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SECRETARY"“SMESSAGE

Achieving a better future by individual students and their families, communities or the
nation as a whole, depends on the kind of curriculum and the way it is delivered.

This course is part and parcel of the new reformed curriculum. The learning
outcomes are student-centered with demonstrations and activities that can be
assessed.

It maintains the rationale, goals, aims and principles of the national curriculum and
identifies the knowledge, skills, attitudes and values that students should achieve.

This is a provision by Flexible, Open and Distance Education as an alternative
pathway of formal education.

The course promotes Papua New Guinea values and beliefs which are found in our
Constitution and Government Policies. It is developed in line with the National
Education Plans and addresses an increase in the number of school leavers as a
result of lack of access to secondary and higher educational institutions.

Flexible, Open and Distance Education curriculum is guided by the Department of
Education“s Mission which is fivefold:

¢ to facilitate and promote the integral development of every individual

e to develop and encourage an education system that satisfies the requirements
of Papua New Guinea and its people

e to establish, preserve and improve standards of education throughout Papua
New Guinea

e to make the benefits of such education available as widely as possible to all of
the people

¢ to make the education accessible to the poor and physically, mentally and
socially handicapped as well as to those who are educationally disadvantaged.

The college is enhanced through this course to provide alternative and comparable
pathways for students and adults to complete their education through a one system,
two pathways and same outcomes.

It is our vision that Papua New Guineans" harness all appropriate and affordable
technologies to pursue this program.

| commend all the teachers, curriculum writers and instructional designers who have
contributed towards the development of this course.
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STRAND 2: SPACES AND SHAPES

Dear student,

/j\ Qxﬁf/é This is Strand 2 of the Grade 8 Mathematics Course. It is based

\-_ R on the NDOE Upper Primary Mathematics Syllabus and
- curriculum Framework for Grade 8 as part of the continuum of

Mathematics knowledge and learning from Grade 6 to 8.

This Strand consists of four Sub-strands:

Sub-strand 1: Angles and Shapes
Sub-strand 2: Circles

Sub-strand 3: Similarity and Scale Drawing
Sub-strand 4: Tessellation

Sub-strand 1- Angles and Shapes - In this topic you will learn to use words to
identify and describe angles and shapes accurately and to investigate the properties
of interior and exterior angles of polygons.

Sub-strand 2- Circles — In this topic you will learn to make physical models of circles
and investigate their properties.

Sub-strand 3- Similarity and Scale Drawing — In this topic you will learn to identify
congruent and similar shapes stating the relevant conditions.

Sub-strand 4- Tessellation — In this topic you will learn to investigate rotational
symmetry and create tessellations that have rotational symmetry.

You will find that each lesson has reading materials to study, worked examples and a
Practice Exercise for you to complete. The answers to the practice exercises are
given at the end of each sub-strand.

All the lessons are written in simple language with comic characters to guide you.
The practice exercises are graded to help you to learn the process of working out
problems.

We hope you enjoy studying this Stand.

All the best!

Mathematics Department
FODE
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STUDY GUIDE

Follow the steps given below as you work through the Strand.

Step 1: Start with SUB-STRAND 1 Lesson 1 and work through it.

Step 2: When you complete Lesson 1, do Practice Exercise 1.

Step 3: After you have completed Practice Exercise 1, check your work.
The answers are given at the end of the SUB-STRAND 1.

Step 4: Then, revise Lesson 1 and correct your mistakes, if any.

Step 5: When you have completed all these steps, tick the check-box for

the Lesson, on the Contents Page (page 3) like this:

Lesson 1: Adjacent Angles

Then go on to the next Lesson. Repeat the process until you complete all of the
lessons in Sub-strand 1.

As you complete each lesson, tick the check-box for that lesson, on the
Content Page (3), like this E .This helps you to check on your progress.

Step 6: Revise the Sub-strand using Sub-strand 1 Summary, then do
Sub-strand Test 1 in Assignment 2.

Then go on to the next Sub-strand. Repeat the process until you complete all of the
four Sub-strands in Strand 2.

Assignment: (Four Sub-strand Tests and a Strand Test)

When you have revised each Sub-strand using the Sub-strand Summary, do the
Sub-strand Test for that Sub-strand in your Assignment. The Course book tells you
when to do each Sub-strand Test.

When you have completed the four Sub-strand Tests, revise well and do the Strand
Test. The Assignment tells you when to do the Strand Test.

The Sub-strand Tests and the Strand Test in the Assignment will be
marked by your Distance Teacher. The marks you score in each Workbook
will count towards your final mark. If you score less than 50%, you will
repeat that Assignment.

Remember, if you fail by scoring less than 50% in three Assignments, your enrolment
will be cancelled. So, work carefully and make sure that you pass all of the
Assignments.
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SUB-STRAND 1

ANGLES AND SHAPES

Lesson 1: Adjacent Angles

Lesson 2: Angles at a Point and Vertical Angles
Lesson 3: Angles Formed by a Transversal
Lesson 4: Angle Sum of a Triangle

Lesson 5: Angle Sum of a Quadrilateral

Lesson 6: Isosceles and Equilateral Triangles
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SUB-STRAND 1:

8 SS1INTRODUCTION

ANGLES AND SHAPES

Introduction

This is the first Sub-strand of Strand 2 for Grade 8
Mathematics. In this Sub-strand, you will extend your
learning of useful and interesting facts about Geometry.

In Grade 7, many basic geometrical facts were learnt

about angles and shapes. These facts and other knowledge will be used to develop
logical reasoning. It is important therefore that you revise them.

Angles and shapes are all around us.

Below is an example of an object where you can see angles and shapes.

In this Sub-strand, you will use appropriate words to identify and describe angles and
shapes. You will also investigate the properties of the interior and exterior angles of

polygons.
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Lesson 1: Adjacent Angles

You learnt about angles and the properties of angles in Grade 7.

_ )) In this lesson, you will:
\ J/ e identify and describe adjacent angles
e identify and describe complementary and supple-

mentary angles

e solve for the size or measure of an unknown angle
given its complement or supplement.

You learnt that ,adjacent” means “next to" or ,beside", therefore, an angle which is
next to or beside another angle is said to be an adjacent angle. We say the two

angles are adjacent.
What are adjacent angl& d@?

Adjacent angles are two or more angles which are next to or
beside each other and share a common vertex and a common
side between them.

Here are some examples.

n

a/b P fm

<«

v

<
<

ZaandZDb are adjacent angles. Zm and Z£n are adjacent angles.
“ e
z
2 1
Zxand Zy are adjacent angles. Z1and £ 2 are adjacent interior angles.
Zy and £z are adjacent angles. Z?2 and £ 3 are adjacent interior angles.
Zx and £z are adjacent angles. Z1and £ 3 are adjacent interior angles.

They are angles next to each other therefore they are called adjacent angles.
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n
>

Zaand £b are not adjacent angles.
The angles share the vertex but do not share a common side and are not next to
each other, therefore they are not adjacent angles.

Here are two right angles adjacent to each other. They make a straight angle.

o

Two right angles is 2 x 90° = 180°

[ 1]

Here are two straight angles adjacent to each other. They make one revolution.

A straight angle is 180°

« ) . Two straight angles is 2 x 180° = 360°
N
REMEMBER:

Two adjacent right angles make a straight angle.

Two adjacent straight angles make a revolution.

Now we will use the idea of adjacent angles.

b
- B LY

=

\

Here are two adjacent angles.

A B The measure of £ AOB = 30 °.
The measure of £ COB = 60°
30° / AOB + /COB =90°
60°
0 (03

Z AOB + / COB are called adjacent complementary angles.

Complementary angles are two angles whose sum is 90°.

Adjacent angles are complementary if they add up to 90° and form
aright angle.
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Look at the two angles.

C @
250 D

ZBAC and Z EDF are complementary angles,
Because, Z/BAC + ZEDF = 25° + 65° = 90°.

A F

We say, £ BAC is the complement of £ EDF and £ EDF is the complement of
ZBAC.

Now look at these two adjacent angles.

130°
50°/1\ 2

Z1and £2=50°+130° = 180°

Z 1+ £2 share a common side. The angles are called adjacent supplementary
angles.

Supplementary angles are two angles whose sum is 180°.

Adjacent angles are supplementary if they add up to 180°
and form a straight angle.

Here are two angles.

~ &

L

ZKLM and Z XYZ are supplementary angles
Because, ZKLM + £ XYZ =110° + 70° = 180°.

We say, Z KLM is the supplement of £ XYZ and £ XYZ is the supplement of £/ KLM.
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REMEMBER:
Two angles are complementary if their sum is equal to 90°.

In symbols, /1+ £2 =90°
Two angles are supplementary if their sum is equal to 180°.
In symbols, /1+ /2 =180°

Example 1

Find the value of x in each of the following.

a) b)
XO
45° 1359/ x°
Solutions:
a) x+45°=90° (adj. comp. /S) b) x + 135° = 180° (adj. supp. £S)
X = 90° —45° x =180° - 135°

Answer: x =45° Answer: x =45°

Example 2

Two angles are complementary. If the measure of one angle is 52°, what is the
measure of the other angle?

Solution:
The two angles are complementary, so £ 1+ £2 =90°

If we let £ 1 =52°

Then, we have 52°+ /2 =90°
/2 =90° - 52°
/2 =238°

Answer: The measure of the other angle is 38°.
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Example 3

The sum of three angles is 180°. The second angle is two times the first and the third
is three times the first.

What are the angles?
Solution: The three angles are supplementary, so £1+ £ 2+ £3=180°
If we let £1=x,then £2=2xand £3 = 3x

By substitution, we have x + 2x + 3x = 180°

Solve for £ 1: X + 2x + 3x = 180°
6x = 180°
x = 30°
Solve for £2: 2x = 2(30°) = 60°
Solve for £/ 3: 3x = 3(30°) = 90°
Answer: The angles are 30°, 60° and 90°.

(To check if the answer is correct, add all the three angles. They should sum up to
180°)

NOW DO PRACTICE EXERCISE 1
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Practice Exercise 1

1. Refer to the diagram to answer the following questions.
E
D
F
C
A
B

a) Name three angles which are adjacent to £/ BOC.

Answer: , and

b) Name three angles which are adjacent to £ BOA.

Answer: : and
C) Name three angles which are adjacent to £/ BOD.
Answer: , and
2. Write down the sizes of the complement of the following angles.
a) 30° b) 25° c) 5°
d) 35° e) 60° f) 75°
3. Write down the sizes of the supplement of the following angles.
a) 118° b) 60° c) 80°

d)  45° e) 15° f) 75°
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4. Find the size of the angles marked x.
a) 4 b)
_ 1522 ~"x R
X
28° >
A
c) d)
0 100°
22 35° >
115° ]\ x "
X 65°
28° >
5. Solve the following:

a) Two angles are complementary. One is two-thirds of the other.

Find the angles.

Answer:

b) Three angles are supplementary. The second angle is 10° more than the
first and the third is 10° more than the second. Find the angles.

Answer:

CHECK YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 1.




GR 8 MATHEMATICS S2 16 SS1LESSON 2

Lesson 2: Angles at a Point and Vertical Angles

c You learnt to identify adjacent angles, complementary angles and

;’ . supplementary angles in Lesson 1. You also learnt to work out the

\/‘ jf, & size of an unknown angle given its supplement and complement.
e

D
N
-' In this lesson, you will:
e define angles at a point and vertically opposite angles

e find the sum of the angles at a point and vertically
opposite angles

e calculate the size of other unknown angles when one
is given.

You learnt that the size of an angle is the amount of turning done by a moving arm
when turning from the position of one arm of the angle to the position of the other
arm.

You also learnt that the unit for measuring angles is the degree which is represented
by the symbol (°).

Here you will learn some more symbols used to represent the measure or size of an
angle.

The Greek letters a, 3, v, 8 and 6 are used to stand for the measure

or size of an angle. This means that the degrees symbol is not used
with them.

These symbols are introduced for you to understand the angles at a point.

Look at the figures.

Here the arm OA can move
around the fixed point O

In Figure 1, the arm OA completes one revolution and so moves through an angle of
360°.

In Figure 2, the arm OA stops at B, C and D before continuing to its starting position.
Despite these stops, the arm OA has still completed one revolution.
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Hence, we can see that:

a+B+y+8 =360°

Lo, ZB, 4y and £§ are called angles at a point.

Angles at a point are angles that sum up to 1 revolution.

1 revolution = 360°

Now look at the figure.
R
130°
Vv
T
U

RT and SUare straight lines and £ SVR = 130°. Using the knowledge learnt in the
previous lessons, we can calculate or work out the size of the other three angles.

R
R
130°
50°
U
R
50°
130°
50°
130°
T
T U
U

By progressively covering up each of the arms VT, VU, VS and VR, we get the series
of diagrams above. Each of these diagrams shows a pair of adjacent supplementary
angles.
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Putting these results together, we can see that when two lines cross, two pairs of
equal angles are formed. These angles which are opposite each other are called

vertically opposite angles.

When two straight lines cross or intersect, two pairs of vertically
opposite angles are formed.

Vertically opposite angles are equal or Vertical angles are equal.

Now look at the following examples.

Example 1

Find the value of the angle marked o.

145° 11200

Solution: Using the idea of Angles at a point, we have,
a + 145° + 120° = 360°
a +265° = 360°
a = 360° — 265°

Answer: o = 95°
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Example 2

Find the value of x and y in the diagram.

Solution: Using the idea of vertically opposite angles, we have
y =40° (vert. opp. £s)
x + 40° = 180° (adj, supp, £s)
x = 180° — 40°
Answer: x=140° 9
Example 3 N

Find the value of x in the diagram.

55°
70°

5x°

Solution: 5x + 70° + 55° + 90° = 360° (£ s at a point)
5x + 215° = 360°

5x = 360° — 215°

5x = 145°

Answer: X = 29°

NOW DO PRACTICE EXERCISE 2
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Practice Exercise 2

1. Complete the following statements by filling in the blank spaces with the
correct word/words.

a) When two lines cross, two pairs of angles are formed. These
angles which are each other, are called

b) Angles at a point are angles equal to
c) A revolution equals degrees.
d) lines form vertical angles.

e) Vertical angles are

2. Find the value of missing angles in each of the following.
a) b) c)
140°
120° 0°
aO
o 750 75a° 650
d) e) f)
459
(o)
a° 105 A co a’Jq12°
120 40 115°
20
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3. Find the value of the pronumerals in each of the following.
a)
N
b)
c
) B B
bO
700
aO
1 20°

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 1.




GR 8 MATHEMATICS S2 22 SS1LESSON 3

Lesson 3: Angles formed by a Transversal

e You learnt the meaning of angles at a point and vertically
- opposite angles in Lesson 2. You also learnt to find the unknown
angles when some of the angles are given in Lesson 2.

\. ~ /

— In this lesson, you will:

e identify parallel lines and a transversal

¢ identify and describe angles formed by a transversal

e show the relationship between angles formed by a
transversal.

You learnt that parallel lines are lines that lie on the same plane but never meet
however far they are extended.

Now, you are going to learn about angles associated with parallel lines.

When two lines are cut by a third line at different points, this line is called a
transversal of the two lines.

Study the figure. S

xz
X

3\4

5\6
y 7Y3
In the figure, When Line x and Line y are cut by the transversal s, the eight angles

shown are formed. With Line x, the angles formed are /1, 22, /3 and 4. With
Line y, the angles formed are £5, £6, 7 and /8.

From what we have learnt about vertically opposite angles, we can see that:
Z2 = /3 £6 = /7 /5 = /8 Z1= /4

Look at 2 and £6. These angles are on the same side of the transversal and above
the lines x and y. £2 and £6 are called corresponding angles. ©4 and /8 are
also on the same side of the transversal although they are below lines x and y.
These angles are also called corresponding angles.

Using the same notation about vertically opposite angles, we can see that when two
parallel lines are cut by a transversal, then four pairs of corresponding angles are
equal.

Hence, 1= /5 /2= /6 /3 = /7 /4= /8
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This means that: 21, Z4, /5, /8 are equal; and
Z2, /3, £6, L7 are equal

We give special names to certain pairs of angles formed when a transversal cuts or
intersects two lines.

