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Translations, Reflections, and Rotations =~ actitys
The Marching €ougars | 1gers LA S

Lesson 9-1 Transformatigns

Learning Targets:
® Perform transformations on and off the coordinate plane.

© Identify characteristics of transformations that are rigid motions and
characteristics of transformations that are non-rigid motions.

® Represent a transformation as a function using coordinates, and show
how a figure is transformed by a function.

SUGGESTED LEARNING STRATEGIES: Debriefing, Think-Pair-Share,
Predict and Confirm, Self Revision/Peer Revision

Mr. Scott directs the Marching Cougars, the band at Chavez High School. He
uses the coordinate plane to represent the football field. For the band’s first
show, he arranges the band in a rectangle that is 6 marchers wide and

9 marchers deep.

As you work in groups, read the
problem scenario carefully and

y explore together the information
i provided. Discuss your ;
10 understanding of the problem an
ask peers or your teacher to clarify || |
8 any areas that are not clear.
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The band begins by marching down the grid in this formation. Then the ; i
marchers move apart from each other vertically, while keeping the same | e
distance between marchers within the same row. N —— gein
The diagrams on the next page show the initial shape of the marchers, and | the position, size, or shape of a
the two transformations that they undergo. To describe and classify the | figure. 1
: " - ion to its i , : 5
transformations, compare the pre-image of a transformation to its image . i
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1. Use your own words to describe Transformation 1.
The fronsformaten 15 o slide or mowement
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2. Compare Transformation 1 and Transformation 2. How do the two
transformations compare?

The fist Fansormahon preserves Yhe Sjze and.
Shape o€ the. vrectungle. The secend expands or

Stretches the size “in o Verhea| direchen.

3. Model with mathematics. Transformation 1 is an example of a
rigid motion . A rigid motion keeps the same distance between the
points that are transformed (in this situation, the marchers of the band);
the shape and size of the pre-image and image are the same.

a. How does Transformation 1 affect the distance between any two
marchers in the band?

The distance behween any‘ He marchess
fenains the <same,

b. How does Transformation 2 affect the distance between the
marchers? Is Transformation 2 a rigid motion?

Transformahen 2 preserves Yhe  dicdance
beheen Hw Wardhers tn a vouw, but iacreases
the  distance bﬂweu’\ marchers 1n diffesent rows.

I+ s et a of Moton.
4. Review Transformat‘ign 1. Each [imt in the }jr:‘e image is mapped to a
TECHNOLOGY TIP point in the image. For this reason, the transformation can be expressed

" | etry software as a function.
S ellioto Tk g SIUE Yot a. Complete the table to show the positions of the four corners of the
to represent transformations,

ineludling vgld motionsand rectangle when Figure A is mapped onto Figure B.

non-rigid motions.

rigid motion is a transformation
at preserves size and shape

Figure A Figure B
(pre-image) (image)
¥ (1, 10) (1, 4)
\‘i‘é?’ (1.2) (1,-4)
m“* (6, 10) (6,1)
ot 6,2 (6, 4)

b. For any given point, how does the transformation change the
x-coordinate and y-coordinate?

The x-ccordinate < 1‘:«52 the Same. 'ﬂn3
\j"(ecrﬂtr\a"‘t decirenses b be
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A i i ¢. You can use the notation (1, 10) — (1, 4) to show how a point is
READING IN MATH |8 transformed. When you use this notation to show how a general
point (x, y) is transformed, you are expressing the transformation as
Yy a function. Express Transformation 1 as a function.
shows how a point is transformed

i means “goes to." | : ' (‘5( Y)_’(?‘- y (L)

The arrow (—) in the notation that
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Lesson 9-1
Transformations

5. Review Transformation 2.

a. Complete the table to show the positions of the four corners of the
rectangle when Figure B is mapped onto Figure C.

Figure B Figure C
(pre-image) (image)
P (1, 4) (1, 8)

|owier
legt (1 —4)

e () (©3)
e ) | (@,-3)

b. For any given point, how does the transformation change the
x-coordinate and y-coordinate?
The x-coordinate rarains the same . The ;'Coor& in
¢. Can Transformation 2 also be expressed as a function? Explain why
or why not. Write the function if it exists.

\/t-':s,. I+ s nen-viad.

()%, 24)
6. Draw each image on the gfaph to show how the pre-image is transformed
by the function. Then classify the transformation as rigid or non-rigid.
a (Y= Gi3y)  ng vel
3unts t He nyi)

(I =%}

[ | ]
|

\one, and only one, y-value.

