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WORKSHOP PROGRAM - GRADES 8 and 9
(on page 1 of the Participants’ Guide)

Session 1: TRANSFORMATION GEOMETRY AND TRANSLATIONS
2 hours Introduction
Welcome
Complete the Pre-workshop activity
1.1 Whatis a transformation?
Revise transformations.
1.2 What does the Phase Overview say?
Read through the two extracts given.
Work through Activity 1.
1.3 Translations
Translate points, describe translations and translate shapes.
Work through Activities 1, 2, 3 and 4.
Session 2: REFLECTIONS
1 hour 30 2.1 Drawing Mirror Images
minutes Discuss mirror images.
Work through Activity 1
2.2 Using a Grid
Discuss using a grid to reflect points
Work through Activity 2
2.3 Looking for Mirror Images
Discuss recognising mirror images.
Work through Activity 3
Session 3: ROTATIONS AND ENLARGEMENT
1 hour 30 3.1 Rotations
minutes Discuss what a rotation is.
Discuss drawing rotations.
Work through Activity 1
3.2 Enlargement

Discuss what an enlargement is

Discuss determining the scale factor.

Work through Activity 2

Discuss changes in the perimeter and area due to enlargements
Work through Activity 3.
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NOTE TO THE FACILITATOR FOR SESSION 1: Transformation Geometry

and Translations
(allow 2 hours for this session)

RESOURCES:
e Each educator will need a Pre-Workshop Activity and a copy of the Participants’ Handout.

INTRODUCTION AND PRE-WORKSHOP ACTIVITY

30 minutes | Welcome everyone

Discuss the Workshop Programme on Page 1 with them.

Each educator writes the Pre-Workshop Activity on the question paper. (allow 20 minutes)
Take the papers in.

e Before you start make sure that the Participants are sitting in equal sized groups

1.1: WHAT IS A TRANSFORMATION?

10 minutes | = The subject advisor discusses what a transformation is with the participants.

1.2: WHAT DOES THE PHASE OVERVIEW SAY?

20 minutes | e The subject advisor asks the participants to read the two CAPS extracts given.

e The participants complete Activity 1.

o The subject advisor discusses the answers with the participants and deals with any
problems the participants may have had with this section.

1.3: TRANSLATIONS

1 hours » The subject advisor first discusses the translation of points with the participants and
then discusses Example 1 with them.

» The participants complete Activity 2.

»  The subject advisor explains how to describe translations and goes through Example 2
with the participants. The participants complete Activity 3.

»  The subject advisor explains how to translate shapes and the participants complete
Activity 4.

» The subject advisor discusses the answers with the participants and deals with any
problems the participants may have had with this section.

» To end off this Session, the subject advisor discusses with the participants where their
learners have difficulties with Translations, whether this material will help them with
their problems, and what help they still need with this topic.

SESSION 1: TRANSFORMATION GEOMETRY AND
TRANSLATIONS

1.1. Whatis a Transformation?

A transformation is a general term for four specific ways to manipulate a point, line or shape. These four
ways are:

1) A translation (or slide)

2) A reflection (or flip)

3) A rotation (or turn)

4) An enlargement (or making a shape bigger or smaller)
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The original shape (the one you start off with) is called the object. After a transformation has been formed,
the final shape (the one you end up with) is called the image.

- Translating an object, reflecting an object or rotating an object does not change its size or shape,
only its position. With these three transformations, the object and its image are congruent.

- Enlarging an object changes the size of the shape but not its shape. When an object is enlarged, the
object and its image are similar.

1.2. What Does the Phase Overview say?

Read the following two extracts and answer the questions that follow:

a) EXTRACT FROM PAGE 23 OF THE INTERMEDIATE PHASE CAPS

Grade 4

Grade 5

Grade 6

TRANSFORMATIONS

Build composite shapes

Put 2-D shapes together to make different
composite 2-D shapes including some
shapes with line symmetry

DESCRIBE PATTERNS

Refer to lines, 2-D shapes, 3-D objects and
lines of symmetry when describing
patterns

- innature

- from our everyday life

- our cultural heritage

TRANSFORMATIONS

Build composite shapes

Make composite 2-D shapes including
shapes with line symmetry by tracing and
moving a 2-D shape in one or more of the
following ways

- By rotation

- By translation

- By reflection

DESCRIBE PATTERNS

Refer to lines, 2-D shapes, 3-D objects and
lines of symmetry, rotations, reflections
and translations when describing patterns
- innature

- from our everyday life

- from our cultural heritage

ENLARGEMENT AND REDUCTIONS
Draw enlargement and reductions of 2-D
shapes to compare the size and shape of

