by using colored pencis of
markers to completa the design.

1. Lme symwnetry is when a figure can be folded so one side 15
the mimor image of the other side. Does your pysanky have line

symmetry? Explaiifes: Sampie answer: The design was
drawn as the mirror Image over the y-axis.

i ‘Which® Mathematical Practices did you use?

Shade the circle(s) that applies.
(D Parszers with Prnbiems (e Mt T
D Ruzson festracty &) stienct i Precmee
@ Comstrct an Argment @ Msie Use of Srutze
I (@ Modst wit Mathemsics @re Fepested Beasonng Uncorrected furst proof - for troming p only
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ENGAGE EXPLORE

ExpPLAIN Franc

J¥) Teach the Concept

YRATE EVALUATE

Ask the scaffolded questions for each example to differentiate
instruction.

ot =kl

1. Reflect a figure over the x-axis.
@D . What line in the coordinate plane are we using as the
mirror? x-axis
» When reflecting a point over the x-axis, which
coordinate remains the sama®coordinate Which
coordinate changes j-coordinate
@@ - If point A is 2 units above the x-axis, where will it be
after the reflection 2 units below the x-axis
« What aigebraic notation explains the effect of this
refiection?(x, y) — (x, =)
« What operation does the aigebraic notation tell you to
perform on the y-coordinateMultiply by —1.
o » |5 the arientotion of the triongle preserved?
Explain. no; Sample answer: After the triangle is
reflected, the arientation of the paints are reversed
from counter clockwise to clockwise.
« Are the figures congruenies

Need Another Example?

Quadrilateral QRST has vertices-@{ 1), R0, 3), (3, 2), and

Ti4, 0). Graph the figure and its reflected image over the x-axis.
Then find the coordinates of the vertices of the reflected
image. @'(—1, —1), R0, —3), $'3, —2), T4, 0)

'
' R
e
- £ = . i
019l +— r.l
=15

Reflections In the Coordinate Plane

Ot the g-axin Over the paxiy
Words Tor reflect a figure over To reflect a figure over
the x-ads, multiply the the ye-auls, multiphy the
y-coordinates by-1 x-coordinates by
Symbols  (x yi—(x. -1 (.= =2 1
Models b ¥ ] ¥
—1,;.1 -i\ ] I 44 q|l..'|f..| 14
A S 1 RANEREr
= 1 4.0 T
-4, :;"- ] Bl
.’:;‘.jd - :

Check
Y e e s

o et ey eiftima the |
p sttt ey L
ey

mE—A-5

LE—=iLw

11 w8 g, D0

A reflections o mitor image of the onginal Nigure. It Is thie result of a
transformation of a figure over a line callcibe of reflectionin o
reflection, aach polnt of the prélmage and |15 Image ale the same
distance from the line of refiection. So, In a refiection, the Image |s

congruent to the preimage

1. Triangle ABC has vertices A[5, 2), B(1, 3), and ). Graph
the figure and its reflected image over the x-axis. Then find the
coordinates of the vertices of the reflected Image.

The x-axis is the line of reflection. So, plot each vertexX&Cahe
same distance from the x-axis as its corresponding vertex on ABC

i

g1

W A -

= ]

ql |

The coordinates are'|§, —2), B, —3), and C—1, —1).

ST -

Uncorrected first proof - for troiming purposes only
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Geomelry

2. Quadrilateral KLMN has vertices K[2, 3), L(S, 1), M@,
and N(1,=1). Graph the figure and Its reflection over the
y-auis. Then find the coordinates of the vertices of the
reflected iImage.
The y-axis is the ine of reflection. 5o. plot each venex of
KLMN the same distance from the y-axis as ts comesponding

vertex on KLMN.
1| T W L |' 3 et b
- n 3 e 1o ol At

el o
88 nae

| Gok t+7 Do this prodlem to find out.

oy
n. Triangle POR has vertices F1, 5}, O3, 7. and AM, Graph ==
the figure and its reflection over the y-axis. Then find the P, 5), -3, 7,
coordinates of the refiectad image i o Ni-8-0

s
Li

&

3. The figure below Is reflected over the y-axis, Find the
coordinates of point And point B Then skeich the figure
and its image on the coordinate plane.

Paint 4 is located at (1, £} Point 8 is located at (2, 1)
Since the figure is being reflected over the y-axis, multiply
the xcoordinates by 1.

Al 4—+AL-14) BR. %—8-2.1
I i .

o

Exloin bl b big

TN N

Uncorrected first proof - for m purposes only

2. Reflect a figure over the y-axis.

@ . What line in the coordinate plane are we using os the
mitror? y-axis

« When reflecting a point over the y-axis, which

coordinate remains the samgfcoordinate Which
coordinate changesk-coordinate

€ - if point K is 2 units to the right of the y-axis, where wil
it be after the reflection units to the left of the y-axis

« What olgebraic notation exploins the effect of this

reflection?x, ¥ — (—x, 1)

€ - What is another way to determine the coardinates of
the reflected pointsSample answer: Determine each
point’s location In respect te the origin, Point K is 2 units to
the right of the origin and 3 units up. After the reflection, it
will be 2 units 1o the left of the origin and 3 units up. Reped
this process for each point.

Need Another Example?

Triangle XYZ has vertices X(1, 2), Y12, 1), ancl Z@). Graph

the figure and its reflected image over the y-axis. Then find th

coordinates of the vertices of the reflected imaige Answer

Appendix.

3. Use a reflection to sketch the figure.

@ . is the image of the frog symmetrical? Explifes, the
left side is a reflection of the right side. |

€ . How do you determine the new coordinates of a point
that is reflected ocrass the y-axiMultiply the
x-coordinates by —1.

@Y . What is another method you could use to plotAdg

1 unit to the right and 4 units up from the origin. Seo, 4' is
1 unit to the left and 4 units up from the origin.

Need Another Example? T

The figure is reflected over the y—axiﬁ"“"“ -
Find the coordinates of point A" and
point 8. Then sketch the figure and|_ |,
its image on the coordinate plane. \ O

A1-3,2),81-1,-2)
__|E ' |B

Lesson 2 Reflections 463
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Gulded Practice

Formative A ssessment Use these exercises 1o assess - 11| Gek i¥T Do this problemto find out.
students’ un_derstanding of the concepts in this lesson. A5 Spyy —
AR b. The figure at the right Is reflected Nl i
[-1-3s% If some of your students are not ready for over the x-axis. Find the coordinates | | $-{—} |
SEEEE assignments, use the differentiated activities below. of point Aand point 8 Then sketeh ‘

the Image on the coordingte plane.
D @ Team-Pair-Solo Have students wark in a four-

person team to complete Exercise 1, then with a partner to ; e
complete Exercise 2. Teams and partners should ensure that (L4 , |
each person understands how to reflect a figure. Have ' I
students individually think through their response to Exercise

3, then discuss their response with their partner or group. Glulided Practice

1567

D @ Trade-a-Problem Have students draw their own 1. GraphALABC with vertices A[E, 1), Bl 2}, and 2. The figure is reflactad over the y-axis. Find

figure in one quadrant of the coordinate grid and plot at least 4 CI6. Z) and Its reflection over the x-axis, Then  the coordinates of poinl And point 8 Then
find the coordinates of the image skeich the image on the cogrdinate plane.

points. Have students trade the grid and reflect each other’s

-
Haarsie

figure over the x- or y-axis. Then have them work together to e iy
) : A A5, 1), B{1, -2), C16.~ A0, 5), A2, 4
write the algebraic notations that explain the effect of the 5 =500.-5.00-3 088 )
reflections@ 1,5,6,7 F A 7
’ix I ( R 4 tﬂl
- 4 ] | —~ g |
I T R EEERL
| el h. Y | |
| ol | € | { |
: L1 8]

a gjmmmhamw:nnyuu i
determine the coordinates of a figure after a reflection | Rate Yourseifl
i

over either axs? \
| How well do you umdevshand
Sample answer: If you refléct over the g-axis, keep the | veflectignsT Cirele Hie i e

x-coordinate and take the opposite of the ycoordinate,  Hamb applizs,
If you reflect over the y-axls, take the opposite of the O 7~ =
Clene

| )
Watch Out! | - e

Common Error In Exercise 1, students may reflect the | |
image over the y-axis. Remind students that when ],
reflecting over the x-axis, the y-coordinates are multiplied dinnd el B
by —1, not the x-coordinates.

l

P p————

Uncorrected first proof - for troining purposes only
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dinates of the reflected image: -

i AGHJ with vertices G{4. 2). Hi34). and
A1, 1) over the y-ams

My horepomi

independent Practice

Graph each figure and its reflection over the indicated axis. Then find the

2. AMNP with vertices M2, 1,44, 1), ano
F1 -1, 4) over the x-auis

Encace Ewxplron:s ExPLAIN ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant ta be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity

i The levels of the exercises progress from 1to 3, with Level 1
- et [ *
il Indicating the lowest level of complexity.
"
= '; ; £ Exerclses
it > " 1-5,13-17 6,7,18-21 8-12
= Lovel 3 . .
G4, 2} H-3, —4). A-1. 1) M=), M=3,-1, PI-1, —4) Level 2 3
3. guadriiateral WXYZ with vertices 41 =1, 4. guadriateral DEFG with vertices D, 0), Level 1 i e
Xi4, 7). Y14, 5). and 211, 7) over the a-axis Ef1.-5). Fi4.—1). and G[3, 2) over the y-axis
B ‘ Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises far your
students’ needs.

@ approaching Level 1-5,7,8,10-12, 20, 21
@ ontevel 1-5 odd, 6-8, 10-12, 20, 21
@ Beyona Level 6-12,20, 21

Wi-1, 1), X4, 1), ¥14,-5), 21, -7) D', 0), E{-1. —5), F|4. -1). G§-3.2)

8. The figure at the nghl is reflecied over the x-mos. Find the coordinales
of point Aand point & Then skatch the image on the coordinate plane
[Exzmgre

Ap-3.-3).83,-3)

¢ Gmsm:mmsdnmmdmwma
reflection are given. Describe the reflection as over the x-axis or y-axis.

! 6. A{—3.5)—A[3. 5)y-axis £ M3, 3 M3, —3) xaxis

Uncorrected fust proof - for troiming purposes only
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{# MATHEMATICAL PRACTICES

1 Make sense of pmhlems and persevere in

solving them | ?

3 Construct viable arguments and critique the B10. 112
reasoning of others. L

T Look for and make use of structure. _ 6,7,18,19

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-worid
situations.

&

o #
2019)9
Formative Assessment

Use this activity as a closing formative assessment before
dismissing students from  your class.

Ask students 1o compar e translating a figure and reﬁﬁ-ctlng

a figure, and to write ho  w previous lessons helped prepare

them for concepts introduced in this lesson. Have them use

the writing prompts beloviee students’ work.
 Reflecting a figure is similar to translating a figure
because..

+ Reflecting a figure is different from translating a figure
because...

« What | learned about translations helped me to
understand reflections in that...

¢\ H.O.T. Problems wane o T

B @ Find the ErroMazen |s finding the coordinates of the image of
trinngle with vertices AL Y, B4, 1) and €7, 5) after a reflection over
the w.axis. Describe his mistake and corect it

Maren reflected the triangle over
the y-axis, The coordinates shouid be
ATY, ~1), B4, 1) and O, —5),

The vertices of
trimmale A' B' O are
A1, ? B4, 1) an

-1, 9.

9. & Persevere with Prablenfsangle JKL nns vertlces 47 4),
KIT. 1), and L[2= 2). Without graphing, find the new coordinates of the
vertices of the triangie after n reflection first over the x-axis and then aver

the yansd 7, —8), K'-7,— 1, £1-2,2)

10. & Reason InductivelPuppose you reflect a tianghe in Quadoan | over
the y-axis, then transiate the image 2 units left and 3 units down, |5 there
a single transformation that maps the preimage onto the mage? Explain

your reasomng™e: Sample answer: If the vertices ARBC are 4(1, 2), B(3, 4), and
C(1. &), then the vertices of the final Image aff=-8, ~1), #]=5, 1), and Cj—3, 1),

1. € Reason InductivelFuppose yol reflect a nenregular figure over the
x-axis and then reflect it over the y-axis, Is there a single transformation
using reflections or translations that maps the praimage ento the image?
Explain your reasoning.
no; Sample answer; If the vertices of LABC are 4]0, 0), B{2, 2), and
€10, 4), then the vertices of the final image ofiDA0), 812, ~2),

and C'l0, —4).

12. € Which One Doesn't Belon§ilanole ASC has vertices A1, 2), 811, 5),
and Cl4, 2) and undergoes a transformation. Circle the set of vertices that
does not belong. Explain your reasoni g n

AmDAE S, Cn |

Sample answer: This set i3 a reflection over the x-axis of JHABC. The other
sets are transiations.

FLG SN O CR

T ah - e

-
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Geometr

N 1y

Extra Practice

Graph each figure and its reflection over the indicated axis. Then find the

coordinates of the reflected image.
13, ATUV with vertices 78, —1). Ui-2. -3\ WM. square ABCD with vertices A2, 481 4).
and V4, -3} over the r-axis Cl-2. B), and D2, 8) over the x-nus
e — = e
i R F D
e L[]
. . W] A
w . e o] s a*
,‘t F N
1 t v j.— it
i - =
4, 1, -2, R VS A'(2,-4), B1—2,~4), C[-2, —8), D12, —8) 20]39

15. ARST wiih vertices 85, 3), 554, - Z), and . paralielogram HLIK with verticesH| 3)
Ti=2_ 3) ower the j-axis

17. The figure at the right is reflected over the y-acs. Find the coordinates ofa,
point dand point B Then dketch the image on the cogrdnate plane

A13.3.81.-37)

Qmmmmﬁ:ﬂmmmmm.
§ reflection are given. Describe the reflection as over the x-axis or y-axis.

v 8. Xj-1, —&}— X[—1, &) *axis 9. W4, 0) ~Wi4, 0) yaxis

Uncorrected fust proof - for troiming purposes only
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power Up! Test Practice

| 3 !
Exercises 20 and 21 prepare students for more rigorous Power UP- Test Practice
lhll‘lklﬂg needed for assessment. 20, Graph the image of triangle RST after |t is reflected over Tl
e G R R T e T the w-axis then transiated 4 units to the right and
20. This test item requires students to analyze and solve complex rgal- 3 units down [
world problems through the use of mathematical tools and modeis What a6 the vertices of tiangle R5T7 fs
Depth of Knowledge | DOK2 . 10,0}, 511, -2), T1a, - | | :
Mathematical Practice|  MP1, MP4 P & |
Scoring Rubric t =1
2 points Students correctly graph the figure and fist
the vertices, | 21, The figure shown at the right was transformed from LN
1 point Students corectly graph the figure OR ljst Bacept i} o Guatint Bl .. 11 +
the vertices. Fill in each box to make o frue statement to describe N :
. the transfor mation T
/ b
21, This test item requires students to explain and apply mathematical The figure wn__feflected = oguvehe|  x-axls ===
cencepts and solve problems with precision, while making use ¢f IR
structure.
Depth of Knowledge | DOK!
Mathematical Practicel  MP1, MPS S :
Spiral Review |
Scoring Rubric e .
1 point Students correctly answer both parts of| Sragh.and labial aach fgane on the coordinete plane.
the question. 22.uaperold RSTU with vertice(23. ACDE with vertices €1, 1), | 24. pentagon LMNOP with
R(-L 3. 52,20, T2 1. and | D=4, 0}, and E{0~2) vertices L0, 3), M{2, 2], N2, Q).
-1, =2} 0|2, 0), and A2, 2)
[
4 ¥
R
P £ !
-_a_;_. of 1 i |

—

]
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Mid-Chapter Check

If stuclents have trouble with Exercises 1-5, they may need
help with the following concepts.

translations [Lesson 1) 1,35
reflections |Lessan 2) | 24,5

Vocabul ary Activity

282 @ Think-Pair-Share Have students work in pairs
A5 ) 1o complete Exercise 1. Give them about one minute
to individually think through their response. Then have them
share their responses with a partner. Call on one set of pairs to
share their responses with the cla@.1, 6

Alte rnate Strategies

I Provide students with the coordinates of the vertices of
a triangle. Have students work with a partner to perform a
reflection of the triangle over the x- or y-axis. Then have
students discuss the role of the line of reflection in their
transformation.

O Have students create a graphic organizer of their own
choosing to show the similarities and differences of
translations and reflections.

Mid-Chapter Check

1. © Be PreciseDefine tansformotion using the words preimage and
imoge. ]
Sample answer: A transformation maps a figure, the preimage, onto a

new figure called the Image.

2. Describe the role of the line of reflection in a transformagion. 2|
Sample answer: The line of reflection |s the fixed line over which a

figure is reflected.

Skills Check and Problem Sc

Geaph each triangle with the given vertices. Then graph the Image after the
given transformation and write the coordinntes of the iImage's vertices,

brmiasi Vard J)

3. AAagCwithverticesd(3, 5), a4 lland 0, 2). 4. AWXY with vertices W), —2), X[0,—4),
transiation of 3 units left and 4 units down and Yi-3, =5} reflection over the x-axis
followed by a reflection over the y-axis

Al 9. 81, —3). €(-2.-2)
Wit 2). X0, 4), 113, 5)

Ko7 |
I O

5. "'mm with Problemiicin: D s transiated 5 units nght : |

and 2 units down, then reflected over the y-axis. Write an algebraic

represeniation to represent the final location of poiptflm 1and 2

Y= —5.y-2)

472 chapter 6 Transformations

Scanned by CamScanner

o iy ——T abaldas




o

Inquiry Lab

Rotational Symmetry

. HOW can you identify rotational symmetry?

Many products have logos so pecple can easily identify them. if you tum the
first aid logo below B0°, will the logo look the same as the original figure?

HINdS-ON Activite

A figure hasotational symmetry it can be rotated or turmed less than 360°
aboul its center so that the figure iooks exactly as it does in its original position.

Iilngj] Copy the outline of the equilateral triangle onto a plece of tracing
paper. Label one vertex 4

@ Place the tracing paper over the outline in Step 1 Put your pendl
point at the center of the figure o hold the racing paper in place.
Turn the tracing paper ciockwise from its original position until
the two figures match. Dvaw and sbel the new figure in the space
provided,

(Step 3 Continue tuming the tracing paper unti the logs is back 1o s original
position. Does the figure have miational symmetry? Explain.
Yes: Sample answer: the figure was turned less than 360"

about s center and still looked like the original.

Uncorrected first proof - for tromming p

y ) Launch the Lab

Geoametry

Focus narrowing the scope
Objective Identify rotational symmetry.

cohel'eﬂCEconneclhg within and across grades
Now Next

Students will identity ploperties of Students will graph rotaflons on the
rotatianal symmetny coordinate plang

Illgor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 474.

ENGAGE ENPLORE ExpPLAIN ELARORATE EVALUATE

The activity is intended to be used as a whole-group activity,

Hands-On Activity

O @ Teammates Consult Have students work in small
teams. Giv & each team tracing paper. Ask a volunteer to lead
the activity, showing how to rotate the paper without letting it|
slide. Then have them discuss the question in Step 3. Have
one team share their responses with the class to initiate a class
discussion about what it means for a figure to have rotational
symmetry®1,3.5.6,7

O @ Pairs Consult After completing the activity, have
stucknts w ork with a partner to draw and celor a pattern inside
the logo that will change its rotational symmetry to be 1807
1567

Inquiry Lab Rotational Symmetry 473
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EXPLORE EXPLAIN ELABORATE EVALUATE

) Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations, The Create
section is intended to be used as independent exercises.

ENGAGE

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exercises
1-3 46 7.8
Level 3 * .
Level 2 :
Level 1 { .

D @ Team-Pair-Solo Give students tracing paper and
have them trace the outline of each figure. As they did in the
activity, have them use a pencil to hold the paper In place
and rotate the paper until it matches with the original picture.
Have students work in small teams to complete Exercise 1.
Then have them work with a partner to complete Exercise 2,
and have them work an their own to complete Exercise 3,
Have them rejoin their original teams to discuss and compare
response s1.5.6.7

@ Creata

D Have students design and color their own personal logo
with a degree of rotational symmetry. Pass their designs
around the room and have students determine the degree of
rotationa | symmetry for each other's wdSx, 5,6, 7

. Students should be able to answer “HOW can you
identify rotational symmetry?” Check for student understanding
and provide guidance, if needed.

Investigate

i nvestigate

Work with a partner. Determine whether the figure has rotational symmetry,
Write yes or no.

S~
&

20, k1

| i
- ., Yorh S
i i L .. n 0
1 Ny h
v .l B o’

y v

yes ne b oyes

.r, Analyz& and Refle

4. @ Reasen Inductivelfic degree measute of an angle through which
the figure is rotated is calied tengle of rotation ind the first angie of
rotation of the equiateral triangle by dividing 360" by the total number of

times the figures matched@

5. List the other angles of rotation of the equiiateral triangle by adding the
mensure of the first angle of rotation to the previous angle measure

Stop when you reach 3p0180°, 27T0°

6. What is the angie of rotation af each figure in Exercises -37 Write no
il there 1s no rotational symmetry.

Exercise {1807 Exercse 10

=]

7. @ Model with Mathematiciaw two figuies, one that has rotatianal
symmetry and one that does nilee students’ work.

Excrcise $0°

I

| 8 . HOW can you identify rotational symimetry?
Sample answer: You can identify rotational symmetry by turning the

figure less than 360" and determining If the figure looks the same as
the original

Uncorrected first proof - for trasning purposes only
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L

T T -,

Prizes Majed ks spinning the pnze whee! shown below
1. Aspin can be clockwise or counterciocinwese. Deline these two

) Real-World Link

words in your own words
clockwiseOAting to the right

courterciockwizdotating 1o the left
If the section labeled 8 on the left part of the whesl spins 907
clockwise, whera will It tanct the top

If ene of the sections labeled 4 makes three complete
turns counterciockwise, how many degrees will it have

traveled? 1,080 °

Are there any points on the wheel that stay fised, of do not
move. when the wheel spins? if 30, what afe the points?

Does the center of the wheel change i the wheel is spun
counterciockwise as opposed 1o clockwifl®

Does the distance from the center to the edge change as it
spins? Explain

no; Sample answer: The distance from the center to the
edge it the radius of the circle. The site of the circle doed
not change as it spins so the radius does not change.

4 ‘Which® Mathematical Practices did you use?

Shade the circle(s) that applies.
(D Parszers with Probiems (e Mt T
@ Rezson Aosmactly &) httent o Precmce
@ Comstrct an Argment @ Msie Use of Srutze

@ Modst wah Mathemics

Lesson 3

Rotations

&) Vocabulary

cenmer of iolavon

Math Symbok
T yi=b—n
. =te=n
LS Bl AL

@ Mathematical Practices
1347

Ditse Fegemed Fensonns Uncorrected first proaf - for trols

) Launch the Lesson

Geoametry

Focus narrowing the scope
Objective Graph rotations on the coordinate plane.

col'lereﬂt!connecllng within and across grades

Previous Now Next
Stuterts ldertified the Students will graph Students will graph
propesties of rotational rolntions on the dilabions on the
symmetry coordinate plane coardinate plane

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 479.

ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

Ideas for Use

You may wish to launch the lesson using & whole group, sma
group, thi nk-pair-share activity, or independent activity.

ﬂ- Cooperative Play Show a similar spinner at the
2= front of the class or use an online spinner. Give
students time to play with the spinner so that they can
visualize the movements made in the activity. Then have them
complete the activity with a partnf.1,4,5,7

Alternate Strategy
D @ Have students use a clock face to visualize the
meanings of clockwise and counterclockw®e1, 5

Lesson 3 Rotations 475
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ENGAGE ExPLORE EXPLAIN ELABORATE EVALUATE
each the Concept (
Ask the scaffolded questions for each example to differentiate Rotate a Figure About a Point
instruction. Atotationis & transformation In which a figure is rotated, or turmed,
about a fived point. Theenter efrotations the fiked point. A rotatlen
does not changs the size or shape of the figure. So, the prelimage and the
\ oo ——— image are congruent.
1. Rotate a figure about a point.
QD . About what point are we rotatingBout vertex L
€ . Describe vertex M in comparison to verteNértex M Rotations 1
- Triangle LMN with vertices L(5, 4), M{5, 7), and N{8, 7)
is 3 units up from vertex L. :':':'::: :_ " represents o desk In Ibrahim’s bedroom. He wants to ratate
« After the rotation, how far oway from vertex L will evegle, 4° VA & the desk counterclockwise 180" about vertex L. Graph the
vertex M' beNertex M' will be 3 units down from N caeeteclmbuite m,'":r'“ Image. Then give the coordinates of the vertices
vertex [. ’
» Describe vertex N in comparison to verteMertex N (Step 1] Graphthe original riangle. [ ] .
is 3 units up and 3 units to the right from vertex L. Ho ~I-
» After the rotation, how far away from vertex L will [Step 2] Graph the rotated image, Use ||—||—
vertex N' beMertex N will be 3 units down and 3 units a protractor to mensure an {01k i
to the left from vertex L. angle of 180" with M as one  [-]7|~17 114 -
) nt on the ray and L as the - |4
m' « After the rototion, where will vertex L' be in comparison ,I.J::u-,, Mark .s[yla paintthe  Bf) T =
to vertex L7 ExplainVertex L’ will be in the same location same length all. Label
as vertex L. Vertex L is the center of rotation. tiis point s show,
+ Are the two figures congruenyés
[Step 3] Repeat Step 2 for point V. Since L 1 the point at wihiich
Need Another EJCOI'I‘IP‘!? ) AL MN is rotated, will be In the same position as L
Triangle JKL has vertices A3, 1), K{33), and L(0.—3). Graph i o \
the figure and its image after a clockwise rotation of 90" about e vttt s et
vertex J. Then give the coordinates of the verticed k(L " _ -
JR KLU, 4) “ || Gek i¥? Do this problem to find out.
ATLE). B-2. 6),
(WM L a. Rectangle ABCD with vertices -
AC=2.9, 0019 A7.8 871, C2 1) H B pa
“\ and D2, 4) represents the & |
bed in Iheahim's room. Graph
K the figure and its image after . 1
[:) / x a clockwise rotation of S0° & =i g N
4 about vertex C. Then ghve the ol s 3
coordinates of the vertices 1 | |
1L K i for rectangle B9CD". ll'r
i

Uncorrected first proof - for training purposes only
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| ' 3 Rotate a figure about the origin.
@ . About what point are we rototingBout the origin
key Comcep : P
Rotatlons About the O:Igln <j @ « Describe the location of point E in reference to the

Words A rotaion is o transformation around a fixed point. Each point of] origin. It is 1 unit to the left of and 2 units above the origin.
the original figure and its image are the same distance from the 5
centet of rolaton « Describe the location of point E' In reference fo the
Models  The rotations shown are clockwise rotations about the origin origin. Itis 2 units to the right of and 1 unit above the
90° Rotation 180 Rotation 270" Rotation origin.
) e O R T * Using this os a guide, what will be the location of poin
1T F'in reference to the origin? point P8int F' will be 1
S I unit to the right and 3 units above the orlgin. Polnt D'
. mERED will be 4 units to the right and 4 units above the origin.
.;‘.}.‘ wan € . Are the two figures congrueng@s
1 ] = After o 180" rotation clockwise about the arigin, what
does the point (x, v} becomdg, ¥) = (—x, =¥
b =ty « After o 270° rotation clockwise about the origin, what
does the point (x, y) becomdR, ) — (—y, x)
« After a 360° rotation clockwise about the origin, what
Figures can also be rotated about the origin does the point (x, y) becomes, ﬂ -
Need Another Example?
Triangle ABC has vertices 44, 1), B, 4), and CF2, 1).
2. Triangle DEF has vertices DR, &), EL1, 2), and AL 3, 1). Giaph Graph the figure and its image after a counterclockwise
the figure and its Image after a clockwise rotation of 90" about ~ Check . rotation of 180" about the arigin. Then give the coordinates o
flecinThuseiecrhtuaiuneesr B the vertices forA'B'C'. A4, —1), B(1, —4), C{2, —)
@ GiaphADEF on a coatdinats pi-:nel % : -i - I: ':r.“::: m
— H Ll FLE . |
C!:l_&g Sketch segmenfD connecting = sum AT_&:;,
painit Eto the origin. Sketch Eammre s anar B | s ____J al/1 Jd
another segmenED, so that |
the angie between point £, O, i - o] |, x
and Emeasures 907 and the m 11 a7
segment Is the same length ED. /
E;_@ Repeat Step 2 for points D and F. MR i
Then connadt the vertices to \ _-'\-' 1
i farmADEF. ; il
' SRS BEENE
‘-' S0, the coordinates of the vertices §DFT |
are D{4, 4), 2. 1). and AL 3}

Uncorrected first proof - for troiming purposes only
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Guided Practlcs T L 7

7~ I/
Formative A ssessment Use these EXerCises 10 assess ®- || Gekik! Dothis problem to find aut.
students’ un derstanding of the concepts in this lesson. B
v, M5, —2), M14.-6), b. Quindrilateral MNPQ has veltices i »

g@o . If some of your students are not ready for F1.—6), ol1,-2) M2, 5), M6, 4), PB. 1), and @2, | | u T

SR assignments, use the differentiated activities below. Graph the figute and its Image ! -
after & counerclockwise iotation

1% @ Groups-Pairs-Salo If students are having trouble of 270 about the arigin. Then plvg. | p .
understanding how to rotate Images, you may wish to e e et for” e NE
complete Exercise 1together as a whole group. You may O M
also wish to give the students tracing paper 10 help them see [
how the Image is rotated. Have them trace the original triangle o A
and then press their pencil down on the point of rotation EEE

{vertex X for Exercise 1, the origin for Exercise 2) to rotate the — )
paper. Then have students work with a partner to complete Gluldéd Practice EJ

Exercise 2. Have them work individually to complete Exercise

3. Then have them rejoin the whole group to discuss answers ::;"g'mf:; ':';"W.:‘:ﬂﬂmﬁb;ﬂ*m ;’:& ;‘r;ﬂ ﬂ; ;::!m. vertees

and compare solution@@ 1,5,7 b sbobadsos

I @ Pairs Discussion For Exercises 1and 2, have 1. 270" counterclockwise about vertex X 2. 180 clockwise aholit the origin
students p redict the coordinates of the image after the rotation =X Y00, 1) [ =3, 1, =5, 4, 2I-1, 5)
without graphing. Then have them compare the coordinates AR R | ok =
after graphing to see if their prediction was conf@t. 3.5. L1 .

6.7 S | \/ |
B S " |
\ >y | |1
-’ 1 o I X "
. ' |
[ ¥
L i |
1 Ql““mﬂmm:ﬂ&lhe |

difference between rotating a figure aboit a giver point | Rate Yourselfl
that is a vertex and rotating the same figure about the Helw comblden b are you Avauk

arigin if the rotation is less than 3607 robebions I0h eck Hhe box |
Sample answer: If you rotate the figure about one of the sk wpy les
vertices, that point stays the same. If you rotate the . “ @ \

same fligure about the origin, all of the points are
different uniess one of the vertices Is the arigin.

TN R -

OO v+ e v

=

Uncorrected frst proof - for froiming purposes only
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nl‘r-nnqhe RST represents the placement of
Fawzia's tricycle in the driveway and has
vertices R{-7. B}, Si-7.2), and T} 2, 2)
Graph the figure and its rotated image after
a clociwize rotation of 180" abhout the
origin, Then give the coordinates of the
vertices for triangie BT, Eumpls 7

- 4 RU7-8), S0, -2). T12-2)

My Horerpok

independent Practice

2. Cuadriisternl ABCD has vertices at
A[-3, —4), B, -1, C{2-2), and
D{3, —3). Graph guadrilateral ABCD and its
image after n 90° clockwise rotation about
vertex A. Then give the coardinates of the
vertices of the imagefsw |
A'(-3, -4), B10,-8), C1-1, -9),
D13, -1

ENEERREE TEERS EE N

ES| i

1. 2 Model with Mathematick oot
hubcap s shown. Copy and compiete the
figure so that the completed hublap has
retational symmetry of 907, 180°, and 270"

4. The nght Bosceles triangle POR has vertices
3. 3], O3, 1 and Bx, ) and i rotstsd 90°
countercliockwise about the origin, Find the
missing vertex of the hiangle. Then giaph the

{riangle and its imageSample answer:
Rix. yt= ! g )
4’
P - g P
£ "*A
. )
L4 (-]
—~4-3-F o] 13 1 ¥
4
-

Encace Ewxpion:s EXPLAIN ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exerclses
12,112 3-6,13-18 7-10
Lovel 3 . .
Level 2 i
Level 1 s .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ approaching Leve| 1-3,5,9,10,17,18
@ onLewl 1,3-6,9,10, 17,18
@ Beyona Level 3-10, 17,18

Waich Out!

Common Error Watch for students who rotate figures about a
vertex rather than about the origin. Remind students to first
determine the center of rotation.

Uncorrected first proof - for troining purposes only
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{5 MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in 18
solving them. |

2 Reason abstractly and quantitatively. | 10

4 Model with mathematics. | 369

7 Look for and make use of structure. | 13

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
glven opportunities to be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-world
situations.

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from  your class.

Have students respond  to the following question: If poi
14, —3) is rotated 90" ¢ punterclockwise about the origi
what are the coordinates of T[3, 4)

£ Wnich capnal Ietiers in ISOSCELES produce the same letter after being
rotaled 180" in the plane of the paghS, and O

Ii'; H.O.T. Problems wigher 0sder Thinking

6. (@ Persevere with Problenisangle ABC has vertices A(0, 4), BiIZ),
and C12. 0), The iriangle ts reflected over the x-axis. Then the image is
rotated 180" counterclockwise about the orlgin. What are the coordinates
of the final image?

A0, &), B0, -2), C1-2, 0)
7. & Persevere with Problenisangie ORS is transiated 7 units right,

then rotated 907 clockwise about the origin. The vertices of tlalifet
are G'(6.—1), A0, —1), and S{0, —7). Find 1he coordinntes @XORS,

(-8, 6), A6, 0), S(0, 0)

8. (2 Model with Mathematickirinngle (s rotated 90° clockwise about the
arigin, Then the image is rotated 270" clockwise about the origin

a. Complete the algebraic representation to explain the effect of the series of
transformations performed
=LY . H | X, ¥)
b. Based on your answer to part a, what can you conclude about a rotation of
90" followed by a rotation of 27GFheY are the same as a rotation of 360",
9, (= Reason InductivelWi| a gaometric figure and its rotated image olways,
sometimes. of never have the same perimeter? Explain your reasoning.
always; Sample answer: The figure and Its image have the same sire
and shape. Since the corresponding lengths are equal, the perimeters
are the same,

mrTR AN - s

Uncorrected first proof - for troining purposes only
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Extra Practice

0. Quadrilateral EFGH has vertices R, T Cundriisternl ABCD has vertices at
F3, —5), G[7—5), and HB~1). Graph A(-3, —4), 81,1, C2-2), and
the figure and its rotated image afler a D{3. —3). Graph guadrilateral ABCD and
counterciockwise rotation of 90° about Its image after & 160" counterclockwise
the crigin. Then give the coordinates of the rotation about vertex D, Then give the
vertices for guadrilateral B3 H coordinates of the wertices of the image
ETY, 1), A5, 3), G5, 7), M1, §) A(9,-4), B(7,-7), C14,—86), D3, -4)
b = -
3 11 ¥

12 e Identity Structurientify sach transformation as a fronsiation.

i refiection, or rofation
:. .r - h |
refiection translation rotation

Copy and SolveTriangie MNP has vertices M{1, 4), N(3. 1), and P[5, 3).
| Find the vertices of WP after each rotation about the origin. Show your
= work on & separate piece of paper,

: 13 90" clockwise . 180" ciodwise 15. 90" counterciockwise
L. Mla.—1). 1.4 Mi—4.9),
7 NIL —3). N3, -1). NI-1.3)

P3.—5) PI-5.-3) Pi-a.5)

Uncorrected fust proof - for troiming purposes only
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power Up!

Test Practice

Exercises 17 and 18 prepare students for more rigorous
thinking needed for assessment.

17. | This test item requires students to reason abstractly and
quantitatively when problem solving

Depth of Knowledge
Mathematical Practice
Scoring Rubric

1 point

18.  This test item requires students to analyze and solve complex rpal-
h the use of mathematical tools and modeis.

world problems throug

DOK1
MP1

Students correctly answer each part of the

pumtion.

Depth of Knowledge | DOK3 |

Mathematical Practice|  MP1, MP4

Scoring Rubric

2 points Students correctly draw the figure and ils
rotation and list the coordinates. 1

1 point Students correctly draw the figure and ifs

rotation but fall to list the coordinates OR
students correctly draw one figure and [jst
the coordinates OR students correctly list
the coordinates but fail to draw the

figures.

Power Up! Test Practice

46. On a fioor plan, TUVW with vertices T|—-4, 0), L1—4. 2}, 1-1, 2);
and W-1. 0} represents the location of Hiyam's bed in he)
bedroom, Hiyam would like io rotate her bed 180° clockwise
sbout point Vio see If she likes the new placemant. Draw the
bed and the rotated image on the coordinate plane.

Whnat are the coordinates of the comens of th g rotated bed?