The special relationships that occur when two lines are parallel are set out in the
following rules.

e When a pair of parallel lines is cut by a transversal, four pairs of corresponding
angles are formed.

/ A ol /

/ L ] [

| / / r

Corresponding angles are pairs of angles, one exterior and one
interior angle on the same side of the transversal and not
adiacent.

e When a pair of parallel lines is cut by a transversal, two pairs of equal alternate
angles are formed. l

/
F 4

Alternate angles are pairs of interior angles on the opposite side
of the transversal and not adjacent.

e When a pair of parallel lines is cut by a transversal, two pairs of co-interior
angles are formed. Co-interior angles are supplementary.

[ [

& ]

/ /

Co-interior angles are two interior angles at the same side of a
transversal.

You should learn to recognize pairs of corresponding, alternate and co-interior
angles. Drawing the 3 blocks of letters F, Z and U will help you to remember these

angles.
L/

corresponding alternate Co-interior
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You can get the ,shapes"” of the 3 types of angle pairs by rotating or turning over the
three ,letter shapes”.

Now look at the examples.

Example 1 c B

In the diagram:

a) Line A is the transversal 11> 56 ,
b) /5 is co-interior to /2 4|3 sl7
C) /3 is co-interior to /8

d) /5 is alternate to /3

e) /8 is alternate to £2

f) /5 is corresponding to /1
9) /3 is corresponding to /7

Example 2

Find the value of x in the diagram by identifying corresponding, alternate or co-
interior angles.

140°
Solution: Co-interior angles are supplementary.
Therefore, x + 140° = 180°
Supplementary angles
x =180° -140° (_add up to 180°.

X = 40°

.. .T ; JI}F'

;

Answer: x =40°
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Example 3

Find the angles e, f, g, h, i, j and k in the diagram.

A
—
w
)
o
\
v

A
\ 4

Solution; 29=130° (because Zg and 130 are vertically opposite angles)
2£e=50° (because Ze and 130 are supplementary)
/f =50° (because Ze and /f are vertically opposite /s)
Zh =50° ((because the two pairs of vertically opposite /s are =)
/k =50° (because the two pairs of vertically opposite /s are =)
/j =130° (because the two pairs of vertically opposite /s are =)

/1 =130° (because the two pairs of vertically opposite /s are =)

NOW DO PRACTICE EXERCISE 3
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\ Practice Exercise 3

SS1 LESSON 3

1)

In the diagram,

f)

g9)

Name the transversal.

Name an angle corresponding to Z TRD.
Name an angle corresponding to £ SRD.
Name an angle alternate to ~ CRS.
Name an angle alternate to ~ SRD.
Name an angle co-interior to « SRD.

Name an angle co-interior to £ CRS.

Answer:

Answer:

Answer:

Answer:

Answer:

Answer:

Answer:

Find the value of each angle marked with a letter in each of the following
diagrams.

a)




GR 8 MATHEMATICS S2 27 SS1LESSON 3

b)

08°

D.

v

68°

bO

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 1.
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Lesson 4: Angle Sum of a Triangle
eg You identified parallel lines and a transversal and described the
-_Z-._-'.r’ relationship between the angles formed by a transversal in
4 Lesson3.

) ;
\ / In this lesson, you will:
find the measure of each angle of a triangle and

develop a rule for finding the sum of the angles

o discuss the relationship between the exterior and the
interior angles of a triangle

e work out the size of the exterior angle of a triangle

¢ find that the sum of the angles of a triangle add up to
180 degrees

In Grade 7, you learnt that the angles of a triangle add up to 180 degrees. This was
done by cutting the angles of a triangle and rearranging them to form a straight
angle.

Look at the diagram on how this was done.

Draw any acute triangle on paper, and carefully cut it out. Label the corners 1, 2, 3 as
shown, and cut them off. Put them together testing the lower edge with a ruler.

The work that was performed suggests a property of every triangle.
This can be proven by first drawing a line
First you draw a line DE through A parallel to BC.

ZBAD = /2 (alternate to ZABC, DE // BC)
LCAE = /3 (alternate to ZACB, DE // BC)
Now, £1 +/£2 +£3 =180° (£DAE s a straight£)

Il means parallel.

/
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Therefore,

The angle sum of any triangle is 180 degrees.

In symbols, 1+ £2+ £3=180°

This means that if you know two angles of a triangle, you can find the third angle.
Example 1

Find the unknown angle marked x°.

115°

40° x°

Solution:
In the triangle, the known angles 40° and 115° add up to 155°.

By the angle sum of a triangle, we have
x° + 155° = 180°
x°=180° - 155° (subtract 155° on both sides)
Therefore, x° = 25°

Example 2

Find the value of the angles marked x°, giving reason for your answers.

80°

Solution:
x° + x° + 80° = 180° ( angle sum of a triangle)
So, 2x° + 80° = 180°
2x°=180°—-80° (Subtract 80 on both sides)
2x° =100° (Divide by 2 on both sides)

Therefore, x° = 50°
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Now look at the triangle below.

ZACD is known as an exterior angle in the triangle.

A ’
F’ We can find the relationship between the exterior
B angle ACD and others within the triangle.
First, we draw a line EC through C, parallel to AB.
B/
o ;& ZACE = B (alternate to Z/BAC , AB//EC)
B c D

ZECD

a (corresponding to ZABC , AB//EC)
Now, ZACD= a + B (£LACD=ZACE +ZECD )

Therefore, the exterior angle of a triangle is equal to the sum of the interior (or
remote) opposite angles.

The exterior angle of a triangle is
equal to the sum of the two remote
interior angles.

In symbol, £6 = Za + £

Find the size of the exterior angle x° in the following diagrams.

Example 1

55° Solution: Z x is the exterior angle of the A
x°=55°+60° (ext. £ ofa )
60° X x° =115

Therefore, x=115°

Example 2

Solution:

x° 75° .
x°=75°+60° (ext. £ of a )
60° x° =135

Therefore, x = 135°

NOW DO PRACTICE EXERCISE 4
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Practice Exercise 4

1. Find the value of the pronumeral in each of the following triangles.
a) b) c)
88°
42 x°
42° x° 118°
Working out:
Answer: Answer: Answer:
d) e) f)
5 X° 72°
X
I 38° 1089 x°
Working out:

Answer: Answer: Answer:
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2. Using the exterior angle properties of a triangle, find the size of the unknown
angle x in the following triangles.

a) b) \ c)
350 88° x°
320
420 1 1 80
75° /0

XO

Working out:
Answer: Answer: Answer:
d e f
) ) ) o~
%0 84
X 38  108° Xt
Working out:
Answer: Answer: Answer:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 1
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Lesson 5: Angle Sum of a Quadrilateral

e In Lesson 4, you learnt to find the measure of the interior angles

4 . of atriangle and formulate the rule to find the sum of the angles.
-\ & # You also discussed the relationship between the exterior angle
\)\/\ “~_  and the interior angles of the triangle.

- @In this lesson, you will:
e determine the angle sum of a quadrilateral

e find the measure of an unknown angle in a given
quadrilateral.

We proved that the angles of a triangle have a sum of 180° in the last lesson,

Since all quadrilaterals can be divided into two triangles, we can conclude that the
angle sum of a quadrilateral is 2 x 180° or 360°.

We can prove that the angle sum of a quadrilateral is 360°.

Look at the diagram.

A
Angle sum of Quadrilateral ABCD = ZABC + #/BCD + ZCDA + ZBAD
=2+(3+4)+6+(5+1)
=(1+2+3)+(4+5+6)
= angle sum of AABC + angle sum of ACDA
=180° + 180°
= 360°

Therefore, the angle sum of the quadrilateral is 360°

The angles of a quadrilateral add up to 360 degrees.
In symbol, ZA+ /B + ZC + 4D = 360°
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Example 1

Find the value of the pronumeral x in the diagram.

Solution:
Use the angle sum property for quadrilateral
ZA+ «B + ZC + /D = 360°

By substitution  x + 52° + 120° + 108° = 360°
X + 280° = 360°
x = 360° — 280°

Therefore, x = 80°
Example 2

Work out the unknown angle in the diagram by finding the value of a.

100°

2a° 50°

Solution:
a+ 2a+ 100° + 50° = 360° (angle sum of a quadrilateral)
3a + 150° = 360°
3a = 360° - 150°
3a=210°
a=70°
So, 2a=2x70=140°

Therefore, the missing angles are 70° and 140°.
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Example 3

Write an equation for the angle sum of the quadrilateral below and solve it to find the
value of the missing angle in degrees.

Solution:
Form the equation: 5x° + 116° + 85° + 84° = 360° (angle sum of quadrilateral)
Solve the equation to find x. 5x + 285° = 360°
5x = 360° - 285°
5x =75°
x=15°

Therefore, the value of the missing angle is 5x = 5(15) = 75°.
Example 4

Use the angle sum of the quadrilateral ABCD to find the value of x and then find the
value of y.

Solution: a) Solve for x.

x +90°+ 130° + 70° = 360° (£ sum of a quadrilateral)

F X + 290° = 360°
1 130° =
x =360°—290° (subtract 290 on both
sides)
D x =70°
X A b) Solve fory.
A E

y + x =90° (adjacent complementary /s)

y +70° =90°
y =90°—70° (subtract 70 on both sides)

y = 20°

NOW DO PRACTICE EXERCISE 5
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Practice Exercise 5

1. Find the value of the angle marked x in each of the following diagrams.
b) c)
20
40° & Y
40° .

Working out:

Answer: Answer: Answer:

d e)

100° 80° 5
X 100°
80° x° 78° 86°

Working out:

Answer: Answer:
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2. Write an equation for the angle sum of each of the following quadrilaterals and
then solve it to find the value of b.

a) b)
b 020 " 85°
75° 80° 2b° 103°
Working out:
Answer: Answer:
c) d)
(o}
3b 110° 559
L&
42° b°
40°
Working out:

Answer: Answer:
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3. Use the angle sum property of Quadrilateral ABCD to find the value of x and
then find the value of y.

b)

Working out:

Answer: Answer:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 1.
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Lesson 6: Isosceles and Equilateral Triangle

SS1 LESSON 6

Lesson 5.

You learnt to work out the angle sum of a quadrilateral and find
. the measure of an unknown angle in a given quadrilateral in

\/ In this lesson, you will:
¢ revise the meaning of an isosceles and an equilateral

triangle

e calculate the unknown angle of an isosceles and an

equilateral triangle given in a diagram.

You learnt the meanings of isosceles and equilateral triangles and some of their
properties in Grade 7. Now you will learn and extend your knowledge about these

two triangle types.

Look at these triangles.

PANWAWAN

Which of the triangles are isosceles?
Which of the triangles are equilateral?
In AXYZ, which angles are equal?

In AABC, which sides are equal?

These questions will remind you of the properties of isosceles and equilateral

triangles.

In an isosceles triangle;
e Two sides (legs) are equal.
e Base angles are equal.

In an equilateral triangle;
e Three sides are equal

degrees.

e Three angles are equal and each angle measures 60

Therefore, AXYZ and AABC are isosceles triangles.
ADEF is an equilateral triangle.
In AXYZ, X and ZZ are equal angles.
In AABC, sides AB and BC are equal sides.
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We can find the size of an unknown angle of a triangle using the properties of
isosceles and equilateral triangles.

Example 1
Find the value of a in the following triangle giving reasons for your answer.
aO

Solution: Since the triangle is equilateral, the three interior angles of the triangles
are equal to 60 degrees.

Therefore, a=60° (interior £ of an equilateral A)
Example 2

Find the value of x in the following triangle giving reasons for your answer.

7cm
80°
X cm
80¢
Solution: Since the base angles of the triangle are equal, we say the triangle is

isosceles.
Therefore, x =7 cm. (2 legs of isosceles A are equal)
Example 3

Find the values of x and y in the following triangle giving reasons for your answer.

¥
40° X°
Solution: x =40° (base angles of isosceles A are equal)
y° + x° + 40° = 180° (£ sum of triangle = 180°)
y +40° + 40° = 180° (substitute x = 40)

y =180°—-80° (solve fory)

y =100°

NOW DO PRACTICE EXERCISE 6
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Practice Exercise 6

1. Find the value of y in the following triangles. Give reasons for your answers.

a) b) 7

16 cm
44° y° 28°

. 16 cm
Working out:

Answer: Answer:

c) ym

709
6 cm \\70°
Answer:

2. Find the value of the pronumerals in the following triangles using the

properties of isosceles and equilateral triangles.

a) /\ V\\
a°
b° )
: a 50°

Working out:

Answer: Answer:
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3. Find the value of x and y in the diagram below.

A

Working out:

Answer:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 1.




GR 8 MATHEMATICS S2 43 SS1 SUMMARY

SUB-STRAND 1: SUMMARY

%ﬁs summarises some important terms and ideas for you to remember. )

e Adjacent angles are angles that have the same vertex and a common side
between them.

e Complementary angles are two angles that add up to 90°.

e The complement angle is the angle that needs to be added to a given angle to
add up to 90°.

e Supplementary angles are two angles that add up to 180°.

e The supplement angle is the angle that needs to be added to a given angle to
add up to 180°.

¢ Angles at a point add up to 360°.

e Vertically opposite angles are pairs of equal angles formed by two intersecting
straight lines.

o Parallel lines are two straight lines in the same plane that do not meet.
e A transversal is a line that cuts or crosses two or more other lines.

e Corresponding angles are pairs of angles, one exterior and one interior at the
same side of the transversal and not adjacent.

e Alternate angles are pairs of interior angles on the opposite side of the
transversal and not adjacent.

e Co-interior angles are two interior angles on the same side of a transversal.
e The angle sum of any triangle is 180 degrees.
L1+ £2+ £3=180°
e The angle sum of a quadrilateral is 360 degrees.
LA+ £B + £C + £ZD = 360°

e In anisosceles triangle;

» Two sides (legs) are equal.

» Base angles are equal.
¢ In an equilateral triangle;

» Three sides are equal

» Three angles are equal and each angle measures 60 degrees.

REVISE LESSONS 1- 6 THEN DO SUB-STRAND TEST 1 IN ASSIGNMENT 1.
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ANSWERS TO PRACTICE EXERCISES 1- 6

SS1ANSWERS

Practice Exercise 1

1.

a) ~COD, ZCOE, ZCOF
b) Z/AOF , Z/AOE , LAOD
c) /DOE, DOF, «DOA
a) 60° d) 55°
b) 65° e) 30°
c) 85° f) 15°
a) 62° d) 135°
b) 120° e) 165°
c) 100° f) 105°
a) 62° b) 28° c) 40°
54° and 36°

50°, 60° and 70°

d)  45°

Practice Exercise 2

1.

a)

b) 1 revolution

c) 360°

d) Intersecting

e) equal

a) 120° d)
b) 65° e)
C) 70° f)

(@) x=115° b = B5°

equal, opposite, vertically opposite angles

115°

a=45°%b=45° c=135°

133°

(b) b=260° ()

a=70° b=110°

Practice Exercise 3

1.

a) Line TQ d)
b) ZRSB e)
c) ZQSB f)

ZBSR g)
ZASR
ZBSR

ZASR
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2.

45

SS1ANSWERS

a) e=70°f=70°g=110° h=110°i=70° j=70° k=110°

b)  x=288°
c) b=68°

Practice Exercise 4

1. a) 70° c) 20° e) 34°
b) 50° d) 60° f) 18°
2. a) 110° c) 150° e) 146°
b) 130° d) 118° f) 170°
Practice Exercise 5
1. a) 32° b) 260° c) 50°
d) 100° e) 96°
2. a) 103° b) 51° c) 52° d) 59°
3. a) X =142° y=38°
b) x=75°% y=87°

Practice Exercise 6

1)

a) y = 44°
b) y = 28°
C) y = 6cm

(base s of isosceles A are equal)

(base s of isosceles A are equal)

(two legs of isosceles A are equal)

a) a=70°% y=40°
b) a=>50° y=80°

X = 65°% y=25°

END OF SUB-STRAND 1
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SUB-STRAND 2

CIRCLES

Lesson 7:

Lesson 8:

Lesson 9:

Lesson 10:

Lesson 11:

Lesson 12:

What is a Circle?
Parts of a Circle
Naming Parts of a Circle

Circumference of a Circle

The Number Pii (1)

Solving Problems involving
Circumference

SS2 TITLE
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SUB-STRAND 2: CIRCLES

Introduction
G‘ This is Sub-strand 2 of Grade 8 Mathematics Strand 2. In this
o ’ Sub-strand, you will study circles and their properties.
/ ] J =

From the earliest times the circle has fascinated people around the world. The sun
and moon (both apparently are shaped like circles) have been worshipped. From
early Greek times the circle has been studied and now the position on the earth's
surface is described in terms of intersecting circles.

