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draw shapes in the first quadrant
of a Cartesian plane

draw and describe images on a
plane after single transformations
draw and describe images after
combinations of transformations,
with and without technology
create a design by transforming
one or more shapes

identify and describe
transformations used to produce
an image or a design

[

N




successive translations

successive rotations

successive reflections

K’'san Village, Hazelton, British Columbia

In 1993, the University of
British Columbia opened
The First Nations Longhouse.
It is a meeting place

and library for First Nations
students.

The construction was
overseen by First Nations
elders and it reflects the
architectural traditions of
the Northwest Coast.

First Nations Longhouse, University of British Columbia

Describe the photographs you see.

Which transformations are shown in the
photographs?

How did you identify the transformations?
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Here is a plan for an
amusement park drawn on
a coordinate grid.

Giant Slide

(o]

~

ater Ride Roller Coaster

What are the coordinates
of the water ride?
The swinging ship?

VeﬂieaLins
(@] »
s

B

Ferris Wheel

w

Food Court Games Area

N

—_

Bumper Cars S Ningipg Ship

0 1 2 3 4 5 6 8 9 10
Ul;‘ullt i

You will need 1-cm grid paper and a ruler.

Copy this grid. 9

E
Take turns. % 6
Draw a shape on the grid. Jg i
Do not show your partner the shape. > 3
Describe the shape you drew and its position 'f

to your partner. 15 342678010
Your partner draws the shape as you describe it. Horizontal axis
Compare shapes. What do you notice?

o

Show and Share

Talk with another pair of classmates.

Trade ideas for describing the position of a shape on a grid.
Did your shapes match exactly?

If not, how could you have improved your description?
How can you tell that two shapes match exactly?
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We can use ordered pairs to describe the position

of a shape on a Cartesian plane. Recall that the Cartesian

plane is often called a
» Aria is designing a rectangular playground coordinate grid.

for a local park in Victoria.

To help plan the playground, Aria drew a rectangle on a coordinate grid.
She used the scale 1 square represents 2 m.

20
\%J

B C

A
\%J

n
=

Q

Vertical axis

FS

0 4 12 116 20
st

To describe the rectangle, we label its vertices with letters.
The letters are written in order as you move around the
perimeter of the shape.

[

We then use coordinates to describe the locations of the vertices.
Point A has coordinates (4, 6).

Point B has coordinates (4, 18).

Point C has coordinates (20, 18).

Point D has coordinates (20, 6).
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» Here are 2 strategies students used to find the length
and width of the playground.

292

Gwen counted squares.

There are 8 squares along the horizontal segment AD.
The side length of each square represents 2 m.

So, the playground has length:

8X2m=16m

There are 6 squares along the vertical segment AB.
The side length of each square represents 2 m.

So, the playground has width:

6X2m=12m

Jarrod used the coordinates of the points.

The first coordinate of an ordered pair tells
how far you move right.

The horizontal distance between D and A is:
20— 4 =16
So, the playground has length 16 m.

I codld count
squares to check.

The second coordinate of an ordered pair
tells how far you move up.

The vertical distance between B and A is:
18—-—6=12
So, the playground has width 12 m.

0
B C
6l 6
2 5
3
£ o8l 2
s 1
4 A‘IDQARR?RD
0 4 12 | 16 | 20
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1. Write the coordinates of the vertices of each shape.

a) b) 1 C)
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2. Find the length of each line segment on this coordinate grid.
Describe the strategy you used.

2

4
I

B(1, 8

AN joa

e

DG H

AN NDOO©OO

A, 1)
12345678910

3. Copy this grid.
a) Plot each point on the grid.
A(10,5) B(5,15) C(10, 25)
D(20, 25) E(25,15) F(20,5)
b) Join the points in order. Then join F to A.
c) Describe the shape you have drawn.

o

= TN N @

g o g O ¢ O

Vertical axis

=y

o
n
-

] ) 5 10 15 20 25 30
4. Draw and label a coordinate grid. Horizontal axis

a) Plot each point on the grid.

What scale will you use? Explain your choice.

J(4,2) K(4,10) L(10,12) M(10, 4)
b) Join the points in order. Then join M to J.

Describe the shape you have drawn.

5. Draw a shape on a coordinate grid.
Each vertex should be at a point where grid lines meet.
List the vertices of the shape, in order.
Trade lists with a classmate. Use the list to draw your classmate’s shape.
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6. Draw and label a coordinate grid.
Ls a) Plot each point on the grid.
What scale will you use?
Explain your choice.
A(10,30) B(35,30) C(35,15) D(10,15)
b) Join the points in order. Then join D to A.
Describe the shape you have drawn.
¢) Find the length of each side of the shape.
Show your work.

