Chapter 2:
Transformations




Unit 2: Vocabulary

1) transformation
2) pre-image

3) image

4) map(ping)

5) rigid motion (isometry)
6) orientation

7) line reflection

8) line of reflection
9) translation

10) vector

11) rotation

12) center of rotation
13) angle of rotation
14) point reflection
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15)

dilation

16) center of dilation
17) scale factor

18) enlargement

19) reduction
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Day 1: Line Reflections

G.C0O.2 Represent transformations in the plane, e.g., using transparencies and geometry software; describe transformations as
functions that take points in the plane as inputs and give other points as outputs. Compare transformations that preserve distance
and angle to those that do not (e.g. translation vs. horizontal stretch.)

G.CO.4. Develop definitions of reflections, translations, and rotations in terms of angles, circles, perpendicular lines, parallel lines,
and line segments.

G.CO.5. Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure, e.g. using graph paper,
tracing paper, or geometry software. Specify a sequence of transformations that will carry one figure onto another.

Warm-Up
If f(x) =3x + 4, find f(1).

A transformation is a change in the position, size, or shape of a figure. A transformation takes points in the
plane and maps them to other points in the plane.

The original figure (the inputs for the transformation) is called the preimage.

The resulting figure (the outputs) is called the image.

We can represent transformations in a number of ways.

1) Mapping Notation

A transformation is sometimes called a mapping. The A o
transformation maps the preimage to the image. In mapping Preimage ~—

notation, arrow notation (—) is used to describe a A Image
transformation, and primes (') are used to label the image. C A

AABC— AA'B'C!

2) Function Notation

The notation T(A4) = A’ means that a transformation T maps a point A onto its image, A'.

3) Coordinate Notation

Coordinate notation will tell you how to change the coordinates of a general point (x, y) to get the coordinates
of its image. For example, (x,y) — (x + 5,y — 3) means you get the image point by adding 5 to each x and
subtracting 3 from each y.
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Exercise
1) Given the transformation: T(B) = C

Which point is the pre-image? Which point is the image?

2) Givenatransformation F: (x,y) = (x+1,y+ 1)

a) Describe what this transformation is going to do to a point in the plane.

b) Transformations are functions because each input in the domain is mapped to a unique output in the range.

How would you describe the domain of F?

The range of F?

Rigid Motions
A rigid motion is the action of taking an object and moving it to a different location without altering its shape
or size. Reflections, rotations, translations, and glide reflections are all examples of rigid motions. In fact, every

rigid motion is one of these four kinds.

Rigid motions are also called isometries. Rigid motions are therefore called isometric transformations.

Examples of rigid motions: NOT rigid motions:

The orientation of a figure is the arrangement of points around a figure. Orientation can be clockwise or
counterclockwise. There are two types of rigid motions.
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A proper rigid motion preserves orientation.
(It keeps it the same.)

J A 3 A

| el Al
| Pzgn* N ,
A N L

An improper rigid motion changes orientation.

oil L
Both the figure and its image have clockwise AABC has a clockwise orientation but AA'B'C’ has
orientations. This rigid motion preserves a counterclockwise orientation. Orientation
orientation. changes, and this is an improper rigid motion.

Exercise Avre the following transformations rigid motions? If so, do they preserve or change
orientation?

1) 2) K Y
o
| | &
L &F‘
X
=
i
3) 4) £y
G’
o G
0
FI
L E F X
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For #5-6, a transformation is mapped below in coordinate notation. Graph the image on the same set of axes.
Then state whether the transformation is a rigid motion.

5  (x,y)— (x—4,y+3) 6 (xy)—(2xy)
E. [ v . ot ‘_j" - .
€ ? g 3 - ’ .. ,:.M_a__h__
NN X AN L
AEEEN) | Ll
2 i ¥ i brazascikas: B S ——

Line Reflections

DEFINITION
A reflection in line k is a transformation in a plane such that:
1. If point F is not on k, then the image of P is P’ where k is the perpendicular
bisector of PP".
2. If point P is on k, the image of Pis P.

So, a line reflection is a “flip” across a line. This line is called the line of reflection.

The line of reflection is the perpendicular bisector of the segment connecting each point and its image.

If a point is on the line of reflection, its image is the original point.
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Other properties of line reflections:

e Reflections are improper rigid motions. They preserve distance, but change orientation.

e Applying the same reflection twice gives the identity motion. That is, the figure goes back to its original
position.

e Angle measure, midpoint, and collinearity are also preserved.

Examples of line reflections:

A
C/\E
AJ

AABC — AA'B'C

Model Problem  Use a ruler or tracing paper to sketch the reflection of each figure in the line provided.
A
B Q C
- D »

Exercise Use a ruler or tracing paper to sketch the reflection of each figure in the line provided.

Pas e\
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Identifying Line Reflections

Model Problem Is the transformation shown a line reflection? Justify your answer.
¥ Ty
K K §
{1
‘b M | j [l — | /
; /
BN h , \V,\vAREER
‘l )( 1{ x /(v\\ X
Al
R I ’_____,....---' C
B
Y
Exercise Is the transformation shown a line reflection? Justify your answer.
A A A

v v v
(1) (2) (3)
A A
> < =
v v
(4) (5)
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Summary

A transformation is a change in the position, size, or shape of a figure.

A rigid motion is the action of taking an object and moving it to a different location without altering its shape
or size. Reflections, rotations, translations, and glide reflections are all examples of rigid motions. Rigid
motions preserve distance, angle measure, collinearity, parallelism, and midpoint.

A line reflection is a transformation where the line of reflection is the perpendicular bisector of each segment
containing a point and its image. It is described as a “flip” over a line.

Homework

Use the given figure and line of reflection. Draw the image in this line
using a ruler.

1. A 2. a
A
J
B C K
= D >/
M
L
¥
3. W X 4, Ak
- Y 4 -
‘ = T U
R §
REFLECTIONS Vincent is making a star.
Complete the star by drawing the |

reflected image of the figure in line m.
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6) Consider the line reflection at right, where r,(ABCD) = A'B'C'D’". t

Answer TRUE or FALSE.

a) 2A =LA
b) BC = B'C’ D C
c) BC=A'D'

A

d) If AB | CD, then A'B || C'D". k

e) If AB 1L BC,then A'B' L B'C".
f) Quadrilateral ABCD and quadrilateral A’B'C'D' have the same
orientation. A B’

g) Explain why the transformation that maps ABCD onto A'B'C'D" is a
line reflection. You may want to use words like perpendicular
bisector, image, and segment, among others.

'INTERIOR DESIGN Wilfred hired an
interior designer to layout the furniture
in his bedroom. The designer produced
the plan shown in the figure.
Unfortunately,
Wilfred’s window Desk

/}\ Lamp
| 1
l
1s located on the i
i
|
|
|
I
|
:
|
1
|
|

®

9|qel

opposite wall from
the plan. Wilfred
decided to just
reflect the plan
over the vertical
line through the
center of the room. \/
Draw the reflected plan.