2. 4), U'(2. 2), V-1 2), Wi-1. &)

1. Trangle ABC s rotated 0" counterclockwlse about the arigin
Determine if each statement IS frue i

a. The image of point A 586, 4) e @ras o
b. The image of point 8 181, —6). W Tue CiFal ¢
€ Theimage of point C w1, =2 1 we False

Spiral Review
18, Use the graph afABC shown at the right
8. What are the coordinates &R BT whenDABC 15 reflected
over the x-adsA1—2, 2), &1, —2), A1, 0)

b. Graph the mage gt ABC after it is transiated 2 units right
and 1 usnit up,

ot ML -

M. Trianglz FGH has vertices 73, 7). G, 5), and H-2, 2. Find the vertices
af its image after a translation af 4 units right and 2 units down followed

by a refiection over the y-auis

F1-15), 63,3, H-20)

-

=T e -

Uncorrected furst proof - for troiming purposes only
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Inquiry Lab

Dilations

One way 1o create murnis on a wall i
draw & grid on the artwork (o
transferring secthons of the art
but a different size

D use & drawing gra method. Armsis
ar grid on the wall. By
i, the mural Is the same shape as the artwork

I this Activity, you will enlargdABC by a scake foctos of 2 using grid pape:
A will be the center point for the enlargement

Polm

,giep 41 Onihe grid shown ra_".r.m-.ﬂl % diawn o th edge of e gid
Dr:,-.-,-,;‘l,_c inthe s

Dvaw point BonAB so that AB= HAR) Dvaw point BnACso
that AC= 2{4C).

Drawd 'C to completaAHC
What i the ratio of the lengthAR ta the length AH7 155”;'
What is the ratic of the lengthaC to the length L7 é
What s the

ratin of the length B to the fength 87 T

What do you notice about the ratios of corespongites?

I S ABC similar toME'C? They are equal; yes.

-) Launch the La

Uncorrected first proof - for training put

poses only

s

Focus narrowing the scape
Objective Identify dilations,

Cﬂhererlce:nnnmlng within and across grades
Now Next

Students will measure angles and sides A graph dilations an 1t
1o generalize the properties of a dilstion irelinete plin

ngor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 485
ENGAGE EXPLORE

Activities 1 and 2 are Intended to be used as whole-group
activities. Activity 1 is designed to provide more guidance to
students than Activity 2.

iHands-Of Activity! )
O O €@ Circle the Sage Pall the class to see which
students have some knowledge of dilations. Those students
(the sages) spread out around the room. Assign the rest of the
students to teams. Have the teams split up with each team
member going to a different sage, if possible. Have the sages
lead work for Activity 1. When the activity is complete, studenis
ge back to their teams and compare solutions. Students
discuss how the sages may have explained the steps
differently®®1,5,6,7

Ask:

+ How does triangle ABC compare fo triangle AB Sithple

answer: They are the same shape but different sizes.

Inquiry Lab Dilations 483
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activity based on their understanding of Activity 1. Repeat the

same process, assigning new tean 1, 3,5,6,7

Ask:

+ Compare the scale factor in Activity 2 to the scale factor in
Activity | How does the change in scale factor affect the
dilation?Sample answer: The scale factor in Activity 1was 2.
The scale factor in Activity 24 fn Activity 1, the dilation was
larger than the original triangle. In Activity 2, the dilation is
smaller than the original triangle.

D @ Rally Table Assign students to pairs. Students take
turre com pleting the tasks in Activity 2. Have them discuss
their responses to the questions in Step 4, with each student
listening carefully to the other's reasoning. Have them ask for
clarification or assistance, if needd®.1.5,6,7

In Activizy 1, you used a dilabon 1o transiobBC by a scale factor of 2. @iletion
is a transformation that enlarges or reduces a figure by a scale factor relative to o
center point. That point is called wenter of dilation

In this Activity, you will draw the imagegl YZ after a dilation with a scale
tactor n(.}. Paoint C will be the canter of dilatlon.

{!t_‘cg_f; Triangle X¥Z is shown below. Point C is the center of dilation, Using a
ruler, draw line segmems connecting C 1o each of the vertices of the
triangle.CF is done for you

r!llpli MeasureCY. Diaw point YonEY so that CY= —E—{CY;.

{I‘Ep_l_; Repeat Step 2 for the two remaining sides. Draw pdiohEX
50 that CX = 4{CX) and point T so that CZ=(C2)

|Step 8] Draw AXYT

15 AXY Z the same shape agXY.ZT YEN

Measure and compare the comesponding lengths on the arlginal
and new triangies. Describe the relationship between these

measurements SAmple answer: the measures of the eriginal
triangle’s side lengths are 2 times the new triangle’s side lengths.

Measure and compare the correspanding angles on the oflginal
and new triangles. Describe the relationship betweeh these

measuienents The measures of the comresponding angles on the
original and new triangles are the same.

B il s R

Uncorrected fust proof - for troiming purposes only
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Work with a partner. Dvaw the image after a dilation with the given scale
factor. Point A Is the center of dilation.

1. scale factor; 3 2. scale !nctm;-

Work with a partner. Use a ruler to draw the Image after a dilation with the
given scale factor. Point C is the center of dilation.

3. scale factor: 3

&

1
4. scale iactors

B

Uncorrected fist proof - for troiming purposes only

Geometr

Encane EXPLORE EXPLAIN ELABORATE EVALUATE

Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Creaty
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exerclses
1-4 5-10 1,12
Level 3 ' .
Level 2 ¥
Level 1 g e

U Investigatal
% @ Rally Coach Have students work in pairs. While
Stucknt A works through Exercise 1, Student B watches, lister]
coaches, and pralses, Then partners trade roles for Exercise
Continue for Exercises 3 and @ 1,5,6,7
Ask:

« What happens to the image when it is dilated by a scale
factor that is a whole number greater tha/Sdmple answer:
The new image Is bigger.

+ What hoppens to the image when it [s diloted by a scale
foctor that is a fraction between 0 andShinple answer: The
new image is smaller.

O @ Trade-a-Problem Students draw an image with 4
or 5sides on a grid paper and choose a scale factor for the
dilation. Students trade drawings and perform the dilation on
their partner's drawing. Have students compare drawings and
discuss any differences in solutiof.1,5,6,7

Inquiry Lab Dilations 485
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(N Analyzé and Reflech

1 @) Think-Pair-Share Give students time to complete
Exescises 5-10 on their own. Then have them share answers
with a partner and resolve any differenc@1.5,6,7

Ask:

« How are rotios writtenin fraction form

I @@ Pairs Discussion Give students time to complete

Exercises 5-10 in pairs. Then have them trade answers with

another pair of students and resolve any differen@a, 5.

6.7

Ask:

« For Exercise 6, explain how you can complete the table
without megsuringSample answer: Because the dilation had a

scale factor of 3, | can multiply my answers in Exercise 5 by 3 to
find the new side lengths.

@ Create

€ Discuss in a small group how to answer Exercises 1
and 12. Assign one group member as the leader. The leader
facilitates the discussion and makes sure that every group
member understand@® 1,3.5.6,7

Students should be able to answer “WHAT are the
results of a dilation of a triangle?” Check for student
understanding and provide guidance, if needed.

O GGENELELT ISUCY sonpe answers 5,6, 10

5 Use Math ToolsFor each figure from Exercise 3, measure the given side
lengths In millimeters. Compiete the table.

5| Fgue | Ilhlhnhm 6 Figue i lil!hnlhmﬁ

= FG| GH :ly ooy FG' M H.F.I
Lk | |

[ " n 39 36| 42

1
7. What 15 the ratio of side FG to sidGF l;

8. What ts the ratio of side G to sidiHs T
1
0. What is the ratio of side HF to sidFR T

0. Measure the angies alFGH nRdAFGH (R s
in Exercise 3 1sing & proftractor u"I.m'“rm.

D £F £6)| ZM
sciibe the relationship between the 1
corresponding angles. 54 66 60
The corresponding angles have the £LF AGI 7
same measure. 54 66| 60

e
-J'_t‘ Create

1. & Reason Inductivelased an the Activities and Exercises, write a
conjecture about the effects of a dilaton on the sides and abgdbes of a triangle.
Sample answer: After o dilation, the hew triangle's angles have the paime
measure to the original triangle's angles. The ratlos of the comresponding
sides are equal to the scale factor

w . WHAT aie the results of a dilation of & triangle?
When a triangle is dilated, the resulting triangle has the same
shape, but is a different size.

TN AR -

=

Uncorrected furst proof - for froiming purposes only
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Geametry

Les-son 4 Focus narrowing the scope
Dilations Objective Use scale factors to graph dilations,

col'lel'eﬂte:onnecllng within and across grades

Previous Now Next
Stuents generalired the Students will graph Students will moded the
dericritie | whies of a shape ang i 1 of o dilatl
S R s dntguer T Erdtaton T o e e
Scan the lesson and complete the graphic organizer.

Sample answers are given.
— Rigor pursuing concepts, fluency, and applications

See the Levels of Complexity chart on page 491,

ENGAGE ENPLORE EXPLAIN ELABORATE EVALUATE

) Launch the Lesson
Ideas for Use

You may wish to launch the lesson using & whole group, sma
group, think-pair-share activity, or independent activity.

-&9‘5 . @) Circle the Sage Poll students on their

Sle 0 know ledge of dilations and scale factors. Choose
4 to 5 students to be the sages and have them spread out
around the room. Have the remaining students surround the
sages while the sages provide explanations and answer
questions. After students return to their seats, call on students
to repeat what they learned from their salet, 3,5.86,7

Alternate Strategy

I» Have students graph line segment AB using A(1, 3) and
B(3, 1). Then have them double the coordinates and draw a

() /Real-World Link

PhotographyNada wants to insert a photo of her cat on her blog.
The cusrent size of the photo is 480 pixels by 640 pixeis

1. Supposa she wants to 12duce the phato 1o 120 pisis by
160 plels. Compare and contrast the original photo and

the reduction The dimensions of the original photo are
4 times the dimensions of the new photo. 1

2. What is the scale factor from the original to the reductidh?_

! e R line segment using the new coordinates. Have them measure
| ‘Whieh® Mathematical Practices did you use? both segments and make a conjecture about the length of a

y Shade the circle(s) that applies. line segment if the coordinates were triptSi, 3,5.6,7

: (D Perserere with Probiems D tise Math ook

: @ Reason Aesiractly I

3 @) Comstruct an Argzment @ Make Use of Stz

1 @ Modet with Mathemsics @ise Fepested Fsmsonms Uncorrected first proof - for training p only
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ENGAGE ExPLORE EXPLAIN ELABORATE EVALUATE
Ask the scaffolded questions for each example to differentiate RS Dilations In the Coordinate Plane

Instruction. Wareds A dilation with  scole facior  Model
of b will Be
4 + on eninrgement, of animage ¥ !] i
v e Inrger than the original, ifx1, X !
1. Find coordinates after an enlargement. "-Areduchon, oren oo TN
@D - Since the scale factor is 4, will the dilation result in an aprderga 5\ N[
enlargement or a reduction? Explaenlargement; 4 > 1 - the same as the arigina) igure | | | 3=t |
« Why didn't the coordinates for vertex A change after =1 s
the dilation was appliedPhe coordinates were 0, and 0
multiplltd hf any number remains 0, When the center of dilation in the coordinate plane (s the origi
E v : each coondinate af the preimage (s multiplied by the scale facthe k
m' » What do you need to do to the x- and y-coordinates of tofind the Caordinntes of the inage
each vertex to find the coordinates of the difated
figure? Multiply each coordinale by the scale factor, 4. Symbols (v, = (ix. by)

» Using a scale foctor of 4, what does the point (x, y)
become after the scole foctor is applic?y) — (dx, dy)

@ - Could o dilation ever be represented by the notation
(. ¥)— (5« 4y)? Explain. no; Each of the x- and
y-coordinates must be multiplied by the same scale factor.

The preimage and the image are the same shape but not necessarily
the same size since the figure 1 enlarged of reduced by a scale factor

Need Another Example? : =

A triangle has vertices D{1, 2), E(O. 4_]. and F{l. Find the 1. Atriangle has vertices A(D, 0, B(B, 0), and €@} Find the

coordinates of the triangle after a dilation with a scale factor coordinates of the triangle after a dilation with o scale

of 3. 0'(3, 6), £1(0, 12), F3, =3) tactor of 4. \
The dilatlon is (v, yd=  (dx, 4. Multiply the coordinates of each
vertex by 4

A0, O}—= (20, 4- 0)—= (0,0)
Bi8, O}—» (&8, 4.0) —» (32, 0)
O3 —2)—» (4.3, 4.(-2j|— (12.—8)

So. the coordinates after the dilation arfléd), B{32. 0), and

12, -8)
W1-4, 8), i || pee—
X12,8). % || Gekik? Dothis problem to find out.
¥i(6,-2), — y
aZ-6,—2) 2. A figure has vertices WR, 4), X1, 4), ¥3-1), and 23, <)
" Fin d the coordinates of the figure after a dilation with a scale
Wi factor of 2,

B il s R

Uncorrected first proof - for troining purposes only
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Geomelry

2. Find coordinates after a reduction.

@ . Since the scale factor i, will the difation result in an
enlargement or a reduction? Explameduction; The
scale factor [s less than one.

2. Afigure has vertices J(3, 8), K[10, 6), and L[8, 2). Graph the

figure and the Image of the figure after a dilation with a scale

s ° : e @ . What do you need to do to the x- and y-coordinates o
. 1.1 et each vertex to find the coordinates of the dilated

The dilation is (x, ¥ (..,Jr .‘.y].

figure?Multiply each coordinate by the scale faclfr. '

» How are the figures alike? How are they different?
Sample answer: They have the same shape. The dilation is
smaller than the original figure because the dilation was a
reduction.

€ . I your friend wrote the dilation as .-‘x.-y)&. %

would that be correct or incorrect? Explednrrect;

Multiply the coordinates of each
vertex bﬁ. Then gragh both figuies
on the coordinate plane. M

J3. )= (} 338 J(% 4
K10, 8-> (5 10, ;6] —+x15.3)

18.2—=(3+8. 52 —=wiy

. sle factor Is

Check Draw lines throught the origin and each of the vertices of i
the ariginal figure. The vertices of the dilation should e ﬂ"""""“ 0 Mu." Multiplying hﬁ""" the same as dividing by 2.
on those same lines. v M‘T .y Need Another Example?

A figure has vertices HB, 4), J(6, 4), K(6--4), and L{-8, —4).

—
| Gt 17 Do these problems to ind out. Graph the figure and the image of the figure after a dilation

b. A figure has vertices /4, 1) [ i with a scale factor é See Answer Appendix.
e L] - 3. Find the scale factor of a dilation.
of the figure after a diiation witha| | ¢ | g ] @ - What is the diameter of the grain of sand in the
e M El - dilation?11.25 mm
oo ie \ « What Is the diameter of the original grain of sand?
[ L 0.25 mm
’- € . Find the ratio of the diameter in the dilation to the

diameter In the origmodg-‘:-z;m%!

€ - Ifyour friend soid the scale factor was 0.45, how could
you use the context of the problem to show your friend
that the scale factor could not be 0.4Sample answer:
The image is larger than the grain, so the dilation is an
enlargement. The scale factor must be greater than 1.

Need Another Example?

The pupil of Omar's eye is 6 millimeters in diameter. His doctor

uses medicine to dilate his pupils so that they are 9 millimeters

in diameter. What is the scale factor of the r.filatién?

o« EEE—

3. Through a micrescope, the Image of a grain of sand with a
0.25-millimeter dlameter appears to have a diameter of
.25 millimeters. What is the scale factor of the dilation?
Write a ratio comparing the diameters of the two images.

digreter in dilgiion 11.25
dizmeter n nn:;'z'al Q25

=45
Sa, the scale factor of the dilation is 45.

Eappos oo 81 Frazomes

Uncorrected first proof - for froining purposes orly
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Gulded Practice
Formative A ssessment Use these exercises 1o assess ——— [‘?d- iF? Do this problem to find out,

students’ un derstanding of the concepts in this lesson. 1
s c_? f & - [ A ﬂll‘ld wants to enlarge a 7- by 12-centimeter photo to a

@oo If some of your student; are not ready Tqr_ ) 5 - by 30-centimeter phato, What is the scale factor of
L2y assignments, use the differentiated activities below. w thé dilation?
b e mendrogborediey bt e pastpe BNCTIded Prectica N
student to volunteer to write the directions for each step on Glldéed Practice 4
the board and the remaining students copy the notes on the Find the coordinates of the vertices of each figure afier a dilation with the
side of the page in thelr texts. Direct them to follow the same given scale factor k. Then graph the original image and the dilation.
steps for Exercises 2 and @1,5,6,7 [Esmmpes 1 and 21
D O Teammates Consult Teams discuss Exercise 1 with L AR R0 4. G2, T k=2 | 291941, 1996 LA, 41, AR, 21"‘1'21'
Student 1 leading the discussion. When everyone on the team A16, 10). 8O, 8}, O 4. &) ! -9 "1"' 'T)‘ i '('* !']
has contributed to the discussion and any differences have U [ |
been resolved, team members silently write their own answers s =TT /" [ '
without further discussion. Repeat the process for Exercise 2 [ ¥ [
with Student 2 leading the discussi@i1, 5,6,7 H——t At |

-

3,;%” ’
L. ey . .8 .21

3. BT ET) Mis. Hidaya's pupils are creating a Web page  —— | —
for thelt school's Intranet site. They need to reduce a |
scanned photograph so ft is 720 pixels by 320 pixels. | Rate Yourselfl
If the scanned photograph = 1,080 pivels by 480 pixsls, |
2 | | umdevsband how be
what is the scale factor of the dilstion2are »F | dilate a Figure, |
” Great! You're ready to move o
4 @) Buliding on the Essentlal Guesti, 11
dilations similar 1o scale drawings?

Samp Both rep it enk ents or | 25l have sawe

reductions of other figures. Both use a scale factor to questions staut Wow o
Al o faure, |
determine the size of the dilation or scale drawing.

T —— ez

Uncorrected first proof - for m purposes only
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Wit My Rorepsi

independent Practice

Find the coordinates of the vertices of each figure after a dilation with the
given scale factor k. Then graph the eriginal image and the dilation.
Framphen |t J

Mo 4), A2, 2), TI5, 5k 2
€12, 8), A4, 4), MO, 10)

r | r I
e
—

2 R{L. 1. S(L 7). TS, 7). U5, 1I-»ir

ai
-
1
i

3. A graphic designer created a logo ot.l-i'by Ig-ccntr_mctm paper. In order
‘°,b'e pinced on a businsss card, the logo needs ID?C‘H‘IH‘IE‘.IH!. [+
S+ centimeters. What is the scale factor of the dilatignRpe i
1

=

4. Faleh wants to build a regulation-size pool table that s 275 centimeters in
length. The plans he cidéned aie 45 by 90 centimeters. What s the scale
factor of the dilation he must use to build the reguiation pool tabledi: 3

3

aa tmangle has vertices AR, 3, 5{0, 0}, and CTL, 1}
a. Find the coordinates of the tiangle if it & reflecied over the x-mos, then
dilated by a scale factor of 3.

A't-6, -9), £10, 0), C13.-3)

b. Find the coordinatles i the onginal tiangle & dilated by a scale factor
of 3, then reflecied over the x-ads.

A6, -9, 810,0), C13, —3)
€ Are the two transformations commutative? Explain
Yes; Sample answer: since the coordinates of the answers to Exercises aand b

are the same, the order in which you perform them does not matter.

Az 7). {3 52). r(’:""'l'} viz.3)

FLone  EXPLAIN ELABORATE EVALUATE

Pracﬂce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exerclses
1-4,10-12 5,6,13-15 7-9
Lovel 3 . .
Level 2 i
Level 1 s .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ approaching Level 1-5,7.14,15

@ ontewel 1,3,5-7, 14,15
| @ Beyond Level 5-9, 14,15

Watch Out!

Commen Errer When finding the coordinates of the dilation,
students might mistakenly multiply only the x-coordinates of
the vertices by the scale factor. Remind students that in a
dilation, both the x- and y-coordinates of each vertex must be
multiplied by the scale factor.

Uncorrected fust proof - for troining purposes only

Lesson 4 Dilations 491

Scanned by CamScanner



() MATHEMATICAL PRACTICES

1 Make sense of pmhlems and persevere in

solving them | 8.9
3 Construct viable arqguments and critique the 713
reasoning of others. i
4 Model with mathematics. _ @

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-worid
situations.

B\ FX

A 4
c x> % v
2018,')
Formative Assessment

Use this activity as a closing formative assessment before
dismissing students from  your class.

Ask students to answer  the following question on a piede
of paper. Students shou |d hand the paper to you as they

leave the room. I the scale factor of a d!fatil:%.fs the
dilation an enlargement or a reduction? Explain.
enlargement; The scale factor s greater than one.

492 chapter 6 Transformations

6. @ Model with Mathematies coch part of the graphic organizes, skelch
an image of penagon MNOPQ after & dilation within the given parameies

——

L%
| A ] |~
| | o W —— ]
|
L 7 o

CJ_}j H.o_.'_r‘ Prpbl_err_ls Highet Ordef Thinking

7. @ Make a Conjecturd figurs has a vertex at the palnt4, —8), The
figure i5 dilated with the center at the orlgin with a scpie factar of 5. The
resulting Image is then dilnted with a scale Tnctog

( pchel ] [ ) | '-)-P
| Sample answer: | J Sample anawer:
| 4 M
| -4 o T “ |
L [ == )
f
{

a. What are the coordinates of the vertex In the final Il"hi]'é.:' -18)
b. How oo they compare with those of the arlginal image?
The final coordinates are three times the original coordinates.

¢ Can you predict the scale factor of a compound dilation? Explaln,
Sample anvwer: Yes; multiply the scale factors of each dilatlon te

find the scale factor of the final dilation.

8. @ Persevere with Problenfie coordinates of two triangles WY | aBc
afe shown in the table. 5 AWXY a dilation of AABCT Explain W 14 | e ..‘b.
No: Sample answen: both coordinates of all the points mustbe —- ALl R B

X tod || B (a2

multiplied by the same scale factor. The rcoordinates are = _ln"1 |E_HdID}
multiplied by 4, but the ycoordinates are only multiplied by 2.
9. G Persevere with Probleniie algebraic tepresentation of a dilation

is (. yy— [_,l _;y] If the: dilatian 15 an enlargement. give three possible

1 1
Sam) emrm,.n =
values of o. - I

TN AR -

=

Uncorrected fust proof - for troiming purposes only
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Geomelry

NaTs My horepoi

Extra Practice

Find the coordinates of the vertices of each figure after a dilation with the

given scale factor k. Then graph the original image and the dilation.

0. RS, 5). S(5. 10). TO, 109, L0, S)Mé- N34G20 WL2e3
®12, 2, 512, 47144, 08,2 V-9, 12), XMi—6, 0), W3, 6)

Multiphy emch Coovainate in @ach ordaved pai

vy 1cmle facres Thes gvarh e s Haures

35) =2

X 1:5-'
s lo— (Foi1d = <(2.9
tlo, la -{%-'o,:',-la]' - T, 4

TP
uile 4 —» (F1055) —= 14,2)

! - I i | | ‘r“'. 1’
} B |
[ . 1
N4

N | \ ‘“H:L

B
F:H [ L~ ]
| i b -]

1. To place a picture in his class newsletter, Faris must reduce the picture by
a scale factor of 0.3, Find the dimensions of the reduced piciure if the onginal
Is 15 centimeters wide and 0 centimeters high

45cmby3cm

&

H s

13. & Multiple Representationsiangle X¥Z has vertices . I
X10, Q). ¥13, 1) and £12. 3) :
a. Mumbers Find the coordinatss of the imagealyZ N
after a dilation with & scale factors2.
X10,0), #-6-2). 3-4.-8)
b. Algebra GrapahXYZ and the image on the
coordinate plans
. Words Describe the locations d(YZ andA X YZ
using ransformations.
E AXYT |s the image of\ XYZ after a dilation of 2
and a rotation of 180" about the origin.

o ] Fraxomes

Laprngs

Uncorrected first proof - for training purposes orly
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pow&f Up! Test Practice

Exercises 14 and 15 prepare students for more rigorous

thinking needed for assessment.

14, This test item requires students to support their reasoning or
evaluate the reasoning of olhers by justifying thelr response ang
-:nnstructtrlg argumenls.

Depth of Knowledge | DOK3
Mathematical Practice] MP1, MP3, MP4
Scoring Rubric

2 points Students correctly graph the figure, find
the scale factor, indicate It |s an
enlargement and explain

1 point Students correctly graph the figure, find
the scale factor and/or indicate It ks an
enlargement but fail to explain OR
students incorrectly graph the figure, bt
answer the rest of the guestion according
to the incorrect figure |

15. This test item requires students to reason abstractly and
guantitatively when problem solving

Depth of Knowledge | DOK1
Mathematical Practicel MP1
Scoring Rubric

1point Students correctly answer each part of fhe
guestion

Power Up! Test Practice

. Triangie AST is dilated so that the image of paint T is T16, 6),
Draw triangle ST

‘What s the scale factor of the dilation? Does the dilation represer
enlargement o & reduction? Explain how you found your answer

1.5; enlargement; Sample answer: Compare point T{d, 4) and
paint N6, 6). To ransform peint Ti4, 4) 1GE 6), you multiply
by each coordinate by 1.5. 5o the scale factor Is 1.5. Since 1.5
the dilation represents an enlargement.

15. Squares A and 8 are related by a dilation, Determine | 1
each statement is true or false N |4
a. The scale factor from figure A 1o figure Sis Wiue © Fals e #

b. The scale factor from figure B to figure .g-i—, WTue © Fab e

€. The dilation from figure A 1o figure 5 is ey False
an enlargement

Spiral Review

16. A mode! airplane is built with a wing span of 45 centimeters. The actual wing
span of the airplane is 27 metess. Find the scale

1 cm =60 cm

thﬂwudeh‘lctwtmnnh scale,

1% 1
7. Sem=3m ™ iﬁ.ﬂl:rn=2.5 mm¥ 19. 500 cm= 45 mT

20. On a map of the UAE, the scale is 1 om = 50 km. m
Using the scale, complets the table showing the m'mf
n 375 km S

distance betwsen citles Ruiwiais to Al Ain 1.5 cw

Dubialto Abis Dhabl 3 cm 150 e

-

=T e -

Uncorrected fust proof - for tromming purposes only
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Gaometry

E o
B BT Foc owling the scope
| Chaptep 7 : AIS e
P f v \ : This chapter focuses on content from Geometry.
. . ¥ - = lesti .
sonagu e “ | = congru en ] . Coherenceconnecting within and across grades
e O T Previous Now Next
arll ’*’j f’-;??'-‘J milari Ui T o, ) L |} Y siatte,
rotations, and dilsliong similarity of figures of three-dimensional

figures

—

mgor pursuing concepts, fluency, and applications

The Levels of Complexity charts located throughout this
chapter indicate how the exercises progress from conceptual
understanding and procedural skills and fluency, to applicatio
and critical thinking.

Launch the Chapter

@ Math in the Real World

Models Remind students that to find the wingspan in
centimeters, they need to multiply 17 by 200. To convert to
meters they need to divide the product by 100,

: Py,
' A
@ el

FoLDABLES

sopdy Organizer

Crsatis miviced Hom Shecoe Matl: Couse 1 el 3 Cregter 07 © 200

Chapter 7 Congruence and Similarity 501
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Are You Ready,

’
Use this page to determine if students have skills that are
needed for the chapter.
- Quick Review |
Students with strong math backgrounds may opt to go directly
to the Quick Check. Example 2
Find the slope of the line that passes
o | through (3, 8) and (-1, 0.
. . T=F Wims T plaponinn M= 1A Sippo femuia
w h Skill | Exwmi2ub  Fndove podu | iy i
— - Ew =50 ety | m_:o!% B, b= 00 I b =1 9.0)
I_ A _Sol_vepmpumons : ] =10 Urvmasrt Progmety 1ol Eqaabity | % _% D B,
2 Find slope
' Quick Check
If students have difficulty with the exercises, present an
additional example to clarify any misconceptions.
Ener:?es 13-5
Solves =7 45
Exercises 7-8
Find the slope of the line that passes through (4, 7) and
(-2.39.3
Track Your Progress X

Prior to beginning this chapter, have your students rate their
current knowledge. At the end of the chapter, you will be
reminded to have your students rate their knowledge again.
They should see that their knowledge of the key ideas has
increased. Find Slope Find the slope of the line that passes through each palr
of points. é
AR ‘8. (2,0), 0,211 9. L6, 91247

504 chapter 7 Congruence and Similarity
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Inquiry Lab

Composition of Transformations

. HOW does a combination of transtormations differ © Netematica
from a single transformation? How are they the same? 13

Graphic artists ofien use several transformations to create designs. When a
transtormation is appiied to a figure and then anothe: ransformation is applied
1o the image, the result is caledamposition of transformations.

Hands-Of Activid B

Foid the page in your book verticafly inlo three sections along 1
dotted lines

[Step 3 Draw the refiection of the
arrow over the fold in the e 1T
middie section. |

- Draw a reflaction of the 1
2"ammow over thefoldin |1 11T
thes right-hand section. EEEN I

[Step 4] Repeatsizps 20nd 3

with the pentagon.

o

% 0 L O O

il

fe it e e e

How are the original figures and the final figures related?

Would the final images be the same as the original figure if the second
reflection was reflected ower the hornzontal Ene? Expilain.

the same shape and the same size, but it would be upside down.

Uncorrected first proof - for tromming p

Geoametry

Focus narrowing the scope

Objective Draw compositions of translations, reflections, and
rotations.

Coherenceconnecting within and across grades

Students will draw compositions of Students will differentinle between
{ranslations. reflections, and rotations. transformations that presepe
congrience and those thal do nal

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 507

ENGAGE EXPLORE ExPLAIN ELABORATE EvVALUATE

Activities 1 and 2 are intended to be used as whole-group
activities. Activity 1is designed to provide more guidance to
students than Activity 2,

Hands-0f Activity @

€ @ Pairs Discussion Have students work with a

partner to complete the activity. If students have trouble
visualizing what each figure would look like reflected over a
harizontal line, have them make a horizontal fold and draw the
reflection. This way they can easily compare the reflection over
a horizontal line and a reflection over a vertical @d, 4.5

3 @ Pairs Consult Have students consult with a partner
to draw the reflections without using the paper. They should
discover how to use the grid lines to count out where each
corner and line will lie after the reflecti®), 4,5

Inquiry Lab Composition of Transformations 508
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D @ Teammates Consult Have students work in small
teams to complete the activity. You may wish to have them
draw their figure on a separate sheet of paper first. Tell them
to make it something simple that can be redrawn many times
without being distorted. For Exercise 3, you may need to
remind students about dilations that were previously taught in
Chapter 640 1.4, 5

O @ Pairs Consult Have students follow Steps 1 and 2
as written. Before moving on to Step 3. have students dilate
the figure by a scale factor of 2, then continue following
Steps 3 and 4@ 1.4.5

Ask:

* Prior to the dilotion, was congruence of the original figure
preserved after the transiationys

« After the dilation, was congruence of the original figure
preserved? Explairno; Sample answer: The figure after the
dilation is larger than the original figure.

« If the reflection occurred prior to the dilation, would
congruence of the ariginal figure be preserved after the
reflection and before the dilationyds

* If the reflection accurred prior to the dilation, would
onentation of the onginal figure be preserved after the
reflection and befare the dilatioffrientation is not
preserved for reflections; see students’ work,

, by
@
)5

In this Activity, you will use a transiation and a refiection 1o create o
decorniive bonder

[!_u_pﬂ Draw a figure on the coordinate plane shown, close 1o the origin
v See students’ work.

[Step 2] On the coordinate plane in Step |
transiate your figure. Lightly draw the
image since It will not be in lts final
location. In this example. the 1ed
figure ks transiated 2 units to the right.

{:’Igp__lj On the coordinate plane in Step 1 ¥
reflect the drawn image across a
harizontal line. This will be the final
location £0 you can draw this In your
book In this example, the Image o -
is reflecied across the iney 2. ', 1 *

=3
]
t.
b
[

I':S_‘t:p__ﬂ Repeat the process to create your border.

How are the size and shape of the arginal igurs related to the size and
shape of the images?

Sample answer. They are the same.

Supposs you wanted your border to run up the side of the page instead of

across the bottom of the page. Describe what transformations you might use
to do thiz Semple answer: You could use a vertical reflection followed by a

transiation up the page.

B b i

Uncorrected frst proof - for froiming purposes only
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Work with a partner. Describe the transformations combined to create
the autlined patterns shown in Exercises -4,

2

" a translation and a reflection a randlation and a rotation

3 a
q ;‘

Sample answer: a translathon and a reflection a rotatlon and a translation

5. Draw a figure on the coondinats plane shown. Use a reflection and a
retntan o create 3 logo for a compafies students’ work.

¥

S Investizate

Uncorrected furst proof - for fromming purposes only

ExpPLORE ExPLAIN ELABORATE EVALUATE

é;iiaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Crea
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exerclses
-5 6,7 8,9
Level 3 : .
Level 2 F
Level 1 P .

€ @Y Teammates Consult Have students work in small
groups to try out different combinations of transformations un
they determine what results in the given figure. Then have
stuclents work in pairs or small groups to complete Exercises
Provide them with graph paper and tracing paper. Allow them
to use any method they choose to manipulate the drawing to
determine the transformatic® 1,4, 5

O @ Pairs Discussion Have students determine as

many combinations of transformations as possifia

Ask:

+ When there are two transformations not on the coordinate
plane, does the order of the transformation matample
answer: no; A reflection then a translation will result in the same
figure as a translation and then a reflection.
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they determine what results in the given figure. Then have
stuclents work in pairs or small groups to complete Exercises
Provide them with graph paper and tracing paper. Allow them
to use any method they choose to manipulate the drawing to
determine the transformatic® 1,4, 5

O @ Pairs Discussion Have students determine as

many combinations of transformations as possifia
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answer: no; A reflection then a translation will result in the same
figure as a translation and then a reflection.
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rJ:‘,.. Analyze and Reflech

1 @ Roundrobin Have students work in small teams,
The first student draws the line reflected across the y-axis.
The second student draws the reflection of this image across
the x-axis. The third student determines what single kind of
transformation the image is compared to the pre-image.

The fourth student, if available, verifies that the single
transformation of the pre-image would result in the same
final figure@ 1. 3,5

0 @ Pairs Extend Have students work in pairs to create
their own composition of transformations that result in a
different kind of single transformati@ 1, 4,5

g2

O @ Pairs Check Have students draw two examples of
each composition of transfarmations that prove their
conjectures. Have them share their conjectures and drawings
with a partner. Each partner should check and verify each
other's w orki® 1, 3,4

. Students should be able to answer “HOW does a
combination of transformations differ from a single
transformation? How are they the same?” Check for student
understanding and provide guidance, if needed.

RN A5y 28 anhd Refle

In some cases, a composition of transformations is the same as a singie
transformation. Draw the compoesition of transformations described, Then
Identify the single transformation that would produce the same Image as
each compotition.

6. AR is ieflected across the y-axis, then reflected(a | r| | Iry
BCIOSS the w-anis ™ |
a 180" rotation about the origin -1 il
T g igh
ol I | &
NG

7. AXYZ i refiecied across line m and
then reflected across fine n

== AlN]A

y Create

8 & Makea Conjecturne transformations in the Activities and Exercises
have been translations, reflections, and rotations which preserve dlstance
Make a conjecture about the position, size, and shape of a flguie if a
composition of ransformations included a dilmtion.

Sample answer: The original figure would change position and change
size. The shape of the figure would not change,

8 HOW does a combination of ransfomations differ from asingle
transformation? How are they the same?

Sample answer: A combination of transformations Includes more than
ane transformation, so many times the image could not be obtained
by a single transformation. They are the same because regardless of
the number of tansformations, the image s the same shape as the
preimage.

IIETRET s eein LY
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) Teach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

On the previous page, you matched Figure A to Figure B by o translation
and a refiection. Two figures are copgruent if the second can be obtained
fram tne first by 4 senes of rotntions, reflections, and/or transiations,

1. Determine if figures are congruent by using

transformations. Determine It the two figures are congruent by using
@ . Assuming the triangles are congruent, which vertex in transformations. Explain your reasening.
triangle ABC matches up with vertex sfttex C 1 1 .
@ . What do you need to do to triangle ABC so that the 7 y
i Transformations ,
vertices are in the same position as the vertices in ; - 4 ﬂ
triangle ZYX Reflect triangle ABC over a vertical line and e ol
then translate the triangle. N
; . (step 1] Refiect A4BC rtical | ] |
@ - Explain why following this series of transformations :“::‘“ﬂ"‘_"::"'" || el el the vorticon e I:El"fw:" = 5 ; <]
demonstrates the figures are congruebample e Wik Jbatcy o A B andC Fall. r %
answer: By reflecting and transiating, | am able to obtain posge Tl F
triangle XYZ without changing the size or shape of triangle 180/ metry P, . :
ABC. it iStep 2| TronsiateHA hﬁﬁi ;I;{" all sides and —
angies matc n
Need Another Exampie? c " e Siatance Jq So. the two triangles are congruent because o
Determine if the two figures are \\ A e — reflection foliowed by a translation will map
congruent by using transformations. \____/ LABC ontaAZYX
Explain your reasoningongruent: A
rotation followed by a translation maps figure A onto figure B. 2. ol
2. Determine if figures are congruent by using % ] :
transformations. o
m « What transformation should we do first? Expiam Reflect the red figure over a vertical line
Sample answer: reflection; The square that is farthest left i
on the pre-image Is farthest right on the 1 |
pre-imag ig image. |
@ . Are there any other transformations we can use to i

make the figures congruent? ExplaSample answer:

[}

no, There are no transformations that will match the figures ) ) o
u Exal:ﬂ'f Even if the reflectad figure is translatad up and .
P 5 over, it will not match the green figure exactiy. :
Need Another E,mmp]e? The twe figures are not congruent. £ =
: 5 £
Determine if the two figures are congruen EB:I i
by using transformations. Explain your H

reasoning.nol congruent; No transformations
will match the figures up exactly.