7. Draw and label a coordinate grid.

a) Plot the points A(5, 1) and B(5, 5).
Join the points.

b) Find point C so that AABC is isosceles.
How many different ways can you do this?
Draw each way you find.

Write the coordinates of C.

How do you know each triangle is isosceles?
¢) Find point D so that AABD is scalene.

Show 3 different scalene triangles.

Write the coordinates of D.

How do you know each triangle is scalene?

8. Draw and label a coordinate grid.
a) Plot these points: E(5, 1), F(3, 3), G(5, 6)
b) Find the coordinates of Point H that forms Kite EFGH.
Explain the strategy you used.

9. The points A(10, 8) and B(16, 8) are two vertices of a square.
Plot these points on a coordinate grid.
a) What are the coordinates of the other two vertices?
Find as many different answers as you can.
b) What is the side length of each square you drew?

How do you decide which scale to use when plotting a
set of points on a grid?
Is more than one scale sometimes possible? Explain.

294 || AssessMENT Focus | Question 6
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Transformations on a
Coordinate Grid

4 M N
Translations, rotations, and reflections % - cQ i
Q
are transformations. g °
[ 61 B

*  Which transformation moves Quadrilateral .

ABCD to its image, Quadrilateral NMQP? .

. . 1A D

+ What are the coordinates of the vertices

of the quadrilateral and its image? 0.2 ¢ ) 101214

Horiz l|ﬁ3fﬂ’)ﬂ$

You will need:

* scissors + tracing paper

+ Shape Cards + Transformation Cards
+ coordinate grids

It’s a Transforming Experience!

» Cut out the Transformation Cards and the
Shape Cards. Shuffle each set of cards.
Place the cards face down in separate piles.

» Player A takes one card from each pile.

On the grid, Player A:

- draws and labels the shape described
on the Shape Card

- draws and labels the image of the shape after the
transformation described on the Transformation Card

» If you are able to draw the image of the shape, you score 2 points.
If you are not able to draw the image, you score no points.

» Switch roles. Continue to play until each player has had 4 turns.
The player with more points wins.

Show and Share

Share your work with another pair of students.
What strategies did you use to draw the images?

LEssoN Focus | Apply and describe transformations on a coordinate grid. 295



Translation 10|
Triangle ABC was translated . g
5 squares right and 2 squares down. %X 7 P
Its translation image is AA'B'C'. 3 2 c
5 4|
> 3
2 A
Vertices of Vertices of 1
AABC AA'B'C 0 123456780910
A(1, 5) A'(6, 3) Horizontal axis
B(1, 9) B'(6, 7)
C(4,7) C'(9, 5) : : .
Point A’ is the image
of point A.
. We write: A’
Each vertex moved 5 squares right and We say: “A prime”
2 squares down to its image position.
After a translation, a shape and its image
face the same way.
The shape and its image are congruent.
That is, corresponding sides and corresponding
angles are equal.
We can show this by measuring.
Reflection
Quadrilateral JKLM was reflected in a vertical 10 line of
. . . 9 reflection
line through the horizontal axis at 5. o L ’
Its reflection image is Quadrilateral J’K'L'M'". 5 |k K
S5
T 4
Vertices of Vertices of AN g
Quadrilateral JKLM | Quadrilateral J'K'L'M’ f M M
0

12345678910
Horizontal axis

Each vertex moved horizontally so the distance between
the vertex and the line of reflection is equal to the distance
between its image and the line of reflection.
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After a reflection, a shape and its image face opposite ways.

The shape and its image are congruent.

We can show this by tracing the shape, then flipping the tracing.
The tracing and its image match exactly.

Rotation

When a shape is turned about a point, it is rotated.
A complete turn measures 360°.

360°

A rotation can be
clockwise or
counterclockwise.

So, we can name fractions of turns in degrees.

1 . 1 . 3 .
AZ turn is A§ turn is AZ turn is

a 90° rotation. a 180° rotation. a 270° rotation.

. 3 .
Trapezoid PQRS was rotated a 7 turn clockwise about vertex R.
Its rotation image is Trapezoid P'Q'RS'.

After a % turn clockwise, the reflex
angle between RS and RS’ is 270°.

Vertical axis
“ NDW MO ON O O O

o

12345678910
Horizontal axis
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Vertices of Vertices of
Trapezoid PQRS Trapezoid P’Q’R§’
P8, 9) Pl(4’ 3 Since R is a vertex
Qs 9) Q4 6) on the trapezoid and its
R(6, 7) R(6, 7) image. we do not label the
2, 7) S'(6, 3) image vertex R'.

