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1

3

2

At some point in our lives, we tend to ask ourselves what we can do to be proficient in Maths and how we can
master it. The common answer is practice, practice and practice. But why is Maths important,

and who can excel in it? 

Why do you want to do well in Maths? Why does Maths even matter?
Maths is a gateway subject. Numerous careers and job opportunities are unlocked

by good Maths results. If your Maths result is too low, you will be excluded from many
degree courses linked to highly paying jobs.

Even if you don’t have a university career in mind, Maths is essential in your everyday life. A solid foundation in
Maths makes decisions in your everyday life easier (e.g. how do I calculate a tip in a restaurant, how do I know

how much a loan will cost, or how much do I need to save for that car at a certain interest rate?).

Getting good Maths results is an investment you are making in your lifetime earnings.

Who can succeed in Maths?
Countless studies show that success in Maths is not about how smart you are. It is about how hard you work and how

focused you are on achieving good results. There are steps that we can all take to make us more focused so that
we can get the results we want.

How can I succeed?

Research proved that this practice will eventually become habitual. It does take time, however, this is where discipline and determination come in.

Maths is a discipline that
requires repeated,

deliberate practice to
master the subject by

doing activities or tasks,
observing the outcomes

and working on any
mistakes and

misunderstandings that
may occur.

Take a practice test.
Check that you

understood what you
have been studying.
Don’t lie to yourself

about knowing
the work. Prove it!

Reward yourself when
you achieved your study

goals in simple and
affordable ways that
make you feel happy.

Get the basics right.
Algebra is the

foundation. Being
proficient in algebra

enables you to
understand all other

topics in Maths.

Practise daily. Start
with 20 minutes,
then progress.

Find a suitable place to
study, where you can

focus without
distractions.

Set progressive study
goals, e.g. “I’ll study for

30 minutes every
afternoon”.

PRACTICE TEST REWARDBASICSPRACTISEPLACEGOALS

02 03 04 070601 05

The psychology behind excelling in Mathematics
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Learners who are overloaded with information may find
school work stressful and may find it di�cult to know
where to start in terms of completing homework.

Challenges Effective techniques
Challenges that prevent learners from studying, and techniques that can be used to resolve them

The intention-action gap is the di�erence between what
we say we would like to do or what we have planned to
do and what we actually end up doing. Learners may
intend to complete their homework, but may end up
forgetting or simply choosing to do something else with
their time and energy.

Learners’ attention is a scarce resource. In a learning
environment, learners will pay attention and remember
information if it is presented in an exciting and
personally relevant way.

When learners see their peers repeatedly doing their
homework, their behaviour may converge towards the
behaviour they observe. This is an example of social
proofing.

We prefer rewards that are received sooner and costs
that are borne later.
Learners perceive homework as a cost because it
results in them having less time for leisure. Learners
may prefer to postpone homework as far as possible
so that they can enjoy the immediate rewards resulting
from using their time for leisure

We respond di�erently to identical information based
on how it is positioned. We also respond di�erently
depending on who is giving us the information. The
value of studying is often framed by teachers and
parents (e.g. in terms of university admission and the
ability to get a good job). However, learners may not
respond to such framing if they do not value or
believe in these benefits.

Checklists are helpful to remember important steps and
to break down large tasks into smaller items that can be
checked o�.

Intention statements are statements you write detailing
what you want to do in the future and how this can be
achieved. An intention statement will make it easier for
you to achieve your goal (e.g. “achieve an A in Maths
by the end of the year by completing six hours of
homework a week”).

Deadlines provide implementation intentions for
activities. Learners are more likely to achieve a goal if
they have a clear date by which they need to do this
(e.g. small deadlines leading up to the test date).

Provide learners with the opportunity to find ways in
which an exercise relates to their life experiences and
interests. Exercises and activities will be more
meaningful if learners find them personally relevant.

A commitment contract is when you are actively
committing to another to achieve a certain goal. This
encourages follow through in a specified timeframe.

When one learner commits to another, they will feel
mutually responsible to uphold their commitments to
each other. This is called reciprocity.

Our actions can be influenced by subconscious cues,
therefore exposing learners to prompts a few days
before a test can encourage them to study.
Prompting for honesty is an attempt to get learners
to accurately record their study progress (e.g. they
can be prompted to sign their reporting sheets,
thereby stating that what they are reporting is true).

Engage with an influencer whom you trust and who is
in a role you aspire to be in. Get them to share your
study journey.

The
intention-
action gap

Relevance

Information
overload

Social
proofing

Present
bias

Framing
and the

messenger
effect

Challenges that prevent learners from studying, 
and techniques that can be used to resolve them

9781834959863_cmc_mat_g10_stg_eng_za.indb   4 13/08/25   11:42 AM



vCrack the Maths Code Study Guide

Unlock more with Crack the Maths Code

Additional Video Resources Maths tutor

SCAN ME TO WATCH VIDEOS SCAN ME FOR MORE ASSISTANCE

Solutions to exam type questions

SCAN ME FOR SOLUTIONS

Solutions to activities

SCAN ME FOR SOLUTIONS

9781834959863_a01_cmc_mat_g10_stg_eng_za.indd   5 2025/08/29   11:04

6o access the 34 codes� purchase the study guide and unlock 34 codes packed with 
eZtra learning.



vi Crack the Maths Code Study Guide

How to use this book

KEY TO COLOUR CODING

Important

Key concepts you should know and 
practise

Tip!

