MATHEMATICS

Grade 8 - Term 2
CAPS

Learner Book

Revised edition

sasol l “
Inza . o UKUQONDA
foundation institute

Developed and funded as an ongoing project by the Sasol Inzalo
Foundation in partnership with the Ukuqonda Institute.

Maths_Gr8_LB_book.indb 1 2017/11/20 10:38:32 AM




Downloaded from Stanmorephysics.com

Published by The Ukuqonda Institute

9 Neale Street, Rietondale 0084

Registered as a Title 21 company, registration number 2006/026363/08
Public Benefit Organisation, PBO Nr. 930035134

Website: http://www.ukugonda.org.za

This edition published in 2017
© 2017. Copyright in the work is vested in the publisher.

Copyright in the text remains vested in the contributors.
ISBN: 978-1-4315-2877-6

This book was developed with the participation of the Department of Basic Education of
South Africa with funding from the Sasol Inzalo Foundation.

Contributors:

Herholdt Bezuidenhout, Lucinda Cruickshank, Marthinus de Jager, Gudrun Elliott,

Andrew Hofmeyr, Piet Human, Louise Keegan, Erna Lampen, Nathi Makae, Enoch Masemola,
Alwyn Olivier, Cerenus Pfeiffer, Rika Potgieter, Johan Pretorius, Renate Rohrs, Paul van Koersveld,
Therine van Niekerk, Dirk Wessels

Subject advisors from the DBE who contributed by means of review: The publisher
thanks those subject advisors of the DBE who reviewed this book series on four occasions in
2013-2014, as well as in October 2017. The authors changed the text so as to align with the
reviewers' requests/suggestions for improvements, as far as possible, and believe that the books
improved as a result of that.

INlustrations and computer graphics:

Leonora van Staden, Lisa Steyn Illustration

Zhandré Stark, Lebone Publishing Services

Computer graphics for chapter frontispieces: Piet Human
Cover illustration: Leonora van Staden

Text design: Mike Schramm

Layout and typesetting: Lebone Publishing Services

Printed by: [printer name and address]

Maths_Gr8_LB_book.indb 2 2017/11/20 10:38:32 AM



Downloaded from Stanmorephysics.com

COPYRIGHT NOTICE
Your freedom to legally copy this book

This book is published under a Creative Commons Attribution-NonCommercial 4.0
International Licence (CC BY-NC).

You are allowed and encouraged to freely copy this book. You can photocopy, print
and distribute it as often as you like. You may download it onto any electronic
device, distribute it via email, and upload it to your website, at no charge. You may
also adapt the text and illustrations, provided you acknowledge the copyright
holders (“attribute the original work”).

Restrictions: You may not make copies of this book for a profit-seeking purpose.
This holds for printed, electronic and web-based copies of this book, and any part
of this book.

For more information about the Creative Commons Attribution-NonCommercial
4.0 International (CC BY-NC 4.0) licence, see: https://creativecommons.org/licenses/
by-nc/4.0/

) Except where otherwise noted, this work is licensed under
@ 0 \ > the Creative Commons Attribution-NonCommerical 4.0
BY NC International licence.

Maths_Gr8_LB_book.indb 3 2017/11/20 10:38:32 AM



Downloaded from Stanmorephysics.com

Contents

Term 1
Chapter 1:
Whole NUMDbErS ..., 1
Chapter 2:
INEEGEIS e 19
Chapter 3:
EXPONENTS....uuiiiiiiiiiiiiiiiiittetteectec 33
Chapter 4:
Numeric and geometric patterns.........cceveviviinininncninicnicnnene. 49
Chapter 5:
Functions and relationships.........cccocoivinininnniinininiiniiicncne, 59
Chapter 6:
Algebraic eXpressions T........cciininiinininnininiininieeeeens 67
Chapter 7:
Algebraic equations T........cccoviviiininininininin 74

Term 2
Chapter 8:
Algebraic exXpressions 2. 77
Chapter 9:
Algebraic equations 2...........cocvivviiviniininiiniininii s 88
Chapter 10:
Construction of geometric figures...........cocovvvininininininninininnn, 92
Chapter 11:
Geometry of 2D shapes.........ovininiinininniininiiiinicicncicncn 108
Chapter 12:
Geometry of straight lines........cccoeevevivviniinininiininiiicncnicncnne 124

Maths_Gr8_LB_book.indb 4 2017/11/20 10:38:32 AM



Downloaded from Stanmorephysics.com

Term 3
Chapter 13:
CommON fraCtioNS......cocueivieiiiiniiiiiniinicceccretee et enees 141
Chapter 14:
Fractions in decimal notation...........cccovininininininninninincnnnn. 158
Chapter 15:
The theorem of Pythagoras...........cccocvenininininininininincnincnncnnn, 165
Chapter 16:
Perimeter and area of 2D shapes..........ccovevininininininininninnenene 175
Chapter 17:
Surface area and volume of 3D objects..........cccocevvivininininininnnnnns 188
Chapter 18:
Collect, organise and summarise data..........ceceevveviereeneenecnicnnecne. 198
Chapter 19:
Represent data.........cocoveviiniiiiniiniininiiiiinicc e 212
Chapter 20:
Interpret, analyse and report on data.........ccccecevevvinivnicncnniinncnnnnnne. 222
Term 4
Chapter 21:
Functions and relationships.........cccocovvvvinininnnniniiiie, 227
Chapter 22:
Algebraic equations...........coiiiiiiiiiiinii 236
Chapter 23:
L@ - o o 242
Chapter 24:
Transformation geometry...........ocovinininininininninincnenan 254
Chapter 25:
Geometry of 3D objects.........cooiriiniiniininiiiiniiciiiic 269
Chapter 26:
Probability.......ccccoiiviininiininiiiiiiiiiii e 300

Maths_Gr8_LB_book.indb 5 2017/11/20 10:38:32 AM



Downloaded from Stanmorephysics.com

Maths_Gr8_LB_book.indb 6 2017/11/20 10:38:32 AM



Downloaded from Stanmorephysics.com

CHAPTER &
Algebraic expressions 2

8.1 Expanding algebraic expressions

MULTIPLY OFTEN OR MULTIPLY ONCE: IT IS YOUR CHOICE

1. (a) Calculate 5 x 13 and 5 x 87 and add the two answers.
(b) Add 13 and 87, and then multiply the answer by 5.
(c) If youdonot get the same answer for questions 1(a) and 1(b), you have made a
mistake. Redo your work until you get it right.

If you work correctly, you get the same answer for questions The word distribute means

1(a) and 1(b); this is an example of a certain property of “to spread out”. The
addition and multiplication called the distributive distributive properties
property. You use this property each time you multiply a may be described as
number in parts. For example, you may calculate 3 x 24 by follows:

calculating 3 x 20 and 3 x 4, and then add the two answers: Al )= e o e
a(b — ¢) = ab - ac,

3x24=3x20+3x4 where a, b and ¢ can be
What you saw in question 1 was that 5 x 100=5 x 13 + 5 x 87. any numbers.
This can also be expressed by writing 5(13 + 87).

2. (a) Calculate 10 x 56. (b) Calculate 10 x 16 + 10 x 40.

3. Write down any two numbers smaller than 100. Let us call them x and y.
(a) Add your two numbers and multiply the answer by 6.
(b) Calculate 6 x x and 6 x y and add the two answers.
(c) If youdonot get the same answers for (a) and (b), you have made a mistake
somewhere. Correct your work.

4. Copy and complete the following table:

() X 1 2 3 4 5
3(x+2)
3x+6
3x+2
3(x-2)
3x-6
3x-2

CHAPTER 8: ALGEBRAIC EXPRESSIONS 2
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(b) If youdo not get the same answers for the expressions 3(x + 2) and 3x + 6, and
for 3(x — 2) and 3x - 6, you have made a mistake somewhere. Correct your work.