The sides and their images are related. IR

For example, ; pa—

+ The distances of S and S’ from the point of o ‘3 ARG
rotation, R, are equal; that is, SR = RS'. § 5 S )1

+ Reflex £SRS’ = 270° which is the angle of rotation. £ ° =

After a rotation, a shape and its image may face i ‘z s

different ways. 1

Since we trace the shape and use the tracing to get 0 2345678910

the image, the shape and its image are congruent.

Use tracing paper or a Mira when it helps.

1. Copy this triangle on a grid.

Draw the image of ADEF after the translation

6 squares left and 1 square down.

Write the coordinates of the vertices

of the triangle and its image.

How are the coordinates related?

¢) Another point on this grid is G(10, 2).
Use your answer to part b to predict the
coordinates of point G’ after the same
translation.

a)

b)

298

00 00000O0C0COCFOCGEOOGIOONONONONTOS O
D

D

F

Vertical axis
O “NWRAOTON®OO©O

12345678910
Horizontal axis
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2. Copy this triangle on a coordinate grid. 4
a) Draw the image of ASTU after a reflection
in the line of reflection.
b) Write the coordinates of the vertices of the triangle
and its image. Describe how the positions
of the vertices of the shape have changed.
¢) Another point on this grid is V(4, 3).
Predict the location of point V'’
after a reflection in the same line.
How did you make your prediction?

U
) \//
T line of
reflection

Vertical axis
o 2N WAPrOTONX®O©O

12345678910
Horizontal axis

3. This diagram shows a shape and its image
after 3 different transformations.

14

12

=

Image A

)
2

0 2 4 6 8 10 12 14
Horizontal axis

Vertical axis

|dentify each transformation.
Explain how you know.

a) the shape toImage A

b) the shape to Image B

¢) the shape to Image C

4. Copy this quadrilateral on a coordinate grid.
Trace the quadrilateral on tracing paper.
Draw the image of the quadrilateral after
each rotation below.

Write the coordinates of the vertices.

a) 90° clockwise about vertex B

b) 270° clockwise about vertex B Hodido
¢) 270° counterclockwise about vertex B FLTXT

[os]

)

Verti aLa)ﬂs
S N WrOTOONO®O©O
T~~~

o
N
N
(o%]

N

156 7 8 910
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5. Copy the rectangle and its image on
a coordinate grid.
a) Describe as many different transformations

as you can that move the rectangle to its image.

b) For each transformation:
+ Label the vertices of the image.
+ Describe how the positions of the vertices
of the rectangle have changed.

. A quadrilateral has these vertices:

Q(5,2),R(4,5),5(9,4),T(6,3)
Draw the quadrilateral on a coordinate grid.
For each transformation below:
« Draw the image.
+ Write the coordinates of the vertices
of the image.
+ Describe how the positions of the vertices
of the quadrilateral have changed.
a) a translation of 3 squares left and 1 square down
b) a rotation of 90° clockwise about vertex S
c¢) areflection in the horizontal line through the
vertical axis at 6

. Copy this pentagon on a coordinate grid.

Write the coordinates of each vertex.
For each transformation below:
« Draw the image.

* Write the coordinates of the vertices of the image.

+ Describe how the positions of the vertices
of the pentagon have changed.

a) a translation 2 units right and 3 units up

b) a reflection in the vertical line through
the horizontal axis at 5

¢) a rotation of 90° counterclockwise about P

How does a coordinate grid help you describe a
transformation of a shape?

300 || AssesSMENT Focus | Question 5
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Using Technology to Perform

Transformations

We can use geometry software to
transform shapes. .

Use dynamic geometry software.

Open a new sketch.

Display a coordinate grid.

Move the origin to the bottom left of the screen.
Check that the distance units are centimetres.

If you need help at any time, use the Help menu.

Translating a Shape “

» Construct Quadrilateral ABCD.

Record the coordinates of each vertex. ) ;’r\\\

+ Select the quadrilateral. = /a’ ™ 1

+ Translate the quadrilateral 5 squares right J /,> ;"\\
and 3 squares down. K H ;f .

+ Label the vertices. : 4 K;’

«  Write the coordinates of the vertices : b'&' 7
of the translation image. &

* Print the quadrilateral and its image.

Reflecting a Shape

« Construct AEFG.

Record the coordinates of each vertex.
+ Select one side of the triangle

as the line of reflection.
+ Select the triangle. 5
* Reflect it in the line of reflection. : \ /
+ Label the vertices. _ \/
+  Write the coordinates of the vertices

of the reflection image.
* Print the triangle and its image.