Useful advice

   Distribution 
into brackets

  Transposition

Remember

Information to recall

      The fl ow of 
calculations

Note

Information to highlight

    Heading

1. Be aware of the different colours used and their meanings.
2. Find a comfortable place to study with good lighting and few distractions. Avoid studying in bed, as taking a nap will be too tempting.
3. The best way to study is to work on each topic individually to understand the basics. Start by reading the chapter notes, followed by

doing the worked examples before attempting the exam exercises at the end of each chapter.
4. Focus for between 40-90 minutes, then take a 10-minute break where you do exercise. Regular exercise helps with concentration.
5. The key to mastering mathematics is repetition! Practice indeed makes perfect. Practice by doing a sum or activity, noting your

problem areas with a pencil, and then retrying the sum or activity. Master the basics!
6. Make sure to study the most diffi cult material when you are most alert and do the easier topics when you are not quite as focused.
7. Work through the whole book without skipping any chapters, exam calculations and exam exercises.

Meticulous care and diligence were taken to select the best exercises to prepare you for the exams.
8. Understand and memorise the derivation of proofs and mathematical symbols.
9. Focus on the exam. Knowing the material is only part of it. Do as many mock exams and past papers as possible to practice time

management and be comfortable with exam standards.
10. Lastly, have fun!

Defi nitions and 
explanations

Key information and 
steps

Examination Tips
Useful tips needed to excel during 
the examination

Quick wins and Mnemonics

These are valuable slogans that 
your need to remember concepts

Errors and misconceptions

Analysed using diagnostic report
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1Algebraic Expressions

Algebraic Expressions
CHAPTER

1
Algebraic Expressions

Simplifi cation of algebraic 
fractions

Multiplication and division of 
fractions

Addition and subtraction of 
Algebraic Expressions

Activity on multiplication and 
division of fractions

Activity on Addition and subtraction 
of fractions

Factorisation of Algebraic 
Expressions

Highest common factor (HCF)

Quadratic trinomials part 2

Factorisation by grouping

Activity on grouping

Activity on Grouping

Difference of two squares

Quadratic trinomials part 1

Sum and difference of 
cubes

Activity on Finding the difference of 
two squares

Activity on sum and difference of 
two cubes

Activity on Factorising quadratic 
trinomials

Activity on advanced factorising of 
quadratic trinomials

Activity on Finding the highest 
common factor

Simplifi cation of 
expressions involving 
factorisation

Exponents and surds

Exponent notation

Exam type questions

Rational exponents

Addition and subtraction 
of exponents

Activity on simplifi cation of 
expressions involving the 
factorisation of denominators

Activity on advanced 
mixed activity involving the 
factorisation of denominators

Activity on multiplication and 
division of exponents

Activity on addition and 
subtraction of exponents

Multiplication of Algebraic 
Expressions

The distributive law

The product of two binomials

The difference of two squares

Squaring a binomial

The product of a binomial and a 
trinomial

Cubing a binomial

Activity on Multiplication of 
Algebraic Expressions

Activity on Products that lead to the 
difference of two squares, squaring 
of binomials and trinomials

The Real number system

Rational numbers

Irrational numbers

Estimating surds

Rounding off numbers

Activity on The real number systems

Developing the skill of fi nding LCD
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Algebraic Expressions quick wins and mnemonics

Quick Wins for Algebraic Expressions

1. Distributive Law
Think of distributing like “sharing” with everyone in the bracket:

a(b + c) = ab + ac

Draw arrows to each term inside the bracket to avoid missing any 
Each gets a turn

2. Multiplying Binomials
Use the FOIL pattern:  (First, Outer, Inner, Last.)
Write FOIL on the margin to check steps

3. Difference of Two Squares
Spot perfect squares and subtraction quickly

a2 − b2 = (a − b)(a + b)

Same numbers, opposite signs
Always check for this pattern before moving on.

4. Squaring Binomials
Remember

(a + b)2 = (a + b) (a + b) = a2 + 2ab + b2

(a − b)2 = (a − b) (a − b) = a2 − 2ab + b2

Square First, Double Middle, Square Last
Don’t forget the sign of the middle term

5. Finding HCF
Look for common terms, draw a line between terms, and lift the
HCF out.
“Look, Line, Lift”

6. Factorisation (HCF)
Always start by factoring out the highest common factor before
anything else.
Use a ladder method to test numerical and variable HCF.

“MADS”: Multiply-Attempt-Double-check-Simplify

7. Sign Rules
Remember:

+ × + = + (+) ÷ (+) = +

− × + = − (−) ÷ (−) = +

+ × − = − (−) ÷ (+) = −

− × − = + (+) ÷ (−) = −

“Same signs – Positive, Different signs – Negative
Create a ‘Sign Rules’ table that you can place in your workbook.” 
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3The real number system

Irrational numbers are non-terminating, non-recurring 
decimals. They cannot be expressed as a ratio between two 
integers:
• Square roots of numbers that are not perfect squares

( )Example: 3;   10

• Cube roots of numbers that are not perfect cubes

( )Example:  7;   133 3

The real number system

A rational number is a number that can be expressed 
in the form a

b
 where ≠ 0b , and a and b are integers. 

Rational numbers include the following numbers, which can 
be expressed as common fractions:
• Integers, whole numbers and natural numbers

( )−Example: 5; 3
1

• Mixed numbers ( =Example: 3 1
2

7
2

,  where 7 and

2



are integers

• Terminating decimals ( )=Example: 0,75 1
4

• Recurring decimals (Example: �0,1 has an infi nite pattern)

Remember

In Grade 9 you were introduced to the sets of numbers that make 
up the real number system.

Rational numbers Irrational numbers

Note

Square roots of negative numbers ( )− −Example: 4; 5
Division by zero. There are no real numbers resulting from dividing by 

zero. Division by zero is undefi ned ( )−Example: 4
0

; 2
0

9781834959863_cmc_mat_g10_stg_eng_za.indb   3 13/08/25   11:42 AM



4 The real number system

Real Numbers (R)
This is a set of numbers consisting
of rational and irrational numbers. 