Uncorrected first proof - for troining purposes only
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-, CORgiuent A
reflection followed
by a transiation

a b mags figure A onto

5T gz e B
L /. N0t cangruent; No

R— e transformations will
match the two

figures up exactly.
Determine the Transformations

It you have two congruent figures, you can determine the ransformation,
or setles of ransformations, that maps one figuie onto the other by i
analyzing the orientation or refative position of the figures -

| Got T Do these prodlems 16 find out.

| Tramiabien Reflection Rotation |
'rhnqﬂv-;llh“ slnghin (he ama | - lengih i e Laoe tation
.um-'_-lm i the arne « ariostston i tevened « cesntaten A the come | T“lluk-huhl.;\.h

yiyll

3. Eiman created the logo shown. What
transformations did she use if the letter “d™
Is the preimage and the letter “p” Is the
Image? Are the two figures congruent?

ES‘U&E 4] Start with the preimage. Rotate

the letler “d" 180" about pont A,

imu..._,
i
il

Step i Transiate the new image up.

Eiman used a rotation and transiation to create the logo. The letiefs
are congruent because iImages produced by a rotation and
ransistion have the same shape and size.

wrected fust proof - for troiming purposes only

3. Determine transformations.
@ . Looking at the given table, which transformations
affect the orientation of o figureéflections
€Y . s the letter *d” reflected or rotated ta create the lette
“p"? rotated
« After the letter *d" is rotated, what has to happen in
order to get the exact location of the letter "p” in the
logo? It needs to be translated up.
€ . s there another set of transiations that results in the
same figureSample answer: The “d" could be reflected
over a vertical line, then reflected over a horizental line,
then translated up.
« Which set of translations is more efficient? Expleain,
Sample answer: A rotation and translation only takes two
transformations, so it is more efficient.

Need Another Example?

The pattern below appears along the edge of a plate. What
transformations could be used If the first figure is the preimad
and the second is the imag&hmple answer: a rotation followed

R .

Watch Out!

Common Error Students may have difficulty visualizing the
transformations. For Example 3, they may wish to trace the
shape of the "d" and then try out different transformations until
they find what works.
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Foﬂnlthll A ssessment Use these exercises 1o assess Sample anewer: | | Gok ¥ Do this problem to find out,
students’ un derstanding of the concepts in this lesson. a vertical eat) | =
- <, teflection followed by €. What transformations cauld be used |fthe
@ @0 If some of your students are not ready for & transiation; yes, letia [ *W* I5 the preimage and the latter “M* m
THEE T assignments, use the differentiated activities below. images produced by | Is th & Image In the logo shown? Are the two
= and s figu res congruent? Explaln.

1 @ Pairs Discussion Give pairs of students tracing tramsistion are |

paper. Have them trace bath figures for Exercise 1 and cut - 1 -
them out. Then have them use the cut-outs to try different Guidéd Practice lJ

transformations, keeping a record of which transformations

they tried, until they determine If the figures are congruent. Determine if the two figures are congruent by using transformations.
Have them write down which set of transformations worked. Explaln your reasoningion s 1 a43)
gen have them use the same strategy for Exercises 2 and 3. 14 n |2 Eﬁ

¢ A | mllm B
% {O) Trade-a-Problem Have students draw a preimage yo By
and an image. The figures may or may not be congruent. Have R VR simonuen | | St s A
them trade drawings with a partner and determine if their " -y °u""" e e ':. - "::
partner’s preimage and image are congruent. If they are Sl e FEnEN L S e
congruent, have students explain what transformation they map SLMN ontaXYZ. | wansiation maps the red figure onto the
used to map the preimage onto the ima@e, 3,4, 5 BV,

3. The Boyd Box Company uses the logo shown. Whal transformations could T~
be used If the red tiapezoild is the prelinage and the blue trapezold 15 the -
image? Are the twa figuies congraent? Explalmesips 3 o <Y ‘L,,?
Sample answer: a rotation lollowed by a translation: they are congruent
because an Image produced by a rotalon and a translation have the

same site and shape.

4. @ Building on the Essential Guestisiy do Rate Yourselfl
translations, reflections, and rotations creats How coulldent ave  you
congrusnt images? mipout Hae velation ghip |

Sample answer: Rotations, reflections. and translations  eehueen congruen oo and
tronsfermations T Check Hhe
do not change size or shape. Since congruent figures Yoox Humb supph

have the same size and shape. the three . " @ |
transformations create congruent images.

ST s -
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Nam My o=

independent Practice

wummmn-n g by using transh i

Explain your reasoning.-
111 ] r = . F 3 3
[ i k . r
) L ~ i = -5
- o ¥ ~
. c i
not congruent: Na sequence of ¥
»
transformations maps RSTU onto WXYZ
congruent; A counterclockwise rotation of
. 90" followed by & tansiation maps ABC
anto SRST.
1 Najla purchased some custom printed stationery with het initials. What
transformations could be used if the letter “Z" is the preimage and the
lettsr *N” is the image in the design shown? Are the two figures

congruent? Exploing s -Sample answer: 90" clockwise rotation
followed by a translation; they are congruent because an image
produced by a rotation and a translation have the same size and shape.

4. ™ Multiple Representationd = way Lo identty -
congruent triangles is to prove their matching sides " |
have the same measure. Trlangle COE has vertices [y Aol 1]
at 1, 4). (1. 1), and {5, 1) | //'; ‘1 I
a. Graphs Graph ACDE 111 A+
F 2 'p i
b. Numbers Find the lengths of the sides of ACDE Sasa-230| 1 134348

DC=13 units, DE= 4 units, CE= 5 units .

¢. Geometry Refled\CDE over the y-aws, then W
translate & 2 units iefl. Label the vertices of the .
image (DE. Write the coordinates of AXE below

CH3.4.0+-3.1, 871

d. Mumbers Find the lengths of the sides'al DOF .
DT =3 units, [E" =4 units, CE = 5 units

f e. Words Are the two angies congruent? Justy your responsa
- yes: Sample answer: The matching sides are the same length.

Uncorrected fust proof - for troining purposes only
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Pracl:lce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
Indicating the lowest level of complexity.

Exarclses
1-3,10-13 4,5, 14-16 6-9
Lovel 3 . .
Level 2 5
Level 1 s .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

o Approaching Level 1-3,5,6,9,15,16
@ ontevwl 1,3-6,9,15,16

@ seporalevel | 49,1516
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) MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

T.
solving them. | ¢
3 Construct viable arguments and critique the 49
reasoning of others. | d
’- Mnd_el wilh mathematics. | 6,14

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-worid
situations.

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from your class.

Write the coordinates fo r triangle PQR on the board:
P(3. 4), (1, 2), and R{0. —1). Have students choose two
transformations to perform en the triangle and have then
give the coordinates of the image. Then have them
describe whether the two figures are congru&ee
students’ work.

5. Graph AGHS with vertices at GIO, 1), H{4. 0). and J4, 1). Then

gragh the Image of the triangle afler a transiation of 3 units up I‘_‘__,.ﬂ-“'—""

followed by a reflection over the y-auls. Find the lengths of ench
side of the preimage and the image. Then determine if the two
figures are congruemnt

4 units, 1 unity/TTunits; 4 units, 1 uniy/T7 units; yes

-a=1-1 | O

@ H.O.T. Problems Higher Order Thinking

6. (3 Model with Mathematiekcate o
design in the space ol the tght, using a seres
of transformations that produce congruent
figuies. Exchange designs with a classmate
and determine what transformations were
used to creale thew design.

See students' work.

7.8 P with Problemmangie A 5'C has vertices A9, 6, 841, 4),
ang €2, 0). Tilangle ASC was rotated 90° in a clockwise direction about the
origin, transiated 2 units up. and reflected over the y-nxls. What were the
coordinates of the vertices of triangle ABCT

A(=3,4) B2, 1), €2, 2)

8. @ Persevere with Problemsie segment X¥ has endpolnts at X(3, 1)
and Y}-2. 0. s inage after a sefies of transformations has endpolnts at
%10, 1) and ¥5, 0}, Find the series of fransformations that rdifroNtaXY,
Then find the exact length of both segments

Sample answer: a reflection over the y-axls followed by a transiation

of 3 units to the righty26

9, & Justify Conclusiond line segment has endpoints at a, b) and fc, o)
Determine whether the following statements are true or false, Justify your
reasoning.

& The line segment with endpoints at (o 4 &, b) and {c + . d) is congruent to
the original segmen answer: The segment was

translated x units to the right.

b. The line segmeant with Endpcinb'.{#u —;b} and 3—c 3—r:f 5 congruent
to the original segmeralse: Sample answer: segment was dilated
by a scale factor

IIETRET s eein LY
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Geomelry

Nars My oo

Extra Practice

Determine if the two figures are cong by using st i
Explain your reasening.
10.

L The Swe Figeeet are net Cmsracnt BOCARIE we Seamence of

rrom tE o tim ] g Fioe aeem o‘-g—.r BwEE FE e -'-,u-( EEmcthy

" “ 1w Y x
b - -
B .’ : i !
- £ | |
& “F ' e’ \
I ey | |~ w
congruent: A reflection followed by a 2
tanslation maps LFGH onto MNP, congruent; A reflection followed by &
clockwise rotation of 90° followed by a
transiation maps GHUK onto WXYZ.

13 Ismail is ifustating o graphic nove! lor a riend. He is using
the two thought bubbles shown. What ransformations did he

use if Figure A s the preimage and Figure B is the image? Q
Sample answer: a reflection followed by a transiation

14, & Model with Mathemati€aph “FOR with vertices at 0. 0),
{2, 0). and A0, 2). Then graph the image of the tiangle after a
reflection over the x-axis followed by a dilation with a scale factor
of 2. Find the k=ngihs of each side of the preimage and the
image. Then determine if the two figures are congruent.

Uncorrected first proof - for fraining purposes only
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Dower Up! Test Practice

Exercises 15 and 16 prepare students for more rigorous
thinking.

15, This test item requires students to support thelr reasoning or
evaluate ihe reasoning of others by jusiifying thelr response ang
constructing arguments

Depth of Knowledge L DOK2
Mathematical Practices  MP1, MP3

Scoring Rubric
1 paint Students comectly answer the guestion.)

18.| This test item requires students to explain and apply mathematical
concepts and solve problems with precision, while mnkmg use of

struclure,

Depth of Knowledge DOK1

Mathematical Practice] ™M™

Scoring Rubric

1 point | Students correctly label the veitices

&

Power Up! Test Practice

15. Usama s cresting o mosaic {or art class. He started by using triangular .\
thes as shown |/

Tnangles 4 and B are congruent. Descripe possible transformations he fl(' 2\
could have used if tiangle A |s ihe preimage and triangle B Is the )

Image? — —
| \\ e v
Sample answer: Rotate tilangle A counterclockwise, - LI
then translate it up, | \ y

. Pertagon ABCDE is reflected across the line shown and then rotated
72" clockwise about its center to create congrueit pentagon FGHLL
Label the vertices of FGHL in the correct positions on the Image

=

'
4
|
¥
{
i
\ i
4
4
'

& [

=]

8

Spiral Review

Graph each figure with the given vertices and its image after the Indicated
transformation. Then give the coordinates of the final lImage.

11. T Ci-2, 4}, D{0. O transiation of 0 AXYZ XM=, 0, Y3, 1,210, 3), reflection over

3 units right &nd 2 uniis down | fthe y-andis
[ L e ] | X1, 1, =21, 21, 3)
— _..._!__.;.’ ——— S— __‘ i
N A
2 | Y
i ". 41'—42 :
O %\ ! | i X i
—=3=2 @ ' 31 a =t=3=3 @ 1 7 3z &
-3 ii". =3
— |
4 -3
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Inquiry Lab

Investigate Congruent Triangles

© Mathematical

WHICH three pairs of corresponding parts can be used Practices
L3

to show that two triangles are congruent?

While driving past & bridge with his family, Ayman noticed that the bridge truss
was made up of congruent triangles

e e e
RHARd SO Activity |
In this Activity you will investigale whether &t 5 possible 1o show B

twa triangles are congruent without showing that all six pairs of
corresponding parts are congruent

Sicp 4! Copy the sides of the biangle
iece of patty paper and

i

Amange and tape Ihe pieces together so that they
form a tiangle

.;.itep 2

5 the triangie you formed congruent to the oniginal triangle?
Explain, Yes: Sample answer: When placed on top of each

other, the comesponding sides and angles are congruent. ,J'

Rotate the triangle you formed 180" Is the triangle congroent mnal
triangle? Explain¥es: Sample answer: The rotation of the triangle does
not change the shape or size of a triangle.

Try to form another triangle with the given side<. Is it congruent 1o the onginal
triangle? See students’ work; yes. Uncorrected first proof - for training put

.) Launch the La

poses only

s

Focus narrowing the scope

Objective Determine which three pairs of correspanding par
can be used to show that two triangles are congruent.

Coherenceconnecting within and across grades
Now Next

Sudents will generalize the propertles of s el Tindd missing | In
congruence RELER (T

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 519.

ENGAGE EXPLORE

Activities 1 and 2 are intended to be used as whole-group
activities, Activity 1is designed to provide more guidance to
students than Activity 2.

Materials: tracing paper

IHands-0n Activity )

C» @@ Paired Heads Together Have students work in
pairs to check for congruence by placing the triangle they
make over the original triang®™®1, 5

€ @ Pairs Consult Have students work with a partner to

answer the following extension questifh, 3

Ask:

« Does the order in which you tape the sides of the triangle
together matter? ExplaiSample answer: no; The lengths of
the sides of the triangle determine its shape and size, so it does
not matter how you put it together.

Inquiry Lab Investigate Congruent Triangles 517

Scanned by CamScanner



n vity @

€ @ Pairs to Groups Have students complete the activity
with a partner, making sure their copies match closely to the
original and their lines are straight. Then have them join with
another pair to complete Exercises Steps 1an2, 5

D @ Pairs Consult Have students make a conjecture

about congruence of triangles using angles before completing

the activity. Give them time to draw examples to prove their

conjecture. Then have them compléte the activity with a

partner. When completed, have them refer back to their

conjecture to see if they were corraQi1, 3.5

Ask:

+ Was your conjecture correct? Why or why rid@ students’
work.

» Can you draw a new example that proves or disproves your
conjecture?See students’ work.

{;_1;'!3] Draw a triangle on o piece of patty paper. Copy each angle of the
triangle onto a separate plece of patty paper. Extend each side of
each angle 1o the edge of the patty paper

A

I:’[”;‘; Armrange and tape the pleces together so that they form
a trangle

Is the triangle you formed congruent to the onginal triangle? Explain.
No; Sample answer: The trlangle has the same shape as the original
triangle. but it Is larger than the original. so it i not congrient to the
original triangle.

Try 1o form another triangle with the given angles. Is it congruent to the
original trangleSee students’ work: Most students’ triangles will be
similar, but not congruent to the original trlangle.

A countefesnmple disproves a statement by showing an example of when the
strlement is not true. Based on this activity, is the following statement true? If not
prowvide a counterexample.

IF ez masies of ons trimnale mre comseuswt +o tne anales of mnsriner trinngle, the

Fat bruangle s Cemdviagwt

no; See students” work.

[T ———
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Encane EXPLORE EXPLAIN ELABORATE EVALUATE

I vestate Collaborate
The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Creaty

1. Draw a angle on a plece of tracing paper. Copy two sides of the tangie and
the angie between them onto separate pleces of tracing paper and cut them

oul. Arrange and tape pieces together so that the two sides are joined to form section is intended to be used as independent exercises.
the rays of the angle. Connect the two rays to form a triangle
». Is the trisngle you formed congruent to the original triangle? Levels of Cumplexlty

Explain. Yes; Sample answer: When placed on top of each other, the The levels of the exercises progress from 1to 3, with Level 1

cormesponding sides and angles sre congruent. indicating the lowest level of complexity.
b. Try 10 form ancther trlangle with the given sides and angle. s it Exerclses

congruent 1o the original triang/fee students’ work; yes. 1,2 3-5 67

2. Determine If two triangles with the following congruent parts are congruent Level 3 l ™
It not, draw &6 counterexample
' Level 2
Various Parts | Congruent? Countyiexanpic L
Level 1 ] .

3 a!’]ﬁ N2 E‘? ==
s ) Investigatal
Sy
4 € @ Team-Pair-Solo Have students work in teams of
3 to complete Exercise 2, ensuring that each team member
understands what congruent triangles look like, Then have th
teams complete the second and third row in the table. Have

2 oved I them agree upon one response and one counterexample
angles and | side | ves (if needed) to share with the claf®1,3.5

O @ Pairs Consult Have pairs of students discuss and
explain why certain parts of a triangle can be used to

%*‘S‘i ‘;: ;’“:_.;-‘; Yes determine congruent triangles and other parts car®ot. 3

2 sides Mo See students’ work. »

2 avgles No See students’ work.

i 3 sides Yes

Uncorrected first proof - for froining purposes only
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ﬁ ne JAnalyzé and Reflect

@D Think-Pair-Share Give students one minute to think
lhrough their responses to Exercises 3-5. Then arrange
students in pairs and have them share their responses with
their partner. Then call on one student to share their response
within a small group or large group discussf, 3

D @ Pairs Consult After completing Exercises 3-5 on
their own, have students explain to a partner why each
exercise does or does not show congruerf@et, 3

@ Creata

O @ Trade-a-Problem Have students write their own
case, then trade with a partner. Have them read each other’s
case and decide if it can be used to show congruence. Have
them ver ify their conjecture with drawirgst, 3,4

&8 students should be able to answer “WHICH three pairs
of corresponding parts can be used to show that two triangles
are congruent?” Check for student understanding and provide
guidance, if needed.

ENAnalyzd and Refle

3. Based on Activity 1, can three pairs of congruent sides be used to show that

two triangles are congruendes

4. Based on Activity 2, can thige pairs of cangruent angles be used to show that
WO tiangies are congrien®®

5. Based on Exercise 1, cah two poirs of congruent sides and the palr of
congruent angles between them be used to show that two trisngles are
congiuent?Yes

e

6. @ Makea Conjecturdse palty paper to investigate the relationship
betwesn hwo thangles with the glven infarmation, Make & conjecture about
whither each of these cases can be uted to show that two triangles are
congruent

—
(Case 1| two paiis of congruent sides and a pair of congruent angles

not betwesn thenPample answer: To make two congruent
triangles, you cannot use two palrs of congruent sides and a

palr of angles that are not included.

|Case 2 two pairs of conguent angles and the pait of congruent sides
Betwesn thepdomple answer: You can use two pairs of
congruent angles and the palr of congruent sides not between
them to make congruent triangles.

| P |

LF“___’_! two palrs of congruent angles and a pair of congruent sides
not between the reample answer: You can use two palrs of
congruent angles and the pair of congruent sides not between
them to make congruent triangles.

1 WHICH three pairs of comesponding parts can be used to show that
Two triangles are congrueni?

Sample answer: Three pairs of congruent sides, two palrs of congruemt
sides with the pair of congruent angles between them. two pairs of

congruent angles with any pair of congruent sjdes.

IIETRET s eein LY
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Finnigdt | W o B it

L8 Real-World Link
— HOW cain you determing

Crafts Buthaina ts crenting a guit usingthe @ congrunnce and vimilaity? |
geometric pattern shown. She wants to make —
Sure that i of the wangies i e pater e | vocsbuinry )
the same shape and size.
TIPS rding paits
1. What would Buthaina need to do to show Math Symbets
two triangles are congiuent? = ha congruent to
Measure the ildes and angles of each  ©
tangle and compare them.
Mthe muatscal Praciices
2. Complete the lsts of the parts SREC andADEF. Then draw i
fines between the corresponding parts of each triangle

cB Cca BA  /BAC /ABC £C

FD ED FE  LDEF LF (EDF
3. Suppose you cut out the two triangles and lald one on top
ol the other so the paris of the same measures were
matched up. What Is true about the triangles?

They are congruent.

L -'_' s
_ | & e [
s e |
[ Fo r
Pl
A |
FEr |
® ? 4
| Which® Mathematical Practices did you use? £ ]
Shade the circle(s) that applies. <44
D Peruser= mih Prablems ) ihne Math T
A r— [ T ——
) Construct an Argumest (D Maie thz ot Souctae e
@ Mogs witn Maremrne &mwmwwm‘hm

Geoametry

Focus narrowing the scope
Objective Write congruence statements for cangruent figure:

cohereﬂCEconnecllng within and across grades

Previous Now Next

Suche il i aliged B Students will determine Stutents will utie

properies of congrusnce if two figures are ranslormations to
cengruent and find detetmming if tveo flgures
missing measures of BIE CORGPUETIL

congruent figures

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 525,

ENGAGE ENPLORE EXPLAIN ELADORATE EVALUATE

y ) Launch the Lesson

Ideas for Use

You may wish to launch the lesson using a whaole group, smal
group, thi nk-pair-share activity, or independent activity.

&: () Paired Heads Together Have students work
S with a partner to trace the triangles on separate \
pieces of paper and label the sides and angles on the inside ol
the triangles. Have one student place the triangles on top of
each other and match up segments and angles while the other
student confirms the matched parts in Exercis@, 4,5

Alternate Strategies
€ Have students use a protractor and a ruler to verify that
the triangles are congrust®1.5.7

¥ Have students explain why three letters are necessary to
name some of the angles, while only a single letter is needed
to name others{1,3,7

Lesson 2 Congruence 521
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E Teach the Concept
Ask the scaffolded questions for each example to differentiate key Cewcept
Instruction.

L Words i two figures are cangruent, thelr comresponding sides are
congiuent and thelr corresponding angles are congruent

0 - Mode! r 1]
1. Write congruence statements.
Congruence /‘?’/’I‘ J- :\:\\ F

Corresponding Parts of Congruent
Figures

O . What symbol is used to indicate congruent = ity Hons By 3
angles? arcs ot SR . A DS
» What symbol fs used to indicate congruent Ioe s A T e ot AN hj‘ﬂﬂ‘j jé:,, cuizh
segmentstick marks e Vot s et ongrient AnglexA & £ 2B W £F, £Cm £
_ R e Cangruert Sides: AF= DEAC 2EF CA =FD
@ - Which angles are congruent26 = £541 = £L; R el
ZH= LK —————
» Which sides are congruenGH =JK; Rl =KT; Gl =J[ S—— :;L’;'g::glr:{;:;ntr ml f:?r';:;' m’}m;%iﬁf:;f:m
m' * How do we know, based on the markings, that the read trigngle ABC s congruent lo triangie DEF
triangles are congruentSample answer: All three sides N
are congruent; therefore, the tiangles must be congruent. i
Need Another Example? 4
Write congruence statements comparing the corresponding /'/J{ )
parts in the congruent triangles showtP = £C, Z0= £B, € Y m| e T F
ZR= ED%IF =pCPO=CH '

1. write congruence statements comparing !

the correspanding parts In the congruent
triangles shown.

Q B
P< :{ ; >C
R ]

Use the matching arcs and tick marks to
Identlfy the corresponding parts.

Corresponding angles: 4

£1= /6, /L= A2K=2H D>"
Comesponding sides; .

Waich Out! R=TARC=ALTI=TC .

Common Error Remind students that they need to look at
the congruency marks when writing a congruency
statement and nat just list parts in alphabetical order.

SRR ey e
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Geomelry

2. Write congruence statements and determine
transformations.
@D - is the arientation of the triangles the same?
* White congruence statements to show which angles
are correspondingZA & £X; LB= LY, £LC= L2
€Y « How can you determine which sldes are
carresponding Find the lengths of the segments. The
segments that are congruent are the corresponding sides.
« White congruence statements to show which sides are

correspondingAB =XY, BC =¥Z, TA =X

« Since the orientation is different, which transformation

| Gok 1T Dothis probiem to find out =
LA LM LB =N,
o K= L0.L53 (P

o 'y
N OB
" AB = MN BK= NG,
g KS5=20P 5K = PM
’ 0 B o

2. Triangle ABC Is congruent mXYZ. LTI
Wilte congruence statements T could hove occurredibtation or reflection and
comparing the corresponding parts. || | i~ @ and translation
Then determine which 1 U - Rofisct '
= [ 4 il @ - Without looking at the graph of the triangles, how can
map L ABC oo XYT. e f
) Bty ey iy you name the corresponding porSdmple answer: the
(Step 1] Anatyze the figures to determine  |+5-}- 14 et b mabch i order of letters in the name of AABC corresponds with the
which angles and sides of the e ik letters in the name of AXYZ, Because A is written first, it
figures carrespond i means it correspands with X, which Is also written first.
Correspording anglexA & X, LB R £Y, £Ca 22 Sample snswer: You Need Another Example?
Corresponding sidedf = XV BT = VZ.TA= 2R can determine which Triangle RST Is congruent to ANML. Write congruence
polnts :‘M by statements comparing the corresponding parts. Then
(Stap3 Determine any changes in the orientation of the triangies. | USIn@ the cangruence determine which transformation(s) maps ARST onto ANML.
The orientation is reversed 5o at least one of the S LR= LN, £5= M, £T = A5 = NM; RT =NL5T= ML,
e el O temernrs- ot o TR Sample answer: If you reflect ARST over the x-axis and then
with AXYZ translate it to the left 6 units, It coincides with ANML.
The transformations that maASC ontaAXYZ consist LI Vi
of a reflection over the y-axis followed by a translation of [~
2 unitts dewn W asK s X= A, 1
— NNz M LT= 1N |
[ Gok T Do this problem o find oot W =KL XV= M, 4 3
hp_"_""" ' SE—— v, Z=MNIW=RK:
. Paralelogram WXYZ is congruentto | S r
parafieiogram KLMN. Witz congruence | W Sample answer: if you ]
i statements comparing the comespon | e T 1S

parts. Then determine which
transformation(s) map parallcicgram
WXYZ onto paralisiogram KLMN.

w&ﬂ proof - for Mn purposes only
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3. Determine missing measures.

@ . How can we determine the missing angle meosure of
a triongie? Add the known angle measures and subtract
from 180.

» What is true about angles CBE and FDB®y are
corresponding angles of congruent figures.

€D . What is true about corresponding angles of congruent
figures? They are congruent.

QY . if mZBCE = 90°, explain how we can WASCE to
determine the missing angle measure8FG. ABCE
and ADFG are congruent; therefore, mZFDG is congruent
to mZCBE, which is 40",

Need Another Example?

In the figure below, quadrilateral ABCD is congruent to

quadrilateral WXYZ. What is the measure/&P 145°

¥

Gulded Practice

Formative A ssessment Use these exarcises 10 as5ess
students’ un derstanding of the concepts in this lesson.

[. 1o [2

P If same of your students are not ready for
SOy

assignments, use the differentiated activity below.

1 @ Three Stay, One Stray Have students work in four-
person teams to complete Exercise 1, making sure that all team
members understand and can explain their solution. Then have
one student from each team stand and stray to a new team.
The new teams discuss and compare answers. Then have the
new teams complete Exercise 2. Follow the same process until
Exercise 3 is complet€® 1,3,6

Compratt meds b o

g ;
[ Glided Prctice

1. Trangle BET Is congruent 1LV Wikte congruence statements 1 ¥
comparing the correspanding parts. Then determine which !
transformation|s) maghRST ontas VW, Eampe tapd B 7 i
LR= LU, L85 =LV LT = LW RS = DVET =VW, TR= WD =

= *Surph_ﬂlmr:l!pulrlmlmup 4 units then 2 units right, £
then reflect It over the y-axis, It coincides wiib/VIW. LI 3

Z In the table design shown in Example 3, suppose
BE =45 centimeters. What is DGRamnpke 1

3 a_.} Building on the Essential Questignw can the
coordinale plans help you determine that comespending

sides are congruentSample answer: You can find the
lengths of comresponding sides by using the coordinates |
of the vertices and the Distance Formula,

7

You con wse properties of congruent figures to find the missing measures

of angles and sides In a figure.
€ F
i. B DI[
f |
i

3. Badria Is using a brace to support a
tabletop. In the figuresBCE = DFG.
It m £CEB= 50", what ls the mensure
of ZFGD?

Since/CER and/FGD are corresponding
parts in congruent figures, they ure
congruent. SaLFGD measures 50

Gek 1FT Do this problem to find out.

© Inth ¢ figure shown above, the lengtdE s 0.6 meters, What is
the |ength oFG?

| Rate Yourselfl |
How comPiden b are you abauk
congrugnce! Check Hae box
Hamb g s |

@ & ©

Find Missing Measures

IIETRET s eein LY

Uncorrected fist proof - for troining purposes only

524 cChapter 7 Congrusnce and Similarity

Scanned by CamScanner




N [

Independent Practice

Write congruence statements comparing the corresponding parts in each

set of congruent figured. o
1 5 A
6
" r f |
s
ZAS F (Bia 4G, LC= £

ZN= 5. M LT, Da vV

ON=VE Nia STHO = TV AB=FCBC «ClTA=TF

[ 3} Parallelograms UVIAX and HAK are congruent. Write congruence L1 A1
statements comparng the comesponding parts. Then determine 1+ & \ 4
which transformation(s) map paalisiogram UVIWX anto
paialielogram HME s 2 e rra-!' o
LU M oVe L) Wa 4, cXs X =y NN ES
UV = FL.VW =X, WR=IR XU= KR . 1

HIENEE NN

Sample answer: If you reflect paralielogram UVIVX over lhe.cm.u-nen":'
transiate it 4 units to the Hght, it coincides with paralielogram MUK

4. In the umbieda shoven at the HgALK S ANLM Ewmp
A WingKL= 66", then igNML = 86"
b If MN=35 centimeters. then k2 35 €m

5.  Reason Abstractly the figure AABC= ASED

a. Onthe figure. draw arc and tic marks to ]
wdentily the corresponding parts MR ﬂ o
b. Find the value of x. ~
8 c o
E
6. In the figse &t the righu EFG= ALMN F » i

i Find the value of x. Then desoibe the
transformations that mapEFG L
oitn LM T & o

10; Sampie answer: a rotation followed
by a translation

o ¥ e Y '

Uncorrected fust proof - for troiming purposes only
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EnGace Eupiors EXPLAIN ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant ta be used as the
hemework assighment. The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exarclses
1-4, 11-14 §-7,15-17 8-10
Lovel 3 . .
Lovel 2 F
Level 1 : .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ approaching Level 1-5,7.8, 10,16, 17

@ ontew 1,3,5-8,10,16, 17
@ Beyona Level 5-10, 16. 17

- -
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MATHEMATICAL PRACTICE

1 Make sense of problems and persevere in

salving them | d
‘2 Reason abstractly and quantitatively. | 515
3 Consiruct viable arguments and critique the 78
reasoning of athers. !
4 Model with mathematics. 10

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities 1o be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-world
situations.

Gl A
@

i g
lﬂ,')

L]

0

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from your class.

Have students write wh  at must be true about the
corresponding angles 8 nd corresponding sides for two
polygons 1o be congruenkee students’ work.

7. @ Make a Conjecturexagon ABCDEF Has six congruent sices, A #
a DrawCA CF, and°E.

b. How many tiangles were !Drmed'

€. Make a conjeciure aboul which thangles are congruent Tesi your
conjectise by measlring the sides and angles of the 1langles

LABCE LCDE andACAFa ACEF. See students' work for
measurements; corresponding parts should be congruent.

@j H.O.T. Problems Higer ouder Thinking

a. Q Find the Errafilal is making & congruence statement for thsatuent
tiangles shown Find his mistake and correct it

j‘ k
] C £ [

Bilal ¢id not state the onder correctly
in the congruence statement. He should
have sald 7 ABC Is congruem @,DFE.

Triengle ABC is
cemgruent ko
trimmale DEF,

9, G Persevere with Prablenie e mine whether each statement |s frue
or fofse If true, explain your reasoning. if false, give a coutterexample,

& If two figures aie congiuent, thalr peilmeters are equal
tius; Sample answer: If the Ngures are congruent, the coiresponding sldes
have equal length. Therefore, the sum of the lengths of the sides will be equal.

b. If twio figures have the same petimeter, they are congruent
false; Sample answer: Triangle ASC has a perimeter of 24 centimeters.
Sguare MNOP has a perimeter of 24 centimeters. They have the same
perimeter but because they are different shapes, they are not congruent.

10. = Model with MathematicWii= and solve a real-world problem that
imvalves using the properties of congruemt figures to find a missing
measure. See students’ work.

Uncorrected fust proof - for troiming purposes only
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Geometr

Nans [ —_—

Extra Practice

Write congruence statements comparing the corresponding parts in each
set of congruent Nigures.

" g T ¥ 7 L &8 '
H;
a
f 4 W [ L c
Use Hihe mamtching mecl mmd Hob ek v
*url-l'i:y bt ceereapesdiea pasts LGa A iHm B LIKE AL 2 =D
Comverpes ding mudles ERaAB AR «aBE K= m 6= BA a ;t

¢ L

L% W LY LRTE = Ly, £F & L

Covenpemding sarr ¢ ;I:- i

= aTHIT awLTs =77

' c)o y =

13. Quadrilaterals KLMN and FGHJ are congruent. Wiite congruence Pl 9
statements comparing the comesponding parts. Then det e which

transformation{s) map quadriateral KLMN onto quadrilateral FGH
L@ F A miGLMa M Nad

Ki = FG LM = GH M= HJ, NK = JF E
o

A
[as]
=2
o

.ﬂ.
i
1]

Sample answer: If you reflect quadrilateral KLMN over the yanis. NG
then translate it 5 units up and 2 units to the left, it coincides with
quadrilateral FGH..

. In the quilt design showhABC = AADE What is the measwe aBCAT
59°

B Sm
e w"“
c

15. © Reason Abstractly the figure ALZP= ANTM.
a. On the figure, draw arc and tic marks to identify the 1 ’
coTesponding parts.

b, Find the value of 18

Laypagm ' e 55 i
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Dower Up! Test Practice

Exercises 16 and 17 prepare students for more rigorous
thinking,

6. This test item requires students to explain and appiy mathematical
concepts and salve problems with precision, while making use ¢!
struciure.

Depth of Knowledge DOKY
Mathematical Practice| MP1
Scoring Rubric

2 points Students comectly answer each part of the
| question. .
1 point Students correctly answer four or five of

the six parts

17. | This test item requires students to explain and apply mathematical
concepts and salve problems with precision, while making use ¢t
struciume.

Depth of Knowledge : DOK1

Mathematical Practicel MP1

Scoring Rubric

1 point | Students correctly answer the question.|

sy

\4

1 .
power Up! Test Practice
16. The triangles shown are congruent A &
Complete the congruence SIRtEmMents 1o i ¥ L
compare the cormesponding parts T 7
) . € F . E
BAE £D b ZB= LE

&L= | £F d. AB= | DE
e 5C = EF L A= BF
1. Inthe Bg we POR 3 ASOR. Which of the following ®
represe i & cohgrance WA tement for the comesponding
paits? Select all tholiphky.
LROPE ZOSR PO= T
| F--29-13 B SS5RO= £PRO

Bls
sl
2N [a
SIS

Spiral Review

Graph each figure with the given vertices and [ts imnge after the Indicated

transformations, Then give the coordinates of the final Image.

18. AASC A3, 7). 612 -3), Ci-4, -3, 90° 19. quadrilateral RSTU: R4, 3), SiBY), T4, =3),
counterclackvwise iotation aboul A followed L3, =1 reflection over the xaxis followes
by a transiation of 4 units 1o thie dght | by a fefiection over the y-axis

Al0, 2), BS, 4), €15, 2) R$,—3), S5, 1), T4, 3), U3, 1)

¥

| |

LAY i M|
e e
IT o " 1 ,'; IE ! |
' \/ | uv;i

vyl LIl LIAL |

St } + |

£ 8 S, . r
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L T T —T

Case #1 Hammer Time
Hanan wanks meHbﬂueMlemw athe
gleciromcs in Nis room. e will make brackits in tha shape of rig
mmqln|anoldmruum5-nnnnuqutmgk.nnaum v i
angles measure 90°
il iy Hae veladionsghe i & Hae ether bud Anabet in A

vight triangle?

Understandwhot are the facts?
The bracket is in the shape of a right triangle, so
one of the angles measurdld”

Plan wnot is your strotegy to sofve this piasm?
Drow several right triangles. measure each angle, and look for a pattern

Solve How can you apply the strategy?

] ;
s N3
F
* A" '
I e ab C & c
It appears that the sum of the measures of the acute angles of a right
tangleis 90" So_the acute angies SFEMplementary

Check Does the answer make sense?

You can try several more examples to ses whether your congacture appears
o be true. But &t this point. il = st a conjechne. not an actual proot

Analyze the Strategy.

D Justify Concluslondnductive reasaning is the process of making &
conjechute after obsefving several examples. Did Hasan use inductive
reasaning? ExplainYes: Sample answer: Hasan observed that the acute

angies of diffarent right biangles were complem MU ONGETSH Mt oBtubtor training p
anglel of all right trisngies are complementary.

