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Digits 9-2: Reflections

Key Concept

>

Key Concept

A reflection, or flip, Is a rigid
motion that flips a figure over a
line called the line of reflection. P

If a point A Is on the line of
reflection, then Its Image A’ Is
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B and B'are the same

itself (A' = A). -4 -0

If a point B is not on the line

of reflection, then B and B’ are

on opposite sides of the line of
reflection. They are on a line
perpendicular to the line of
reflection, and are the same
distance from the line of reflection.

o
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2 - distance, 3 units, from
- the line of reflection,
the y-axis.
| y——

Part 1: Recognizing Reflections

>

Part 1

Example Recognizing Reflections

Determine which transformation Is a reflection.
C A y C C, “y

Al A Al A

Solution -

The second transformation Is a reflection across the y-axis.

of the y-axis, A" is 1 unit to

Since A is 1 unit to the right l
the left of the y-axis.

Since B is 2 units to the right

CJ

" Since C is 3 units to the right
"7 of the y-axis, C” is 3 units to
the left of the y-axis.

of the y-axis, B” is 2 units to
the left of the y-axis.




Part 1 (continued)

) Got It?

Which graph shows a reflection of ADEF across the x-axis?

Part 2: Describing Reflections

Part 2
{ Intro

AA'B'C' Is the Image of AABC after a
reflection across the y-axis.

You can use arrow notation to show how
each vertex of AABC maps to its Image
after the reflection.

A(—1,4) — A'(1, 4)
B(-3,2) — B'(3, 2)
-2, -1) — C'(2, -1) Y

é Example Describing Reflections

PQRS Is a rectangle. Describe In
words how to map PQRS to its
Image P'Q'R'S'. Then use arrow
notation to show how each vertex
of PQRS maps to Its Image.




Part 2 (continued)

\,

Solution

P'Q'R'S' Is the Image of PQRS after a reflection across the line x = 1.

P and P’ are both 3 units |
from the linex = 1. |

P(4,3) - P(-2,3) (

Q and Q’ are both 1 unit
from the linex = 1.

Q2,1)-Q0,1)

S and S’ are both 6 units e
from the linex =1.

!
5(7,0) = 5°(-5,0) N "

- - ——————

" Rand R’ are both 4 units
— ”fromthelinex=1.

R(5,-2)- R(-3,-2)

Got It?

LMNP is a parallelogram. Describe in words
how to map LMNP to its image L'M'N'P.




Part 3: Graphing Reflections

Part 3
{Example Graphing Reflections

The vertices of AABC are A(1, 3), B(—2, 4), and C(—1, 1). Graph AABC and
AA'B'C, Its Image after a reflection across the x-axls.

Solution -
Step 1 Graph AABC. Show the x-axis as the line B A
y
of reflection. ' 4 A
A1, 3) Vat
B(-2,4)
a-1,1) C X
CIENCORERT |
-4

Step 2 Find the Image points A’, B’, and C'.

Since A Is 3 units above the x-axls, A’ Is A
3 units below the x-axis. H
]
Since B Is 4 units above the x-axls, B’ Is E
-£y ) |
Since Cls 1 unit above the x-axls, C' Is :C" i
1 unit below the x-axis. E A’
! -
e -4
e Y

Step 3 Draw AA'B'C.




Part 3 (continued)

“ Got It?

If you reflect AJKL across the y-axis,
what are the coordinates of J '?

Ay
4
L
T2
X
g | 2 |o 2 T
=2 K
=4
L

Got It?
Solutions

Part 1: Graph llI
Part 2: L'M’N’P’is the image of LMNP after a reflection across the line y=-1.

Part 3:(1, 1)




I
Close and Check

-
Focus Question
What effect does a flip have on a figure?
\ 4
® Do you know HOW? - @ Do you UNDERSTAND?
1. The vertices of quadrilateral QRST are 3. Compare and Contrast How are
Q(—1, 3), R(2, 2), S(3, —2), T(1, —2). . translations and reflections the
Graph quadrilateral QRST and : same and different?
quadrilateral Q'R'S'T, its image aftera .
reflection across the x-axis.
4 Y
2
X
-4 -2 0 2 4
-2 4. Error Analysis A classmate says that
. the reflection across the x-axis of APQR
—4 : is AP'Q'R’ where P'(—2, 1), Q'(—5, —2),

and R'(2, —4). What error did he make?

2. Use arrow notation to show how QRST
Q What should the vertices be?

maps to Q’'R'S'T’ from Exercise 1.