LEssoN Focus | Use a computer to transform shapes on a grid. 301



Rotating a Shape

« Construct Rectangle JKLM.
Record the coordinates of each vertex. |
 Select a vertex of the rectangle 1
as the point of rotation. i

+ Select the rectangle.
« Rotate it 270° counterclockwise.

+ Label the vertices. 1 J
«  Write the coordinates of the vertices

of the rotation image. or
* Print the rectangle and its image.

1. Construct a different shape.
Label its vertices.
Record the coordinates of each vertex.
a) Choose a translation.
Translate the shape.
b) Choose a reflection.
Reflect the shape.
¢) Choose a rotation.
Rotate the shape.

For each transformation image:
+ Label, then write the coordinates
of the vertices.
« Describe how the positions of the
vertices of the shape have changed.
* Print your work each time.

Do you prefer to transform a shape using geometry software
or using paper and pencil? Explain your choice.

302
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Successive Transformations

Which type of transformation does this
diagram show?

Describe a transformation that moves
the shape directly to Image C. Image B
Image A

Image C

Shape

You will need an 11 by 11 geoboard, 3 colours of geobands,
a Mira, tracing paper, and grid paper.

Transformation Challenge

» Player 1 uses a geoband to make a shape.
Player 2 names a transformation.
Player 1 uses the transformation to make Image A.
With Image A as the shape, he then uses the same
transformation to make Image B.
If the transformation cannot be done twice,
Player 2 loses 1 point.

» Player 1 draws the shape and its images
on grid paper.
He then names a single transformation
that would move the shape directly to Image B.
Player 1 scores 1 point for each correct
transformation he names.
Player 2 uses the geoboard to check.

» Players switch roles and repeat.

» The first player to get 10 points wins.

LessoN Focus | Draw and describe the image of a shape after repeated transformations. 303



Show and Share

Share your transformations with another pair of students.

What strategies did you use to identify the single transformations?
What do you know about a shape and each of its images?

How can you show this?

The same transformation can be applied to a shape more than once.

» When a shape is translated two or more times,
we say the shape undergoes successive translations.
The same translation may be repeated, as shown
at the top of page 303, or the translations may be different.

The same is true for rotations and reflections.

» Trapezoid PQRS undergoes successive rotations:
+ Itis rotated 180° about vertex R.
« Then, its image is rotated 90° clockwise about
its top right vertex.

10 10
9 9
Q Q
I I
E 4 * 15 4
"3 Q R " 3 oL/
n N
1 P S 1 P S
0 2345678 910 0 2345678 910
Horizontal axis ‘ Horizontal axis

To find the image after the first rotation:

+ Trace Trapezoid PQRS on tracing paper.

« Rotate the tracing 180° about R.

+ Mark the positions of the vertices of the image.
+ Draw the rotation image.

+ Label the vertices P'Q'RS'.
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To find the final image:

+ Trace Trapezoid P'Q'RS..

+ Rotate the tracing 90° clockwise about its top right vertex, P'.

+ Mark the positions of the vertices of the image.
« Draw the rotation image.
+ Label the vertices P’'Q"R"S".

10 &
a O
< 4
o R
O
2 |-
T
© i~ 0"
N \9)
Q | 5 Qr D
] J o] Lg
4
Jé 4
3 Q ;
5 R Q
4 P Q
Ll L I
0 2345678 910
Horizontal axis

The trapezoid and both its images are congruent.
That is, corresponding sides and

corresponding angles are equal.

We know this because we traced the

trapezoid each time.

» Hexagon A"B"C"D"E"F”is the image
of Hexagon ABCDEF after two
successive reflections.

To identify the reflections:

+ Reflect the original hexagon so that the image of
AF is on the same grid line as A"F".
The line of reflection passes through side BC.

«  Draw the reflection image of Hexagon ABCDEF.
This is Image A'BCD'E'F.

You might need to use guess
and test or a Mira to find the
lines of reflection.

Read Q" as “Q double prime.”

A B
5
FE
E/ FU
o D//
B A

A | Blline of reflection
D’
D |C
FE EF
E! FH
o D”
o
B” A
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A'BCD’E'F'and A"B"C"D"E"F” face opposite ways and are equal distances from the

horizontal line halfway between E'F’and E"F".
So, this is the line of reflection.

Hexagon A"B"C"D"E"F"is the image of Hexagon ABCDEF
after a reflection in the line through BC, followed by a
reflection in the horizontal line halfway between E'F’and E"F".

If we trace the hexagon and superimpose it on each image,
we see that they match exactly.
The original hexagon and both its images are congruent.

A

B

E E F

EH

lin

e O

efl

acti

You will need grid paper, tracing paper, and a Mira.