Bed

Window

" neaing
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Day 2: More on Line Reflections: Graphing and Constructions

G.CO.2 Represent transformations in the plane, e.g., using transparencies and geometry software; describe transformations as
functions that take points in the plane as inputs and give other points as outputs. Compare transformations that preserve distance and
angle to those that do not (e.g. translation vs. horizontal stretch.)

G.CO.4. Develop definitions of reflections, translations, and rotations in terms of angles, circles, perpendicular lines, parallel lines,
and line segments.

G.CO.5. Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure, e.g. using graph paper, tracing
paper, or geometry software. Specify a sequence of transformations that will carry one figure onto another.

Warm-Up Is this a line reflection? Justify your answer using appropriate mathematical vocabulary.
A
B o
< D 5
-« o% 4
B’ ¢
Ar'

Special Line Reflections

Some line reflections have special rules. We can develop these rules by performing them on points in the
coordinate plane and examining the coordinates of their image.

1) Reflection in the x-axis (ry_qxis)

M_4v D M(-1, 5) > M'( )
U D(,5)> D’
. (1,5) ( )
A4,3) > A( )
) WL 4) > W )
Rule for Reflection in the x-axis
, -0 . )

To reflect in the x-axis,
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2) Reflection in the y-axis (7;,_gxis)

Ay

W(-2,3) > W'( )

u S(-2,1)>S( )
/]
/] 1(-5,-1) > I'( )
/ ~ P(4,-2)>P( )

Rule for Reflection in the y-axis

Ly)-C , )

To reflect in the y-axis,

3) Reflection in the line y = X (ry,-y)

A v

N

J4,-3) > J'( )

A@B,-1) > A( )

Al TG-2>T( )

\ S4,2)>S'( )

=Y

A
N
Ay
N
N
AN
~
Y
- AN
=<y N
N
N
Y
N
AN

Rule for Reflection in the line y = X

xy)->C , )

,
K L ]

To reflectin the liney = x,

Reflections in the Coordinate Plane
Across the x-axis Across the y-axis Across the line y=x
Ay Ay Ay -
Aix,
*R(x ¥ R x, yesr-*R(x V) tl:f }f/
e
P (¥, X}
. X _ X . . yi
h [ " N 0 " h A0 :
!.-‘
;FI“[X. ¥ f","’
L v My X +
(x, ¥) = (x, =y) (x, )= (=x, ¥) (X, ¥) = (¥, )
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Practice

Point 4 is located at (4,<7). The point is reflected Reflecting (3,1) in the y-axis vields an image of
in the x-axis. Its image is located at I}y (5,-1)

(=47 2y (=5=1)

2) (=4.=T) 3) (5.1

3 &7 4) (=50

4) (7.4

When the point (2,=3) is reflected in the x-axis, The image of point (3,4) when reflected in the
what are the coordinates of its image? y-axis is

1) (-3.2) 1} (-3,-4)

2y (=1.3) 2y (=3.4)

3) (2,5 3) (3.-4)

4 (5.2) 4 (4.3)

What is the image of point (=3,7) afier a reflection What 1s the image of the point (2,=3) after the
in the x-axis? transformation ry_m"?

h G.7 H (2.3)

2 (=3.-7) 2) (-2-3)

3 3.-7) 3) (-23)

9 (4 9 (-32)

Triangle ABC has coordinates 4(2.,0), B(1,7), and
C(5,1). On the accompanying set of axes, graph,
label, and state the coordinates of AA'B'C’, the
reflection of A ABC in the y-axis.

y

m

iy

A(2,0)
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Reflections across Vertical and Horizontal Lines

Other lines can be used as lines of reflection as well.

Reminder! Equations of Horizontal and Vertical Lines
X = a number y = a number

Model Problems Sketch the reflection of the figure in the line indicated.
What are the coordinates of the image?

1) Reflectioninx =-1 2) Reflectioniny =1

F\jﬁw Fﬁaw

\ \
\|J \J
\ \
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3) In the diagram at right, AABC is mapped onto AXYZ by the (X, ¥) — (=X + 6, })
transformation (x,y) - (—x + 6,y). Notice that this
transformation is equivalent to a reflection in the line x = 3.

>

Prove that the line x = 3 is the perpendicular bisector of the

segment with endpoints (x,y) and (—x + 6,y). (Hint: Use the
midpoint formula.)

B S —— R ————
¥

z
x=3
4) Sketch the line of reflection on the diagram below. Then write a K Ay
rule for the reflection. Be sure to include the name of the V. /\
transformation and the equation of the line of reflection. ] ;7{"“ E
VAN )
L= R

Rule: V' \/ x

Exercise Sketch the reflection of each figure in the line indicated.
1) Reflection across x =1 2) reflection across y=-2
Ay
[ ]
B

=
/
- AN
\d

Cc

-~

= ¥

[jan}
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3) A transformation T is given by the rule (x,y) = (—x — 4,y).
a) Graph and state the coordinates of the image of the figure below under transformation T.
b) Show that transformation T is a line reflection.

c) State the equation of the line of reflection.

A
N\
—

v |

4) Write a rule for each reflection.

L
b v A bl

o

W
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Constructing a Line Reflection

Task: Construct the image of the line segment after a reflection in the given line.

You Try:

Justify this construction (Fill in the blanks):

1. We construct a line to the given line passing through the given
point and its image.

2. Then we construct a segment where the line of reflection goes through that segment’s

3. Therefore, the given line is the of the
segment containing each given point and its image, making it a line of reflection.
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Summary

Reflections in the Coordinate Plane
Across the x-axis Across the y-axis Across the line y=x
L34 Ay A ,;? -
*Rx 1) R x y)et-#R(x 1) -ff N
X o
i ) - ,.ff[y;x}
* Q > * a > * s *
#
///
R~y -~
L L ’,y * Y
(x, ¥) = (X, -¥) (X, ¥) = (=x, ¥) (x, ¥) = (v, x)

o To reflect a figure across a horizontal or vertical line, sketch the line of reflection, and sketch the image
of each point individually.

e To describe a rule for a line reflection, observe the line of symmetry between the original figure and the
image.

Homework

COORDINATE GEOMETRY Graph each figure and its image under the given

reflection.

ANABC with vertices A(=3, 2), B(0, 1), trapezoid DEFG with vertices IN0, —3),
and C(—=2, —3) in the liney = x E(1, 3), F(3, 3), and G(4, —3) in the y-axis
y ¥
[* | X - ra| -
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Sketch the image of the figure shown in the line indicated.

reflection across y=—x reflection across y=—1
Ay by
‘\
u
. \ § , /\
§ A N
« > - X -
AN X X
AR \
\\\ T ..--"""..-'.... L
N o B
¥ AN ¥
1
reflection across x =—3 reflection across y=x
Ay Ay
u H
7 L
/ A Q g
£ 'J/ f - - }// -
I / ' / '
p 2

Write the rule for the transformation shown.