Q( ) - Q(

]
]

R( ) - R ) ’ /P\ ;
s\ ) - s ) 1 0/2
T ) - 7 ) 4 ?

Copyright © by Pearson Education, Inc., or its affiliates. All Rights Reserved.



Close and Check
‘ Focus Question

What effect does a flip have on a figure?

Sample: A flip changes only a figure's position, not its size or

shape. The image of the figure faces the opposite direction of

the figure.
\ v
SAMPLE SOLUTIONS ARE SHOWN BELOW.
® Do you know HOW? . @ Do you UNDERSTAND?
1. The vertices of quadrilateral QRST are 3. Compare and Contrast How are
Q(—1, 3), R(2, 2), S(3, —2), T(1, —2). translations and reflections the
Graph quadrilateral QRST and : same and different?

quadrilateral Q'R'S'T, its image after a

reflection across the x-axis. Both maintain the size and

4l - shape of the original figure.
Qe TR _. :
R }\X *S : Translations maintain
L/ I :
2 2 O\ Z/E 2 : orientation. Reflections do not.
) P S 4. Error Analysis A classmate says that
Q TR . the reflection across the x-axis of APQR
—4 : is AP'Q'R’ where P'(—2, 1), Q'(-5, —2),

and R'(2, —4). What error did he make?

2. Use arrow notation to show how QRST
Q What should the vertices be?

maps to Q’'R'S'T’ from Exercise 1.

: y

ol —1,3 )—>o(|—1 5 4
: 2

)—>R(|2—2 : /P\ ;

s{(3.-2 hos{ 3.2 )

(1, =2 )—>T’(» 1, 2 7)

]

R({

JJJ

He reflected across the

y-axis. P'(2, —1), Q'(5, 2), and

R' (=2, 4).

Copyright © by Pearson Education, Inc., or its affiliates. All Rights Reserved.



9-2 | Homework

1. The vertices of AABC are A(—5,4),
8(—2.,4), and C(—4,2). If AABC is
reflected across the y-axis to produce
the image AA'B'C, find the
coordinates of the vertex C'.

2. The vertices of trapezoid ABCD are
A(2,—2), B(6,—2), C(8,—7), and
D{1,—7). Draw a graph which shows
ABCD and A’'B'C'D" after a reflection
across the y-axis.

3. a. The vertices of AABC are A(—5,5),
B(—2,4), and C(—2,3). Draw a graph
which shows AABC and its
reflection across the x-axis, AA'B'C'.

b. Graph the reflection of AA'B'C
across the y-axis.
4. a. Writing Which of the figures are

reflections of the parallelogram
ABCD?

A. P e

b. Describe the reflections in words.

5. Reasoning One image of AABC
isA'BC.

—4 —2 0 2‘?

a. How do the x-coordinates of the
vertices change?

b. How do the y-coordinates of the
vertices change?

<. What type of reflection is the
image AA'B'C'?

R R R I R R R I T T I N T S T S S

L N N N Y N R R R R R R

Digital
Resources,

6. Think About the Process

e e

-6 -4 -2 :0

a. What is true about a figure and an
image created by a reflection?
Select all that apply.

A. They are the same size.

B. The figure and the image are
the same shape.

C. Each point on the image has
the same x-coordinate as the
corresponding point in the figure.

D. Each point on the image moves
the same distance and direction
from the figure.

b. One image of ABCD is A'B'C'D’.
What type of reflection is the
image A'8'C’'D"?

7. Error Analysis Your friend incorrectly
says that the reflection of AEFG to its
image AE'F'G’ is a reflection across
the x-axis.

a. What is the correct description of
the reflection?

b. What is your friend’s mistake?

See your complete lesson at MyMathUniverse.com

318 Lesson 9-2
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Digits 9-3: Rotations

{ Key Concept

A rotation Is a rigid motion that turns a
figure about a fixed point called the center of
rotation. The angle of rotation Is the number

' of degrees the figure rotates. A positive angle of . Y
§ rotation turns the figure counterclockwise. ,/ Z ;
S MK VX
2 4| -2 |0 2 |14
g \ :
\ /
\ _2 l’
. I,
,_‘4“ =
Y
\
Part 1
{ Example Recognizing Rotations
Identify which transformation Is a rotation.
“y A ﬂy A Ay A
A B B
9 L 8 : 2 8 5 2 8 X
§ -2 | O 2 a8 -2 0 2, 4 Iig =2 1 0|la 2 4 |
'g R o C = bc
~
00 & -4 AR
E Y C Y Y
gf Solution
Q
~a The first transformation Is a Ay A
- rotation about the origin. T3 ' '
£ | = I C
(1] 3 " T~
=¥ | /7
Centerof = ../ B X
rotation - \g ¥
T |0 2 A 4




“ Got It?