Geameatry

Focus narrowing the scope
Objective Solve problems by drawing a diagram.

This lesson emphasiza®l Mathematical Practice 4 Model
with Mathematics.

Draw a Diagram Drawing a diagram is a good strategy for
solving spatial and geometric problems. Students may find it
helpful to list the information from a problem to make the
diagram.

Coherenceconnecting within and across grades
Now - Next

Students apply the content standard1e  Students will use the deaw a dlagram
solve non-routine problems. shriategy to determine congruence and
shmilarity.

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 531,

ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

¢ ) Launch the Lesson

The problems on these pages are intended to be used as a
whole-group discussion on how to selve non-routine problems
and are designed to provide scaffolded guidance. The problen
on this page walks students through the solution, while the
problem on the following page asks students to come up with
their own solutions,

A

Case #1 Hammer Time

¥ Have students extend the problem by having them

answer the question below.

Ask:

+ What is the grectest whole-number angle measure a right
trigngle can have for one of its two non-right ang @87

ses only

Problem-Solving Investigation Draw a Diagram 529
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If students have trouble with Exercises 1-7, they may need help
with the following concepts.

congruence and transformations |Lesson 1) 1.3-5
2,6.7

congruence (Lesson 2)

Vocabu lary Activity

‘p:. €@ Think-Pair-Share Give students about one
55 minute to individually think through their responses to
Exercises 1 and 2. Have students work in pairs to complete
Exercises 1 and 2. Then have them share their responses with
a partner. Call on one set of pairs to share their responses with
the class®1,6

Alternate Strategies
¥ Have students define congruent in their own words
before completing Exercise 1

O Have students explain the similarities and differences
between congruent and similar shapes to a partner,

Mid-Chapter Check

1. What transformations can be used to show two figures are
congruent?jmus
anslations, reflections, and rotations

L List two attributes of two congruent polygarisaan 3|
Sample answer: cottesponding sides are the same length and cefresponding

angles have the same measure.

Skills Check and Problem Solving

Determine If the two figures are congruent by using transformations. Explain

YOUur reasoningy .1
@

) . AN
o |

i congruent: A rotation congruent: A ratation not congruent; No

2 by a translatk by & translati transformation will map
maps the blue figure onto | maps the blue figure onto  one anto the athet.
the goid figure. the gold figure.

6. Husam is creating the logo shown using a pentagon and five
congruent triangles. Triangle WAX ks congruent to trlangie YBZ.
Describe the transformations that magWax ontoAYEZ, If WX

measwres 5 centimeters, what is the length of Y& 2

wmnwmxumqam;;ﬂn

7. © Persevere with ProblemEap=zoid MNOP is

congruent to rapezoid OROP. Which transformation
maps MNOP anto OROPT w3 L

reflection

532 cChapter 7 Congruence and Similarity
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Inquiry Lab

Similar Triangles

© Mathematical

HOW are two triangles related If they have the same Fracticen
L3

e shape but different sizes?

While fiying in an arplane, Howrtyyn ooiced out the
window and saw roads and a field like the one shown
She wondered If there was a relationship between the
twio triangles she saw.

To determine if there Is a relationship between
the two triangles, use the diagram shown

i —t ot
PV S . LR || Mard || PO
/N IF and[Q are
ransverss
P a
\\
F -

_SquEI Measure and record the lengths of thelegments in
millimeters and angles in degrees in thitke
Arro

LF = 1Bmm w/ =78

L= 21mm ws/F = 58

Fa¥i
L= T8

L= Bmm

LN =105mm  wSH =58

Pa= 25mm ms/ Q=84 [MN= 12.5mm wm/N= &8

Whiat do you notice about the messure of the comesponding
- anales of the mianglesihe measures are equal

Express the lengths of the comesponding sides of the tnangles
&5 ratios

[ ]

Lo i PO a5
m:-!—url -_?.-__Tlﬂaz m=m°'2

the trangles? They are equal

. 4

Focus narrowing the scope
Objective Investigate properties of similar triangles.

Coherenceconnecting within and across grades
Now Next

Students will measure angles and sides students will generaliee the properties of
and sef up ratlos lo identily properties of milar shape
simllar thapes

ngor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on the following page.

ENGAGE EMPLORE

Launch the La

The Activity is intended ta be used as a whole-group activity. |
Materials: rulers, protractors

IHands0f Activity )

D @ Have students work In pairs to complete the activity.

Have one student be the measurer and one be the recorder

for the first triangle, then have them trade roles for the second

triangle®1,2,5

Ask:

+ Two triangles are formed by the parallef lines and
transversals. Name themALMN and ALPQ

« Which angies in the triangles are corresponding angles?
LLMN and £LP@;, ZLNM and £LOP

Whiat do you notice about the ratics of the come SIS TLY first proaf - for training putposes only
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Evoane EXPLORE EXPLAIN ELABORATE EVALUATE

) Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Create
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 11o 3, with Level 1
indicating the lowest level of complexity.

Exercises
1 2-4 56
Level 3 : .
Level 2 !
Level 1 $ .

LA
| 1
‘

Investigate

D O @ Think-Pair-Share Give students several
minutes to draw and find a solution far Exercise 1. Have them
share resp onses with a partn@ 1,4,5

'F;: Analyzé and Reflech

Coflnteatg

D @ Think-Pair-Share Assemble students in pairs to
complete Exercises 2-4, referning back to Exercif® 1,5

-
@ Creata

D @ Rally Coach For Exercises 5 and 6, have students
work with a partner. Partner A talks through Exercise 5 while
Partner B coaches, listens, and praises. Partners switch roles
for Exerc jse 6 1.3

. Students should be able to answer “HOW are two
triangles related if they have the same shape but different
sizes?” Check for student understanding and provide
guidance, if needed.

Work with a partner,

1. @ Model with Mathematiciangle ASC is a right triangle with
m£A=53" On the grid, draw and label a different right triangle,
XYZ. using the given angle X, which also measures SAmple answer:

|
11

What da you notice about the shape of the trlangRAmple answer
They appear to be the same shape,

.—f:;::t A'nalyze and Reflect

For Exercises 2-4, refer to the triangles in Exerclse 1.
1 What s the measure af87? the measure of the angle that correspondei
In sxyYZ: 3T 3T
3. Express the lengths of the carrespoanding sides of the trangies as ribmple answer:

30 o &V e (81

—_— =0
xz L] 2 Iy 8 2 XY w0 2

4 What do you notice about the ratigEhey are equal,

5. @ Reason Inductivel§he two tiangles in the Activity and in Exercise | are
called similor triongies. Based on your discoveries, make a conjecture about
the properies of similar friangles

Sample answer: Comresponding angles In two similar triangles have the
same measures. and the ratios of the corresponding sides are equal.

[ 1 HOW are two triangles relatad if they have the same shape but
different sizes?

Sample answer: The triangles are similar.

IR s TR ]

Uncorrected furst proof - for troining purposes only
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Lesson 3

Similarity and Transformations

.a_uunﬂu Q uestio]

HOW can you determine
congrupnce snd Lrnilaity?

Vocabulary Start-Up E

Recall that & dilation changes the size of a figure by a scale factor
but does not change the shape of the figure. Since the size is k ~
changed, the image and the preimage are nol congruent ﬁrm" ,|
Complete the graphic organizer. Consider each word on the Rating *™*
Scale and place a cheak In the appropriate column next 1o the

Mathemabical Practices
word. If you do not know the meaning of a word, find the meaning ﬁ Tl

In the glassary of on the Internet.
See students” work. Sample answers for definitions are given

Rating Scak
Wor | ReewR) Hive sesn: Ne Wt it means.
| owall | of heaiid B chue - —
: an enlargement or rﬂ!uc‘tbn/
Ail
ilebom| of & igure
scole the ratio of the length of a side
:'-ar_‘?pf on a scale model 1o the same
sicte of the oniginal object
Sl two figures that are the same
Baures shape but may have different
Y sizes
\ T~ T T - T 1]
'.!;il_lea World Link 1

A frocial s & geometric image that can be divided into parteshat

smalier coples of the whole, The photo at the right is an axample

of & fractal

1. 'Gide two different site part 5 of the figure that are
smailar copias ol the whole. Sae students’ work.

?
Which@ Mathematical Practices did you use?
‘Shade the circie(s) that applles.
) thse Misthy o
@ sttend in Precsice
@ e e of Struckze
@U'é Fepested Reasonng Uncowrect

e —

(@ Persevere with Frobiems
@ Razszn Aestractiy
@ Comstrct Argument

@ Modst il Mathemais

poses only

.

Focus narrowing the scope
Objective Use transformations to create similar figures,

Cﬂherencecnnnectlng within and across grades
Previous Now Next
tuert o St ent

et Students use propeles
trorslormations © of transfarmations to nesUres | slmilm
jeterming Longrue determine similariy. L

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 539.

ENGAGE EXPLORE

Launch the Lesson

Ideas for Use
You may wish to launch the lesson using a whole group, smal
group, think-pair-share activity, or independent activity.

- D) Find the Fib Have students work in teams.

Sl v Each student writes down two facts and one fib

about one of the following: dilation, scale factor, or similar
figures. The job of the team is to identify theDii 3

Alternate Strategy

€% Have students list the transformations that produce
congruent figures. Then discuss the effects dilation has on a
figure. Remind students that dilation with a scale factor other
than 1is the only transformation that results in a figure that is
nat congruent to the original figu®a, 7

Lesson 3 Similarity and Transformations 538
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J) Teach the Concept | f

Ask the scaffolded questions for each example to differentiate

instruction.
Two figures arsimilart the second can be obtained fram the first by a
seqguence of ransformations and dilations.

1-2. identify similarity.
@ . Assuming the figures are similar in Example 1, which 1. Determine i the two triangies are
similar by using transformations. E
vertex in triangle DEF corresponds with vertex G in
trianale GHITD Since the orentation of the figures is
g ’ the same, one of the transformations o
» How would you transiat&DEF so that D maps onto might be a translation,
G? Translate the triangle 5 units right and 2 units down. (Step1] Transiate ADEF down 2 units
@ . in Example 1, how would you find EF and 2 the and § units 1o the right so D
Pythagorean Theorem maps onto G,
= Are the ratios of the corresponding sides equpss {Step 2] Wiite ratios comparing the lengths of each side
; - 2 HG_B_2 G/ _6 2 IH_1_32
@ . In Example 1, iAGHI a result of a dilation dEDEF Ho_ 2o} Si=Bod M-Moi

Explain yes; Sample answer: The lengths of the sides of
AGHI are two times the lengths of the sides of ADEF. Since the ratios are equal, AHG! |s the dilated Image of AEDF. So, the
two trlangles are similar because a transiation and a dilation maps AEDF

Need Another Example? anto AHG!,
Determine if the two triangles are similar using
transformationsno; Sample answue;.;l'he rali:j uf;he side lengths 2. Dete 4 the two rectangles T~
are nolequalfuraﬂolmeudnk—‘.mleﬂﬁ. are similar by using transformations. | | 1T T
The orlentation of the figures isthe ||| - 1| | ;

same, 50 one of the transformations || 11 A »
might be a rotation (8 | 1 §

[step 1] Rotate rectangle VWTU 90" | e |
' clockwise about W so that it i
Is otiented the same way a5
rectangle WXYZ.

@ Write ratics comparing the ._T T L
I
|

lengths of each side
Wr_5 Tu
o S 4

uv_ 5 VW _
INTT W%

Wy

The ratics are not egual. So, the two
reciangles are not similar since a
dilation did not occur

IEEPTREEY e TR L]

Uncorrected first proof - for troining purposes only
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| Got iT Dothese problems 1o find out

a.

AB _ 3 while
Use the Scale Factor - |

Similar figures have the same shape, but may have different sizes. The
sizes of the two figures are refated to the scale factor of the dilation
1 the scala tactsr of  then the diated tgare
the dilation | -

Setimeen 0 and 1 wnalher thar e ongral |
gl 10 1 B iime Life 31 e ol
el s | bnger than P ool

©

3. Hamad enlarges the phet

shown by a scale factor 81

for his webpage. He then

enlarges the webpage phot

by a scale factor of 1.5 to

print. If the original phofe

5 centimeters by 7.5 |

dimensions of the print? . ! and Refiect

Are the enlarged photosmaitar to the orlginal? L% bekon b lemrt by

Muitiply each dimersion of the original photo by 2 to find the Hrct s bty H

dimensions of the webpage photo. 2 mvoaly facta:

Semx 2 =%0cm T5 o 2="H an ——
Sample answer:

Sa. the webpege photo will be 10 centimeaters by 15 centimeters. dilatlons, scale drawlngs

Multiply the dimensions of that phote by 15 to find the dmensions
af the print.

Wonx 15=5om Box15=225m

The printed photo will be 15 centimeters by 225 centimeters. All three
phoios are similar since each enlargement was the result of a dilstion.

Uncorrected fist proof - for troining purposes only

3. Use scale factor.
@» . What do you need to findRe dimensions of the printed
photo and If it Is similar to the original photo
» How will you know if the two photos are simiftighe
is the result of ane or more dilations of the other, they are
similar.
« What ore the dimensions of the eriginal photo?
Sem x 1.5 cm
« What are the dimensions of the webpage photo?
10em x 15 cm
« What photo is enlarged to make the print phothe
webpage photo
« What will you multiply the dimensions by to find the
dimensions of the print photd™s
s What are the dimensions of the print photo?
15em x 225em
€D : How would you find the dimensions of the photo on
the webpageSince the scale factor is 2, multiply each
dimension of the original photo by 2.
« How wouid you find the dimensions of the photo Ken
will print?Since the scale factor is 1.5, multiply each
dimension of the webpage photo by 1.5,

O  How can you find the dimensions of the printed photo
without finding the dimensions of the webpage photo?
Sample answer: Multiply the original phato dimensions by
2+150r3.

Need Another Example?

A baker is reducing an 20 cm x 25 cm photo to place the
image on a cake. He reduces it by a scale factor of 0.8. Then
decides the image is still too large, and reduces it by a scale
factor of 0.9. What are the dimensions of the final image? Is the
reduced image similar to the origind#4 cmx 18 cm

Lesson 3 Similatity and Transformations 537
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Guided Practics T L i 7

Fﬂl‘llll‘l.ll'll ssessment Use these exercises to assess .._.‘_I;l-- | Gek 1+ Do this problem to find out,
students’ un derstanding of the cancepts in this lesson. 108 cm -

x <. € Anon show offers different size prints of the same painting
F’J—'.‘-- . If some of your studem_s are nat 'eady fm Tne o riginal print measures 24 centimeters by 30 cemimeters
SRS assignments, use the differentiated activities below. A prl e enlarges the orlginal by o scale factor of 1.5, apd then

enla rges the second image by & scale tactor of 3. What are the

I €@ Pairs Check Have students work in pairs 1o j dim ensions of the largest print? Are both of ine enlarged prints
complete Exercises 1-3. One partner solves the problem while G similar 1o the original?
the other coaches. Students switch roles for each Exercise. i
After all the Exercises are completed, pairs check their o ' (o)
solutions with another pair and discuss any differen@es, 5 Guided Practice !J
@ € Pairs Consult Students work in pairs to find the Pt  the o A s bt N7 g Wittt afims, ol
area and perimeter of the figures in Exercises 1and 2. Then _ e - i —
each pair makes a conjecture about how the area and 1 | 2 [ eaEaE 8
perimeter of similar figures are related. Pairs share their | AN
conjectures with another pair of students and discuss any 1 U 5 R \ 4
differences. Have students apply their area conjecture in “ RIES RAREH b
Exercise 31,3 = . - Sa '

no; Sample answer: The ratios of the side | Yos: Sample answer: A reflection and a

lengths are not equai for all of the dilation with a scole factor Wpl

sides; =1 white =7 ACBA onte FED.

3. A T-shirt iron-on measutes 5 om by 2.5 am. |t is enlarged by a scale
factor of 3 for the back of the shirt. The second iron.on is enlarged by
a scoale factor of 2 for the kot of the shirt. What are the dimensions
of the largest iron.on? Are both of the enlarged iron-ons simjlar to the
OfigINAI? Sarere 1, 30 €M by 15 cm [ | \
| Rate Yourself! | 5

I Hew coniident mre y o4 A‘ML‘T

siveilomr Figures] Sha  de Hae
4 @mm“uwmsmme Ving om the tangek: )
difference between using tansiormations (o create
similar figures versus using transfarmations o create
congruent figures?
Sample answer: A dilation with a scale tacter that is

not equal to one is always used to create similar
figures while it Is never used to create congruent

figures. | ||

e e

Uncorrected first proof - for troining purposes only
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Explain your reasening.-

mhmphmrnmaﬂmu
* wansiation of 4 units down, and a dilation
Mmaudtlmngmap! onto

the image.
4 I

li=iiE=

11T

H 5 [ reflection over the
: ~axis followed by s dilation with a_
i scale factor of 2

Independent Practics

wwhmﬂwns-mmwmmm

@Pmmnﬁﬂhhwhuﬁmwmpﬂlmumm
Describe a sequence of transformations that maps the preimage onto

(rLons  EXPLAIN  ELABORATE EVALUATE

Prachce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant ta be used as the
homework assignment. The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

M

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.
Exarclses
= 1-3, 11-13 4-6,14-16 7-10
. Level 3 : .
Level 2 &
Level 1 ' .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises far your
students’ needs.

fracie 1138 cm by 22.8 em

@ approaching Leve|  1-3,5,8-10, 15, 16
. E{i HER @ onLevel 1,3,4-6, 810,15, 16
T AN @ Beyondlevel | 4-10.15.16
HHA
E ]
th

Sample answes: transiation of 1unit o
the right and 1 unit down followed by a
dilation with a scale factor of &

Uncorrected first proof - for traiming purposes only
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{5 MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

solving them. |
3 Construct viable arguments and critique the g
reasoning of others.
4 Model with mathematics | 8,10, 4
7 Look for and make use of structure, 6

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
glven opportunities to be persistent in their problem solving, 10

express their reasoning, and apply mathematics to real-world
situations.

Formative Assessment

Use this activity as a closing formative assessment before
dismissing students from your class.

Tell students that a figur e is dilated by a scale factor of
and then the image isd  llated by a scale factor of b. Haw
them determine whether the resuit is the same if the figyre
is first dilated by the scale factor b and then by the scal
factor o. Have them explain their reasonikes;

multiplication is commutative.

540 chapter 7 Congruence and Similarity

[-% Q ldq-ntll‘, Structurblse the graphic organizer to compare and contrast
similar and congruent figureSample answers are glven.

—
Flgures

Comgruent Figures

Slde Measures | usually different

L alwaoys the same

Memsures | always the same

[ always the same

Trems Fovmmbiond always o dilation,

always use rotation,

Used may use rotation, | reflection, or
reflection, o transiation, never
transiation use a dilation

(3_13 H.O.T. Problems wnigner oider Thinking

1.@p with Probl ing at least one ditation, describe a
series of transformations where the Image is congruent to the preimage.

See students’ work: product of dilation(s] should equal 1.

8. @ Model with Mathematidihe mege o \DEF after two EEF iNEENEE
transformations has vertices affl) 3), 86, 3) and K3, —6). M the ——

two triangies are simiinr. determing what two transformations map |51
ADEF onto ADEF =

Sampie answer: 90° clockwise rotation about the orlgin
followed by a dilation with a scale factor of 3

JNEENE

9, ﬂ Construct an Argumedtse of false ! a dilation |5 i a composition
af ransformations, the order in which you perform the compaosition does
not matter. Explain your reasoning.

talse; Sample answer: if you perform the dilation after a translation,
the translation is multiplied by the same scale factor.

10. & Model with MathematiGape roid ARCD is shown at the nght.

the coordinate plane_ List the transformations used belee students’ wnrk.l—

P+
Perform a setfies of transformations on the trapezold and draw the Image Jn;. | I E
k1

IIETRET s eein LY

Uncorrected first proof - for troining purposes only
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Geomelry

Nams My Ry e

Extra Practice

Determine If the two figures are simllar by using transformations.

Explain your reasoning.
1 - AE agseannnms
HHHH PR ]
N Hi e
: 7, =...'.
r.'.J'_'__';.__-.-. By
+ e The vaties of tiae siie lenariu mee yes. Sample answer: A transiation and a
wak & !

dilation with a scale tactor of 2 maps
a_'.;.l vlu;n;;-u;‘ le‘u- lengbing. rapezoid anto bapezold 3
%'}MEET'% P 1 50 He bwe

e mre wst il

13. Reham [ makdng thiee different sites of blankets from the same matedial.
The first measutes 1meter by 0.6 meters. She wants to enlarge it by o scale
tactor of 2 1o make the second blanket. Then she will enlarge the second one
by a scale facior of 1.5 to make the third blanket What are the dimensions of the
third blafiket? Are all of the blaniets sindlar?

Imx18m

14, = Model with Mathematies the figure shown,
rapezold RSTL has vertices A, 3. 5{4, 3). T3, 1)
and 2. 1.

8. Draw the image of RSTU after a ransiation
of 2 units down followed by a dilation with a scale
tactor of 2. Label the vertices ASCD

b. Draw the image of RSTU after a dilation with a scale
factor of 2. followed by a ransistion of 2 units down
Labsl the vertices EFGH

€. Which figures are similar? Which figures are congruent® =
and are similar; and are

similar: and are congruent

d. Are ABCD and EFGH In the same location? If they are
not. whaat transformation would map ABCD onto £EFGHT

no; a translstion of 2 units up

Uncorrected fust proof - for Hi\n purposes only
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1
power Up' Test Practice
1
Exercises 15 and 16 prepare students for more rigorous Power UP-

thinking.

15, This test item requires students to reason abstractly and
quantitatively when problem solving

Tue B
Depth of Knowledge | DOK
Mathematical Practice| MP1 W Tue T Fal
Scoring Rubrie ETue @
1 point Students comectly answer each part of the Wiich
questian ;""“
tran
. el
6. This test item requires students to explain and apply mathematical & tran
concepts and solve problems with precision, while making use of o

structure,
Depth of Knowledge DOK1
Mathematical Practical MP1

Scoring Rubric
1 point | Students correclly answer the question.)

| 12 ol §

Uncorrected fust proof - for troiming purposes only
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Lesson 4

& Real-World Link

Photos Salma |s printing pictures ot  photo kiosk in the store. She | con@Fwence and imilaiiy?

cmcmmmﬁsmmh?m?nfm —
lengths of the o prints proportional? Explit s * T SJ:“E

i 5 Slygons

= | Follow the steps to £ e fartae
0 discover how the Math Symbok
~2 === triangles are related. g - sirlar 10
1. Using a centimeter ruler. Omw

measure Ihe sides of the 4 1254

two triangies. Then, use s

protractor 1o measure the

angles. Write the results

I the table Sample answers

are given.

- ! - i

2. Are e Sig engs grosortons? Ean.
b i i -

3. Wnat do you notice about the angles of the two triangles?
The cormesponding angles of the triangles have the same measure.

‘Which® Mathematical Practices did you use?

: Shade the circle(s) that applles.

H (DParsevere with Frabiems e st ool

§ @ Resszn Resiractly ® atiznet o Pracesce

i @) Comstruct an Arguzment @ Make se of i

i @ Mot with Mathemaics e Fepesied Reasonms Uncomrected first proof - for training p only

y ) Launch the Lesson

Geoametry

Focus narrowing the scope

Objective |dentify similar polygons and find missing measurg
of similar palygons.

Coherenceconnecting within and across grades

Previous Now Next

Stutens used Students use proporticnsl Sturents will use similas
Hansformations to reasoning to ind missing * trlangles to find missing
determing if two figures measutes of simila measules

were cohgruent o sl figures

Rigor pursuing concepts, fluency, and applications
See the Levels of Complexity chart on page 547,

ENGAGE ENPLORE ExrLain ELARDORATE EVALUATE

Ideas for Use

You may wish to launch the lesson using a whale group, smal
group, thi nk-pair-share activity, or independent activity.

’5{: D Pairs Check Place students in pairs to complete
~ the activity and Exercises 1-3. Then have palrs check
results with other pairs and resolve any discrepan{l®e.2, 3,5

Alternate Strategy

O @ In Exercise 3, give students a writing prompt such
as, “The ratios of corresponding sides are...” instead of having
them say the sides of triangle LJK are londBn, 6,7

Lesson 4 Properties of Similar Polygons 543
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ENGAGE EXPLORE WRATE EVALUATE

) Teschthe Conce

Ask the scaffolded questions for each example to differentiate
instruction.

1. Describe attributes of similar polygons.

@ . How do you know that the corresponding angles are
congruent?Sample answer: All of the angles are right
angles, so they are all congruent. -

@ - What is the ratio of the length ¥ toNP? g or5
« What is the ratio of the length IGNW-%

+ Are the rotios of the corresponding sides equag?

D - i corresponding angles are congruent, does that
always mean that the ratios of corresponding sides will
be proportional? Exploime; Sample answer: If the

corresponding angles are congruent, the shapes may not
be the same and so not necessarily have proportional side

lengths.
Need Ancther Example?
Detarmine whether triangle DEF is similar to triangle HJK,

Exp[afg Yes; the corresponding angles are congruent and
i B3
5 625 375

E J
D 131 F
H i K

544 chapter 7 Congruence and Simitarity

Common Error

T At g R b
it ey Aot veala fut
LS Vel CEERIRA]
ASTE m e Tt
E el i el A —

s e grogrrie-]
L
o NojThe
carresponding
angles are not
:onqul:r!
andnqlr

Similar Polygons

Words I two polygons are similar, then
v nelr conesponding angles are congruent and

+ the mensutes of thelr conesponding sides are propartianal

Maodei L]
Y
A LAEC - ANV
A C x z

Symbols 24w 4X, 2B 2Y, LC 2.2 andi= 90 A

line wi Ae—t—ur x " ¥
LARC s similar 1o
= : & [] B B
d AXYZ, Explain.
S
2

Palygons that have the same shape are calimilar poiygonsn the

Key Concept box, trlangle ABC |5 similar to trlangle XY2Z. This |s wiltten as
AABC~ AXYZ The parts of similar figures that “match” are called
coresponding parts

1. Determine whether rectangle NP
HIKL s simllar to rectangle 43K '
MNPQ. Explain.
? T 10

First, check to see if corresponding
angles are congruent.

H 311 \ r
Since the two polygons ane M8 o

rectangles, all of thelr angles are
right angles. Therefore, all
corresponding angles are congruent

Mext, chack to see if corresponding sides are proportianal,

MY _ T Mk _3_1 KL_7 iH_3_1
MR=W W52 mTw omTez

Slncu% rmd]j— are not eguivalent, the rectangles are not similar

i: Gek ik7 Do this problem to find out.

a. Dete rmine whether

IEEPTREEY e TR L]

Scanned by CamScanner




L/ I LR A

2. Determine missing measures.

Find Missing Measures @ - Are the figures similar or congruent? How do you

know? similar; They are the same shape, bul not the same

Scale Tachois ihe ratio of the lengths of two comesponding sices of twa size.
similar polygons. You can use the scale factor of similar figures to find
missing measures « What ongle corresponds to angle B? How do you

know? angle X; They have the same number of arcs,

_ € -« How would you determine the scale factor?

Sample answer: Determine the ratio of the lengths

2. Quadrilateral WXYZ Is similar of two corresponding sides of two similar polygons.
to quadrilateral ABCD. D , « How can you use the scale factor to find the missing
o Oubtitbe et SamiSotwiatons length?Multiply the length diC by the scale factos. ’
that map WXYZ onto ABCD EERSEY @ - Compare and contrast Method 1 and Metho&ample
Since the figutes are similar, they ate not the same size. Choose answer: In Method 1, | need to first determine the scale

two corresponding sides and determine what transformations will

a0 ok Sl Hie oS A Smnisicn 16 by  chimion it factor, then use it to determine the missing length. In

mtp aclo Method 2, | do not need to determine the scale factor, but
need to set up a proportion using two sets of carresponding
b. Find the missing measure. sides.
T Need Another Example?
netnel Rectangle LMNQO is similar to rectangle GHIL
Find the scale factor from quadrilateral to quadrilateral G H
scale factor E o:jz EE L M

50. a length on polygon isurl:es as long as the J 4 |
corresponding length on polygon Let  represent the 3
measure of 0 m N

;EE] i ey el

18 Wartip a. Describe the transformations that map GHIJ onto LMNO.

Since the figures are similar, they are not the same size. So, the
transformation is a translation followed by a dilation.
b. Find the missing measuré.

Set up a proportion to find the missing meature.

NPT SRy ta—
=

Uncorrected first proof - for troining purposes only
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Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

@ oo If some of your students are not ready for

o~

ESES . assignments, use the differentiated activities below.

1 €@ Three-Step Interview Have students work in pairs
to complete Exercises 1-5. Student 1 interviews Student 2 with
questions about method preferences, which angles and sides
correspond, and how to check your work. While Student 2
explains the answer, Student 1 carefully listens and asks
clarifying questions, Students trade roles for successive
exercises@ 1,3

D @ Class Coaches Students complete Exercises 1-5
individually. Check their work for accuracy. Students should
then walk around the room and help those who are struggling,
explaining the process in a different way than was explained in
previous exercisedl 1,3

Waich Out!

Common Error Students may not remember how to
determine which angles and sides comrespond in the similar
figures. Remind students that the order of the letters in the
names of the figures tells us the corresponding parts. For
example, because the letter J is given first in rectangle
JKLM, it corresponds with R, the first letter given in
rectangle RSTU.

T~
T Gok kT Do these problems to find out.

Find each missing measure. Fl W o
w®5 b W2 Ny x
s
& AR oW u fits
c® L i nr

1

|
Guided Practice ﬁ]

Determine whether each palr of polygons is similar, Explain, '« 1

]
1 ] ; |2 g - z
:'b. ' 0 % s

r IT) | % 4 i
.0 'l s
Noi Yes: the correspanding angles are
coentnd =

3. The two trlangles ane sl 2

a. Determing the transformations that map one figure
onto the other

Sample answet: rotation and dilation

E
g " J
M [ i-{‘ﬂ}
f oK
u
b. Find the missing side measue@H =12: KL= 48

&, The two triangles are simil@hase 3
|-}
3 # 'v\—??
P “w. 4B 4
o

a. Determine the transformations that map one figure
onto the othet

rotation, transiation. and dilatien

: =
‘ Rate Yourself! |
Ave you ready b2 weye onl |

| Slumde Hag section Hamk appll

il o | 1 |
/ - | ‘e
b. Find the missing side measurl pverthing ..-M. |
)
A (
okl |
i

5 @_‘[Mﬂtﬂoﬂhﬁuﬁdﬁuﬂh\rﬂmme Y |

scale factor of @ dilation relate to the ratio of two of the
conresponding sides of the meimage and the image?
The scale factor and the ratlo are equal.

e e v

SRR —

Uncorrected fust proof - for tromming purposes only
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Encace Ewxplion:s ExPLAIN ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Nam M, Ry e

Independent Practics

Determine whether each palr of polygons Is similac. Explain... 1

O] =R oo

Levels of Complexity
Mo: The corresponding angles are Yes: The corresponding angles are The levels of the exercises progress from 1to 3, with Level 1
congruent, bul 4 4 congruent andd. =3 indicating the lowest level of complexity.
Exarclses
Each pair of polygons Is similar. Determine the transformations that map one =R-n L% =1
figure anlo the other. Then find the missing side measites. - Level 3 ; .
! . .QB*L Level 1 s .
v e~ s
translation and dilation; 4.5 translation and dilation; 20 Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises far your
students’ needs.

5. & Persevere with Problemiie ligures

2 ‘
ot the right are similar “ T E -

Iom| Fgeel Hom Fozel
8. Find the area of both figures 9' . -

Figure & 96 ch Figure 2 294 ch u - @ approaching Leve| 1-5,7,9-11, 17,18
@ ontewel 1,3,5-7,9-11,17,18
b. Compare the scole factor of the side lengths and th a:juxol ihe areas. e, T
Sample answer: The scale factor of the side | iary. The Q Beyond Level 5-11,17,18
ratio of the areas iy The ratio of the areas Is the scale factor of the
side lengths squared.

6. FRIEY)) The scale factor from the mods! of a human inner ear to the
actual ear i= 55:2. if ane of the bones of the model is 825 centimeters

iuﬂg.hﬁwmgﬁmeal:malbmemarvmnﬂm

Uncorrected fust proof - for troiming purposes only
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{3 MATHEMATICAL PRACTICES

o i

1 Make sense of problems and persevere in 53
solving them. | ’

3 Construct viable arguments and critique the 9 10
reasoning of others. d

4 Model with mathematics. | (AN

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-worid
situations.

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from  your class.

Have students find the  missing height given two similar
rectangles, one with len  gth 10 meters and height 12 mefers,
the other rectangle with length 15 meti@.m

7. & Model with Mathematiciefer 1o the graphic novel frame below, The
brochure says that the rope is 150 meters long. Use the propenles of similar

triangles 1o find the parasaller’s helght above the wiRBQ m

C‘B H.O.T. Problems Highe: 01der Thinking |
B. G Persevere with Preblemisippose two rectangles are similar with a

scale factor of 2. What is the ratio of their areas? Explafhior %
Choose two rectangles with a scale factor of 2. 2 by 4 and 4 by 8.

Compare the areas, 8 and 32

= Justity ConclusionBetermine whether each statement Is true or
faise. If rue, explain your reasaning. If false, provide a counterexample.

8. All rectangles are similar
false; Sample answer: In rectangles, all
corresponding angles are congruent but
not all sides are proportional. Rectangle A4/ angles between squares are congruent. In
Is not similar to Rectangie B, singeé . |

@. E—.T—;“

1. € Model with Mathematidaw two similzr polygons in the space
prowvided. Include the measures of the sides on your drawing, and identify the

srale farty: SEE Students’ work.

[ 10. All squares are similar
true; Sample answer: Since all four angles In

a square are fight angles, all corresponding

addition, all sides In a sguare are congruent.
Therefore, all four ratles of corresponding
sldes are equal,

[T Y

Uncorrected first proof - for froiming purposes only
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Geometr

N [y =

Extra Practice

Determine whether each pair of polygons is similar. Explain.

12 I8cm - B - .
T ’ i r ]-
L L ]
No; the corresponding angles are
wvwr-t.bul:i-:-

Qem

- A indicared Dy g mec oy Crevegpen Ainsg
mnalet mee Conmrasnt Chech ve see il vie
COMEIPemAING HLALT Are propectional
AP , by
B i . ma ; ¥ 4 !

THE BACI A Prapevriesal o rne trimsales ase

Breulss
Ve 5
. The two figures are similar. Determine the ransformations 2 J f-.i':
thint map one figure onto the other. Then find the missing s "1 = M =]
side length I " ;By} ¥
transiation and dilation; 16.25 my - 2018

15. & Mode! with Mathematies
Mahal wants 1o build a fence around the
rectangular garden in her backyard inthe
scale drawing, the perimeter of the ganden is

. Abdutariz is making a mosaic using different
peeces of tile. The tiles shown at the right
are simiar. if the perimeter of the larpet (ile
is 23 centimeters, what is the perimeter of

34 centimisters. If the actual lengthad is the smialier tis?
& meters, how many meters of fencing wall M
she need? Ba4cm
204m
A ] N
% 2 4 62 oy
..
2 Gy M
.iie
o — c

P e oo [

Uncorrected furst proof - for troiming purposes only
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power Up! Test Practice

Exercises 17 and 18 prepare students for more rigorous
thinking,

17, This test item requires students lo reason abstractly and
quantitatively when problem solving

Depth of Knowledge | DOK2
Matnematical Practice]  MP1

Scoring Rubric
1 point

Students correctly answers each part of
| the question,

This test item requires students to explain and apply mathemaljcal
concepts and salve problems with precision, while making use f
struciure.

Depth of Knowledge | DOK2

8

Mathematical Practicel MP1

1 point | Students cofrectly place bath values.

ﬂ-l’y,

_: 2
el

2018

Power Up! Test Practice

7. Quadriiateral FGHY was transformed to creste
similar quadriiateral LMNO

Determine it each statement is true ol

& FGHJ was reflected and dilsted to I Tue
create LMNO.

¥ |
b. The scale factor of the dilationgs. W e
€ The value of X 516

18. Triangle FGH is similar to triangle RST. Select the
correct values fo label the missing side lengths
of triangle RST

Spiral Review
Find the scale mctlir for each scale drawing. "
(20,20 em =10 m O

W 6cm=144m T

2
28cm=25mm T

Tue B Folse

|23.2 em =05 km T5000

J

Falsgﬂ .

Fal ge
H o am O

iu}:m

‘M;zm

W15 en=03mT

1 1
20.5m =5 km 009

Uncorrected fust proof - for troiming purposes only
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Vocabulary Start-Up

Indirect measurementicvws you 1o use properties of similar polygons

]

1o find distances or jengths that are difficult to measure directly

e
the

Qa

Divect s
Heaturemank A
alelme'
ciwcuml erence
long jump distance; |
clrcumference of @,
volleyball length of
your bedroom wall

plete the grapt t. List three real-world examples in
diagram for ul:gﬂmet od of measurement.
mple answers are glven

Inoliomgzzyt

Earkh's
circumberence
a single bacteria;
helght of a rolles

coaster; diameter
of the moon -

Write the name of an object thii could be measured by efther

method @ persen’s height

2 Real-World Link.

———

Lesson §

Similar Triangles and Indirect Measuremen

.a_uunﬂu Q uestio]

HOW can you diterming
congrupnce shd vrnilaity?