Ay kv

¥
R

pl p /

A
="
L

=
A
=
b
=¥
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Day 3: Translations

G.CO.2 Represent transformations in the plane, e.g., using transparencies and geometry software; describe transformations as
functions that take points in the plane as inputs and give other points as outputs. Compare transformations that preserve distance and
angle to those that do not (e.g. translation vs. horizontal stretch.)

G.C0O.4. Develop definitions of reflections, translations, and rotations in terms of angles, circles, perpendicular lines, parallel lines,
and line segments

G.CO.5. Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure, e.g. using graph paper, tracing
paper, or geometry software. Specify a sequence of transformations that will carry one figure onto another.

Warm-up
What is the image of (1 -3) when reflected in the
tj-axis?
(1) (-1.3) (3) (=3.-1)
(2) (3.-1) (4) (-1.-3)

What are the coordinates of the image of
point A(3,~1) after a reflection in the line x = 27
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Translations

Al
B C
8
\
B C'

T, (x.v)=(x+ay+Db)

Definition: A translation (notation T, ;) is a transformation of the plane that slides every point
of a figure the same distance in the same direction.

So a translation “slides” an object a fixed distance in a given direction.

In the example below, notice how each vertex moves the same distance in the same direction.

hi
A
A A’
3
2
EI
|
X
* -3 ) 1 ¢ 3 }
cC - c’
2 Each vertex slides
3l 6 units to the right.
v

Check all properties that are preserved under a translation:

distance
collinearity

perpendicularity

orientation

midpoint

angle measure

parallelism
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Notations:

T_7'_3 : The -7 tells you to subtract 7 from the x-coordinates and the -3 tells you to subtract 3 from the y-
coordinates

(x,y) > (x=7,y-3) : This is read as “the x and y coordinates will be translated into x-7 and y-3”. x-
coordinates moves 7 units to the left, y-coordinates moves 3 units down

—_—
V = <4‘ _9> : This is a vector. A vector is a directed line segment and may also be used to show the

movement of a translation. This vector would translate a pre-image 4 units to the right (positive direction) and 9
units down (negative direction).

Rules:
x+a : the x-coordinates moves in the positive | y+b : the y-coordinates moves in the positive (up)
(right) direction direction
X-a : the x-coordinates moves in the negative y-b : the y-coordinates moves in the negative
(left) direction (down) direction

Model Problem T 4

Ay B:( , )-B:( +5 +1)

B’ :

G:(, )=G»( +5 +1)

A
=Y

G :

T:( , )-T:( +5 +1)

=

T :

Which way did the pre-image move?

and
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Exercise

(le) — (X-l, y'4) V= <_2:5>
Ay Ay
0
[~
[
< " g <
U M
I TSey
- =]

Model Problem Write the rule for the translation shown below

Ay
Hi Y
H Y’
/ | W
—T W
N
< g
Y Rule:
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Exercise: Write the rule for the translation in two ways (T, ,, (x,y), or V)

A

Ay

Rule:

Bi’
> x
) \
P B
Y
Rule:

Given a point under translation T, find the coordinates of another point under the same
translation.

Model Problems

A translation moves P(3,3) to P'(6,1). What are
the coordinates of the image of point (—3,—5) under

the same translation?

1) (0.-9)

2) (=5.-3)
3) (=6.-1)
4) (-6.-9)

Practice

same translation?
1) (-L6)

2) (0,9

3) (5.9

4) (9,-2)

Triangle 4ABC has vertices A(1,3), B(0,1), and
C(4,0). Under a translation, 4, the image point of
A, 1s located at (4,4). Under this same translation,

point C’ is located at

1)
2)
3)
4)

(7,
(3.3)
(3.2
(1,-1)

The image of point (—2,3) under translation 7 is
(3.—1). What is the image of point (4,2) under the
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A design was constructed by using two rectangles
ABDC and A'B'C'D'. Rectangle A'B'C'D' is the
result of a translation of rectangle 4ABDC. The
table of translations is shown below. Find the
coordinates of points B and D',

Rectangle Rectangle
ABDC AB’'D'C’

ARYD A’ (3.1)

B B’ (-5.1)

C(2-1) C (3.4

D (-6.-1) D

Write two translations as a single translation.

Rule:

S (xy) = (x+a, y+b) mmm (XY) = (x+(a+c), y+(b+d))

[ ]
T: (X,y) = (X+c, y+d)

Model Problem

.A TALE OF TWO TRANSLATIONS

Lacy performs the translation

(x, %) — (x + 5,y + 3) to an object 1n the
coordinate plane. Kyle performs the
translation (x, v) — (x — 4, ¥ + 2) to the
same object after Lacy. What single
translation could have been done to
achieve the same effect as Lacy and
Kyle's combined translations? Would the
result have been different if Kyle did hus

translation first?

Note: watch signs!
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Exercise:

1)

2)

A group of hikers walks 2 miles east and then
1 mile north. After taking a break, they then
hike 4 miles east and another mile north to
set up camp. What vector describes their hike
from their starting position to camp? Let 1
unit represent 1 mile.

Use the graph to the right. If the hikers
started at P (-4, 2), what will be there final
position?

In a video game, a Move 1: T,
character at P (8, 3) moves | Move 2: T 10—-4
three times, as described by [ Move 3: T, _’5

the translations shown at
the right. What is the final
position of the character
after three moves?
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A translation can be defined in terms of reflections:

M
B BI L BII
A cC | C A' A" c’
A W
R\-____/_.! . .
orientation orientation
reversed reversed
orientation preserved in double reflection
Note: The lines must be parallel.
Model Problem
Graph AABC with A (2,-3), B (2,-6), C (5,-3)
Use AABC to answer the question below.
REFLECTIONS Gus reflects an object aff B

twice. The first step 1s to reflect it over
the line y = —1. Then Gus completes the
composite reflection by reflecting it over
the line y = 1. The net effect is a
translation of the object. Describe this
translation. v
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Summary

Three notations for translations: Ty 3, (X, y) = (x+a, y+b), {(a, b)

x+a : the x-coordinates moves in the positive | y+b : the y-coordinates moves in the positive (up)
(right) direction direction

X-a : the x-coordinates moves in the negative y-b : the y-coordinates moves in the negative
(left) direction (down) direction
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Homework
Write a rule for each transformation described.

1) Two units left and 5 units up
2) Eight units right and 4 units down
3) 7 units down
4) 2 units right

5. E(-2,-4), F(3,0), G(3, 4) 6. P(—4, -1), Q(-1, 3), R(0, —4)
1y 94
[ 2 | 0 2 ~ - 2 of 2 7
T (0, 3) T(4, 1)
7. A(1,-2), B(1, 0), C(3, 1), D(4, -3) 8. G(-3,4), H4, 3), J1, 2)
1y 4 1y 4
2 2
* > o | 2 . * 2 0 | 2 .
2 21
(X, ¥)—->(x-3,y+3) (X, y)-->(x-1,y-6)
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1y

2)

4

Iftranslation T maps point A(-3,1) onto point A * (5,5), what is the translation 77

A) T4
If a translation maps pomnt A(-3,1) to pomt A’ (5,5), the translation can be represented by

A) (x+8,y+4)

B) T Q) T84

B) x+8,y+6)

What is the image of the point (3,-4) under the translation 77.2 0)7?