- Triangles

- Quadrilaterals

DESCRIBE PATTERNS

Refer to lines, 2-D shapes, 3-D objects and
lines of symmetry, rotations, reflections
and translations when describing patterns

- innature

- from our everyday life

- from our cultural heritage

b) EXTRACT FROM PAGE 29 OF THE SENIOR PHASE CAPS

Grade 7 Grade 8 Grade 9
Term 3 — 9 hours Term 4 — 6 hours Term 4 — 9 hours
TRANSFORMATIONS TRANSFORMATIONS TRANSFORMATIONS

* Recognise, describe and perform
translations, reflections and rotations
with geometric figures and shapes on
squared paper

* Identify and draw lines of symmetry in
geometric figures

ENLARGMENTS AND REDUCTIONS
Draw enlargements and reductions of
geometric figures on squared paper and
compare them in terms of shape and size

* Recognise, describe and perform
transformations with points on a co-
ordinate plane, focussing on
- Reflecting a point in the x-axis or

y-axis
- Translating a point within and
across quadrants

* Recognise, describe and perform
transformations with triangles on a co-
ordinate plane, focussing on the
coordinates of the vertices when
- Reflecting a triangle in the x-axis or
y-axis.

- Translating a triangle within and
across quadrants

- Rotating a triangle around the
origin

ENLARGMENTS AND REDUCTIONS

Use proportion to describe the effect of

enlargement or reduction on the area and

perimeter of geometric figures

* Recognise, describe and perform
transformations with points, line
segments and simple geometric figures
on a co-ordinate plane, focussing on
- Reflections in the x-axis or y-axis
- Translations within and across

quadrants
- Reflections in the line y = x

* Identify what the transformation of a
point is, if given the coordinates of its
image

ENLARGMENTS AND REDUCTIONS
» Use proportion to describe the effect of
enlargement or reduction on area and

perimeter of geometric figures

* Investigate the coordinates of the
vertices of figures that have been
enlarged or reduced by a given scale
factor
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Activity 1
1) In which grade do learners start translations?
Grade 5

2) What is the difference between what learners in Grade 8 and Grade 9 are expected to know about

translations?
In Grade 8 the learners translate a point and a triangle on a coordinate plane within and

across quadrants.
In Grade 9, however, the learners have to transform points, line segments and simple

geometric figures on a coordinate plane within and across quadrants.

3) In which grade do learners start reflections?
Grade 5

4) What is the difference between what learners in Grade 8 and Grade 9 are expected to know about

reflections?
In Grade 8 the learners reflect a point and a triangle on a coordinate plane in the x-axis or y-

axis
In Grade 9 the learners reflect a point, line segment and simple geometric shapes in the x-axis,
y-axis and the line y =x

5) In which grade do learners start rotations?
Grade 5

6) What is the difference between what learners in Grade 8 and Grade 9 are expected to know about

rotations?
In Grade 8 the learners rotate a triangle around the origin on a coordinate plane

Rotations are not mentioned specifically in Grade 9 but the learners are asked to perform
transformations which includes rotations.
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Activity 1 (continued)

7) In which grade do learners start enlargement?
Grade 6

8) What is the difference between what learners in Grade 7, 8 and 9 are expected to know about
enlargement?
In Grade 7 the learners draw enlargements and reductions of geometric figures on squared
paper and compare them in terms of shape and size.
In Grade 8 and 9 the learners use proportion to describe the effect on the area and perimeter of
geometric figures

In Grade 9 the learners have to investigate the coordinates of the vertices of figures that have
been enlarged or reduced by a given scale factor.

1.3. Translations

a) TRANSLATIONS OF POINTS

A translation changes the position of a point by ‘sliding’ the point to another position. We describe a
translation by first giving the horizontal movement (either to the right or the left) and then giving the vertical
movement (either up or down).

Example 1
Translate A (1; 2) two units to the right and three units down. +

A2 4,

Solution: 2
We move A two units to the right (+ 2) and three units down (— 1) to
find the new position. So, the image of A is (3; —1)

L dal

Image (3; -1
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Activity 2

1) Plot these points on the following set of axes:
a) (2;4) b) (4;0) c) (6:7)
d) (-2;-4) e) (5;-5) f) (-1;8)
g (2;-1) h) (=7;7) ) (0;9)

Solution
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2) Use the set of axes on the previous page to explain how to move between the following pairs of
points:

a) (2;4)and (6;7) 4 units to the right and 3 units up

b) (2;-1)and (4;0) 2 units to the right and I unit up

¢) (4;0) and (5;-5) 1 unit to the right and 5 units down

d) (-7;7)and (-1; 8) 6 units to the right and I unit up

e) (-2;—4)and (0;9) 2 units to the right and 13 units up

f) (5;-5)and (—7;7) 12 units to the left and 12 units up
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b) DESCRIBING TRANSLATIONS

To describe a translation, you must give the distance and direction moved.
On a grid we split the move into a horizontal move and a vertical move.