1. Copy this quadrilateral on grid paper. Make:
a) 3 successive translations of 1 square right and 2 squares up
b) 3 successive reflections in the line through SR
¢) 3 successive rotations of 180° about vertex R

2. Copy this diagram on grid paper.

Draw and label both images each time.

a) Translate the quadrilateral 3 squares left and 2 squares down.
Then translate the image 1 square right and 3 squares down.

b) Reflect the quadrilateral in a line through BE.
Then reflect the image in the line PQ.

¢) Rotate the quadrilateral 90° counterclockwise
about vertex E. Then rotate the image 180° about point R.

o
2

w

g 0

3. Describe two successive transformations that

move AEFG to its image, AE"F"G".

Show your work.

Vertical axis

i/

2 MNORAGO®ONOO©O

(@)

M

o

=Nz

306
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s 4. Draw a triangle on grid paper.
Ls a) Choose two successive translations, reflections, or rotations.
Apply the first transformation to the triangle.
Then apply the second transformation to the image.
b) Label the vertices of each image.
¢) What can you say about the triangle and the images?
How could you check this?
d) Describe a single transformation that would move
the triangle directly to its final image.

5. a) Describe two successive transformations that move the octagon
to its image.

~N © © O

Verti aLa)ﬂs

Shape

=N W ks On

()
N

1 567 9 10

Horizo anLTxif

b) Can you find two other successive transformations?
Explain.

6. The coordinates of a shape are:
AQ3,2) B(3,6) C(5,6)
D(6,4) E(5,3) F(5,2)
« The shape is translated 3 squares right and 1 square up.
« Then, the image is translated 2 squares left and 2 squares up.
« Then, the image is translated 1 square left and 3 squares down.
What are the coordinates of the final image?
How have the positions of the vertices of the shape changed?
Explain.

Give a real-world example of successive:
+ translations + reflections + rotations
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Combining Transformations

You will need grid paper, scissors, and tracing paper.
Your teacher will give you a large copy of these pentominoes.
Cut out the pentominoes.

What’s My Move?

» Each of you chooses 1 pentomino.
Draw or trace your pentomino
on the grid paper.
Trade grids and pentominoes with your partner.

» Select and record 2 different transformations.
Keep the transformations secret
from your partner.
Apply one transformation to your
partner’s pentomino.
Then apply the second transformation
to the image.
Draw only the second image. | | |
Return the grid to your partner.

» |dentify the combined transformations
that moved the pentomino to the final image.
You score 1 point if you identify the transformations correctly.

» Repeat the game as many times as you can.
The person with more points wins.

Show and Share

Share your transformations with another pair of students.

What strategies did you use to identify your partner’s transformations?
In each case, are the pentomino and each of its images congruent?
How can you tell?

308 | LessoN Focus | Predict and identify the image of a shape after two or more transformations.



A combination of 2 or 3 different types of
transformations can be applied to a shape.

» To find the final image of Rectangle ABCD
after a rotation of 180° about C, followed
by a reflection in a vertical line through 6
on the horizontal axis:

Vertical axis
“ N WHArOIONO©OWOWO

o

12345678910
Horizontal axis

Trace Rectangle ABCD on tracing paper.
Rotate the tracing 180° about C.

Mark the positions of the vertices

of the rotation image.

Draw the rotation image.

Label the vertices AB'CD'.

Vertical axis
N WHrOTOONDO®OO

B’ A’
1234567 8910
Horizontal axis

o

Draw the line of reflection through 6 on line of reflection
the horizontal axis. Reflect the rotation
image in the line of reflection.

Each vertex of the reflection image is
the same distance from the line

of reflection as the corresponding vertex
on the rotation image.

The shape and both images are congruent. BT Al ] AN B
12345678910

Horizontal axis

D C Dll C//

Vertical axis
“ N WHArOITONOO®WOO

o

» Kite W’X"Y"Z"is the image of Kite WXYZ b
after two transformations.

™~

—
>
=
<

<
<

A \/!!
\4

7"
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To identify the transformations: 3
Work backward. 24
Kites WXYZ and W”X"Y”Z" face opposite ways.
This suggests a reflection.

A possible line of reflection is the horizontal line
1 square above X"

N

—
>
=
<

<
<

B3
<

line of reflection X~

Draw the reflection image of Kite W”X"Y"Z". N" Y"
This is Kite W'X'Y'Z'. z
Kites WXYZ and W’X'Y’Z’ face the same way. |z

This suggests a translation. Wi Y Z

To go from X'to X, move 4 squares left » w Y
and 1 square up. 11 Y

So, to move Kite WXYZ to Kite W"X"Y"Z" | | !
we translate 4 squares right and 1 square down, '
then reflect in the horizontal line

1 square below X.

Wll Y/I.