(1) ALGEBRA

You've used functions extensively

in algebra. Recall that a function is

a set of ordered pairs in which

each x-value is associated with

< il

DISCUSSION GROUP TIPS

As you read and discuss the

transformations, ask and answer

questions to be sure you have a
clear understanding of not only all

the terminology used, but also the

link between the algebraic

notation and the graphs.

200 | | (. 1 52 |
i > X > X
b. (x,y) — (2x,2y) nen-v fs\‘,\
Yy y
T . , 1 & Gore)
i 3 ,,,]‘,LL, 1 1111
INEEEENNE I
G5 T \
]
10| (2,4) (1)
o | | h
0, 2) [\ 47 | | |
: > x > x

7. Write the numeral “4” in the middle of each pre-image in Item 6.
Describe how the numeral should appear in each image.

In &a, same Si1ze ard shope

In@b, Sams S\’\C’«Pﬁ but lncar Aimgnsicns R
Twice as \‘“36--
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Lesson 9-1
Transformations

Check Your Understanding

Use the text and diagram to answer Items 8 and 9.

The rectangle undergoes the transformation described by the function
(xs J/) — (x _21 y +1)-

y y
A
| | | g | 1
il i T 1
6 e — 61— |
21 ‘ {2 ‘-
- [
- ; > X +— i > X
 AEERaEasasaca T
| | | |

8. Complete the table to show the coordinates of the image and pre-image
for the four corners of the rectangle.

Pre-image Image
(1,3) (=14)
i, n -3
(©,7) (3.8)
10,3 (3.4)
= o Graph the transformation of the figure. Is the transformation a rigid
motion or non-rigid motion? Explain how you know.
A rigid motion can be modeled by f| 10. A rectangle is transformed as shown.
sliding, rotating, or flipping a y y
figure. A non-rigid motion often )
involves stretching or compressing 1'0.. {0-_ } -
|| the figure. : N {— 4
R AT SR 81+ = ,is_. |
6 — —16 . .
q) Rl}}i‘fg‘ moh'on. The \mage 4 4T o
has | Ve Same ‘.sfzghmg:\ Y ‘ il 2 | :
shafe | as |t Pe—image. 11 < B T _x
¥ -2 2.4 ] 6 | ' -2 214l 6|
10k) (4, y)AX, y-\2) P 7
10b) Rigid. Mhie image b B = ke
oL ) - J | |
e Kame Si nd ! | 5
;\\" gl M P{a-—l‘r el __Fg" 11 s
1 | i 4 o B
ENaREE e
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Lesson 9-1
Transformations

a. Which function describes the transformation?
b. Classify the transformation as rigid or non-rigid. Explain why you
classified the transformation that way.

LESSON 9-1 PRACTICE

For Items 11 and 12, consider the following: A rectangle undergoes the

transformation described by the function (x, y) — {x, %]
Yy Yy
b =2 ol g <
PP q T
8] 7 (9.9 sl 11 1] 17
S
ANENE IR Lkl (5.4
\“ | H i k | | | ‘
2 : ' 21 |
6 SEREEERAN
— et X « 62X T S
-2 zola te | og l1p 2 tlalale]8]10
l [ | T 0

11. Graph the transformation of the figure. Is the transformation a rigid
motion? Explain.

12. Reason abstractly. Draw a plus sign (+) in the middle of the image.
Describe how the transformation would change the plus sign.

13. Attend to precision. Use the graph of the
rectangle to help you classify each of the
following transformations. L] HEE
a. Draw the image of the rectangle under | |

the transformation described by the B

y

&

Many different transformations

can transform a pre-image to the
same image. Consider sliding,
flipping, and turning.

function (x, y) — {—)Zc—,y). Classify the et —t |

transformation as rigid or non-rigid. L1 |

b. Draw the image of the rectangle under
the transformation described by the
function (x, y) — (x, y + 2). Classify the
transformation as rigid or non-rigid.

Activity 9 ¢ Translations, Reflections, and Rotations
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e Lesson 9-2
MEL R Translations

| Atranslation is a rigid motion in
| which every point is moved the

| same distance and in the same

direction.

A directed line segment is the
distance and direction of the
translation.

Learning Targets:
® Perform translations on and off the coordinate plane.
@ Predict the effect of a translation on a figure.