&}, Vocabulary ]
R e BT

FMNMhamn
147

_—

)

Shadowsl egend says that Thales, the first Greek mathematician, was

the first 1o determine the height of the pyramids by examining the

shadows made by the Sun

1. What appears to be true about the cammespandng

angles in the two tiangledhey are equal.

2. Ifthe corresponding sides are proportional, what could you

conchude about the triangles? They are similar.

?

?

Which@ Mathematical Practices did you use?

Shade the circle(s)
(D Persevere with Prabiems
@ Razszn Aestractiy
@ Comstret Argument
@ Modet win Mathemsws

that applies.

& trse Mty ook

@ pttendt in Precesice

@ ke e of Structze

(@Hre Bepemed Reasonng Une

e —

put

poses only

.

Focus narrowing the scope
Objective Solve problems involving similar triangles.

Cﬂherencecnnnectlng within and across grades
Previous Now Next
stutents used propeiti tudent

Students establish

o fim facts abo e problems invalving
LR similanty amd ulangle
ploportiang (o

mdirect measurement

I!Igor pursuing concepts, fluency, and applications
See the Levels of Complexity chart below.

ENGAGE EXPLORE L

Launch the Lesson

Ideas for Use
You may wish to launch the |lesson using a whale group, sma
group, thi nk-pair-share activity, or Indepencdent activity.

@ Pairs Discussion Give pairs of students 6

straws that have been cut into different lengths and
have them make different-sized triangles. Students should
measure all 3 angles in each triangle, add the angle measures
for each triangle, and record their measurements In a table.
They should notice that the three angles always add up to
180°.% 1,5

Alternate Strategy

@ Hand out a paper with triangles drawn and 2 of the 3
angles measurements given, Have students measure the third
angle in each triangle and record the measurements in a table.
Have them find the sum of the measures and determine a rule.
@1,3,567

551
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ENGAGE EXPLORE

J) Teach the Eé’;ﬂcept

Ask the scaffolded questions for each example to differentiate
instruction.

1. Determine similarity.
@ . Which angles have the same meosumigle A and
angle E
« What is the sum of the angle meosures in a triangle?
180°
€ - How would you determine the measure of angle G?
Sample answer: The sum of the angle measures of a
triangle is 180°. Subtract the known angle measures from
180 1o find the missing angle measure.
« Are at least two of the angle pairs congruejpes
@ « Do we need to determine the measures of both angle
G and angle B? ExplairSample answer: No, we only
need to know the measure of one angle. If angle G is
congruent to angle C on the other triangle, then we know
the triangles are similar.
Need Another Example?
Determine whether the triangles are similar. If so, write a
similarity statementThe triangles are not similar.

F
| D
C 8 £

552 Chapter 7 Congrusnce and Similarity

@ﬂw

A i o e st
Vi b i off maglenin
Vi briamale?

—ﬁ:y are congruent.

o LIRH = ZMKL
and = fHso
AIKH =~ £ MKL

Angle-Angle (AA) Similarity

Words if two angles of ang Engle are congruent 1o two angles of
ancther tian ﬂic, henthe 1J|ﬂ1‘|;]lt‘h Are slmilar

Symbols  lcAw JFandsB =26, thenAABC - AFGH,

Model H

I the figure below X = ZP and2y & 20, If you extend the sides

of each figure to form a triangle, you can see the twa triangles are
similar So, triangle similanty can be proven by showing two pairs of
conesponding angles are cangruent

b1

5,

F 3

N,
ot
P

Lo ip( SN
X ¢ X ¥

4. Determine whether the triangles are similar.
It so, write a simllarity statement.

A
Angle A and‘E have the same 2
measure, so they are congruent.
Since 180 62— 48=T70,
£G measues 70°. Two angles 8

of AEFG are congruent to two
angles olAABC, so £ F
AABC NEFG

[ Gek i+7 Do this problem to find out.

IEEPTREEY e TR L]
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Use Indirect Measurement

One type of indirect measurement is shodfow reckoning. Twe objects
and their shadows form two sides of right triangies. In shadow
problems, you can assume that the angles formad by the Sun's rays
with two objects ol the same location are congruent. Since two pairs
of comesponding angles are congruent, the two right triangies are
similar You can also use similar triangles that do not invole
shadows to find missing measures.

2. Avroad sign 2.5 meters high casts a
5-meter shadow. How tall s & street
light that casts an B-meter shadow at

the same timeT Let h represent the o~
height of the street | ~d .
— T e R
o ﬂi‘.un
road 3g — 5 15 =— road sign
streetlig — T =5 = street light e
Sh=8.25
She= 20 Ma oy
s 20 g !
- = e
h=4

The street light is & meters tall

3. Inthe figure at the right.
triangle DBA s similar to
triangle ECA. Raml wants
to know the distance across
the lake.

i 320d=482-40
< 204 19280
H = I
i o= 8025
{ The distance across the lake s 6025 meters.

Uncorrected first proof - for m purposes only

Geomelry

2. Use indirect measurement.

@» . What is the unknownthe height of the street light

€  What proportion could be used to find the height of th
street hghr?_} =_§'_'r'

@ . /s there another proportion you can use to solve the
problem? Explainyes; %= TE' Sample answer: It
yields the same cross products.

Need Another Example?

How tall is the
flagpole? 9.6 m

3. Use indirect measurement.
'm » What are the nomes of the sides on the larger triangle
€Y . How can we find the length T ? Add the lengths

of AB andBC.

€ . s there another proportion you can use to solve the

problem? Explainyes; ::n— 5 » Sample answer: It
yields the same cross products,
Need Another
Example?
The two tnangles
in the figure are
similar. Find the
distance across
the lake.15m

Lesson 5 Similar Triangies and Indirect Measurement 553

Scanned by CamScanner



Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

[-1-3s% If some of your students are not ready for
SRR assignments, use the differentiated activities below.

D @ Rally Coach Have students work in pairs to

complete Exercises 1-5. Student 1 completes Exercise 1, talking

aloud through each step in the process, while Student 2 listens
and encourages. Student 2 asks any clarifying questions.

Students trade roles for each exercise. Some possible

clarifying questions for Exercise 1are bel@1,3,5

Ask:

« Only one angle measure in eoch triongle Is given. How did
you determine another pair of angle measurdegyle YWX
and angle VIWU are vertical angles, so they are congruent.

s Why do you only need to know if two pairs of angles are
congruent o determine that all three angle pairs are
congruent in a triongleThe sum of the angle measures in a
triangle is 180°. By knowing two of the angle measures, | can
subtract from 180 to find the third angle measure.

O @ Trade-a-Problem Have students draw a pair of
triangles that may or may not be similar. Have them predict
whether they think the pair of triangles is similar. Then have
them trade problems and use angle-angle similarity to
determine if the triangles are similar. Have them discuss and
resolve any differencef®1,3,5

Waich Out!

Common Error When the triangles do not mirror each
other, as in Exercise 4, students often write incorrect
proportions. Suggest that students trace and turn one of
the triangles, making sure that the angle arcs and the
vertices have the same orientation.

1| | Gek iFT D this problem to find out.

L. . b ALth @ same time n 2-meter street sign casis a 3-meler shadow, a
near by telephane pole casts a 12.3-meter shadow. How tall Is the
tobe phone pole?

%
Glidéd Practice

Determine whether the trlangles are similar If so, write a similarity
statement.iou. |

.

1 W 2 a [

w
¥ | o
[ N

X u
SO ¥ LYWXS LUWY and 2V = X,
50 AYWX ~ AUWY

The triangles are not simllar,

3. How 1ol i the treal wmpy 3 3.3 M 4. Find the distance from the house to

the street lightEama 1 10.m

[
ilm

R IR T
fos-

im

& g} Building on the Essential Questibinw do simllar || Rat Yourself l.
tnangles make it easier to measure very 1all objects? Are you ready b wmave anl |

Sample answer: Two objects and their shadows form Mﬁﬂmﬁﬂﬂm*mh-ﬁ

similar right triangies. If you can measure the helght r-’;_f{__'“-. |
{2 wo \
of one of the objects, you can use a proportion to find | M_")Z_,/ I|

|
i {

the measure of the other object, ]

IIETRET s eein Y

Uncorrected first proof - for troining purposes only

554 chapter 7 Congrusnce and Similarity

Scanned by CamScanner




one EXPLAIN ELABORATE EVALUATE

Pracﬁce and Apply

independent Practice
Independent Practice and Extra Practice
Cnuburimiisn wither the Strwgion are sl 70, weile & Sheliarity The Independent Practice pages are meant to be used as the
Atlnten P hemework assignment, The Extra Practice page can be used
1 a 2 A for additional reinforcement ar as a second-day assignment.
5 “
A I . s N\, Levels of Complexity
The levels of the exercises pragress from 1to 3, with Level 1
" indicating the lowest level of complexity.
L2 . 5
The triangles are not similar. LBAC® /DAF and/ABC= £D, 50 Exarcises
ABAC~ ADAF 1-6,13-16 7.17-20 B-12
3. How tall is the bullding@asws 2 4. How fall is the talier Nagpold@omgis | Level 3 ' .
200 m “wm Lovel 2 $
Level 1 : .
" Am 1
L L Suggested Assignments
— You can use the table below that includes exercises of all
5 m im a v A complexity levels to select appropriate exercises for your
students’ needs.
SHip? s 3 TS M 43m
@ approaching Level 1-9,11,12,19, 20

@ ontew 1-5 otld, 7-9, 11, 12,19, 20
@ Beyona Level 7-12,19, 20

. 7] e Reason Abstractip glant fems whesl is 136 meters @il It the fams
: wheel casts a 34-meter shadow, wiils and solve & proportion 10 find the height

1
of a nearby sireel ight that Casts Ineter shadow

i oE_ h,
i =5 = 1= & metars wall

=

218>

Uncorrected fust proof - for troiming purposes only
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() MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

-;uh.nng them | 0
2 Reason abstractly and quantitatively. | 7
3 Consiruct viable arguments and critique the 8 12

lensunlng of athers, !

4 Mode! with mathematics. 9,18
7 Look for and make use of structure. n

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world

situations.
2013,'9

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from  your class.

\4

i

*

5

Ask students 1o explain  how the previous lesson about

similar triangles helped  them to learn about angle-angl

similarity. Give them the following writing prorSge

students’ work.

* What | learned about similar triangles helped me to legm
about angle-angle similarity because...

@j H.O.T. Problems Higher Ordet Thinking

2. @ Find the ErroMeihn
I finding the height of
the lighthouse shown in "
the diagram. Find her
mistake and Comrect i1
Metha set up the

proportion Incorrectly,
s _1g 1
bl 0 5ma s

o =30.19.5 4
=65

m

s J{] 1y

9. & Model with Mathematicn o seporate sheet of paper,
draw two different triangles so that each one containy both
af the angles showr. Then verify that they are similar by \
determining which transformation will map one onto the other
See students” work.

10. € Persevere with Problemisu cut o circular ilO%-{L‘"ﬂﬂwtﬂl in
dismetes in @ piece of cardboard. With the cardboard 60 centimeters from
your face, the Moaon fits exactly into the hole, The Moan is about 390,000
kilometers from Eaith. Is the Moon's diameter moie than 2,600 kilometers?

Justify E\:m reasching
W T S "
Tes: w—wl—:]’um. 3.250 2.500

1. @ identity Structuréhal measures must be known In order to
calculate the height of tall objects using shadow reckoning?

Sampie answer: The length of the tall object’s shadow, the length of
the shadow of a nearby object with a height that is directly
measurable. and the height of the nearby object.

12 € Reason Inductivelfli wans to stimate the

heigitt of a fountain in a local park. Ali's heignt end both
shadow l=ngths are shown in the diagram. s an estimate . T
af 5 meters reasonable for the fountain's height? Explain ymm-ﬁ
1= T

reszoning Mo; sample answer: Since All's height Is less
than his shadow's length. the statue's height must be

e e

Uncorrected fust proof - for troiming purposes only
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Geometr

Nars M Hy _—
Extra Practice
13. What is the height of the red? = $4. Find the distance across the riva20 m

TheE trianalel are dielan wirite and
salve i prrpestics

[

nwTw 0P/,
3 ekl = 42w

e

15. Aboul how long is the log that goes scross il How deep is the

creeks B m water 62 meters

hr:mlmc shore?
103, m
"
.‘ \ 2018
im =
e
17. In the diagiam shown at the AgilA8C — AFDC A

a Write a proportion that could be used 10 solve a
h _8C
o the height h of the fiag pollr™ DT

b, What information would you nead 1o know in onder . .
to solve this proportion? o
The distance from the minor 1o the person, the g' C o
distance from the mirror to the base of the fiag,
the height of the person's eyes.

18. S Model with Mathematics 72 centimeter-tall child casts a shadow that
I5 48 centimeters lang. At the same time, & neatby bullding <55t a 16-meter-
long shadow. Write and solve a proportion to find the height of the bullding.

B 1B,
AW

P e i

Uncorrected first proof - for troiming purposes only
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power UP! Test Practice

Exercises 19 and 20 prepare students for more rigorous
thinking.

9. This test item requires students 1o reason abstractly and
quﬂ rlIIlr]T!'il'El’f when pl’ﬂbi{'l‘l’l 'mhnr!g
Depth of Knowledge | DOK2
Mathematical Practicel MP1

Scoring Rubric
2 points Student finds proportion and solves. |
1 point Student finds a proportion but falls to sgive

It OR student finds the height but falls tol
set up a conect proportion OR student has
an error in the proportion and Ninds the
height based on the enor.

20. This test item requires students to analyze and solve complex rhal-
world problems through the use of mathematical tools and models
Depth of Knowledge | DOK2

Mathematical PmcUceL MP1, MP4

Scoring Rubric

2 points Students correctly label the diagram ang
find the height of the pole. _

1 point Students label the diagram but fail to find

the height OR students find the height bt
fail to label the diagram OR students have
an error in labeling and find the height

| based upon the error.

_;w g
2P

Power Up! Test Practice

1. Omar is 2 meters tall and casts & shacow 1 meter |G
AL the same time, 8 nearby tower casts a shadow
that is 25 meters long

Witz & proportion Omar can use 1o find the

.
height of the fow: | Sample answer ™ = $° "

Using the proportion, the ol 50 I meters Ll I

= 20 m — —

20.Eilssa Is 16 meters tall and ks using similar triangles and o miror 1o find the
height of a telephone pole. The horizontal distance between Elssa and
the telephone pole s 9 meters. He places the mimor on the ground 2.4
meters friom himsed 50 that he can see the lop of the pole in the mrrog's
refiection as shown In the figure below

A0m asm
hm |

24m &6m

Select vaiues to label the diagram with the correct dimensions

What is the height of the telephoneddol | 4.8 m

Spiral Review
Determine whether each palr of polygoens Is simllar. Explaln.

2 —S— n 3 /,/‘\.\
|

Yes: the carresponding angles are | No; the cerresponding angles are not
congruent mg = ;. | songruent an{ -g;.

Uncorrected furst proof - for troiming purposes only
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&3 Real-World Link @ seventar o ueste

P § B B b 1

Lesson 6

Slope and Similar Triangles

HOW can you determine

Physics in an experiment using a colled congreenoe and snllig?J

spring oy, Farks and Faleh determined they
neaded to raise one side of a 5-unit board
2 units for the foy to move.

P Mathematical Pracices
L1234

1. Find the siope of the board. (Hint: Use the P,&nagufun Thieot
to find how far the end of the board is from the bodlks)

| Work with a partner. Use
;?.‘E.'i the graph to discover how
ERE | slope trianghes e related.

1. Draw the triangle formed by A(0, 2),

BIO, 4), and C(3. 4). What kind of
triangle did you draw?

right triangle

2, Draw the triangle formed by D{6, 6),
Fi5. B], and G{9, B). How is ADFG
related to AABC?
They are congruent.

3. Draw the triangle formed by 4{0.2), K10, ),
and {6, &) How is AAKD related fo AABCT
They are similar.

4. 'What is true about the hypotenuses of the
three triangies in Steps 1, 2, and 37
They all fall on the same Ene.

i ‘Which® Mathematical Practices did you use?

Shade the circle(s) that applles.
(D Parzers with Probiems (e Mt T
@D Ruzson festracty & sttt i Precmee
@ Comstrct n Argment @ Msie Use of Sruize
(@ Modst wit Mathemsics @re Fepesed Rensonng Uncorrected furst proof - for troming p only

y ) Launch the Lesson

Geoametry

Focus narrowing the scope
Objective Relate the slope of a line to similar triangles.

cohereﬂCEconnecllng within and across grades

Previous Now Next

Stutents foursd the rate ol Students use similar right 5 Students will agply

change (ulope) between irlangles o develop a properhes of imilin

two points funther understanding of figuires to pesimeter and
slope Bea

Illgor pursuing concepts, fluency, and applications
See the Levels of Complexity chart below.

ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

Ideas for Use
You may wish to launch the lesson using a whole group, sma
group, think -pair-share activity, or independent activity.

;E.E;E . D> Value Line Have students complete Exercises
S8 -4 individually. Then have them stand in a line
across the room. Let one side of the room represent a solid
understanding of slope and similar triangles. Let the other side
of the room represent a lot of questions. Then palr students fron
opposite sides to discuss the exercis®a, 3

Alternate Strategies

Y Have students determine the ratio of the rise to run for
each triangle to verify that the triangles are sinfan, 6, 7

O @ Have students write an argument for why the slope
of a line is the same for any two peints on the line. Their
argument should include drawings and definitions. Have them
present to the clas€ 1,3,5,6,7.8

Lesson 6 Slope and Similar Triangles 559

Scanned by CamScanner



EnGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

%) Teach the Concept

Ask the scaffolded questions for each example to differentiate
instruction.

in the figure showndABC and ASDE are siope [T [ 1F
- triangles. Slope friangles are similar. -+ Z
' £BACE /DBE G J /-
1. Compare slope with similar triangles. LACB BED G H Fe
€ . What line segment length represents the rise for AABC ~ABDE  hrge-Arge Similard T T

triangle ABC? the runAC: BC

« What line segment length represents the rise for
triangle BDE? the run “DE You can use the properties of similar triangles to show the ratios of the

. - f l
@ - What is true about corresponding sides of similar tise to the run for each right trlangle are equsl

e e (Example
« What [s the ratio of the rise to the run for each

trian gﬁe?z 4. Wiite a proportion comparing the rise to the run for each
« How does this compare to the sloplids the same of the similar slope trlangles shown above. Then find the
value, numeric value.
) AC_ BC A )
D . Give the coordinates of another right triangle that has 8 =OF Mo i Sk S8 SRRl IR M PPN o
the same ratio of the rise to the run as these triangles. ACs DE=8E. BC  Fndiwo
Sample answer: (1, 0), (4, 0), (4, 6) AGDE_ BE. BC e
BC.DE -~ BC-DE PR S
+ How do you know that the coordinates of your new 4C BE
triangle has the same rotiddample answer: The rise is 6 EC-DF "
and the run is 3. The ratio of the rise lo the run is 2. -§= ; A i GE=d OE =13
Need Another Examples? S0 AC_BE B _4 \
GraphAABC with vertices A4, 2), B4, —2), and Lo A
Cl—2,—2), andACDF with vertices €@2, —2), Di-2, —4), ile
and F&1, —4). Then write a proportion comparing the rise to onmem—— Get 1 Do this problem to find out.
the run for each of the similar slope triangles and find the PO, i -l 4. Geaph AMNO with vertices M3, %, | 11 #1111 ]
numeric value. S, N1 0] and O(3, 0, andPOR with n
AB _¢€D2 Y | vartic &5 A5, 2), @4, 1), and Ll Ll 1L [
R"=_ﬂ""f R(5. —1). Then wiite a propoition w1 !
! comz aring the rise to the run for o D Iz
A eact of the simitar slope triangles | 1@ | 4
[0k and find the numeric value, LTl j 1 | | i
I o x . I :
= 4
g 1
Bl IF

Uncorrected first proof - for troining purposes only
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EnGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

%) Teach the Concept

Ask the scaffolded questions for each example to differentiate
instruction.

in the figure showndABC and ASDE are siope [T [ 1F
- triangles. Slope friangles are similar. -+ Z
' £BACE /DBE G J /-
1. Compare slope with similar triangles. LACB BED G H Fe
€ . What line segment length represents the rise for AABC ~ABDE  hrge-Arge Similard T T

triangle ABC? the runAC: BC

« What line segment length represents the rise for
triangle BDE? the run “DE You can use the properties of similar triangles to show the ratios of the

. - f l
@ - What is true about corresponding sides of similar tise to the run for each right trlangle are equsl

e e (Example
« What [s the ratio of the rise to the run for each

trian gﬁe?z 4. Wiite a proportion comparing the rise to the run for each
« How does this compare to the sloplids the same of the similar slope trlangles shown above. Then find the
value, numeric value.
) AC_ BC A )
D . Give the coordinates of another right triangle that has 8 =OF Mo i Sk S8 SRRl IR M PPN o
the same ratio of the rise to the run as these triangles. ACs DE=8E. BC  Fndiwo
Sample answer: (1, 0), (4, 0), (4, 6) AGDE_ BE. BC e
BC.DE -~ BC-DE PR S
+ How do you know that the coordinates of your new 4C BE
triangle has the same rotiddample answer: The rise is 6 EC-DF "
and the run is 3. The ratio of the rise lo the run is 2. -§= ; A i GE=d OE =13
Need Another Examples? S0 AC_BE B _4 \
GraphAABC with vertices A4, 2), B4, —2), and Lo A
Cl—2,—2), andACDF with vertices €@2, —2), Di-2, —4), ile
and F&1, —4). Then write a proportion comparing the rise to onmem—— Get 1 Do this problem to find out.
the run for each of the similar slope triangles and find the PO, i -l 4. Geaph AMNO with vertices M3, %, | 11 #1111 ]
numeric value. S, N1 0] and O(3, 0, andPOR with n
AB _¢€D2 Y | vartic &5 A5, 2), @4, 1), and Ll Ll 1L [
R"=_ﬂ""f R(5. —1). Then wiite a propoition w1 !
! comz aring the rise to the run for o D Iz
A eact of the simitar slope triangles | 1@ | 4
[0k and find the numeric value, LTl j 1 | | i
I o x . I :
= 4
g 1
Bl IF

Uncorrected first proof - for troining purposes only
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Geometr

} 2. Similar triangles and slope.
Similar Triangles and Slope s @@ . What are the coordinates of each poiR2, 8),
U2, 3), 5(8, 6), 10, 2)
Waords The ratio of the rise 10 the run of two siope triangles formeg =¥,

by a e & exual 1o the 3iope of Ihe i « What is the sfope formuilaf =¥=T

] =5

Example [] Larger THangle Y - What is the slope between points S and ;P
At 2 e &
A EEN ey - -2 _ 2
- Smaller THangle « What is the slope between points U ﬂnd-;r

LY L « If you choose any other set of points on the line
TN et siope = 72+ -2 represented by the roof, will the slope be the same?
[

Explain. yes, Sample answer: The line Is a stralght line with

\ a constant slope, or rate of change.

€ . Are the two triangles similar? Explopes; Sample
answer: They are slope triangles and slope triangles are

=
il

The ratios of the rise to the run of the two similar slope tangles in | similar.
Example 1 are the same as the slope of the line. Since the rotios are '
equl the slope m of a line is the same between any two dsting « If the pitch of the roof é give the horizantal run of
OSHS G Fion-yakc i In fha Encrciamis plans the roof if the vertical rise is 3 mete@smeters
@ Need Another Example?
- Choose two points along the stairs and find the slope of the
2. Thepitchof aroof referstothe 1L T[T TTT L stairs, Then verify that the slope |s the same by choosing a
siope of the roof line. Choase | |+ |+ ¢ > different set of pointgn = 1; The other slope should equal 1.
twa paints on the roof and find ™ | i
the pitch of the roof sh HE ] 7 T
Then verify that the pitch s the 513 7 bg o f
same by choosing a different ™Y -+ .
set of points. T R I I o 1 g
Ya=hh 4 em Reflect 5 7
. L - M
& 2 bie atemr Oy A -
m=g U fand B . yi= i Bt AR = Al e L 'a
== Pt
The piach ollherout} Verify Ihat the pitch is the same using m;“m"; = R Bx
two other pomts slope triangles so
Yah they are similac
m= ';__fl_ F 1S
38 ) Watch Out!
m= 2= P R PR T P Ry
>

; | Common Error Students may flip the order of the
i = ! y-coordinates and x-coordinates when substituting values into
the slope formula. Have students choose which ordered pair

| will be used for [x ¥} values first and label them. Then have

: students substitute those values into the formula.

Uncorrected fist proof - for troiming purposes only
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Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

@ oo If some of your students are not ready for
SEL T assignments, use the differentiated activities below.

1 @ Rally Coach Have students work in pairs. For
Exercise 1, Student A completes the problem while Student B
watches, listens, coaches, and praises. For Exercise 2, students
trade roles®1.3

D @ Gallery Walk Have pairs of students write their own
real-world problem, similar to Exercise 2, involving the siope of
an object in a real-world setting. Then have them draw a
diagram representing the object using graph paper. Post
diagrams around the room. Have students walk around the
room to find the slope of each object. Have them verify the
slope by choosing another set of poirfss, 4,5

0Py,

#o0 | Gek kT Dothis problem to find out.

other slope. The
other slope should

GraphlACG with vertices A[1, 4), CE32),

and G{1,—2), and BCF with vertices B2, 1), |

€3, -2), ang F{2.—2). Then write  proportioh
comparing the rise to the run for each of the

similar slope triangles and find the numenc |

i&l.lf h T l

S0 '1“" -3

1 @ Bultding on the Essential Questioni s the L
siope of a line related to the similar slope triangles

formed by the fine?

Sample answer: The ratic of the vertical leg to the
horizontal leg of sach similar slope triangle formed
by the fine is equivalent to the absolute value of

the slope.

b. The p lans for a teeter-totter
wre s nown at the right. Using n -
poif ts G and L. find the slope i 1
aft he tectei-totter. Then veilty .
that the siope |5 the same at
& different location by choasin
& different set ol polnts

&

Guided Pracﬁco J

1 2. The plans for o Se1of stairs are shown

below. Using points X and Z, find the slope
of the line down the stalre. Then verify that
the slope |s the some at o different location
by choosing a different set of paints

m=;: See students’ work for other
slope, The ather slope should eqvgnl

T

|

T
1L

\

Rate Yourselft l.
How conPldent are you wbsn
dlope mid ghimilenr Frimngles]

. & e

e e

Uncorrected fust proof - for troining purposes only
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Nam

Independent Practics

Graph each pair of similar triangles. Then write a proportion comparing the
tise to the run fer each of the similar slope triangles and find the numeric

value. T

Y AABC with vertices AB, —1), Bi- 4. -1}, and
Ci-6.— I ANLM with vertices NG, 3),

= i g M0
™ =nr
) :{
| "
By = e et B BL-) Ll
B
e i

Y The plans for & skateboard ramp are shown. Use two [ 1]
peints te find the siope of the ramp. Then verify that
the siope is the same at a different location by choosmg ]

a differgnt set of polntsospis

m=—rsum‘mmmnm,m

other slope should equaiz.

4. A ladder is leaning up against the side of a house. Use two pomts
to find the slope of the ladder. Then verify that the slope is the
same at a different location by choasing a different set of points.

[Exzpie I

m = X See students’ work for other siope. The other

slope should equal 2.

5. ﬂ Reason Abstractiyriangis X¥Z has verticss X0, 0), Y{i0, 0],
and 710, 6). Triangle MYF has vertices ANS, 0), Y110, OL and Px_y).
Find the missing coordinates for IMYP ~AXYZ

P(5.3)

2 AFGH with vertices /A2, 3), GiaJ), and
H{—6, 31 AJKL with vertices N0, 2), K[0, 0,
W2
MYy

Uncorrected first proof - for troining purposes only

ENGaGE Explors EXPLAIN ELABORATE EWALUATE

Practice and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant ta be used as the
homework assignment. The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exarclses
1-4,10, 11 5,6,12-17 7-9
Lovel 3 . .
Level 2 5
Level 1 . .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises far your
students’ needs.

@ approaching Level 1-5,7,9,16, 17
@ ontew 1,3,5-7,9,16, 17

@ seyond Level 5-9, 16,17

Lesson 6 Slope and Similar Tiangles 563
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@ MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

solving them | 8

2 Reason abstractly and quantitatively. | 5

3 Construct viable arguments and crituque the 9
reasoning of athers. !

4 Model with mathematics. 671213

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities 1o be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-world
situations.

’3 'l'-"bﬂj

-%

Formative Assessment
Use this activity as a closing formative assessment before
dismissing students from  your class.

Have students graph an  d connect the following coordinages:
(@, 1), (5, 4), and {10, 7). A sk students to find the slope. Then,
have students use the slope and the coordinates given 1g
draw a cangruent right triangle on the grid. Finally, have
students create a triangle that is similar to the two nanglgs
they just drewslope 253 See students’ work for similar
friangles.

6. ® Model with Mathemati@efer 1o the grophic nove| iame below
On the beach, a cable is attached (o the pier. The line farmed by the cable

has a siope og Is the mangte formed by the pler, the beach, and the
cabde similar 10 the triangle formed by the boat, the parasailier, and the
rope? Explain Na: the slope :ﬂm triangle formed by the boat,
parasailer and rope g.dr‘. Since the slopea are not the same, the
tilangles are not similar,

CTB H.O.T. Problems Higher 0cder Thinking

7. € Model with Mathematlésn o separate plece of grid paper, diow
the giaph ol 8 ine with & posiive slope. Diaw two slope tiiangles formed by
the line. Demonstrate that the simplified ratio of the rise to the iin of
each tnangle = eqguvalent to the slofee students’ work.

B @ Persevere with Problemiiie slope of a line 535 Find two
possible messwements for the legs of similar slope triangles. Explain
your leu:u:nir-q.“mﬂe answer: 3.5 and 1) 7 and 2: Since the siope
is the ratio of the two legs of a siope Wiangle. leok far values that
simpity 1o —3.5| = and 7 both simpilfy to 3.5.

9. 2 Reason Inductiveliangle JL has vertices 40, O), ki1, 0),

and L{1, 2). Determing if each triangle is similar to andfor a slope
triammie withAJKL

a AABC AN 2, 8L G). O3, @imilar trlangle, slope trinngle

b AMNA M3, 1) NS, 1), P{6. Fjmilar triangle

o ARST R 2. 5(4. 7). TI4. Fyefther

d. AWXY WD, 0], X5 —2), Y(0.—2) similar triangle, slope trlangle

Uncorrected fust proof - for troiming purposes only
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Extra Practice

Graph each pair of similar triangles. Then write a proportion
the rise to the run for each of the similar siope trlangles and find the

numeric value.
0. AL KA with vertices L. 4), K14, —4), N AABC with vertices A, —6), (1, -6}
and ME. —4} ANPM with vertices M1, 0}, and O, AGFD with vertices &0, —3),
and Pi-1, -4) @51 ﬁ dl1g D§-1.0)
L _ M 4 P,
T hadl i = Y

Grath end laee] each Himmghe

* Model with Mathematicise a graph to find the missing coordinates

for point Z HAMNP-. AXYZ,
12 M2, -3), M[2.=3), A2, 3), X10, 0). Y72. Oy 13. M3, 0} M5—3). P12.-3). X(7. 2). YT 2}
212.3) i, —4)
| 9 I '|i_-r
|kt 1
g ™
| ol 11 1y
- |
4 | L

%z

Copy and SolveFind the missing coordinates for point DLRBC— ~DEF.

: Show your work on a separate sheet of paper.
! WM. AL 3} B0, 3L CN. &), 15 AL M, B\, 6), (73, 6),
L H-4 -7, R—-4 —D{-8.-T) HL 1. A5 nDB{L 1)

Uncorrected fust proof - for troiming purposes only
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power Up! Test Practice

Exercises 16 and 17 prepare students for more rigorous

thinking,

6. This test item requires students to analyze and solve complex rgal-
world problems through the use of mathematical tools and models

Depth of Knowledge
Mathematical Practice
Scoring Rubric

B

DOK3
MP1, MP3, MP4

Cl0, 5), and triangle CDE with verlices CQ, 5). D(0. 1),
and E[6. 1) are slopa triangles.

Draw the triangles and the lne that they represent
on the coordinate plans.

Find the shepe of the kne. Then descrite the relations hip
botween the slope triangles and the slope of the line

~Z Sample answer: The legs of the slope tilangles

Power Up! Test Practice

16. Triangie ABC with vertices A8, 7). B3, 5), and

2 points Students correctly graph the triangles, the
line formed by the triangles, find the slope represent the rise and run of the slope of the line.
and explain their response
| 1. The statements below refer 1o any non.vertical limine
1 point Students correctly graph the triangles apd coordinate plane. Determine If each statement is oulelse
the line, and find the slope but fail to a. All of the slope triangles on the line are similar. @@ Tue L Fal  se
exploin OR studenty comectly gl'r:lpi‘l i b. The slope is ihe same between any two distinct [ Tue False
triangles and find the slope but fail to points on the line
graph the line and may or may not explain < In the slope triangles, the ratios of the rise to the 1 True False

OR students incotreclly graph and base
thelr writlen responses an thelr emors,
using proper mathematical reasoning. |

tun are equal to the absolute value of the slope

Spiral Review

17. This test item requires students Lo reason abstractly and

quantitatively when problem solving

Depth of Knowledge | DOK1
Mathematical Practice

Scoring Rubric
1 point

question.

566 cChapter 7 Congruence and Similarity

w2 -2 1. (5.4}, (9. @

Students correctly answer each part of the |

21. (3. 3), (3. 5) undefined 122.(0, 0, (3.-6) —2

1 ' 1
24(-3.5.3.68 125.(0.2.07). 17,127

Find the slope of the line that passes through each pair of peints,

b |
20.(4,3),10.6) &

5
23.(-8—18),-2-5 F

1

26.(-5.0.3-2 %

-

Uncorrected fust proof - for troiming purposes only
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RATE  EVALUATE

) Teach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

1. Find the perimeter of similar figures.
@ . Which rectangle will have a greater perimeter, the

original or the new? Explaithe new rectangle; The
length of the new rectangle is greater than the length of the
original rectangle,

€@ - Will the scale factor be less than or greater than 17
Explain how you knowSample answer: greater than 1;
Because the new length is greater than the original, the
dilation is larger. which means the scale factor must be
greater than 1.

@ . How can you use the scole foctor ond the perimeter of
the smaller rectangle to detérmine the perimeter of the
farger rectangle Multiply the perimeter of the smaller
rectangle by the scale factor.

s How can you check your answer for occuraSample
answer: The ratio of the perimetersgg &hicn simplifies
to g- which is the correct scale factor.

Need Another Example?

Two rectangles are similar. One has a length of 10 centimeters
and a perimeter of 36 centimeters. The other rectangle has

a length of 7.5 centimeters. What is the perimeter of this
rectangle? 27 cm.

Waich Out!

Common Errer When setting up the scale factor, students
may not be sure which number to put in the numerator and
which number to put in the denominator. Have them decide
first if the new figure is going to be bigger or smaller than
the original. Remind them that if it will be bigger, the scale
factor must be greater than 1.

Perimeter and Area of Similar Figure

Perimeter
Words Il figure B is similar {o figure A by o scale
Tactol, then the perimeter of B is equal to the &
penmeter of A times the scake factor,

Symbols permeter of perimeter of, .yt pactnr

figure § figure A Figure &
Area (]
Words It figuie & is similor 10 figure A by & scale
factol. ten the area of B is equal to the sreg
of A times the square of the scale factor.
Symbols  arenof _  orenof | p Figura
figure 8 figure A {scnle factod

In similar figures, the perimeters are related by the scale factor, k.
What about area® The area of onhe similar figure is equal to the area
of the other similar figure times the sguore of the scale fnctof. or k

1. Twe rectangles are similar. One has a length of 6 centimeters and
a perimeter of 24 centimeters. The other has a length of
7 centimeters, What Is the perimeter of this rectangle?

The scale factor Ig The perimeter of the arignal is 24 centimeters
(7
= Jd= Minpily by o al# Laenr
4(z)

);:"1—‘{'1%’ Dhiwighe oot coftwhian Tactor
k=128 Simpidy

So, the perimeter of the new rectangle is 28 centimeters.

| Get i¥? Do this problem to find out,
a. Trang iz LMN is similar L
o tria ngiz POR. [f the y\ i
penm eter afy LMN s /\_
B4 m zters, what is the e N R 5
porimeter ofy POR?

IIETRET s eein LY

Uncorrected fust proof - for troiming purposes only
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Gulded Practice

Formative A ssessment Use these exercises 1o assess = [ Get i¥? Do this problem to find out.
students’ un derstanding of the concepts in this lesson. S

N c.3Aas8cnd & Nour a is painting & mural on her bedroom wall, The image
g 1-7=] If same of your students are not ready for she is reproducing is 4.8 centimeters by 7.2 centimeters. If the
,h£._‘._‘_;‘ assignments, use the differentiated activities below. i» dim ensions of the mural are 10 times the dimensions of the

ima ge, find the aren of the mural in square centimeters.