QO G+2y+4)

D) 7.6

D) x+2,p+6)

Under a translation, the image of pomt (3,2) is (-1,3). What are the coordmates of the image of point (-2,6)

under the same translation?

A translation maps A(-3,4) onto A’ (2,-6). Find the coordinates of B*, the image of B(-4,0) under the same
translation.

If a ranslation maps (x,y) — (x + 2y + 3), what are the coordinates of B’ , the image of point B{-3,5) after this

translation?

Write the rule for the translations pictured in the graphs below:

7

A

8)

>

/

[l

&

3

=¥

=¥
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Day 4: Rotations

G.CO.2 Represent transformations in the plane, e.g., using transparencies and geometry software; describe transformations as
functions that take points in the plane as inputs and give other points as outputs. Compare transformations that preserve distance and
angle to those that do not (e.g. translation vs. horizontal stretch.)

G.C0.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describe the rotations and reflections that carry it onto itself.

G.C0O.4. Develop definitions of reflections, translations, and rotations in terms of angles, circles, perpendicular lines, parallel lines,
and line segments

G.CO.5. Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure, e.g. using graph paper, tracing
paper, or geometry software. Specify a sequence of transformations that will carry one figure onto another.

Warm-Up

Under a translation, the image of point (-3, 7) is (2, 5). Find the image of point (-4, 2) under the same
translation.

What is a rotation?

A rotation is a transformation in which a figure is turned about a fixed point, called the center of rotation.
Notice that each point and its image are the same distance from the center of rotation.

The angle that a point and its image make with the center of rotation is called the angle of rotation, as shown
below.

Q' 'f.k_ _Angle of
rotation

Center of —
rotation
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Because a full rotation is 360°, angles of rotation are commonly measured in multiples of 90°.

y

90°

180°

270°

Notice that the angles are increasing in a counterclockwise direction. This is because positive rotations are

counterclockwise, while negative rotations are clockwise.

Visualizing Rotations

A figure is graphed below on a set of coordinate axes. Sketch how the figure would look after:

a) one rotation of 90°
b) two rotations of 90°
c) three rotations of 90°

Name the quadrant in which each image is located.

A

v

A

A

180°

270°
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Coordinate Rule The rule for a counter-clockwise rotation of 90° around the origin is given by:

(x,y) = (=y,%)

Model Problem

AABC has coordinates A(3,1), B(6, 1) and C(6, 3). Sketch and label AABC and its image after a rotation of 90°.
State the coordinates of the image of AABC.

& ¥
=r“—lt- - 4 43 2 1l ] . I ;;,
-1

In which quadrant did the preimage lie? The image?
Is a rotation a rigid motion?
Check all properties that are preserved under a rotation:

distance orientation angle measure

collinearity midpoint parallelism

perpendicularity
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Exercise

Graph trapezoid FGHI with vertices F(1,2), G(5,0), H(3,3), and 1(4,2).

Rotate trapezoid FGHI 90°.

A

-6 5 4 43 2 1 ] I ]

Rotations of 180°, 270°, and 360° can be performed by doing the rotation of 90° multiple times.

Roo°
LCT

A(Z, 1) > A(
Rgge _,

B(6, 1) — B (

LET
C(6,4) =5 C'(

Exercise

Rgge

) =25 A7(
) =% B(

)25 c(

R1s0°

Rgge

) N A”’(
Rgqe

) _)BIII(

) @ CIII(

R270°

)

.

Roo® (x,¥) 2 (

Riso® (x,y) 2 (

R270° (x,y) 2 (

AABC has coordinates A(2,1), B(6, 1) and C(6, 4). Sketch and state the coordinates of AABC and its image
after rotations of 90°, 180°, and 270°. Then write a rule for these rotations.

LY

o

(&)

)

=¥
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Reminder!

Roo° (X, ¥) 2 (-, X) Riso° (x,¥) 2 (%, -y) R270° (x,¥) 2 (v, -X)

Practice

1) What is the image of each point under a counterclockwise rotation of 90°?
a) (7,1) b) (4,-3) c) (-5,0)

2) What is the image of each point under a counterclockwise rotation of 180°?
a) (-9,6) b) (4,-12) c) (0, 8)

3) What is the image of each point under a counterclockwise rotation of 270°?
a) (0,9) b) (-10, 7) c) (5, -1)

Write the Rule for Rotations

F
A
£ B
'\
8 >~
< — T » < >
C N p =
‘\
iy
v V
Rule: Rule:
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Point Reflection and Reflection in the Origin

A point reflection exists when a fixed point, called a point of reflection, is the midpoint of a given point and its
image. In the diagram at right, P is the midpoint of CC’, BB’, and AA'.

c &c

Notice that reflection in a point has the same effect as turning a figure upside down.
In other words, this transformation has the same result as a rotation of 180°.

Therefore, it makes sense that the rule for reflection in the origin (rorigin) Should have the same rule as a rotation
of 180°, in other words:

lorigin (X, y) > (-X, -y)

The rule for a reflection in the origin is the same as the rule for a rotation of 180°.

Exercise

Find the image of each point under Forigin-

a) (-4,3) b) (2, 6) c) (0, -8)
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Summary

A reflection (or flip) is a
transformation across a line,
called the line of reflection.

Each point and its image

the line of reflection.

.

are the same distance from

A rotation (or turn)
is a transformation
about a point P,
called the center of
rotation. Each point
and its image are the
same distance from P.

REFLECTION ROTATION TRANSLATION
, F’
B g F J M
¢/ /p \ J M
A /\ L /\A' N ; / ’ .
c| C Pi—‘\"
‘ D E K L

A translation (or slide) is
a transformation in which
all the points of a figure
move the same distance
in the same direction.

Rules to Memorize:

Line Reflections:
Foais (X, ¥) = (X,—)
Vs (X, ¥) = (=X, ))
1o (X, 3) = (3, x)

Point Reflection:
Rigpe(x. ) = (=x.—y)

Rotations:
Rye(x,¥) = (=y,x)
R (x,)=(—x,—y)
Rzm‘ (x,¥)=(y,—x)
R g (x, ) =(y,—X)

Translation:
I,,(x,y)=(x+a,y+b)
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Homework

1) When a point (a, b) is rotated counterclockwise about the origin, (a, b) — (b, —a) is the result of a

rotation of

2) Graph trapezoid FGHI with vertices
F(1,2), G(5,0), H(3,3), and 1(4,2).

Rotate trapezoid FGHI 180°.