SUGGESTED LEARNING STRATEGIES: Visualization, Create
Representations, Predict and Confirm, Think-Pair-Share

Maria marches with the band. At the start of the halftime show, her position
is (2, 4) on the coordinate plane. Then Mr. Scott tells everyone to move

2 yards to the right on the field and 4 yards up the field. The band’s
transformation is shown in the diagram, and Maria’s position is marked
with an X.

y y
- ™
141113 ————7— 144—— —
i 1 (/1 =
12 ——T7 1241
- |- | |- 2l B e oA o
| | | |
101 ~ W 10—
- i S |
| | ' ‘
'8 P S 8 | )( <t beeh
B EE i I
‘6 / s _6___1 I
- A N N I I
4T 41
L1 1 | |
24 l 24 !
-4 1 -+ 1 1 }
| |
S S A L N 0 U S P
-2 )1 2 4 6 8 o 2 4|68
[ [ 1
¥ ¥

This type of transformation is called a translation. On the coordinate plane,
a translation is described by a function of the form (x, y) — (x + a, y + b), in
which a and b are positive or negative constants. In the example above, a = 2
and b = 4.

You can think of a translation as a figure sliding up or down, left or right, or
diagonally. During the translation, every point of the figure moves the same
distance and in the same direction. This distance and direction is called a
directed line segment . In the diagram, the directed line segment of the
translation is shown by each of the arrows.

1. Complete the table to show how the translation affects four of the
Marching Cougars.

108 SpringBoard® Mathematics Geometry, Unit 2 « Transformations, Triangles, and Quadrilaterals

Marcher Pre-image Image
Maria (2, 4) 4 %)
Joe (3.7) (5, \)

Alfredo (1, 8) (3,12)

LeJaya (5’7) (7, 11)
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Lesson 9-2 ~ ACTIVITY
Translations Ay
e n\: 1104 >,
Note
Mr. Scott arranges the band in a rectangle. Then he directs the band member
at (6, 10) to move to (4, 13). The numbers on the coordinate plane show
yards of the football field.
y y
A ENEmREEE
L naanatl
- e .
o] e
e haann PSERNAE
A ]
ot | x| 4t
o]
[ 1 || |
- : e ' > X
-2 i L | 2 T | ? - 2| 4|6
2. For the band to move in a translation, how should each band member :

move?

L Lja\’dﬂ t the lett C‘l\’\(l 3 jards U‘P A translation always preserves the

:Iength and width of a figure.

ot s P

3. Critique the reasoning of others. Maria was positioned at

point (2, 4). Her friend tells her that Marias new position is described
by the function (x + 3, y — 2) since her new position is (7, 0). Is her

friend correct? Explain.

Ne. Her new PoSi‘hbn = (’—’-1’3, 4-2) = (5,2)

Check Your Understanding

Draw the image of the figure under the translation described by the

function.
4. (x,y) = (x+4,v—4) 5. (x,yv) = (x+3,)
y y
mEEEEE EEENRENE
HHH | }( //
t t 1 > X > X
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Translations

&

'Arhombus is a parallelogram with";:j;.‘

} four congruent sides.

what

0e%

=

el

BB Indicites Mhi [ledqhr
of *\Jne..cq'l% nslatien 2
The| hranslahion pill
T nF-i ’ E
Each | Pdint fwifll inndve
direchon hat
1 liwoia Maove |t ale
2 FDO{";‘\' A '|"t-'J
Nt 5.

Translations can also be defined without the coordinate plane. For the
directed line segment AB, a translation maps point P to point P’ so that the
following statements are true:

. PP is parallel to AB

+ PP'= AB

e —_—

« PP isin the same direction as AB.
The expression T (P) describes the translation of a given point P by the
directed line segment AB. In the above example, T3 (P) = P’

Items 6 through 8 refer to rhombus ABCD shown below. Point P is in the
center of the rhombus. Lo

‘ Pam“&lm ram v th
four c‘/c;rﬁ(-i.eﬂ-f sidec

AR .
5 > B PP’ = AR
N / —— ——
b PP Il AR
in
6. Draw the translation of the rhombus described by directed line segment
AB . Include P’ = T (P . XeS
X e
& geet

7. Which part of the rhombus maps onto BC?
AD mops ente BC

8. Identify a translation of the rhombus that would map exactly one point
of the rhombus onto another point of the rhombus.

$cw\p|t answes! T and T

9. Draw the following translations. Show the pre-image and image, and
label corresponding points in each.
a. square ABCD, translated four inches to the right
b. right triangle ABC, translated three inches up
¢. right triangle ABC, translated by T

110 SpringBoard® Mathematics Geometry, Unit 2 « Transformations, Triangles, and Quadrilaterals
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Lesson 9-2 #
Translations o N
Check Your Understanding
n
10. Mr. Scott arranges the band in the shape of triangle ABC, shown aVe W 14 “I e | trams\aho \S,

below. Point P is in the interior of the triangle. He plans three
transformations of the triangle, in which point P is mapped onto P/,
P”, and P", respectively.

