
 

  

 

  

IGCSE 

MATHEMATICS 

(0580) 

RESOURCES 
 

This document includes complete notes of each unit with unsolved 

and solved past paper questions. Don’t forget to go through it and 

we hope this document will help you preparing for your exams.   

Best of Luck!   

      



 

1 

 

 

Table of contents: 
Paper Pattern: ....................................................................................................................... 2 

Specimen Paper: .................................................................................................................. 2 

Formulae Sheet: ................................................................................................................... 3 

Unit 1: Number ...................................................................................................................... 4 

Unit 2: Algebra and Graphs ................................................................................................. 27 

UNIT 3: Coordinate Geometry ............................................................................................. 56 

UNIT4 : GEOMETRY .......................................................................................................... 66 

UNIT 5: Mensuration ........................................................................................................... 83 

Unit 6: Trigonometry.......................................................................................................... 101 

UNIT 7: Vectors and Transformation ................................................................................. 119 

Unit 8 : Probability ............................................................................................................. 141 

UNIT 9 STATISTICS: ........................................................................................................ 152 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2 

 

 

 

 

Paper Pattern:  

 

  

Specimen Paper: 

Specimen-paper-2 

Specimen paper 4 

 
  

https://www.cambridgeinternational.org/Images/663664-2025-specimen-paper-2.pdf
https://www.cambridgeinternational.org/Images/663668-2025-specimen-paper-4.pdf


 

3 

 

 

Formulae Sheet: 

 
 

 

 



 

4 

 

 

 

Unit 1: Number 

 

 

 

 

 

 

 

 



 

5 



 

6 



 

7 

 



 

8 

 

 

Types of Number 

Expressing Numbers 

Numbers can be expressed in different ways. They can be represented 

numerically, e.g. 600, or in word form, e.g. six hundred. To convert from 

numerical form to word form, the non-zero digits of the places must be noted 

down and converted to their respective places’ word form. 

 For example, 61,520 can be written as sixty-one thousand, five hundred and 

twenty. The six is in the ten-thousands’ place, the one is in the thousands’ 

place, the five is in the hundreds’ place, and the two is in the tens’ place. 

Since zero is in the units’ place, it is ignored.  

Similarly, 509,007 can be written as five hundred and nine thousand, and 

seven. Note that each three digits starting from the right are collected into 

units, tens and hundreds.  

The first three digits are written as they are, the next three digits are followed 

by the word ‘thousand’, the next three are followed by the word ‘million’, then 

‘billion’, ‘trillion’, and so on. This method can also be used to convert words 

into numerical form. 

 For example, “six hundred-billion” means that there are 3 + 3 + 3 + 3 = 12 

digits in that number. So it can be written down as 600,000,000,000, or 6 

followed by eleven 0s. 

 

Broad Sets of Numbers 

Real Numbers: These are the set of all numbers that are dealt with at IGCSE 

Level. This excludes imaginary numbers. The symbol ℝ may be used to 

represent this set. 

Integers: These are whole numbers, i.e. numbers without any  

fraction/decimal. They can be positive, negative, or zero. The symbol ℤ may 

be used to represent integers. 

Natural Numbers: These are the set of all positive integers, e.g. 1, 2, 3, … The 

symbol ℕ may be used to denote natural numbers. 

Rational and Irrational Numbers: Rational numbers include any real numbers 

that can be expressed as a fraction in the form of a/b, where a and b are 

whole numbers. Irrational numbers cannot be expressed in this way. All 

terminating and recurring decimals are rational. π is irrational; this is a 

constant that will be used in future chapters. 
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Other Types of Number 

Prime Numbers: These are numbers that have two factors only, one of which 

is 1, and the second of which is the number itself. All primes are odd, except 

for 2. The first ten primes are 2, 3, 5, 7, 11, 13, 17, 19, 23, and 29. 1 is not 

prime since it only has one factor, which is itself. 

Square Numbers: These are numbers derived by multiplying a positive integer 

by itself. For example, 4 * 4 = 16, so 16 is a square. 4 itself is a square, as it is 

the product of 2 and itself. 

Cube Numbers: These are numbers derived by multiplying a positive integer 

by itself, twice. For example, 3 * 3 * 3 = 27, so 27 is a cube. 