Below are photographs of some common objects. Do you recognize them?

Each object has a part that is circular in shape. Shape in an object meets a specific
purpose. Can you tell why the rim of a cup is a circle? Why the plugs and manhole
covers are round? Why bottoms of pans are circular?

The circle is the most symmetric of all mathematical curves. A circle can be turned on
its centre through any angle and will still fit into its original position.

In this sub-strand, you will learn more about the circle and its properties. You will
make models of circles and investigate their properties.
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Lesson 7: What is a Circle?

In the previous lessons, you learnt about the meanings and the
P different properties of plane shapes such as triangles,
& quadrilaterals and other polygons.

'i/
@ In this lesson, you will:
define the circle

o differentiate circles from other plane shapes.

The circle is one of the most useful shapes and is sometimes considered the most

beautiful one.
What is a circle? m

Look at the shapes below.

These are all circles. These are not circles.

Q@ NO

Look at this diagram. How many circles can you see?
@ Q Did you find 13
4 circles?

Look around you and identify objects which are circular in shape and make use of

them.
These tins | bought at the
store have circular lids.

| can see cars. The
wheels of cars are
in the shape of a circle.
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NEW WORD:

Circular is something that is in the shape of a circle.

Now that you know what circles look like let us describe them in words.

A circle is a closed figure on a plane (flat surface), all points of which are the
same distance away from a fixed point within called the centre.

Here is a diagram that will help you to understand what a circle is.

The players are standing the same distance away from a central player. The player in
the centre throws the ball the same distance to each player. The central player marks
the point at the centre of the circle. The other players are marking points on the
circle.

[ J ° [ ] ° .“I Ll ...‘
° [ ] [ ] [ 4 ] . ¢
centre centre x centre = cenire
° ° ° ) '- ) .' °
L) L4 L) L ‘0. 0.
- e . ° LY A
] ) many points all points are
6 points are 12 points are marked marked on
marked on are marked on the circle the circle
the circle on the circle
REMEMBER:

e All points on the circle are the same (equal) distance from the
central point called the centre.

e The centre of a circle is the middle point in the circle.
e All points on the circle are in the same plane.

e A plane is a flat surface.
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Here is another example of a circle.
Have you seen a propeller of an airplane as the airplane is getting ready to take off?

The ends of the propeller are sometimes painted with yellow or red so that they can
be seen clearly.

As the propeller turns, any point on it will turn in a circular path.

2"\ points wil
\'*.. move in a
circle.
-
——y
/"j;:__q 3 Red colour can be
\ &« seen clearly, as
Red paint / the red part
\ 0 travels in a circle.
\s o/
\\“‘h—‘_'_—-_‘:’/‘/
Propeller not turning Propeller turning

NOW DO PRACTICE EXERCISE 7.
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Practice Exercise 7

1. Which of the shapes shown below are circles? Write the letter of the shape in
the answer space below;

O ANE
AUCl>
5 Q)

Answer: These are circles:

2. Different shapes were used to form the drawings below.

a) How many circles were used?

b) Shade the circles?

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 2.
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Lesson 8: Parts of a Circle

f= In the previous lesson, you learnt the meaning of a circle and
- differentiated it from other shapes.

\)) )/ @In this lesson, you will:
describe different parts of a circle

e discuss the relationship between the different parts of
the circle.

You learnt that a circle is a closed figure on a plane, all points of which are the same
distance away from a fixed point within called the centre.

In the figure below, O is the centre of the circle.

Centre

A circle is named by its centre. Thus we call the circle, circle O.
Now, you will learn the different parts of a circle.

Here is circle showing two of its parts. Circumference

Radius

The radius of a circle is a line segment whose endpoints are a point on
the circle and the centre of the circle.

It is the distance from the centre to any point on the circle.

If we draw the radius, it is a straight line.
The plural of radius is radii ( you say Ray-dee-eye).

Any circle big or small has an infinite number of radii. The size of the circle does not
affect the number of radii it may have.

The circumference is the distance around a circle.

If you draw the circumference, it is a curved line.
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Here is an example showing the radius and the circumference of a circle in real life.
If Ravo whirled a yo-yo on its stretched string, the path it describes is a circle. The

string is the radius of the circle. It keeps the yo-yo at a fixed distance from the hands
of Ravo.at the centre of the circle.

‘e
‘e
.
.
~

Whirled yo-yo

Ravo“s hand is at the centre of a circle.
The string is the radius of the circle.
The yo-yo travels around the circumference of the circle.

qiameter

Figure 1 Figure 2

Now let us look at the figures below.

Chord

The figures illustrate two more line segments related to circles.

A chord of a circle is a line segment that joins two points on the circle.

You say ,kord".

All these straight lines are chords.

A diameter is a special chord, which passes through the centre .
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The diameter is a line segment connecting two points of the circle
passing through the centre.

A diameter is the longest straight line segment which can be drawn in a circle.

It is the distance across the middle of a circle through the centre.

The diameter of a circle is twice its radius.
1 DIAMETER = 2 x RADII @ We_ write r for
radius and D for

Wesay D=2xr diameter.

If we draw the diameter, it is a straight line. It divides the circle into two semicircles.

That’s a new word. What
does a semicircle mean? E

A semicircle is half of the circumference of a circle.
(,Semi“means ,Half*)

This is a Semicircle «_This is also a Semicircle

Two semicircles make up the whole circle. One semicircle is exactly half of the
circumference of the circle.

Another part of a circle is the arc.

i What is an arc& m

An arc is any part or portion of the circumference of a circle.
(You say ‘ark")

A major arc is an arc greater than a semicircle.

A minor arc is an arc less than a semicircle.

In fact, a semicircle is a special kind of arc.
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This is a Minor arc@ QThs is a major arc.

Any pair of points on a circle determines two arcs. The two arcs make up the entire
circle. A circle has a degree measure of 360°. A semicircle has 180°. A major arc
has a measure greater than 180° and a minor arc has less than 180°.

In the figure below, the centre of the circle is at point O, segments OA and OB are
radii. The angle formed by them, Z AOB( marked 4), is called a central angle. It"s
intercepted arc is arc AB. The section bounded by two radii and the included arc of
the circle is called a sector.

A
/\/ntercepted arc \/\/ncluded arc
B B
P

Z AOB is the central angle AOB is the sector of the circle

¢ A central angle is an angle whose vertex is the centre of the
circle and whose sides are the radii of the circle.

¢ ,htercept“means ,cut off".

e The intercepted arc of an angle is the arc whose endpoints
are on each side of the angle and all other points of the arc
are in the interior of the angle.

¢ An arc has the same measure as its central angle.

e The sector is the section or area bounded by two radii and
the included arc of a circle.

NOW DO PRACTICE EXERCISE 8
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Practice Exercise 8

1. Name the parts of the circles below as indicated by the arrows.
<><——This line is called the of the circle.
b)
This point is called the of the circle.

c)
This line is called the of the circle.
This line is also a )
In this circle, two have been drawn.
d) ®/Ths line is called the of the circle.

This line is called the of the circle.
This line is called the of the circle.
This line is called the of the circle.
2. Complete these sentences by filling in the missing word.
a. The diameter of a circle is its radius.
A circle has a degree measure of .
C. A semicircle is half of the of the circle. It has
degrees.
d. A semicircle is greater than a arc and less than a

arc.
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3. In the figure, AB and CD are diameters of the circle.
C
D B

Is AB the same length asCD?

Answer:
4. If the radius of a circle is 4 cm, how long is its diameter?

Answer:
5. If the diameter of a circle is 14 cm, how long is its radius?

Answer:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 2.
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Lesson 9: Naming Parts of a Circle
c‘ In the last lesson, you learnt to recognise the different parts of a
/' < . _circle and show the relationships between each other.

\)) g In this lesson, you will:

¢ name and identify the parts of a circle

e draw and illustrate the parts of a circle.

You know how to recognise the different parts of a circle. Now you will learn to give
names to these parts, by using letters of the alphabet.

For example. In the diagram below, Point O is in plane M. All the points in plane M
whose distances from O is the same(r units), determine a circle. Point O is the centre
of the circle. We usually name the centre of a circle with the letter O. A circle is
named by its centre. Therefore we call the circle in the diagram Circle O.

We name points on the circumfernce of a circle with letters such as X, Y and Z as
shown below.

X Y
Z
Look at the diagram. A
R This is the radius OR. B Here are some
radii: OA, OB
and OC.

Cc

To name the radius, we use the letters that are associated with the two points at
each end.

The same is applied to the diameter and chord.
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This is the diameter DC. This is the chord MN.
c ///’—\\fsn
Q
D
REMEMBER:

We use one letter to name a point.
We use two letters to name a line.

To name an arc or a semicircle which are curved lines we use three letters.

The arc DCE or 6.\ The semicircle MXN orﬂ The arc CUB or 6

NOTE: E

A line EF can also
. be called FE.

4. An arc ABC can also
-3 Dbe called CBA.

F C

Now that you know something about circles, let us try to draw some.
One way of drawing circles is by using the compass.

Here is how you use the compass.

@

Point

Screw
Screw

Points level ——

This is a compass. This compass has a pencil screwed in it.
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The compass is opened 3 centimetres. The compass point stays at the
centre. The pencil point draws a
circle with a radius of 3 cm.

The radius of the circle will be equal to the distance between the point of the
compass and the pencil point.

In case you do not have a compass, here are other ways you can draw circles.

1. You can draw a circle by using something which already has a circular shape
like the rim of a cup or a plate, a tin of fish or any other circular objects.

This circle was drawn
using a one kina coin.

2. You can draw a circle by using this method.
You may need a pencil , pin or drawing pin, ruler or cardboard.
Step 1: Cut or tear a strip of paper or cardboard of any length, For example,

5cmto 10 cm.
6 cm

2cm

Step 2: Make two holes at the two ends of the strip, about one centimetre
from each end.

e« hole hole—e
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Step 3 Put the pin through one hole and hold it on a piece of paper where
you want the centre of the circle to be.

@ <+« pin °

Step4 Place the pencil point on the other hole. Move the pencil on the
paper strip around the pin to draw the circle.

To finish

Start

N

Move around pin

Draw and make your own circles of different sizes by having the two holes closer
together or farther apart.

NOW DO PRACTICE EXERCISE 9
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Practice Exercise 9

1. Choose then write the correct word from the Word List below to complete each
statement in the space provided. You may use the word more than once. The
first one is done for you as an example.

Centre Radius Arc Semicircle Diameter

a) OE is a radius
b)OVis a

c)OUis a

d)OL is a

e)LU is a

f)y BSisa

g)O is the

h)LEU is a

i) UVE is an

j) UEB is an

2. Using the circle on the right, name:

a) two semicircles

Answer: ,

b) four minor arcs

Answer: ,

C) four major arcs

Answer: , ) ,

d) a diameter
Answer:

e) a chord
Answer:

f) a radius

Answer:
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3. Look at the diagram below. Name the different parts using letters.

The first one is done for you.

E a) Thecentreis (0]
b)  The diameter is
c c) Thechordis
A Q R d) The two radii are and
e) A semicircle is
f) A minor arc is
4. Draw a circle and label as follows:

a) centre O

b) radius OP

C) diameter XY

d) chord AB

e) arc AEB

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 2.
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Lesson 10: Circumference of a Circle
e You learnt to illustrate and give names to the different parts of a
_/”.%;’ ., circle using the letters of the alphabet.

\, 7 In this lesson, you will:
- e define the circumference of a circle.

e measure the circumference of a circle.

We identified the different parts of a circle in the previous lesson. We briefly looked
at the CIRCUMFERENCE also.

The circumference is the perimeter (distance around)
of a circle.

How do you find the circumference of a circle?

It is easier to measure the diameter of a circle than its circumference, using either a
special gauge or a method like the one shown below with a ruler and set squares.

Set square«——,

@ B Set square

|I||I IIII|III|I||IIIII|IIIII|IIII|IIII‘IIII||III|IIII|||II|IIII|I||||
T § $ 10 M 12

Ruler«— 5

6
I
I
l
1 1
1 1
1 1
1 1
1 1
[} I

This ruler shows the
diameter is 2 centimetres.

The diameter is the widest part of the circle.
The distance between the two set squares will be the diameter.
Count the number of millimetres between the two set squares as shown on the ruler.

Knowing the diameter of a circle can help you find the measure of its circumference.

Look at some practical methods on how to find the circumference of a circle. Go on
to the next page and investigate these methods.
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Example 1

Lets us use some practical methods to measure the circumference of a K1 coin.

Method 1.
Step 1: Mark a point on the circumference of a K1 coin.
Step 2: Place the coin beside a ruler with the mark pointing to the scale.

Step 3: Roll the coin along the ruler until the mark returns again to the scale.
Make sure that the coin does not slip.

The circumference
is more than the 3
diameters.

Step 4: Measure the circumference.

Circumference =9.5cm



GR 8 MATHEMATICS S2 67 SS2 LESSON 10
Example 2

Use a practical method to measure the circumference of a tin can.

Method 2

You will need a tin or can which has a good circular shape, a ruler, and a string or a
strip of paper.

Step 1: Wrap the string or the strip of paper around the tin or can.
o -E' \ —Paper strip
E 2L l «—Tin
a3
| ol
\
Mark
Step 2: Make a mark on the strip where the paper goes around once.
Step 3: Remove the paper strip, and measure the length up to the mark.

/Paper strip
NN NN I e

LA L L L T O a L A S A U
0 I — Ruler
Remember: Put the zero (0) on your ruler at the place you start to measure

from.
The circumference of your tin can is the length of your paper strip up to the mark.
Here is another practical way to measure the circumference.
Method 3

You need any circular objects of any
size, a piece of string, and a ruler.

This is what you do.

Step 1: Start at any point on the circle. Put
the end of your string there.

Step 2: Carefully place the string along the circumference,
until you come back around to the point where you
started.

Step 3: Mark the place on your string and cut it.
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Step 4: With your ruler, measure the length of the string you used to go around
the circumference of the object.

Place the string straight along the ruler
A/
i |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
1]

| btudoooduobutdtdwduobodud wdusbodusbobboobb ldudodubodud |

Step 5: The length of the string is the same as the circumference of the object.

NOW DO PRACTICE EXERCISE 10
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The following practice exercises will help you find out the special relationship that

exists between the circumference of a circle and its diameter.

1. Step 1:
Step 2:

Step 3:

Step 4:

Tie a piece of chalk to the end of a long string.

Cut the string so that the chalk is 50 cm away from the other end

of the string when stretched.

On a flat surface, or on top of a table, have your friend, brother
or sister hold one end while you stretch the string and draw a

circle.

Lay the string around the circle you have drawn and then
measure the length of the string to find the length of the

circumference.

How many diameters would fit around the circumference?

2. The diameter and circumference of 4 circular objects were measured and the
results are recorded in the table below.

Complete the third column of the table giving your answers correct to one (1)
decimal place.

The first one is done for you.

Diameter (d) Circumference (¢) | Circumference + Diameter (C+ d)
2cm 6.2.cm 3.1cm
5cm 15.7 cm
3.2cm 10 cm
8 cm 25¢cm
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3. Use a string to trace around each circle to measure its cicumference. Also,
measure the diameter of each circle and complete the given table. Give the
measurement to the nearest millimetre.

a)

Diameter (d) Circumference (c) | Circumference + Diameter (C+ d)

a. 6 cm
b. 4 cm
C. 2.5cm

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 2.
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Lesson 11: The Number Pii (7T)

, In the previous lesson, you learnt to identify and measure the
circumference in different practical ways.

\)J )/ In this lesson, you will;
relate the diameter of a circle to its circumference

¢ define the number pii (TT)

e determine the circumference of the circle.

You have measured the diameter and the circumference of a circle in the previous
lesson.

Which one is longer? The diameter or the circumference?