In algebra we normally write 3(x + 2) instead of 3 x (x + 2). The expression 3 x (x + 2)
does not mean that you should first multiply by 3 when you evaluate the expression for
a certain value of x. The brackets tell you that the first thing you should do is add the
value(s) of x to 2 and then multiply the answer by 3.

However, instead of first adding the values within the brackets and then multiplying
the answer by 3, we may just do the calculation 3 x x + 3 x 2 =3x + 6 as shown in the table.

(¢) Which expressions amongst those given in the table on page 77 are equivalent?
Explain.

(d) For what value(s) of xis 3(x + 2) =3x + 2?

(e) Try to find a value of x such that 3(x + 2) # 3x + 6.

If multiplication is the last step in evaluating an
algebraic expression, then the expression is called
a product expression or, briefly, a product.
The way you evaluated the expression 3(x + 2) in
the table is an example of a product expression.

5. (a) Determine the value of 5x + 15 if x = 6.
(b) Determine the value of 5(x + 3) if x = 6.
(c) Can we use the expression Sx + 15 to calculate the value of S(x + 3) for any values
of x? Explain.

6. Copy and complete the following flow diagrams:

@ 2 12 ®) 2

4 4

8 x 2 +8 8 x 8 + 2

10 10

12 12

© )

8 +8 x 2 8 +4 x 2

AN TN

<

78 MATHEMATICS GRADE 8: TERM 2
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(e) ()
2 2
4 4
8 +1 x 8 8 x 2 +16
10 \ 10 \
12 12

7. (a) Which of the flow diagrams in question 6(a) to (f) produce the same output numbers?

(b) Write an algebraic expression for each of the flow diagrams in question 6.

PRODUCT EXPRESSIONS AND SUM EXPRESSIONS

1. Copy and complete the following:
@ B+6)+3+6)+(3+6)+(3+6)+(3+6)

=000

b) B+6)+3+6)+(3+6)+(3+6)+(3+6)
=@+3+ ... R )
=( X )+ )

2. Copy and complete the following:
@ Bx+6)+Bx+6)+3x+6)+(3x+6)+(3x+6)

= 0000

(b) Bx+6)+(Bx+6)+(3x+6)+(3x+6)+ (3x+6)
=QGx+3x+ L. L )
=( . x ) (.x )

3. Ineach case, write an expression without brackets that will give the same results as
the given expression.

(@) 3(x+7) (b) 102x+1)
(© x(4x+6) (d) 32p+q)
(@) t(t+9) (B x(+2)

(g 2b(b+a-4) (h) k*(k—m)

The process of writing product expressions as sum
expressions is called expansion. It is sometimes
also referred to as multiplication of algebraic
expressions.

CHAPTER 8: ALGEBRAIC EXPRESSIONS 2
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4. (a) Copy and complete the following table for the given values of x, y and z.

3(x+2y+4z) 3x+6y+12z 3x+2y+4z

1l 1l
w N =

LI | I
w N =
o O O

Il
N
w

1]
—
o
o

1] 1]
—
1N

1l
O »n|— O

N < =[N T ® [N < %[N < ®%|N < x
Il
o))
@)

1l
w
N

(b) Which sum expression and product expression are equivalent?

5. For each expression, write an equivalent expression without brackets.

@ 2(x*+x+1) (b) p(g+r+5)

(©) -3(x+2y+32) (d) x(2x>+x+7)

(e) 6x(8-2x) H 12x(4 -x)

(g) 3x(8x-5)-4x(6x-3) (h) 10x(3x(8x —5) — 4x(6x —5))

8.2 Simplifying algebraic expressions

EXPAND, REARRANGE AND THEN COMBINE LIKE TERMS

1. Write the shortest possible equivalent expression without brackets.

@ x+2(x+3) (b) 5(4x+3)+ 5x
(©) S(x+5)+3(2x+1) (d) (5+x)?
(e) -3(x2+2x-3)+3(x%+4x) ® xx-1)+x+2

When you are not sure if you have simplified an
expression correctly, you should always check
your work by evaluating the original expression
and the simplified expression for some values of
the variables.

80 MATHEMATICS GRADE 8: TERM 2

Maths_Gr8_LB_book.indb 80 2017/11/20 10:38:55 AM



Downloaded from Stanmorephysics.com

2. (a) Evaluate x(x + 2) + 5x2 - 2x for x = 10.
(b) Evaluate 6x2 for x = 10.
(c) Can we use the expression 6x? to calculate the values of the expression
x(x + 2) + 5x* - 2x for any given value of x? Explain.

This is how a sum expression for x(x + 2) + 5x*> — 2x can be made:
X(Xx+2)+5x2-2x=xxXx+Xxx2+5x*-2x
=x? + 2x + 5x% - 2x
= x>+ 5x*+2x - 2x [Rearrange and combine like terms.]
=6x>+0
= 6x?

3. Evaluate the following expressions for x = -5:

(@ x+2(x+3) (b) 5(4x+3) + 5x
(©) S(x+5)+3(2x+1) (d) (5+x)?
(e) -3(x*+2x-3)+3(x%+4x) ) xx-1D+x+2
4. Copy and complete the following table for the given values of x, y and z.
P 100 80 10 20 30
y 50 40 ) 5 20
z 20 30 2 15 10
x+(-2)
x-(-2)
X-y-z
x-(+2)
X+y-z
X-y+z

5. Say whether the following statements are true or false. Refer to the table in question 4.
For any values of x, y and z:

@ x+(y-2=x+y-z (b)) x-(y-2)=x-y-z

6. Write the expressions without brackets. Do not simplity.
@ 3x-(2y+2) (b) —x+3(-22)

We can simplify algebraic expressions by using properties of operations as shown:
Gx+3)-2(x+1)
Hence Sx +3-2x-2 X-(Y+2)=x-y-2z
Hence 5x -2x+3 -2

Addition is both associative
Hence 3x +1

and commutative.

CHAPTER 8: ALGEBRAIC EXPRESSIONS 2 81
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7. Write an equivalent expression without brackets for each of the following expressions

and then simplify:
(@) 22x+(13x-5) (b) 22x-(13x-15)
(c) 22x-(13x+5) (d) 4x-(15-6x)
8. Simplify:
@ 2(x*+1)-x-2 (b) -3(x*+2x-3)+3x?

Some of the techniques we have used so far to form
equivalent expressions include:

e remove brackets
* rearrange terms
e combine like terms.

8.3 Simplifying quotient expressions

FROM QUOTIENT EXPRESSIONS TO SUM EXPRESSIONS

1. Copy and complete the table for the given values of x.

X 1 7 -3 -10
7x% + 5x

7x% +5x

7X+ 5

7x + 5x

7x2+5

2. (@) Whatis the value of 7x + 5 for x =0?
2
(b) What is the value of TX T+ SX forx=0?

82 MATHEMATICS GRADE 8: TERM 2
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7x% +5x

(c) Which of the two expressions, 7x + 5 or
Explain.

, requires fewer calculations?

7x* +5x

(d) Are the expressions 7x + 5 and equivalent, x = 0 excluded? Explain.

7x% +5x

(e) Arethere any other expressions that are equivalent to
in the table? Explain.

from those given

If division is the last step in evaluating an algebraic
expression, then the expression is called a quotient

expression or an algebraic fraction.
2

The expression TXESX

is an example of a quotient

expression or algebraic fraction.

3. Copy and complete the following table for the given values of x:

X 5 10 -5 -10
10x — 5x? 50-125
=75
Sx 5x35
=25

10x — 5x* 50-125
S5x 25

(@) Whatis the valueof 2 - xforx=0?

(b) What is the value of IOXS;SX forx=0?

2
(c) Arethe expressions 2 —x and 10x = 5% equivalent, x = 0 excluded? Explain.

_ 2
(d) Which of the two expressions 2 — x or % requires fewer calculations?

Explain.

We have found that quotient expressions, such as
10x - 5x*
Sx
equivalent expressions, such as 2 — x.

can sometimes be manipulated to give

The value of this is that these equivalent
expressions require fewer calculations.