10b) | Mes | because ol Pam*s
Mo acdecding |td Yhel
<aq %
\

<

e aym e ’i(r?_r {-jp— Wne
. ‘ v . “ec:x,margl‘, which s | PP/,
A C

a. Which of the three transformations are translations? Explain your
answer by applying the definition of a translation.

b. Maria stands at point P of triangle ABC. To move to point P/, her
instructions are to move eight steps to the right. Do these
instructions apply to all the other band members? Explain.

LESSON 9-2 PRACTICE
The figure shows hexagon ABCDEF undergoing a translation to the right.

TECHNOLOGY TIP

You can use drawing or painting

software to model translations. First

draw a figure, then make a copy of

it, and then drag the copy of the

figure anywhere on the screen. No

11. Which part of the pre-image is translated onto cD? matter where you place the copy,
you have created a translation of the

12. Express the translation as a function of two points of the hexagon. Ve ;
original figure. Try the translation of

13. Make use of structure. By applying this translation many times, you | the hexagon described here.

could create a row of hexagons. What additional translation could be
repeated to fill the page with hexagons? Is it Ty, Ty, or T332

tessellation W) AF | )3 hrandlated
e L CD,

ll) —i—rr lold -‘—_'FN

13) 1 g5
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Lesson 9-3
Reflection

Learning Targets:
® Perform reflections on and off the coordinate plane.
@ Identify reflectional symmetry in plane figures.

SUGGESTED LEARNING STRATEGIES: Visualization, Create
Representations, Predict and Confirm, Think-Pair-Share

Mr. Scott plans another transformation for the Marching Cougars. The sign
of the y-coordinate of each marcher changes from positive to negative. Maria,
whose position is shown by the X in the diagram, moves from point (2, 4) to
point (2 —4).

y y
1i0" ] | ~10 i |
N RS 1 |
’iS'“' pmy S ?7 — 7'}‘8‘k ‘!7 T
G | 11
3 ! P .
| |
| —t - .
sl x| 4 =
21 2 L]
I O 5 E:> T %
e = —
2141 .l g 1 6 -2 ] 2 4 1 6
24 =2
. = -
R EaAES
S —- -6+
g ‘ 1
_8.....J|. ; gt i
g1 1 |
-101 | ‘ 104 |

This type of transformation is called a reflection. Reflections are sometimes
called flips because the figure is flipped like a pancake. On the coordinate
plane, examples of reflections are defined by the functions (x, y) — (—x, y),
which is a reflection across the y-axis. The example shown above is described
by (x, y) — (x,—y), which is a reflection across the x-axis. The function
(x,y) — (y,x) defines a reflection across the line y = x.

Every reflection has a line of reflection, which is the line that the reflection
maps to itself. In the above diagram, the line of reflection is the x-axis.

1. Complete the table for the two reflections.

pre-image |, )70 _y) | ) s G, )
(1, 10) (1, —10) (=), 10)
(6. 10) (6, c) (~¢,\0)
(1, 2) (\,-2) (-1, 2)
(6. 2) (¢,-2) (-¢,2)

112  SpringBoard® Mathematics Geometry, Unit 2 ¢ Transformations, Triangles, and Quadrilaterals
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Lesson 9-3
Reflection

The figure shows an arrow in the coordinate plane. The tip of the arrow is

located at point (4, 10).

14
A
|
12 +
? Y
i 8
y R.z’ N
| - ‘4_

[l
|
L—I .

&

/R
i

o

/

o
_3" i\
= |

2. Predict the direction of the arrow after these reflections:

a. across the x-axis  clgyn wa

b. across the y-axis LLPW(,LFE{

3. Draw the two reflections. Were your predictions correct?

4. What reflection maps the arrow to a downward arrow that also has its

tip at the point (4, 10)?

a reflechon acress Yhe e y=1o

5. Could a reflection map the arrow so it points to the right or to the left

(i.e., parallel to the x-axis)? If yes, describe the line of reflection.

\(&'3. The Yine of ra?lec"h'om wou ld have to

have a  slope of 1. (pomf to the right)
of a slope of -1 Cpeint 4o Yhe le?i)=

Activity 9 ¢ Translations, Reflections, and Rotations
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Lesson 9-3
Reflection

MATH TIP

Cut out paper shapes to model

transformations. To show a
reflection, flip the shape across the

line of reflection.