Now, you will learn how the diameter and the circumference of a circle are related.

A

Look at the figure.

Diameter
<

SougiguunotO

/

How much longer is it? Twice as long? Four times as long? Ten times as long?

The circumference is longer than the diameter.

Now you will find out for yourself the answer to this question.

This is how you find out:

Step 1: Measure the diameter
Step 2: Measure the circumference
Step 3 Divide the circumference by the diameter.

If you do not remember how to measure the diameter and the circumference, Lesson
10 will help you.

Look at the example on the next page.
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Example 1
1. Measure the diameter. \
DIAMETER = cm
Q.
(Answer: 6 cm) ‘é
) Diameter
2. Measure the circumference. ——— 3-
&

CIRCUMFERENCE = cm

(Answer: 18.8 cm) /

3 Divide - CIRCUMFERENCE
: viae . DIAMETER

18.

6
A

oo

3

o

3.14 is equal to 3 and a little bit remainder. The remainder is less than half (< %)

The length of the circumference is a bit more than 3 times the length of the diameter.
The exact value cannot be written down because it is a decimal that continues
forever without repeating.

Because the number is very special it is given the symbol TU (the Greek letter pi).

The number TUis a strange number that cannot be given an exact decimal or

fractional value. We use an approximation of 3.14 (as decimal) or % (as a fraction).

The number T (pi) is the ratio of the circumference to the diameter of
any circle.

Careful measurement show us that Circumference = Diameter x 3.14.

Instead of writng 3.14, we write the Greek letter for pi as, TC.

So, instead of saying Circumference = 3.14 x Diameter

We say that Circumfernce = TU x Diameter (Circumference equals pi times diameter)

In symbols, we write C=Txd
You can also say it like this, = % (Pi equals circumference divided by diameter)

With these in mind, you can now use formulasf to work out the length of the
circumference.

See examples on the next page.
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Example 1

The circle below has a diameter of 8 cm. What is the length of the circumference?

Using the formula,

C=T xd
=3.14 xd (because T = 3.14)
=3.14 x 8 cm (because d = 8 cm)
= 25.12cm

Answer: The circumference is
approximately equal to
25.12 cm.

Now use a piece of string and measure the length of the circumference of the circle
to check if the answer is correct.

Is the circumference equal to 25.12 cm? You should find that it is approximately

equal.
" How do we work out the circumference if the
= radius is the one given and not the diameter?

You learnt in Lesson 8 that the diameter of a circle is two times its radius.

Therefore, we can also say that
CIRCUMFERENCE = TU x 2r (because 1diameter = 2 radii) or
C=2TCr

So, to find the circumference of a circle given its radius use the formula

C=2Tr

Now look at example 2 on the next page.
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Example 2

Find the circumference of the circle below .

UseC=2TCr
=2x3.14 x10 mm
=6.28x 10

=62.8 mm

NOW DO PRACTICE EXERCISE 11
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Practice Exercise 11

A. Answer the following questions.
1. Is the circumference of a circle longer than its diameter?
Answer:
2. How many times will the diameter of a circle divide into the circumference?
Answer:
3. Will the diameter of a circle divide an exact number of times into the
circumference? Yes or No.
Answer:
4. The is the ratio of the circumference to the diameter of any circle.
Answer:
5. The approximated value of 7Uis
Answer:
B. Work out the circumference of each circle below. The length of the diameter is
shown.

1)

Answer:
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2)
:1240 o
Answer:
3)
le—2cm__,)
U Answer:
C. How long is the circumference of each of these circles?
1)
Answer:
| ‘
Answer:
3)
Answer:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 2.
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Lesson 12: Solving Problems Involving Circumference

In the previous lesson, you learnt the meaning of the number 7
_ and to find the circumference of a circle.

AN/ g
Qi‘ﬁ? @In this lesson, you will:

e solve problems involving circumference.

The circumference is harder to measure accurately but if you know the radius or the
diameter then you can calculate the circumference and be able to apply the skills to
solve problems in real life.

First, we will revise the main points you need to solve problems involving
circumference.

REMEMBER:

Radius is a line from the centre to any point on the circle.

Diameter is a line joining two points on the circle passing through
the centre.

The diameter is twice as long as the radius.

The circumference of a circle is the distance around the circle. It is a
special name for the perimeter of a circle.

To find the circumference, the diameter is multiplied by a number
close to 3 which is represented by the Greek letter 7T (Pii),
pronounced ,,pe"

The number TU is approximately equal to

e 3.14, as decimal

22 .
e or 7,as a fraction.

TU is the answer we get when we divide the circumference by the
diameter of a circle.

As a rule or formula, it is written as 7T = % .

This formula can be writtenas C=TTxd and C= T x2r

or C =27l r (because 1diameter = 2 radii).
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In this lesson you will usually be told which approximation to use for 7U.
Example 1

Find the circumference of the circle if 0 = 3.1.

Solution:  C= Ttxd @
= 3.1 x 2.5 (diameter of the circle)
=7.75cm '

Find the circumference of the circle if 70 = 3.14.

Example 2

Solution: C=2Tr
=2 x 3.14 x 5 (radius of the circle)
=31.4cm

Now, let us solve problems involving the circumference in real life .
Example 1
A car tyre has a diameter of 60 cm.

How far will the wheel travel in one revolution? Use TC = 3.14.

Solution:
1 revolution is equal to one full circle or one rotation.
So, the distance that the wheel travels will be equal to its circumference.
Therefore, the Circumference of the wheel = Tt d

C=3.14x60cm
=188.4 cm

Answer: The wheel travels 188.4 cm in one revolution.
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Example 2

The front wheel on Asi's bike has a diameter of 70 cm.

N

' PARN
AT ) )N

=5

—

a) What is the circumference of the wheel? Use T = 3.14.
b) Asi cycles along the road. How far will he travel each time the front wheel
turns 10 times?
Solution. a) C =Ttd
=3.14 x 70cm
=219.8 cm
Therefore, the circmference of the front wheel is 219.8 cm.
b) Asi travels 10 x Circumference of the wheel
=10x219.8 cm
= 2198 cm.
Therefore, Asi tarvels 2198 cm each time the front wheel turns 10 times.

Example 3

Cars race around a track with the measurements as shown.

; E OT.S
|

Using TC= 3.14, find

a) the length of the track
b) the distance of a 20-lap race to the nearest km

Solution:  a) To find the length of the track , we add the lengths of the
two straight sides and the length of the two semicircles.

So, Length of the track = 2 x straight sides + 2 x lengths of semicircle

=2x1.8km+2x%7‘5x0.8

3.6 +3.14x0.8

3.6 + 2512

6.112 km

Therefore, the length of the track is 6.112 km.
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b) Distance of 20-lap race = 20 times the length of the track
=20x6.112
=122.24
= 122 km (nearest km)

Therefore, the distance of a 20-lap race is 122 km.

Example 4

The distance around the circular piece of land is 455.3 metres as shown.

a)

How far would a person walk if he followed
a straight path passing through the centre
of the land?

How much farther is it to walk around from A B
point A to point B? Write your answer to
the nearest metre.

Solution:

a)

We know that the straight path passing through the centre of the land is the
diameter.

So, The distance a person walks following a straight path can be equated to
the diameter of the circular land whose diameter is 455.3 metres.

We write; Distance = diameter = circumference + TU
=4553 +3.14
=145m

Answer: The person would walk 145 m.

To find how much farther is it to walk around from Point A to Point B, subtract
145 m from 455.3 m.

So, Difference =455.3 m—-145m

310.3

310 to the nearest m.

Answer: It is 310 m farther.
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4. A trundle wheel below has a circumference of 1 metre.

What must be its diameter, to the nearest millimetres? Use TC = %

Solution:
First, change the circumference of 1 metre to millimetre.
We have 1 m = 1000 mm

To find the diameter, divide the circumference by the value of TU.

Diameter = circumference + 7T

22

1000 + =~

318.18

318 mm (to the nearest mm)

Therefore, the diametre must be 318 mm .

NOW DO PRACTICE EXERCISE 12
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Practice Exercise 12

1. Find the circumference of each circle below. Use TT = 3.14.
Express your answer to the nearest hundredths. The first one is done for you.
Note: Diagram are not drawn to scale.

a) b)
Working out:

C=1Td

C=314x7m
Answer: = 21.98 m Answer:
C) d)

Answer:

e)

Answer:
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2. Find the circumference of each circle below. Use 7T = %

Express your answer to the nearest hundredths. The first one is done for you.
Note: Diagrams are not drawn to scale.

a) b)
Working out:

C=1Td

C= % x 20m
Answer: 62.85 m Answer: Answer:
C) d)

Answer: Answer:

e)

Answer:
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3. Find the distance around the race track with the measurements as shown.
22
Use TT= 7 -

-« 16km— »

3.5 km
Answer:
4. The wheels of the bicycle shown here have diameters of 50 cm.
a) How far will the bicycle go after one revolution?
Answer:

b) How many revolutions will each wheel make to cover a distance of 1
km?

Answer:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 2
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SUB-STRAND 2: SUMMARY

This summarises some of the important ideas and terms to)
remember.

e A circle is a closed figure on a plane (flat surface) all points of which are the
same distance away from a fixed point within, called the centre.
e The Radius is a line from the centre to any point on the circle.

e The Diameter is a line joining two points on the circle passing through the centre.
e The diameter is twice as long as the radius.

e A chord of a circle is a line segment that joins two points on the circle.

e An arc has the same measure as its central angle.

e A major arc is an arc greater than a semicircle.

e A minor arc is an arc less than a semicircle.

e A semicircle is half of the circumference of a circle.

e A central angle is an angle whose vertex is the centre of the circle and whose
sides are the radii of the circle.

e The intercepted arc of an angle is the arc whose endpoints are on each side of
the angle and all other points of the arc are in the interior of the angle.

e The sector is the section or area bounded by two radii and the included arc of a
circle.

¢ The circumference of a circle is the distance around the circle. It is a special
name for the perimeter of a circle.

e The number TU is approximately equal to
o 3.1 which gives an approximate answer
e 3.14 which gives a more accurate answer

e 3.142 which gives an even more accurate answer
22 ,
e or = ,as afraction.

e To find the circumference, the diameter is multiplied by a number close to 3
which is represented by the Greek letter TU (Pii), pronounced ‘pie".

In symbols, C=Txd and C= T x2r

or C =27 r (because 1diameter = 2 radii)

REVISE LESSONS 7-12 THEN DO SUB-STRAND TEST 2 IN ASSIGNMENT 2.




GR 8 MATHEMATICS S2 86 SS3 ANSWERS

ANSWERS TO PRACTICE EXERCISES 7-12

Practice exercise 7
1. H ILLLMT

2. a) 9 circles

Practice exercise 8

1. a) circumference
b) centre
C) radius, radius, radii
d) diameter
e) arc, chord , arc
2. a) twice or two times
b) 360 °
C) Circumference; 180°
d) minor arc; major arc
3 Yes
4 8 cm
5. 7 cm

Practice Exercise 9

1. b) radius f) chord j) arc
C) radius 9) centre
d) radius h) semicircle
e) diameter i) arc
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2. a) KoM AHM
by AR EM. OGN, AC
N N AN
c)  EMH, CHA, AMH, AMC

d) diameter AM

e) chord CM

f) radius HI
3 a) O d) OA and OR

b) AR e) AER

¢ CE n  CEE
4.

X 0 Y
B
P

SS3 ANSWERS

Practice Exercise 10

1. 3
2.
Diameter (d) Circumference (¢) | Circumference + Diameter (C+ d)
2cm 6.2.cm 3.1cm
5cm 15.7 cm 3.1cm
3.2cm 10 cm 3.1cm
8 cm 25cm 3.1cm
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3.
Diameter (d) Circumference (¢) | Circumference + Diameter (C+ d)
a) 6 cm 18.8 3.1
b) 4 cm 12.5 3.1
C) 2.5cm 7.8 3.1
Practice Exercise 11
A. 1. Yes
2. 3 times
3. No
4. Number TC
5. 3.14 or
B. 1 15.7m 2. 125.6 mm 3. 6.28 cm
C. 1 75.36 m 2. 37.68 m 3. 94.2 cm
Practice Exercise 12
1. b) 15.39 cm c) 2.51 km d) 50.24 cm e) 9.42m
2. b) 2420 m c) 999.43 mm d) 11943 cm e) 169.71 m
3. 54 km
4. a) 157 cm b) 63.7 revolution

END OF SUB-STRAND 2
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SIMILARITY AND SCALE DRAWING

Lesson 13;

Lesson 14:
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Lesson 16:
Lesson 17:

Lesson 18:

Similarity

Corresponding Angles and Sides
(Part 1)

Corresponding Angles and Sides
(Part 2)

Drawing Similar Triangles
Drawing More Similar Shapes

Scale Drawing

SS3 TITLE



GR 8 MATHEMATICS S2 90 SS3 LESSON 13

SUB-STRAND 3: SIMILARITY AND SCALE DRAWING

Introduction

Welcome to Sub-strand 3 of your Grade 8 Mathematics Strand 2.

5%/ ? The world is filled with similarity everywhere you look. There are
two-dimensional and three-dimensional shapes of every type.

The places we live in are built from plans and scale drawings. Architects incorporate
artistically pleasing patterns, symmetry, and proportion as they design and plan
buildings.

Example

Note the symmetry and patterns, proportion and artistic elements as you look at the
picture.

In this sub-strand, you will learn to identify congruent and similar figures and shapes
stating the relevant conditions. You will be able to recognize similar shapes in
different positions and draw them. You will also read and make scale drawings and
calculate the size of real objects from the scale drawings.
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Lesson 13: Similarity
e{ In this lesson, you will:
~ %‘ 7 E o define the term ,similar” for shapes
QJ\)// e determine similar shapes and the conditions for
- similarity.

There are many objects and things in nature where we can see similarity.
Look at the example below.

Kila is looking for his brother Kalu. Can you find Kalu in this group?

Did you spot Kalu? He is third in the group. Kalu is similar to his brother, Kila.

E What does similar mean? l:

i

Similar means ,almost equal“or ,,nearly the same*.

In Mathematics, the word similar does not mean ,,dmost equal*or ,,nearly the same"
but actually means the same shape.

Look at the pairs of figures below.

A A ?2
OO
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What do you notice?

Each pair of figures above has the same shape.

One of each pair is bigger than the other. They have different sizes.

We say the figures are similar.

e Similar means having the same shape, but different size.

e Two figures are similar when one figure can be enlarged
and superimposed (put, lay or stack one on top of the other)
so that they coincide (on the same position) exactly.

o Similar figures are figures that have the same shape, but
different sizes.

We use similar figures when enlarging photographs, when using overhead projectors,
when making models and in scale drawings.

Now look at the diagrams.

C B F E

These triangles have the same shape but not the same size. ADEF has each of its
sides twice as long as the sides of AABC. We say ADEF is similar to AABC.

W
_—\
S ~
=3 \
/ \ / \
/ \
\

L \
Q R U Vv

The quadrilateral PQRS is similar to quadrilateral TUVW.

NOW DO PRACTICE EXERCISE 13
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Practice Exercise 13

Look at the shape in Column A. Choose the shape in Column B which is similar to
the shape in Column A. Write the letter of the similar shape from Column B in the box
provided on the right. The first one is done for you.

COLUMN A COLUMN B

a b c d

v,
)

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 2
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Lesson 14: Corresponding Angles and Sides (Part 1)

, In the previous lesson, you defined similarity and identified
similar shapes.

\)/\ )/ In this lesson, you will:
define ,corresponding®

e determine the corresponding angles and sides of
similar triangles and polygons

When you have completed this lesson, you will be able to find the corresponding
angles and sides of similar shapes

g What does ,corresponding” mean?k m

Look again at Grade 7 Strand 2 Sub-strand 4 Lesson 19, page 128.

»Corresponding“means ,,matching"

First, we will look at the corresponding angles of similar triangles.

We give triangles names by listing the names of the three vertices.

A M

B C o N

The name of this triangle is AABC. The name of this triangle is AMNO.