> €@ Rally Coach Students work in pairs to complete W

Exercises 1-5. Partner A completes Exercise 1 while Partner B - ' s
watches, listens, coaches, and praises. Then the partners trade Guidéd Practice gJ

roles for Exercise 2. Partners continue taking turns until all

problems are completed. Partners are responsible for each F"_""" pair of similar figures, find the perimeter of the second figure.
one understanding. Have them ask each other for support,
if neededi@1,3 Palim

check thelr work for accuracy, Have them research how similar
figures are used in the real world. Then have them write their 24 cm
own real-world problem, similar to Exercises 3 or 4. Have them —
trade with each other to solve each other’s probi@n, 3.6

1 Pulom | 2
Puiion |
D @ Trade-a-Problem Students complete Exercises 1-5 f=tw
individually. Have them trade papers with another student to [ oam O
Tom 4em | ni
| sam

3, Hidaya is enlarging a digital photograph an her computer. The onginal
photograph Is b cemimeters by 7 centimeters. I she enlarges the dimensions
15 timés, what will be the perimetel and area of the new g 2 ad 1

36 cm; TRTS cft

4. Mahmoud is flying a kite that is made up of three similar
rectangles, The sides of the theee rectangles are Inthe | = r 1

ratio £2-3. if the area of the smallest rectangle s | Rate Yourself! I\ s
72 square centimeters, what are the areas of the other twg |
rectangles?omsis 3 288 cl; 648 crl | | understand hew ke |

Find Hae pevimeter a
avem of siwilar fgures,
» Great! You're ready to move onf

5 QJMMWEEWWUKHWMD } |

figures are similar and you are given the area of both figures, [

how can you determine the scale factor of the similarity? ‘q’fﬂ 1:\4\;:‘::':::: the I
Sample answer. Write the ratio of the two areas and | pevimeter and avea "H‘ H
then take the square rosot of the ratio, \ simallay Figures. z
|
e sesma— | i

Uncorrected first proof - for troining purposes only
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N

i

NN

P=ims

57 mm

park? fis _—

u

300 cm; 5,400 ch

B Marsow s constructing a ministure putting 6.
gre=n in his backyard He wanis L io be
simiar to & putting green at the local golf
course, but one thind the dmensons, The
area of the putiing green at the polf course
Ie 378 square meters. What will be the area
of the puiiing green Mansour constructs?

a2 n?

RS -

1y e

Independent Practice

Fwandimhdﬂﬂhrmmmcwdhmw

y

F=Rdon F=lem

14.55 cm

3. A clity is planning 1o bulld a skate park. An architect
designed the area shown af the right. in the plan, the Dalnlﬂr.'l > T
of the park is 80 centimeters. If the actual leng#¥its
50 meters, what will be the perimeter of the actusl siate

4, A child's desk is made so that the dunensions are two-thirds the
dimensions of a full-size adult desk. Suppose e lop of the full-s2e desk
measures 135 centimeters long by 90 centimetarn wide. What ls the perimeter
and area of the top of the child's deslPesgpie Jwd 3

Nasser s making a model version of his
neighbarhood that uses model frains. The
ratio of the model train to the actual train is
4. His neighborhood covers an area of
18.432 sguare meters What will be the area
of the model neighborhood?

45nf

Uncorrected furst proof - for froiming purposes only

Practice and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant ta be used as the
hoemework assighment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exarclses
1-4, 11-18 §-7, 16-18 8-10
Level 3 . .
Lovel 2 F
Level 1 s .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ approaching Leve| 1-5,7,9, 10, 17,18

@ ontew 1,3,5-7,9,10,17, 18
oD Beyond Level

5-10, 17.18

= "’*’f%

Lesson 7 Area and Perimeter of Similar Figures 571
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{3 MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

solving them. | s
3 Construct viable arguments and critique the 3
reasoning of others.
5 Use appropriate tools strategically ! 10
7 Look for and make use of structure, 7

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-world
situations.

Formative Assessment

Use this activity as a closing formative assessment before
dismissing students from your class.

Have students write ho  w previous lessons involving si
figures helped them wit  h the material in this lesson by
using the following promptSee students’ work.
+ In previous lessons, | leamed...
« The previous lessons helped me understand what

| learned in this lesson by...

572 cChapter 7 Congruence and Similarity

7. @ Mdentity Structur€omplete the graphic ofganizer 1o Compare how
the scale factor affects the side lengths, perimeter, and area of similar
rectangles

nqngnu
-qughu
'hdbg &|s

—

13 Hae scale tly e
Sackor s, | Lawagbh By] AP D (Ferumcrar Py fvam
2 2
L 4 a4 ] |
| os 05 |
2
b ]
k
e

1-'1“

g

dy H.O.T. Problems Higner 0ider Thinking B

8 e Persevere with Problenfwo cicles have cicumferencespfnd
3. Whal is the ratio of the area of the clrcles? the diameters? the radil?
19 13 13

9. @ Justity Conclusiona company wants to reduce the dimensions
af its logo from 15 centimeters by 10 centimeters o
75 centimeters by 5 centimeters to use on business cards
Yousif thinks that thi new logo-gsthe size of the orginal loga.
Saced thinks that it's, of the original size. Explain their thinking to a classmate.

Yousi is thinking of size in terms of area and Saeed is thinking of size in
terms of perimeter.

10. Qu“ Math Tooldlse the coordinate plane to draw a rectangle. Dilate the

rectangle and draw the dilation. Then determine the perdmeter and area of each
rectangle to model the effect of the dilation.
See students’ work.

+ - + r . a—a |

IIETRET s eein LY
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Geometr

R -

N oy Hy ¥ -
Extra Practice
For each palr of similar figures, find the unknown perimeter.

n p_P=lm © P ESim

—r=im__.p i

P=7Tkm
AP=Mm g Q
12
30 kam
D sm C ¥ = y o L
wy The Icale Sackes i;“m..n-.phr g
L4 [] 5

pevimeres of AT -_T‘

Peiom et

34 km
1o ow
1). For your dinner party, you make a mag o youM. A company wants 1o reduce the dimensions
house on & 3-centimeter-wide by S-centimeler- of its logo by one fourth to use on business |
lorsg index card, Whial will be (he perimetsy carde i the area of the onginal logo is -
and area of your map ¥f you use a copier 1o 15 square centimeters, what is the area of the i p-l;" f
erlarge it 5o It is B centimeters long? lago that will be used on the business .
25.6 cm: 38.4 cth ri:;’ ) -
1 -
20'8

18, Two picture frames are similar. The ratio of the perimeters of the two
pieces & 355, If the area of the smalier frame is 108 square centimeters, what

ks the area of the larger tram=300 e

16. (™ Persevere with Problemié Ayoub is enlarging alogs for piinting
on the back of a T-shirt. He wants to enlarge a logo that i 3 centimeters by
5 centimetars 50 thal the dimensions are 3 times larger than the anginal. How
many times as lage as the ongina logo will the area of the printing be?
9 times larger

Uncorrected furst proof - for troiming purposes only
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pow&f Up! Test Practice

Exercises 17 and 18 prepare students for mare rigorous
thinking,

17. | This test item requires students to explain and apply mathemat|cal
concepts and salve probiems with precision, while making use ¢!
structure.

Depth of Knowledge ~ DOK1
Mathematical Practices  MP1, MP2
Scoring Rubric

1 point Students correctly answer each parl of
Ll

18. This test item requires students to explain and apply mathematical
cencepts and solve problems with precision, while making use ¢f
structure.

Depth of Knowledge DOK2
Mathematical Practices  MP1, MP3
Scoring Rubric

1 point Students correctly complets each
| statement.

Power UPp! Test Practice

1. A photograph is enlarged to 3 times the size of the original. Fill In the boxes to
complete each statement

The area of the enlargement 9 | timis thia ariginal area,
The perimeter of the enla'nen-ﬂmt 3 times the original perimeter

18. A smaller version of this school banner s being made to appear an the front
of the students’' homework agenda books.

The perimeter of the smaller versiohihe fing is 2!‘11!’.‘!:”1 l 2 | a l 8| 1B
Select the cormect values to complatech state  ment

. | 1 I 1 i 15 | 15
a The perimeter of the full size flag | 46 metbers i1l i | 5 b w
b. The scale factor of the reductiani .;
€. The area of the smaller version of the filg |a square meters
Spiral Review
Graph each figure with the glven vertices and Its Image after the Indicated
transformation.
1. AABC A0-), 5(0.3), €13, 3 07X %23
80" clockwise rotation about the origin | transiation of 1 unit right and 3 units up
i ' | | T
B [4 |

Uncorrected fust proof - for troiming purposes only
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Ecolhborm | ® Drive Yourself to Success - N

€ @ Think-Pair-Write Have students work in pairs 1o R T s Pacaraptin! oyt ralig 16 BN 4R ok pr.

w['ﬂe answers to the fnﬂ'owing QUEStiUnS related to EIEH:ISE 3! 1.  What transformation maps the drawing fo b, the distance from the front wheel to the
@ 1,3, 6 the actunal carrdilation tenr wheel of the actunl cﬁsa -
Ask: 2. Are the views of the diswing of the cal & It the actual helght of the car is

similar to views of the actual car? Explain
yes; Sample answer: The drawing Is the um;
shape as the actual car but a different uize.

150 centimetars, what is y > <™
Ifx= T centimeters, what is the actual
distance between the tires on the car?

« How Is a scale factor ‘215 different from a scale factor of
257 Sample answer: A scale Iaclotﬁ-ﬂ a reduction and a
scale factor of 25 is an enlargement.

1 5 .
+ The scole fac:oé is used to make o foy car from the model 3. Itthe scole factor i find the ;;iz:lno. 78 em
What are the side view measurements of the toy car? a. the length of the actual cal
9cmand 5 cm

D @) Pairs Discussion Have students work in pairs to
extend the activity by answering the following questions.

@136 I o :

Ask: T
« How would you find the dimensions of an actual figure A
based on a scale model or scale drawirSatnple answer: J

use the scale factor | rom—{

« What are some other careers where scale models or scole
drawings are usedSee students’ response.

@ Career Portfolio
When students complete this page, have them add it to their 5\
Career Portfolio. |
List several clua|
ca ‘S Career Project assecinten i SO
= C’ts It's time to update your career portfolial Describe the features that Cavees,
you, as a car designer, would Include in a new cai design. Determine A

Because of the concem about fuel efficiency and
protecting the environment, the car design field has |
experienced major job growth in the past few years. This is
causing large demand for designers with background ‘ .
knowledge in enviranmental sciences.

‘whether these features already existin cars today.

e T

Uncorrected first proof - for froiming purposes only
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P e i

Reconstruct the vacabulary word and definition from the letters under the
gHid. The letters for each column are scrambled directly under that column,

ML

Yy ao

T wo
G0

T N

[

T

M1 GO0 S
T W S H R
EHOTHS
LGOAA AL P
Y ¥Y L N NEE

Complete each sentence using vocabulary from the chapter.

1. Two figures arSongruent If one can be obtained from the
other by a series of rotations. reflections. or transiations.

2. Indirect measurement  ;sa. properties of similar polygons to find
distances of lengths that are dificult to measure directly
1. The parts of congruent igures that match are called

corresponding parta

4. T figures arsimilar i orve can be chigines from the
other by a series of ransformations and dilstions.

5. When a tansformation is applied 1o a figure and then anothat
transformation is applied to the image, the resuit is called
5 compasition of ransformati

Uncorrected fust proof - for troiming purposes only

Vocabulary Check

o0 @ One Stray Assign students to 3- to 4- person
S0 leatning teams. Each membet |s assigned a numbe
from 1to 4. Each team completes the Vocabulary Check,
making sure every team member understands the terms and
their definitions. Call on a specific number to stand and maove
to a different group. The student who moved compares his uj
her answers with the new team. Then have the students retur

glhm'r original teams and discuss similarities and differences
1,3

Aiternate Strategy

@ @ To help students, you may wish to give them a
vocabulary list frorm which they can choose thelr answers.

A vocabulary list for this activity would include the following
terms.

« compaostition of transformations:son 1)
« congruentiLesson 1)

« comesponding partg.esson 2

+ indirect measuremeniesson 5)

+ similariLesson 3)

« similar polygonsl.esson 3)

Chapter 7 Review 577
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Key Con cept Check

@@ A completed Foldable for this chapter
should Include a review of similar and congruent figures.

If you choose not to use this Foldable, have students write a
brief review of the Key Concepts found throughout the chapter
and give an example of each.

Ideas for Use

@) Have students work in pairs to discuss their Foldables.
Have them practice speaking in a collaborative setting by
sharing how they have completed their Foldable thus far and
how they could finish it. Have each student complete their
Foldable and trade with their partner to discuss any similarities
and differences® 1,3

Got t?

If students have trouble with Exercises 1-4, they may need
help with the following concept(s).

congruence and transformations |Lesson 1) 1.3

similrtyand transformations Lesson3) 2.4

Key Concept Check

Use Yaur

Use your Bidable to help revie  w the chapter.

Tab 1 Congruent Figures

| Tab2 Similar Figures

Got it?

Tk AR has verTioai MR, €310 3 OYR: W Mikct wich imiiie L L LW E L T
with the description of its transformatio

1. A0, 0}, 524), C16, a. similar; a alimmn witha I 1
scale facm'r
| . L
2 A0, 0L8N A, C3, b. congruent; a 90° clockwise
rotation about the origin | I

«. congruent; a reflection over -
3. A'l0. 0L 542, D8 the x-axis

4. A'[2-B), BB, 2), C'[W4-6)———4d. similar; a translation of
e+ y—3)followed by a
dilation with a scale factor of 2

U ETE W TAN

Uncorrected first proof - for troining purposes only
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Geomaetry

Ersote miviced tiom Shencoe Math Cowse 3 Vol 3 Crepber 08 © 208

-
[ ey )
| Eessutial Fqcus r:_arramrrg the scopr;.t
}m This chapter focuses on content from Geometry
WHY are formudas important
in math and science? Coherenceconnecting within and across grades
ST TRz [ e Previous |, Now, ..., Next
h 1 1 [ Students find e valume |
L3467 . byt i e
m 1 cylinders and cone
Rigor pursuing concepts, fluency, and applications
- uﬁﬁ The Levels of Complexity charts located throughout this
-lq‘f,"-' Real World chapter indicate how the exercises progress from conceptual
~ oo Skiating During the wintet understanding and procedural skills and fluency, to applicatioj
mnﬂ. ”ﬁ:‘ﬂ and critical thinking
e e b
made up of two semi-cucies
a3 ecumgie ot s e - Launch the Chapter
wrea of the rink?
79635 A 0
i - i : ) Math in the Real World
— T, 35 Ice Skating Area formulas are used to find the number of
=4 square units needed to cover a surface. Students can use the

‘ } formulas &= @< and A= tw to find the area of the skating

m ! rink. Some students may find the area of each semicircle and
T 1 add them. Other students may find the total area by using the
} fact that the total area of the semicircles Is equal to the area of
one circle with the same radius,

a Y

< \4
S \sf¢ e

AT Place your . 2013,")

ity fs}l el

f wedraiming wam only
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Are You Ready,

Use this page to determine if students have skills that are
needed for the chapter.

" Quick Review
Stuclents with strong math backgrounds may opt to go directly
to the Quick Check.

1 _{Amaof 8 Polygon
2 | Simplitying Expressions

" Quick Check

If students have difficulty with the exercises, present an
additional example to clarify any misconceptions.
Exercises 1-6

Find the area of the trapezoid.
135 emd

Exercises 7-9 2em
Find the value oft+ (I7+ 2f.

Use 314 for. Round to the
nearest tenth226.9

|3em

Track Your Progress

Prior to beginning this chapter, have your students rate their
current knowledge. At the end of the chapter, have your
students rate their knowledge again. They should see that
their knowledge of the key ideas has increased.

584 cChapter 8 Volume and Surface Arsa

Example 2
Evaluates . 162 Use 314 forr. Round
to the nearest tenth,

"

! o6 = IMa 256 vl
] | =8038 Mulliply
" |
A

Find the area of the triangle.

LT )
Formraila dor wes il & Euarghe
jl--:!---lz Bmpitacw [ sl Gl fy e 1

A=36 Sty
The area is 96 sguare millmeters.

Evaluate Find the value of each expression. Use 3.14fdRound to the nearest tenth,
1 w.m= A7 |8 2.7-32= 201 9. w19+ 27 = 2834
|
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Inquiry Lab

Three-Dimensional Figures

HOW are some three-dimensional figures related G:‘:‘,‘,’:""
to circles? 13

Bilal s training on an ol cle course. One of the activities in
the course is the funnel, an open fube through which he runs

GELGELE.

A thiee.dimensional figuie with faces that are polygons i ¢
There are thies-dimensio igures thal are not polyhedrons. Some examples
of these figures are Cylinder

5, cones, and spheres

M 1 For each figure, list three real-world items ihat represent the
figure. Sample ansvwers are glven.

Cylincer Cone Sere

can Ice eream cone basketball /
ocatmeal container funnel Earth

sclence beaker orange traffic oen bublis

Step2] ust as a rectangular prism angramid have
bases. a cylinder and a cone habeses &5 weil
What is the shape of the base ofwinder?
a circle i cone? circle

circle circle circle Uncorrected first proof - for traini

rmﬂ only

a4 1

Focus narrowing the scope

Objective Determine how some three-dimensional figures arf
related to circles

Coherenceconnecting within and across grades

Now Next
Sudents explore the relationship of atuderts Wil e & torm Lo find
ee-dimensional figuras and ciicles Mumie of eylinder

using cross sections

ngor pursuing concepts, fluency, and applications
See the Levels of Complexity chart below,

ENGAGE EXPLORE ExPLAIN I

.} Launch the La

The activity is Intended to be used as a whole-group activity. |

IHands-On Activit )

€ @ Team-Pair-Solo Have students work in a team of |
four to complete Step 1 of the Activity, After Step 1 is complete,
have students break into pairs to complete Step 2. Have
students complete Step 3 individually. Give them time to
discuss their answers within their original tealist 4,5

O @ Pairs Consult Have students work In pairs to alter
Step 3 so that the cross sections of the cylinder, cone, and
sphere are slanted. Ask students to describe the shape of the
cross section. Then have them to describe the shape of a
vertical cross section of each figuf.1, 4,5

Inquiry Lab Three-Dimensional Figures 585
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Evonce EXPLORE EXPLAIN ELABORATE EVALUATE

) Collaborate

The Investigate section is intended to be used as a small-
group investigation. The Create section is intended to be used
as independent exercises.

Levels of Complexity
The levels of the exercises progress from 1o 3, with Level 1
indicating the lowest level of complexity.

Exercises
-6 7-8
Level 3 : .
Level 2 ¢
Level 1 $ .

Investigate

| .
‘

D €@ Think-Pair-Draw Have students work in pairs to
complete Exercises 1-6. Give them a few minutes to think
about the |r responses to each exercise. Have the students
draw the ir answers and discuss any differences and make any
necessa ry changed®1,4,5

Sy
@ Creata

{I® Pair Discussion Have students complete Exercise 7
individuall y. Have them provide drawings or models of any
examples or counterexamples. Then have them share their
response s with a partner. Have them justify their examples or
countere xampled321,3,4,5

" Students should be able to answer “HOW are some
three-dimensional figures related to circles?” Check for student
understanding and provide guidance, if needed.

T

rectangle

C Usea Counterexampl@ys o fulse: The cross saction of a cylinder, a
cone, and a sphera will obways be a circle or an oval. If false, provide a
COUtErexample.

faise; Sample answer: The vertical cross section of a cylinder is

a rectangie.

HOW are some three-dimensional figures related to circles?
Sample answer: Cylinders and cones have clrcles as thelr base.,

A sphere is Hice a three-dimensional circle.

gy g o

Uncorrected furst proof - for troining purposes only
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Legson 1

Volume of Cylinders

Real-World Link L ) '

WHY are formulas enportant in
maih and science?

Jally Beanshuna's teacher filked a cylindrical jar
with jefty beans. She s awarding a prize to the
student who maost accurately estimates the number
of [elly beans in the jar. Muna used a 3oup can to
madel the jar and centimeter cubes to model the
Jelly beans

I—
| |

y ocseiny

ks

cibniie

compasie solidy

Work with a partneSample answers are ghien.
S Mathematical Pracices
1. Set a soup con on a piece of grid paper. Trace the area around 146
the base as shown

About how many centimeter cubes would fit at the battom
of the contalner? Remember to nchude partial cubes in

your total about 18

2 Suppose sach layer s 1 centimetzr high. How many layers
wouid it take to fill the cylinder? &

- & carhﬂclwwnle & formuls that allows you to find

the volume of the containgl = wth

‘Which® Mathematical Practices did you use?
Shade the circle{s) that applies.

(D Parsevers with Probers @'Jmliar: Tooks

@ Razzon Atmirscthy ® anene i Frecan

@Lﬂnu-m an &gument @Me U of Sirechors

(D Mo with Mathemates B itz Repates femowre Uncorrected first proaf - for troining put
e

poses only

Focus narrowing the scape
Objective Find the volume of cylinders,

Coherenceconnecting within and across grades

Previous Now Next
Stuients determined how ) Students solve problems Stutlents wall &
ree-dimensional nvalving the volume of pr

el 1o cylinders vl L

ngor pursuing concepts, fluency, and applications
See the Levels of Complexity chart below.

ENGAGE EXPLORE | i

Launch the Les.'-r.l-).l.lq |

Ideas fo r Use

You may w ish to launch the |esson using a whole group, smal
group, thi nk-pair-share activity, or independent activity.

" _ @D Pairs Prediction Have students work in pairs,

= Have students guess how many jelly beans they think
will fill the can. Then have them complete the activity. Have
them refer back to their guess to see how close they were.
©14,56

Alte rnate Strategies

@ Have students make a list of everyday objects that are
cylinders, such as cans, water glasses, thermoses, and so on.

S5

€ Have students share their formulas from Exercise 3. Have
them brainstorm if there are any different ways to accurately
express the formula for the volume of a cylinf@n, 2,7

Lesson 1 Volume of Cylinders 587

Scanned by CamScanner



ENGAGE ExXPLORE EXPLAIN ELABORATE EVALUATE
Ask the scaffolded questions for each example to differentiate Volume of a Cylinder

Fy

instruction.
Words The volume V¥ of a cylinder with radibMode]
£ ris the area of the bave B timas the

i - haight b

- l Symbols V= Bh, where = mr® or V=mrh 4
1. Find the volume of a cylinder.

B=wf
@Y - What is the height of the cylindeB tm
« What is the radius of the bas&em Volumeis the measure of the space occupied by a salid. Volume is
3 ? h? Reflact measured In cuble units. eyingens » three.dimensional figure with
m * In the rﬂ”l]!ﬂﬂ V& mrh, what do we .repjﬂft? r with? h @“ two parallel congruent circular bases connecled by a curved surface.
Replace r with 5 and h with 8.3. I P The aren of the base of a cylinder tells the number of cubic units in
« In the formula V= Bh, what does B representhe b T Hla e o Hhoe one |ayer Thee height tells how many layers there are in the cylinder,
area of the circular base, ®r P <5 =i
@ - How might our calculation of the volume of the cyfinder A=grl
change If we use 3.4 for 7Sample answer: The
1. Find the volume of the cylinder. s o
rounded answer would be different by a few tenths. Round 1o the neatest tenth, -
Need Another Example? - 55m Ve=nih Ve ef & cylie B3
Find the volume of the cylinder. PR TL 2% T T ————r 4
Round to the nearest tent855.3 em’
Sem Use a calculator

a7 115 [afl | 83 ENTER) 651.8804756
The volurme is about 6519 cutile centimeters,

Circles

2. Find the volume of a cylinder. e i J
m' « What /s the height of the cylinde2 cm. Db 2. Find the volume of a eylinder with a dlameter of 16 centimeters \
« What is the radius of the bas&em. :,Ma:'M of 20 centimeters, Round to the nearest tenth,
=1 Vol ol 3 cptinds
€@ - How would you find the radius of the badlivide the % Ry LA o
djamelefbyz. V=m{B-{20) o cliarrimlee 4 V6 30 the e v B Bepliat)) 3
* How would you find the volume of the cylinder? ym-2043 i i
Ml.litiply the area of the base times the heighi. The volume is about 4,021.2 cublc cantimetars.
@ . How do you know that the answer is reasonable? (Get i+7 Dothese probiems tofind out.
Sample answer: Use estimation. w{8(20) = 3(60)(20), or il
3,600, so our answer is reasonable. o = Find the volume of each cylinder. Round to the nearest tenth,
Need Another Example? e T a T b. diameter: 12 mm :
Find the volume of a cylinder with a diameter of 12 meters and a > g P 1Bin height: 5 mm
height of 4 meters. Round to the nearest tedS2.4 m? v HESam H
i

588 cChapter 8 Volume and Surface Arsa
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appign | Melses ot Pisiins

V|

3, A metal paperweight Is In the shape of a cylinder. The
paperweight has a height of 1.5 centimeters and a diameter of
2 centimeters. How much does the paperweight weigh if |
1 cublc centimeters weighs 50 grams? Round to the nearest tenth.

First find the volume of the paperweight.

V= ?r:n E § Chuch

Vw1205 egtace w1 andhwim |

V=47 gy

To find the weight of the paperweight, multiply the volume by 50
47(50)= 235

So, the weight of the paperweight is about 235 grams.
[ Gab b7 Do this problem to find out.

c. The Faris family uses a container shaped like a Cyliimcyce
aluminum cans. it has a height of 130 centimeters addaeter
of 50 centimeters. The container is full. How much dedbtents
weigh if the average welght of aluminum cans is 0.08Tgoe: ]
cubic centimeter? Round to the nearest tenth of & kilogra !

1

W

Volume of a Composite Solid

Objects made up of more than one type of solid are caliaposhe
solids.To find the volume of & composite solid. decompase the figure
into salids whose volumes yiou know how to find

&i

Ly, Badria uses cube-shaped beads to make iem
Jewelry. Each bead has a circular hele through E

the middie. Find the volume of each bead.

The bead is made of one rectangular prism

and ane cylinder. Find the volume of each wolid. ==
Then subtract to find the volume of the bead
Rectangular Prism Cylinder

V=5h V=E8h

V= (12 12)120r 1728 V== - fl20r 377
Tite volume of the bead i 1728377 or 16903 cubic
milimeters.

¥ Qamm

Uncorrected first proof - for hﬁi\n purposes only

3. Find the volume of a cylinder to solve a real-world
problem.
@ - What is the height of the cylindetB cm,
« What is the radius of the bosdtm.,
€D « What does the shape of the paperwelght tell you
about which farmula you can usis cylindrical in
shape. Use the formula V = wr*h (or V= 8h) 1o find the
volume,
« What js the volume of the paperweigh® cm?
» How can you find the weight of the paperweight?
Multiply the volume by 50.
@Y « About what fraction of a kilogram Is the weight of the
pﬂperweigm?hbouif kg
Need Another Example?
A cylindrical container of ice cream is 10 centimeters in
diameter and 12 centimeters tall. How long will it take for all o
the ice cream in the container to melt if it melts at a rate of 2.
cubic centimeters every minute? Round to the nearest tenth,
4488 minor 7.5 h

4. Find the volume of a composite figure.
@ - What is the height of the cylindZ mm

« What is the radius of the base of the cylind®nim
@Y . What is the volume of the cylinde3?.7 mm?

« What is the volume of the cubd728 mm?

« How can you find the volume of the bedibtract the
volume of the cylinder from the volume of the cube.
@ : About what percent of a whole cube has been drilled
out to moke the cylindrical holaBout 2%

Need Another Example?
A roll of paper towels has the dimensions shown. Find the
volume of the roll. Round to the nearest terdi271.2 cm?

Lesson 1 Volume of Cylinders 589
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Guided Practics L LT T )

Formative A ssessment Use these exercises 1o assess W= | i“g,.. T Da this problem to find otrt.
students’ un derstanding of the concepts in this lesson. .
A 9THBenl d The Service Club is bullding models

@5 If same of your students are not ready for of storage chests, ke the one shown,
- assignments, use the differentiated activities below. todonate 1o a charky. Find the valume

ol i he chest to the nearest tenth
D @ Paired Heads Together Have students work with ae
a partner to complete Exercises 1and 2. Have them use the
following template to find the volume of each cylinder:

volume= area of base< height of cylinder. If they are still . _ _—
struggling, have them replace area of base in the template Guided Practics !J

with 7« radlius+ rodius & 1.5,7
Find the volume of sach cylinder. Round to the nearest témthe |0 0

D €@ Trade-a-Problem Have students draw a composite 1. 565 cnl 4021 ek 2
figure similar to Exercise 3 and write a real-world problem that - . | diameter; 8 cm
involves finding the volume. Have them trade figures and mwj!:_. iy | helght 8 cm
problems with another student to solve each other's problem. T :
Have them discuss responses and compare soluti®h4, 4.5 s
3, A platform like the one shown was bullt to hold o sculpture ME '
foi an art exhibit. What is the volume of the Tigulefnes 4| I o i |
23540 \3 j]:m
im r tam J
% 7
k
inq k ]}"‘ »
Wm
4. A& scented candle is in the shape of a cyfinder. The .
radius is 4 centimeters and the height is 12 centiimeter= Rate Vi i1 II

Find the mass of the wax neaded o make the candle \
i# 1 cubic centimeter of wax has a mass of 3.5 grams. | How comPldenk mre v o nbnlq
Round to the nearest temigaess ) vehuse of cylimdevs?  Check
2ma2g bl wan Husk applie g

e & e
5 a.. Buliding on the Essentlal Question v i the
formula for the volume of a oyfinder similar to the formlla |
Ear the volume of a rectangular prism? |
Sampile answer: in both, the volume equals the area

of the base times the helght. mum_m

Uncorrected first proof - for froiming purposes only
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Independent Practios

W My

Find the volume of each cylinder. Round 1o the nearest tenthy.. 1 ;
fr Wd et 2 1034

diameter 45 m
EE [._-' =/

height 65 m
Sgm

n’ Asma's parents have a cylindrical oak tree stump that has a diameter of
1.3 meters and o height of 2 meters. How much does the stump weigh if the
average welght of pak is 546 kilograms per cubic meter? Round to the nearest

tenth, fooee 1 21398 kg

4, An unused roll of paper toweds i shown. What & the volume of the
unusad (ol e 52.580.3 cnd

5. ® Model with Mathematiéarc: 1o the graphic novel frame
below for Exerclses a-c

e
i bagia M oms I% om s 20 ov B3 1
il 2 coella theet m ™S o ot

4. Find the volume of the bag and candie. Round to the nearest tenth.
Bag: 2,400 e candle: 369.5 crth

. How much packing material is needed to fll the empty space in the

bag after the candie is placed in the bah®30.5 em
€. There are 70 teacheTs in the school. If each package of packing
material contains 11,000 cubic centimeters of material, how many 1

packages do they need to buy to fill all of the gift blaupackages

Uncorrected furst proof - for troiming purposes only

Lone ExpLain  ELABORATE EVALUATE

Prachce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exerclses
1-4,10-14 5,6, 15-19 7-9
Level 3 : .
Level 2 F
Level 1 . .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises far your
students' needs.

@ approaching Level 1-5,8,9, 18,19
'm On Leve|

O Beyond Level

1,3,5,6,8,9,18 19
| 5-9,18,19

Watch Out!

Common Error Students may multiply the radius by 2
instead of squaring it when using a formula to find the
volume of a cylinder. Point out that the 2 is an exponent.
Then remind students what each part of the formula shows:
7t is the area of the base, and h Is the height,

Lesson 1 Volume of Cylinders 591
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{® MATHEMATICAL PRACTICES

solving them |
2 Reason abstractly and quantitatively. | 9
2 Construct viable arguments and critique the
reasoning of athers. |
4 Model with mathematics. 5.8
5 Use appropriale tools strategically

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, 1o
express their reasoning, and apply mathematics to real-world
situations

Formative Assessment

Use this activity as a clos  ing formative assessment before
dismissing students from  your class.

Pase the following prob  [em to students: A cylindrical bale
of hay has a height of 2 meters and a diameter of 2 meters.
What is its approximate volume to the nearest cubic mefer?
about 6 m’

6. (2 Usa Math TooltMatch each cylinder with its approxdmate velume.

{ mbiag = 4] - { P i
-

@ H.O.T. Problems Higher 0roer Thinking

7. & Dersevers with Problemisvo enqually-sized sheets of constiuction
paper are rolled; ane along the length and the ather along the width, as
shown, Which cylinder has the greater volume? Explnin

- -0

Sample answer; The sharter cylindes, becauss the radius Is larger
and that is the squared value in the formula.

£ [ Model with Mathematid®aw and label a cylinder that has
a larges radius but less volume than the cylinder shown balow.

!.F"‘ " Sample answer:

—-| 0o

!- .-- _-iiﬁm ‘[lr.'ﬂ

9. e Reason Abstractifnd the ratios of the volume of cylinder 4 1o
oylinder B

& Cyfinder A has the same radius but twice the height of cylinder 8
21

b. Cylindzr A has the same height but twice the radius of cylinder B
41

Uncorrected fust proof - for troiming purposes only
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LT Uy Haomewoik

Extra Practice

Copy and SolviFor Exercises 10-27, show your work and answers on o
separate plece of papet.

Find the volume of each cylinder. Round to the nearest tenth.
M =

Smn |

B

2
2= 2709 W mm

l 1671 end

2,261.9 md |

13, Ahmed has a conlainer of flour in the shape of a cyinder. The container has
o diameder of 10 centimeters and a height of 8 centimeters. If the container is
full, how much will the flour weigh if the average weight of flour is 0.23 grams
et cublc centimeter? Round (o the nearest terdd. 5 grams A

14, Amna wants 1o make & bex like the one shown What is the
volume of the box? Round to the nearest tenth. 1,343.4 crl

15. Cylinder A has a radius of 4 centimeters and a height of 2 centimeters.
Cylinder B has a radius of 2 centimeters, What is the height of Cylinder B 1o
the nearest centimetar if both clinders have the same volutihdn

18, Which will hold more cake battet the rectangular pan of two round pans?
Explain your reasoning 10 a classmate Sae margin.

=
2 fom lo
tem

7. € Multiple Representatioriine dimensions for
four cylinders are shown i the tabg"""" d.

a. Symbols Write an equation 1o find the vuru;ne
of each cybnde:

b. Words Compare the dimensions of Cyfinder A
with the dimensions of Cylinders B, C.and D

c. Numbers Complete the tabie

d. Words Exgiain how changing the dimensions of
& cyfinder affeds the oyfindar's volume.

appign | Melses ot Pisiins

Uncorrected fist proof - for troining purposes only

Additional Answers

6,

17a

11d

rectangular pan; Sample answer: The rectangular pan's
volume is 234 cm and the total volume of the two round pan
is about 201 cm?.

V== v==(}2): v=m20(): ¥=={2)12)

The height of Cylinder B is twice the height of Cylinder A.
The radius of Cylinder C s twice the radius of Cylinder A.
The radius and height of Cylinder D are twice the radius and
height of Cylinder A,

When the radius is doubled, the volume is four times the
original volume. When the height is doubled, the volume is
twice the original volume. When the radius and height are
doubled, the volume Is eight times the original volume,

Lesson 1 Volume of Cylinders 593
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pﬂwer Up! Test Practice

Exercises 18 and 19 prepare students for more rigorous
thinking.

18, This test item requires students o support their reasoning or
evaluale the reasoning of olhers by justifying thelr response and
constructing arguments

Depth of Knowledge ~ DOK3
Mathematical Practices MP1, MP3, MP&

Scoring Rubric

2 points Students correctly answer the question,
explain thelr response, and find the

_ volume of each Cylindes

1 point Students correctly answer the question
and find the volume of @ach cyflinder, but
fail to explain their response OR students
correctiy answer and explain ond may or
may not find the volume of one cylinder
OR students corractly find the volume of
each cylinder, but fail lo answer the
question and explain thelr response

19, This test item requires students to explain and apply mathematical
concepts and solve problems with precision, while making use of
structure.

Depth of Knowledge ~ DOK1
Mathematical Practices MP1. MPG
Scoring Rubric
1point B Students correctly answer the question
o 22y,
@ \

3

594 chapter 8 Volume and Surface Area

power Up! Test Practice

18. Without doing any calculations, do you think Cylinder 1and
Cylinder 2 will have the same volume? Explain your reasaning

no; Sample answer: Even though the dimension of both
cylindess are 4 cm and 7 em, 4 em |s the radius of Cylinder 1
and 7 cm is the radius of Cylinder 2. Since this radius |s
squared in the volume formula, the volume of Cylinder 2 will
be greater than the volume of Cylinder 1.