SRV —
F B i g T
b it ] (BE T TR

Mr. Scott arranges the tuba players in an arrow formation, shown below.
Then the tuba players undergo a reflection that is described by the function

(x,3) = (8—x, ).

y
4 .

T I I LI T
R
s T LTS ]

| !
1T K]
24 ‘ 4—-;|m\col—

. —rflechpn

e
L j_;‘Z* ?ﬁ,ﬁ,iS,

‘ |

. Draw the reflection. Identify the line of reflection.
Hie line of veflechen (s x=4

. Which tuba players travel the longest distance during the reflection?
Identify this distance.

The tuba players along the y-axis tHrave |
Fhe \or\(je.ﬂ'jdté.hn&i\ju)\&h s € units.

. Which tuba player does not travel any distance during the reflection?
The tuba plajef at he peint (4,5) dees
Net chanci?_ cSihen.

. Explain why the reflection does not change the distance between any
given tuba player and the point (4, 5).

A reflechon preseyves the S'Ze and gkqpe

ot o { ure, and ‘Hwt? presenves 'H}Q,

dls"k:muzs he hween %a PC‘\f\'}'S‘L\J]‘('}\lﬁ
Hhe ‘Fi’gure_. Becouse the reflecton WP S
(1.5) Tt itself, the reflechion will prese
'H'\( cﬁ\‘s\“qhtt ﬁum e,qd\ th-kha P\Ca.‘ By
Yo (4,5).

hts reserved.

t:4

llege Board. All r
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Lesson 9-3
Reflection

10. Use appropriate tools strategically. Use geometry software to
explore reflections. First, use the software to draw a pentagon. Then
draw a line of reflection that passes through one side of the pentagon.
Use the software to reflect the pentagon over this line of reflection.

%Geometry Software —Untitled 1 I44 Geome 0

11. What happens under this reflection to points that lie on the line of
reflection?

These poits do not move  under Hrereflectisn. |
The wnage of eackh of these peirts 1S e

Same. as @ Pt"&—\ﬂ\uaﬁ,

12. Use the software to explore how a point not on the line of reflection is
related to its image.
a. Measure the distance of a point to the line of reflection. Then
measure the distance of the point’s image to the line of reflection.
What do you find?

R Poxn‘t‘ and (13 {ya e{ are. the <ome

dictance Hom  the

b. Draw the segment that connects a point and its image. How is this
segment related to the line of reflection?

The seqment s Pﬂrfw-f\cl{cutqr to e

line of” refle chon,

Untitled 1 ; : [ ad

we. of rflecthon,

1o
i

. e
o B
= i

B T T A R TE T T Y
E SRR ﬁ,:# s

’*\ . ACTIVITY 9
e e 4 -

e i A el
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_ACTIVITY 9 |- 4 Lesson 9-3
E 15 ‘v':,_‘ 5‘ e & Reflection
NO
Like other transformations, reflections can be defined independently of the
T3 =X =y e coordinate plane. A reflection is a transformation that maps P to P’ across
= <l e line ¢ such that:
e | L as $he ({ne . , . . . —
- . L 23 a .
ol vethe X If P is not on (, then ( is the perpendicular bisector of PP
’ « If Pison {, then P= P'.
’El( - A To describe reflections, we will use the notation r, (P) = P/, in which 7, is the
Berk B o Hol A function that maps point P to point P’ across line £, the line of reflection.
) 13. The diagram shows pentagon ABCDE and the reflection r,.
% I E_uc; H_ Fom"’ and
( IMage axe
1 , fqQuidistont “om
E B B E' Yo line of
retlec fon,
D C i
g ¢ P

a. Draw line /.

b. Label the points r,(A) = A’, r,(B) = B’, and so on for the five

vertices.

14.

then drawing its reflection across line BC. Point P is the intersection of

BC and AD.

C

a. Prove that BC is perpendicular to AD.

The refHechon Maps ont A o pot‘h"r D
(QCM:D)—- Bu the deigmhch of a veflech

Yhis means “Yhat AD 1S

e of (?.'(:l?('hnm wWhich 78" R,

b. Explain why AB = BD.

D (s tie (mege of A ard reflechons

preserve  dis N se AR=RD.

116 SpringBoard® Mathematics Geometry, Unit 2 » Transformations, Triangles, and Quadrilaterals
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Lesson 9-3
Reflection

Item 15 is related to the Perpendicular Bisector Theorem. The theorem states
that if a point is on the perpendicular bisector of a segment, then it is
equidistant from the endpoints of the segment. The converse is also true. If a
point is equidistant from two points A and B, then it must lie on the

perpendicular bisector of AB.