Reciprocals: The reciprocal of any number is the result of dividing 1 by that 

number. For example, the reciprocal of 2 is 1/2. For a real number, n, the 

reciprocal is 1/n. 

 

Using Prime Factors 

Prime factors: These are prime numbers that, when multiplied together, give a 

product of a composite (non-prime) number. For example, the prime factors of 

6 are 2 and 3. The prime factors of 12 are 2, 2, and 3. 

To find the prime factors of any composite number, a factor tree can be used. 

This involves splitting up a number into factors, and splitting up each of those 

factors until all of them lead to primes. These cannot be split into anything but 

1 and themselves. 

If asked to write prime factors of a number with powers, the following example 

may be used: 72 = (2*2*2) * (3*3). 

If all the unique prime factors of a number appear an even number of times, 

the number is a square. For example, (2*2*2*2) * (3*3) = 144, which is the 

square of 12. If all the prime factors appear a number of times which is any 

multiple of 3, the number is a cube. For example, (5*5*5) * (2*2*2*2*2*2) = 

8000, which is the cube of 20. 

Highest Common Factor: To find common factors, all the factors of two or 

more numbers can be listed down. Factors appearing in all these lists are 

common. The highest of these is known as the HCF, or highest common 

factor. This is sometimes referred to as the GCD, or greatest common 

denominator, as well. To find the HCF more efficiently, a number can be 

decomposed into its prime factors, and then the common prime factors can be 

multiplied to find the HCF. 

Lowest Common Multiple: To find common multiples, the first few multiples of 

two or more numbers can be listed down. Multiples appearing in all lists are  
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common. The lowest of these is known as the LCM, or lowest common 

multiple. To find the LCM more efficiently, each number can be again broken 

down into the product of its prime factors. Then, the prime factors of one of the 

numbers that are NOT prime factors of the other numbers should be taken 

out. These should be multiplied by the originally chosen number. This yields 

the same value regardless of which number is originally chosen, and this is 

the LCM. 

 

Sets 

Sets are collections of elements 

Elements in a set can be any individual piece of information, numbers, letters, 

coordinates, etc. 

A set can be defined by writing its elements inside of ‘{}’ brackets. E.g. {1, 2, 4, 

8} is the set of the factors of 8 

If the elements in a set follow a rule, a colon can be used to separate the 

general type of element from the rule. E.g. in the set {x: x2 < 50}, the elements 

are the numbers that are less than fifty when squared. Coordinates and their 

corresponding equations can also be represented this way, e.g. {(x, y) : y = 3x 

- 2} defines the points that lie on the line y = 3x - 2 

 

Set Representation 

Uppercase letters (e.g. A, B, C) usually represent sets, whereas lowercase 

letters (e.g. a, b, c) represent general elements 

The symbol ε or U denotes the universal set (set of everything). E.g. if the 

subject is the factors of 12, ε = {1, 2, 3, 4, 6, 12} 

The symbol ∅ denotes the empty set (with no elements). E.g. {x : x is an even 

prime bigger than 2} = ∅ as there are no even primes bigger than 2 

 

Algebraic Operations of Sets 

n(A) represents the number of elements in the set A. E.g. n{-1, 0, 1} = 3 

a ∈ A means a is an element of A. E.g. if E is the set of even numbers, 24 ∈ E 

A ⊂ B means set A is a proper subset of a larger set B. E.g. if X = {1, 2, 3} and 

Y = {0, 1, 2, 3, …}, then X ⊂ Y 

A ⊆ B means that set A is a subset of set B, which has the same elements, 

but does not necessarily have to be larger. E.g. if N = {2, 4, 6}, then {2, 4, 6} ⊆ 

N 

Putting a cross through the ∈, ⊂, or ⊆ signs renders them untrue, similar to 

the = sign. So a ∉ A, for example, means that a is not an element of A 
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If A ⊂ B, then A ⊆ B, but if A ⊆ B, then A does not necessarily have to be a 

proper subset of B 

A ∩ B represents the intersection of A and B. The intersection of two sets 

refers to the elements that are common among both sets. E.g. if A = {1, 2, 3}, 

and B = {2, 4, 6}, then A ∩ B = {2} 

A ∪ B represents the union of A and B. The union of two sets refers to all of 

the elements in either or both sets. E.g. if A = {1, 4, 9} and B = {1, 3, 5}, then A 

