
ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES

^OTATTO'1 SYMMETRY AND TRANSFOR M J ONS
OF 2-D SHAPES

When you are finished this unit, you will be able to...
• classify a given set of 2-D shapes or designs according to the number of lines of symmetry
• complete a 2-D shape or design, given one half of the shape or design and a line of symmetry
• determine if a given 2-D shape or design has rotation symmetry about the point at its centre
• rotate a given 2-D shape about a vertex and draw the resulting image
• identify a line of symmetry or the order and angle of rotation symmetry in a given tessellation
• identify the type of symmetry that arises from a given transformation on a Cartesian plane
• complete, concretely or pictorially, a given transformation of a 2-D shape on a Cartesian plane, record

the coordinates, and describe the type of symmetry that results
• determine whether or not two given 2-D shapes on a Cartesian plane are related by either rotation or

line symmetry

Lessen Page Completed on
1. Classify and Complete 2-D Shapes 250

2. Rotation Symmfetry 258
3. Transformations on the Cartesian Plane 266

Review Summary 274

Practice Test 275
Answers and Solutions at the back of the book

PREREQUISITE SKILLS AND KNOWLEDGE

Prior to starting this unit, you should be able to...
• perform simple mathematic operations
• describe the characteristics of a Cartesian plane
• define and label the quadrants of a Cartesian plane
• plot points on a Cartesian plane according to their coordinates
• draw shapes on a Cartesian plane
• identify the properties of simple polygons
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Lesson I

Lesson 1 CLASSIFYAND COMPLETE 2-D SHAPES

NOTES 2-D shapes can be classified according to the number of lines of symmetry
that they have. A shape is symmetrical If both sides are the same size and
shape when a line is drawn through it. That is, the image on one side of
the line is identical to the image on the other side of the line. This line is
called a line of symmetry.

To test if a shape is symmetrical, imagine folding it in half. If it can be
folded in half so that one half folds exactly on top of the other half, then
the shape is symmetrical and the fold line is a line of symmetry.

Another way to test for symmetry is to use a mirror. If a mirror is used, the
right triangle shown on the left will appear as the right triangle shown on
the right. In other words, the triangle on the right is the mirror image of
the triangle on the left.

When the two images are placed side by side, the following 2-D shape
results.

In this case, the line drawn through the side that the two right triangles
share is called the line of symmetry.

Example

Draw one line of symmetry for the given pentagon.

Solution

One line of symmetry or line of reflection is shown in the given
diagram.

	

The line of symmetry can
also be referred to as the
line of reflection.



Lesson 1-Classify and Complete 2-D shapes

Your Turn 1

Draw two lines of symmetry for the following shape.

A regular polygon is a polygon where all of the sides are congruent and
all of the interior angles are congruent. There is a relationship between
regular polygons and lines of symmetry. The number of lines of symmetry
equals the number of congruent sides of a regular polygon.

Example

From the set of 2-D shapes given, classify the shapes according to the
number of lines of symmetry.

	

l l
u

Solution

This shape has one line of symmetry.

This shape has 3 lines of symmetry.
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Lesson 1

NOTES This shape has 4 lines of symmetry.

This shape has 6 lines of symmetry.

Your Turn 2

From the set of 2-D shapes given, classify the shapes according to the
number of lines of symmetry.
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Lesson l-Classify and Complete 2-D shapes

COMPLETING 2-D SHAPES

When given one-half of a 2-D shape, it is possible to complete the entire

shape by drawing the identical image on the other side of the line of

symmetry,

Eiample
Given one-half of a shape and its line of symmetry, complete the

entire shape.

0

Solution
Draw the identical image on the other side of the line of symmetry.

W

Your Turn 3

Given one-half of a shape and its line of symmetry, complete the entire
shape.
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Practice Exercises

PRACTICE EXERCISES

1. Which of the following diagrams represents a shape and its mirror image as reflected through a line of
symmetry?

A.

	

B.

1

C.

		

D.

1

2. Which of the following diagrams represents a shape and its mirror image as reflected through a line of
symmetry?

A. B.

C. D.

Use the following information to answer the next question.