We use the symbol A to mean ,triangle® We use the symbol £ to mean ,,angle"
We have listed the three vertices of each triangle to name the triangle.
We can show the angles of a triangle in two ways:

1) By writing the numerals inside the triangles shown by an arrow. ‘\
A
Z1is at vertex A
Z2is at vertex B
Z 3 is at vertex C

o
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2. By writing the letters at each vertex. A
ZA s at vertex A

/£ B is at vertex B
£ Cis atvertex C

B C
Now you can learn about the corresponding angles in similar triangles.
Example

Here are two similar triangles: AABC and AXYZ

A A\

The two triangles are similar because they have the same shape but different
sizes.

Each angle in one triangle corresponds with, or matches an angle in the other
triangle.

We write: Z A corresponds with Z X
£ B corresponds with £Y
Z C corresponds with £ Z

Here are the two triangles again, with their corresponding angles shown.
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e Now do the following activity to find out more about corresponding angles of
/" similar triangles.
e

You will need a piece of paper and a pair of scissors.

Here is what you should do.

1. Trace the pair of similar triangles below onto your piece of paper. Mark the
angles A, B, Cand W, X, Y on your two triangles. Cut out your two triangles.

TRACE THIS PAIR OF SIMILAR TRIANGLES
A
= w
|/
C

< Y

X

B

2. Place Angle W on top of its corresponding Angle A so that it covers it. You
should find that £ W is exactly the same as ZA. See diagram below.

W ZW on top of ZA

<Y

B

ZA and LW are equal
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3. Next, place Angle X on top of its corresponding Angle B. You should find that
ZB is exactly the same as £ X. See diagram below.

on top of /B

X
/B and Z X are equal

4. Lastly, place Angle Y on top of its corresponding Angle C. See diagram below.
Is £Y the same as £LC?
A
RN

|/
Y

'\/Y on top of /C

7/x

ZC and ZY are equal

B

In the activity that you have done, you have found out that:

Corresponding angles of similar triangles are equal.

It is also true to say that:

Two triangles are similar triangles if their corresponding angles are equal.
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Example
Are the two triangles below similar?

Check the angles with your protractor to find out if there are three (3) pairs of equal
corresponding angles.

D The name of this triangle
is Triangle CAT. We write

its name ACAT.

The name of this triangle
is Triangle DOG. We write
its name ADOG.

A
O G A T
Size of angles in ADOG are: Size of angles in ACAT are:
«£D = 80° ZC =80°
£0 =55° ZA =55°
£G =45° LT =45°

Are there 3 pairs of equal corresponding angles?
Yes, because
£D = £C  (both are 80°)
Z£0 = /A  (both are 55°)
£G = LT  (both are 45°)

So, we can say that ADOG is similar to ACAT.
t':( In the same way, you can measure corresponding angles in other similar
"~ -polygons. You will find that the corresponding angles are always equal.

Example

POLYGONS WITH 6 SIDES

SIMILAR HEXAGONS
Corresponding angles are equal.

In similar polygons, (that is shapes having 3 or more sides, the
corresponding angles are equal.
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tn Now, you will learn how to recognise corresponding sides of similar
7 polygons and triangles.

F|rst, you will revise naming the sides of polygons and triangles.

Look at this quadrilateral. —>/ B\
D C

The four (4) sides: AB, BC,CD and AD . The points where the sides meet are called
vertices A, B, C and D. Each side is named by using the two letters at each end. We

can also name the sides; BA CB DC and DA.

Now look at these similar triangles.

D
A X
4
B C E4— F

AABC is similar to ADEF, because they are of the same shape but different sizes.

/A=/D  (marked /&)
/B=/E (marked /o)
/ZC=/F (marked A )

The two triangles have three pairs of equal corresponding angles. They also have 3
pairs of corresponding sides.

Side AB corresponds to Side DE
Side AC corresponds to Side DF
Side BC corresponds to Side EF

They are corresponding sides because their relative positions are the same in both
triangles (they are in matching positions in both triangles). But the corresponding
sides are not equal because one triangle is bigger than the other triangle.

Corresponding sides are sides that have the same relative positions in
both triangles.
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Example

In the figure, triangles ABC and XYZ are similar.

A

B C Y Z

The relative positions of AB and XY are the same, so they are corresponding sides.
Similarly, BC and YC, and AC and XZ, are corresponding sides.

We write corresponds to XY

3 &

corresponds to YZ

AC corresponds to xz

REMEMBER:
The corresponding angles in similar shapes are equal.
The corresponding sides in similar shapes are usually not equal.

—x

=7 In the same way, you can find corresponding angles and sides in other
_~ 5~ similar polygons.

L%

Look at the quadrilaterals below.

A

:ﬁ

B

Quadrilateral ABCD is similar to Quadrilateral EFGH because they have the same
shape but different sizes. So,

Z/A=/E  (marked /)
/B=/H  (marked Lo )
£LC=/ZG  (marked A )

£ZD=/F (marked A )

There are four (4) pairs of corresponding angles.
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There are also four (4) pairs of corresponding sides.

corresponds to EH

corresponds to EF

| &l &

BC corresponds to HG
DC corresponds to FG

The corresponding sides are in relative or matching positions on similar
quadrilaterals.

The corresponding sides are usually not equal because the quadrilaterals are
usually of different sizes.

REMEMBER:

The corresponding angles and sides of similar shapes are pairs of
matching angles and sides that are in the same position in the
shapes.

NOW DO PRACTICE EXERCISE 14
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Practice Exercise 14
1. Write down the corresponding angles in the following pairs of similar triangles.

The first one is done for you.

SIMILAR TRIANGLES

CORRESPONDING ANGLES

T
a)
C £T corresponds to ZC
Z£0 to ZA
ZY to
o Y A
b)
ZDcorresponds to
C g ZB to
F
B
c)
o
ZM to
4N to
Z0 to




GR 8 MATHEMATICS S2

103

SS3 LESSON 14

2. Three triangles are drawn below. AABC is similar to one of the other two

triangles.

Which one is it? Use your protractor to measure the corresponding angles.

A

Cc
Size of angles in AABC
ZA=40°
£B=

£C=

Size of angles in AXYZ

You find that AABC is similar to A

Because, ZA

L

£

£

Size of angles in AABC
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3. List the three (3) pairs of corresponding sides in the similar triangles below.

The first one is done for you.

SIMILAR TRIANGLES

CORRESPONDING SIDES

BD corresponds to FG
DC corresponds to GH
BC corresponds to FH

b)

DM corresponds to
MC corresponds to

DC corresponds to

U_Vcorresponds to
VT corresponds to

TU corresponds to
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4.

Refer to the two similar quadrilaterals below and answer questions a to c.
K
X L
Q
% R
° °
N M S

Name the two quadrilaterals.
Answers: Quadrilaterals and

List down 4 pairs of equal corresponding angles in the two similar
quadrilaterals.
Answers: 1. /4 =/

2.4 =/

3.4 =L

4. L =/

List down 4 pairs of corresponding sides in the two similar quadrilaterals.

Answers: 1. corresponds to
2. corresponds to
3. corresponds to
4.

corresponds to

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 3.
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Lesson 15: Corresponding Angles and Sides (Part 2)
e'( In the last lesson, we defined the term ,corresponding” as used in
% - - geometry and worked out corresponding angles and sides of
)) 2 similar triangles and polygons.

\ “/
In this lesson, you will:
identify corresponding angles and sides of similar

shapes drawn in different positions.

You learnt and know that corresponding angles and sides of similar shapes are pairs
of matching angles and sides that are in the same position in the shapes.

Now, you will learn how to identify corresponding angles and sides in some harder
examples where the position of the shapes is different.

Can the position of
the shapes affect the
similarities?

The position of a shape may change but the angles and the sides remain unchanged.

For example:

There are two tables in one room with similar shapes. One of the tables is moved to
another room. What happens? (Think about it.)

The position of the table
changes but its properties
remain.

The same idea can be applied to similar shapes. Having this in mind, let us look at
the two triangles below.

D

* .
C B

These two triangles have 3 pairs of equal angles.
ZG = /C (marked /A)

LF = /B (marked /o)
ZH = £D (markedﬁ)
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So, the triangles must be similar; they must have the same shape.

Therefore, the pairs of equal angles are corresponding angles. We can see this
clearly, if we change the position of one of the triangles.

[

Now we can see that
ZF corresponds to £B
Z£Gcorresponds to ZC
ZHcorresponds to £ZD

So, AFGH is similar to ABCD because it has the same shape, but a different size and
all the corresponding angles are equal.

Let us, look at the two triangles again from the previous page.

D
G _
Fz H
* *
C .

In similar triangles the corresponding sides are opposite (across) the equal angles.

For example: ZH=/ZD so, the side opposite ZH corresnonds to the side opposite

ZD. D
G
opposite
C B

opposite

The opposite side of ZH is side FG and the opposite side of £D is side BC.
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So, FG corresponds with BC because they are in matching positions in the two
similar triangles.

ﬁ is opposite to
ZG. The side
opposite the ZC

isB_D.

k.
- LY

+ Which side corresponds to FH?

\

So, FH corresponds to BD. Also GH corresponds toCD. This is because they are
opposite the corresponding angles ZFand £ZB.

So for the corresponding sides we can see this well, if we change the position of one

of the triangles.
Cc
{ T=H i b
B

So we can see that
I%corresponds to BC (opposite of ZH and £D)
@corresponds to C_D(opposite of ZFand 4B)
mcorresponds to BD (opposite of £Gand £C)

Now look at the two quadrilaterals below:

r /1

Quadrilateral QRST Quadrilateral KLMN

The two quadrilaterals are similar because they have the same shape but are
different sizes.

1) Let us list the corresponding vertices where you see equal angles.
m / What are vertices? ? Vertices are the points or corners
- '-!‘ fa where two sides meet.

The corresponding vertices are:

| a— .IJ"

T corresponds to N (£TandZNare both marked ) Lo
Q corresponds to K (£Qand £ZK are both marked ) /%

(£RandZL are both marked ) A
S corresponds to M ( £S and £Mare both marked ) A

R corresponds to L
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Note: In some problems, equal angles are not marked. You may have to use your
protractor to find out which angles are equal.

2) List the corresponding sides which are between the corresponding vertices.

So, the corresponding sides are:

TQ and NK (corresponding vertices are T & N, Q & K)
QR and KL (corresponding vertices are Q & K, R& L)
RS and LM (corresponding vertices are R& L, S & M)
ST and MN (corresponding vertices are S & M, T & N)

NOW DO PRACTICE EXERCISE 15
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Practice Exercise 15

1. List all the corresponding equal angles in the triangles below.

Are the triangles similar? The first one is done for you.

TRIANGLES CORRESPONDING ANGLES | SIMILAR

ZAcorresponds to ZD
/B corresponds to ZE YES
ZCcorresponds to /F

Z J corresponds to £
LE £
LT y4

Z U corresponds to £
yAY V4
LW V4
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2. List the equal angles in the similar triangles below then list the corresponding
sides opposite the equal angles.

The first one is done for you.

SIMILAR TRIANGLES EQUAL CORRESPONDING
ANGLES SIDES
2)
A Z
LA=LX BC corresponds to YZ
LB=LY AC corresponds toXZ
£LC=/LZ AB corresponds to XY
5
Cc
B Y
b) Q
ZN=/___ | BEcorresponds to
R LE=/ BN
Dl /B=/ EN
N
E
c)
£0=/__|SP
/ZS8=/___|OP
ZP=/__ |so
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3. List the equal angles in the similar polygons below and then list the
corresponding sides.

The first one is done for you.

EQUAL CORRESPONDING
SIMILAR POLYGONS ANGLES SIDES
a) E _ _
S £LL=/£0O LE corresponds to OA
[ ) - -
ZE=ZA EB corresponds to AP
£LB=/4ZP BT corresponds to PS
A _ _
T p £T=/42ZS TL corresponds to SO
B
b) o
T, K £ZT=4N TQ corresponds to
[ ]
qQ [ L 4S=/__ |QRrR
ZQ=Z__ |RS
/ZR=/___ |ST
S R
[ J
M
C) E
K ZK=/ KL
IN=2/___ |LM
IM=/ MN
G I
ZL=Z | NK
F

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 3.
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Lesson 16: Drawing Similar Triangles
@' In the previous lessons you learnt how to work out corresponding
/' %;" . angles and sides of similar triangles and polygons.
\5) 7 In this lesson, you will:

e define enlargement and reduction

¢ identify the centre of enlargement of similar shapes
e draw similar triangles.

You know that for two figures to be similar, all matching or corresponding angles
must be equal and that sides are in corresponding positions.

Now you will be looking at ways to draw similar triangles and shapes.
1. Using different sized grids

Look at these two triangles.

TRIANGLE 1
TRIANGLE 2

The two triangles have 3 pairs of equal corresponding angles.
So they are similar.

Triangle 1 has been drawn on a small grid.

Triangle 2 has been drawn on a larger grid, with the same number of spaces
between the vertices.

We say we have made an enlargement of Triangle 1. The result is Triangle 2.

mat is an enlargeme& .! ri a

Enlargement is the result we get when we make an object or
a shape larger (or bigger).
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4 Can we also make triangles
'L?"‘ r!' ’ using smaller grid?

Now look at these two triangles.

RN

AN
e

—

X _~

USING LARGE GRID

SS3 LESSON16

Yes. if we use a
smaller grid, we get
a smaller triangle.

/

\

x//

USING SMALL GRID

The two triangles have 3 pairs of equal corresponding angles.

So, they are similar.

The first triangle has been drawn on a large grid.
The second triangle has been drawn on a smaller grid, with the same number of

spaces between the vertices.

We say, we have made a reduction of the first triangle, and the result is the second

triangle.

What is a reduction?

a shape smaller (reduce it).

A reduction is the result we get when we make an object or

We say, reduction is the opposite of enlargement.

2, Using the Centre of Enlargement

Look at the two diagrams below.

DIAGRAM 1

w_—Lines through

F/t/he vertices

DIAGRAM 2

N

DIAGRAM 1 has a small triangle, and a point called P outside the triangle.
We have drawn thin lines from P through the three (3) vertices of the small triangle.
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DIAGRAM 2 has the same small triangle, with a large one beside it.

The larger one has been drawn by using the thin lines from P.

All the three (3) vertices of the larger triangle are on the thin lines and are twice as far
as the vertices of the small triangle (measure with your ruler).

G We call point P the centre
o of enlargement.
N

The Centre of Enlargement is a point which can be used to draw similar

shapes.
m Can we reduce triangles ves, we can ook at a
T hi using this method? the diagrams below. ‘;:
M" AN
DIAGRAM 1 DIAGRAM 2
P L\ P
Centre of

enlargement

DIAGRAM 1 has a large triangle, and a point called P outside the triangle. (We will
still call P the centre of enlargement). Thin lines are drawn from P through the 3
vertices of the large triangle.

DIAGRAM 2 has the same triangle with a smaller one next to it. The smaller triangle
has been drawn by using the thin lines from P. All 3 vertices of the smaller triangle
are on the thin lines. All the 3 vertices of the small triangle are one-third of the
distance from P as the vertices of the large triangle (measure with your ruler).

If you check the corresponding angles of the triangles we drew using the centre of
enlargement, you will find that the corresponding angles are equal. So, the triangles
are similar.

Now you will use a centre of enlargement to draw similar triangles.
Example 1

Use the centre of enlargement P to draw a larger triangle similar to ASRT below.
Make all the vertices 3 times as far from P as the vertices of ASRT.

R
P T

—L
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Let us look at the steps below on how to draw a larger triangle similar to ASRT.

Step1  Measure the distance from P to vertex S. Itis 2 cm.

Step 2  Multiply your answer by 3. (3 x2cm =6 cm).
Step 3  Mark the first vertex of your similar triangle on the same thin line, 6 cm
from P. Call this point S* (read as S prime).

Now repeat the 3 steps again to find the second vertex.

Step 1 Measure the distance from P to vertex R. Itis 2.5 cm.
Step2  Multiply your answer by 3. (3 x2.5cm =7.5cm).
Step 3  Mark the first vertex of your similar triangle on the same thin line, 7.5 cm

from P. Call this point R" (read as R prime).

Now repeat the 3 steps again to find the last vertex.

Step1  Measure the distance from P to vertex T. Itis 3.3 cm.
Step 2  Multiply your answer by 3. (3 x3.3 cm =9.9 cm).
Step 3  Mark the first vertex of your similar triangle on the same thin line, 9.9 cm

from P. Call this point T" (read as R prime).