Look again at quadrilateral ABDC. It was constructed by a reflection of a
figure, which means that it has reflectional symmetry. Line segment BC is
the line of symmetry of the figure. A line of symmetry can be an actual line
in the figure, or it may be imaginary. A figure may have any number of lines
of symmetry, including an infinite number.

15. For each figure shown below, draw all of the lines of symmetry.

16. Triangle ABC has three lines of symmetry, labeled ¢,, /5, and £ in the
figure below. What can you conclude about the triangle? Explain.

A
AN E_7,
B E c
£3

| P
p LY
TY9
NO
&C s equplateal,
Sincel r‘&'ﬁt:’hbng '
oresey dictunce, lall
Llek nuch hel 3he| <ainhe
|emgttinl <ince ey are.
imMdes of dadhy alther
wnd&y refdlelchaing
cipss line | of
Suime o
v (
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_ ACTIVITY 9 | ?" £ Lessofrl\ 9-3
ST R VAW e o g Reflection

¥ ik & ; 3 5

= '?,‘

ULES |
Check Your Understanding

17. Match the figures to their number of lines of symmetry.

rthombus isosceles triangle

square circle

a. one line (1505(4:{9,3 h’ihr\jie_B

b. two lines ;rhwmbus)

]g- 9ay plﬁff f .B) S o c. four!ines 4 uore) _
Y ’r._e echbn {hnaae d. infinitely mariy lines Cc‘{rc\g)
of 1 [Unde” la ) The figure shows scalene triangle ABC, which by definition has three
fetie ("h n) | DS unequal sides. Point D is on AC, and BD is perpendicular to AC.
G B
19) NoJ Since | Yhe | T gle
IS5 |Sculewne) (fhas| wo
lines! o€ sqmmetvy,
( A 5

18. Explain why BD is not a line of symmetry for the triangle.

19. Does triangle ABC have any lines of symmetry? Explain.

© 2015 College Board. All rights reserved.
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Lesson 9-3 3 :
Reflection g e
e O o " B
£ -
e o)
NO
LESSON 9-3 PRACTICE
Use the figure for Items 20 and 21.
¥
l 1|
CEF S
NG Pt
SR R Py
< J + —Q;X
-t"; -4 -2E 2 4 6 8
EENENAZ ST
BEASSEE
EENYEEEEEN
1I:-6:;1[-%li
20. Draw the reflection of the arrow described by each of these functions, eSS re8ectHam
and identify the line of reflection. ey % c’ Wl e | &F
a (nLy)—~B8—-xy 1mto‘(’ r&lechon: X =4 B 2|h
b. (1,7) = (=2 = %) lne of reflechon: x=—| Q”’_",,g*";‘, ot tthe torevs;
¢ (xy) = (x —y) line of YE.‘F‘QC'han " y—b Cx-—apc.{s) N =1

21. Reason abstractly. Describe a reflection that would map the arrow

onto itself.

Irregular pentagon ABCDE has exactly one line of symmetry, which passes

through point A.
E B
22) forntt D
23) Yes! Point A, [Tk lies
b C o thel line of g\j-ﬂm ‘hnj,
- wMich s Hhk |lihe] 4F
22. What is the image of point C under a reflection across the line of SUmimledmy
symmetry? 4 J
23. Does any point remain fixed under a reflection across the line of i o e
symmetry? Explain. 24 ) 2 and AR | BD and BC
24. Which sides of the pentagon must be congruent?
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; Lesson 9-4
B Rotations

&

77| Learning Objectives:
@ Perform rotations on and off the coordinate plane.
@ Identify and distinguish between reflectional and rotational symmetry.

SUGGESTED LEARNING STRATEGIES: Debriefing, Think-Pair-Share,
Predict and Confirm, Self Revision/Peer Revision

For the big finish of the Marching Cougars performance, Mr. Scott arranges
the band in a triangle formation. Then the triangle appears to rotate
clockwise around a point, like a pinwheel. The center of the rotation is the
vertex located at (0, 0) on the coordinate plane.
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This spinning type of transformation is called a rotation. It is defined by the
center of the rotation, which is mapped to itself, and the angle of the rotation.

A rotation is a transformation that The center of rotation may be part of the figure being rotated, as is the case
maps points across a circular arc. It shown above. Or it may be a point outside the figure.

preserves the distance of each
point to the center of the rotation.