Rational Numbers (Q)
These are numbers writen in the

form p
q

, where p and q are integers

but ≠ 0. e.g. 1
2

; 3
4

q   

Irrational Numbers (Q')

Numbers not in p
q

 form

Non-integers

Number with decimal part

Integers (Z)

Number without decimal part

Decimals

•  Terminating
0, 15; 0, 86; −7, 12

•  Non-terminating
and Repeating
0,333 ...; −0, 1111 ...,
−0,0404 ...

Fractions

− −77
99

22
55

55
33

99
44

; ; ;

Whole Numbers (N0)

0 and all positive integers

Zero

0

Natural Numbers (N) (Positive Numbers)

These are a set of counting of number > 0

Nagative Integers

Integers < 0

−1; −2; −3; −3

Decimals

Non-Terminating and
Non repeating
−1,1586 ....
−7,1258 ...
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8 Multiplication of Algebraic Expressions

The distributive law in algebra states that multiplication 
distributes (or is applied) over addition and subtraction. 
When you multiply a monomial factor a by (i) a binomial factor 
( )+b c ; or (ii) a trinomial factor ( )+ +b c d  inside brackets, 
you must multiply it by each term inside the bracket.

For example:

( ) ( )+ + +a b c a b c d            
= + = + +         ab ac ab ac ad

1. Expand the following:
1.1 ( )+ 4x x
1.2 ( )+2 5x x

1.3 ( )− +7 7 22 2y y y

1.4 ( )− − +5 2 22 2x x x

Solutions

1.1 ( )+ 4x x → distribute x into brackets
= × + × 4x x x
= + 42x x

Worked example

1.2 ( )+2 5x x → distribute 2x into brackets
= × + ×2 2 5x x x
= +2 102x x

1.3 ( )− +7 7 22 2y y y → distribute 7 2y  into brackets
( )= × + × − + ×7 7 7 7 22 2 2 2y y y y y

= − +7 49 143 4 2y y y

1.4 ( )− − +5 2 22 2x x x → distribute 2 2x  into brackets
( )= × − + × − + ×2 2 5 2 22 2 2 2x x x x x

= − − +2 10 43 4 2x x x

Multiplication of Algebraic Expressions

Important

Signs when multiplying

+ × + = +     

− × + = −     

+ × − = −   

− × − = +       

Signs when dividing
+
+

= +

−
+

= −   

+
−

= −   

−
−

= +   

The distributive law
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9Multiplication of Algebraic Expressions

a b c d( )( )+ +

When multiplying two binomials, you can use the FOIL
method, which is a method to multiply binomials step by step. 
It helps you systematically multiply binomials without missing 
any terms. FOIL stands for the FIRST terms, the OUTER terms, 
the INNER terms, and the LAST terms.

FIRST: multiply the fi rst term in each binomial (set of 
brackets)

a c ac× =

OUTER: multiply the outer term in each binomial (set of 
brackets)

a d ad× =

INNER: multiply the inner term in each binomial (set of 
brackets)

b c bc× =

LAST: multiply the last term in each binomial (set of 
brackets)

b d bd× =

a b c d ac ad bc bd( )( )∴ + + = + + +

1. Expand the following:
1.1 x x( )( )− +2 4
1.2 x x( )( )+ +2 5 3 4
1.3 a a( )( )− + −3 22

Solutions

1.1 x x( )( )− +2 4 → apply the FOIL method

x x x x( ) ( )= × + × + − × + − ×4 2 2 4
x x x= + − −4 2 82 → simplify like terms x x+ −4 2

= + −2 82x x

1.2 x x( )( )+ +2 5 3 4 → apply the FOIL method

x x x x= × + × + × + ×2 3 2 4 5 3 5 4
x x x= + + +6 8 15 202 → simplify like terms x x+ +8 15
x x= + +6 23 202

1.3 a a( )( )− + −3 22 → apply the FOIL method

a a a a( ) ( ) ( )= − × + − × − + × + × −2 3 3 22 2

a a a= − + + −2 3 63 2 → rearrange
a a a= − + + −3 2 63 2

Worked example

x x x
x x
x x

( )
( )

( )
( )

=
=

=
=

First:
Outside: 1
Inside: 9 9

Last: 9 1 9

2

ca b d( )( )+ +
First

Inside
Last

Outside

The product of two binomials
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10 Multiplication of Algebraic Expressions

1. Expand and simplify.

1.1 x x 3( )+ 1.2 x x2 2( )−
1.3 x x 7( )− + 1.4 a a2 9( )− −
1.5 x x3 2( )( )+ + 1.6 x x3 2( )( )+ −
1.7 y y3 1 2 4( )( )− + 1.8 y y3 1 2 4( )( )− −
1.9 x y x y2 4 3( )( )− − 1.10 x y x y2 4 3( )( )− +
1.11 ab ab2 3 5( )( )+ − 1.12 ab ab2 3 5( )( )− −
1.13 x y x y2 7 23 3( )( )+ − 1.14 x y x y2 7 23 3( )( )+ +
1.15 x y x y3 2 44 5 4 3( )( )+ − 1.16 n n8 3 32( ) ( )− − −
1.17 n n4 3( ) ( )− − − − − 1.18 ( )− − + −a a a a3 3 6 23 2