3. If all the sides of the yield sign shown are equal lengths, how many lines of symmetry does the yield
sign have?



Lesson 1-Practice Exercises

Use thefollowing information to answer the next question.

0
4. How many lines of symmetry does the given quadrilateral have? Show your answer by drawing the

lines of symmetry on the shape.

Use the following information to answer the next question.

A

	

B

	

C

	

D

5. A teacher drew the given regular polygons on the whiteboard and labelled them A, B, C, and D.

Which polygons have more than two lines of symmetry?

Use the following information to answer the next question.

6. Order the given regular polygons from the fewest lines of symmetry to the most lines

of symmetry.
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WTA' IQN,$YMMEWAND TRANSFORMATIONS OF 2-D SHAPES-Practice Exercises

Use, thefollowing information to, answer thenext question.

Sasha sorts the following regular polygons into two groups according to the
following rules.

F-

Group 1: Fewer than 4 lines of symmetry
Group 2: More than 3 lines of symmetry

7. What shapes belong to each group? Explain your answer.

Use the following information to answer the next question.

8. How many lines of symmetry does the shape have?

9. Ken draws half of a picture on the left side of the line of symmetry. Draw the other half of the picture
on the right side of the line of symmetry.

t
line of symmetry
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Lesson 1-Practice Exercises

10. Shawn draws half of a picture on the bottom half of an oblique line of symmetry. Draw the other half

of the image to complete the picture.

ti
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES -Lesson 2

Lesson 2 ROTATION SYMMETRY

NOTES The word. "transform" means to change. A rotation is one of the
transformations performed in geometry. A rotation will change the
position of a geometrical shape but will not change its original size
or shape.

In a rotation, sometimes referred to as a turn, a shape is pivoted about a
point. Rotations are made clockwise (cw) or counterclockwise (ccw).
Common rotation angles include:

Rotation of
180° cw

Rotation of

	

Rotation of
270° cw

	

360° cw

The easiest way to rotate a
shape is to trace the shape
and rotate it about a
particular point as directed
in the question. Then, lift
up the traced image and
draw the rotated image on
the Cartesian plane.

The rotated shape is called an image.

The preceding image illustrated that, after each of the given rotations, the
shape returns to its original position. This is called coinciding with itself.

When a shape coincides with itself after a rotation about its centre of less
than 360°, the shape is said to have rotational symmetry.

The number of times a shape returns to its original position during a
rotation of 360° is called the order of rotation. The preceding shape has
an order of rotation of 4 because it returned to its original position 4 times
during a rotation of 360° about its centre.

The angle of rotation can be found using the given formula:

angle of rotation =

	

3600

order of rotation
30For the example above, the angle of rotation will be 4 = 90°. Since the

given shape returned to its original position for each rotation of 90°, this
becomes the angle of rotation.
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Lesson 2-Rotation Symmetry

Example

Determine if the hexagon below has rotation symmetry about its centre.
State the order and angle of rotation.

Original shapc

Solution

Step I
Rotate the original shape clockwise until it coincides with itself.

180° rotation

360° rotation

270° rotation

Step 2
State the order of rotation.
The hexagon has rotational symmetry because it coincides with itself
after a rotation of less than 360°. The order of rotation is 2, since the
hexagon returned to its original position twice.

Step 3
Determine the angle of rotation.
Apply the angle of rotation formula.

°
The angle of rotation is L60

2
=180° .

Your Turn 1

Determine if the following hexagon has rotation symmetry about its centre.
State the order and angle of rotation.

AM
Original Shape
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Lesson 2

NOTES Example

The following shape is rotated 90° clockwise about its centre. Draw the
rotated image.

Solution

If the given shape is rotated 90° clockwise about its centre, the
resulting image will be as shown.

Your Turn 2

The following shape is rotated 90° counterclockwise about its centre.
Draw the rotated image.

Two-dimensional shapes can also be rotated about a particular vertex of
the given shape, as illustrated in the following example.

Example
X
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Lesson 2-Rotation Symmetry

1
Triangle F'G'H' was drawn as shown on a Cartesian plane after a

	270° clockwise rotation about the point (-1, 0). Draw the original

triangle FGH.