Which graph shows a rotation of ADEF about the origin?

’-§ /| In. Y] m
£
g
o
Q | | !
-/
— | A3 o| A% x5
£ 2 2 z
2V
4 4
Part 2
{ Intro
y Y17
You can use a protractor to o TV 1 "’ >
find an angle of rotation. P'\ ¢ @1 \10100 90 80 c;eo ,;/
\ ! s
Suppose you have point P. Se "\0\\ ", o,,o o
You rotate point P about a 9 ,,9" ’ %.» %
- K ~ - o -
.8 center of rotation O. 8 e s
§ The angle of rotation Is 135°, ~2 e \l £ :.;—_
& —o 8 o . 5
S 0|
%]
o 2 _ge .
"G é Example Finding Angles of Rotation
fn What Is the angle of rotation Ay
.-.§ about the origin that maps —81
S AABC to AA'B'C?
.. C 6
o
& ,
& . B
&

A




Part 2 (continued)

Solution -

Draw and
measure LAOA'.

[ -

The measure of
ZAOA' is 90°,

The angle of rotation
about the origin that
maps AABC to AA'B'C’

Is 90°.

Draw and measure 2LBOB'.

The measure of ZBOB' equals
the measure of LAOA'.

The answer checks. v

\.

A

-2

le
. ZBOB'is90°.

~ The measure of

W Got It?

What is the angle of rotation about the
origin that maps AJKO to AJK'O'?




Part 3: Graphing Rotations

Part 3

Intro

AA'B'C' Is the Image of AABC after a
270° rotation about the origin.

You can use arrow notation to show how
each vertex of AABC maps to Its Image

after the rotation.

A(—4,6) — A'(6, 4)
B(-2,1) — B'(1, 2)
a-1,4) — C@4,1)

Example Graphing Rotations

Rectangle ABCD has
coordinates A(1, 2), B(1, 0),
C(5, 0), and D(5, 2).

* Show the Image of
ABCD after a rotation

of 90° about the origin.

* Label the vertices of

the Image.
* Use arrow notation to

show how each vertex
of ABCD maps to its
Image.

Solution

The blue rectangle A'8'C'D’
is the image of ABCD after
a rotation of 90° about the
origin.

AQ1,2) — A'(-2,1)
B(1,0) — B(0, 1)
(s, 0) — C(0, 5)
D(5, 2) — D'(—-2,5)

L { \ Cl |x]
4|\ |o } i
\ 7 .
- /270
-
Ay
4
A D
'
sl | | c|
% |8 |2 |0 Pl 4 | db
L2
=4
Y
ﬂy
D’ G
4
D
o 4
A' Br‘\l X
% (4 (2 ov8 2 1 4 cé6 1l
-
|4
v




Part 3
(continued)

) Got It?

Point P has coordinates (3, 0). If you rotate P 270° about the origin,

what are the coordinates of P'?

Got It?
Solutions

Part 1: Graph |
Part 2: 180°
Part 3: (0, -3)




I
Close and Check

-
Focus Question
What effect does a turn have on a figure?
\ v
® Do you know HOW? - @ Do you UNDERSTAND?
1. Use arrow notation to show how AJKL 3. Compare and Contrast How are
maps to its image after a rotation 180° . reflections and rotations the same
about the origin. : and different?
4 y
2 K
Ax

-2
L

J(| - J’(l L - 4.Reasoning Would the relationship
(

between the vertices of any figure

J) - K (| rotated 360° and its image always be

: true regardless of the point of
L( ) - U (| . rotation? Explain.

2. The vertices of parallelogram WXYZ are
Ww(-1, 1), X3, 2), Y3, —1), Z(—1, —2).
The vertices of its image, parallelogram
wxyz,are W(-1,1), X3, 2),

Y'(3, —1), Z(—1, —2). What is the angle
of rotation?

[

K

Copyright © by Pearson Education, Inc., or its affiliates. All Rights Reserved.



Close and Check
‘ Focus Question

What effect does a turn have on a figure?