∪ B = {1, 3, 4, 5, 9} 

A′ represents the complement of A. This refers to all the elements excluding 

those in set A. E.g. if ε denotes {1, 2, 3, …, 20}, and A = {1, 4, 9, 16}, then A′ = 

{2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 17, 18, 19, 20} 

In any case, ε′ = ∅, as the complement of ALL the elements is taken, which 

leaves no elements 

 

Venn Diagrams 

A Venn diagram is a way to illustrate all the elements within sets, as well as 

any intersections amongst them 

Venn diagrams usually have a rectangle to illustrate ε, and circles to represent 

smaller sets. These circles may overlap depending on whether the sets have 

any common elements. All circles are entirely inside the rectangle 

 
In the above Venn diagram, ε is represented by the entire rectangle, set A is 

represented by the red and pink area, and set B is represented by the blue 

and pink area 
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Since the pink area is common to both sets A and B, we can say that the pink 

area is A ∩ B 

A ∪ B is represented by the red, blue and pink areas 

A′ is represented by the white and blue areas, and B′ is represented by the 

white and red areas 

A′ ∩ B is represented by the blue area only, and B′ ∩ A is represented by the 

red area only. A′ ∩ B′ is depicted by the white area only 

A′ ∪ B = A′, and B′ ∪ A = B′. A′ ∪ B′ is shown by all the area except for the pink 

area 

 

Powers and Roots 

Powers 

The power of a number signifies how many times a number is multiplied by 

itself 

For ab, a is the base and b is the power of a. a is multiplied by itself b-1 times 

62 means multiplying 6 with itself once, which is 6*6 = 36 

Similarly, 24 means multiplying 2 with itself thrice, which is 2*2*2*2 = 16 

The power is also called the index (plural: indices) or exponent 

Any number raised to the power of 1 is itself, since it is not multiplied with itself 

any number of times; e.g. 51 = 5 

A negative power indicates the reciprocal of the number had it been raised to 

the positive power. So 3-2 is just 1/32 = 1/(3*3) = 1/9 

For two terms, na and nb, na*nb = na+b. Similarly, na/nb = na-b. 

n0 can be written as na-a where a can be any non-zero number. This can be 

simplified to na/na = 1. Hence, n0 = 1 for any real number, n. 

Roots 

Roots are functions that act inversely to powers 

A square root of a number is another number that when squared, equals the 

original number; e.g. the square root of 25 = 5, as 52 = 25 

The symbol ‘√’ depicts the square root 

If another number is written before the root symbol, it means the root of that 

respective power. So 3√ means the cube root. 3√27, for example, is 3; this is 

because 33 = 27 

Roots can be depicted as reciprocals of the original powers. So √2 is just 21/2 

Note that a square root always returns a positive value, but when solving for x2 

= y, both the positive and negative values of the root of y are considered. This 

applies to all even powers for x 
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The following table shows some more complex properties of powers and 

roots: 

 

Property Example 

(am)n = amn (33)2 = (3*3*3)*(3*3*3) = 36 = 33*2 

am/n = n√am 33/2 = 33 * 1/2 = (33)1/2 = √33 

(a/b)n = an/bn (1/3)2 = (1/3)*(1/3) = (1*1)/(3*3) = 

12/32 

(a/b)-n = bn/an (5/6)-1 = 1/(5/6) = 6/5 = (6/5)1 

 

Topic: Limits of Accuracy (1.10) 

 
Major Terms and associated formulas: 

 

Error: 

Range of numerical where actual value lies. 

Formula:            

                         Error = Scale Value / 2 

   *Scale value: The value which is physically readable on scale.  

Solved example: 

  Q: A rectangle has length 10 cm and width 6cm. Both measurement are        

                             nearest to cm. Find the error. 

  Solution: 

  *Nearest to cm = 1cm = Scale value 

   

   ½= 0.5 cm                                        Error = 0.5 cm 

                                

Upper Bound: 

It means how high a number could be before rounded 

Formula: 

          Upper bound = Error + Actual value       

Lower Bound: 

   

It means how low a number could be before rounded 

Formula: 

                  Lower bound = Actual value - Error       

Solved example: 

  Q: A rectangle has length 10 cm and width 6cm. Both measurement are        
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   nearest to cm. Find the upper and lower bound of both  

     measurements. 