IFill iy each box to complete the following statements,
dem

To the nearest lenth, he voluime of Cylinder 15| 351.9 en?
To the nesrest e, the volume of Cylinder J s E-ﬁ..l et

19. The oé tmeal containes shown has a diameter of 3 centimeters and a height of L L
S conll meters. Which of the follawing statements are true? Select all that aprky

The area of each base is exaclix guare centimeters,
B The volume of the container to the nearest tenth is about 63.6 cubic cent [t o,

B e volume of the container s exnctly 20025ubic centimeters,

Spiral Review
Find the area of each circle. Round 1o the nearest tenth.
20. n 1 22
‘y ! e '
v [ A’un
1767 enf 2011 enf 2545 et
a IZI. "_[.;;,q._.l 25, T
1cm | — dm 9 /
28.3 cnl | e 503
302 en?
Find the volume of each prism.
6. T n e,
| o e
| Jom B
hedeta | "E;\‘\_ ~ T
= 5, 36m (TH " s3om
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Evcace E RE EXPLAIN ELABOS EVALUATE

JP) Teach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

1. Find the volume of a cone.
@Y - What is the height of the condPem.
« What (s the radius of the bas&em.
@ + How s the volume of this cone related to the volume
of a cylinder with the same base area ond height?
The volume of the cone § the volume of the cylinder.
= Iy the formulo V= 31r-.-‘1 what does ar? represent?
the area of the circular base

@ - What would be the first step to solve the problem
if you were given thot the diometer is
6 centimetersSample answer: Divide by 2 to find

the radius.
Need Another Example? _T
Find the volume of the cone. Round to tin
the nearest tenth26.2 el | i

2. Find the volume of a cone.
@ - What is the radius of the base of the cubem
« What is the height of the paper cuflf cm

@ . How are the formulas bﬁleb ond l’z%m‘"h fara
cone reloted?Sample answer: For a cone, they are the
same formula because the base is a circle.

o Why is the label for the solution given in cubic
centimeters’Sample answer: We are determining volume,
which is a three-dimensional property; therefore, the
answer is in three dimensions, or cubic units.

Need Another Example?

A cone-shaped vase has a height of 15 centimeters and a

diameter of 8 centimeters. What is the volume of the vase?
Round to the nearest tent@51.3 cni

key Concept» AL K L1

- 28300

v, 3.9207 meh

Words The volume V¥ of a cone with Maodel
radius ris one third the anea of M '
the base B fimes the height b, I
| 1

Symbol Ve 0 ar Vs a1 éh

P

a
Im
am

A gconeis B three-dimensional figure with one circular base connected
by a curved surtace 10 a sinple vertex

1. Find the volume of the cone. Round 1o the nearest tenth.

V=ynih oo ot Gem
v-%.;—,.ﬁ.s - Jem
Vi 565 il

The volume is about 56.5 cublc centimeters,

[ Get i¥7 Do these problems tofind out.

Find the velume of each cone. Round to the nearest tenth.

-Lﬁ- Vil
\"--
2. A cone-shaped paper cup Is filled with water. The helght of the 4

cup I& 10 centimeters and the diameter is B centimeters, What H
Is the volume of the paper cup? Round to the nearest tenth. H

1 2 Ji
V==rr’h Y
V=g w-42.10

L . .
The volume of the paper cup is about .

V=1676
1676 cubic centimeters.

]

Uncorrected fust proof - for troining purposes only
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appign | Melses ot Pisiins

| Got itT Do this problem ta find oul.
€ Sumayya |s filing six identical cones for her competition, Each
cone has a radius of 3 6 centimeters and a height of

21 centimeters. What is the 1otal volume of the conesPR uthe
nearest tenth ¥

W
1
Volume of Composite Solids

When a composite sofid includes clinders and cones, you can find
the volume by decomposing It nto solids whose volumes you know
haw to find

3. Find the volume of the salid. Round to the nearest tenth.

v— Hareh 2ad Hamd
(Stepl] Find the valuine of he cylinde: e
Ve=xrih Youm" " b 2L T Y
BT Howr ¥ by i,
V:x-l‘:--‘ h“*‘hl‘nll'_-l
Mookt culoubnbiog
V=x1.4 L
Ceter 0 Hhe ennch o
v=2011 =% Ertina
o Hamod's calculation;
@?ﬂ_ﬂj Find the volume of the cone Sample answer: Since

v=%—:=rzn Vit
Vegox.23.5
V=1-%:16.5
V=838 formity
S0, the volume of the solid is aboul 29183 8 or 2849 cubic meters
Ii_zt‘t_i-? Do this problem to find out.

d. Find the volume of the solid. fom

¢ 2848 crl

= Is a nonterminating
decimal, the product
ofw and ¥ Is also

nonterminating. Hamad's

calculation Is closer to

the exact value because

his approximation of
contained more
decimal places.

A, 6974 crd

Uncorrected first proof - for hﬁi\n purposes only

3. Find the volume of a composite solid,
@ - Look at the figure. Into what solids can it be broken
up? a cylinder and a cone
« What is the formula for the volume of o cylinder?
V=nth

« What is the formula for the volume of a cone?
V=ynih

@Y . What is the helght of the cylindedin
the cone?dm

« What is the radius of the base of the cylindém
the cone?d m

« After we find the volume of the cylinder and the cone,
what is the final step to finding the volume of the
composite solidAdd the volumes of the cylinder and
cone.

&Y : Why is the volume of the cone n’gl‘he volume of the
cylinder? Sample answer: Although the cylinder and cone
have congruent base areas, they do not have the same
height.

« If you used 3.1 for w, how would your final answer for
the volume of the compasite solid changie total
volume would be 284.7 cubic meters, rounded to the
nearest tenth,

Need Another Example?
Find the volume of the solid. Round to the nearest tenth.
3183 i

Lesson 2 Volume of Cones 597
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Gulded Practice

>
Formative A ssessment Use these exercises 1o assess . 7. Gt '
students’ un derstanding of the concepts in this lesson. suided Practics nj
g oo If some of your students are not ready for Find the volume of each cone. Round to the nearest tanthu 5 /|
SR assignments, use the differentiated activities below. 1, 2.668.3 m 2. 10656 mrh
|
D €@ Team-Pair-Sole Have students complete =L \i\. | o r},’/'“
A I L -
Exercises 1and 2 in a four-person team. Then have them M- - -c:-_--}?----, |
complete Exercises 3 and 4 in pairs. If they are ready, have : Moo 7
them complete Exercises 5 and 6 on their own and compare
answers with their original team._Then have them discuss in 2 hekht O m & Wit (20 hillnéters
their teams the answer for Exercise 7 and write down an 235607 | 254,469.0 mk
agreed-upon answa@ 1,245 diameter: 10 | rodivs: 45 milimeter ow
D @ Pairs Present Have students work in pairs 1o
complete Exercise 7 and prepare a brief oral presentation for
the connection between the formulas for the volume of a
cylinder and a cone having congruent base areas and heights, . Fict i volmna of thasald ”‘:;" fight. Round to tiie s i
In their presentation, they should use algebraic manipulation neatest tenith foagie 1 3403 ¢ P
as well as concrete examples and diagrams or illustrations. r_ =
Have them present to the class, while the rest of the class ey
listens carefully, and asks any clarifying questi@®s. 2. 4.5 .
6. Find the volume of the pali of cones shown. Round to the b em !
nearest tepth faasple G021 enf
,
~— L=
' Rate Yourself! \
1. @ Buliding on the Essential Questiamt vwould ' my‘“ rpi :‘mﬂ
have a greater effect an the volume of & cone: doubling st m::':‘ ; =
s radius or doubling its height? Explaln. o = |
Sample answer: Depending on the length of the radius R - .
f 3 1
and the height, generally doubling the radius has mare | ' "o° '*k:;) e !
effect since It Is squared In the formula, ' Il |
) ]
T o o by i i
i

Uncorrected first proof - for froiming purposes only
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- My Hamewoik

Find the volume of each cone. Round to the nearest tehth.

1, 4720.8 meh 2 48
Y y e iy
\.E”‘ i u/ B
=
¥ neight B.4 meters 4. height 3.3 meters
diameter: 35 metzrs26.9 M radius: 17 meterst8 nf

5. A cone like the one at the right s going (o be filled with candy,
What is the volume of the cone? Round to the nearest idiviiet 1)
102.6 cni

6. Mr [biahim is buliding a stofage shed in a conical shape. The base
of the shed Is & meters in diaineter and the height of the shed s
3.8 meters, What is the volume of the shed? Round to the nearest

tenth, Fusse n19.9 ]

Find the volume of each solid. Round to the nearest tenthe. ¢

7, LG6OBS crmd g 13383 cnd
Tom | .
g I\ men
S I o
i 4 A
N '].' 15w
-,Ia\'r 1 ::"
£ .‘_-‘.-k
l‘ e

Independent Practice o crire iz ez oy 2o Sod

Uncorrected first proof - for traiming purposes only

Encaces Expions  EXPLAIN  ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exercises
1-8,15-22  9-11,23-29 12-14
Level 3 ; .
Level 2 k.
Level 1 s .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ approaching Level 1-9, 1,12, 14, 28, 29
@ ontevl 1-7 0dd, 9-12, 14, 28, 29
@ Beyona Level 9-14,28,29

Watch Out!

Commen Error Students may mistakenly use the diameter
as the radius in the formula for the volume of a cone.
Remind students that the radius of the base, not the
diameter, Is used to find the volume.

Lesson 2 Volume of Cones 599
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(& MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in
mr\.rlng them, |
2 Reason abstractly and quantitatively. | 10

3 Construct viable arguments and critique the

IEB'S.OHI_I‘!Q of athers. 12,44

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, 10
express their reasoning, and apply mathematics to real-world
situations

Formative Assessment

Use this activity as a clos  ing formative assessment before
dismissing students from  your class.

Have students explain h  ow the previous lesson on findigg

the volume of a cylinde r helped them with this lesson.

Use the writing prompts belodee students’ work.

+ In the previous lesson, | leamed..

« In this lesson, | learned...

« What | learned in the previous lesson helped me in this
lesson because...

Watch Out!

Common Error In Exercise 12, Faleh mistakenly uses
the diameter as the radius in the formula for the volume
of a cone. Remind students that the radius of the base,
not the diameter, is used to find the volume.

fra cylinder has a radius of § centimeters and a height of 12 centimeters
‘Whiat would the height of 5 cong need to be if it has the same volume

and radius? Round to the nearest centimeRi Sm

w0 @& Reason Abstractlffissa is making cone.shaped |ce cubes by using
amoid. The radius of the mold is 1.5 centimeters and the height is
2 centimeters. if one cublc centimeter is about ¥ gram, how many grams will

ten ice cubes welgh? Round to the nearest teidil g

. The volume of a cone with a 30-millimeter radius is 9,420 cublc
millimeters. What is the helght of the cone to the nearest millimetes?
10 mim

@ H.0.T. Problems Highet Order Thinking !

12. @ Find the Errofalen (s finding the volume of rice that will
fill a cone-shaped decotative vase. The vase (s 15 centimeterstan w
0-centimeter diameter. Find her mistake and conmect i

Faleh used the Incorrect radius:
392.5 el

\'*ng-r’h
urlﬂ. lo«lgsl
=570 com

13 & Percevere with Problemi@raw and labe! two cones with @fint
dimensicns but the same volumBample answer:

1. € Resson Inductivelfsterming whether the following statament is
alwoys, sometimes, or never true. Explain your reasoning,

The volume of a rectongurar-based pyramid ond g cone with
the some height ond eguol oreos of the hase are egual

always: Sample answer: The volumes are the same since both helghts
and the area of both bases are the same. Changing the shape of the
base will not affect the volume.

e

Uncorrected first proof - for troiming purposes only
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Extra Practice
Capy and SolviFor Exercises 15-33, show your work and answers on a
separate plece of papet.
Find the volume of each cone. Round to the nearest tenth.
& oim 16. 3
E 1
E‘:q s ]" ~Tm
. = All
2,089.8 mnl '
MNanl
w bo . A
Gam :3\ )‘h
:!‘l—d ‘tﬁ Q ‘.\ i _;- 'lll‘
) %S
3082l =t
6032 m
19, heignt: 24 centimeters 20. height 9 cpntimeters 20189
diameter: 8 centimeterd021 e diameter. £ centimeters 1325 en?
1. Usama is using the funne shown to fill a glass bottle with ] iy 1
colored sand. Estimate the volume of the funnel
Sample answer: 327
22.Mount Ranber, a cone-shaped volcano in Washington, is about
4.4 kilometers tall and about 1B kilometers across its base. Find the
voiume of Mount Rainler to the nearest whole number.

about 373 kd

23.The volume of a cone s 471.24 cubic centimeters and the height .
Is 8 centimetars. What ls the diameter?15 em
24.The volume of & cone is 593.46 cubic cemtimeters. The radius is
9 centimeters. Find the height of the cone 1o the nearest centimet®em
9m|mmmw“mmuumﬂu.muumm
nmearest tenth.
" r- ?\ 6. /A i A
i _:'f: -‘-‘l‘ -af_\ Eon .-n"__‘\wf'sr
F _hi_- ( _h_é_._ -
o Ve 40 T | Vo R ont Ve VAN =
45m BOcm I0m

Uncorrected fust proof - for troiming purposes only
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power Up! Test Practice

i .
Exercises 28 and 29 prepare students for more | Power Up! Test Practice

rigarous thinking.

#

28, Four cones have the dimensions shown bejow.

2B. This test item requires students to explain and apply mathematjcal Figure 1 Figure 2 Figure 3

Figura 4
concepts and solve problems with precision, while making use of Mo Dan. W i Wem
structure. | / L.om 1 #cm Tem Lem

Depth of Knowledge DOK2 |

Mathematical Practice| MP1
Scoring Rubric

Sor the cones from least to greatest volume. Round to the nearest tenth

2 polnts Students correctly order each figure ani et a 4524
. find the corresponding volume = -
1 paint Students correctly order three of the Tolr 1 I
figures and find the corresponding volume - =l
OR students correctly order each figure, Greaver | 2 woas
lati I in findi h
:;t '::1?2::: :'l?::" OI?ES diog te 29. Refer 1o the cone shown at the right. Determine if each Tem
yolme of one or wo figure statement ks true of false
a. The appraximate area of the base B um False
29. This test item requires students to reason abstractly and s 153.9 square centimeters new Wem
quantitatively when problem solving b. The approximate volume of the ufr @ False
Deoth of K od DO - 1 cone is 8865 cubic cenlimeéterns
B nowiedge | & The volume of a cylinder with the same heightll  us Trf False
Mathematical Practice| MP1 and radius would be 3 times the voluime of the cone.
Scoring Rubrnic
1 point Students carrectly answer each part of — T
the question Spiral Review |

Find the volume of each pyramid. Round to the nearest tenth If necetsay.

32 2 _—~DOm 33
3 l’, : ! e T3om -

L | :

~97m ~ = 3

Bom e g

4821m 90 en? i
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Lesson 3

Volume of Spheres

Vocabulary Start-Up

as the radius, from a given point, known as the center
Complete the graphic organizer.

‘Buthaina purchased a neckiace that contained a round pearl with
a dgiameter of 7.5 milimeters. What is the circumference of the
largest circie around the cutside of the pear’? Round to the

nearest tenth 23.6 mm

gt ] Dl aaa: ] s TN R iE

Aspherss a set of all points in space that are a given distance, known ™% #nd scence?

WHY are formulas smporant in|

Focus narrowing the scope
Objective Find the volume of spheres,

Coherenc econnecting within and across grades
Previous Now Next

Sugwils, solvnd problee Students solve problems | Students will use modals
involving the volume of Invalving the wolume of angd nelx to find the
cones sphetes sirface area of oylinders

Iligor pursuing concepts, fluency, and applications
See the Levels of Complexity chart below.

ENGAGE EXPLORE Expiaiv ELABORATE EVALUATE

Ideas for Use
You may wish to launch the lesson using a whole group, smal
group, think-pair-share activity, or independent activity,

- @ Paired Heads Together Have pairs complete
1&&! . the graphic organizer. Have them come up with as
many real-werld examples of spheres as possible, or objects -
that are approximately spheref1, 4,5

Alte rnate Strategies

@ Bring in a piece of fruit that is roughly spherical, such as
an orange. Slice the fruit in half. Then have students identify
the circular cross section, the radius, and the ced@®r. 4,5

€ Have students research whether or not Earth is an exact
sphere. Have them share their results with the cffig, 2

Lesson 3 Volume of Spheres 603
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ENGAGE ExXPLORE EXPLAIN ELABORATE EVALUATE

Ask the scaffolded questions for each example to differentiate

”

instruction.

Words The volume ¥ of a sphere s four thirds the producield
tha cube of the rdius r

les ' o Symbols Ve 3n Model z
1. Find the volume of a sphere. .

@ - What formula do you use to find the volume of a

here? v =-Swr s
Sp !C‘I'!? -_l ¥ wm‘_‘ Hpos, Wou can use the formula for the volume of & sphere 1o solve
» What is the radius of the spher&mm m:um || mathematical and real-world problams
@ - What is the volume of the sphere, rounded o the B mpiindiolic, ‘
nearest tenth7904,8 mm’ :-:",;'"'
§ - - -
» Why do we cube the radius when determining the ek 1
volume? Volume is measured in cubic units, so we need U VORI Vo o Hon rhvgen: oW, 12 the onsmwt e
three dimensions. Veyw " ot a ot e
@Y . What is the exact volume of the sphe288 Veageme @ foptacerwind el
* If the problem asks for the exact volume, why must we V=0048 plsy Uiuw a enlcalidon
leave w In the answerSample answer: « Is an irational The volume of the sphere is aboul $04.8 cuble millimelers.
number. When we multiply by it and round, we are not >
providing the exact answer. # || Gok T Dethese problems ta find out.
Need Another Example?

Find the volume of the sphere Find the volume of each sphere. Round to the nearest tenth.
Round to the nearest tentf131 cm? a55753cl i @ . @

- b
1, 523.6 mnf Ve,

2. Find the volume of a sphere.
€ . what is the diameter of the balioon? radidih: 4 m

€ - Which operation do you perform first when using the “®
volume formuloCube the radius.
. i > 2. Aspherical glant balloon has a diameter of about B meters. Find
;{ﬁgqlt I:fi the volume, rounded io the nearest tenth: bl o A DO Rt 30 ik e
L _":""“ i carest
m » What is the exoct volume of the spheﬁﬁi!w m? V‘I‘T"B ) VR LA a "
Need Ancther Example? Vegewe #  Boplacerwind :
A regulation basketball used in_men's basketball has a diameter V= 2681 ey Ut & cakator '
of about 24 centimeters. What is the volume of a basketball? The volume of the giant balloan is aboltt 2681 cubic meters
i

Round to the nearest tentd.238.2 cm’

Uncorrected first proof - for troining purposes only
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[ Gok it Do this problem to find out.

€. A dizh contains a spherical scoop of vanilla ke cresmay|
radius of 3 centimeters. What is the volume of the icendtea

Ly

%

3. Aball has a dlameter of 10 centimeters. A pump can Inflate
the ball at & rate of 325 cubic centimeters per minute. How long
willl it take to Inflate the ball? Round to the nearest tenth.

Find the volume of the bail. Then use a proportion
Ve ind

Veg7-870r5236

Mol 85236 el

Tran - man

328r=5236
x= 16
S0, it will tale about 1.6 minutes to inflate the ball
|_Go|- i+7 Do this problem to find out.
d. A snowball nas a diameter of 6 centimeters. How long would

it take the snowball to me if &t melts at'a rate of 1.8 cubic
centimeters per minute? Round to the nearest fenth

Volume of a Hemisphere

A circle sepafates a sphere into two congruent halves each called
ahemisphere

‘I'. Find the volu of the h phere. Round to the nearest tenth.
=14 3 2 i
V—23Ta) Vistars =

V=261E o
The volume of the hemisphere is about 2618 cubic centimeters

A_62.8 min

Uncorrected first proof - for troining purposes only

3. Solve a real-world problem involving the volume
of a sphere,
& « What is the radius of the boScm,
« How is volume related to inflating a bail?

The amount of air it holds is its volume.

€Y . What steps do we need to do to solve the problem?
We need to find the volume of the ball. Then we need to
find how long it will take to inflate the ball,

« What js the volume of the bas23.6 cm’,

* How can you find the time it will take to inflate the
bali? Set up a proportion comparing the unit rate with the
unknown amount of time to inflate the ball to its full
volume.

€ - How would you find the time it will take to inflate the
bali? Multiply the volume by the rate.

Need Another Example?
A beach ball has a diameter of 12 centimeters. A pump can
inflate the ball at a rate of 325 cuble centimeters per minute.
How long will it take to Inflate the ball? Round to the nearest
tenth. 2.8 min
4. Find the volume of a hemisphere.
m « What is a hemispheredne hall of a sphere
« Where might you have seen this word befdbatple
answer: Earth is divided into the Northern Hemisphere and'
the Southern Hemisphere. |
« What is the radius of the hemisphere in Exaomple 47
5cm
@ « How can you find the volume of a hemisphere?
Multiply the volume of the sphere by one half.

+ In the expressio % m+ 5°, which operation do we

perform firstFind the cube of 5.

O - Wite g simplified formula that can be used to find the
volume of a hemispher&ample answer: If-—s-ﬁr‘*

Need Another Example?

Find the velume of a hemisphere with a radius of 9.5 meters.
Round to the nearest tenth,795.7 cm?®
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Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

[ 1o%e If some of your students are not ready for
S assignments, use the differentiated activities below.

I @@ Pairs Consult Prior to beginning Exercises 1-5,
have students work with a partner to create a booklet, noting
the formulas for area of a circle, volume of a cylinder, cone,
sphere, and hemisphere. For each formula, have them provide
an example, Leave several blank pages to add formulas and
nates for Lessons 4 and 5. Have students use the booklet to
help complete Exercises 1-5 and to use as a reference for tha
rest of the chapte®®1,4,5,7

D €@ Pairs Present For Exercise 6, have students
experiment using different-sized spheres and cylinders with
the given dimensions of r and 2r. Have them use actual
numerical values for r and 2r and have them keep track of
their work in a table. Then have them prepare a brief oral
presentation and present their findings to the cifs.4,5,7

=
# = || Gek ikT Dothese problems to find out.

L, T

Guldéd Practice l']

Find the volume of each sphere. Round 1o the nearest tenthol. |
1, 4188.8 nf |z 11503 kil

e Vot

g 1sa68d

e85k

3. Sndiyyw is blowing up spherical balloons for her brother's graduation party.
One of the balioons has o radius of 75 cemimeters Round to the nearest
tenth,

a. What ks the volume of the tulllc.laltJ 66.3 crl
b. Suppose Sindiyya can inflate the balloan at a rate of 3,000 cuble

cenfimeters per minute. How long will it take her 1o inflate the WMT“""

Find the volume of each hemisphere. Round to the nearest tenthy:
4 10723 ed 5, BB3.6 mnt
|

= 5 T
 Rate Yourself! '
How well do you undevsbanid

volume of spheves? Civcle the!
imane Haak applies,

LS Q_- Bullding on the Essentlal Question: o fa/se”
The volume of & sphere is two-thirds the volume of a
cyfinder with the same radius r and haight of 2r. . |
Explain your reasaning. r~ = e 2
Me:mkmhwhmﬁh:ﬂndﬂlalm| O &&’ |
unhe’ 2w7 .3 = 3wC or the volume of the sphere. | O~ smohe  jez

Uncorrected first proof - for froiming purposes only
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- My Hamwwoik

Independent Practice

Find the volume of each sphefe. Round to the nearest tenth. .
fy 15635 cnd 29048

(" H

.S |@.

3, 2,144.7 mm g 12882cnl

o |[-o

Y The racius of a ball is 47 centimeters. What is the velume of the
basketball? Round to the nearest tenBueps 1 434.9 el

8. Majat bought a game that contained a ball and 10 jacks. The ballhad a
radius of 2 centimeters. What is the volume of the bal? Round to the nearest

tenth, Exme 133.5 el

7. Aspherical ball has a diameter of 8 centimeters. The ball has a siow leak in
which the air escapes at the rate of 20 cubic centimeters per second, How
leng it would take the ball to d=flaie? Round to the nearest tenth

072

Find the voly of each h ral Round 1o the nearest tenth.. ¢
s, 6585 nf 9.15 mnf

“N\}) gum

Encace Ewxpion:s ExPLAIN ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exarcises
1-9,16-23  10-12,24-29 13-15
Level 3 ; .
Level 2 E
Level 1 : .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students’ needs.

@ ontew 1-9 odld, 1012, 14, 15, 28, 29
| @ Beyond Level 10-15, 28, 29

Watch Out!

Common Error Students may forget to divide the volume by 2
when determining the volume of a hemisphere. Remind them
that hemisphere means “half of a sphere” and that they can
determine the volume of the whole sphere, then cut it in half.

Uncorrected first proof - for traiming purposes only
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{9 MATHEMATICAL PRACTICES

solving them - 10.11,13, 24
2 Reason abstractly and quantitatively. | “
2 Construct viable arguments and critique the 15

leamn!ng of athers.

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world
situations.

al 2%
@

bT

018>

~

Formative Assessment
Use this activity as a clos  ing formative assessment before
dismissing students from  your class.

Have students find the v olume of a sphere with 5 diameger
of 2 centimeters. Round  to the nearast tenti? cm®

& persevere with DroblemBind the radius af each figure. Round to the

nearest tenth,
10, sphere with a volume of 1,?5?.1’"1 . hemisphers with o volume of 2712 3 im
75 m 10.9 em.
|
|
1
|
|
12. Fingd the volume of the compaosite solid shown, Round ta the . Tem

nearest el e ’
"3 end Tem ‘l\'“ -'-‘A -

t’b H.0.T. Problems Higher Order Thinking |

13. @ Parsovere with Problemdiree tennis bally are packnged in o box
as shown below. The box is 121 centimeters long, 3.5 centimeters wide,
and 3.5 centimeders tall. Each ball Is 3.3 centimeters in diameter. What 1

the volume of the empty space in tle odibE e

3

1%cem

N

15 cm’
i

1. © Reason Abstractlp cylinder containg 1508 cuble units of watel
What is the minimum radius of a sphere {hat will hold the water? Rolind

10 the nearest tenth3.3 units

15 € Reason InduetivelfPotermne whather the following statement is true
or foise. Explain your reasoning
Doubling o spheras rodins doulies iis valume

false; Sample answer: The adius is cubed when finding the volume
of a sphere. When the radius is doubled, the volumd i B times
the original volume.

Uncorrected fust proof - for troiming purposes only
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LS iy K

Extra Practice

Copy and SolviFor Exercises 16-36, show your work and answers on a

separate plece of papet.

Find the volume of each figure. Round to the nearest tenth.

16, w 18,
" Mo fo= =
:-—:‘"j o S Tn A —;}
N —— _——
§96.9 el | 30536 cnf 14368

n’"‘i'- '-I 2 {- ;-_:-
) 4 F

10723 mml 57470 crd

8836 bl

22. Ayetha is purchasing a ring that contains a 75 millimeter diameter round
pearl. Find the volume of the pear 1o the nearest 1BB0.9 md

23.Amal is purchasing balloons for a party. Each spherical balloon s infisted with
helium. How much helium is in the balloon if the balioon has a radius of T
centimeters? Round 1o the nearest tenth 55753 el

24.C persevere with Problenizs volume of a bal 15 sbout
13.39 cubic centimeters, What ks the dlameter? Round 1o the nearest tenth
2.9 cm

25.A golf ball has a diameter of 4267 millimeters and a mass of 45.93 grams.
What is the number of grams per cubic millimeter of the matarial used 1o
miake the goll ball? Round to the nesrest ten-thousandth

0.0011 g/med
Find the voiv of each wposite solid. o the nearest tenth,
1.282.8 e 27 @ 10382 e
L)
¢ L Peam
! Ve

Uncorrected fust proof - for troiming purposes only
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p er Up! Test Practice

. l - f
Exercises 28 and 29 prepare students for more rigorous Power UP- Test Practice
thinking.
28, The volume of a golf ball is sbout 416FcBelect the correct 2
e b lete the farmula below ta find the rad
28. This test item requires students to analyze and solve complex e 2 mE e 3
real-world problems through the use of mathematical tools and & T 4
models. | ares -=.[._. r
_Depth of Knowledge | DOK2 . - E—
Mathematical Practices MP1, MP2, MP4 To the nearest hundredth, what is the radius of the gott bpi(? 25 em
Scoring Rubric 29, Refer to the hemisphere shown Fill In each box to make o -
mpl ment Row st enth If $
2 points Students correclly model the equation pnd complete statement. Round 10 the nearest tenth If necessary
& _{ find the radius. a. The rodius of the hemisphere| 4.5 meters,
1 point Students correctly model the equation OR b. The volume of a30R  re with a dlameter af 9 meters
i
find the rodius. s 3817 | cubic meters
29. This test item requires students to explain and apply mathematjcal €. The volume of the hemisphere  190.9 cuble meters
concepts and solve problems with precision, while making use ¢t
struclure. o
Depth of Knowled DOK1
P viedpe | Spiral Review |
Mathematical Practice| MP1
Scoring Rubric Find the circumference and area of each circle. Round to the nearest tenth,
1 point Students correctly answer each part of the ey | 3% i i n
=3 [ Pl
question. | ] | \
N3em; 102 ch 261 mm: 50.3 mh
I 33 aapm—|
L l' i-_’J 21m J
. —
188 m: 2838 -
19.5 m; 30.2 M

34, Find the area of a circle with a radius of 6 centimetars. Round to the
nearesttznth. 1134 e

35, Find the area of a circle with a diameter of 131 centimeters. Round 1o i
the nearesttenth.  134.8 enf

36. An conical icicie has a volume of sbout 12 cubic centimeters. If the icicle has a
height of B centimeters, what is the diameter of the icicle? 24em

Uncorrected fust proof - for troiming purposes only
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Mid-Chapter Check

If stuclents have trouble with Exercises 1-8, they may need
help with the following concepts.

volume of a cylinder (Lesson 1)

volume of a cone (Lesson 2)

‘volume ol a sphere (Lesson 3)

Vocabu lary Activity

€@ Rally Coach Have students work in pairs to
“JLLJ complete Exercises 1 and 2. Have Student 1 speak
aloud their response to Exercise 1, while Student 2 listens,
coaches, and encourages. Then have students trade roles
for Exercise 281,2,7

Alternate Strategies

D € I students are having trouble with Exercise 2, have
them write the formulas for the volume of a cylinder and cone.
Then have them replace r and h with numerical values, such as
r = 3 centimeters and h = 8 centimeters in each formula. They
should see that the difference between the two formulas is
that the volume of a cone is one-third the volume of a cylinder,
with the same base area and heig.1.2.7

O @ Have students explain why the volume of a cone is
not one-third the volume of a cylinder if the base area and
height are not equivalent. They should use drawings or
illustrations in their explanation® 1,2, 4,5,7

Skills Check and Problem Solving

o il

Mid-Chapter Check

lary Chec

| 8 @ Be PrecledDefing cylinder. What are the symbals used to find the
volume of a cyinderfsmun 1
A cylinder |s a three-dimensional figure with two parallel congruent
circular bases. Sample answer: The volunte V of a cylinder with a radius,
s the area of the base B times the height h, where 8

Fill in the blank. '

2. The volume of a cone the volume of a cylinder with the same
base and heightd een 2

3. What is the volume of the cyfinder shown at the right? Round 1o the T
'a Hm
neatest tanth (e o 19.0004

4. Find the height of a cone with a volume of 464,603 cublc centimeters and a
diameter of 8 centimetergeie 3 207 €M

Find the volume of each sphere. Round to the nearest tenthy |
5, 24,4200 | .g,ouo:ni | 337924

T

8. £ Reason Inductively=ter 1o the cylinders shown i a cone has a base and
height cangruent to Cylindet 1, which statement s tiliefon

| The volume of the cone is equal to the vl:-bume

Cylindar 1.
B The volume of the cone is equal to the volume
of Cylinder 2.

W The cone has a greater volume than Cylinder 1. Syiinder? Cylinder 2
W The cone has one third the volume of Cylinder 1,

BTEY W b
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Evonce EXPLORE ExXPLAIN ELABORATE EVALUATE

W) Collaborate

The Investigate and Analyze and Reflect sections are
intended to be used as small-group investigations. The Create
section is intended to be used as independent exercises.

Levels of Complexity
The levels of the exercises progress from 1o 3, with Level 1
indicating the lowest level of complexity.

Exercises
-4 5 6,7
Level 3 : .
Level 2 .
Level 1 * .
0 R
e g

5 @ Paired Heads Together Have students work in
pairs to com plete Exercises 1-4. Each student is responsible to
ask for help and suppon, if needed, from their partner or from
the teache r if both students have the same question. Call on
one of the students to share their response to each exercise.
@457

‘;.'T'."_T.- Analyzé and Reflech

Cofavemats!

@ @ Pairs Consult Have students work with a partner
to write the formula for the area of the curved surface of a
cylinder. H ave them justify their formula using drawings and
illustration 591, 4,57

(@ Creata

. Students should be able to answer "HOW can the
surface area of a cylinder be determined?” Check for student
understanding and provide guidance, if needed.

Investigat®

Wkﬁliuurmﬂ. Draw the net and label the parts of the cylinder and
the measurements. Then complete the table to find the totol surface oreas
for Exercises 1 and 2. Round to the nearest tenth,

-p

s

1
*

-

I
|J-‘J o
|
2 . ‘11_1_1- @ toftzm
ES

- 10 ] ™

. Hom

Ao n1"v'|

| Mreactiop(sh | Armaofbotiom (¥ | Curved Area wm-j
3 78Scd | 785cd . 628 e 785 cnf
4 mMmSend 75cn? | 78Senf 942 cnt af‘?

(N A'ialyz8 and Refleat
ol

S

ol
El

§. What i1 the total surface aren of the contalner descilbed a1 the baginning
of the lesson? Round to the nearest tera'ﬁu'! ent

p
" T

% @ Reason Inductivelfcscribe how 1o find the area of the curved surface
of a cylinde: Sample answer: Calculate the circumference of one circular

base. This Is the length of the rectangle of the curved surface. Multiply
that value by the height of the cyiinder.

T ‘ How can the surface area of a cylinder be determined?
Sampie answer: Calculate the area of one circular base then multiply this
by 2 since there are two bases. Add the area of the curved side.

T g

Uncorrected first proof - for troining purposes only
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gt Diaans Ba B e L b

& Real-World Link

PR

Less "nn-u .

Surface Area of Cylinders

Gl tventni v ostm

VMY aro toimubes enportant i’
Bakery The Shiny Bright bakery s making a cake for Manal's wedding ™% 8nd :cence?

ceramony. The top tier of the cake will be in the shape of a cylinder with.
a height of 4 centimeters and a diameter of 14 centimeters. [} | Vocabulary )

1. What are the shapes that make up the O [ T
net of the cake? Sketch the net in the - otal surface ares |
space provided Tr‘l -
two circles and a rectangle 11 qm' Wi

4 How s the length of the rectangle related to the circles
that form the top and bottom of the cake?

Sample answer: The length of the rectangle is the
circumferance of the circle. So, the lengtine

—
\

3. Find the area of each part of the cake. Round (o the nearesi
whaole number,

Top: 154 e Bottom Y54 cfh Side 176 oA

4. Add the values from Exercise 3. What is the total
surface area of the cake® B4 im

s only

v ) Launch the Lesson

Focus narrowing the scope
Objective Find the surface area of cylinders.

Coherenceconnecting within and across grades

&
Previous Now Next
Stutents used nets to Students solve problems © Studients will sive
find the surface aren Involving the surface problams involving e
of & cylinde:. aren of cylinders siirface area of Ccones

nlgor pursuing concepts, fluency, and applications
See the Levels of Complexity chart below.

ENGAGE EXPLORE EXPLAIN ELABORATE EVALUATE

Ideas for Use
You may wish to launch the lesson using a whole group, smal
group, think-pair-share activity, or independent activity,

M . @@ Roundrobin Have students work in a small
—« ' group to complete Exercises 1-4. Each student is
responsible for leading the discussion for one of the exercise!,
Ask one student to share their group's responses with the
class.P1,3,4,5

Alte rnate Strategies

€ Have students create the net in Exercise 1 using a large
péece of paper and have them label the area of each section.
1,4,5

O Have students generate the formula for the surface area
ga cylinder by studying the area of each section of its net.
14,7

Lesson 4 Surface Area of Cylinders 617
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I7) Teach the Concept , (

Ask the scaffolded questions for each example 1o differentiate PR R a9 Surface Area of a Cylinder

Instruction.

Lateral Area

lavie 2w Words The lsteral srea LA of a cylindsr with height b and racius r iy
the crcumlerence of the base times the beighl

Symbols  LA-2Zmh

1. Find the surface area of a cylinder.

@Y - What is the shape of the curved surfoce of a cylinder? Yetal Surtace Ares
le:langle Woids The wirldcs aiea SA. of a cyfindar with hisight h and radiue @
» What is the length of this rectangitie circumference W the Shmest e o .y v v cirie S
of the base Symbols  SA= LA 4+ Imfor SA =2mh 4 2w’
» What is the width of the rectang/tife height of the Model v
cylinder I ,
3 |
€ . In the formuia 5.A= 2mrh+ 271, what does 27rh =
represent?the lateral area of the cylinder .
* Hew can you find the loteral area of a cylinder? e of Susin w7 p.
Determine the area of the curved surface by multiplying
the circumference of the circular base bythe M}QM of You can {ind the suiface ares of o cylinder using a net
the cylinder. T
« How can you find the total surface area of a cylinder? . ;)
Add the lateral surface area plus the area of the two circular | =
bases, 27! il X
&Y - Why are the units for surfoce area square units and I
not cubic units’Sample answer: Area is a two- T E A
dimensional measurement. Volume is a three-dimensional
measurement. L
Need Another Exnmp]e? In the diagram above, the length of the rectangle is the same as the
3am circumference of the circlen Also, the width of the rectangle Is the

Find the surface area of the cylinder.