Sample: A turn changes only a figure's position, not its size or

shape.
\ v
SAMPLE SOLUTIONS ARE SHOWN BELOW.
® Do you know HOW? - @ Do you UNDERSTAND?
1. Use arrow notation to show how AJKL 3. Compare and Contrast How are
maps to its image after a rotation 180° . reflections and rotations the same
about the origin. : and different?
L- 4 Y : Both change the orientation
2], K : of the figure. Reflections flip
J ﬂ X .
-4 0|, 4 the figure across a given line.
K" = : . .
Rotations turn the figure
1 L
around a given point.
JP1, =1 Dp->usq¢ —1,1 ) - 4.Reasoning Would the relationship
: between the vertices of any figure
K¢ 4,1 )-— K’(| -4, —-1) rotated 360° and its image always be
: true regardless of the point of
L 3,—-3 )->r( —=3,3 ) : rotation? Explain.
2. The vertices of parallelogram WXYZ are Yes, it does not matter if the
W(-1, 1), X(3, 2), Y3, —1), Z(-1, -2).
The vertices of its image, parallelogram - point of rotation is inside,
WX'Y'Z, are W'(-1, 1), X'(3, 2), . -
Y'(3, —1), Z(~1, —2). What is the angle - outside, or on the figure. The

of rotation?

[ 360°

figure and its image will

always be the same.

Copyright © by Pearson Education, Inc., or its affiliates. All Rights Reserved.



l')

ot

1. Which of these graphs shows a
transformation that is a rotation?

Homewor“‘ Resources .

. Jgital

3. a. Which of these graphs shows a
rotation of APQR about the origin,

A. g g (0,0)?
A

6. z

C. :

2. Point P has coordinates (2,6). If you . et
rotate P 90° about the origin, (0,0), b. For each graph that does not show
what are the coordinates of P'? : a rotation of APQR about the
e - T . origin, (0,0}, describe what

N ol i.p - transformation the graph does
; N : show.
; i | 4l :
5 -2 0l 2 486" :
E R S : :

See your complete lesson at MyMathUniverse.com
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Digits 9-4: Congruent Figures

Key Concept

>

\

Key Concept

A two-dimensional figure Is congruent to another two-dimensional
figure If you can map one figure to the other by a sequence of rotatlons,
reflections, and translations. The symbol = means “Is congruent to.”

[ y A

Part 1: Describing Sequences of Translations

'Y

Part 1
Example Describing Sequences of Translations

Glven AABC = AA'B'C', describe a sequence of rigid motions that maps
AABC to AA'B'C.

A Jky

3
Y

% |4 |-L (0lal 2| 4




Part 1 (continued)

L

Solution

Method 1 Use a sequence of
two translations.
First, translate AABC to
the right 5 units. Then
translate the triangle
down 6 units. A
translation of 5 units
right followed by a
translation of 6 units
down maps AABC to
AA'B'C'.

Method 2 Use a single translation.
A single translation of

5 units right and 6 units down maps AABC to AA'B'C.

»>

r

Y

Got

It?

Given ADEF = AD'E'F, describe a
sequence of rigid motions that maps
ADEFto AD'E'F.

Part 2: Describing Sequences of Rigid

Motions

o

Part 2

Example Describing Sequences of Rigid Motions

ABCD Is a rectangle. Given ABCD = A'B'C'D’, describe a sequence of rigid

motlons that maps ABCD to A'B'CD’.
Juy
4 A

B
C 2
D A’




Part 2 (continued)

Solution

Method 1 Use two reflections.

First, reflect ABCD across the y-axis. Then reflect the Image

across the x-axis.

A reflection across the y-axis followed by a reflection across
the x-axis maps ABCD to A'B'C'D'.

3

¥
D AlA
I 14 I ID
£ 82 B C
- x—_
-6 | -4 -2 |0 2 4 6
CF r
' 4
D’ A’

Method 2 Use a single rotation.

A single rotation of 180° about the origin maps ABCD to

A'B'CD'.
.Ily
AI ID
: B c
« - ‘x_-:-
6 -4 -2 0 2 4 6
Y B’
4
D’ A




Part 2 (continued)

W Got It?

JKLM is a square. Given JKLM = JK'L'M',
describe a sequence of rigid motions

that maps JKLM to JK'L'M'.

Part 3: Determining if Figures are Congruent

& mro

Trapezold ABCD = Trapezold EFGH

same length.
AB — EF,so AB = EF

DC - HG, so DC = HG
AD — EH, so AD = EH

A B ol
2
| c
% = [3 E
-2
4| " G
1

Effects on Line Segments Line segments are taken to line segments of the

4




Part 3 (continued)

LA — LE SOLA = /LE

Effects on Angles Angles are taken to angles of the same measure.