  Solution: 

  *First we would find the error 

   

   ½= 0.5 cm                                        Error = 0.5 cm 

              *Now apply above formula of upper and lower bound. 

   

  Upper Bound = 10 + 0.5                                  = 6 + 0.5  

            = 10.5 cm                                 = 6.5 cm 

Lower Bound = 10 - 0.5                                  = 6 - 0.5 

                       = 9.5 cm                                    = 5.5 cm     

 

                  

Rules of using upper and lower bound in multiplication or division: 

Multiplying two numbers together: T =a × b 

 The upper bound of T can be found by multiplying together the upper    bound of 

a and the upper bound of b. 

 

The lower bound of T can be found by multiplying together the lower bound of a 

and the lower bound of b. 

 

  Dividing a number by another number: T =a ÷ b 

 

  The upper bound of T can be found by using the upper bound of a        

   and dividing it by the lower bound of b 

 

             The lower bound of T can be found by using the lower bound of a  

             and dividing it by the upper bound of b 
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Solved Past Paper Question: 

 
 

 

Topic: Ratio and Proportion  (1.11) 

 
Major Terms and associated formulas: 

 

Ratio: 

It is a way of comparing one part of a whole with another. 

Example: If a cake were sliced into 8 pieces, and shared in the ratio 6:2, this means 

that person A receives 6 pieces, and person B receives 2 pieces. 

Simplifying Ratio: 

Let's consider the first given example.  

The ratio is 6:2 

We could also express this ratio as 3:1, even though we still have 8 pieces. 

Both sides of the ratio have been divided by 2 

The amount that each person gets relative to the other is still the same. 

In this case, person A receives 3 times as much as person B. 

        Using Ratio to find fraction: 

Let's consider the first given example.  

The ratio is 6:2 

Person A receives 6 pieces out of 8, or  6 / 8 of the cake 

This could be simplified to of the pizza 3 / 4 

Person B received 2 slices out of 8, or  2 / 8 of the cake 

This could be simplified to  1 / 4 of the pizza. 

 

 Combining 2 ratios into 3-part ratios: 

Example: A farm has 85 animals 
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Ratio of cow to sheep 2:3 

Ratio of sheep to goat 6:7 

We need to find a combined, 3-part ratio that shows the relative portions of all the 

animals together 

Notice that sheep appear in both ratios, so we can use sheep as the link between 

the two 

C:S = 2:3 and S:G = 6:7 

We can multiply both sides of the C:S ratio by 2, so that both ratios are comparing 

relative to 6 sheep 

C:S = 4:6 and S:G = 6:7 

These can now be joined together 

C:S:G = 4:6:7 

We can now use this to share the 85 animals in the ratio 4:6:7 

There are 17 parts in total (4 + 6 + 7 = 17) 

Each part is worth 5 animals (85 ÷ 17 = 5) 

There are 20 cows (4 × 5), 30 sheep (6 × 5), and 35 goats(7 × 5) 

 

Working with Proportion: 

A way of talking about how two variables are related to each other 
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Solved Example: 

 

 
 

Topic: Rates (1.12) 

 
Major Terms and associated formulas: 

 

Compound Measure: 

Compound measure is something that is calculated by using more than one 

measurement. 

Example: 
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Speed – how much the distance changes for each unit of time 

Density – how heavy something is for each unit of its area or volume 

Pressure – how much force is applied to an object for each unit of its area 

Flow rate – how much the volume changes for each unit of time 

Population density – how many people there are for each unit of area 

 

Formulas: *Required formulas according to the question will be given. 

Speed = Distance / Time 

Density = Mass / Volume 

Pressure = Force / Area 

 

Understanding Time Units 

 
(Time is one of the simplest concepts in the igcse mathematics syllabus which 

can give you a lot of problems if you have a weak foundation of the basic 

concept.)  

We know that an hour hand takes 12 hours to go round the clock. It goes round the 

clock twice in a day so, 1 day = 24 hours. The minute hand takes 60 minutes to 

complete one round on the clock. So, 1 hour = 60 minutes. 