1.19 ( )( )− −x y y x2 4 3 25 3 2 2 1.20 ( )( )+ −x y x y4 3 2 44 5 4 3

1.21 ( )( )− − − − −x y x xy2 3 4 7 22

1.22 ( ) ( )( )+ − + −y y y5 1 3 4 2 3

1.23 ( )( ) ( )( )− − − − − −x y x y x y x y2 2 2 2 3

1.24 ( )( )( )+ − + −x y y3 1 3 4 2 32

1.25 ( ) ( )+ − −x y x y2 22 2

2. Expand and simplify.

2.1 ( )+ +x x x 22 2.2 ( )− − −b b ab2 62

2.3 ( )( )− − +x y x xy y3 22 2 2.4 ( )( )+ + +x y x xy y3 22 2

2.5 ( )( )− +m n m n7 2 3 4 2.6 ( )( )+ −m n m n7 2 3 4    

2.7 ( )( )− −a a1 12 3 2.8 ( )( )− − −x x3 2 5 2 4  

2.9 ( )( )− − −x x y x y5 34 4 4

2.10 ( ) ( )− − − −x x3
4

4 2 4
5

20 50

2.11 ( )− − −x x x7 2 4  2

2.12 ( )( )+ − − +a b a ab2 2 9  2

2.13 ( )( )− − − −x x y x x2 3 4 7 2 4   2

2.14 ( )( )− − −x x y x x y2
3

6 1
2

4 4
9

Multiplication of Algebraic ExpressionsActivity 2 2.15 ( )( )+ + + +x x x1 2 2 32

2.16 ( )( )− − − +x x x1 2 3  2

2.17 ( ) ( )− − + − − +y y y y y2 2 8 2 4 10  2 2

2.18 ( )( )− + − − −a b a ab b2 4 32 2

2.19 ( )( )− − + +x y x xy y3 2 9 6 42 2 2

2.20 ( )( )− + − − +x y x xy y3 2 9 6 4  2 2 2

2.21 ( ) ( )− − +x x1 2 1  2 2

2.22 ( ) ( )( )− − + − +x y x y x y3 4 2 22 3 2 2 3 2 3

2.23 ( ) ( )( )− − + − −x y x y x y4 5 3 33 5 2 3 4 3 4

2.24 ( )( )− − −x x y x xy2 3 4 7 22

2.25 ( )( )( )+ − + −x y y4 1 2 4 2 32

2.26 ( )( )− − −x x x y x y2 4 2 46 5 2 5 2

2.27 ( ) ( ) ( )( )+ − − + − −x y x y x y x y2 3 2 2 3 32 2

2.28 ( ) ( ) ( )+ − − − − −x y x y x y3 2 2 2 32 2 2

The difference of two squares is a special algebraic pattern that 
applies when you subtract one squared term from another. 

It follows the formula x y x y x y( )( )− = + −2 2 . This method 
makes factoring expressions easier when they fi t the 
difference of two squares pattern. 

The product can be simplifi ed as follows:

x y x y( )( )+ −

x xy xy y= − + −2 2

  x y= −2 2

22 22 ( )( )− = − +∴ x y x y x y

The difference of two squares
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Algebraic equations and inequalities
CHAPTER

2
Algebraic equations and inequalities

Equations with 
fractions

Activity on equations 
with fractions

Simultaneous 
equations

Activity on 
similtaneous equations

Literal equations

Activity on literal 
equations

Equations and 
Inequalities

Linear equations

Activity on linear 
equations
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Equations and inequalities

Worked example

1. Solve the following equations:
1.1 = +2 5 3x x

1.2 ( ) ( )+ = −3 2 2 1x x

1.3 + + =5
3

7x x

1.4 + − − =2
3

3
6

5x x

Solutions
1.1 = + →2 5 3 x x group like terms

− =2 5 3 x x

− = →3 3x divide both sides by −3

−
−

=
−

3
3

3
3

x

1x = −

Tip!

Sign when multiplying
+ × + = +     
− × + = −     
+ × − = −   
− × − = +       

Signs when dividing
= ++

+
= −−

+

= −+
−

= +−
−   

Linear equations

A linear equation is an equation in which the highest 
power of the variable is always 1. It is also known as a fi rst-
degree equation. The standard form of a linear equation in 
one variable is: + =A B 0x . Here, x is the variable, A is a 
coeffi cient and A 0≠ , and B is a constant.

1.2 ( ) ( )+ = − →3 2 2 1  x x distribute brackets
( )× + × = × + × −3 3 2 2 2 1x x