Here are the positions of the 3 vertices of your similar triangle.

They are the points S,R"and T".

R’is 7.5 cm from P

T is 9.9 cm from P

S!l
S’is 6 cm from P

Il!

Lastly, join the 3 vertices S*, R" and T" o make a triangle which is similar to ASRT. It

is the AS"R'T".

Here is your result.

NOW DO PRACTICE EXERCISE 16.
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Practice Exercise 16

1. a) Draw a triangle similar to the one below. Use the larger grid on the
right.
I
Start here
* el
AN

[\
/ N
b 4 ///

b) Check the corresponding angles with your protractor.

Are there 3 pairs of equal corresponding angles? Answer:

C) Have you made an enlargement or reduction of the first triangle?
Answer:
2. Use the centre of enlargement P to draw a larger triangle similar to AABC

shown below. Make all the vertices 2 times as far as the vertices of AABC.

—
\i

C
Step 1 Measure the distance from P to vertex A. ltis cm.
Step 2  Multiply your answer by 2. (2 x cm = cm).
Step 3  Mark the first vertex of your similar triangle on the same thin line, cm

from P. Call this point A".
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Now repeat the 3 steps again to find the second vertex.

Step1  Measure the distance from P to vertex B. ltis cm.
Step2  Multiply your answer by 2. (2 x cm = cm).
Step 3  Mark the first vertex of your similar triangle on the same thin line, cm

from P. Call this point B".

Now repeat the 3 steps again to find the last vertex.

Step 1 Measure the distance from P to vertex C. ltis cm.
Step 2  Multiply your answer by 2. (2 x cm = cm).
Step 3  Mark the first vertex of your similar triangle on the same thin line, cm

from P. Call this point C*.

Show the positions of the 3 vertices of your similar triangle in the space below. Join
the vertices to make AA"B*C'.

Check the 3 pairs of corresponding angles in AABC and AA"B“C..
Are the 3 pairs of corresponding angles equal?
Answer:

Are the triangles similar?
Answer:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 3.
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Lesson 17: Drawing Similar Shapes
e‘ In the last lesson, you learnt about enlargement and reduction.
/".%5’ . _  You identified the centre of enlargement of similar shapes and

o\ Z _ # drew similar triangles.
— In this lesson you will
e draw more similar shapes other than triangles.

You are able to draw similar triangles using the centre of enlargement and different
sized grid papers.

Now you will use the two methods to draw more similar shapes.
1. Different Sized Grids

Example 1

Look at the two diagrams below.

The grids are of different sizes but the shapes are similar.

//A\\\ 7N\

\
DIAGRAM 1 Q\ /

DIAGRAM 2

D>

The shape in Diagram 2 is larger in size than the shape in Diagram 1.

We can enlarge a shape by drawing it again on a larger grid.

We say the shape in Diagram 2 is the enlargement of the shape in Diagram 1.
We can use different sized grids to make enlargements of any shape.

Artists sometimes use this method of different sized grids to enlarge or reduce
shapes.

See other examples on the next page.
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Here are another two diagrams.
DIAGRAM 1

DIAGRAM 2

The grids are of different sizes but the shapes are similar.

The shape in Diagram 2 is smaller in size than the shape in Diagram 1.

We can reduce a shape by drawing it again on a smaller grid.

We say the shape in Diagram 2 is a Reduction of the shape in Diagram 1.

We can use different sized grids to make reductions of any shape.

2. Centre of Enlargement

We can also use the centre of enlargement to enlarge or reduce shapes.

Example

Use the centre of enlargement P to reduce quadrilateral ABCD to make another

smaller quadrilateral A"B“CD". Make the vertices of quadrilateral A"B“CD" half the
distance from P as the vertices of quadrilateral ABCD.

A

Here is how to find the vertices of quadrilateral A"B'C'D".
PAis 10 cm, so PA"must be 5 cm (half of 10 cm)
PBis 8 cm, so PB* must be 4 cm  (half of 8 cm)
PC is 9 cm, so PC*"must be 4.5 cm (half of 9 cm)
PD is 12 cm, so PD"must be 6 cm (half of 12 cm)
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Now join the vertices A", BY, C* and D" using dotted lines to make the quadrilateral
A"'B'CD".

You have drawn Quadrilateral A"B*CD* which is similar to Quadrilateral ABCD.

Measure the corresponding angles of both quadrilaterals. You should find 4 pairs of
equal corresponding angles.

Here are some uses of enlargement and reduction of shapes in daily life.

N

Enlargement and reduction occurs when a photograph is enlarged, a film is projected
onto a screen, a scale drawing is made or a microscope is used.

NOW DO PRACTICE EXERCISE 17.




GR 8 MATHEMATICS S2 122 SS3 LESSON17

Practice Exercise 17

1. Use a pencil to copy the drawing from the small grid onto the large grid. Do
not hurry to finish; just carefully copy one square at a time. Some parts have
been drawn for you.

r

D

2. Use the centre of enlargement P to REDUCE the polygon below. Make all the
vertices of the smaller polygon half the distance from P as the vertices of the

large polygon.

P
WORKING:

PGis_7 cm,soPG"mustbe __ cm(halfof _7 cm)
PLis _ cm,soPL"mustbe ___ cm(halfof __ cm)
POis__ cm,soPO"mustbe _ cm(halfof __ cm)
PRis__ cm,soPR"mustbe __ cm(halfof __ cm)

PY is cm, so PY" must be cm (half of cm)
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3. Use the centre of enlargement P to ENLARGE the polygon below. Make all
the vertices of the smaller polygon half the distance from P as the vertices of
the larger polygon.

WORKING:
PLis1cm,soPL"is__ cm(3x1cm)
POis_ cm,soPO%is__ cm(@x___ cm)
PVis ~ cm,soPV'is_ cocm@x___ cm)
PEis  cm,soPE"is __ cocm(@3x____ cm)

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 3.
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Lesson 18: Scale Drawing

e In the last lesson, you drew more similar shapes by enlargement
and reduction using different sized grids and the centre of

5) # enlargement.
\ ”/
In this lesson you will:

define what a scale drawing is

draw similar shapes using the scale for length
¢ find and read information from a scale drawing and

e make scale drawings.

Scale drawings are used often in everyday life. People such as architects and
engineers make scale drawings of buildings and bridges. People such as builders
must be able to read the scale drawing of these things so that they can build them.

[ What is a scale drM "
1 |

g

e Scale drawings have the same shapes as the objects they represent
but they are different in size.

e A scale drawing is a drawing that shows a real object with accurate
sizes except that they have all been reduced or enlarged by a certain
amount called the SCALE.

e The scale is the ratio of the drawing length to the corresponding real
length.

Scale = length on drawing : real length
e A scale is written by:
1. writing corresponding measurement: 1cm to1m
2. using a simplified ratio; 1 : 100

0 1 2m
3. using a key number line, drawn to scale: ———

For example

Scale 1:10

Drawn horse

Real horse 150 mm high

1500 mm high
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The drawing has a scale of 1:10, so anything drawn with the size of 1 would have a
size of 10 in the real world. Therefore, a measurement of 150 mm on the drawing
would be 1500 mm on the real horse.

Note that the first number always refers to the length of the drawing on paper
and the second number refers to the length of the real-life object.

Since it is not always possible to draw on paper the actual size of real-life objects
such as the real size of a car, an airplane, we need scale drawings to represent the
size like the one you see below of a car.

Length

In real-life, the length of this car may measure 360 cm. However, the length of a copy
or print paper that you could use to draw this car is a little bit less than 30 cm.

Scale 1:12
Real car Drawn car
360 cm long 30 cm

Solution:

Since % =12, you will need about 30 sheets of copy paper to draw the height of
the actual size of the car.

In order to use just one sheet, you could then use 1 cm on your drawing to represent
10 cm on the real-life object

You can write this situation as 1:12 or 11—2 or1to12.

The drawing has a scale of "1:12", so anything drawn with the size of 1 would have
a size of 12 in the real world, so a measurement of 30 cm on the drawing would be
360 cm on the real car.

The scale determines the size of the drawing, the closer the size of terms in the scale
ratio, the closer the drawing is to real size. So, 1:10 scale drawing would be bigger
than a 1:100 scale drawing of the same object.
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If the scale is 1:10 then the drawing has lengths 11—0 the lengths of the original.

If the scale is 1:100 then the lengths are ﬂﬁ as long as the original.

REMEMBER:
In scale drawing work there are only two types of problems;

1. The first type involves making a scale drawing of the
object

2. The second type involves calculating the real sizes of
the objects from the scale drawing.

Here are other examples.
Example 1

Suppose a problem tells you that the length of a vehicle is drawn to scale. The scale
of the drawing is 1:20

If the length of the drawing of the vehicle on paper is 12 cm, how long is the vehicle
in real life?

Set up a proportion that will look like this:

Heightof drawing _ 1

Real height 20

Do a cross product by multiplying the numerator of one fraction by the denominator
of the other fraction

Heightof drawing 1
Real height <%0

We get:
Length of drawing x 20 = Real length x 1
Since length of drawing = 12, we get
12 x 20 = Real length x 1
240 cm = Real length

Therefore, the car is 240 cm long in real life.
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Example 2
The scale drawing of this tree is 1:500.

If the height of the tree on paper is 20 cm, what is the height of the tree in real life?

Height = 20 cm

Set up a proportion like this:

Heightofdrawing _ _1

Realheight 9500

Do a cross product by multiplying the numerator of one fraction by the denominator
of the other fraction.

Heightof drawing 1
Real height <500

We get:
Height of drawing x 500 = Real height x 1

Since height of drawing = 20 cm, we get
20 x 500 = Real length x 1
10 000 cm = Real height

Therefore, the height of the tree in real life is 10 000 cm.

Now you will find out some of the uses of scale drawings.

—

/" 1’ Some uses of scale drawings are: architectural plans, engineering plans and
maps.

Maps, plans and models match the shapes of the objects they represent, but are
enlarged or reduced in size. They are drawn to scale, in proportion (similar) to the
originals.



GR 8 MATHEMATICS S2 128 SS3 LESSON 18
First we will look at examples of architectural (building) plans.

Before a building can be built, plans must be drawn. A plan will show details of the
shape of the building. The shape of the drawing on the plan will be similar to the
shape of the building. The plan will be a reduced drawing because it is smaller than
the real building.

g ’:'( Follow the following steps to draw a plan.

S
Step 1: Make a rough sketch \ \ \
showing the shape of the BUILDING PLA
rooms in the building.
Step 2: Write the measurements
of the rooms on the plan, Bedroom Veranda
like this below.
«— 4dMm —>e— 4m —»
t !
4 m| Bedroom Veranda |4 m
} }
4,{7 Bathroom ! Bathroom
Living Living
T - Room 6m
Kitchen Room
4m
* v
- 4 m —>
Kitchen
Bedroom
-~ 4gm —
Step 3: Decide on a scale for
your drawing. If you are
using a one centimetre Bedroom
grid, you may use a scale
of 1 cm =1 m for this —|Scale: 1Tcm=1m
plan.
Step 4: Draw your plan, using the
scale. Every 1 cm on

your plan represents 1 m
on the building.

Note: There is no need to write the
Step 5: Your result is shown in the diagram. measurement on the plan, because
every centimetre on the drawing
represents 1 metre on the building.

We have written the scale as 1 cm = 1 m. This is another way of writing the scale.
Since 1 cm in the plan represents 1 m in the real building, we could also write the
scale as 1: 100, because 1 cm on the plan represent 100 cm on the real building.
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Now look at examples on how to use a given scale to find information from a scale
drawing.

Look at this map which shows a portion of Papua New Guinea.

The map of PNG is the same shape as PNG, but different in size.
They are similar in shape.
Maps are scale drawings.

The map above is drawn using a scale of 1cm = 100 km.
We can use the scale to work out the real distance between the places on the map.

Example 1
What is the real distance between Mt. Hagen and Madang?
Step1 Use your ruler to measure the distance on the map.
Distance from Mt. Hagen to Madang is 2 cm on the map.
Step 2 Use the scale shown on the map to work out the real distance.

Scale is 1 cm = 100 km
s0,2cm =2 x 100 km
= 200km
Therefore, the distance from Mt. Hagen to Madang is 200 km.
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Example 2
What is the actual distance from Port Moresby to Kavieng?
Step1 Measure the distance on the map using your ruler.
Distance from Port Moresby to Kavieng is 9 cm on the map.
Step 2 Use the scale shown on the map to work out the real distance.

Scale is 1 cm =100 km
s0, 9 cm =9 x 100 km
= 900km
Therefore, the distance from Port Moresby to Kavieng is 900 km.

Example 3
What is the actual distance from Lae to Mendi?
Step1 Measure the distance on the map using your ruler.
Distance from Lae to Mendi is 4.5 cm on the map.
Step 2 Use the scale shown on the map to work out the real distance.

Scale is 1 cm =100 km
s0,4.5cm =4.5x 100 km
=450 km
Therefore, the distance from Lae to Mendi is 450 km.

NOW DO PRACTICE EXERCISE 18.
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Practice Exercise 18

1. Copy and complete each of the following.

a. 1Tcm:1m
b. Tmm:1m
C. 1Tm:1km

1:
1:
1:

2. The scale on a drawing is 1:100. What is the real distance between two points
that are 5 cm apart?

Answer:

3. The two trees are 50 km apart in real life. How far apart would they be in a
drawing with a scale of 1: 5007

A
v

Scale: 1: 500 |

Answer:

Refer to the figures shown below and answer Question 4.

B 1 - \\\ LD—‘
i ) |
\J~
Real car Drawn car
9.3 mm lon
930 cm long g

4. What scale for length was used to draw the car?

Answer:



GR 8 MATHEMATICS S2 132 SS3 LESSON 18

Refer to the map below to answer Questions 5 and 6.

5.  What is the actual distance between Goroka and Port Moresby?
Distance on the map from Goroka to Port Moresby = cm
Scale for length is 1 cm = km

So, = X km

= km
The distance between Goroka and Port Moresby is km.

6. What is the actual distance between Popondetta and Wewak?

Distance on the map from Popondetta to Wewak = cm
Scale for lengthis 1 cm = km
So, = X km
= km

The distance between Popondetta and Wewak is km.
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7. Here is a rough sketch of a shape of a house. There are four rooms in it.

Use the grid below to draw a plan of the house using a scale of 1 cm =1 m.
The bathroom has been done for you.

IROUGH SKETCH

D ) (| — Y ——

4 m| Bedroom Living room

<«—4m
2_,?; Bath | Kitchen
+ room

3

-
<—N—><—-l>—;1

«—2m—>+—4m—

PLAN

Bath
room

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 3.
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SUB-STRAND 3: SUMMARY

In this summary you will find some of the important ideas and )
terms to remember. <

e Similar means having the same shape, but different size.

e Two figures are similar when one figure can be enlarged and superimposed (put,
lay or stacked one on top of the other) so that they coincide (on the same
position) exactly.

e Similar figures are figures that have the same shape, but different sizes.
e Corresponding means matching.

e Corresponding angles and sides of similar shapes are pairs of matching angles
and sides that are in the same position in the shapes.

e The corresponding angles in similar shapes are equal.

e The corresponding sides in similar shapes are usually not equal.

¢ In similar triangles the corresponding sides are opposite the equal angles.

o Enlargement is the result we get when we make an object or a shape bigger.
¢ Reduction is the result we get when we make an object or a shape smaller.
e Centre of enlargement is a point which can be used to draw similar shapes.

e Scale drawings have the same shapes as the objects they represent but they are
of different sizes.

e A scale drawing is a drawing that shows a real object with accurate sizes except
they have all been reduced or enlarged by a certain amount called the SCALE.

e The scale is the ratio of drawing length to corresponding real length.
Scale = length on drawing : real length
e A scale is written by:
1. writing corresponding measurement: 1 cm to 1 m
2. using a simplified ratio; 1: 100
3. using a key number line, drawn to scale:

e Maps, plans or models match the shapes of the object they represent, but are
enlarged or reduced in size. They are drawn to scale, in proportion (similar) to
their originals.