A

3 2 -l ] K B

w Y

3) Write a rule for the rotations below.

- h r

Y T

M,
N

™

r

N ,

P ™~

\\

MW
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4) Write the coordinates of the given point after a reflection in the origin:
a) (-9, -8) b) (4, 14) c) (4, 6)

5) REASONING You enter the revolving door at a hotel.

a. You rotate the door 180°. (
What does this mean in the
context of the situation?
Explain.

b. You rotate the door 360°.
What does this mean in the
context of the situation?
Explain.

6)
& ¥

REASONING Use the coordinate rules for
counterclockwise rotations about the origin to write
coordinate rules for clockwise rotations of 90°, 180°,
or 270° about the origin.

L)
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7) What is the image of A(5,2) under R,.?
D (5.2)
2) (5.-2)
3) (2.5)
4) (2.5

8) If the letter P is rotated 180 degrees, which is the
resulting figure?
1) d
2) @
3) ©
4 b

9)  The accompanying diagram shows the starting
position of the spinner on a board game.

How does this spinner appear after a 270°
counterclockwise rotation about point P?

) 3}t:F:L\,:>-

4)
2)
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Day 5: Dilations

G-SRT.1 Verify experimentally the properties of dilations given by a center and a scale factor: a. A dilation takes a line not passing
through the center of the dilation to a parallel line, and leaves a line passing through the center unchanged. b. The dilation of a line
segment is longer or shorter in the ratio given by the scale factor.

Warm-Up

Find the image of (-5, 3) after each transformation.

Ix-axis | My-axis | My=x T32 |Ra R1s0 R270

(_51 3)

 Dilations \

A dilation, or similarity transformation, is a transformation
in which the lines connecting every point P with its image
P all intersect at a point C, called the center of dilation .

% is the same for every point P.
The scale factor k of a dilation is the ratio of a linear

measurement of the image to a corresponding measurement

L of the preimage. In the figure, kK = %. )

A dilation enlarges or reduces all dimensions proportionally. A dilation with a
scale factor greater than 1 is an enlargement, or expansion. A dilation with a
scale factor greater than 0 but less than 1 is a reduction , or contraction.

When the scale factor k < 0, the dilation will also contain a rotation of 180°.

A dilation of scale factor k is performed using the rule:

Dk (X, y) 2 (kx, ky)

Important Facts

e Adilation is NOT a rigid motion. Its image is not congruent to the original figure.
e Since the ratio of the lengths of segments in the figure and its image is a constant, the figure and its
image are always similar.

This is a dilation. The figures are similar: This is NOT a dilation. The figures are NOT similar:
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Exploration
AB has coordinates A(3,1) and B(—1, 4). o

1) Graph and label AB.

2) Determine and state the coordinates of the

image of AB under D, with respect to the .
origin. ;
l
A(S, 1) 9 A,( ) T & 7 £ F == T 4
=1
B( )=>B'( ) B

3) Justify informally that the transformation
you performed is a dilation.

Verifying the Properties of a Dilation

Use the distance formula to find:

o
B

AB A'B’

What do you notice?
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Parallel lines have the same slope. Use the slope formula to find the slope of AB and A’B’.

slope of AB slope of A'B’

What conclusion can you draw about these line segments?

Model Problems

Graph and state the coordinates of the image of each dilation, using the given scale factor. Each dilation is with
respect to the origin.

1) J0, 2), K(-2, 1), L(0, =2), M(2,-1); N
scale factor: 2

3¢

r

Exercise Graph and state the coordinates of the image of each dilation, using the given scale factor. Each
dilation is with respect to the origin.

2y D(O, 0), E(-1, 0), F(-1, -1); Y2
Scale factor: -3 3
X
3 0 3
3

ciupier = unorennaeaoNS — Page 44



Model Problems

Find the scale factor in each dilation given.

a) (-6, 4) 2 (-9, 6) b)

Exercise
Find the scale factor in each dilation.

1) (4,8) > (-2,-4)

2) (4,5) > (12,15)

3) (-5,4) > (10, -8)

N, Y1
A
—Image
B s W 5
~ P
~ 1
. ..«"/
A — Z
A NS
- al Kg‘\‘._“&\\:\\ = -
_I X
e S o
Original flgijre W}x

4) This dilation where C is the center of dilation:

E.f

AI./
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Homework
1) What is the image of the point (9, 1) under the dilation D,?
2) Find the image of the point (-3, 2) under the dilation (3x, 3y).
3) A dilation maps point A (2, 6) onto A’ (1, 3). What is the scale factor?

4) Atriangle has sides of length 12, 14, and 16. Find the perimeter of this triangle after a dilation D,.

5) Point B’ (14, 21) is the image of point B(2, 3) under a certain dilation. Find the image of point (-1, 0)

under the same dilation.

Draw the image of the figure with the given vertices under a dilation
with the given scale factor and centered at the origin.

1
6. J(0, 0), K(-1, 2), L(3, 4); scale factor: 2 7. G(2,0), H(0, 4), (4, 2); scale factor: -5
,
a
L L)) x
e [1]
- - J 2
2 '-; 2
Review Write the image of each point under the transformation indicated.
Fx-axis | Fy-axis Fy=x Fx=3 Rgo° Riso’® T30 D,
(3,4)
(_zl 6)
(4,0)
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Day 6: More on Dilations

G-SRT.1 Verify experimentally the properties of dilations given by a center and a scale factor: a. A dilation takes a line not passing
through the center of the dilation to a parallel line, and leaves a line passing through the center unchanged. b. The dilation of a line

segment is longer or shorter in the ratio given by the scale factor.

Warm-Up

Is this transformation a dilation? Justify your answer mathematically.

Sketching a Dilation Center is Outside the Figure

The center of dilation and the scale factor of a dilation is given. Using a
compass and a ruler, construct the image of the figure after the dilation.

Label it A’B’.

r=2 Se
B

W

Questions for Thought:

What is the ratio of A’B’ to AB? of SB' to SB?

Is parallelism preserved under this transformation?

B C| IC]
Io) X

p ’/V

A A B’

of SA" to SA?
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Center is On the Figure

Questions for Thought

1) How is this dilation different from the previous one?

2) Do any points remain invariant (the same) under this dilation? Why do you think that is?

3) IsSC || SC'? If parallelism is preserved under a dilation, how do you explain this result?
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Dilating a Line

2
1)  Graph the line y=- gx + 2 on the axes below. Then graph its image after a dilation of 2 with

respect to the origin.

SV~ - LY = R =}

2) What is the equation of the new line?

3) Plot the point (3, 0) on the same set of axes. Using (3, 0) as the center of dilation, let’s attempt to do the
same dilation of 2.

a) What is the image of (3, 0) under this dilation? Why?

b) What is the image of (0, 2) under this dilation?

What mathematical term describes the relationship between (0, 2) and its image?