Again, we know that there are 12 months in a year. The months of January, March, 

May, July, August, October and December have 31 days. The months of April, June, 

September and November have 30 days. The month of February has 28 or 29 days. 

In a week there are 7 days. 1 day is equal to 24 hours. 

The standard units of time are: 

 

1 hour = 60 minutes 

 

1 minute = 60 seconds 

 

1 hour = 60 minutes = 3600 seconds (60 × 60) 

1 day = 24 hours 

 

1 week = 7 days 

 

1 year = 365 days 

 

            This simple but concise graph covers all the conversions you will  need to 

know to attempt any questions about time. 

 

Difference between 12 and 24 hour clock 
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1.  12-Hour Clock: 

This clock divides the day into two halves: AM and PM. 

1:00 AM is 1 hour after midnight 

1:00 PM is 1 hour after noon 

2.  24-Hour Clock: 

This clock counts all the hours of the day from 0 to 23. 

It starts at midnight as 00:00 and goes up to 23:59, just before the next 

midnight. 

1:00 AM is written as 01:00. 

1:00 PM is written as 13:00. 

 

(Imagine you have a pizza that you cut into two halves. The first half is 

from midnight to noon (12 slices), and the second half is from noon to 

midnight (another 12 slices). In a 12-hour clock, you use the same 

numbers (1 to 12) twice. In a 24-hour clock, you keep going up to 23.) 

 

Question: If it’s 3:00 PM on a 12-hour clock, what would it be on a 24-

hour clock? 

Answer: It would be 15:00 on a 24-hour clock because you add 12 to the PM 

time (3 + 12 = 15). 

The difference between different time zones 

A time zone is a part of the world where everyone sets their clocks to the 

same time. 

Question: If it’s 3 PM in Tokyo (which is in a time zone that is 9 hours 

ahead of London’s time zone), what time is it in London ? 

Since Tokyo is ahead, you’ll need to subtract 9 hours from 3 PM! 

3 PM in Tokyo minus 9 hours = 6 AM in London. 

So, when it’s 3 PM in Tokyo, it’s 6 AM in London. 

 

 



 

20 

 

 

(Just make sure you read the question carefully so you do not make any 

silly mistakes, leaving that the question is simple addition and 

subtraction.) 

Basic Time Calculation: 

Adding Time: 

Question: If you start watching a movie at 2:30 PM and it lasts for 2 hours and 

15 minutes, what time will it be when the movie ends? 

Answer: 4:45 PM 

Subtracting Time: 

Question: A train departs at 11:20 AM and arrives at its destination at 1:10 

PM. How long is the journey? 

Answer: 1 hour and 50 minutes 

Converting Time: 

Question: Convert 150 minutes into hours and minutes. 

Answer: 2 hours and 30 minutes 

(The questions are a mix of these three conversions.) 

  

Question: If a train departs at 10:15 AM and arrives at 1:45 PM, how long is 

the journey? 

From 10:15 AM to 1:15 PM is 3 hours, then from 1:15 PM to 1:45 PM is 30 

minutes. 

Total journey time = 3 hours 30 minutes. 

 

 

( Always remember to note AM/PM in questions. Double-check the time 

zone differences before calculating.Be aware of Daylight Saving Time 

changes in your calculations. ) 

 Money  

Money refers to the day-to-day currency that we use to buy items and for 

trading. In the IGCSE Mathematics, you would be expected to be familiar with 

basic arithmetic money calculations and conversions from one type of 

currency to another.  

 

1.1 Calculations with Money: 

For the 0580 Extended Course, you should be familiar with the following 

arithmetic operations:  

1. Addition= +  

2. Subtraction = −  
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3. Multiplication = ∗  

4. Division = /  

Let’s take a question for an example.  

Ali bought 10 candies for 12 dollars. Ahmed bought 15 candies for 18 dollars. 

They both paid collectively with a 50 dollar note. Calculate the total money 

paid for the bill and the change they will receive.  

Reading the question more carefully makes us realise that we have to find two 

things:  

1. Total money paid by them :  

We might have to add the money paid by both Mtotal = Mali + Mahmed (1)  

2. Change they will receive which is the amount of money they will receive 

back so can be calculated as:  

C = 50 − Mtotal (2)  

So now let’s find out the individual answers. We know that the item bought by 

Ali costed 12 dollars and the item bought by Ahmed costed 18 dollars so we 

can say: 

 Mtotal = Mali + Mahmed (3)  

1 Mtotal = 12 + 18 (4)  

Mtotal = 30 (5)  

So we can say their bill was 30 dollars.  