Functions that describe rotations include (x, ¥) — (y, —x), which is a
clockwise rotation of 90°. Repeat the function twice to produce

I —— (x,y¥) — (—x,—y), which is a rotation of 180°. The function (x, y) — (—y,x)
£ is a clockwise rotation of 270°, or 90° counterclockwise.
RC?’E:{-’ ns CQ 2nid 1. Complete the table for the two rotations shown above.
2 OrIai
)
( : ) ( - e Pre-image image B
C\::, b, "9( _‘zi . C; W (x.y) = (¥, =x) | (x,¥) = (=x,—¥)
Xd) 2 (% d 15 ;
2yt =X, (3, 10) 10, -3 B a
(g(\u\) =D i ,,xj) 270° cw ‘( ) 2, ‘O_)
H (—3, 10) Clo, 5) (3, —-10)
i (0, 0) (e, 0) (¢,0)
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Lesson 9-4
Rotations

Use the figure for Items 2 and 3.

Note

h e

R Y

B Ol Lo

. ACTIVITY 9

2. Predict the direction of the arrow after these rotations. The center of

each rotation is (0, 0). )
a. 90 degrees clockwise Qg ht

b. 180 degrees Clowﬂ
€. 90 degrees counterclockwise le &F

3. Draw the three rotations. Were your predictions correct?

4. Describe the rotation that maps figure A onto

figure B. (Hint: First identify the center of rotation.)

¥y
] ] } T T 1
\4‘_ | |
BRL
é 8 - X
i 2+4,,§,
| {
da. [

a r‘o'-}a‘h‘on O? A0 deg ree< C\ock\dﬁﬁ

CGround. the  point (1,0)
y

A
AN
| j 1|
|
IFAYHENR
YA
+ et X
Lk [ii2 ;+4_
2P
b ' —¥

L€

@ 'Fo%mh‘o_r\ of 40 olaﬁraas counterc ok
arzund the  point (1, -2)
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Lesson 9-4
Rotations

The int

wiould| B

éi\\-”u 7
51 3

PIE P

The angle of rotation can be used to describe the image of every point of the
figure. Consider the rotation shown below. Rectangle ABCO is rotated 90°
clockwise, and maps onto rectangle A’'B'C’'O. From the diagram, it appears
that AO | A’O and that CO L C'O. If you measure ZBOB’, you will find that
it, too, equals 90°.

y
A
[ ] |
T TIN T2 F
N =
AT lol T Tl *
Y

The following figure is a square that is centered around the origin O. Point A
is one vertex of the square.

Al T VIN

e
AN ]

TINT

1]

5. Draw a rotation of the square 45° clockwise about the origin. Label the
point A’ that is the image of point A.

6. What is the measure of ZAQA'? y%e
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= R ¥ 2 T
S Q‘ Pl ?&J '
Lesson 9-4 P eRRaRL. ACTIVITY 9
Rotations W P
Pl
. 5 NOote
7. Use appropriate tools strategically. Use geometry software to
explore rotations. First, use the software to draw a quadrilateral. Then
plot a point P that will serve as the center of rotation. Use the software
to rotate the quadrilateral 120° counterclockwise around point P.
EGeometry Software — Untitled 1 4 Geome 0 ed
O ey >
P, )

8.

10.

. Use the software to measure the angle formed by a point, its image, and

Choose a point of the pre-image and the corresponding point of the

image. Use the software to measure the distance of each point from

point P. What do you find?

Both points  are the Same distance tm §

point P, with point P as the vertex of the angle. What do you notice

about this measure?

Iﬂj\‘S l?,O°J‘ the carwe as  the Clﬂj\t ot
rotabon.

Use the software to change the shape of the quadrilateral by dragging
one or more of the points that form the quadrilateral. Do the results
from Items 8 and 9 remain true no matter the shape of the
quadrilateral? Explain.