Solution

Step 1

Perform the reverse transformation, which will be
270° counterclockwise. Note that point (-1, 0) coincides with

point F'. Trace the rotated image, and rotate in the opposite

direction. Place the pencil on (-1, 0), and turn the tracing paper

270° counterclockwise.

Step 2

Draw the rotated image on the Cartesian plane.
Plot and label each new point to indicate that it is the original shape.

	Then, connect the points with line segments to form the original

triangle FGH. Note that points F and F' both lie at (-1, 0).

Your Turn 3

Draw triangle DEF with vertices D(3, 4), E(3, 1), F(l, 1). Then, rotate

it 90° counterclockwise about the point F. Label the image D'EF'.
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ROT-ATIONSYMME TRY AND TRANSFORMATIONS OF 2-D SHAPES-Practice Exercises

PRACTICE EXERCISES ;

1. Which of the following shapes does not have rotational symmetry?

A.

	

B.

C. D.

Use the following information to answer the next question.

2. Which of the given diagrams represents the given image after a rotation 90° counterclockwise about a
point at the base of the cup?

A.

	

B.



Lesson 2-Practice Exercises

Use the following information to answer the next question.

i

3. Which of the following diagrams shows the given shape rotated 90° clockwise?

A.

	

B.

C. D.

IL

Use the following information to answer the next question.

Y

x

4. If the given figure ABCDE is rotated 90° clockwise about point C, what would the coordinates of A'
be?
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'1 R''AND TRANSFORMATIONS OF 2-D SHAPES-Practice Exercises

Use the following information to answer the next question.

	

Trapezoid ABCD is plotted on a Cartesian plane.y

x

5. When trapezoid ABCD is rotated 1$0° counterclockwise about the point (2, 1) to produce
shape A'B'C'D' , what will the coordinates of C' be?

Use the following information to answer the next question.

11

	

6. If triangle ABC is rotated 270° counterclockwise about point A, what are the coordinates of B'?
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Lesson 2 -Practice Exercises

Use the following information to answer the next question.

7. The given shape is rotated 270° clockwise about its centre. Draw the rotated image.

8. What is the order of rotational symmetry ofan equilateral triangle?

Use the following information to answer the next question.

(I) H (I1) A (III) S (IV) T

9. A set of four shapes are given. Which of the given shapes do not have any rotational symmetry?

Use the following information to answer the next question.

10. Determine if the given regular pentagon has rotational symmetry abqut its centre. State the order and
angle of rotation.
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ROTATION, SYMIETY AND TRANSFORMATIONS OF 2-D SHAPES -Lesson 3

Lesson 3 TRANSFORMATIONS ON THE CARTESIAN PLANE
NOTES

	

A translation is one of the transformations performed in geometry.
Recall that the word

	

A translation changes the position of an object but not the size or shape of
"transform" means

	

the object.

	

-
to change.

	

In a translation, sometimes referred to as a slide, a shape is moved up or
down, right or left, or a combination of these. Translations are performed
according to the instructions given in the translation rules. Rules allow
you to perform the translations accurately.

Some translation rules are
• R2: tells you to move right 2 units
• L5: instructs you to move left 5 units
The letter represents the direction of the movement and the number
represents how many places to move in the given direction. U represents
movement in the upward direction, and D represents movement in the
downward direction.

•

	

instructs you to move right 2 units.
• #-<-tf ( : instructs you to move left 5 units.
The direction of the arrow represents the direction of the movement, and
the number of arrows represents how many places to move in the given
direction. T represents movement in the upward direction, and 1
represents movement in the downward direction.

To move the shape, values are added or subtracted from the x- or
y-coordinates:
• When the same value is subtracted from each x-coordinate, the shape

will move to the left.
• When the same value is added to each x-coordinate, the shape will move

to the right.
• When the same value is subtracted from each y-coordinate, the shape

will move down.
• When the same value is added to each y-coordinate, the shape will

move up.
The translated shape is called an image.
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Lesson 3-Transformations on the Cartesian Plane

Example

	

NOTES

Draw triangle ABC with vertices A(--4, 6),B(0, 4),C(-2, 2).
Then, translate the triangle L3 and U4. Label the image A'B'C'.