Now for the change, we can calculate it as:  

C = 50 − Mtotal (6)  

C = 50 − 30 (7)  

C = 20 (8)  

So after paying with a 50 dollar bill, the change they will receive back would 

be 20 dollars.  

1.2 Conversions between currencies  

This part of the syllabus aims to assess your ability to convert from Currency 

A to currency B by using a multiplying factor, which will always be given in the 

question.  

let’s consider the following question to understand the expected concept:  

1 dollar = 0.89 euros.  

Ali spent 50 dollars on his trip to Paris. Ahmed spent 70 euros on his trip to 

Spain. Calculate the number of euros spent by Ali and the number of dollars 

spent by Ahmed.  

Again, let’s work part by part.  

For the first, we’ve been asked to calculate and convert the dollars spent by 

Ali to euros so using the conversation rate we can say 
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(D stands for dollars and E stands for euros):  

1D = 0.89E (9)  

50D = 0.89 ∗ 50E (10)  

50D = 44.5E (11)  

Therefore, we can say that Ali spent 44.5 euros on his trip to Paris.  

 

Now, for the next part, we have to do the opposite:  

converting euros to dollars so we can say:  

1D = 0.89E (12)  

1E = 1 0.89 E (13)  

70E = 1 0.89 ∗ 70E (14) 

 70E = 78.7E (15)  

Thus, the answer can written as 78.7 euros, correct to three significant figures.  

2.2 Exponential Growth and Decay Exponential growth  

Refers to when a population of a sample grows very fast:  

for example every hour it doubles.  

Exponential decay refers to when a sample population decreases very rapidly: 

for example every hour it halves. In either case, there’s always a specific 

multiplying factor that’s used to find the value at the next hour. For exponential 

growth the factor would be greater than 1 and for decay, it would be less than 

1. In either scenario, it would be positive (greater than 0).  

2.1 Population Change  

Let’s consider population growth as an example. Assume that there’s a 

population of bacteria growing in a laboratory. Every hour, the population 

doubles. Initially, the population was 2000. Find the population at the 5th hour.  

For question like this you have to form an exponential equation, because even 

thought you can do it manually to get 4000, 8000, 16000, 32000 and so on, 

but sometimes the time can be very big so you need a formula to simplify 

things for you.  

 

The general formula for such a case can be written as: P = Po(f) n (16)  

Here P represents the final population size,  

Po represents the initial population size,  

f is the factor by which it’s growing or decaying and  

finally n is the total time after which it’s being observed.  
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Since it’s doubling for our question, we can say that f is 2, the initial population 

Po would be 2000 and n would be 5 hours, therefore we can write it as: P = 

2000(2)n (17) P = 2000(2)5 (18) P = 64000 (19)  

 

This makes it easier, right? Similarly if the question changed to exponential 

decay and instead of doubling, the population was halving the general formula 

could’ve been written as:  

P = 2000(1 2 ) n (20)  

Here, it would half every time. If they said it was decrease by a factor of 3 then 

it would’ve been:  

P = 2000(1 3 ) n (21)  

This same concept it also utilised in the compound interest formula: C = P(1 ± 

r 100 ) n (22)  

 

3 3 Surds 

 

Surds are values in square roots that can’t be further simplified into a easier 

form.  

Let’s say we have square root of 40. If you put that in a calculator, it will, 

instead of outputting √ 40 give you the answer 2√ 10. Why? . 

 

The second form is the simplest form of √ 40. In this section we’ll learn how to 

solve and simplify surds.  

3.1 Simplifying Expressions involving surds  

Let’s say we have a surd √ 60 and we have to simplify it. For any question, the 

steps to be followed are:  

1. For the number inside the square root, break it down into its factors as 

simply as possible so for 60 we can write it sequentially in fragments as:  

(a) 2 ∗ 30  

(b) 2 ∗ 2 ∗ 15  

(c) 2 ∗ 2 ∗ 3 ∗ 5 2.  