+ = − →3 6 2 2 x x group like terms

x x3 2 2 6− = − −
∴ = −8x

1.3 + + = →5
3

7 x x   every number and variable is divided by 
an invisible 1

∴ + + =
1

5
3

7
1

x x

Method 1

+ + = → =
1

5
3

7
1

LCD 3x x

× + + × − × =
1

5
3

7
1

0x x

× + + × − × =
1

3
3

5
3

1
1

7
1

3
3

0 x x

+ + − =3
3

5
3

21
3

0x x

+ + − =3 5 21
3

0x x

− = →4 16
3

0
1

   cross-multiplyx

( )× = × −3 0 1 4 16x

= −0 4 16 x

− = − → −4 16 divide both side by 4x
−
−

= −
−

4
4

16
4

x

∴ = 4x
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Method 2

+ + = → =
1

5
3

7
1

LCD 3x x

multiply all the fractions by 3

× + × + = ×3
1

3 5
3

3 7
1

x x

( )+ + = × → =3
1

3 5
3

3 7
1

   3
3

1x x

( )+ × + = →3 1 5 21   distribute  x x

+ + = →3 5 21  group like termsx x

= −4 21 5x

=4 16x

∴ = 4x

1.4 + − − = →2
3

3
6

5 x x   every number and variable is 
divided by an invisible 1

∴ + − − =2
3

3
6

5
1
  x x

Method 1

+ − − = → =2
3

3
6

5
1
   LCD 6x x

+ × − − × − × =2
3

3
6

5
1

0x x

+ × − − × − × =2
3

2
2

3
6

1
1

5
1

6
6

0 x x

( )+ − − − =2 2
6

3
6

30
6

0x x

( )+ − − − =2 4 3 30
6

0x x

+ − + − =2 4 3 30
6

0
1

x x

− = →23
6

0
1

cross-multiplyx

( )× = × −6 0 1 23x

= −0 23x

− = − → −23   divide both side by 1x

−
−

= −
−1
23
1

x

∴ = 23x

Method 2

+ − − = → =2
3

3
6

5
1
   LCD 6  x x

multiply all the fractions by 6

× + − × − − × =6 2
3

6 3
6

6 5
1

0x x

( ) ( )+ − − − × =6 2
3

6 3
6

6 5
1

0 x x

6 2
3

6 3
6

6 5
1

0x x( ) ( )+ − − − × =

2 2 3 30 0   distribute( ) ( )+ − − − = →x x

2 4 3 30 0     group like terms+ − + − = →x x

23 0− =x

23∴ =x
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Analytical Geometry quick wins and mnemonics

1. Know Your Formulae
Mnemonic: “DMMS” ➞ Distance, Midpoint, Gradient, Straight
Line

Quick Win Tip: Memorise key formulas:

• Distance: 2 1
2

2 1
2d x y y( ) ( )= − + − x

• Midpoint: 
2 2

1 2 1 2M
x x y y

,( )( ) ( )
=

+ +

• Gradient: 2 1

2 1
m

y y
x x

( )
( )

=
−
−

• Equation of line: y mx c= +

2. Find the Gradient First
Mnemonic: “G for Gradient, G for Guide!”
Quick Win Tip: Start with the gradient, it helps you:
• Determine if lines are parallel (equal gradients)
• Determine if lines are perpendicular (product of gradients = –1)

3. Work With Coordinates Systematically
Mnemonic: “X before Y”
Quick Win Tip: Always organise your points clearly as (x1; y1) and
(x2; y2) before substituting into formulas. Write them out to avoid
confusion.

4. Midpoint Strategy
Mnemonic: “Add then Divide”
Quick Win Tip: To fi nd the midpoint, add the x-values and y-values
separately and then divide each by 2. This gives the centre of a
segment.

5. Distance Strategy
Mnemonic: “D is for Diagonal in a Triangle”
Quick Win Tip: Visualise a right-angled triangle using Δx and Δy.
Apply the distance formula as Pythagoras: 2 2d x y( )= ∆ + ∆

6. Line Equation Tip
Mnemonic: “Use y = mx + c like a Boss!”
Quick Win Tip: Use the gradient and one point to fi nd the value of
c (y-intercept). Substitute back to write the full equation of the line.

7. Don’t Mix Up Points
Mnemonic: “Label Before You Launch”
Quick Win Tip: Always label which point is A(x1; y1) and which is
B(x2; y2). Avoid careless substitution errors in formulae.
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Analytical Geometry, also referred to as Coordinate 
Geometry, is the study of Geometry using the coordinate 
system or Cartesian plane.

In this section, we will explore three main concepts:
• The distance between two points (coordinates) or line

segments.
• The midpoint of two points (coordinates) or line segments.
• The gradient of a line.

The distance between two points

Worked examples

1. Suppose we have a line segment AB. We construct �ABC
to produce a right-angled triangle. Thus, we can use the
Pythagorean Theorem to calculate AB: = +AB BC AC2 2 2.

Solutions

AB BC AC2 2 2= +
AB 5 32 2 2( ) ( )= +
AB 25 92 = +
AB 342 = →  square root 

on both sides
∴ =AB 34 units

x

y

0–1 1 2 3 4

A(1; 4)

B(–2; –1) C(xA; yB)

5

3
–1

1

2

3

4

–2

–3

–4

–2–3–4

Therefore, we can re-write the equation = +AB BC AC2 2 2 as:

AB  or 

AB

2
B A

2
B A

2

B A
2

B A
2

( ) ( )

( ) ( )

= − + −

= − + −

x x y y

x x y y

x

y

0–1 1 2 3 4

A(xA; yA)

B(xB; yB) C(xA; yB)

5

3

–1

1

2

3

4

–2

–3

–4

–2–3–4

Therefore, distance between two points x y( )A ;1 1  and x y( )B ; 2 2

can calculated using the formula:

AB2
B A

2
B A

2( ) ( )= − + −x x y y  or 

AB B A
2

B A
2( ) ( )= − + −x x y y

Analytical Geometry

Note

From the above, we can observe that ( )= − −xBC 2A , which can 
be represented as BC B A= −x x . Thus, = −yAC 4B , which can be 
represented as AC B A= −y y .
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AB 2 42 2( ) ( )= +
AB 4 16= +

AB 20= units
A 6; 1  and C 2; 3( ) ( )− − → use the distance formula

AC 2 1
2

2 1
2( ) ( )= − + −x x y y

AC 2 6 3 12 2( )( ) ( )= − − − + −

AC 4 22 2( ) ( )= +

AC 16 4= +

∴ =AC 20 units
=AB AC. Therefore, points ( )−A 6; 1  are equidistant from

the points ( )−B 4; 5  and ( )−C 2; 3 .

5.2 The perimeter of = + +ABC AB BC AC. In the previous 
question, AB and AC were calculated. In this question, 
we calculate BC.

B 4; 5  and C 2; 3( ) ( )− − → use the distance formula

BC 2 1
2

2 1
2( ) ( )= − + −x x y y

BC 2 4 3 52 2( )( ) ( )= − − − + −

BC 2 22 2( ) ( )= + −

BC 4 4= +

BC 8=  units

∴ The perimeter of ( )= + +ABC 20 8 20  units.