CHAPTER 8: ALGEBRAIC EXPRESSIONS 2
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. 10x - 5x* .
The expressions % and 2 — x are not quite

equivalent because for x = 0, the value of 2 — x can be
calculated, while the first expression has no value.

However, we can say that the two expressions are
equivalent if they have the same values for all values
of x admissible for both expressions.

2 g2
X+ 5X =7x+S5and % =2 — x for all admissible values

How is it possible that

of x? We say x = 0 is not an admissible value of x because division by 0 is not allowed.

One of the methods for finding equivalent expressions for algebraic fractions is by
means of division:

2
X 4OX =l(7x2+5x) [justas§=3xl]
X X R) 5
1 1 T
=(— x7x) +(— x 5x) [distributive property]
X X
X X
=7x+5 [provided x # 0]
4. Use the method shown on the previous page to simplify each fraction below:
8x+10z+6 20x* + 16x
@ ————— (b) ———
2 4
9x*y + x 21ab - 14a®
(© 22X () 2ap-14a”
Xy 7a

Simplifying a quotient expression can sometimes
lead to a result which still contains quotients, as you
can see in the following example:

5x%+ 3x

XZ

5x* . 3x
x> X

=5+§
X

5x% + 3x
XZ

forx=-1.
2
(b) For the expression >x X: 3 to be equivalent to S + % , which value of x must be

excluded? Why?

5. (a) Evaluate

84 MATHEMATICS GRADE 8: TERM 2
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6. Simplify the following expressions:

8x* +2x+4 4n +1
@ — (b)
b n
7. Evaluate:
2
(@) SX *F2X+4 v 0 0 1 forn-a
2x n
8. Simplify:
6x'—12x>+2 —6n* - 4n
(a) (b) ———
2x 6n
X +2x+1
9. When Natasha and Lebogang were asked to evaluate the expression —

for x = 10, they did it in different ways.

Natasha’s calculation: Lebogang’s calculation:
10+2+L 100 +20 +1
10 10
L 121
10 10
=12 1
10

Explain how each of them thought about evaluating the given expression.

8.4 Squares, cubes and roots of expressions

SIMPLIFYING SQUARES AND CUBES

Study the following example:

(3x)? =3x x 3x Meaning of squaring
=3 xxx3xXx
=3 x3xxxXx Multiplication is commutative: a x b=b x a
=9x? We say that (3x)? simplifies to 9x2

1. Simplity the following expressions:

(@) (2x)? (b) (2x?)? © =3y
2. Simplify the following expressions:

(@) 25x-16x (b) 4y+y+3y (c) a+17a-3a
3. Simplify:

(@) (25x-16x)? (b) (4y+y+3y)? (c) (@a+17a-3a)?

CHAPTER 8: ALGEBRAIC EXPRESSIONS 2 85
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Study the following example:
(3x)® =3x x 3x x 3x Meaning of cubing

=3xxx3xxx3xXx

=3x3x3xxXxxXxX Multiplication is commutative: a x b=b x a
=27x3 We say that (3x)* simplifies to 27x3.
4. Simplity:
@ (2x)° (b) (=)’ (© (Sa)°
(d) (7y?)° (€) (=3m)’ 0 (2%’
5. Simplify:
(@) Sa-2a (b) 7x+ 3x (c) 4b+b
6. Simplify:
(@) (5a-2a)? (b) (7x+3x)3 (c) (4b+b)®
(d) (13x-6x)3 (e) (17x+ 3x)3 () (20y - 14y)?

is equivalent to the given expression for at least three

I Always remember to test if the simplified expression
different values of the given variable.

SQUARE AND CUBE ROOTS OF EXPRESSIONS

1. Thabang and his friend Vuyiswa were asked to simplify \/W .

Thabang reasoned as follows:
To find the square root of a number is the same as asking yourself the question:
“Which number was multiplied by itself?” The number that is multiplied by
itselfis 2a’ and therefore \[2a* x 2a° = 2a’.

Vuyiswa reasoned as follows:
1 should first simplify 2a? x 2a” to get 4a* and then calculate J4a* = 2a>.

Which of the two methods do you prefer? Explain why.

2. Say whether each of the following is true or false. Give a reason for your answer.

(@) J6xx6x =6X (b) /5x* x 5x* =5x2

3. Simplify:
(@) yoxy° (b) 125x2 + 44x?

4. Simplity:

@) y? (b) /125x% + 44x>
(©) 25a*-164a" (d) J121y?

86 MATHEMATICS GRADE 8: TERM 2
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(e) J16a*+9a* () 25a* - 9a*

5. What does it mean to find the cube root of 8x3 written as 3/8x*?

6. Simplify:
(@) 2ax2ax2a (b) 10b° x 10b® x 10b3?
(¢) 3x%x3x%x3x3 (d) -3x3x -3x3x-3x3

7. Determine the following:

(a) 31000p° (b) 32ax2ax2a (c) Y27x° @ Y-27x3

8. Simplify each of the following expressions:
(@) 6x3+2x3 (b) —m? - 3m? - 4m3

9. Determine the following:

(a) 36x°+2x° (b) 3-8m* (c) 3125y° (d) 393a®+123a°

WORKSHEET
1. Simplify:
(a) 2(3b+ 1)+ 4 (b) 6-(2 +5¢)
(c) 1&émn+ 22mn+ 70mn (d) 4pgr+ 3+ Opqr

2. Evaluate each of the following expressions for m= 10:

(a) dm* +m+ 10 (b) B5(m*-5)+m*+ 25
3. (a) Simplify: 279
(b) Evaluate the expression 4b2+ 6 for b="100.
4. Simplify:
(2) (49)° (b) Gy)° () (75+ 39)°

5. Determine the following:

(a) V121b° ) 264y° (c) /63 +184°

CHAPTER 8: ALGEBRAIC EXPRESSIONS 2
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CHAPTER O
Algebraic equations 2

9.1 Thinking forwards and backwards

DOING AND UNDOING WHAT HAS BEEN DONE

1. Copy and complete the flow diagram on the right by -3 -6
finding the output values. _2 /
2. Copy and complete the following table: 0 x 2 g
5
X -3 ) 0 5 17 \
17
2x
3. Evaluate 4x if:
(@) x=-7 (b) x=10 (c) x=0
4. (a) Copy and complete the flow diagram on the 4
right by finding the input values. 12
(b) Puleng put another integer into the flow ¥ 4 28
diagram and got —68 as an answer. Which 32
integer did she put in? Show your calculation. 40

(¢) Explain how you worked to find the input
numbers when you did question 4(a).

5. (a) Copy and complete the following table:

X
Sx S 15 25 40 90

(b) Copy and complete the following flow diagrams:
5 1
15 / 3
é 5 x5
40 \ 8
90

25
(¢) Explain how you completed the table.

AN
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One of the things we do in algebra is to evaluate
expressions. When we evaluate expressions we
replace a variable in the expression with an input
number to obtain the value of the expression called
the output number. We think of this process as a
doing process.

However, in other cases we may need to undo what
was done. When we know what output number was
obtained but do not know what input number was
used, we have to undo what was done in evaluating
the expression. In such a case we say we are solving
an equation.

6. Look again at questions 1 to 5. For each question, say whether the question required
a doing or an undoing process. Give an explanation for your answer (for example:
input to output).

7. (a) Copy and complete the following flow diagrams:

e B 75 )=

(b) What do you observe?

8. (a) Copy and complete the following flow diagrams:

(b) What do you observe?

9. (a) Copy and complete the following flow diagrams:

20— x5 — +5 }— 05— -5 - +5 }—

(b) What do you observe?

10.(a) Copy and complete the following flow diagram:

| )
64—[78J [ +12

(b) What calculations will you do to determine what the input number was when
the output number is 20?

Solve the following problems by undoing what was done to get the answer:

11. When a certain number is multiplied by 10 the answer is 150. What is the number?
12.When a certain number is divided by S the answer is 1. What is the number?