Round to the nearest tentf69.6 cm same a3 the haight of the cylinae:

Gem Thelateral areas! a thise-dimensional figure Is the surface area of the
figure, excluding the area of the base(s). So, the |steral area of a cylinder
is the area of curved surface

Tnetotal surface areat a three-dimensional figure Is the sum of the
areas of all its surfaces

e s

Uncorrected first proof - for troiming purposes only
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1. Find the surtace area of the cylinder, in

Round to the nearest tenth,

SA = 2mrh+ 2w’ o ‘ =
SA = 202)TH 2@ S wind T
SA=113) -

The surface area is abowt 1131 square melers.
[ Gok i¥? Dothese problems to find out. i

Find the surtace area of each cylinder. Round to the tenth.

¥

. Ll
’"‘D You v, 7477 end

O

2. Acireular fence that Is 2 meters high Is to be bullt around the
outside of a carousel. The distance from the center of the carouse!
to the edge of the fence will be 12 meters. What is the area of the
fencing material that is needed to make the fence around the
carousel?

Yeu nesd to find the lateral area. The radius of the dirculer fence
is 12 meters. The height is 2 meters.

LA =2k
LA.=Z=ta)2)
LA =151 -]

S0, about 151 square meters of material is nesded to make
the lence

| Gat i¥? Dothese problems to find out

.. Find the area of the label of a can of tuna with & radius of €2.9 e
51 centimeters and a height of 29 centimeteis. Round to =
the nearest tenih

d. Find the total surisce area ol 3 oyindrical candle with 2 ‘Lm:n‘F _

ciameter of 4 cenbmeters and & hvght of § centmeters. Round to
the nearest tenth

b bt a 22620

Uncorrected fust proof - for troining purposes only
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2. Find the surface area of a cylinder.
@ - What is the rodius12m
« What is the height of the fencéfm
€ . How can you find the amount of matetiol needed?
If the fence were a cylinder, find the area of the curved
surface and not the bases. This is the lateral area.
» What is the lateral ared®1 m?

@ : if each square meter of fencing costs AED 2.35, what
will be the total costAED 1,033.53
« Why do you not need o find the tatal surface area in
this example’The area of the fencing material will only
include the |ateral side, not the top or the bottom,

Need Another Example?

The Humald famlly Installed a cylindrical poal in their backyar
The pool is 3 meters deep. The distance from the center of th
pool to the edge of the pool is 8 meters. How much material
was needed to create the pool? Do nat include the top
surface. Round to the nearest ten@81.7 m*
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Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

@2 If some of your students are not ready for
. = assignments, use the differentiated activities below.

D @ Team-Pair-Solo Before completing the Exercises,
have students add the remaining formulas for surface area to
their booklets they created in a previous lesson. Then have
students work in four-person teams to complete Exercises 1
and 2. Then have them work in pairs to complete Exercises
3-5. Then have them work on their own to complete Exercises
6-8 and compare solutions with a partner. Have them discuss
Exercise 9 in their original teams and write the final agreed-
upon answer®1,4,5,7

@ @ Find the Fib Have students work in pairs to write
two facts and one fib about the surface area of a cylinder. For
example, one fact could be that the surface area is the sum of
the lateral area and the area of the two circular bases, One fib
could be that the lateral area is the diameter of the circular
base multiplied by the cylinder's height. Have students trade
facts and fibs with another set of students. Each pair identifies
the facts and fib and shares their responses with the original
pair@1,3,4,5,7

e LI

Guided Practice iJ
Find the total surface area of each cylinder. Round to the

nearest tenth, o

1. S032m 2, 4665 cnf

= 11 3o

S —
Wm fem

3. 6362cnt a

§. Find the total surface area of a water tank with a helght of 10 meters and
a diameter of 10 meters. Round to the nearest teftihuge 1 4712 "

Find the lateral area of each cylinder. Round to the nearest tenth.. /|
6 1324cr 7 3TI0F

' Rate Yourselfl \
& Find the area of the label of a cylindsical potato chip \ o
container with a radius of 7.5 cm and a height of | Ave you remdy H' mave dn
22 cm, Round to the nearest temihsps 2 Shunde the section that appl 1‘-

1,036.2 el -

9. ﬂ;._ Bullding on the Essential Question., - o
calculation affected if you roundo 334 or use the
= key on your calculator? Explain.
Sample answer: Caleulating with mere decimal places

produces an answer closer to the exact value.

T
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Indépendent Practice

Find the total surface area of each cylinder. Round to the nearest tenth.

oy 880 mnd 2 1215800

5. A cyfindrical candie has a dianeter of 4 centimeters and a height of
7 centimeters. To the nearest tenth, what ks the total surface atea of the

candla? e .-‘lu.ll:rrf

6. Find the total surface area of an unsharpened cylindrical pencil that has a
radius of 05 centimeter and a beight of 19 centimeters, Round fothe

niearest tenthExege § 513 enf

Find the lateral area of each cylinder. Round to the nearest 1énthu - |

7 10681 | g 620.8mm
T NT =
l _"II“ = e

) Fnd the iateral srea of & cyindrical copper pipe that has a diameter of
5.4 centimeters and a height of 2 centimeters. Round 1o the nearest tenth

-1k Y

Encace Exrrons EXPLAIN ELABORATE EVALUATE
Practice and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1te 3, with Level 1
indicating the lowest level of complexity,

Exerclses
1-9,14-17 10, 18-24 11-13
Level 3 : .
Level 2 F
Level 1 . .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students' needs,

@Y approaching Leve|  1-9, 12, 13, 23, 24
|
@ onLewel 1-9 odd, 10, 12, 13, 23, 24

@ Beyond Level 10-13, 23, 24

Waich Out!

Common Error For certain exercises, students may substitute
the given diameter measure for the radius when calculating
surface areas. Remind students to use the radius of a circle.
Point out that the radius is always half the diameter, so they
can calculate the radius when given the diameter,

Uncorrected first proof - for traiming purposes only
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(¥ MATHEMATICAL PRACTICES

1 Make sense of problems and persevere in

solving them | naz

3 Construct viable arguments and critique the 213
reasoning of athers. 5

& Model wilth mathematics. | 0

5 Use appropriate tools strategically. 18-20

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world
situations.

a 0Py,
\¢
Jgf
3
201 By
Formative Assessment

Use this activity as a clos  ing formative assessment before
dismissing students from  your class.

Tell students that a eylin  der has a diameter of 2 meters and
a height of 1 meter. Hav e students find the cylinder’s
surface area to the nearest tenth. Have them write it onja
piece of pape 1 and hand it to you as they exit the
class, 12.6m?

10. & Model with Mathematids:fe: 1o ihe graphic novel frame below

& What s the least amoun of paper that will be negded (o 'wiap one
candie with no D.-.,-nnpiﬂ-?ﬁ ent

b. How many square centimeters of wrapping paper will be needed to wrap
a1l 70 candiehbout 18,463 cthor 1,85 m

@ H.O.T. Problems wigter oider Thinking

1. © Persevere with Problemtithe height of a cylinder Is doubled, will
s surface area also doubie? Explain your reasaning

Ne, the surface area of the side of the cylinder will double, but the area
of the bases will no.

12. e Reason Inductivelhich has a graater surface aren: a cylindar
with radius & centimeters and height 3 centimeders of a cylinder with
radius 3 centimatars snd hejght & centimeters? Explaln your reasoning

A cylinder with radlus & cm and height 3 cm has a greater surface area than a

cylinder with height 6 cm and radius 3 cm: Sample answer The first cylinder has a

surface area of 339.3 chwhile the second cylindet has & surface area of 16598 cm
13. e Roason indactively baker is icing a cylindrical cake with radius rand

helght h. The baker will ice the top and sides of the cake. Write an equation

ghving the tofal area A that the Baker will ice. Explain why youwr equation is not
the same &3 the formula for the total surface area of a oyfinder

A=3r#l+w",5mpleﬂm‘l’he baker will not lce the bottom of the
cake, 50 you only need to Include the area of one of the bases In the
equation.

Uncorrected fust proof - for troiming purposes only
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Han [T T K

Extra Practice

Copy and SolviFor Exercises 14-27, show your work and answers on o

separate plece of papet.
Find the lateral atea and the total surface area of each cylinder. Round to
the neatest tenth.
1, Ea " = %, =
_ e P
| nm 'LL_._\-' "1M
bl | y ; J
v 3355 i 833.2 F

|- ‘O;rn 4
169.6 nf- 1838 19058 o ; L5080 eth
7. Alamp shade is in the shape of a cylinder with a height of 18 centimeters and %
a mdius of 675 centimetens. Fabvic will cover the lateral ares of the lamp K .
shade. Find the area of the fabnc needed Round o the nearest L4 gra !
D Use Math ToolEstimate the surtace area of each cylinder,
w. Lim 20.

y Ult_
G r_.#-;lh [} f"iae:w-
Sample answer: 23. & S “-' . .33 .8 \q_&,i

+2.3.5.20r 210 erd +2.8:4.80r 1938 Sample answer: 23.7°
+2.3.7.130r 880

21, The mail lube shown is made of casdboand and has plastic end caps
Approumately what percenit of the surface area of the mal lube i
cardboard?about B5.7%

D.c with Brobl, 10l COCOA canitter is a
cylinder with a feight of 24 5 centimezlers and a dismeter of
13 centimeters.
a. What = the laieral area of the hol cocoa canister o
= 2
the rewest l,:-r!r.t'._‘l_‘:":l‘_G e
b. How does thelsteral area change if the height is divided by 27

N is divided by 2.

Uncorrected fust proof - for troiming purposes only
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(u B'Analyzé and Reflech

1% ©» Roundrobin Have students work in pairs to
complete the table. Have each student be responsible for
completing one column of the table for each exercise. As they
complete their column, they should talk through their process
and explain how they either found the measure of the central
angle or the surface area. Have students trade roles for each
exercise@1,2,3,6,7

I @ Pairs Consult Have students work in pairs to
complete the table. Then have them use the proportion from
Activity 1 to write an equation that gives the degree measure
x of the central angle for the larger circle in terms of the
circumference of each circle. Have them define variables for
the circumference of each circle. For example, they may write

= 3.2 300 = where S represents the circumference of the

smnlrer circle and L represents the circumference of the larger
circle. @1.2,3.6.7

@ Creata

O @ Think-Write-Pair Have students review their
previous ac tivities to help them answer Exercises 7-9
independe ntly. After they have completed their responses,
have stud ents work in pairs to discuss them. As a class, have
them sha re any difference and make any necessary edits to
thelr res ponses®1,2. 3,8

’ Students should be able to answer "HOW can the
surface area of a cone be found?” Check for student
understanding and provide guidance, if needed.

(o nnalyze and Refléce

Work with a partner. Use the formula from Activity 2 to find the total surface
area of each of the foliowing cones given the radius of the base and the slant
height. Round the measure of the central angle to the nearest whole number,
Round the surface area to the nearest tenth.

iuuut santheight  measwrm ol | mm\

| @ | 40 contislangler) (mrt 4w
- § ™ S 148" 440nt
4.i S om 15 cm 1200 | 342en

5. Tom 20 cm 54 216.8 el

€. Refer to Activity 1. What is the lateral area of the party hat that Hourlyya is
covering with tissue paper? Round 1o the nearest tenth

1257 e

-
A i

1@ Make a Conjectur8uppose the radius of the base ofa cone i3 increased
while the slant height stays the same. Make a conjecture about how the lateial
surface area is affected

Sample answer: The lateral surface aren will Increase by the same
factor,

8. & Make a ConjecturBuppose o cone's slant helght Is decreased. Make o
compecture sbout which is affected more: the base or the lateral area. Justify

your response the lateral area; Sample answer: In the formula, the
slant height s only used in finding the lateral area. If the slant
height were decreased, the lateral area would decrease while the

base remains the same,

L .- HOW can the surface area of a cone be found?
Sample answer: The surface area of a cone can be found by multiplying
pl times the radius times the slant height and adding the area
of the base.

T
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E Téach the Concept

Ask the scaffolded questions for each example to differentiate
Instruction.

1. Find the lateral area of a cone.

@ . What is the loteral area of o contife area of the
curved surface

« In the formula L& ™, what does r represent?
the radius of the base of the cone

« In the formula LA&= wt, what does [ represent?
the slant height

€ . What formula is used to find the lateral area of a cone?
LA =mnrl
« What s the rodius of the bas&mm
« What is the slant heightf3 mm
@ . What is the exact lateral area of the cone in terms
of w? 65%
Need Ancther Example?

Find the lateral area of the cone. Round to the nearest
tenth.252.6 m*

&m 134m

Lateral Ares of »
Core
T g wswa ol - s
sl Vg (e et
5 Fad B vy v et
pis
[V -i‘,n-!
h

-
- Mderd
v, 2513 el

T

Lateral Area of a Cone

Words

The laleral area LA of a conattimes the radius times the

slant hvigh'
(L
.
s area’ [
Py

L=

sland height™
4

1. Find the lateral area of the cone. Round to

the nearest tenth.

Jmn
LA = wrf Lateiad &
; 5 mn
Lid=1mw.§.13 Regdae 1 oedth % amd 4 wylid 13

LA = 2042

The lateral area of the cone Is about 204.2 square milimeters

| Gt kT Do these problems 1o find out.

a. Find the lateral area of a cone with a radius of 4 centimaters and a
slart hielght of 9.5 centimeters, Round to the nearest tenth

b. Fnd the |ateral area of a cone with a diameter of 16 centimeters
and a slant helght of 10 centimetars. Round to the nearast
tenth

Symbols

The surface srea 5.4 of a cone with stant héfiahtt mdivs ris
tha laiesml 2ren plus the ares of the base

SA=LA+w or SA=ml +

Uncorrected fust proof - for troiming purposes only

630 Chapter 8 Volume and Surface Ar=a

Scanned by CamScanner




Geomelry

2. Find the surface area of a cone,
You can find the aurisce area of 8 cone wsing a net. The surface wres

of & cone is the sum of its lateral area and the area of its base @ -« How is finding the total surface area different from
finding the lateral surface area of a corkhe total

Mot ot Gone Mokt Cove surface area includes the area of the base.
= sl 303
« What is the shape of the boseitcle
t « What formula Is used to find the area of a circle?
A=xr
e s f @ - whoat is the length of the radiugim.

« What is the slant height@.2 cm.

@ - What s the exact total surface orea of the cone in
terms of m7713.2%

2. Find the surface area of the cone. Round to ; g Need Another Example?

the nesrest fenth. Find the surface area of the cane. Round to the nearest

SA =k e I p—— tenth. 175.9 cm?
SA=7-8-62+7-6 B

i 0cm
SA = 2300 Tragit
The surface aren of the cone |s about 230.0 square centimeters 4c
\.

[ Gek ik Do this problem to find out.

e P e et i e x = 3. Find the lateral area of a cone.
cone. Round to the nearest  457% | L2 = @ . What do you need to findhe lateral area of the tepee
tenth. - 3..‘!‘-;.‘_01111_ - A
em e « What farmulo will you usd2A, = wri

/ @ . What is the slant height of the tert@m

‘@_ « What is the radius of the base of the teBti

€ . What is the exact lateral area of the tent in terms

8. Aconical tent has a radius of 5 meters and a slant height of of 77 60T

12 meters. Find the lateral area of the tent. Round 1o the

nearest tenth. Need Another Example?

LA=rrE Lateeal dwen o Ali is making conical hats for the school play. Each hat

LA =g+ B10  Toplars ruthSand Cuih 1 will have a slant height of 18 centimeters and a radius of

LA =1885 agily 8 centimeters. How much fabric will be needed to cover the
i The |ateral area of the tent is about 188.5 square meters lateral surface of each hat? Round to the nearest tenth.
H 4522 cm?

| Get itT Do this probiem to find out.

d. Rasheed boug ht candies that were in the shape Bihe. Ea ch A.ML
candle has ad lameter of 8 centimeters and a sissgin of
M centimeters  Find thie lateral area of one candienino the -
S —
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Gulded Practice

Formative A ssessment Use these exercises 1o assess
students’ un derstanding of the concepts in this lesson.

@00 If some of your students are not ready for
«  assignments, use the differentiated activities below.

el
D D Pairs Check Have students work in pairs to
complete Exercises 1-7. One partner decides which formula to
use and the other partner solves the problem. Students switch
roles for each exercise. After every two problems, pairs check
thelr solutions with another pair and discuss and resolve any
differences®1,2,4,5,7

O O Trade-a-Problem Have students create their own
problem, similar to Exercise 7. Challenge students to include
finding the slant height as part of the solution. Students trade
their problems, solve each other’s problem, and compare
solutions. If the solutions do not agree, students work together
to find the ermord® 1,2,4,5,7

| 5%

; . Ered
GGuided Practice ‘J
Find the lateral area of each cone. Round to the nearest tentho. |
1. 6786 nf 2, 2827

|
| DA l‘} s I BLL
3, 3016 cnft 4, 2309

Find the surface area of each cone. Round 1o the nearest ténthy - 0
5 1,276.3 ¢l 6 1225 nf

I p—
3i¢rr’jl}-.-,—) || [' ,F_:f

J/

7. Alecal lce cream shop sells waffle cones dipped In |[ Rate Vourselfl \
chocolate, The waffle cone has a diameter 6.5 em |

aixd a slant heigitt of 15 cm. Find the lateral area of
the waffie cone Round to the peares! temispi 3

1531 enf

| wnderskand the
wrface avem of cones,

P’G" ail You're (eady 1o mave LIJJ

e gmﬂmﬁuEMHMWdoesthe |
volume of a three-dimensional figure differ from its | a4l e 2w {
surface @ea? WasTHEuT Svout Hie |

Volume ls the amount a container holds. Surface area surbmce aren of coves.

|
Is the sum of the areas of the surfaces of the figure. | |

e e ——

. —

g g o
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Independent Practios

Find the lateral area of each cone. Round to the nearest tenthe . |

[y 2692 crd 2 19792 cnl 3, 785.4 i
" A A
hiard)\\ | e S
“_\5 :"‘ an ;‘ Hn'\lﬂl

Find the surface area of each cone. Round to the nearest tenth. .

42,0829 crf 5 279.5¢d 6. 5058
!,.'hl‘ ’ i' Fm b _f\
3—'4\':1 S '-_],sw.-v I 4 1\Er
- LdD

£ A snow cone has a diameter of § centimetersl. An active conical volcano has a radius of
and a slant height of 127 centimeters. What is  about 2.5 kilometers and siant height of

the lateral area of the snow cone? Round about 9.6 kilometers. What is the lateral
1o the nearest lentifuests ) area of the volcanc? Round to the nearest
997 end tenth, S 3 758 knf

5. The lateral area of a cone with a diameter of 15 millimeters is about
333 5 square millimeters.
a. Find the surface area of the cone. Round to the nearest tenth.

510.2 mm

b. What is the slant height of the cone? Round 1o the nearest t=nth
14.2 mm

Uncorrected fist proof - for troiming purposes only
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i’fﬁcﬁce and Apply

Independent Practice and Extra Practice

The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1te 3, with Level 1
indicating the lowest level of complexity,

Exercises
1-8,14-25  9,10,26-28 1-13
Level 3 ; .
Level 2 i
Level 1 s .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises far your
students’ needs.

@ approaching Level 1-9, 1,13, 27, 28
@ ontew

1-7 0dd, 9-11, 13, 27, 28
| @ Beyond Level 9-13, 27,28

Watch Out!

Common Error In certain exercises, students may confuse the
slant height of the cone and the height of the cone. Have
students sketch the cone and draw the slant height from the
vertex of the cone 1o the base in a different color than the
height of the cone.

Lesson § Surface Area of Cones
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(& MATHEMATICAL PRACTICES

=N
a0

1 Make sense of problems and persevere in

50Mng them. 2
2 Reason abstractly and quantitatively. 26
3 Consiruct viable arguments and critique the 1
mamnl_ng of athers. !
7 Look for and make use of structure. 10

Mathematical Practices 1, 3, and 4 are aspects of mathematical
thinking that are emphasized in every lesson. Students are
given opportunities to be persistent in their problem solving, to
express their reasoning, and apply mathematics to real-world
situations.

Formative Assessment

Use this activity as a clos  ing formative assessment before
dismissing students from  your class,

Have students write the  formula for the lateral surface afea
of & cone and explain w  hat each variable represents.

L.A.= wri; Sample answer: r represents the radius and ¢
represents the slant height

Common Error In Exercise 11, Salem used the diameter of
the cone to find the surface area instead of the radius.
Remind students to always check whether the diameter or
radius is given. If the diameter is given, studenis must
divide by 2 to find the radius.

12. € Persevere with Problen@aw o cone with a surface area

10, ow Svructure Match tha fgu (e with its correct volume or surface area formuls,

(e -

!' _ } r T
. 1 A =2t + Tmely

( ‘.'.,_____-;} ]

L " s

= EO

( :'_._-_-ﬁi

) | - SA =l &

| t . —

] \ ,. V= 3
| y .

I:- 1) - _- '_Lh —_ | —

| - 2 4
! 0 o r:—:;f-_;;» Hzi—ru
[ 1\ I

&’ H.0.T. Problems Highes Order Thinking ]'
1. @ Find The ErroEniique is finding the surtace area of

cone. The cone has a dlameter of 10 centimisters and a helght
of 12 centimeters. Find his mistake and conect i

Enrique did not use the right
radius, He did not divide the
dlameter by 2 1o get the
radius; 267.04 cfh

Sho=ad & qed
Sh=+1l0012) + w102
Sh = 115 om?

thal is between 50 and 100 square units.
See students’ work.

13 e Justity Concluslong'hich has a gieater surface area: a square

pyramid with a base of x units and a slant height of £ units or a cone witha
dismeter of x units and a slant height of £ units? Baplain your reasoning.

Square pyramid: sample answer: The surface area of the pyranfcii@xd. Il you use
== 314, the surface area of the cone Is 0.785x.57x/. For all positive values of x and
£, the surface area of the pyramid |s greater than the surface aren of the cone,
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Extra Practice
Copy and SolveFor Exercises 14-35, show your work and answers on a
separate plece of papet.
Find the lateral area of each cone. Round to the nearest tenth.
W, S = A ®. Mol wan
/A 1
2 i 1
’ y . \IJ'l n \‘\1 '
4241 enf A A 360.7 nf
| !
4618 nd
L "'\Ia e T
“:,. ; \..\ | -'..‘\_
\!\._.i:' & g 1nm
4
=iz 628t
134 end 73.5mnf - by,
20.Find the lateral area of a cone with a radius of 3.5 milimeters and o siant ¢ ol pai
height of B milimeters. Round 1o the nearest 180 Nele
-
21. Find the lateral area of a cone with a radius of 8 centimeters and & slant -
height of 16 centimeters. Round 1o the nearest 1ed8R8 € 2018 )
Find the suitace area of sach cone. Round 1o the nearest tenth.
2. um 23 =
9 2etdend f '-5? 185
Bl Hum

-

24.Find the surface aies of a cone with a diameter of 20 millmetens and a
slant height of 42 milimeters. Round fo the nearest kkBE3.6

] Z5.Find the surface s1es of 3 cone with a radius of 51 meters and a
i slant height of 17 meters. Round 10 the nearest =884,

26.@ Reason Abstract¥y conical hat has a radus of 7 cemimeters and a
height of 14 centimeters. Find the siant height of the hat. Then find the lateral
area. Round to the nearest ten®S.7 em.; 345.3 e
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powel’ Up! Test Practice

Exercises 27 and 28 prepare students for more rigorous | Power UP'— Test Practice

thinking.
. Acone h as the radius and height shown #am
Which o f the foll tist i true? :
27.| This test item requires students to explain and apply mathematical ot U:lz ui'::"“ ey
concepts and salve problems with precision, while making use ¢! Yok
stiucture B The siant height of the cone is 13 cm

Depth of Knowledge DOK1 B The (steral area of the cone ks about 204 square centimeter

Mathematical Practice.  MP1
oring Rubric 28.Four cones have the dimensions shown, Soit the cones from

50 g least to greatest lateral areas. Round to the neanest tenh

The total surface area of the cone is about 236 square centimeters

1point § Studnciis conecly snnisir the quasiion)

28. This lest item requires students to explain and apply mathematical
concepts and solve probiems with precision, while making use ¢f
structure,

Depth of Knowledge =~ DOK2
Mathematical Practice  MP1

Scoring Rubric
2 points Students comectly order @ach figure antl
find the comesponding |ateral area
1point Students correctly order each area but
hawve errors in the lateral area of one ot sPIr.' Eﬂ"‘hﬂ |
two figures OR stuents correctly order Find the surface area of each cylinder. Round to the nearest tenth.
three figures and find the corresponding 2, Am 1508 af 10 3519 M H b B29.4cih

Em-=+ — |
= * = \

W om

lateral area K=
; Sm

5 ' Om
-3 -
| i -

32 diameter 10 meters 33.radius: 12 meters
heig1;t.'F2-1 MELETS helght: 9 meters
i 1583.4 nf

34, Find the volume of a cylinder with a radius of 2 centimeters and o helght of
25 centimeters. Round ta the nearest teS84.2 ¢

s b

35, Find the volume of @ cone with a diameter of 16 maters and a height of
26 meters. Round the nesrest teriT42.5 m
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ENGAGE EXPLORE ELABORATE EVALUATE

ETeachﬁlem

Ask the scaffolded questions for each example to differentiate
instruction.

1. Find the surface area of similar solids.
@ - What is the scole factor?
« What is the surface area of the original pris#®em?
€ : How con you find the surfoce area of the new prism?
Multiply the surface area of the original prism by the square
of the scale factor.

+ Why do we multiply by the sguare of the scale factor
and not just the scale foctoSample answer: Surface
area Is two-dimensional. If | multiply by the scale factor,
| am only changing one dimension. In order o change
both dimensions, | have to multiply by the square of the
scale factor.

m' « What would be the surface orea of a prism with
dimensions that are 5 times the dimensions of the
original prismsA,950 em?

« What would be the surface areo of o prism with
dimensions that are haif the dimensions of the oniginal
prisms?19.5 em?

Need Another Example?

The surface area of a rectangular prism is 90 square
centimeters. What Is the surface area of a similar prism with
dimensions that are multiplied by a scale factor of 57

2,250 cm?

TR 2P Surface Area of Similar Solids

o 306crt N

- ZI“ ot or 035 i

I Solid X is similar to Solid ¥ by a scale facion then the
surface area of X s equal to the surlace area of ¥ times ihe
aguare of ihe scale facios

Cubes arcaimilar solldiecause they have the same shape and
thelr contesponding Hnear measures are proportional,

The cubes a1 the right are simllor,
The ratio of thelr corresponding

edge lengths -e of 2 The scale E dem
factor is 2. How are their surface ! L Bem

areas elated? dem Bom
S.A. ofS mall Cube S.A. of Large Cube
SA= B4+ 4) SA=5i2. 4)(2. 4)
=2 26} 4)
w6t =2%6)(4 . 4)

To find the surface area of the lprge cube, multiply the surface area
of the small cube by the square of the scale factbear2l. This
relationship is true for any similar solids

4. The surface area ef a tectangular prism Is 78 square centimeters.
What is the surface area of a similar prism with dimensions that
are 3 times as great as the dimensions of the ariginal prism?
SA=7x ¥ Mgy by e wequany e of
SA=TEx9 Sl
SA=T02cm Sy

| Get iF7 Dothese problems to find out.
a. The surfsce area of @ anguiar prism & 34 square cenimeters. What
i the surface arsa of a similar prism with dimensions that are 3
times as great as the orginal prism?
b. A gl ant box has a surface area of 382 square meters. If the

dim ersions of & similar box are smaller than the giant box by &
scale factor Oy, whatlis s surface area?

T
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Volume of Similar Solids

I Solic X s similar to Sokd Y by o scale factos then the volume of
X = aqual i the voiume of ¥ tmes ™o cube of the soale tactorn

Reler to the cubes below

fim
Volume of Small Cube Volume of Large Cube
Veladod Ve (2 4N2- 2H2- 4
=2+ 2. 2(4.4. 4)
= Ad.4.4)

The volumes of ssmilar solids are redated by the cube of the scale facige

2. Atrlangular prism has a volume of 432 cublc meters. If the
dimensions of the prism are reduced to one third of the original
dimensions. what is the velume of the rew prism?

il
v=a3zx(g]
1
W= 432:4 )
V=16m S
The velume of the hew prism is 156 cubic metars

| Get i¥? Do these problems to find out.

o g

€. A sguare pyramid has a volume of 512 cubic centimeters. What =
is the volume of & square pyramad with dimenssons one-fourth c. B en?
of the orignal?

d. A cyfinder has a volume of 432 cubic meters. Wnnt & the ®Bm
volume of a cyfinder with dimensions ane-third of thémafly 1 r A

Uncorrected furst proof - for froiming purposes only

2. Find the volume of similar solids.
@ . What fs the scale r‘ncro.ré

« What is the volume of the ariginal pris432 m?
€ - How can you find the velume of the new prism?

Muiltiply the volume of the original prism by the scale facto
cubed.

« Why do we multiply by the cube of the scale foctor an
not just the scale foctorSample answer: Volume is the
amount that can fill a three-dimensional space. If | multiply
by the scale factor, | am only changing one dimension. In J
order to change three dimensions, | have to multiply by th
cube of the scale factor,

@ . Multiplying by the cube é‘ﬁs the same as dividing by
which number? ExplairSample answer: Multiplying by
the cube ut,‘ls the same as dividing by 27 because the

cube ul;ls r}anﬂ multiplying hhls the same as
dividing by 27.

Need Another Example?

A triangular prism has a volume of 96 cubic meters, If the

dimensions of the prism are reduced to one half its original
dimensions, what is the volume of the new prid@in’

-Deyy
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3. Find the volume and surface area of similar solids.
@ . What is the radius of the toy truck whedS cm.

the height™ cm,
« What is the scole foctord0

€ : What is the volume of the toy truck wheel?
7065 ecm* surfoce area’23.55 emv?

QO - What will happen to the volume and surfoce area if the
scale foctor is 40The volume is multiplied by a factor of
64,000 units and the surface area is multiplied by a factor
of 1,600 units.

Need Another Example?

A standard can of soup has the dimensions 325cm
shown below. The radius and height of a

large can of soup are 2 times the radius

and height of a standard-sized can.

Find the surface area and volume of the 0em
large can. Use 314 far. Round to the

nearest tenth1,081.7 em?; 2,653.3 cm’

Gulded Practice

Formative A ssessment Use these exercises to assess
students’ un derstanding of the concepts in this lesson.

E = If some of your students are not ready for
e assignments, use the differentiated activities below.

D @) Think-Pair-Share Have students work in pairs.

Give students several minutes to think through their response
to Exercises 1-4. Have them share their response with their
partner and discuss any differences. Finally, have the pairs
share their responses with another pair of studefs, 2.7

D @ Trade-a-Problem Have students work with a

partner to write a real-worid problem involving two similar
solids. Have them trade problems with another pair of students
to solve each other's problef®1,2.7

[ 3. The measurements for atoy truck wheel
are shown at the right. The large truck
wheel at the left has dimensions that are

40 times the dimensions of the toy Jiem
Find the volume and surface area of the
large wheel. Use 314 for w.
Find the volume and surface area of the stanclard puck first
v=mrh SA= 2P )+ 2mm
= [(3M){L5H = 2(TM)(LE)+ 23I40E)N
= 7085 cmt = 14134 0.42
and Reflect = 2355 erf
i s etk Find the volume and surface area of the glant puck using the
smiiace arga & A computations for the standard puck and the scali factor,
cylnies by smhiat ond V= viso] SA = SA40)
bt s Aol = (7.065)a0] = (23.55)(4d)
B rince ates s - 452160 ¢ - 37680 cfh

The large wheel has a volume of about 452,160 cublc
centimeters and a surlace atea of about 37,680 square centimeters.

(Clu

Guided Practice

1. The surface area of a rectangular prism Is 35 square centimeters. What |s
the surface area of a simitar solid with dimensions that have been enlarged by

= & scale factor of s (15 cnf

2. The volume of a cylinder is about 425 cubic centimetars. What is the
volume, to the nearest tenth, of a simifar solid with dimensions that are

smaller by a scale factor 4\" e 17157 €0

3. A box with a sliding lid m Josh's art studio measures Rate w - I|
16 centimeters by 15 centimeters by & centimeters. 4 \
second box usad just for pnm‘thruahes has a similar shape| How coufident are y  ou qu
and is smaller by a scale factor-gfﬂncl the volume and chasges in dimewsion 57 Check

" Hae pox b applie 5,
surface area of the second bolampe ;,‘I!ﬂ:n’. 213 cnf |

4. @ Bullding on the Essentlal Questiom i= the volume, I|
of a prism affected when s dimensions are Tipled? |
The volume is 27 times greater.
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LTy bty Homewoik

Indépendent Practice

1. The surface area of A rectangular prism 2. The surface area of a pyramid is
5 95 square centimetars. What is the 578 square centimeters. What is the surface
surtace area of a similar prism with area of & similar pyramid with dimensions

dimensions that are 4 times as great as the that are 2 times a5 great as the original
anginal prsm3sssnpis | 1,520 end PRSMT Exzmpls 1 2312 cnf

¥ A cereal box has o surface area of 4. A glass display box has o surface area of
280 square centimeters. What is the surface 378 square centimeters. How many square
area of 4 similar box that & lager by & centimelers of glass are used 10 creale &
F lats dsplay box with dimensions that are
TCtar Of 188 s st (S48.8 e g
Sca facr A LA ane-haff those of the onginal?
945 en?

6. A triangular prism has a volume of
350 cubic meters. If the dimensions are
tripled. what is the volume of the new

5. A cone has a volume of 9728 cubic
millimeters. What is the volume of a
similar cone with dimensions that are

-eigh i i i
one-eighth the d mcn—:.r;ns of the prisi? Examels E"‘“ ]
original? Famge n 19 M
7. The model of 8 new apartment bullding = shown. The R

architect plans for the building te be 360 tmes the
dimensions of the model. What will be the voluine and
surface area of the new buiding, in cubic meters and

grr?th

e

square meters, when it & completatiloh 3 ::ﬁ
rrere

235146 i 20,321 nf
F
Qy

P R T

Lone EXPLAIN ELABORATE EVALUATE

Practice and Apply

Independent Practice and Extra Practice
The Independent Practice pages are meant to be used as the
homework assignment, The Extra Practice page can be used
for additional reinforcement or as a second-day assignment.

Levels of Complexity
The levels of the exercises progress from 1to 3, with Level 1
indicating the lowest level of complexity.

Exerclses
1-8,14-17 9,18-25 10-12
Level 3 : .
Level 2 F
Level 1 . .
Suggested Assignments

You can use the table below that includes exercises of all
complexity levels to select appropriate exercises for your
students' needs,

@Y% approaching Level 1-9, 11, 12, 24, 25
|

m On Leve|

@ Beyond Level

| +1odd, 12, 24, 25

9-12, 28, 25

Waich Out!

Common Error Students may make calculation errors when
squaring and cubing scale factors that are fractional amounts.
Remind students how to apply an exponent to a fraction: apply
the exponent to the numerator and apply the exponent to the
denominator.
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{8 MATHEMATICAL PRACTICES

no k Fy

D 8. The worid's lergest cube puzzie is in Knowllle, Tennesses. i
1 Make sense of problems and persevere in 9 10 measures 180 centimeters on each side. The scale tactor between a
solving them ' standard cube puzzie and the largest puuié!lrm the
1 surface area and volumie of the standard cube pumshesis 3
3 Construct viable arguments and critique the 112, 19-23 TG o or 421875 et
reasoning of athers. -
s . : 11 € Dersevere with Droblamin . spheres are simiar in shape.
Math_emaucal Practices 1', 3, a'?d 4 are aspects of mathematical The scale tactor between the smaller sphete and the larger
Ih1ll|'!lﬂg that artletlemphgswed I.n wery 15155.0"' SLI:dEI'IiSlliIFG sphere |1.; i1 the valume of the smaller sphere 15 126.9 cuble
given opportunities to be persistent in their problem solving, 1o ! spheA00.8 "
express their reasoning, and apply mathematics to real-world e, whal is fhia vk of the larger sphess?
situations
@ H.O.T. Problems wigher oider Thinking
10. & Dersevers with Droblema frustum is the solld left atter o
cone 1 oul by a plane paraliel 1o its base and the top cone is
0’”, remaved L
0. s the smaller cone that ks removed & mlluiﬁ% the otiginal cone? I S
. UL bt
Justity your rmmnsc‘\h. the ratiog and - are equal, =
’ p‘E" g b. What is the volume of the smaller cone? the larger cone? Use 314
Ol for = 1085 enf 56.62 el
e € Whiat s the ratio of the volume of the smaller cone to the valume of
2018 the larger w||e""
d. Whiat is the volume of the frusiyfi45%8 e
" e Justify Concluslonk cone has avolume of ¥ cublc centimeters
I the dimensions of a second cone are one-shith the ariginal cone,
whal is the volume of the second cone? Explaln yout feasoning
Eo tive A nt The volume of the first cone Is x, o the first cone’s volume multiplied by
Use 1his activity as a closing formative assessment before R S The volume of the second
dismissing students from your class. EONE Mg X e,

12 € Reason Inductivelfpetermine whether the following statement i
is true of foise. Explain your reasoning ]
All spheras are similor |

Have students explain b gw the scale factor between tw
similar solids is related g the ratio of the surface areas ¢f i
the salids and to the ratio of the volumes of the =olids.
See students’ work. i
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