5.3 x( )T ; 1  is equidistant from the points ( )− −A 2;  1  and 
( )N 1; 2 . =TA TN

T ; 1  A 2;  1x( ) ( )− −  and T ; 1 N 1; 2( ) ( )x

TA 2 1
2

2 1
2( ) ( )= − + −x x y y  and 

TN 2 1
2

2 1
2( ) ( )= − + −x x y y

TA 2 1 12 2( ) ( )( )= − − + − −x  and 

TN 1 2 12 2( ) ( )= − + − →x equate =TA TN

2 4 1 1  2 2 2( ) ( ) ( )− − + = − + →x x   square both sides  

2 4 1 12
2

2
2

( ) ( )( ) ( )− − + = − +x x

2 4 1 12 2( ) ( )− − + = − + →x x solve for x

2 2 4 1 1 1x x x x( )( ) ( )( )− − − − + = − − +
→ FOIL brackets

4 2 2 4 1 12 2x x x x x x+ + + + = − − + +
→ group like terms

4 2 8 22 2x x x x− + + = − +
6 6x = −

6
6

x = −

x∴ = −1

Activity 1 The distance between two point

Distance and midpoint between two points 
1. Determine the distance between the following two points:

1.1 A 2; 1
4( ) and B 2;  1

4( )−

1.2 D 3,25; 5( )−  and E 1; 8( )

1.3 B 3, 10( )−  and C 4; 3( )−

1.4 W 2 7, 20( )−  and Z 2 3
3

; 5







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229The gradient of a line

( ) ( )− →C 4;  1  and D 7; 11 use the formula =
−
−

MAB
D C

D C

y y
x x

( ) ( )
( ) ( )

= − −
−

→M 11 1
7 4CD substitute values into brackets

M 11 1
3CD = +

M 4CD =

�∴ AB CD

2.  ( )−A 7; 2 , ( )B 3; 6 , p( )C ; 3  and D 4; 8( )−  are vertices of a
rectangle.
Determine the value of p if AB is parallel to CD.

Solution
=M MAB CD

( )−A 7; 2  and ( ) → =
−
−

B 3; 6 MAB
B A

B A

y y
x x

 and p( )C ; 3  and 

D 4; 8 MCD
D C

D C

y y
x x

( )− → =
−
−

( ) ( )
( ) ( )

= −
− −

M 6 2
3 7AB  and 

( ) ( )
( ) ( )

= −
− −

→M 8 3
4

     CD p
equate =M MAB CD

p
4

3 7
5

4+
=

− −

p
4

10
5

4
=

− −
→ cross-multiply and solve for p

p10 5 4 4( )× = × − −
p50 16 4= − −

p4 16 50= − −
4 66p = − → divide both sides by 4

66
4

p = −

33
2

p∴ = −

3. 3.1  Show by calculation that points W 1; 1( ), ( )−X 1; 7  and
Y 2;  2( )−  are collinear.

3.2  If ( )−A 1; 1 , p( )B 1;  and ( )C 3; 5  are collinear. Determine
the value of p.

Solutions
3.1 ( ) ( )−W 1; 1 , X 1; 7  and ( )−Y 2;  2 . If W, X and Y are 

collinear, then =M MWX XY

( ) ( )− → =
−
−

W 1; 1 X 1; 7     MWX
X W

X W

y y
x x

( ) ( )
( ) ( )

= −
− −

M 7 1
1 1WX

M 6
2

          WX =
−

→ +
−

= −

∴ = −M 3WX

( ) ( )− − → =
−
−

X 1; 7   Y 2; 2   MXY
X Y

X Y

y y
x x

( ) ( )
( ) ( )

= − −
− −

→ − × − = +M 2 7
2 1

       XY

M 9
2 1XY = −

+

M 9
3

       XY = − → −
+

= −

∴ = −M 3XY

=M MWX XY

∴ W, Y and Z are collinear.

Important

Collinear points
Points that lie on the same line. If A, B and C are 
collinear then the gradient of AB is equal to the 
gradient of BC and AC.

∴ = =M M M .AB BC AC

y

x

B

0

C

A
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3.2 A 1; 1 ,  B 1; p( ) ( )−  and C 3; 5( ) are collinear therefore
= M MAB BC

( ) ( )− =
−
−

A 1; 1 ,  B 1;    MAB
B A

B A
p

y y
x x

( ) ( )
= −

− −
= −M 1

1 1
1

2AB
p p

( ) ( ) =
−
−

B 1;   and C 3; 5    MBC
C B

C B
p

y y
x x

( ) ( )
= −

−
M 5

3 1BC
p

pM 5
2BC∴ = −

=M MAB BC

p p1
2

5
2

  − = − →  solve for p by cross 
multiplication

p p2 5 2 1   ( ) ( )× − = × − → distribute brackets
p p10 2 2 2− = −

p4 12= → divide both sides by 4
p4

4
12
4

=

p∴ = 3

4.1 Use the points ( )−A 1;  3 , ( )B 2; 1  and ( )−C 3; 1, ( )D 1; 0  to 
determine if AB is perpendicular to CD.

4.2 ( )E 3; 4 , ( )−F 1; 7 , m( )G ; 3  and ( )H 1; 8  are vertices of a 
rectangle.

Determine the value of m if EF is perpendicular to GH.