/

A

x

A has been translated 2
units to the right and 3
units up to A’ (A prime).
This is a translation of
(2;3)

B has been translated 3
units to the right and 2
units down to B’ (B
prime)

This is a translation of
(3;-2)

C has been translated 4
units to the left and 1
unit up to C’ (C prime)
This is a translation of
41

D has been translated 4
units to the left and 2
units down to D' (D
prime)

This is a translation of
(4-2)

Example 2

P (2; 2) is translated to Q (4; 0). Describer the translation using an ordered pair.

Solution:

The horizontal change was 2 unit to the right.

The vertical change was 2 units down.
So, this is a translation of (+2; -2) or (2; -2)

P2:2) 42

Q40
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Activity 3

1) Describe the translation for each of these moves

a) From Bto C  Translation of (3; 1) (“y D
b) FromCtoE  Translation of (3; -3) A i
c) FromHto B  Translation of (0; 5) . 4
d) FromDto G  Translation of (—-6; —8) ) C
e¢) FromBtoJ Translation of (-3; —7) B ,
f) FromDtoF Translation of (-1; -8) .
g) FromJto D Translation of (11; 11) E 1§
6 -5 4 3 2 -10 4
=¥ W & F
2 A 4
H 3
J 5
2) Translate each of the points in 1) as shown below. Label each image clearly.
a) Translate A (+3; —4) to A’ Solution
b) Translate H (-3; +3) to H' KA.V D
¢) Translate E (- 5;0) to E’ i
d) Translate G (0; -2) to G’ ) o
e) Translate J (+4; —1) to J' N C ‘
f) Translate F' (+1; +6) to F’ , /
A B /
6 -"&\-4 32 10 4 5f 4
) o7 W A 1 F
b S 4
H 3
3G’
J 5
s SN . I
Page 8 of 33
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¢) TRANSLATING SHAPES

Sometimes you are asked to translate a shape on a grid. To do this, you need to translate each point of the
shape and then join them up. Make sure that each point moves the same distance and in the same direction.

(‘l

c \ « Point A is translated 2 units right and 3 units up to A’
\ Al \ * Point B is translated 2 units right and 3 units up to B’
B
\\ « Point C is translated 2 units right and 3 units up to C’
A

|==]

Activity 4

1) Draw the image of region A after each of the following translations:
a) A is translated 2 units right and 3 units up to B
b) A is translated (5; 0) to C
c) A istranslated (—4;-5)to D

Solution
ALV ALy
4 s
A4 A B \
Pl R \ \
pel 7 \
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[39]
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Activity 4 (continued)

2) Each of these triangles is labelled with a letter.

Describe, as an ordered pair, the translations which

maps

a) AontoC
b) Conto A
c¢) DontoB
d) BontoD
e) ContoD
f) DontoC

=2;-3)

2:3)

1;4)

(1;~4)

(8:-2)

N
/

(=8:2)

SUMMARY OF TRANSLATIONS

— With a translation, although the position of the shape has changed, its size and shape are the same

before and after the translation.

— For translations of a point or shape to the left or to the right (horizontally) but not up or down

(vertically), the x-value of the coordinate changes and the y-value stays the same.
— For translations of a point or shape up or down (vertically) but not to the left or the right

(horizontally), the y-value changes and the x-value stays the same.

— A translation of a figure (the object) produces another figure (the image) that is congruent to the first

figure
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NOTE TO THE FACILITATOR FOR SESSION 2: Reflections

(allow 1 hour 30 minutes for this session)

RESOURCES:
e FEach educator will need a Pre-Workshop Activity and a copy of the Participants’ Handout.
e Before you start make sure that the Participants are sitting in equal sized groups

2.1: DRAWING MIRROR IMAGES

20 minutes | » The subject advisor discusses drawing mirror images and Example 1with the
participants.

» The participants complete Activity 1.

» The subject advisor discusses the answers with the participants and deals with any
problems the participants may have with this section.

2.2: USING A GRID

30 minutes | » The subject advisor discusses using a grid with the participants.

» The participants complete Activity 2.

* The subject advisor discusses the answers with the participants and deals with any
problems the participants may have with this section.