Solution

Step 1
Draw the original shape on the Cartesian plane.
Plot and label each point as given in the question. Then, connect the
points with line segments.

.y

Step 2
Subtract 3 from each original x-coordinate because the triangle is
translated 3 units to the left. Add 4 to each original y-coordinate
because the triangle is translated 4 units up.

The resulting points are:
A'(-4-3, 6+4)=(-7, 10)

	

B'(0-3, 4+4)=(-3, 8)

C'(-2-3, 2+4)=(-5, 6)
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Lesson 3

NOTES Step 3
Draw the translated image on the coordinate plane using the points
A', B', and C.

Y

-9-8 -7-6-5 -4-3 -2-1
x

	

-10
.9

g

.7

.6

•5

.4

•3

.2

a

After a triangle has been translated, the lengths of the sides and the
measures of the angles are unchanged. The original triangle and its
translated image are congruent triangles.

Your Turn 1

	

Draw triangle ABC with vertices A(2, 3),B(4, 6), C(6,1) .
Then, translate the triangle L4 and D3. Label the image A'B'C.

Example
Image MW'P'Q' was formed after translating the original figure t-4--+- ,
then by connecting the vertices M'(-4, 3), N'(-5, 0), P'(1,-2), and
Q'(l, 1).. Draw the original shape MNPQ.

Solution
The translation rule of t-F<-- represents a translation of 3 units left.
Work backward by doing the opposite translation of 3 units to the right
for each of the vertices.

Y
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Lesson 3-Transformations on the Cartesian Plane

Your Turn 2

Triangle HA'T' below was drawn after a translation of -+ and to .
Draw the original triangle HAT.

Y

X

IDENTIFYING TYPES OF SYMMETRY IN TRANSFORMATIONS
After a shape has been transformed by a translation or a rotation, it is
possible that the original shape and the transformed image display either
line or rotation symmetry.

The type of symmetry can be identified by analysing the shape and the
image after the transformation has taken place. First, identify a line of
symmetry. Then, look for the images on both sides of this line to be
congruent.

Example

Translate the following shape using a translation rule of D2, and identify
any symmetry that may exist.

Y

Solution

After a translation of 2 units down, the image coordinates are
A'(-5-2),B'(-2,-2), C'(o, 4), D'(-2,- 6),
E'(-5,-6), F'(4,-4)
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Lesson 3

The resulting shape is shown in the following graph.
y

Upon analysing the original shape and the transformed image, there are
no lines of symmetry because the translated image is not a mirror
reflection of the original image.

Your Turn 3

Translate the following shape using a translation rule of -F-- and identify
any symmetry that may exist.

y

NOTES

x

Copyright Protected



Lessod 3- P'racdce E,kerci e

PRACTICE EXERCISES

Use the following information to answer the next question.

I

1= -

L- L
x

	

I

	

€

1. Identify the type of symmetry that results from the given transformation.

Use the following information to answer the next question.

2. Identify the type of symmetry that results from the given transformation.

Each of the following diagrams is a tessellation. A tessellation is a geometric pattern that repeats itself
without leaving any gaps or overlaps. Identify if the tessellation has line symmetry, rotation symmetry,
or both.

3. 4.

Not for Reproduction

	

271

	

Math 9 SNAP



ROTATION SWvINBTRY AND TRANSFORMATIONS OF 2-D SHAPES-Prsclke Exercises

5. Draw triangle ABC with vertices " A(2, 3'; B(4,'6)-, C(^fr,1) : Tfkiislate triangle ABC D2. Draw and
label the translated image A 'B'C'.

Use the following information to answer the next question.

6. Point S is translated FF-4 - and 1414 4 . Which point represents its new location?

7. Triangle ABC has coordinates A(3,1), B(6,1), C(5, 3). Draw triangle ABC. Then apply
translation R2 and D4 and draw its image A'B'C'.
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Lesson 3 -Practice Exercises

8. Triangle L'MN' was drawn after a translation FF and TTT . Draw the original triangle LAIN.
Identify any symmetry that may exist in the transformation.