¢) What is the equation of the new line this time?

d) Complete this sentence: When a dilation is performed on a line with respect to a point on that same
line, the equation is
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Homework  Dilations and Review

For Questions 1 and 2, use the dilation.
1. Determine whether the dilation from

Figure N to N'1is an enlargement or a reduction. 1.
2. Find the scale factor of the dilation. 2.
3. AABC has vertices A(2, 2), B(3, 4), and C(5, 2). Find the

coordinates of the image of the triangle after a dilation

centered at the origin with a scale factor of 2.5. 3.
4. Name a property that i1s not preserved by a dilation. 4.

5) If AABC is dilated by a scale factor of 3, which
statement 1s true of the image AA'B'C'?

1| 34'B'=AB
2 B'C'=3BC
3 msd =3mLA)
4 msC')=msC

6. Name the coordinates of S(—=7, 1) under a reflection in the
y-axis.

7. DEFG 1s a square with vertices at D(1, 1), E(1, 6), F(6, 6), and
G(6, 1). DEFG 1s reflected 1n the line x = 1. Find the
coordinates of D), E', F', and G

Q

8. Determine whether AP'Q'R’1s a A

.. . Q
translation image of APQR. Explain. P

;\
PL =%

9. Find the image of B(4, 7) reflected in the y-axis.

10. The function notation (x, y) — (—x, —vy) describes the rotation
of how many degrees about the origin?
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11) Dilation with Center Inside the Figure. Sketch the dilation of the figure below if the center of dilation is at
S and the scale factor is 2.

12) Margot superimposed the image of the dilation of a figure on its original figure as shown. ldentify the
center of this dilation. Explain how you found it.
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13) Find the value of x and the scale factor of the dilation below.

14)

In the diagram below, A ABE is the image of

A ACD after a dilation centered at the origin. The
coordinates of the vertices are A(0,0), B(3.0),
('(4.5,0), D(0,6), and £(0,4).

The ratio of the lengths of BE to CD is

W Bl W wl
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Day 7: Composition of Transformations

G.CO.5. Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure, e.g. using graph paper, tracing
paper, or geometry software. Specify a sequence of transformations that will carry one figure onto another.

Warm-Up

The transformation of A4BC to A4AB'C" 1s

shown 1n the accompanying diagram. y
This transformation is an example of a

[A] translation [B] dilation ‘ B
[C] Line reflection in line

[D] rotation about point 4

What is a composition?

When two or more transformations are combined to form a new transformation, the result is called a
composition of transformations.

In a composition:

1) The first transformation is performed.
2) The second transformation is performed on the image of the first.

The symbol for a composition of transformations is an open circle. (o)

Example: Ty 114

Read: “reflection in the x-axis ON a translation of (3, 4)”

> Important Note: Compositions are always done in reverse!!

7

oT;,

X —axis ¥

/7 i
Do SECOND!! Do FIRST!!!
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Model Problem A

AABC has coordinates A(—6,0), B(—3,5), and €(0,2). Find the coordinates of image of AA"'B"'C"" under
the composition 7"y_gxis © T23. Sketch AABC and AA""B"'C" on the axes below.

a) Which transformation goes first?

g
A0 Bar( , Ol g ) ;
T3 , Tx—axis . 4
B(-35)—=B( , ) 'BYC ., )
Iz , Tx—axis ., -
c©0,2)—-cC , )—>c'C , ) - >
=+ || p|p } | X
b) Which statement is not true? 4
(1) 2A = A"
(2) BC = B"C" B
(3) BC I B"C” o
(4) AC = A"C"” A
Exercise

1) What is the image of point A(4, 3) under the composition D, o Ty=x"?

(4’3) 1&; ( ’ ) D_Z) ( , ) <:]| :’ell:;::nber to work from right

2) What is the image of (3,-1) under the composition T, 5 © 7, _gxs?

3) Find the image of (-1, 8) under the composition:
a) R90° ° Ty—axis

b) Ty—axis ° R90°

c) Is the composition of transformations commutative?
(i.e. Does changing the order of the composition keep the same image?
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4) Afterg composition of transformations. the
coordinates 4(4.2). B(4.6). and C(2.6) become
A4"(-2.-1). B"(-2.-3). and C"(-1.-3). as shown on
the set of axes below.

Which composition of transformations was used?

1 R180° ODZ
2 Ryl

3 DR
4 D1oRy,

5) In Question #4, is BC = B"'C""? Explain why or why not.

The Glide Reflection

Definition: A glide reflection is a transformation in the plane that is the composition of a line reflection
and a translation through a line (a vector) parallel to that line of reflection.

o

Example: £4'5'C'is the image of £45C under a glide reflection that is a composition of a reflection over the

line | and a translation through the vector v.
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Recognizing Glide Reflections

e Look for a line reflection and a translation.
e The translation should go in the same direction as the line of reflection runs.

Example  AABC has coordinates A(0, 2), B(4, 2), and C(4, 5).

Sketch AABC and its image under ry_; o T3

t Y

L=, =]

[R5

"

¥

Exercise  AABC has coordinates A(0, 2), B(4, 2), and C(4, 5).

Sketch AABC and its image under T_3 g © T'x_qyxis
L

= =]

[ S5
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Notes on Glide Reflections:

1) A glide reflection is an improper rigid motion.
(A translation is a proper rigid motion and a reflection is an improper rigid motion. Their composition is

an improper rigid motion.)

2) Properties preserved under a glide reflection:

Distance

Angle measure

Parallelism and perpendicularity
Collinearity

Midpoint

Describing a Composition

Model Problem

Describe a series of transformations that will map OBCD onto OHTE. Are the figures congruent or similar?
How do you know?

" e
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Exercise

A sequence of transformations maps rectangle

ABCD onto rectangle A"B"C"D", as shown in the

diagram below.
y
A B
D C
- X

(oI -

D (04

Al B
0 A"

Which sequence of transformations maps ABCD
onto A'B'C'D'" and then maps A'B'C'D’ onto

A"B"C"D™

1 areflection followed by a rotation

2 areflection followed by a translation
3 atranslation followed by a rotation
4  atranslation followed by a reflection

In the diagram below, congruent figures 1, 2, and 3
are drawn.

y A’
A F’ B
F B
E Cc’
E C D
D
< X
E" F
D‘@ A"
oy B”

Which sequence of transformations maps figure |
onto figure 2 and then figure 2 onto figure 37

a reflection followed by a translation

a rotation followed by a translation

a translation followed by a reflection

a translation followed by a rotation

1

2
3
4

Describing Compositions as a Single Transformation

It is possible that a composition of two transformations may be renamed using one single transformation.

For example, the composition of a line reflection in the y-axis followed by a line reflection in the x-axis could
be described as a single transformation of a reflection in the origin.