2.3: LOOKING FOR MIRROR IMAGES

40 minutes | » The subject advisor discusses looking for mirror images with the participants.

* The participants complete Activity 3.

* The subject advisor discusses the answers with the participants and deals with any
problems the participants may have with this section.

» To end off this Session, the subject advisor discusses with the participants where their
learners have difficulties with Translations, whether this material will help them with
their problems, and what help they still need with this topic.

SESSION 2: REFLECTIONS

2.1: Drawing Mirror Images

e Another way to move a shape is to flip it over. This transformation is called a reflection.
A reflection gives an image that looks like the reflection of the object in a mirror.

This moon has been reflected about the dotted line.
It has been flipped around through space, off the page and back onto it.
The new shape is the mirror image of the original shape.

e The dotted line behaves as a mirror would for the shape and the reflected image and is called the line (or
axis) of symmetry.

A

This shape has been reflected about the line AA".

AI
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e Each point on the image is the same perpendicular distance on one side of the mirror line as the
corresponding point is on the other side of it.

object

«— mirror line

The mirror line is a line of symmetry.

image

e In areflection, all the points on the image are the same perpendicular distance on one side of the line
of symmetry as the corresponding point on the object are on the other side of the line of symmetry.
e To describe a reflection, you must always name the line of symmetry that the object has been reflected

about.

e In areflection, only the position of the object is changed. The shape or the size of the object has not
changed.

Example 1

a) Reflect this parallelogram in the vertical mirror line.

Solution

Object Image

e FEach point on the image is the

I same distance from the line of
symmetry as the object.

e The line joining the two points
must be perpendicular to the
line of symmetry
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Example 1 (continued)

b) Reflect this hexagon in the horizontal mirror line.

Solution
Image
e Each point on the image
1 I is the same distance from
: : the lin.e of symmetry as
: : the object.
! ! e The line joining the two
Tt TTTTTTT T I I points must be
: : perpendicular to the line
1 1 1 1
__JI___ __I_____JI____JI___ of symmetry
1 1 1 1
I I
1 1
1 1
1 1
1 L)
1 1
I I
1 1
| 1
et ]
c) Reflect this rectangle in the oblique (or slanted) mirror line
- Solution
/
e Image
// //
7/ 7/
/ /
7/ 7/
/ /
7/ 7/
/ /
7/ 7/
/ /
// //
// //
7/
/
7/
/
7/
/
object

e FEach point on the image is the same distance from the
line of symmetry as the object.

e The line joining the two points must be perpendicular to
the line of symmetry
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ACTIVITY 1
1) Draw the reflection of the given shape in the dotted line.

1
a) I b) c) J/
| ,
| B -
I S P NS S U N DU R 7/
| o
| ,
ANSWER
|
a) ! b) ©) /
|
| a
| [ T T S S U N O e
| ,
2)

a) First draw the reflection over line 1 and then the reflection over line 2.
b) What other transformation could have produced the final image from the original image?

line 1 line 2
1 |

ANSWER
line 1 line 2
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2.2: Using a Grid

NOTE:

When the axis of symmetry is on a grid line, it is easy to reflect a point. You can simply count squares
from the axis of symmetry.

a) A vertical line or axis of symmetry

[ {1 [ {m [T 071

AL 3 413 A
B 4 /4 | B

- Ais 3 units to the left of the axis of symmetry and its image A' is 3 units to the right of the axis of
symmetry.

- B is 4 units to the right of the axis of symmetry and its image B’ is 4 units to the left of the axis of
symmetry.

b) A horizontal line or axis of symmetry

[ D'
4 L1
! 3
2
2 |
3|
. K= 0
b
[ D

- C is 2 units above the axis of symmetry and its image C' is 2 units below the axis of symmetry.
- D is 3 units below the axis of symmetry and its image D' is 3 units above the axis of symmetry.

c) An axis of symmetry at 45° to the grid lines
When a mirror line is at 45° to the grid lines, you can count across the squares diagonally.
Turn your paper round so that the line ‘looks’ vertical if it helps.

- E is 2 units to the left and 2 units up from the axis of symmetry and its image E' is 2 units to the
right and 2 units down from the axis of symmetry.