AB|| CD —EF||HG

4

Effects on Parallel Lines Parallel lines are taken to parallel lines.

L

¥

41Y
LB — LF. S0 /B = /F A B
LC — £LG,s0£C =/G 2
4D — £H,50 /D = /H D T
HEIESEDR i
-2
H

6 Example Determining If Figures are Congruent

Is AJAR = ALID? Explain.

J

Jiy

Y




Part 3 (continued)

Solution

First, translate AJAR right
4 units and down 1 unit.

2) maps JKLM to
JK'L'M'.
Part 3: AABC = AGHI

A
_—1 xl-.
- | -4 4 6
Y
Next, reflect the Image across J A
the x-axis. ,
A translation of 4 units to 4
the right and 1 unit down, A
followed by a reflection :
across the x-axis, maps AJAR R D X
to ALID. So AJARIscongruent = ¢ 1 3 o A & e
to ALID.
i -2
-4
.
) Got It? Part 1: A translation
of 4 units left
Which two triangles are congruent? followed by a
7 by translation of 2 units
4 D ©» | up maps ADEF to
C ] | -9 AD’E’F’.
“ .
' 2 = | Part 2: A translation 4
B ) e .
' E £ lx :f units right, followed
T2 o 7 g f by a rotation of 90°
K L i 3 about the point (2, -




I
Close and Check

-
é Focus Question
In what ways can you show that figures are identical?
\ v
® Do you know HOW? - @ Do you UNDERSTAND?
1. Use arrow notation to show how AABC 3. Reasoning Assume AABC in Problem
maps to its image after a reflection . 1 is rotated 180° about point B. What
across the x-axis followed by a : other transformation(s) could you use
reflection across the y-axis. . to map AABC to AA'B'C"?
4 y
2

N
NN

4. Writing Describe a sequence of rigid
motions that maps PQRST to PQ'R'S'T'.

) - A ) VP

al
. T
B( ) — B ) : OK
, . R’ S’ X
2. What are the vertices of ADEF, the p
image of AABC above, after a .
reflection across the y-axis followed by - T S

a 180° rotation clockwise around
the origin?

of bl A )

Copyright © by Pearson Education, Inc., or its affiliates. All Rights Reserved.



Close and Check

>

Focus Question

In what ways can you show that figures are identical?

Sample: To show that figures are identical, you can show that a

sequence of rigid motions maps one figure to another.

v

-

Do you know HOW?

. Use arrow notation to show how AABC

maps to its image after a reflection
across the x-axis followed by a
reflection across the y-axis.

4

C
Al —4, -2 )—>A’(| 4,2 )
—

B(} —1,0 ) — B

ol -3, -5) - ct

1,0 )

3,5 )

. What are the vertices of ADEF, the

image of AABC above, after a
reflection across the y-axis followed by
a 180° rotation clockwise around

the origin?

o4, 2) ef-1,0) A|-3,5)

3.

SAMPLE SOLUTIONS ARE SHOWN BELOW.

Do you UNDERSTAND?

Reasoning Assume AABC in Problem
1 is rotated 180° about point B. What

other transformation(s) could you use
to map AABC to AA'B'C?

A reflection across the x-axis

followed by a reflection

across the line x = —1 results

in the same image.

. Writing Describe a sequence of rigid

motions that maps PQRST to PPQ'R'S'T'.

YoP'
4 T/
b
R’ s X
-4 Q RO 2 4
P
T S

A 90° rotation about point R,

a reflection across QR, and a

translation T 2 units results in

figure PPQ'R'S'T'.

Copyright © by Pearson Education, Inc., or its affiliates. All Rights Reserved.



Homework = | R !

1. Given AQRS = AQ'R'S’, describe a
pair of rigid motions that maps AQRS
to AQ'R'S.

R R

e L SAN S 4. Which two triangles are congruent?

10y

A. reflection across the y-axis,
translation of 6 units down

B. rotation of 90° about the origin,
translation of & units up

C. reflection across the y-axis,
translation of 10 units down

D. translation of 10 units right,
translation of 6 units down

2. ABCD is a square. Given

ABCD = A'B'C'D’, describe a sequence

of rigid motions that maps ABCD to

A'BCD.

5. a. Writing Given ADEF = AD'E'F,
describe a pair of rigid motions
that maps ADEF to AD'E'F'.

R E R R R R I T A A A I B R R R S R B N N R R ]

b. Describe a way you can show that
ADEF is identical to AD'E'F

s et e A BB A EE S AT I ETI RS

* s e avesn

See your complete lesson at MyMathUniverse.com
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