10

;-czx:'.s P }}-aa'
4

2

i
g

LI ML

-m-a-a,}d-z 2. 4 B B 1D

! 1 1 1
ol =
T T T T T T 11

(X, y)

Ty—axis
-

)

We can prove this using coordinate geometry using (X, y):

Tx—axis
) ——

c )

Chapter 2 — Transformations — Page 58



Exercise

Transform the point (X, y) using each composition. Then demonstrate the composition

graphically using the sample coordinates. Answer all questions that follow.

l) ry—axis ° ry=x

Tor oo
)yaxls(

xy) S,
This composition is equivalent to:

(1) A reflection in the origin

(2) A rotation of 90°

(3) A vertical translation

(4) A reflection in the x-axis

Are the figure and its image congruent or similar?
How do you know?

Demonstrate graphically using AB where A(6, 2) and
B(2,4)

L

Y

2) Ry—axis ° R90°

) Ty—axis (

VRO
This composition is equivalent to:

(1) A reflection inthe liney = x

(2) A rotation of 270°

(3) A translation of <2, 3>

(4) A reflection in the x-axis

Does this transformation preserve distance? Explain.

Demonstrate graphically using AB where A(6, 2) and
B(2,4)

L

|8

3)Ty_1°Tgg
Ty—1
) —(

Te s
xy)—=0C ,

Write a single translation rule for this composition:

X, y) 2 ( ! )

4) R90° o R180°

Rgge

Rqgoe
) —(

xy)—(C ,

This composition is equivalent to a rotation of:
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Homework
1) What is the image of point A(7, 8) under the composition T, _; © Ty_axis?

Ty—axis T3

(718) - ’ ) — ( ’ )

2) What is the image of (0,4) under the composition T_; _3 © T gyis?

3) Find the image of (-1, 2) under the composition:

) Roge © Ty=y
b) 75 © Rygpe

4) Find the image of (-2, 1) under the composition 7y, _gyis © Rygge © 75 © D,

5) The coordinates of the vertices of parallelogram 6) As shown on the set of axes below. A GHS has
ABCD are AI:—EE) 3(35) C(q-. 2) and D(—].—])- "n.-’E'l'TiCE"S- G[S ‘_]J H(ﬁ‘ 3} ) and S{:l . 4} Graph and

State the coordinates of the vertices of . W et :
parallelogram A"B"C"D" that result from the state the coordinates of AG"H"S", the image of

transformation r T, ;. [The use of the set of A GHS after the transformation T—s:l °D 2-

y—ads

axes below 1s optional. ]
W
A

g ﬁ

% T8I NS B
L]
¥
-

~1 £ 1

| |

+—— 11—+t
| |

t

s e

|
i
|

Chapter 2 — Transformations — Page 60



7) Is the following composition a direct or an opposite isometry? Explain your reasoning.

Ty=2°Tx=4°Tx=6°Tx=g

8) AABC has coordinates A(3,1),B(6,1), and C(6,6).
a) Graph and label AABC on the axes below.

b) Graph and state the coordinates of AA"'B"C", the image of AABC under the composition
Ty=—3°Ty=2.

c) Show that the composition 1,=_3 © 7,5 is equivalent to a translation of T_ o.

&

Chapter 2 — Transformations — Page 61



Day 8: Symmetry

G-CO0.3. Given a rectangle, parallelogram, trapezoid, or regular polygon, describe the rotations and reflections that carry
it onto itself.

Warm-Up
R90°° Rigoe

xy-C . )=C ., )

This composition is equivalent to a rotation of:

Symmetry
To carry a shape onto itself is another way of saying that a shape has symmetry.

There are three types of symmetries that a shape can have: line symmetry, rotation symmetry, and point
symmetry.

Line Symmetry (or Reflection Symmetry)

Key Concept Line Symmetry o ?"'

A figure in the plane has line symmetry (or reflection symmetry)
if the figure can be mapped onto itself by a reflection in a line,
called a line of symmetry (or axis of symmetry).

Identify Line Symmetry

State whether the figure has line symmetry. Write yes or no. If so, copy the figure,
draw all lines of symmetry, and state their number.
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The maximum lines of symmetry that a polygon can have are equal to its number of sides. The maximum is
always found in the regular polygon, because all sides and all angles are congruent.

Rotational Symmetry

For Your

Key Concept Rotational Symmetry FoLbA mj

A figure in the plane has rotational symmetry (or radial symmetry) if the
figure can be mapped onto itself by a rotation between 0° and 360° about the
center of the figure, called the center of symmetry (or point of symmetry).

Examples The figure below has rotational symmetry because a rotation of 907,
180°, or 270° maps the figure onto itself.
45°

I n® o |
0 f‘i a0
<
e = 180° _
J 270°
Y,

The number of times a figure maps onto itself as it rotates from 0° to 360° is called the
order of symmetry. The magnitude of symmetry (or angle of rotation) is the smallest
angle through which a figure can be rotated so that it maps onto itself. The order and
magnitude of a rotation are related by the following equation.

e

magnitude = 360° + order

The figure above has rotational symmetry of order 4 and magnitude 90°.

Tell whether each figure has rotational symmetry. If so, give the angle of rotational symmetry.
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Check for Understanding
Tell whether each figure has rotational symmetry. If so, give the angle of rotational symmetry.

. 5

Regular hexagon HEXAGO is divided into six congruent triangles.

5.

4. Name the image of F under a 60° rotation about N.

5. Name the image of X under a 180° rotation about N.

o

Name the image of O under a 120° rotation about N.

Name the image of A under a 240° rotation about V.

8. Name the image of H under a 300° rotation about N.

9. Name the image of G under a 360° rotation about V.

Summary

6.

Name

Line Symmetry
Diagram

Line Symmetry
Count

Rotation Symmetry
Diagram

Rotation
Symmetry Order

Parallelogram

0

2

Rectangle

=

2

18

2

Trapezoid

i P
4l ©

: -

! (D

0/1

None

0

Regular Polygon

n.‘
th L
.

Equal to the
number of sides
of the regular

polygon

=
L

h
=

Equal to the
number of sides
of the regular

polygon
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Homework
[ A A A SRR B R R R R ARERRRARRRZRERRBRRRERZREERERERRRRRERERAEREBREBZRERIBRAERAEZRERIERAERAERABZEZEREREBREBRDEJ]

Example Exercises

Draw the lines of symmetry for each figure.
1. D 2. : : 3. D
4. T 5. 5 o

6

| ]

Which figures have rotational symmetry? For those that do, give the angle

of rotation.
11. : 12. Q
QN

C/@@

16. 17. 18.
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Regular octagon EIGHTSUP is divided into eight congruent triangles.
Find the image of each point or segment.

1.

o A WM

45° rotation of G about £
225 rotation of U about Z
3157 rotation of E about Z
270° rotation of ET about Z
135 rotation of 5 about Z

360° rotation of ST about Z
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Chapter 2 Test Review
Read each question carefully and answer all parts to each question.

1) What is the image of the following points after a reflection in the x-axis?
a) (xy) b) (0,12) c) (4,-6)

2) What is the image of the following points after a reflection in the y-axis?
a) (x,y) b) (-4, 0) c) (5,-10)

3) What is the image of the following points after a reflection in the line y=x?
a) (x,y) b) (1,9) c) (-4, 3)

4) What is the image of P (7, 4) aftera T_g3?