Solutions
4.1 If AB is perpendicular to CD then, × = −M M 1AB CD

( )−A 1;  3  and ( ) →B 2; 1 use the formula =
−
−

MAB
B A

B A

y y
x x

( ) ( )
( ) ( )

= − −
−

→M 1 3
2 1AB substitute values into brackets

M 1 3
1AB = +

∴ =M 4AB

( ) ( )− →C 3; 1  and D 1; 0 use the formula =
−
−

MCD
D C

D C

y y
x x

( ) ( )
( ) ( )

= −
− −

→M 0 1
1 3CD substitute values into brackets

M 1
1 3CD = −

+

M 1
4CD = −

4 1
4

1( )× − = −

∴ ⊥AB CD

Note

Perpendicular lines
Perpendicular lines are characterised as lines 
that intersect at °90 . When you multiply 
the gradient of two perpendicular lines, the 
product is −1.
Line EF is perpendicular to line GH. Therefore, 
the product of their gradients is equal to −1.

∴ × = −M M 1.EF GH

y

x
E

F

H

G
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1. A triangle has vertices A(−1; 7), B(8; 4) and C(5; −5)
1.1 Calculate the gradient of AB.
1.2 Prove that the triangle is right-angled at B.
1.3 Determine the length of AB.
1.4 Determine the equation of the line from A to the mid-point of BC.
1.5 Find the area of the triangle ABC.

2. A quadrilateral has vertices A(0; 5), B(−3; −4), C(0; −5) and
D(4; k) where k 0≥
2.1 What should k be so that AD is parallel to BC?
2.2 What should k be so that CD 52= ?

3. On the Cartesian plane, the three points P(−3; 4), Q(7; −1) and
R(3; b) are collinear.
3.1 Find the length of PQ.
3.2 Find the gradient of PQ.
3.3 Find the equation of PQ.
3.4 Find the value of b.

4. Given A(4; 9) and B(−2; −3)
4.1 Find the mid-point M of AB.
4.2 Find the gradient of AB.
4.3 Find the gradient of the line perpendicular to AB.
4.4 Find the equation of the perpendicular bisector of AB.
4.5 Find the equation of the line parallel to AB, passing through (0; 6)

Exam type questions 

5. L(−1; −1), M(−2; 4), N(x; y) and P(4; 0) are the vertices of
parallelogram LMNP.
5.1 Determine the coordinates of N.
5.2 Show that MP is perpendicular to LN and state what type of

quadrilateral (other than a parallelogram) LMNP is.
5.3 Show that LMNP is a square.

6. Given: A(−3; −4); B(−1; −7); C(2; −5) and D(0; −2)
6.1 Calculate the distance AC and the distance BD. Leave your

answers in surd form.
6.2 Determine the coordinates of M, the mid-point of BD.
6.3 Prove that AM BD⊥ .
6.4 Prove that A, M and C are collinear.
6.5 What type of quadrilateral is ABCD?

7. M(2; −2) is the mid-point of AB with point A(3; 1). Determine:
7.1 the coordinates of B.
7.2 the gradient of AM.
7.3 the equation of the line AM.
7.4 the perpendicular bisector of AB.

8. A(6; −4); B(8; 2); C(3; a) and D(b; c) are points on the Cartesian
plane. Determine the value of:
8.1 a if A, B and C are collinear.
8.2 b and c if B is the mid-point of A and D.
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Trigonometry
CHAPTER

3
CHAPTER

9
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Right angled triangles

Trigonometric ratios
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ratios of a given angle

Solving trigonometric 
equations

Trigonometric ratios with 
special angles 30°, 45° 
and 60°

Activity on trigonometric 
ratios with special angles

Activity on fi nding 
sides and angles using 
trigonometric ratios

Angles in the cartesian 
plane

Activity on angles in the 
cartesian plane

Activity on angles of 
elevation and depression
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Angles of elevation and 
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Reciprocals of the 
trigonometric ratios

Trigonometric functions

Exam type questions
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functions

Activity on reciprocals of 
the trigonometric ratios

Activity on solving 
trigonometric equations
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Trigonometry involves calculations with triangles (which is 
where the “tri” comes from). It studies the relationship between 
the side lengths and angles of triangles. In Gr10 we will focus 
only on right-angled triangles. The fi eld emerged in the 3rd

century BC, from applications of geometry to astronomical 
studies. Greek letters θ = theta, β = beta, ϕ = phi and 
α = alpha are commonly used to represent angles.

•  Adjacent–the side which is touching the given angle.
(point of reference).

A

BC
Adjacent to �
Opposite to �

Hypotenuse

�

�

Opposite to �
Adjacent to �

Consider the triangle ABC below.

Note

From our background in Mathematics, we 
are familiar with Pythagoras, which describes 
the relationship between the three sides of 
the right-angled triangle: the hypotenuse 
the opposite side and the adjacent side. 
= +2 2 2b a c : where b is the length of the 

hypotenuse (the side opposite the right 
angle, and a and c are the lengths of the other 
two sides.

b

a

c

A

BC

We can label the sides of a triangle as opposite, adjacent 
and hypotenuse. 
• Hypotenuse–longest side and side opposite the right

angle.
• Opposite–the side which is not touching the given angle

Using trigonometric ratios, we can defi ne the following:

A

BC
Adjacent to �
Opposite to �

Hypotenuse

�

�

Opposite to �
Adjacent to �

sinθ – this means sine of angle thetha θ.

sin
Opposite Side
Hypotenuse

θ =

The ratios of the sides of a right triangle are called trigonometric 
ratios. Three common special trigonometric ratios we will study, 
are the sine (sin), cosine (cos), and tangent (tan).

Right-angled triangles
Trigonometric ratios

WATCH ME

Introduction to Trigonometry
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288 Measurement

Measurement

This section involves calculating areas, surface areas and volumes of prisms, spheres and cones.
• Area is defi ned as the total space taken up by a fl at (2-dimensional shape) surface or shape of an object. Area is expressed in

units2.
• Surface Area is defined as the amount of area covered by the surface of a shape. Surface Area is expressed in units2.
• Volume is defined as the space occupied within the boundaries of an object in 3-dimensional space. Volume can also be referred

to as the capacity of the shape. Volume is expressed in units3.