- Fis 1 % units to the right and 1 % units down from the axis of symmetry and its image F' is 1 % to
the left and 1 7> units up from the axis of symmetry.
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Activity 2
1) Points A(1;2), B(2;0), C(3;—4), D(0,-3), E(-3;-2), F(~1;3) are shown on the three sets of axes given
below. Find the reflection of each point in the given line. Label the image points clearly.

a) On the first set of axes reflect the points A to F in the x-axis

Solution
h
6‘ y ty
4 +C'
5.
5 .
4 3 E
3 ¥ ) 2 A
: ‘.A 1
i X
6 B s 4 ¢ 2 10 B'Y 4 ¢ 7 4
6 5 -4 -3 2 -1 > 4 7 4 1
1
R 2
' A'
I‘ 34D E 3 D ni}
fod C B
4 4 C
¥ j -
A
b) On this set of axes reflect the points A to F in the y-axis
Solution
y
. 'y +y
4
5
4 E 3 E
3 F A A
ol A "
1 B X
& B 'y 76 5 4 -3 21 g 8
6 5 4 3 2 -1 2 3 4 7 4 1
1
E A E'
R
E 50)) 34D
4 C . - C
i L ) -
s
¢) On this set of axes reflect the points A to F in the line y = x
Ty Solution
5 :ky F' I,
6 N "
4 5 S /
3 ¥ ) X
A —~ " (N
: ‘u' A I, N\
1 B . ‘\ i 5 "A S F
N N % Ar
S5 a 5519 ] 4 7 4 > 1 ‘,\ A
1 D' AN ,ﬂ’ B X>
4 5 -6 -5 -4 XD -)}\ 4 6 7
34D E ,\ ) RN
y C v N N\
N ‘ “E' 33D
5 U ,’ \\ C
' " s
5
I’ i
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Activity 2 (continued)

2)  Use the above reflections to fill in the following table:

Point Co-ordinates of Co-ordinates of Co-ordinates of Co-ordinates of
original point image in x-axis image in y-axis image iny =x
A (1;2) (1;-2) (-1;2) 2; 1)
B (2;0) (2; 0) (~2; 0) (0; 2)
C (3;-4) (3;4) (-3; -4) (—4; 3)
D (0;-3) (0; 3) (0; -3) (=3; 0)
L (-3;-2) (-3;2) (3;-2) (-2;-3)
F (6;3) (6;-3) (~6; 3) (3; 6)

3) What do you notice about the co-ordinates of the image of a point which has been reflected about the x-

axis?

The x-coordinates are the same, but the y-coordinate of the image is the negative of the y-
coordinate of the object

4) What do you notice about the co-ordinates of the image of a point which has been reflected about the y-

axis?

The y-coordinates are the same, but the x-coordinate of the image is the negative of the x-
coordinate of the object

5) What do you notice about the co-ordinates of the image of a point which has been reflected about the x-

axis?

The x-coordinates and the y-coordinates of the image have been swopped when compared to the x-
coordinate and y-coordinate of the object.

6) Reflect triangle MNP in the y-axis. Call the image M'N'P’.

>

M

S

W

N

wH

-

35]

$§]

S

Solution
ALy
M . M'
’
2 ,’ \\\
/ ¥ I’ \\
/ ‘ \
7 *.
h, N8 ’,1 \
l‘ EY N A
][)v ﬂ ]) X
»

—

33]

W

S
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Activity 2 (continued)
7)  Reflect triangle XYZ in the x-axis. Call the image X'Y'Z’.

Solution
V' N
81 .
7 8 Yy
6 o}
5] X 6
4y s1. X
A\ iy
/, A\
/ . A
f g\ 5 NEa s EE N WA
8765442 1, 2 456 7 \/ 4 \/ x;
- " L IREEEETARER 2N 4 56 7
Y it T
3 X -"""'\'*—:--———‘ Z
N [
4 b 4
N
5 4\\ )
6 MY
= 1
7 6 X
8 7
Q
8) Reflect triangle ABC in the line y = x. Call the image A'B'C’.
y
- Solution
Ty
VN
Lol o y
-
¥ ’ fod
= ’
A ; Sy =X 6 =
e ’ 5
P i
\ < A ; A=
2 Vs \\ P ”
\ . €
1 \ ’
B e X 2 v
v i > \ ’
' EEEEEEEREE 3 7 ey -
Pt B '('1 C X
Sl 8 7 6 -5 -4 -3 2 -1, 2,23 1 7 v
, }
ld 3 " 2. 7 ’ ‘l
v 4 =
’ N /” 3 -:- “
,’ 5 " 4 B' ﬁ-._“‘\ |
6 ’ A
" ,’ -
o 6
Q
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2.3: Looking For Mirror Images

To recognise the mirror image of an object, look for an image that fits these two facts:
e The mirror image is the same shape and size as the object.
o The object looks as if it has been picked up and flipped over to give the image.