5) What translation moves Q (5, 1) to Q' (0, -6)?

6) What is the image of each point after a Rgg-?
a) (x,y) b) (0, 8) c) (-9, 6)

7) What is the image of each point aftera R;gg?
a) (x,y) b) (4, -8) c) (6,0)

8) What is the image of each point aftera R;;.?
a) (x,y) b) (0, 7) c) (12, 14)

9) What is the image of (9, -6) after a 1,?

Chapter 2 — Transformations — Page 67



10) What is the image of the point (1, 8) under the dilation D5?

11) Circle the transformation you perform first in the following composition?

o]
T—2,3 Tx—axis

Chapter 2 Test Review A
Read each question carefully and answer all parts to each question. g ‘\W
;-{‘/fi'f 2, 7 A
% e 7 ) .‘>
1) Which of the following transformations is NOT a rigid motion? éls_f ' 4 _fv
(a) Line Reflection \ d’/’u

(b) Dilation
(c) Rotation
(d) Translation

2) Which of the following transformations DOES NOT preserve orientation?
(a) Line Reflection
(b) Dilation
(c) Rotation
(d) Translation

3) The line of reflection is the of the segment connecting each point and its image.
(a) Mapping
(b) Scale Factor
(c) Perpendicular Bisector
(d) Average

4) After a figure is dilated with a negative scale factor, the image is a dilation with:
(a) a translation
(b) arotation of 180°
(c) arotation of 90°
(d) a reflection over the line x=2

For the following graphs, write the rule for the transformation shown:

5 6
) Ay ) 4y
Iy o
E /_i_:_‘
. - Pl 1| P
[y
]
H
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7) 8)

B
R ¥ el
rd
\ Y
- £ — o £ [ -
E T X - e y :T
i -
R f "j
-l-"""—-— X
= B

9) Graph and state the coordinates of the image of each dilation, using the given scale factor. Each dilation is with
respect to the origin.

D (0,0), E(-40), F(-4 -4)

1
Scale factor: - >
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10) The line y = 2x — 4 15 dilated by a scale factor of 3

2 6
and centered at the origin. Which equation 5
represents the image of the line after the dilation? +9
| y=2x-4 >
2 y=2x-6 N
3 -}J = 3“’ - 4 r T T T T T T T T T T T T T T 1 X
4 }J — 3-1‘__ f} 8 47 46 -5 4 3 2 —}10_ 1 2 3 4 5 6 7 8

Lo |

44
54
-6
Lz

11) Graph and state the coordinates of the image of AABC with A (3, -2), B (6, -2), C (3, -7) after the composition

(o)
ry—axis R90°

[ 1 T I I T L) I T I

I
-8 47 6 -5 -4 3 2 —1.1_ 1 2 3

it
wvr—
o —
~
oo —

Lo |
3
—4 -
L5
| 6—
| = |

-8 -

[s this composition a rigid motion? Justify.
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12)  Inthe diagram below, AA'B'C" is a transformation
of AABC, and AA"B"C" is a transformation of

MNA'B'C'.
¥
c B
q_'___ Bl B C
N
A “
4 a al - X

L J

The composite transformation of A ABC to
MA"B"C" is an example of a

1) retflection followed by a rotation

2} reflection followed by a translation

3) translation followed by a rotation

4) translation followed by a reflection

13) The image of AABC after a rotation of 90°
clockwise about the origin i1s /A DEF, as shown
below.

A
=

Which statement 15 true?

|  BC =DE
2 AB=DF
3 ZL0=2FE
4 LA=2D
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Chapter 2 Test Review
Read each question carefully and answer all parts to each question.

1) True or False: After a figure is dilated with a scale factor of 2, the area of the figure doubles.
2) True or False: After a figure is dilated with a scale factor of -3, the figure and its image are similar.

3) Which of the following rules is the composition of a dilation of scale factor 2 following a translation of 3 units to
the right?

1) (2x + 3, 2y)
2) (2x + 6, 2y)
3) (2x -3, 2y)
4) (2x — 6, 2y)

4) The image of (-2,6) after a dilation with respect to the origin is (-10,30). What is the constant of the dilation?

5) Which of the following is NOT invariant under a dilation?

(a) angle measure
(b) orientation
(c) distance

(d) parallelism

6) Is the following composition a direct or an opposite isometry? Explain your reasoning.

[o] (o) o
T—2,3 Tx—axis R90° Tx=4

7) How are a point reflection and a line reflection the same? How are they different? Explain.
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8) Certain transformations are represented with the use of vectors. State the transformation that would require the
use of each set of vectors.

L

9) Every transformation of the form (x, v) — (—x + 2A, y) is
a reflection with respect to the vertical line with equation
x = h. What kind of transformation 1s (x, y) — (x, —y + 2k)?

10) REASONING When a rotation and a
reflection are performed as a composition
of transformations on an image, does the
order of the transformations affect the
location of the final 1image sometimes,
always or never? Explain.

11) Here 18 diagram that suggests one way to
map a smaller circle onto a larger one using
a dilation. The circles are given. The lines
suggest how to find the center for the
dilation. Describe how the center 1z found.
Use segments in the diagram to name the
scale factor.
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The Rigid Motions and Their Properties Congruence Transformations Properties Preserved:
REFLECTION ROTATION TRANSLATION
= Angle measure
v Jl! M'
B B £ .
, J M Parallelism and
G /D e . .
A - A +76 F , Iz perpendicularity
= pr 1 P ,
o o Collinearity
A reflection (or flip) is a A rotation (or turn) | A translation (or slide) is
transformation across a line, |is a transformation a transformation in which
called the line of reflection. | about a point P, all the points of a figure Midpoint
Each point and its image called the center of move the same distance
are the same distance from | rotation. Each point in the same direction.
the line of reflection. and its image are the
same distance from P.
A _/
Dilations Similarity Transformation

M ) Distance is NOT

A dilation, or similarity transformation, is a transformation
in which the lines connecting every point P with its image
P all intersect at a point C, called the center of dilation .
P

<p Is the same for every point P.

The scale factor k of a dilation is the ratio of a linear AN
measurement of the image to a corresponding measurement Q

of the preimage. In the figure, k = %.

preserved under a
dilation!

Line Reflections:
rx—axa’s{x:y} = (x:_y)
r,'l-'—au'.t (‘x? y} = (—IJ }’)
r_(x,¥)=(y,x) Compositions
y=x 2 3

Point Reflection: ¥, i 0l 4

Rygpe(x,y)=(—x,—y) / \

Do SECOND!! Do FIRST!!!

Rotations:

Rc)u"(x:-y] = (—ij}

R (%, )= (—x,-y)

R (x,)=(y,—x)

R 5o (x,¥) =(y,—x)

Translation:
I,(x,y)=(x+a,y+b)
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