Y

X

9. The given shape ABCDEFGH is rotated 90° counterclockwise about point A.
Draw A'B'C'D'E'FV'H'. Identify any symmetry that may exist in the transformation.

Y

x

	10. The coordinates of rectangle PQRS are P(3, 1), Q(-4, 1), R(-4,-5), S(3,-5). A translation of LI I

is applied to rectangle PQRS. Identify the coordinates of P'Q'R'S' and any symmetry that may exist.
Y
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES- Review Summary

REVIEW SUMMARY

• A shape is symmetrical if the images on both sides of the line of symmetry are identical to one another.
• A rotation and a translation change the position of a geometric shape without changing its size or shape.
• When a shape coincides with itself after a rotation of less than 360° about its centre, the shape is said to

have rotational symmetry.
• The number of times a shape returns to its original position during a rotation of 360° is called the order

of rotation.
• The angle of rotation can be calculated using the following formula:

the angle of rotation =

	

360°
order of rotation

• A 2-D shape can have rotational symmetry and/or line symmetry when it is translated on a
Cartesian plane.
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PRACTICE TEST

PRACTICE TEST

Use the following information to answer the next question.

1. When Object B is reflected by mirror line EF, it becomes which Image?

Use the following information to answer the next question.

2. Sort the four given regular polygons in order, from the shape with the fewest lines of symmetry to the
shape with the most lines of symmetry.
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Practice Test

Use the following information to answer the next question.

3. Sort the four given polygons in order, from the shape with the most lines of symmetry to the shape
with the fewest lines of symmetry.

4. How many lines of symmetry does a square have?

5. Draw the reflection of the shape along the line of symmetry m.

6. What is the order of rotational symmetry of a regular octagon?
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PRACTICE TEST

7. Which of the following shapes does not exhibit rotational symmetry?

I

A.

C.

B.

D.

8. Which of the following shapes correctly represents a mirror image across they-axis?

A.

	

B.

C. D.

I
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RFAlUON S1ZM METRY AND TRANSFORMATIONS OF 2-D SHAPES-Practice Test

Use the following information to answer the next question.

Y

1.I

x

9. Square JKML is plotted on a Cartesian plane. If square JKML were rotated 90° clockwise about
point M, what would be the coordinates of point K'?

Use the following information to answer the next question.

Y

x

10. When the given shape is rotated 90° counterclockwise about point A, what will be the coordinates
of D'?

Use the following information to answer the next question.

11. How many lines of symmetry does this quadrilateral have?
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12. What is the order of rotational symmetry of a rectangle?

PRACTICE TEST

Identify the type ofsymmetry that is indicatedfrom the following transformations.

13.
s1

x
-5 -4 -3 -2- 1 0 1 2 3 4 5 6 7 8 9

6

5

4

3
2

1

0

-1

-2

-3

14.

15.
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RQTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Practice Test

16. Draw triangle ABC with vertices A(2, 3), B(4, 6), and C(6, 1). Translate the triangle
R2. Draw and label the translated image A'B'C. Identify any symmetry that may exist in the
transformation.

Y

Use the following information to answer the next question.

Y

17. Triangle PQR is translated 4U to form triangle P'Q'R' and then

	

to form the triangle
P"Q"R". Determine the coordinates of Q" and identify any symmetry that may exist.

x

X



PRACTICE TEST

Use the following information to answer the next question.

i

18. If triangle G'H'I' is congruent to GHI and has coordinates G'(4, 2) and H'(4, 2), what are the
coordinates ofP? Draw GH'T. Identify any symmetry that may exist in this transformation.

19. Translate the given quadrilateral R3 and D 1.
Y

C

A

1 2

	

3 4

	

5

	

6

	

7

	

8

	

9
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ROTATION SYMMETRY AND TRANSFORMATIONS OF 2-D SHAPES-Practice Test

20. The coordinates of polygonABCDEFare A(-5, 0), B(-1,-1), C(-1,-3),
D(-4,-3), E(-4,- 2), and F(-5,-2). Determine the coordinates of polygon A'B'C'D'EF' after
a translation using a rule of R6. Draw polygons ABCDEF and A 'B'C'D'E'F'.

I.
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