7N

This is one combination of transformations that moves
the shape to its final image.
Often, more than one combination is possible.

You will need grid paper, tracing paper, and a Mira.

1. a) Copy the quadrilateral on grid paper.

>

+ Translate the quadrilateral 3 squares right.

w

+ Then rotate the translation image 90°

)
(@]

clockwise about point Q.

D

b) Draw and label both images.

¢) What can you say about the quadrilateral and its final image?

How can you check?

2. a) Copy the hexagon on grid paper.

line of

- Translate the hexagon 2 squares left and 3 squares down. ' rcciion

+ Then reflect the translation image in the line of reflection.

b) Draw and label both images.

¢) How can you check that the hexagon and both images

are congruent?
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3. a) Copy the octagon on a coordinate grid.
+ Reflect the octagon in the line of reflection.
+ Then rotate the reflection image 270°
counterclockwise about P.

b) Draw and label both images.

¢) What are the coordinates of the vertices
of the final image?

d) Are the octagon and its final image congruent?
How do you know?

4. Draw and label a quadrilateral on grid paper.
a) Choose two different transformations.

+  Apply the first transformation to the quadrilateral.

'y

Xi

ca

o

Verti

ine of reflection

2N DONPO©O

o
N
o8}
"

+ Then apply the second transformation to the image.
What can you say about the quadrilateral and its images?

How can you check?
b) Use a different colour.

Apply the transformations from part a in the reverse order.

¢) Compare the final images from parts a and b.
Does the order in which transformations
are applied matter? Explain.

5. Triangle A"B"C"is the image of AABC
after 2 transformations.
a) Describe a pair of transformations that move
the triangle to its final image.
Show your work.
b) Can you find another pair of transformations?

If your answer is yes, describe the transformations.

If your answer is no, explain why not.

6. Describe a pair of transformations that move
the shape to its image.
Find as many pairs of transformations as you can.

ASSESSMENT Focus | Question 4
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First Nations Art

Many First Nations artists use beads and
braiding in their work. They produce many items,
including jewellery, belts, purses, moccasins,
and mukluks. We can often see transformations
in the designs used by these artists.

What transformations do you see in the beading
on these mukluks?

\_

7. The coordinates of the vertices of a pentagon are:
A(7,3) B(6,4) C(6,5) D(7,6) E(8,5)
The pentagon is translated 5 squares left and 3 squares up.
Then, it is reflected in a horizontal line through (0, 5) and (10, 5).
Then, it is translated 2 squares right and 2 squares up.
a) What are the coordinates of the final image?
b) What do you notice about the pentagon and its final image?

8. Describe a pair of transformations 16
that move the shape to each image. N
Can you find more than one pair EX
of transformations for each image? ¥
: £ 10
Explain. 3 Shape
a) Image A 88
b) Image B § 6
c) Image C 4
¢ A
2

0 2 4 6 8 10 12 14 16
Horizontal axis

Suppose you know the location of a shape and its final image after
2 transformations.
What strategies can you use to identify the transformations?
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You will need tracing paper and scissors.
Your teacher will give you a large copy of these shapes.

A o] [ s

o0

Cut out the shapes.

» Choose one shape. Make sure it is different
from the shapes chosen by others in your group.
Trace copies of the shape to make a design.
Think about translations, rotations, and reflections.
Colour your design.
Write to explain how your design can be created
by repeatedly transforming the shape.

» Repeat the activity.
This time, try to make a design using 2 different shapes.
Write to explain how your design can be created by repeatedly
transforming the 2 shapes.

Show and Share

Compare your designs with those of a classmate who used the same shapes.
Did you use the same types of transformations? Explain.
Do your designs look the same? Why or why not?

“HHHHHHWWW#N Focus | Use successive transformations to create and analyse designs.
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We can use transformations of one or more shapes to create a design.

» Calum designed this logo for his local cycling club in Comox Valley, BC.

When creating the logo, Calum worked on a coordinate grid.

There are many transformations in his design.
One possible set of transformations used to create the design is:

Start with Triangle A. [
Reflect the triangle in its sloping side to get Image B. ; N N N
Translate Triangle A two squares up to get Image C. o o
Reflect Image Cin its sloping side to get Image D. Eé ; F
Continue to translate and reflect in this way ;___,“5 5 5
to get Images E, F, G, and H. S
Or, translate C and D together 2 squares up, twice. ; B

1 " line|of reflection
Translate Image G two squares right to get Image |. 0 2345678910
Reflect Image | in its sloping side to get Image J. Horizontal axis

Continue to translate and reflect in this way to get
Images K, L, M, and N.
Or, translate G and H together 2 squares right, 3 times.
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To create the letter C:

Start with the red rectangle. o
Rotate the rectangle 90° counterclockwise 9
about point (5, 5) to get Image P. o °

® ; Point|of rotation
Rotate the red rectangle 90° clockwise Gl P
about point (5, 3) to get Image Q. ; Z
Calum may have used other possible sets ; (L Q .
of transformations to create his design. 1 Paint,of fotation

0 2345678910
Horizontal axis

1. Explain how you could use transformations to make each design.

a)

b)

c)
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2. Draw a shape on grid paper.
Transform copies of the shape to create a design.
Describe the transformations you used.