13.When 23 is added to a certain number the answer is 107. What is the original number?

CHAPTER 9: ALGEBRAIC EQUATIONS 2 89
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14. When a certain number is multiplied by 5 and 2 is subtracted from the answer, the
final answer is 13. What is the original number?

Moving from the output value to the input value is
called solving the equation for the unknown.

9.2 Solving equations using the additive and
multiplicative inverses

FINDING THE UNKNOWN

Consider the equation 3x + 2 = 23.

We can represent the equation 3x + 2 = 23 in a flow diagram, where x represents an
unknown number:

x —{ x3 - +2 }— 23

When you reverse the process in the flow diagram, you start with the output number 23,
then subtract 2 and then divide the answer by 3:

3 — -2 +3 }—

We can write all of the above reverse process as follows:

Subtract 2 from both sides of the equation:
3x+2-2=23-2

3x =21
Divide both sides by 3:
3x_21
33
x=7

We say x = 7 is the solution of 3x + 2 =23, because 3 x 7 + 2 =23. We say that x = 7 makes
the equation 3x + 2 = 23 true.

The numbers + 2 and - 2 are additive inverses of s celeffve )

each other. When we add a number and its additive multiplicative inverses help
inverse we always get O. us to isolate the unknown
1 . _gs . i
The numbers 3 and 3 are multiplicative value or the input value.

inverses of each other. When we multiply a number

and its multiplicative inverse we always get 1, so

1
3X§—1.
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Solve the equations below by using the additive and Also remember-
multiplicative inverses. Check your answers. * The multiplicative

1. x+10=0 2. 49x+2=100 property of 1: the
product of any number
3. 2x=1 4. 20=11-9 and 1 is that number.
¢ The additive property
of 0: the sum of any number

you can solve the equations using additive and and 0 is that number.

I In some cases you need to collect like terms before
multiplicative inverses, as in the example below:

Example: Solve for x: 7x + 3x =10 7x and 3x are like terms and

10x =10 can be replaced with one
10x _ 10 equivalent expression:
10 ~ 10 (7 + 3)x = 10x.
x=1
S. 4x+6x=20 6. Sx=40+3x
7. 3x+1-x=0 8. x+20+4x=-55

9.3 Solving equations involving powers

the question: To what exponent must the base

I Solving an exponential equation is the same as asking
be raised in order to make the equation true?

1. Copy and complete the following table:

X 1 3 R) 7
2x

2. Copy and complete the following table:

X 2 5
3* 1 27

Karina solved the equation 3*= 27 as follows: The number 27 can be

3*=27 expressed as 33 because
Hence 3* = 33 3°=27.
Hence x =3

3. Now use Karina’s method and solve for x in each of the following:
(a) 2v=32 (b) 4=16 (c) 6*=216 (d) 5**1=125
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CHAPTER 10
Construction of geometric

figures

10.1 Bisecting lines

When we construct, or draw geometric figures, we often need to bisect lines or angles.
To bisect means to cut something into two equal parts. There are different ways to bisect
a line segment.

BISECTING A LINE SEGMENT WITH A RULER

1. Read through the following steps:

Step 1: Draw line segment AB and determine its midpoint.
A B

|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15

Step 2: Draw any line segment through the midpoint.
C

The small marks on AF
and FB show that AF and
FB are equal.

I CD is called a bisector because it
bisects AB. AF = FB.

2. Use aruler to draw and bisect the following line segments:
AB=6 cmand XY =7 cm.
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In Grade 6, you learnt how to use a compass to draw circles and parts of circles called
arcs. We can use arcs to bisect a line segment.

BISECTING A LINE SEGMENT WITH A COMPASS AND RULER

1. Read through the following steps:

Step 1: Place the compass on one endpoint of

the line segment (point A). Draw an arc above

and below the line. (Notice that all the points

on the arc above and below the line are the same

distance from point A.) A B

Step 2: Without changing /

the compass width, place the compass on point B.
Draw an arc above and below the line so that the arcs

A B cross the first two. (The two points where the arcs
cross are the same distance away from point A and
from point B.)
C Step 3: Use a ruler to join the points where the arcs
v intersect. This line segment (CD) is the bisector
of AB.
Intersect means to cross
| 90° or meet.

A ' ' B A perpendicular is a line
that meets another line at
an angle of 90°.

> D

Try this!
Use only a protractor and

) ) ruler to draw a perpendicular
2. Use a compass and a ruler to practise drawing bisector on a line segment

perpendicular bisectors on line segments. (Remember that we use a

Notice that CD is also perpendicular to AB.
Therefore, CD is a perpendicular bisector.

protractor to measure angles.)
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10.2 Constructing perpendicular lines

A PERPENDICULAR LINE FROM A GIVEN POINT
1. Read through the following steps:

Step 1: Place your compass on the Step 2: From each arc on the line, draw
given point (point P). Draw an arc another arc on the opposite side of the
across the line on each side of the line from the given point (P). The two
given point. Do not adjust the compass new arcs will intersect.
width when drawing the second arc. P
[ ]
P
A B
/ Q
A B

Step 3: Use your ruler to join the given
point (P) to the point where the arcs
intersect (Q).

® P
PQ is perpendicular to AB.
\ — / We also write it like this: PQ L AB.
A B
Q

2. Use your compass and ruler to draw a perpendicular
line from each given point to the line segment:
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A PERPENDICULAR LINE AT A GIVEN POINT ON A LINE

1. Read through the following steps:

Step 1: Place your compass on the Step 2: Open your compass so that it
given point (P). Draw an arc across is wider than the distance from one of
the line on each side of the given the arcs to point P. Place the compass
point. Do not adjust the compass on each arc and draw an arc above or
width when drawing the second arc. below the point P. The two new arcs will
intersect.
Q
Al P / B /
Al P B

Step 3: Use your ruler to join the
given point (P) and the point
where the arcs intersect (Q).

PQ L AB

/ . \
A\ P /B

2. Copy the following diagrams. Use your compass and ruler to draw a perpendicular at
the given point on each line:
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10.3 Bisecting angles

Angles are formed when any two lines meet. We use degrees (°) to measure angles.

MEASURING AND CLASSIFYING ANGLES

In the figures below, each angle has a number from 1 to 9.

1. Use a protractor to measure the sizes of all the angles in each figure. Write your
answers for each figure.

() (b)

2. Copy the statements below and use your answers to write the angle sizes:

i: ..... ° 8= ..... °

i+2= ..... ° §+é= ..... °

i+2}= ..... ° 8+?+§= ..... °
2+§= ..... ° §+8+?= ..... °
3+d= .0 6+5=.."
1+2+4=__ ° S5+6+7+8= °
1+2+3+4= ° 5+6+7+8+9= °

3. Next to each of your answers above, write down what type of angle it is, namely
acute, obtuse, right, straight, reflex or revolution.
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BISECTING ANGLES WITHOUT A PROTRACTOR

1. Read through the following steps:

Step 1: Place the compass on the
vertex of the angle (point B). Draw an
arc across each arm of the angle.

A

80° \

Step 3: Use a ruler to join
the vertex to the point where
the arcs intersect (D).

DB is the bisector of ABC.

Step 2: Place the compass on the
point where one arc crosses an arm and
draw an arc inside the angle. Without
changing the compass width, repeat
for the other arm so that the two arcs
CIOSS.

80°

B

2. Copy the following angles and use your compass and

ruler to bisect the angles.
K

P

50°

| C

You could measure each of
the angles with a protractor
to check if you have bisected
the given angle correctly.
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10.4 Constructing special angles without a protractor

CONSTRUCTING ANGLES OF 60°, 30° AND 120°
1. Read through the following steps:

Step 1: Draw a line segment (JK). With Step 2: Without changing the

the compass on point J, draw an arc compass width, move the compass to
across JK and up over above point J. the point where the arc crosses JK, and
draw an arc that crosses the first one.