REVISE LESSONS 13-18 THEN DO SUB-STRAND TEST 3 IN ASSIGNMENT 2.
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ANSWERS TO PRACTICE EXERCISES 13 - 18

SS3 ASWERS

Practice Exercise 13

2. d 3. a 4. b

Practice Exercise 14
1. a) £ O corresponds to ZA
ZY corresponds to ZR

b) £ D corresponds to £G
£ B corresponds to ZF
£ C corresponds to £H

C) Z M corresponds to £LP
Z N corresponds to ZQ
£ O corresponds to LR

2. Size of angles in AABC  Size of angles in AXYZ

ZA=40° ZX= 40°
£ B =100° ZY =104°
£ C =40° £LZ= 36°
AABC is similar to ARST because LA = ZR
£ZB=/S
LC=LT
3 b) DM corresponds to HE c)
MC corresponds to ER
DC corresponds to HR
4 a) Quadrilaterals KLMN and QRST
b) 1. £LK=£Q
2. ZL=ZR
3. LM= /LS
4. IN=LT
C) 1 KL corresponds to QR
2. LM corresponds to RS
3. MN corresponds toST
4, KN corresponds toQT

Size of angles in ARST
ZR =40°
£S =100°
ZT =40°

U_Vcorresponds to OP
VT corresponds to PM
TU corresponds to MO
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Practice Exercise 15

1. b) £ J corresponds to £B YES
ZE corresponds to ZA
ZT corresponds to £G

C) Z U corresponds to £Z YES
ZV corresponds to ZY
Z W corresponds to Z X

2. b) ZN=/D ; BE corresponds to RO
/E=/0:; BN corresponds to RD
ZB=/R ; EN corresponds toOD

c) Z0=/D ; SPcorresponds to FE
/S=/F ;: OP corresponds to DE
/ZP=/E : SO corresponds to FD

3. b) /T=4N ; TQcorresponds to NK
ZS=/ZM; QR corresponds to KL
ZQ=/K ; RS corresponds to LM
ZR=/L ; ST corresponds to MN

c) Z/K=/H ; KLcorresponds to HE
IN=/G ; II/Icorresponds to EF
IM=LF ; Wcorresponds to FG
ZL=LE ; I\T(corresponds to GH

Practice Exercise 16

1. a) b) yes c) enlargement
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2. A’is 7 cm from P
C’is 9 cm from P

Yes, 3 pairs of corresponding angles are equal.
Yes, the triangles are similar.
Practice Exercise 17
1.

7 :

.
=
|
|-
\

o]

2
™~
U

[

PGis_7 cm,soPG"mustbe_3.5 cm(halfof __7 cm)
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SS3 ASWERS

PLis 85 cm,soPL“mustbe 4.25 cm(halfof 85 cm)

POis_ 85 cm,soPO"mustbe 4.25 cm (halfof 8.5 cm)

PRis 6.5 cm,soPR"mustbe 3.25 cm (halfof 6.5 cm)

PY is 5 com,soPY"mustbe 225 cm (halfof 5 cm)

PLis1cm,soPL"is_3 _cm (3 x1cm)
POis_ 15 cm,soPO"is_45 cm@3x__15 cm)
PVis_ 13 cm,soPV'is__ 3.9 cn(3x__13 cm)

PEis 2 cm, so PE" is 6 cm(3x__ 2 cm

Practice Exercise 18

1.

2.

a) 1:100 b) 1:1000 C) 1:1000

5m

10 m

1:100

Distance on the map from Goroka to Port Moresby = 4.3  cm
Scale forlengthis1cm=__100 km

So, 43 o¢cm= 4.3 x 100 km

= 430 km

The distance between Goroka and Port Moresby is _430 _ km.
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6. Distance on the map from Popondetta to Wewak = 7.5 cm
Scale forlengthis1cm=__100 km
So, 75 cm =_75 x_ 100 km
=__ 750 km

The distance between Popondetta and Wewak is _ 750 _km

7.
PLAN
Bed Living
room room
Bath
room Kitchen

SS3 ASWERS

END OF SUB-STRAND 3




GR 8 MATHEMATICS S2 140 SS3 VACANT PAGE



GR 8 MATHEMATICS S2 141 SS 4 TITLE

SUB-STRAND 4
TESSELLATIONS
Lesson 19: Plane Shapes and Patterns
Lesson 20: Translation
Lesson 21: Rotation
Lesson 22: Symmetry
Lesson 23: Line Symmetry
Lesson 24: Rotational Symmetry




GR 8 MATHEMATICS S2 142 SS 4 INTRODUCTION

SUB-STRAND 4: TESSELLATION

Introduction

@ This is Sub-strand 4 of your Grade 8 Mathematics Strand 2.
e - In this Sub-strand, you will extend further your knowledge of

Ly
\);‘ ] j{//’? the concepts and ideas of Tessellation.

In your Grade 7 Mathematics Strand 2 Sub-strand 4 introduction, Tessellation is
defined as a pattern made of identical shapes that fit together without any gaps or
overlaps.

Tessellation and shapes are appreciated and applied in many cultural backgrounds
such as the tiles of Islamic Mosques to the traditional tattoo patterns of Papua New
Guinea.

Look at the picture below.

In this sub-strand you will investigate rotational symmetry, create tessellations that
have rotational symmetry and identify traditional and modern patterns in handicrafts
with rotational symmetry.
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Lesson 19: Plane Shapes and Patterns
e We looked at similar shapes and scale readings in the previous
) =< ~ lesson.

o ¢

Q) 7 In this lesson, you will:

e define tessellation
o determine which shapes tessellate exactly at a point

e determine which combination of shapes will
tessellate by considering their angle size.

We can see plane shapes and patterns applied in many infrastructures in our
surroundings. For example, the extensive use of tiles to cover and decorate walls,
floors and ceilings of houses and buildings, and even sidewalks, paths and porches,
with geometric designs and patterns. These small tiles are called tessellae.
Tessellations are seen throughout art history, from ancient architecture to modern

art.
@s a tessellation?l m

We usually associate tessellations with tiling or filling of a two-dimensional space.
Two- dimensional space refers to shapes with two dimensions such as planes or
surfaces.

A tessellation is created when a shape is repeated over
and over again. All the figures fit onto a flat surface exactly
without any gaps or overlaps. Another word for
tessellation is tiling.

The designs below are practical examples of a tessellation created by filling a space
with shapes repeatedly over and over again without gaps or overlaps.

T p

Rectangles Octagons and Squares Different Pentagons

On the next page, we will look at the types of tessellations.
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e First we will look at Tessellations created by regular polygons.

a7

W 4

A regular polygon is a polygon that has 3, 4, 5 or
more sides and angles, which are all equal.

Remember:

Regular means that the sides and angles of the polygon are all equivalent (i.e., the
polygon is both equiangular and equilateral). Congruent means that the polygons that
you put together are all the same size and shape and contains all the same features.

A regular tessellation is a tessellation which is
made up of congruent regular polygons.

There are only 3 regular polygons that tessellate in a plane. These are the triangles,
the squares and the hexagons.

Here are examples. AVAVAVAVA
NNV

1. A tessellation of triangles /\/\/\/\/\
VAVAVAVAV;

2. A tessellation of squares

3. A tessellation of hexagons

Looking at these three examples you can easily notice that the squares are lined up
with each other while the triangles and hexagons are not. Also, if you look at 6
triangles at a time, they form a hexagon, so the tiling of triangles and the tiling of
hexagons are similar and they cannot be formed by directly lining shapes up under
each other - a slide (or a glide!) is involved.

You can work out the interior measure of the angles for each of these polygons:

Shape Anglg Measure in
egrees
triangle 60
square 90
pentagon 108
hexagon 120
more than six sides more than 120 degrees
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Since the regular polygons in a tessellation must fill the plane at each vertex, the
interior angle must be an exact divisor of 360 degrees. This works for the triangle,
square, and hexagon, and you can show working tessellations for these figures. For
all the others, the interior angles are not exact divisors of 360 degrees, and therefore
those figures cannot tile the plane.

What is a
vertex?

A vertex is
where all the
"corners"

O

meet!
Example 1
A tessellation of squares is named "4.4.4.4".
Here's how:
1. Choose a vertex, and then look at one of the polygons that touch that vertex.

How many sides does it have?
Since it's a square, it has four sides, and that's where the first "4" comes from.

2. Now keep going around the vertex in either direction, finding the number of
sides of the polygons until you get back to the polygon you started with. How
many polygons did you count?

There are four polygons, and each has four sides.
The interior angle of each square is 90.
90 + 90 + 90 + 90 = 360 degrees

0)
Y/

Example 2 4.4.4.4

For a tessellation of regular congruent hexagons, if you choose a vertex and count
the sides of the polygons that touch it, you'll see that there are three polygons and
each has six sides, so this tessellation is called "6.6.6": The interior angle of each
hexagon is 120 degrees.

6.6.6
120 + 120 + 120 = 360 degrees
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Example 3
A tessellation of triangles has six polygons surrounding a vertex, and each of them

has three sides: "3.3.3.3.3.3". The interior angle of each equilateral triangle is 60
degrees.

3.3.3.3.33

60 + 60 + 60 + 60 + 60 + 60 = 360 degrees

For a regular tessellation, the pattern is identical at each vertex.

l-;;r" We can also make a tessellation using a variety of regular polygons.

S

Examples

Squares and triangles Hexagons and triangles hexagons, squares, triangles

These tessellation patterns above are all examples of semi- regular tessellations.

A semi-regular tessellation is made by using two or more
different regular polygons. The pattern at each vertex must
be the same!

A semi-regular tessellation has two properties which are:
1. Itis formed by regular polygons.
2. The arrangement of polygons at every vertex point is identical.

The rules in creating regular tessellations are also applied in creating semi-regular
tessellations. Every vertex must have the same configuration or identical.

There are only eight semi- regular tessellations. See next page.
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Here are the eight Semi-regular Tessellations.

R

4.6.12 4.8.8

To name a tessellation, simply work your way around one vertex counting the
number of sides of the polygons that form that vertex. The trick is to go around the
vertex in order so that the smallest numbers possible appear first.

Look at the examples below.

These tessellations are both made up of hexagons and triangles, but their vertex
configuration is different. That's why we've named them!

8

3.6.3.6 3.3.3.3.6
That's why we wouldn't call our 3, 3, 3, 3, 6 tessellation a 3, 3, 6, 3, 3!
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Here's another tessellation made up of hexagons and triangles.

148

XD

SS 4 LESSON 19

This is not an official semi-regular tessellation because it breaks the rule or pattern at

each vertex.

NOW DO PRACTICE EXERCISE 19
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Practice Exercise 19

Using Grid paper, draw your own tessellation using the following steps. You
need to start by drawing a perfect square. There are two methods that will give
you a perfect square:

1) Use a piece of tracing paper, laid over graph paper

2) Use the upper and lower edges of a ruler to draw parallel lines, and your
protractor to get a 90 degree angle

Then follow the steps below:

1.

Create a square.

Draw a simple shape on one side of the square.

Trace the shape on a piece of tracing paper and slide it to the opposite side of
the square.

Draw a simple shape on the top of the square

i

Trace the shape on a piece of tracing paper and slide it to the opposite side of
the square.

A
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6.

Trace the whole figure and translate it horizontally. Notice that the shapes
interlock perfectly.

Continue to trace the entire figure, and translate the tracings horizontally and
vertically to create a tessellation as large as you like. Don't trace the square.
Now you can decorate and color your tessellation!

NOW GO TO THE NEXT LESSON ON THE NEXT PAGE.
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Lesson 20: Translation

e We looked at Tessellations in the last lesson.

In this lesson, you will:
e define a translation

e make the translation of objects or shapes at a given
distance and direction on a dot or grid paper.

Have you tried copying objects where the copy holds some properties? Think of
when you copy/paste a picture on your computer.

Example
|| E—

Pre-image

The original figure is called the pre-image; the new (copied) picture is called the
image of the transformation.

Let us look at the most basic transformation called Translation.

What is a translation? "
'P- r.l

Translation simply means a “shift” or moving the
shape without turning or reflection and the object
stays the same size.

Translation occurs when you move a shape form one position to another by sliding
without turning, rotating, resizing or anything else, just moving.

Translations are usually shown on a square grid. Look at the example below.

A
‘l'l\ 6 units
A These shapes are
A . congruent because
3 units they are exactly the
'l,l same size and
," Each point of the triangle shape.
\ translated (moved) 3 units to
H"""“‘«-L the right and then 6 units up.

Each translation follows a rule. In this case, the rule is "3 to the right and 6 up."
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Here is another example.

The translation of the moon
shape is 6 squares to the right 7/
and 3 squares upward.

Translations are often written in a >4

vertical bracket like this: (+ gj
+

The horizontal movement s
always written at the top of the
bracket.

The Plus signs (+) indicate or

show that the movement is to the ( These shapes are

right or up. congruent because
they are exactly the

The Minus signs (-) indicate or same size and
shape.

show that the movement is to the
left or down.

You can also translate a pre-image to the left, down or any combination of two of the
four directions.

Here are some translations applied to the moon shape.

-3
Moon shape a“sis 5
+
A d +3
a( % C( Moon shape b"sis 4
N b N *
X \ p o
N pld Moon shape ¢sis |
\Q /‘/ // +6
\ ’é/ d\ Moon shape d"s is +10
N\ AN P 0
N /

‘ Sof -5
:‘ el / o\ Moon shape e“sis _5]
7\\ fl N

\ 0
Y Moon shape f's is ( 6}
6
Moon shape g*sis [+ 4)

Note: All these shapes are congruent because they are exactly the same shape and
size.

NOW DO PRACTICE EXERCISE 20
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Practice Exercise 20
1. Using vertical brackets write down the translations which move the shaded

triangle to each ten new positions as shown on the diagram below.

)

Triangle A
Triangle B

Triangle C

Triangle D

Triangle E

Triangle F

Triangle G
Triangle H

Triangle |

Triangle J

2. The diagram below shows a shaded kite moved to ten new positions.

vy)

<
° )
N

®

Kite A

Kite B

Kite C

Kite D

Kite E

Kite F

Kite G

Kite H

Kite |

Kite J

Use vertical brackets to write down the translation which move the shaded kite

to each new position.
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3. Copy this triangle onto the squared grid paper below.

Show the new position of the triangle after each of the following translations.

0 _

a. b. 0 C. 6 d. +0
-4 +4 0 0

e. 0 f. +0 g. 0 h. +0
-4 -4 +4 +4

Answer:
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4. Copy this polygonal man onto the squared grid paper below.

Show the new position of the polygonal man after each of these translations.
a. o b. o C. w7 d. +8
0 0 +7 +7
0 0 -8 +8
e. g. h.
+5 -5 -6 -6

Answers:

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 4.
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Lesson 21: Rotation
e‘ You have looked at translation of objects in the last lesson.
.,((’

_ )/‘ a/ ; In this lesson, you will:
N J/
\' , 7 o define a rotation

e make rotations of objects or shapes at a given angle
and direction.

You have already considered the effect of the translation of objects and shapes.
Objects and shapes are said to be transformed by translation, which happens when a
shape is moved up, down, left or right.

Now we will look at another example of a transformation called “rotation”.

- What is a rotation?

NV

Rotation came from the word “rotate” which ’ ': ~—
means ‘“to move in a circle round a central -
point”.

9

Rotation moves a shape or object by turning it. When a shape or an object is rotated,
it moves around a central point called the “centre of rotation” through a certain angle .

Take a look at the diagram below.

Note: If you rotate a
shape, it is still
congruent to the
original shape.

This rotation is a 90° clockwise rotation about the point P. The point P is called the
centre of rotation.

The angle between the original position of a shape and its new position is called the
angle of rotation.

Take a good look at FIGURE 20.1 on the next page.
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FIGURE 20.1

A=

notice about the

'f

s

N

>R They are
\ congruent.

‘N

S

-

You will also note that the distance between the triangles and the centre of rotation
which is O are the same and the angle of rotation through O is 60°.

QK

Now see the examples.
Example 1

The steps below show how to rotate a shape 180° clockwise.

Step 1 Copy the shape on to a dot or grid paper.

o
N

o o o Step2 Trace the shape

Step 3 Hold centre of rotation, S with a pin or the
e o e point of your compass.

°
°
°
°
—---0o---o
°
°
°

Step 4 Spin the tracing paper and draw the image
e o o YR T T Y as shown.