Activity 3

1) Which triangle is the mirror image of

a)
b)
©)
d)
€)
f)

g)
h)

Triangle A in line m,
Triangle A in line m;
Triangle D in line my4
Triangle F in line my
Triangle H in line m;
Triangle G in line m,
Triangle E in line m;3

Triangle C in line m

MDD R AN T w

2) Which of the unshaded shapes are mirror images of the shaded shape?
What is ‘wrong’ with each of the others?

Mirror images are:

C which has been flipped across a horizontal line

F which has been flipped across an oblique line

H which has also flipped across an oblique line

J which has been flipped across a vertical line.

A is the wrong shape

D, K and L are translations

B, E and I are rotations

G is an enlargement

SUMMARY OF REFLECTIONS

— A reflection of P(x ; y) about the x-axis gives the image P'(x ; —), i.e. (x ; ¥) — (x ;=)

— A reflection of P(x ; y) about the y-axis gives the image P'(—x ; y), i.e. (x ;¥) — (—=x ;)

— A reflection of P(x ; y) about the line y = x gives the image P'(y ; x), i.e. (x;y) — (y; x)
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NOTE TO THE FACILITATOR FOR SESSION 3: Rotations and Enlargement

RESOURCES:

(allow 1 hour 30 minutes for this session)

e Each educator will need a copy of the Participants’ Handout.
e Before you start make sure that the Participants are sitting in equal sized groups

3.1: ROTATIONS

45 minutes | *

The subject advisor discusses rotations with the participants.

They then discuss drawing rotations with the participants, encouraging them to trace a
shape to find the image and discuss Example 1 and Example 2.

The participants complete Activity 1.

The subject advisor discusses the answers with the participants and deals with any
problems the participants may have had with this section

3.2: ENLARGEMENT

45 minutes | *

The subject advisor discusses what is an enlargement with the participants.

The subject advisor then discusses how to determine a scale factor of an enlargement
with the participants.

The participants complete Activity 2.

The participants complete Activity 3 where they investigate change in the perimeter
and area due to enlargements.

The subject advisor discusses the answers with the participants and deals with any
problems the participants may have had with this section

To end off this Session, the subject advisor discusses with the participants where their
learners have difficulties with Rotations and Enlargements, whether this material will
help them with their problems, and what help they still need with this topic.
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SESSION 3: ROTATIONS AND ENLARGEMENT

3.1 Rotations
a) WHAT IS A ROTATION?
A rotation is a transformation in which an object is rotated about a fixed point.

To describe a rotation, we need to give the centre of rotation, the angle of rotation and the direction of the
rotation.

- The direction of rotation can be clockwise or
anticlockwise. “~._ Direction of rotation
\\ (Clockwise)

\

- The fixed point around which the rotation takes place is .
Angle of rotation

called the centre of rotation. /
- The amount of rotation made is called the angle of 55°
rotation. <
Notice that the shape and size has not changed, just its \ Centre of rotation

position (or orientation) changes.

The following diagrams show rotation of 90°, 180° and 270° about the origin.

Rotation about the Origin

A \ -4

) -2 b : 1 2 3 : ﬁ 4
ram— pim—

Rotation of 90 degrees

R(Xr V) = (_yt X) /n h

, Rotation of 180 degrees
R(x, y) = (=x, -y)

Rotation of 270 degrees
5 Or Rotation of — 90 degrees

R(x, y) = (-y, -x)
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b) DRAWING ROTATIONS

Example 1
On a grid rotate triangle ABC clockwise through 90° about the origin. Label the rotated triangle A'B'C’.
Solution
e Using tracing paper or wax wrap, trace triangle ABC as well 1) 3
as the axes on the tracing paper. (picture (1)) BN
e With the point of your pair of compasses at the origin (0; 0), B
rotate the tracing paper clockwise (see pictures (2) and (3)) B C
until your y-axis is over the position of the x-axis on the grid > X
(see picture (4)).
e  Mark the new position of the triangle ABC and draw the \
triangle onto the grid. Label the triangle A'B'C". \ Tracing paper
@ 4, ® 1., @
\ /\
v <

>

The triangle has now turned

K turning ...
€ep turning Keep turning ... through 90°

You can use grid lines to help you to rotate a point or a shape around a centre of rotation.

Example 2
On a grid rotate line PA anti-clockwise through 90° about P. Label the rotated line PA’.

Solution

e  Turn AP through the angle you want
to find the image PA’ by drawing or
imagining ‘steps across’ and ‘steps
up or down’ from A to P and then to
A,

e Notice that if you move 3 across and
2 up to go from P to A, you move 2
to the left and 3 up from P to A’.