Step 3: Join point ] to the point
where the two arcs meet (point P). P
PJK =60°

60°

2. (a) Copy the drawing at the top of page 99. When you learn more about
Construct an angle of 60° at point B. the properties of triangles

(b) Bisect the angle you constructed. later, you will understand why
the method above creates

a 60° angle. Or can you
already work this out now?
(d) Extend line segment BC to A. (Hint: What do you know

Then measure the angle adjacent to the about equilateral triangles?)
60° angle. What is its size?

(¢) What do the 60° angle and its adjacent angle
add up to?

(¢) Do you notice that the bisected angle consists
of two 30° angles?

Adjacent means “next to”.
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CONSTRUCTING ANGLES OF 90° AND 45°

1. Construct an angle of 90° at point A. Go back to Section 10.2 if you need help.
2. Bisect the 90° angle to create an angle of 45°. Go back to Section 10.3 if you

need help.
Challenge
Try to construct the following
angles without using a
protractor: 150°, 210° and
135°.

10.5 Constructing triangles

In this section, you will learn how to construct triangles. You will need a pencil, a
protractor, a ruler and a compass.

A triangle has three sides and three angles. We can construct a triangle when we know
some of its measurements, that is, its sides, its angles, or some of its sides and angles.
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CONSTRUCTING TRIANGLES

Constructing triangles when three sides are given

1. Read through the following steps. They describe how to construct AABC with side
lengths of 3 cm, S cm and 7 cm.

Step 1: Draw one side of the triangle Step 2: Set the compass width to S cm.
using a ruler. It is often easier to start Draw an arc 5 cm away from point A.
with the longest side. The third vertex of the triangle will

be somewhere along this arc.

A B
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
/V
A 7 cm B
‘HHU\H‘HH\HH‘HHUH\‘\HHHH‘HHUH‘HH\HH‘H\HHH‘\\HUH\‘H\HHH‘\\H\HH‘HH\HH‘\H\UH\‘HHU\H‘HHU\H‘HHU\H‘
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15
Step 3: Set the compass width to 3 cm. Step 4: Use your ruler to join points
Draw an arc from point B. Note where A and B to the point where the arcs
this arc crosses the first arc. This will be intersect (C).
the third vertex of the triangle.
C
5
A 7 cm B A 7 cm B

ARG LR AL AL A AL ) A ) L L L AL LA L L
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

2. Follow the steps above to construct the following triangles:
(@) AABC with sides 6 cm, 7 cm and 4 cm
(b) AKLM with sides 10 cm, 5 cm and 8 cm
(c) APQR with sides 5 cm, 9 cm and 11 cm
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Constructing triangles when certain angles and sides are given

3. Use the rough sketches in (a) to (c) below to construct accurate triangles, using a
ruler, compass and protractor. Make sure that:

* the dotted lines show where you have to use a compass to measure the length
of a side

e you use a protractor to measure the size of the given angles.

(a) Construct AABC, with two angles and
one side given.

C

50° 45°
A 7 cm B

(b) Construct a AKLM, with two sides and
an angle given.

M
/ \
K- 35° L
9 cm

(¢) Construct aright-angled APQR, with the
hypotenuse and one other side given.

-
B
’
,
.
i

8,1 cm

6 cm
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4. Measure the missing angles and sides of each

Challenge
triangle in 3(a) to (c) on the previous page. 1. Construct these triangles:
Write the measurements next to your completed (a) ASTU, with three angles
constructions. given: $=45° T=70°and

U= 65°.

(b) AXYZ, with two sides and
the angle opposite one of
the sides given: X = 50°,
XY=8cmand XZ =7 cm.

2. Can you find more than

. one solution for each triangle
I If triangles are exactly the same, we say they above? Explain your findings to

are congruent. a classmate.

5. Compare each of your constructed triangles in
question 3(a) to (c) with a classmate’s triangles.
Are the triangles exactly the same?

10.6 Properties of triangles

The angles of a triangle can be the same size or different sizes. The sides of a triangle can
be the same length or different lengths.

PROPERTIES OF EQUILATERAL TRIANGLES
1. (a) Construct AABC.

(b) Measure and label the sizes of all its sides and angles.

C
A B
5cm
2. Measure and write down the sizes of the sides D E

and angles of ADEF on the right.

3. Both triangles in questions 1 and 2 are called
equilateral triangles. Discuss with a classmate
if the following is true for an equilateral triangle:

» All the sides are equal.
* All the angles are equal to 60°.
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PROPERTIES OF ISOSCELES TRIANGLES
1. (a) Construct ADEF with EF =7 cm, E=50°and F = 50°.
Also construct AJKL with JK=6 cm, KL=6 cm and J=70°.

(b) Measure and label all the sides and angles of each triangle.

2. Both triangles above are called isosceles triangles. Discuss with a classmate
whether the following is true for an isosceles triangle:

* Only two sides are equal.
* Only two angles are equal.
* The two equal angles are opposite the two equal sides.

THE SUM OF THE ANGLES IN A TRIANGLE

1. Look at your constructed triangles AABC, ADEF and AJKL above and on the previous
page. What is the sum of the three angles each time?

2. Did you find that the sum of the interior angles of each triangle is 180°? Do the
following to check if this is true for other triangles.

yo s

(a) Onaclean sheet of paper, construct any triangle. Label the angles A, Band C
and cut out the triangle.

(b) Neatly tear the angles off the triangle and fit them next to one another.
(c) Notice that A, B and C form a straight angle. Complete: A+B+C= °

I We can conclude that the interior angles of a triangle
always add up to 180°.

10.7 Properties of quadrilaterals

A quadrilateral is any closed shape with four straight sides. We classify quadrilaterals
according to their sides and angles. We note which sides are parallel, perpendicular or
equal. We also note which angles are equal.
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PROPERTIES OF QUADRILATERALS

1. Measure and write down the sizes of all the angles and the lengths of all the sides of
each of the following quadrilaterals:

Square Rectangle
A D G
D
F
B C E
Parallelogram Rhombus M
K N
J
L
L M
K
Trapezium Kite
R U D
A C
S T
B
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2. Use your answers in question 1. Copy the following table and place a v in the correct
box to show which property is correct for each shape.

Properties Parallelogram| Rectangle |Rhombus| Square | Kite |Trapezium

Only one pair of
sides are parallel

Opposite sides are
parallel

Opposite sides are
equal

All sides are equal

Two pairs of adjacent
sides are equal

Opposite angles are
equal

All angles are equal

SUM OF THE ANGLES IN A QUADRILATERAL

1. Add up the four angles of each quadrilateral on the previous page. What do you
notice about the sum of the angles of each quadrilateral?

2. Did you find that the sum of the interior angles of each quadrilateral equals 360°?
Do the following to check if this is true for other quadrilaterals:
(a) On aclean sheet of paper, use a ruler to construct any quadrilateral.
(b) Label the angles A, B, C and D. Cut out the quadrilateral.
(¢) Neatly tear the angles off the quadrilateral and fit them next to one another.
(d) What do you notice?

I We can conclude that the interior angles of a
quadrilateral always add up to 360°.

10.8 Constructing quadrilaterals

You learnt how to construct perpendicular lines in Section 10.2. If you know how to
construct parallel lines, you should be able to construct any quadrilateral accurately.
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CONSTRUCTING PARALLEL LINES TO DRAW QUADRILATERALS
1. Read through the following steps:

Step 1: From line segment AB, mark a Step 2: Draw an arc from A that crosses
point D. This point D will be on the line AD and AB. Keep the same compass
that will be parallel to AB. Draw a line width and draw an arc from point D as
from A through D. shown.
D
D
A B
A ] B
Step 3: Set the compass width to the Step 4: Draw a line from D through
distance between the two points where the point where the two arcs meet. DC

the first arc crosses AD and AB. From the is parallel to AB.
point where the second arc crosses AD,
draw a third arc to cross the second arc.

2. Practise drawing a parallelogram, square and thombus.
3. Use a protractor to draw quadrilaterals with at least one set of parallel lines.
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WORKSHEET

1. Do the following construction:
(a) Use a compass and ruler to construct equilateral AABC with sides of 9 cm.
(b) Without using a protractor, bisect B. Let the bisector intersect AC at point D.