Pyramids
A pyramid is a polyhedron formed by connecting a polygonal base and a point called the apex.

Rectangular pyramid Surface Area Volume

h
hs

= +S.A area of base area of
4 slanted triangular faces

hsArea 1
2

base   slanted faces = ⋅ ⋅ ⊥

hV 1
3

area of base( )= × ⊥

hV 1
3

replace with the formula for the area of the base( )= ×

Triangular pyramid Surface Area Volume

h
hs

= +S.A area of base area of

3 slanted triangular faces

hsArea 1
2

base   slanted faces = ⋅ ⋅ ⊥

h( )= × ⊥V 1
3

area of base

hV 1
3

replace with the formula for the area of the base( )= ×

WATCH ME
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289Spheres

Equilateral pyramid Surface Area Volume

h

hs

60°
60°

60°

= +S.A area of base area of
3 slanted triangular faces

hsArea 1
2

baseslanted faces = ⋅ ⋅ ⊥

h( )= × ⊥V 1
3

area of base

hV 1
3

replace with the formula for the area of the base( )= ×

Hexagonal pyramid Surface Area Volume

h
hs

= +S.A area of base area of
6 slanted triangular faces

hsArea 1
2

base   slanted faces = ⋅ ⋅ ⊥

h( )= × ⊥V 1
3

area of base

hV 1
3

replace with the formula for the area of the base( )= ×

Spheres
A sphere is a 3-dimensional shape shaped like a ball where the distance from any point on the surface to the centre of the sphere is equal.

Sphere Surface Area Volume

r

π=S.A 4 2r rV 4
3

3π=

Hemisphere Surface Area Volume

r
Closed

hemispheres
π=S.A 3 2r

Open
hemispheres

π=S.A 2 2r

Closed
hemispheres

rV 2
3

3π=

Open
hemispheres

rV 2
3

3π=
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292 Scaling factors of prisms

1. Calculate the area and perimeter of the shapes below:
1.1 A

B

5 cm

12 cm C 1.2 A

B D

5 cm

15 cm C

1.3 In the given diagram, O is the circle centre.

3 mm
0

1.4 AC 34 cm and BD 12 cm.= =

A

B

D

21 cm 19 cm

C

2. Find the area of the shaded parts in the diagrams below.
2.1 The diameter of the circles is 3 m.

Grade 9 Measurement revisionActivity 1 2.2 In the diagram below, = = =BC 14 m,  AB 17 m and r 6 m.

0

A

B C

3. Calculate the volume and surface area of the following prisms.

3.1 

b = 5 m l = 13 m

h = 7 m

3.2

h = 135 mm

r = 24 mm

3.3 h = 12 cm b = 5 cm

l = 4 cm

3.4 

s = 5 cm

s = 4 cms = 5 cm

4. In the diagram below, the glass has a volume of 250 cm 3 and
a diameter of 50 mm.

h

50 mm
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324 Examination tips on Euclidean Geometry

1. Parallel (||) Lines

Tip: Always identify the transversal and look for Z, F, and C shapes
• Z → Alternate angles = equal
• F → Corresponding angles = equal
• C → Co-interior angles = 180°
Example:
Given AB || CD and transversal EF:
If ∠A = 65°, fi nd ∠B if they are on the same side between the lines.
∠A + ∠B = 180° → ∠B = 115° (Co-interior angles)
Strategy:

Label angles clearly and always state acceptable reason with your calculation

2. Similarity and Congruency of Triangles

Tip: Use correct conditions, know when triangles are similar or congruent
• Similarity: Use AA, SAS, or SSS (proportional sides)
• Congruency: Use SSS, SAS, ASA, RHS (equal sides or angles)
Example (Similarity):
In �ABC and �DEF:
AB = 6, BC = 9, DE = 4, EF = 6

→ AB/DE = =6
4

3
2

→ BC/EF = =9
6

3
2

�ABC ~ �DEF (SSS condition – sides in proportion)
Example (Congruency):
If AB = DE, AC = DF, ∠A = ∠D → �ABC ≡ �DEF (SAS)
Strategy:
Use correct symbol (~ for similarity, ≡ for congruency) and match
corresponding parts.

3. Properties of Special Quadrilaterals

Tip: Know how to identify squares, rectangles, rhombi, trapeziums, and
kites
• Check sides, angles, and diagonals
• Know what you must prove to classify a shape

Examination tips on Euclidean Geometry

Example:
Given a quadrilateral with:
• Opposite sides equal
• Diagonals bisect each other
• Conclude: Parallelogram

If additionally, all angles = 90°, it’s a rectangle
If diagonals are also equal and perpendicular it’s a square

Strategy:
Label diagonals, angles, and sides carefully in the exam.

4. Theorems and Their Converse

Tip: Know when to apply a theorem and when to use its converse
• Theorem: “If it’s a parallelogram → then its opposite sides are equal”
• Converse: “If opposite sides are equal → then it’s a parallelogram”

Example (Converse):
AB = CD and AD = BC
Therefore, ABCD is a parallelogram (converse of parallelogram theorem)

Strategy:
Write clearly:
• “Given…”
• “Therefore, by the converse of…, we conclude…”

5. Midpoint Theorem

Tip: Check that both endpoints are midpoints before applying the
theorem

The line joining two midpoints is parallel to the third side and half its length

Example:
In �ABC, D and E are midpoints of AB and AC.
If BC = 10 cm

Then DE = 1
2

 × 10 = 5 cm, and DE || BC

Strategy:
• Use the theorem only if both points are midpoints

• Clearly state: “By the midpoint theorem, DE = 1
2

 BC and DE || BC”
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