Om‘% ond its \ma(jt are alwayc
\’\v_ quy_ d\SJ\Z’\‘F\LE ‘fvzom P a or\'p

s maeg, and point P \Ccm‘\ an 0n3\¢
of 12¢° “whein Fmr\{' P ie the vatex of

Hr\»a Clr\ﬂ\t‘
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ACTIVITY9 | : Lesson 9-4
SLGE 0 i - OV g gt & Rotations
=2 4]
3 "J'-f
f = Like translations and reflections, rotations can be defined independently of
FO'i‘a‘h e oTo llon the coordinate plane. A rotation that maps P to P and Q to Q' has the
following properties. Let point O be the center of rotation.
« PO=P0,and QO=Q'0
o, ap” « ZPOP' = /QOQ/
; To describe rotations, we will use the notation Ry, ,.(P) = P', in which R, -
= YT“'n ‘h o) is the function that maps point P to point P’ with center of rotation at
e : point O and through an angle of m®.
’ 11. The diagram shows isosceles triangle ABC, and point O inside it.
O=Caney 0T Draw the following rotations. Label the images of the three vertices.
&t :\_'\‘0 M a Ry _op
£ — b. Ry
(\ o, Centew o e R
tathdn Can bel T
8 Y}\— ey ) C Wt
Qo = lanagle ot
Yo v'\,J
l\ ‘ t 4 = CU’\G‘ e' iy
i e i Il \Jn 1y B
OT Yoo [Yhal
L3 S 1)
S ‘ﬁ ch NV (l)m( UCeg
U [ rdtetion Yhadl (S
Counter-clgclwise, }
i Neganve angle
J v, £
= % » <
{s | glockwikel A <
BH E
12. Describe three rotations that each map a square onto itself. E
: by
The rotethens are R o,90°, Qo, wo? and- R g -qct (cr &JS
N which O s the center of dhe Sciu&re - dakis
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Lesson 9-4
Rotations

ks e Sl 2

Review your answer to Item 12. Figures such as squares have rotational
symmetry, meaning that a rotation of less than 360° can map the shape onto
itself. The smallest such angle is the angle of rotational symmetry .

13.

Identify whether these figures have rotational symmetry, reflectional
symmetry, or both. Also identify the angles of rotational symmetry and
lines of reflectional symmetry.

a. isosceles triangle  No vt hor ol Surme .*YL) :

cvne | of samme,hfb

b. equilateral triangle Y‘a‘i\"o;hbmo_\ Sj Mme ot \ZC,!

"'('P\T?_L \me‘ c{‘\ &,jr(‘-\'ﬁe{’)"a

o

c. thombus ro‘}a'hé\(‘\a S NN e O'F \‘505)‘
twe lines Sy nme’

d. regular hexagon rO“\U'\TCF\Q SL mme. O‘F (OO
three lines o{ sym e

s ":w‘" 5 Ay ACTIVITY 9

o B, 1 i

i e b
~ 5 A

NoeTe | 32

An angle  off totalten]

Sumime i | must be | a

r.\ S mfd 200°

i »

Each side of a regular polygon has
the same measure, and each angle

has the same measure.
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Lesson 9-4

Rotations
Check Your Understanding
14. The figure shows parallelogram ABCD A B
3 (shaded) and its rotation.
(He) A ADA H9¢° SO a. Name the rotation. /
d myY A'DC = Y b. Label the vertices A, B/, and C’ of 3
the rotated figure. 4 ¢
c. If ZADC = 30°, find ZA'DC. A
‘5) . 15, Identify an example of a figure that
0\) L diare. meets these sets of properties.
s i a. rotational symmetry with angle of
b) reay \a.f NIRT I A rotational symmetry of 90°
4 B) L8 218 b. rotational symmetry with angles of i
‘) - ki rotational symmetry of 72° < \
€/ hovnblis ¢. rotational symmetry with angle of R’
: rotational symmetry of 180°, two '
d Shape of Hellifter | S lines of reﬂe}:(?tlional’;ymmetry
d. rotational symmetry with angle of rotational symmetry of 180, no
lines of reflectional symmetry

0L alockWise| abow
TR LESSON 9-4 PRACTICE
L) q09 ‘C u}‘\-e,v'c\ ,ci-w“"ﬂ 16. Describe the rotation that would move the y
bLbaioH (©,3) : arrow to these positions. EEEREDER
<) BoP dloklehvite |alott a. pointing up, with the tip at (4, 7) | L L~
f (b ..DO ho b. pointing down, with the tip at (0, 3) | ; P ==
? ¢. pointing up, with the tip at (3, 0) e :
; \ ; b et —+ X
ey - tvp| gt (F4)1) 17. Identify the direction of the arrow and the |4 -2 . L =2 4
")' iR ’-D\’_ P ) position of the tip after these rotations. A— 1 ———
: g = : a. 90° counterclockwise about (4, 3) T T
b) fo the rlﬁ T.a 'th ot ‘-},5) b. 180° about (2, 3) | 117
) - k ¢. 90° clockwise about (2, 0) !
= u?\nl’c o) il P at 5“)') 18. Describe a figure that has an angle of rotational symmetry of 10°.
< 2 WA 19. Construct viable arguments. Do you think it is possible for a figure
13) a veaulavr Bbrside. to have an angle of rotational symmetry of 37°7 If so, describe the
Polusen figure. If not, explain why not.
JU
14) Noil 30 [ | net| o facfor
oft 360,
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