(c) Use a protractor to measure ADB. Write the measurement on the drawing.

2. Name the following types of triangles and quadrilaterals:

A B C “
/N /7
E —H— F
| : || L
o = -

3. Which of the following quadrilaterals matches each description below? (There may
be more than one answer for each.)

parallelogram; rectangle; rhombus; square; kite; trapezium

(a) All sides are equal and all angles are equal.

(b) Two pairs of adjacent sides are equal.

(c) One pair of sides is parallel.

(d) Opposite sides are parallel.

(e) Opposite sides are parallel and all angles are equal.

(f) All sides are equal.
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CHAPTER 11
Geometry of 2D shapes

11.1 Types of triangles

By now, you know that a triangle is a closed 2D shape with three straight sides. We can
classify or name different types of triangles according to the lengths of their sides and
according to the sizes of their angles.

NAMING TRIANGLES ACCORDING TO THEIR SIDES

1. Copy the table and match the name of each type of triangle with its correct description:

Name of triangle Description of triangle

Isosceles triangle All the sides of a triangle are equal.
Scalene triangle None of the sides of a triangle are equal.
Equilateral triangle Two sides of a triangle are equal.

2. Name each type of triangle by looking at its sides:
P
X G
Z
R
v H
Q

NAMING TRIANGLES ACCORDING TO THEIR ANGLES

Remember the following types of angles:

A D 0O
LF D
B C E P
Acute angle Right angle Obtuse angle
(< 90°) (=90°) (between 90° and 180°)
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Study the following triangles and then answer the questions:

N

Acute triangle Right-angled triangle Obtuse triangle

1. Are all the angles of a triangle always equal?

2. When a triangle has an obtuse angle, what kind of triangle is it called?

3. When a triangle has only acute angles, what kind of triangle is it called?

4. What size must one of the angles of a triangle be for it to be called a right-angled

triangle?

INVESTIGATING THE ANGLES AND SIDES OF TRIANGLES

1. (a) Whatis the sum of the interior angles of If you cannot work out the

a triangle? answers in question 1(b)
(b) Can a triangle have two right angles? and (c), try to construct the
Explain your answer. triangles to find the answers.

(c) Can a triangle have more than one obtuse angle?
Explain your answer.

2. Look at the triangles below. The arcs show which angles are equal.

L
A M
B E
J
C F K
Equilateral triangle Isosceles triangle Right-angled triangle

(a) AABC s an equilateral triangle. What do you notice about its angles?

(b) AFEM is an isosceles triangle. What do you notice about its angles?

(c) AJKLis aright-angled triangle. Is its longest side opposite the 90° angle?

(d) Construct any three right-angled triangles on a sheet of paper. Is the longest
side always opposite the 90° angle?
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Properties of triangles: Interior angles are the

* The sum of the interior angles of a triangle angles inside a closed shape;
is 180°. not the angles outside of it.

* An equilateral triangle has all sides equal and
each interior angle is equal to 60°.

* Anisosceles triangle has two equal sides and the
angles opposite the equal sides are equal.

* Ascalene triangle has no sides equal.

* Aright-angled triangle has a right angle (90°).

* An obtuse triangle has one obtuse angle
(between 90° and 180°).

* An acute triangle has three acute angles (< 90°).

11.2 Unknown angles and sides of triangles

You can use what you know about triangles to obtain other information. When you work
out new information, you must always give reasons for the statements you make.

Look at the following examples of working out unknown angles and sides when certain
information is given. The reason for each statement is written in square brackets.

A

85°
40° L

A=B=C=60°

—

Angles in an equilateral A = 60°]

DE =DF [Given]
E=F [Angles opposite the equal sides of an isosceles A are equal]
j =55° [The sum of the interior angles of a A = 180°; so j =180° - 40° - 85°]

You can shorten the following reasons in the ways shown:
* Sum of interior angles (£s) of a triangle (A) = 180°: Interior /s of A
» Isosceles triangle has two sides and two angles equal: Isosceles A

Equilateral triangle has three sides and three angles equal: Equilateral A

Angles forming a straight line = 180°: Straight line
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WORKING OUT UNKNOWN ANGLES AND SIDES

Find the sizes of unknown angles and sides in the following triangles. Always give

reasons for every statement.

1. Find C.
A
50°
95°
B C
2. Find P.
P
Q 45°
60°
R
3. (a) Find KM.
(b) Find K.
K
50 mm
L 38° M
4. Whatis the size of S?
S
R 32 |_T
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5. (a) Find CB.
(b) Find C if A =50°.
C

8 cm

6 cm

6. (a) Find DF.
(b) Find E if D =100°.
E

4 mm

D 7 mm

WORKING OUT MORE UNKNOWN ANGLES AND SIDES

1. Calculate the size of X and Z.

Y 24°
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2. Calculate the size of x.
G

X

80° M

3. KLM is a straight line. Calculate the size of x and y.

J
50°

100°

4. Angle b and an angle with a size of 130° form a straight angle. Calculate the size of a and b.

5. Angle m and n form a straight angle. Calculate the size of m and n.
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6. BCDis a straight line segment. Calculate the size of x.
A

68°

B

7. Calculate the size of x and then the size of H.

G

x +20° [
2x + 40°

8. Calculate the size of N.

9. DNP s a straight line. Calculate the size of x and y.
M
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11.3 Types of quadrilaterals and their properties

A quadrilateral is a figure with four straight sides which
meet at four vertices. In many quadrilaterals all the sides
are of different lengths and all the angles are of different
sizes.

You have previously worked with these types of
quadrilaterals, in which some sides have the same

lengths, and some angles may be of the same size: \ / {

parallelograms
rectangles
kites
rhombuses
squares
trapeziums

THE PROPERTIES OF DIFFERENT TYPES OF QUADRILATERALS

1. In each of the following questions, different examples of a certain type of
quadrilateral are given. In each case identify which kind of quadrilateral it is.
Describe the properties of each type by making statements about the lengths and
directions of the sides and the sizes of the angles of each type. You may have to take
some measurements to be able to do this.

(@)
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(b)

(©

(d)

(e)
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®

2. Use your completed lists and the drawings in question 1 to determine if the following
statements are true or false:

(a) Arectangle is a parallelogram. (b) Asquare is a parallelogram.
(¢c) Arhombus is a parallelogram. (d) AKkiteis aparallelogram.
(e) A trapezium is a parallelogram. (f) Asquare is a rhombus.
(g) Asquareisarectangle. (h) Asquareis a kite.
(i) Arhombusis a kite. (j) Arectangleis a rhombus.
(k) Arectangleis a square.
A convention is something
If a quadrilateral has all the properties of another (such as a definition or
I quadrilateral, you can define it in terms of the other method) that most people
quadrilateral, as you have found above. agree on, accept and follow.

3. Here are some conventional definitions of quadrilaterals:

A parallelogram is a quadrilateral with two opposite sides parallel.

A rectangle is a parallelogram that has all four angles equal to 90°.

A rhombus is a parallelogram with all four sides equal.

A square is a rectangle with all four sides equal.

A trapezium is a quadrilateral with one pair of opposite sides parallel.
A Kite is a quadrilateral with two pairs of adjacent sides equal.
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Write down other definitions that work for the following quadrilaterals:
(a) Rectangle (b) Square (c) Rhombus
(d) Kite (e) Trapezium

11.4 Unknown angles and sides of quadrilaterals

FINDING UNKNOWN ANGLES AND SIDES

Find the length of all the unknown sides and angles in the following quadrilaterals.
Give reasons to justify your statements. (Also recall that the sum of the angles of a
quadrilateral is 360°.)