3. Recreate this design.
|dentify the original shapes.
Describe a set of transformations that could be used to
create the design.

4. a) Plot these points on a coordinate grid.

A(2,0) B(2,2) C(0,2) D(0, 4)
E(2,4) F(2,6) G(4,6) H(4, 4)
1(6,4) J(6,2) K(4, 2) L(4,0)

Join the vertices in order. Then join L to A.

b) Translate the shape different ways to make a design.
Describe the translations you used.

¢) Use a different transformation to make a design.
Describe the transformations you used.

5. Wahaba designed this logo for her canoe club’s trip
to Bowron Lake Provincial Park.

She transformed copies of 2 shapes to create

the letter C. The letter C looks like it is made

from 3 overlapping canoe-like shapes.

a) What were the original shapes?

b) Describe the transformations that could
have been used to create the logo.

¢) Is another set of transformations possible?
If your answer is yes, describe
the transformations.
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~s 6. Suppose you have been hired to create a logo

La for a rock-climbing club in Squamish, BC.

a) Choose two or more shapes for your logo.
Create the logo by transforming copies of your
shapes on grid paper.

Colour your logo to make it attractive.

b) Identify the original shapes.

Describe the transformations you used.
c¢) Describe how your logo represents the

rock-climbing club.

7. This is the Bear Paw quilt block.

a) Draw a coordinate grid.

Label the axes from 0 to 7.
b) Copy the quilt block onto the grid.
¢) The block can be made by transforming shapes.
+ Identify the original shapes.
« Describe a set of transformations that
can be used to create the block.

When you see a design with congruent
shapes, how do you decide which
transformations could have been used

to create it?

Use an example to explain.

ASSESSMENT Focus

Question 6

Look for designs at home that
can be described using
transformations. Copy each
design. Share the designs with
your classmates. Describe a
possible set of transformations
for each design.
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Strategies Toolkit

SBwlore)

You will need Pattern Blocks and a Mira.

Choose 3 Pattern Blocks, 2 the same and 1 different.
Arrange the 3 blocks to make a shape with exactly
1 line of symmetry.

Each block must touch at least one other block.
Trace the shape.

Draw a dotted line to show the line of symmetry.

Show and Share

Describe the strategy you used to solve the problem.
Could you make more than one shape? Explain.

goooooooooooooooooooooooooooooooooooooo strategies
You will need pentominoes, grid paper,and a Mira.

e Make a table.

Choose 2 different pentominoes.

Arrange the pentominoes to create a shape
with exactly 1 line of symmetry.

Trace the shape and show the line of symmetry.

e Solve a simpler
problem.

e Guess and test.

¢ Make an organized

What do you know? list.
: + Use 2 different pentominoes. * Use a pattern.

+ Arrange the pentominoes to
make a shape.

+ The shape must have exactly 1 line
of symmetry.

Think of a strategy to help you solve this problem.
* You can use guess and test to find a shape with
exactly 1 line of symmetry.

318 | LessoN Focus | Interpret a problem and select an appropriate strategy.



Arrange the pentominoes to make a shape.
Use a Mira to check for lines of symmetry.
If the shape has no lines of symmetry

w or more than 1 line of symmetry,
try a different arrangement to make a new shape.
Check your work.

Does your shape have exactly 1 line of symmetry?
How do you know?

Choose one of the
I_J 0000000000000 000000000000000000000000 strategies

1. Draw lines of reflection to divide a piece of grid paper

into 4 congruent sections.

a) Draw Shape A in one section.
Reflect Shape A in one of the lines of reflection.
Label the image B.

b) Reflect Image B in the other line of reflection.
Label the image C.

¢) Describe a transformation that would
move Shape A directly to Image C.
How many different transformations can you find?

2. Repeat question 1.
This time divide the grid paper into 3 congruent
sections.

How does guess and test help you solve a problem?
Use pictures and words to explain.
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Lo Using a Computer to Make Designs

We can use geometry software and transformations
to make designs.

Use dynamic geometry software.

Open a new sketch.

Display a coordinate grid.

Move the origin to the bottom left of the screen.
Check that the distance units are centimetres.