A rotation of 90° in an anti-clockwise direction moves PA to PA'.
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NOTE: The centre of rotation can be ON a shape, INSIDE a shape, or OUTSIDE a shape.

Activity 1

1) Rotate each shape through the given angle either using tracing paper or using the grid lines to help you

a) Rotate through 90° in a clockwise direction

F N

Yy

el
&

-

y
O

b) Rotate through 180°

y
s
< 4
v
2
1

X

)

4 03 2 410 4

1
2
3
4
5

¢) Rotate through 90° in an anticlockwise direction

>

y

~1 GO

Un N

D GO 4

. 2
~w P

'
= )
'
=
'
(SN}
'
L)
'
ey

B SR SO )
b
i

Solution
ALy
-8 -7 -6 -5 -4 -3 -2 -10 4
Solution
V' N
y
s
< :
J
2
1
X
7 5 2 a0t 4 7
1
2
3
\5
b
5 L 4
Solution
P N
oY
Lo
v 4
!
S
A=
5
4
)
po
2
1
X
4 )
5432 -1 > 3 4 56 7 8
1
o)
3
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Activity 1 (continued)

d) Rotate the shape 90° in an anti-clockwise direction around the origin.

Solution
8A;y o‘ky
F- ol
5 s
pel By udGo4A
D" .| TP Dii" | ~——opn
P Dy ; J o
: 4 2
/ 2
! ! !
3 ct * 5
8 -7 -6-5-p -3-2 -19 : / " 8-76-5R-3-2-10 ? 6 7 4
I 1 1
E 2 A B 2 A
3 1 3
4 . ~+
5 D' 5 E'
6 6
= ol
2) On the set of axes below:
a) Rotate shape A, 90° anti-clockwise around the centre of rotation (0; 0). Call this new shape B.
b) Rotate shape A, 180° about the centre of rotation (0; 0). Call this new shape C.
c) Rotate shape A, 90° clockwise around the centre of rotation (0; 0). Call this new shape D.
SOLUTION
‘Aky EALY
> BB
4 A ~
= - ~
3 N N\
X €. ?
3 - * 3
6 5 -4 3 -2 -10 4 6 5 4 -3 2 -10 4 ¢
2 A 2 A
3 o-l-3
4 l'\\ A
5 \_N
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3.2: Enlargement

a) WHAT IS AN ENLARGEMENT

o Translation, Rotation and Reflection are called isometric transformations (isometric comes from the
Greek: isos - equal + metron — measure). Under an isometric transformation, the size and shape of a
plane shape remains the same.

e Enlarging something changes its size. The shape could get bigger or smaller. The shape and interior
angles stay the same. But each side is enlarged by multiplying it by the same number. This number is
the scale factor of the enlargement. Enlargement is NOT an isometric transformation.

e Multiplying by a scale factor that is a whole number increases the size of a shape. Multiplying by a
scale factor that is a fraction that is between 0 and 1 decreases the size of a shape.

e  When shapes have been enlarged their sides are in proportion. The scale factor determines the ratio
between the lengths of the original shape and the lengths of the image (enlarged shape).

- The picture of the hot-air balloons has been enlarged.

- Each length on the original picture has been made 2 times as long. This means that the
scale factor of enlargement is 2.

- The lengths of the sides of the bigger and smaller balloons are proportional: they are in
aratioof 1:2.
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e Shapes are often drawn on squared paper. This makes it easier to enlarge the shape.

Enlarge Shape A using a scale factor of 3.

Shape A Shape B

- Shape A and shape B are similar.

- Shape A is enlarged by a scale factor of 3 to give B.

- Every length in B is 3 times as long as the corresponding length in A. The lengths of the sides of
shape A and shape B are proportional: they are in a ratio of 1 : 3.

How do we get the ratio of 1 : 3?
In shape A, the longest side = 4 units
In shape B, the longest side = 12 units
The longest sides in shape A and B are corresponding sides.
The ratio of these sides = longest side of A : longest sideof B=4:12 = 1:3

Enlarge Shape A using a scale factor of %

Shape B Shape A

- Suppose we started with shape B. Every length in A is % as long as the lengths in B.

- We say B has been enlarged by a scale factor of § to give us A.

- So, although we use the word ‘enlargement’ to describe the transformation, it could also mean
that a shape could be decreased in size. When the scale factor is a fraction less than 1, then the
image is smaller than the original shape.

- If we look at it this way, the lengths of the sides of shape B and shape A are still proportional:
they are in a ratio of 3 : 1. Shape A and shape B are similar.