L. 7 cm C
D
100°
4 cm
80° B
A
2. ] 6 cm M
78° 1020
K : L
3. ABCD s a Kite. D
7 cm
C
A
4 cm
B

4. The perimeter of RSTU is 23 cm.

R 7 cm U
105°

4 cm 3 em

75° 120°
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5. PQRSis arectangle and has a perimeter of 40 cm.

p (3x) cm s
(x) cm
Q R

11.5 Congruency

WHAT IS CONGRUENCY?

1. AABCisreflected in the vertical
line (mirror) to give AKLM.

Are the sizes and shapes of the
two triangles exactly the same?

2. AMON is rotated 90° around
point F to give you ATUE.

Are the sizes and shapes of
AMON and ATUE exactly the
same?

s
3. Quadrilateral ABCD is translated A; ‘

six units to the right and one unit
down to give quadrilateral XRZY.
Are ABCD and XRZY exactly the
same?

In the previous activity, each of the figures was transformed (reflected, rotated or
translated) to produce a second figure. The second figure in each pair has the same
angles, side lengths, size and area as the first figure. The second figure is therefore
an accurate copy of the first figure.
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When one figure is an image of another figure, The word congruent comes

we say that the two figures are congruent. from the Latin word congruere,
The symbol for congruency is: = which means “to agree”.

Figures are congruent if they

Notation of congruent figures match up perfectly when laid

When we name shapes that are congruent, we name them N top of each other.

so that the matching, or corresponding, angles are in the
same order. For example, in AABC and AKLM on the previous page:

Ais congruent to (Elatches and is equal to) K. We cannot assume that,

E is congruent to M when the angles of polygons
Ciscongruentto L. are equal, the polygons are
We therefore use this notation: AABC = AKML. congruent. You will learn

about the conditions of
Similarly, for the other pairs of figures on the previous page: congruence in Grade 9.

AMON = ATUE and ABCD = XRZY.

The notation of congruent figures also shows which sides of the two figures correspond
and are equal. For example, AABC = AKML shows that:

AB=KM, BC =ML and AC = KL.

The incorrect notation AABC = AKLM would show the following incorrect information:
B=L,C=M,AB=KLand AC=KM.

IDENTIFYING CONGRUENT ANGLES AND SIDES

Copy the following table and write down which angles and sides are equal between each
pair of congruent figures:

1. APQR = AUCT 2. AKLM = AUWC

3. AGHI = AQRT 4. AKJL = APOQ

11.6 Similarity

In Grade 7, you learnt that two figures are similar when they have the same shape
(their angles are equal) but they may be different sizes. The sides of one figure are
proportionally longer or shorter than the sides of the other figure; that is, the length
of each side is multiplied or divided by the same number. We say that one figure is an
enlargement or a reduction of the other figure.
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CHECKING FOR SIMILARITY

1. Look at the rectangles below and answer the questions that follow:

(a) Lookatrectangle 1 and ABCD. How many times is FH longer than BC?
How many times is GF longer than AB?

(b) Look at rectangle 2 and ABCD. How many times is IL longer than BC?
How many times is LM longer than CD?

(c) Isrectangle 1 or rectangle 2 an enlargement of rectangle ABCD? Explain your
answer.

2. Look at the triangles below and answer the questions that follow:

H

(a) How many times is:

* FGlonger than BC? e HFlonger than AB?
* HG longer than AC? e IKshorter than BC?
e JIshorter than AB? * JKshorter than AC?

(b) Is AHFG an enlargement of AABC? Explain your answer.
(c) IsAJIK areduction of AABC? Explain your answer.

In the previous activity, rectangle KILM is an enlargement When you enlarge or
of rectangle ABCD. Therefore, ABCD is similar to KILM. The reduce a polygon, you

symbol for “is similar to” is: ||l. So we write: ABCD ||| KILM. need to enlarge or
reduce all its sides

The triangles on the previous page are also similar. AHFG is ssrsanerely, o oy

an enlargement of AABC, and AJIK is a reduction of AABC. the same ratio. This
In AABC and AHFG, A = H, B = F and C = G. We therefore  means that you multiply
write it like this: AABC ||| AHFG. or divide each length by

In the same way, AABC Il AJIK. 3 SR LIS

CHAPTER 11: GEOMETRY OF 2D SHAPES 121

Maths_Gr8_LB_book.indb 121 2017/11/20 10:39:24 AM



Downloaded from Stanmorephysics.com

Similar figures are figures that have the same angles
(same shape) but are not necessarily the same size.

USING PROPERTIES OF SIMILAR AND CONGRUENT FIGURES

1. Are the triangles in each pair similar? Give a reason for each answer.

T

) 10

5 6
3

K 4 L R 8 S

2. Is ARTU [l AEFG? Give a reason for your answer.
E
12 13
R
3 5

T 4 U F 5 G

3. APQRII| AXYZ. Determine the length of XZ and XY.
X

P

8 cm
5cm

Q4cm QR Z 8 cm Y

4. Are the following statements true or false? Explain your answers.
(a) Figures that are congruent are similar.
(b) Figures that are similar are congruent.
(c) Allrectangles are similar.
(d) All squares are similar.

122 MATHEMATICS GRADE 8: TERM 2

Maths_Gr8_LB_book.indb 122 2017/11/20 10:39:24 AM



Downloaded from Stanmorephysics.com

WORKSHEET

1. Study the triangles below and answer the following questions:

(a) Choose the correct answer and write it down.
AABC is: A D

[ ] acuteand equilateral

[ ] obtuse and scalene

[ ] acuteandisosceles

[ ] right-angled and isosceles

(b) If AB = 40 mm, what is the length of AC?

() If B = 80°, what is the size of C and of A2

(d) AABC = AFDE. Name all the sides in the two triangles that are equal to AB.
(e) Name the side that is equal to DE.

(f) If F is 40°, what is the size of B2

2. Look at figures JKLM and PARS. (Give reasons for your answers below.)

6 cm

) M
115° P 2m s
‘oo 3cm / //1cm
K L Q :

(a) What type of quadrilateral is JKLM?
(b) Is JKLM ||| PQRS?

(c) What is the size of L2

(d) What is the size of 52

(e) What is the length of KL?
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CHAPTER 12
Geometry of straight lines

12.1 Angles on a straight line

SUM OF ANGLES ON A STRAIGHT LINE

In the figures below, each angle is given a label from 1 to S.

1. Use a protractor to measure the sizes of all the angles in each figure. Write down your
answers.

A

2. Use your answers to determine the following sums:
@ 1+2 (b) 3+4+35

The sum of angles that are formed on a straight line is D
equal to 180°. (We can shorten this property as: £s

on a straight line.) common side

Two angles whose sizes add up to 180° are also

called supplementary angles, for example 1+2.

Angles that share a vertex and a common side are 112

said to be adjacent. So 1 + 2 are therefore also A C
called supplementary adjacent angles.

same vertex
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When two lines are perpendicular, their adjacent D
supplementary angles are each equal to 90°.

In the drawing alongside, DCA and DCB are

adjacent supplementary angles because they are ,_C—l 8
next to each other (adjacent) and they add up to
180° (supplementary).

FINDING UNKNOWN ANGLES ON STRAIGHT LINES

Work out the sizes of the unknown angles below. Build an equation each time as you
solve these geometric problems. Always give a reason for every statement you make.

1. Calculate the size of a.

63°

2. Calculate the size of x.

29°

A\

3. Calculate the size of y.

2y,
52°
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FINDING MORE UNKNOWN ANGLES ON STRAIGHT LINES

1. Calculate the size of:
(@ x

(b) ECB 5 E

2. Calculate the size of:
(@) m

(b) SQR

3. Calculate the size of:

(a) x
b) HEF
(b) c y
X + 40°
X + 30° 2x +10°
D E F
4. Calculate the size of:
(@ k
(b) TYP -
kK + 65°
2k
X Y Z
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5. Calculate the size of:
@ p
(b) JKR U

3p
2p - 55° 70°

12.2 Vertically opposite angles

WHAT ARE VERTICALLY OPPOSITE ANGLES?