» To create a design:
Construct a rectangle.

Use the software to translate, reflect,
or rotate the rectangle.

Continue to transform the rectangle or an
image rectangle to create a design.
Colour, then print your design.

1. Construct two shapes.
Use transformations to create a design using the
two shapes.
Colour your design.
|dentify and describe the transformations used
to make the design.

If you need help at any time,
use the Help menu.

-

What are the advantages of using a computer to create a design?

Are there any disadvantages? Explain.

320 | LessoN Focus | Use technology to create and analyse designs.



Unscramble the Puzzle

In this game, you use transformations to put a puzzle together.

You will need 1-cm grid paper, scissors, a ruler,and a pencil.
Your teacher will give you a copy of a mixed-up puzzle.

Work with a partner.

» Use and describe transformations to move each
piece to its correct spot.
After you describe the transformation, cut out
the puzzle piece.
Write the transformation on the back of the piece.
Place the piece on the puzzle below.

» The game is over when the puzzle is complete.
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1

Show What You Knoy,

Draw and label a coordinate grid.
a) Plot each point on the grid.
What scale will you use? Explain your choice. Use tracing paper
A(2,6)  B(4,14) C(12,14) D(8,10)  E(10,2) when it helps.
b) Join the points in order. Then join E to A.
Describe the shape you have drawn.
¢) Find the length of the horizontal side of the shape.

Copy ADEF on a coordinate grid.

For each transformation below:

+ Draw the image after the transformation.

«  Write the coordinates of the vertices of the image.

W)
m

« Describe how the positions of the vertices

Vertical axis
o S~ N WORrGOTD®

N
o

bo
Iory
\S23

~
—_

of the triangle have changed.

a) a translation of 4 squares left and 1 square down "'"'fz‘

b) a reflection in the vertical line through
the horizontal axis at 5
¢) a 90° counterclockwise rotation about vertex E

Copy octagon PQRSTUVW and its

image on grid paper.

a) Describe as many different Image
single transformations as you

can that move the octagon ST
to its image. R

b) For each transformation, label - —u
the vertices of the image. 1.

Copy this octagon on grid paper.
Draw and label both images each time.

a) Translate the octagon 2 squares right and 3 squares down.

Then translate the image 4 squares left and 4 squares up.

()

b) Reflect the octagon in a line through DE.

Then reflect the image in the given line of reflection. F

line of reflectio

¢) Rotate the octagon 90° clockwise about point F.

Then rotate the image 180° about point J.

d) What can you say about the octagon and all its images?
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5. a)

b)

b)

Copy this hexagon on a coordinate grid.
* Rotate the hexagon 180° about (4, 7).

+ Then, reflect the rotation image in a line through FE.

Draw and label both images.
What are the coordinates of the vertices
of the final image?

Describe two successive transformations
that move the shape to its image.
Find as many pairs of transformations as you can.

Shape

Image

—

o “NOR,ROTDONLO©O

7. This design was formed by repeatedly transforming 2 shapes.

ertical axis

= NPT NDOO©OD

o
Y

2 345678910

Horizo ningXis

a)

b)

c)

d)

Copy the design.

Identify the 2 original shapes. M

Describe the transformations that could have
been used to create the design.
Is another set of transformations possible?

If your answer is yes, describe the transformations. IZI
Use the 2 original shapes and transformations m

to make a different design.
Describe the transformations you used.

\3\‘\17"

M draw shapes in the first

quadrant of a Cartesian plane
draw and describe images

on a plane after single
transformations

draw and describe images
after combinations of
transformations, with and
without technology

create a design by transforming
one or more shapes

identify and describe
transformations used to
produce an image or a design
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Hatley Castle, Victoria, British Columbia
Many buildings have interesting designs that show transformations.

Part 1

These patterns are found on buildings in Saskatchewan.
Identify the transformations in each pattern.

Brick pattern on the Performing Pattern on Bellamy Block in Herringbone brick pattern on former
Arts Centre in Moose Jaw Moose Jaw Bank of Toronto, in Assiniboia
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Part 2
Your work should show

Suppose a new building is to be constructed M accurate identification

in your city. of transformations

Design a pattern for the outside of the building. M a building pattern that uses

Sketch some shapes you could use in the pattern. transformations

Use the shapes you sketched. M a clear explanation of how

Use transformations to create a pattern. you constructed your pattern

Colour your pattern. M correct use of geometric
language

Part 3

Describe your pattern.

Describe the transformations you used

to create your pattern. el
Give the building a name.

Where on the building will this pattern be found? Explain.

Reflect on Your Learning

How do you think transformations could be used by an architect,
a clothing designer, a bricklayer, or a landscaper?
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