How do we get this ratio?
In shape B the longest side = 12 units
In shape A the longest side = 4 units
The longest sides in B and A are corresponding sides.
The ratio of these sides is = longest side of B : longest side of A=12:4=3:1
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a) DETERMINING THE SCALE FACTOR

When an object is enlarged, each length is multiplied by the same number. This number is the scale factor
of the enlargement.

The length on the image = scale factor x length on the object

the length on the image
So, the scale factor = g g

the length on the object

Activity 2
For the following diagrams, find the scale factor that the original has been enlarged to produce the image.
1) P

£ ~

P Original
P
7
N
p o
L/ N
T Image
//
/
N / N /

The length of the front of the car of the original = 1 unit

Length of the front of the car of the image = 2 units

So, scale factor =2

Make sure this is correct by comparing other measurements

2)

Original

\
A
®

The size of the square body of the original is 4 units by 4 units

The size of the square body of the image is 2 units by 2 units

.1
So, the scale factor is 7

Make sure this is correct by comparing other measurements
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b) INVESTIGATING CHANGES IN THE PERIMETER AND AREA DUE TO ENLARGEMENTS

ACTIVITY 3

In each case a shape or object is given. Find the image of each object using the given scale factor.

1) Scale factor of 4

Object Image
What is the perimeter of the image? 56 units
What is the perimeter of the object? 14 units

Compare the two perimeters. Write down what you notice about them.

The perimeter of the image is 4 times the perimeter of the object.

Perimeter of the object : perimeter of image = 14:56=1:4
What is the area of the image? 144 squares
What is the area of the object? 9 squares

What do you notice about the sizes of the two areas?

The area of the image is 4° or 16 times the area of the object.

Area of the object : area of image = 9:144=1:16
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Activity 3 (continued)

2) Scale factor of 3

Object Image
What is the outside perimeter of the image? 54 units
What is the outside perimeter of the object? 18 units

Compare the two perimeters. Write down what you notice about them.

The perimeter of the image is 3 times the perimeter of the object.

Perimeter of the object : perimeter of the image = 18:54=1:3
What is the area of the image? 18 — 4 = 14 squares
What is the area of the object? 162 — 36 = 126 squares

What do you notice about the sizes of the two areas?

The area of the image is 3° or 9 times the area of the object.

Area of the object : area of image = 14:126=1:9
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Activity 3 (continued)

3) Scale factor of 2

Object Image
What is the perimeter of the image? 16 straight units + 12 oblique units
What is the perimeter of the object? 8 straight units + 6 oblique units

Compare the two perimeters. Write down what you notice about them.

The perimeter of the image is 2 times the perimeter of the object.

What is the area of the image? 7 squares + 6 half-squares = 7 + 3 = 1) squares

What is the area of the object? 34 squares + 12 half-squares = 34 + 6 = 40 squares

What do you notice about the sizes of the two areas?

The area of the image is 2° or 4 times the area of the object

Area of the object : area of image = 10:40=1:4
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Activity 3 (continued)

4) Scale factor of %

Object Image
What is the perimeter of the image? 10 units
What is the perimeter of the object? 20 units

Compare the two perimeters. Write down what you notice about them.

. . .1 . ,
The perimeter of the image is 5 the perimeter of the object.

Perimeter of the object : perimeter of the image = 20:10=2:1
What is the area of the image? 4 squares
What is the area of the object? 16 squares

What do you notice about the sizes of the two areas?

2
The area of the image is G) or % of the area of the object.

Area of the object : area of image = 16:4=4:1
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Activity 3 (continued)

5) Scale factor of é

Object Image
What is the perimeter of the image? 10 straight units + 3 oblique units
What is the perimeter of the object? 30 straight units + 9 oblique units

Compare the two perimeters. Write down what you notice about them.

. . .1 . ,
The perimeter of the image is 3 the perimeter of the object.

1 1
What is the area of the image? 5 squares + 3 half-squares =5 + 1 2= 6 5 Squares

1 1
What is the area of the object? 54 squares + 9 half-squares = 54 + 4 = 58 - squares

What do you notice about the sizes of the two areas?

2
The area of the image is G) or é of the area of the object

1,1
Area of the object : area of image = 585 ‘6 5= 9:1

SUMMARY OF ENLARGEMENTS

e In mathematics an enlargement can make an object larger or smaller.
— A scale factor of 1 makes the image the same size as the object.
— A scale factor larger than 1 makes the image larger than the object.
— A scale factor that is a proper fraction makes the image smaller than the object.

e In an enlargement (or reduction),
— the perimeter of the object = scale factor x perimeter of the image
— the area of the object = (scale factor)? x area of the image.
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