1. Use a protractor to measure the sizes
of all the angles in the figure.
Write down your answers.

2. Notice which angles are equal and how these equal angles are formed.

Vertically opposite angles (vert. opp. £s) are the
angles opposite each other when two lines intersect.

Vertically opposite angles are always equal.
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FINDING UNKNOWN ANGLES

Calculate the sizes of the unknown angles in the following figures. Always give a reason
for every statement you make.

1. Calculate x, y and z.

T 105°

2. Calculatej, k and I.

3. Calculatea, b, cand d.

b 62°
88° C
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EQUATIONS USING VERTICALLY OPPOSITE ANGLES

Vertically opposite angles are always equal. We can use this property to build an
equation. Then we solve the equation to find the value of the unknown variable.

1. Calculate the value of m.
m + 20°

100°

B

2. Calculate the value of t.

3t+12° 66°

3. Calculate the value of p.

108°

2p + 30°

X

4. Calculate the value of z.

2z -10°
58°
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5. Calculate the value of y.

102° - 2y > 78°

6. Calculate the value of r.

180° - 3r

126°

12.3 Lines intersected by a transversal

PAIRS OF ANGLES FORMED BY A TRANSVERSAL

A transversal is a line that crosses at least two other lines.

The blue line is the transversal.

When a transversal intersects two lines, we can compare the sets of angles on the two
lines by looking at their positions.
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The angles that lie on the same side of the transversal and are in matching positions are
called corresponding angles (corr. 2s). In the figure,
these are corresponding angles:

e gande @/b
« bandf 4/
* dandh
e candg. @/ T

h/ 8

1. Inthe figure, a and e are both left of the
transversal and above a line.

Write down the location of the following corresponding angles. The first one has
been done for you.

band f: Right of the transversal and above the lines.
dand h cand g
Alternate angles (alt. zs) lie on opposite sides of the transversal, but are not adjacent

or vertically opposite. When the alternate angles lie between the two lines, they are
called alternate interior angles. In the figure, these are alternate interior angles:

e dandf
e cande. a/p
When the alternate angles lie outside of @ ‘
the two lines, they are called alternate
exterior angles. In the figure, these are e @
alternate exterior angles: h/&
e gandg
* bandh.
2. Write down the location of the following alternate angles:

dandf cande aand g band h
Co-interior angles (co-int. zs) lie on
the same side of the transversal and a/b
between the two lines. In the figure, these d @
are co-interior angles:
e candf e /D)
e dande. h/s

3. Write down the location of the following
co-interior angles:

dande candf
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IDENTIFYING TYPES OF ANGLES

Two lines are intersected by a transversal, as shown below.

Write down the following pairs of angles:
1. two pairs of corresponding angles

2. two pairs of alternate interior angles
3. two pairs of alternate exterior angles
4. two pairs of co-interior angles
5

. two pairs of vertically opposite angles

12.4 Parallel lines intersected by a transversal

INVESTIGATING ANGLE SIZES

In the figure below on the left-hand side, EF is a transversal to AB and CD. In the figure
below on the right-hand side, PQ is a transversal to parallel lines JK and LM.

P
E

A 1/2 B : 9/10 K

413 12 /11

D
13 /14
c 5/6 L M
37 16/15
F Q

1. Use a protractor to measure the sizes of all the angles in each figure. Write down the
measurements of each angle.
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2. Copy the table and use your measurements to complete it.

Angles When two lines are not parallel When two lines are parallel
Corr. £s 1= ... ;S=. 9=...... 8=
b= 8= 2= l6= .
2=.ib=.... 0= jla=__.
3=iT= M= 5Ts= .
Alt.int. £s d= . 0b=. 2= . .5T4=_ .
3=i8= M= o=
Alt. ext. £ L= 7= o= ils=.
2=.08= 0= jl6=__..
Co-int. £s 4+5=_ 12+13=__
3+6= N+1d=

3. Look at your completed table in question 2. What do you notice about the angles
formed when a transversal intersects parallel lines?

When lines are parallel:

» corresponding angles are equal

* alternate interior angles are equal
* alternate exterior angles are equal
* co-interior angles add up to 180°.

IDENTIFYING ANGLES ON PARALLEL LINES
1. Copy these drawings and fill in the corresponding angles to those given:
120°/60° °
Q 45°

\100°

135°
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2. Copy the following drawings and fill in the alternate exterior angles:

120°/60° 80°
\

\100°

45°/ 135°

3. (a) Copy the drawings and fill in the alternate interior angles.
(b) Circle the two pairs of co-interior angles in each figure.

45°

60°/120°

\ o
100° 135

4. (a) Copy the drawings below. Without measuring, fill in all the angles in the
following figures that are equal to x and y.
(b) Explain your reasons for each x and y that you filled in to your partner.

A 7
v

S. Give the value of x and y below:

750
I 165°

134 MATHEMATICS GRADE 8: TERM 2

Maths_Gr8_LB_book.indb 134 2017/11/20 10:39:30 AM



Downloaded from Stanmorephysics.com

12.5 Finding unknown angles on parallel lines

WORKING OUT UNKNOWN ANGLES

Work out the sizes of the unknown angles. Give reasons for your answers. (The first one
has been done as an example.)

1. Find the sizes of x, y and z. X =74° [alt. £ with given 74°; AB || CD]
E
A % " y=74° [corr. £ with x; AB || CD]
749 2 or y=74° [vert. opp. £ with given 74°]

z=106° [co-int. 2~ with x; AB || CD]
c D or z=106° [£s on a straight line|
F

2. Work out the sizes of p, gand r.

3. Find thesizesof a, b, cand d.

H
a
140° K
S b_-+¢
d
-
4. Find the sizes of all the angles in
this figure.
A C
F
K
130°
J
E B D
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5. Find the sizes of all the angles.
(Can you see two transversals and
two sets of parallel lines?)

J R

X
K S
EXTENSION

Two angles in the following diagram are given as x and y. Copy the diagram and fill in all the
angles that are equal to x and y.

s
AR

SUM OF THE ANGLES IN A QUADRILATERAL

The diagram on the right is a section of
the previous diagram.

X /Y xX/y
1. What kind of quadrilateral is in the V/x v/ x
diagram? Give a reason for your answer.
2. Look at the top left intersection. X /Y xX/y
Complete the following equation: YV /x Y/ X

Angles around a point = 360°
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3. Look at the interior angles of the quadrilateral on page 136. Copy and complete the
following equations:

Sum of angles in the quadrilateral = x + y + + Can you think of another way
°°°°°°°°° to use the diagram on page
From question 2: x+y + + =360° 136 to work out the sum of

the angles in a quadrilateral?

12.6 Solving more geometric problems

ANGLE RELATIONSHIPS ON PARALLEL LINES

1. Calculate the sizes of 1 to 7.
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4. Calculate the size of x.

X

5. Calculate the size of x.

124°

6. Calculate the size of x.

x + 50°

3x -10°

7. Calculate the sizes of a and CEP.
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INCLUDING PROPERTIES OF TRIANGLES AND QUADRILATERALS

1. Calculate the sizes of 1 to 6.
D

K 132/ -
3\ 4
6 5
A B

2. RSTU is a trapezium. Calculate the sizes of T and R.

143°

112°
S

3. JKLM is a thombus. Calculate the sizes of ] I\A/IL, 1\//\12 and 121.

4. ABCD is a parallelogram. Calculate the sizes of ADB, ABD, C and DBC.

C
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WORKSHEET

1. Look at the drawing below. Name the items listed alongside it.
(a) apair of vertically opposite angles
(b) a pair of corresponding angles

(c) apair of alternate interior angles

(d) a pair of co-interior angles

2. Inthe diagram, AB |l CD. Calculate the sizes of FAG, F, C and D. Give reasons for

yOLH" answers.
F
A H G 3
530 110°
C | D
85°
E

3. Inthe diagram, OK = ON, KN I LM, KL [l MN and LKO = 160"
Calculate the value of x. Give reasons for your answers.

O
X

160°

L 1407\
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