The shape has been rotated in a clockwise direction
because it is the direction in which the hands of a
clock moves. Anti-clockwise is the opposite direction.
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Example 2
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The shape below has been rotated 90° in a clockwise direction. They are congruent.

Example 3

This diagram shows a shape rotated about a point X through anticlockwise angles of
90°, 180° and 270°.

90°

anticlockwise

180°

anticlo

ckwise

70° an

ticlockwise
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Rotations can be completed using tracing paper. This is done in three stages.

1. Cover the object and the centre of rotation with a tracing paper and trace.

2. Place the point on the centre of rotation and turn the tracing paper through the
required angle.

3. Trace the object back onto the paper.

NOW GO TO PRACTICE EXERCISE 21
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Practice Exercise 21

1. Copy each diagram on squared grid paper and draw the given rotations.
a. b.
900 E o
~ )0
(0] o
C d.

90°

; e

N g/

2. Copy each diagram onto a squared grid paper and use tracing paper to
complete the given rotation.

a. 270° clockwise about T b. 270°

B
7" T~/
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3. Refer to the diagram and do what is asked below.

161

Write down the clockwise rotation about P which will move:

. Qonto R
d. R onto Q
g. S onto Q
j- T onto Q

~ 5 0 T

Qonto S
Ronto S
SontoR
Tonto R

C.

f.
l.
l.

SS 4 LESSON 21

Qonto T
RontoT
SontoT
Tonto S

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 4.
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Lesson 22: Symmetry
e In the previous lesson, you looked at rotations of objects and
o shapes.
/> J < ¥
\, g In this lesson, you will:

e define symmetrical shapes
¢ identify the axis of symmetry

e determine how many axes of symmetry an object
has.

Many shapes are symmetrical. These shapes are all around us whether they are
manmade things or shapes that occur in nature.

Symmetrical shapes are shapes or objects that have two halves that
are exactly the same shape and size.

Below are examples of symmetrical shapes and figures.

Symmetry exists all around us and many people see it as being a thing of beauty.

@at is Symmetry& ,
5

Symmetry is the exact likeness in shape and size. It is when one
half exactly folds onto the other half.
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Try the following activities to have a better understanding of the meaning of
symmetry.

Activity 1
You will need a pair of scissors, a piece of blank paper and pencil.
Here is what you do. Q
1. Fold a piece of blank paper in half.

2. Cut any shape from the folded edge.

3. Open your folded piece of paper. Fold
What do you see?

This is what your
shape looks like.

1
Fold f:

I
Activity 2

You will need some ink or paint, and a piece of blank paper.

Here is what you do.

Fold your piece of blank paper in half. Place a small amount of ink or paint in the fold.

Close the folded paper and press it to make the ink or paint in different directions.
Open you paper again. You have made your own ink or paint design.

./ Fold

Place ink or paint

here inside the fo\
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Activity 3
Hold a mirror along the dotted line. What do you see? You should see the complete

picture. The half that is missing from the drawing appears in the mirror as a mirror
image.

o

!

You have done three different activities.

What do you notice about all the shapes you have made?

They looked alike. They have
two parts. One part is shaped
like the other but they are
opposite.

The two halves of the shapes are symmetrical about the dotted line. The dotted line
is called the axis of symmetry.

The axis of symmetry is the line dividing the shape into two
identical parts that are mirror images of each another.

5

Not all shapes and figures have axis of symmetry but some have more than one axes
of symmetry.

Do all shapes and figures
have one axis of
symmetry?

Take a look at the shape below.

How many different times can the shape or figure be divided into two identical parts?
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Look at the shape again with the axis of symmetry drawn.
Axis of Symmetry

Axis of Symmetry Axis of Symmetry
N >
\
N ’
N ’

—p—— - - = —— —_— N

Axis of Symmetry | \ /
N ’

/
\

The shape is divided into two identical parts four times along the dotted lines. There
are four dotted lines. The shape has four (4) axes of symmetry.

Here is another shape.

Look at the shape again with the axis of symmetry drawn.

Axis of Symmetry AXIS of Symmetry |
: | Axis of Symmetry "
Axis of Symmetry

The shape is divided into two identical parts four times along the dotted lines. There
are four dotted lines. The shape has four (4) axes of symmetry.

The number of axis of symmetry of a shape or figure
depends on the number of times a shape or figure can
be divided into two identical parts.

More about axis of symmetry will be discussed in the next lesson.

NOW DO PRACTICE EXERCISE 22
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Practice exercise 22

1. Some of the shapes below have one axis of symmetry and some have none.

Which of the shapes have an axis of symmetry?

a) b) C)
d) e) f)
a) h) i)

o) ))
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2. Study the shapes and draw dotted lines to indicate the axes of symmetry.
N
3.
SQUARE
KITE \ /
\/ RECTANGLE
S~
~ \\ \
— \ \
| ARROWHEAD \ \\
PARALLELOGRAM

List down the name of the shapes that are symmetrical and their corresponding
number of axes of symmetry

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 4.
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Lesson 23: Line Symmetry

In the previous lesson, you learnt the meaning of symmetrical
~_ shapes and identified axis of symmetry.

@ In this lesson, you will:
e define line symmetry

e draw axis of symmetry of different objects

e determine which shapes have line symmetry.

You learnt that many shapes are symmetrical. This means that they seem to be
balanced and in the right proportion. In mathematics, there are two types of
symmetry: the Line Symmetry (Reflectional Symmetry) and Point Symmetry
(Rotational Symmetry).

Line Symmetry

We know that a symmetrical shape is a shape that, if you draw a straight line from
one point of it to the other, will cut the shape exactly in half so that the same image is
on both sides. The line is called mirror line or the axis of symmetry.

For example, this shape below is symmetrical because a mirror line can be drawn on
it. |

I

|

l"\_Axis of symmetry
I

We say that the shape has line symmetry or reflectional symmetry.

e Line Symmetry or Reflectional Symmetry is when one half of the
shape reflects onto the other when a mirror line or axis of
symmetry is drawn on it.

¢ Reflectional symmetry describes pictures, shapes of objects that
look exactly the same when divided into 2 halves. The two identical
parts are mirror images of one another.

e The dividing line is called an axis of symmetry. (Note: the plural for
,Xis"is ,axes",pronounced ,,ae-ease")
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Example 2

The butterfly has line symmetry or reflectional symmetry because one side of the line
is a mirror image or reflection of the other side

Axis of Symmetry
[ ol

Example 3

The two halves of the picture are symmetrical about the dotted line. The dotted line is
the axis of symmetry.

’\/Axis of Symmetry

Some shapes have several lines or axes of symmetry.

For example, if you cut a perfect square in half from top to bottom, or side to side, or
diagonal to diagonal, both sides are symmetrical. The square has four axes or lines
of symmetry.

N
N

rd

N N VAU M

Axes of symmetry can be horizontal , vertical or diagonal.

The shapes shown below have more than one axis of symmetry.

NOW DO PRACTICE EXERCISE 23.
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Practice exercise 22

1. Copy and complete the other half of the pictures below on a squared paper
using the dotted line as an axis of symmetry.

a) b) c)

/ /
/A \
/ \
d) e) ) ~
BN
\ N
VN
K
\ I
9) h) )
/N
\
I\
/

2. Write the word “LOVE” using capital letters. Write down the letters that have
axis of symmetry and show the axes of symmetry.
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3. Draw the axis of symmetry of the following shapes.
a) b) c) :
d) e) ) f)
9) h) i)
1)

n) 0)

&,—Q

) k) A
: V

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 4.
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Lesson 24: Rotational Symmetry

In the previous lesson, you learnt the meaning of line symmetry
and reflectional symmetry.

Py
Q\ \59 In this lesson, you will:

- e define rotational symmetry

e determine which shapes have point of symmetry.

We will start by doing an activity which will help you understand and find out about
Rotational Symmetry.

Activity 1
You will need the following:
Sheets of cardboard, thumbtack, pair of scissors

Cut a square shape from a sheet of cardboard. Attach the square to another bigger
piece of cardboard by placing a thumbtack at the centre of the square as shown in
Fig. 1. Mark a cross (x) near the corner of the square as shown below.

Thumbtack
/

X / Rotate 90° X

clockwise

N N

Fig. 1
T Rotate 90° clockwise l Rotate 90° clockwise
Rotate 90°
- clockwise »*
«— X \
X \

On the larger cardboard, trace around the shape of the square. Then rotate it 90°
clockwise (or anti-clockwise) and trace around it again. The two tracing will coincide.
Note the position of the cross (x) after the square is rotated 90° clockwise.

We say that the square has Point Symmetry or Rotational Symmetry. The point
about which the shape rotates (thumbtack) is called the centre of rotational
symmetry.
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Point Symmetry or Rotational Symmetry is when a shape remains
the same when rotated through any angle less than 360°.

e How many times do we have to repeat the process to get back to the
7 original position of the square in Fig.1?

‘.. -

The answer is 4. We say that the order of rotational symmetry is 4.

360°

Notice that 4 = 0 or 4 x 90° = 360°. Therefore, if we repeat the process more

than 4 times, the rotation goes beyond 360°, we get the same positions over again.
So,

The Order of Rotational Symmetry is the number of
distinct ways in which a shape or figure can map onto
itself by rotation.

Let us carry out the same activity illustrated by rotating a rectangular shape

f=—-
X 1
—_ ! !
Centre of sym\rieﬁy__’. Rotate 90° clockwise .v\ el
] I
! : Centre of symmetry
|
Rotate 90° clockwise 1 l Rotate 90° clockwise

|
Centre of symmetry\ : |

P \\‘. O
—
Rotate 90° clockwise \

|
|
| X Centre of symmetry

]
1
1
| IO

Notice that to get the tracing to coincide, we need to rotate the rectangle 180°
clockwise and doing this two times, we get the rectangle back to its original position.
Therefore, the order of rotational symmetry is 2.

Shapes with point symmetry (half-turn symmetry) have a special
property. Every point on the figure has a matching point on the figure.
These points are the same distance from the centre of symmetry, and if
they are joined by a line, the line passes through the centre of symmetry.
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Here are some more examples.

For the figures below, write down the:
1. number of lines of symmetry
2. the order of rotational symmetry

) N\ 0\
X XX

a) 1. Number of lines of symmetry =5

Solution:

2. Order of rotational symmetry = 5

Each rotation of 72° (clockwise or counter-clockwise) will give us a distinct way in
which the figure can map or fit onto itself.

360° _

Number of distinct ways = —o0

b) 1. Number of lines of symmetry = 6
2. Order of rotational symmetry = 6

Each rotation of 60° gives us a distinct way in which the figure can map or fit onto

itself.
0

Number of distinct ways =

00
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Some shapes that do not possess line symmetry still appear to have some
symmetrical properties.

Look at these figures. Do these shapes have point symmetry?

a) b) C.

Solution:

Draw a line from any point through the centre. Is there a matching point on the other
side of the centre the same distance away? If the answer is yes for every point on the
figure, it has point symmetry.

For figure a, the answer is no.

No matching point on the other side of
the centre the same distance away.

For figure b, the answer is yes.
Because in one complete rotation, the
tracing fits four times. It is said to have
I rotational symmetry of order 4.
For figure ¢, the answer is yes.
& Because in one complete rotation, the
tracing fits four times. It is said to have
L rotational symmetry of order 4.

NOW DO PRACTICE EXERCISE 24.
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\ Practice exercise 24

1. State the order of rotational symmetry of each shape below.
a) ‘ b) C) I:Z::I d@
Answers: _
e) : ) g) h)
Answers: _
i) j) k) 1)
VvA¢
IF
Ve Y Q
Answers:
m) n) 0) P)

L |

5.8

Answers:

2. Which of the following shapes have rotational symmetry?

Answers:

d)
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3. Here are some regular polygons.

Equilateral triangle Square Regular Pentagon

Regular octagon Regular hexagon

a) Mark their lines of symmetry using pencil and ruler.

b) Use different coloured pencil to mark centres of rotational symmetry. Draw
arcs showing angle of rotational symmetry. (Figure 1 is an example of what is
to be done.)

Figure 1

CORRECT YOUR WORK. ANSWERS ARE AT THE END OF SUB-STRAND 4.
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SUB-STRAND 4: SUMMARY

In this summary you will find some of the important ideas and )
terms to remember. <

A tessellation is created when a shape is repeated over and over again. All the

figures fit onto a flat surface exactly together without any gaps or overlaps.

Another word for tessellation is tiling.

When shapes are congruent, they have the exact size and shape.

Regular polygons are polygons whose sides and angles are equal and congruent.

A regular tessellation is made up of congruent regular polygons.

There are only three regular polygons that tessellate in a plane: these are the

triangle, the square and the hexagon. The pattern is identical at each vertex.

e A semi-regular tessellation is made up by using two or more different regular
polygons. The pattern at each vertex must be the same.

e Translation means a ,shift' or sliding the shape without turning, rotating, resizing

or anything else, just moving.

+5
e Translations are often written in a vertical bracket like this ( 4}. The horizontal

+

movement is always put at the top of the bracket. Plus signs (+) show that the
movement is to the right or up while the minus signs (-) show that the movement
is to the left or down.

¢ Rotation came from the word ,mtate" which means ,to move in a circle round a
central point®. When a shape or an object rotated, it moves around a central point
called the ,centre of rotation” through a certain angle. The shape is still congruent
to the original shape.

e The angle between the original position of a shape and its new position is called
the ,angle of rotation®.

e Symmetry is the exact likeness in shape and size. Shapes are symmetrical when
one half exactly folds onto the other half.

e There are two kinds of symmetry: The Line symmetry" or Reflectional symmetry
and the Point symmetry or Rotational symmetry.

e A shape has line symmetry if it can be divided by a line into two identical parts
that are mirror images of one another. The dividing line is called an ,axis of
symmetry".

e Point symmetry or Rotational symmetry is when a shape remains the same when
rotated through any angle less than 360 degrees.

e The Order of Rotational Symmetry is the number of distinct ways in which a
shape or figure can map onto itself by rotation.

e Shapes with point symmetry (half-turn symmetry) have a special property. Every
point on the figure has a matching point on the figure. These points are the same
distance from the centre of symmetry, and if they are joined by a line, the line
passes through the centre of symmetry.

REVISE LESSONS 19-24 THEN DO SUB-STRAND TEST 4 IN ASSIGNMENT 2.
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ANSWERS TO PRACTICE EXERCISE 19 - 24

Practice Exercise 19

Practice Exercise 20

7 1 _6 8 3
FlT G H [ * Jl
+1 _5 _8 _5 ~10
3,
N N
G B\ H N
N
C N\ D ™
N
E A NG F NG
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4.
—1 —1
[ ] L ]
/ o —] / D
{ K \
A
{
—1 —1
L ] {
/ E / F
\ S
P / . s
° B
/o q /o
( \
Practice Exercise 21
1. a) b)

N
4]

(o)

f) i
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2. a) b)
270°
T
Q_/
270°

3. a) 270° e) 270° i) 270°

b) 180° f) 180° j) 270°

c) 90° g) 180° k) 180°

d) 90° h) 90° ) 90°

Practice Exercise 22

1. a,cdfg,l

2. ~ 2
~\ )7 N ,
\ / N /|
S N 4 N /
s >
[N
/ \ B
> ’ N
7 \ /| N\
] Vi \|
AN
3. Square = 4 axes of symmetry
Kite = 1 axis of symmetry
rectangle = 2 axes of symmetry

arrowhead =1 axis of symmetry
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Practice Exercise 23

c)

—~
0

g
1

—~
N
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3. a)

b)

183

h)

No Line of
symmetry

SS 4 ANSWERS

No Line of
symmetry

No Line of
symmetry
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Practice Exercise 24

1.

a,

a)

1 by 2 ¢

8 f) 2 g

b,and c

A Y

’
7
4
A/~
\?
\

N
N
QD
=
o

’/I \\
’,/I\\ ~
,/I\\
A Y

A Y

1
1
’ 1 \
1
'

Regular Octagon

184

d)

h)

p)

SS 4 ANSWERS

Regular hexagon

END OF SUB-STRAND 4

NOW YOU MUST COMPLETE ASSIGNMENT 2.
RETURN IT TO THE PROVINCIAL COORDINATOR.
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