Those numbers that appear in pairs, write them in exponent notation: so in the 

case of 60 as the number ’2’ appears two times, we can write the factors as 

22 ∗ 3 ∗ 5 3. The number that appeared in pairs and were subsequently put 

into the exponent form, bring the single number out of the root so we write it 

as:  

2 p (3 ∗ 5) (23) 2 √ 15 (24)  

Thus, this will be your final answer.  
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The property being used in these steps is as follows:  

√ a = √ x ∗ y = √ x ∗ √ y = x √ y (25)  

Here a is basically the initial number, x and y are your factors and they can be 

split into separate square roots. Assuming that x appeared in a pair, its 

squared root can be cut and will be be only left as a single number outside the 

square root. The remaining number y will remain inside in its initial form.  

3.2 Rationalisation of Surds  

Rationalisation refers to the process of changing a fraction that has surd in its 

denominators into a denominator with a whole number. The procedure for it, in 

general form, is as follows: 

 4 1. Look at the denominator and find its real conjugate:  

conjugate refers to the alternate form of the denominator so for single surds 

like √ 5 its the same √ 5 but for denominators like 1 + √ 5, always change the 

sign in between to find the conjugate as 1 − √ 5 so as a rule of thumb: 

 for compound conjugates, if there’s a plus sign, change it to a minus and if 

there’s a minus, change it to a plus sign. 

 2. Multiply the surd fraction’s numerator and denominator given in the 

question with the conjugate your just found.  

3. Use basic algebraic simplifications or sometimes surd simplification to give 

the final answer in the simplest terms possible. Let’s consider an example as 

follows:  

Simplify 2 1+√ 5  

Now we can simplify it as: 

 2 1 + √ 5 ∗ (1 − √ 5) 1 − √ 5 (26) 2(1 − √ 5) (1 + √ 5)(1 − √ 5) (27)  

 

2(1 − √ 5) (1 + √ 5)(1 − √ 5) (28) 2(1 − √ 5) (12 − ( √ 5)2 (29) 2(1 − √ 5) (1 − 5 

(30) 2(1 − √ 5) −4 (31) 1 − √ 5 −2 (32)  

 

Multiplying out by -1 gives us the final answer as: √ 5 − 1 2 (33)  

 

 

 

 

 

 

 

 

 



 

25 

 

 
UNSOLVED PAST PAPER QUESTIONS; 
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ANSWER KEY:  
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Unit 2: Algebra and Graphs 
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2.1 Algebraic Notation 
What is algebraic notation? 

When writing expressions in algebra (as opposed to sums in numbers) there are 

conventions and symbols that are used that take on a particular meaning 

This is what we mean by algebraic notation 

In number work, for adding and subtracting, we use + and – 

In algebra, we still do! 
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Examples: 

a + b 

c + d – e 

However for multiplication, no symbol is used, and for division, fractions are used 

Examples: 

ab (means a × b) 

(means a ÷ b) 

3ab (means 3 × a × b) 

We can have combinations of these of course 

Powers (indices) and roots are used the same way as with numbers 

Examples: 

a2 means a × a 

4a2 means 4 × a2 

With the order of operations, a2 will happen before multiplying by 4 

Brackets also work in the same way as with numbers 

How will I need to use algebraic notation? 

Algebraic expressions are used in many parts of the course 

You need to be able to understand their meaning and work with them 

e.g. for rearranging a formula 

You may be given a situation in words that you then have to write in algebra 

Which could lead to an equation you may then have to solve 

Worked example 

At the start of a competition, Raheem has p conkers and Howard has 2q conkers. 

At the end of the competition Raheem still has the same number of conkers he 

started with but Howard won 6 and lost none. 

  

(a) 

Write down an expression for the number of conkers that Howard has at the end of 

the competition. 

Howard has 2q + 6 

At the end of the competition, Raheem and Howard have a total of 40 conkers. 

  

(b) 

Write an equation in terms of p and q that shows the number of conkers Raheem 

and Howard have in total at the end of the competition. 

  

p + 2q + 6 = 40 

This can be simplified to p + 2q = 34 

 

What is a term? 

A term is either… 

…a letter (variable) on its own, e.g. x 

..a number on its own, e.g. 20 



 

33 

 

 

…a number multiplied by a letter, e.g. 5x 

The number in front of a letter is called a coefficient 

The coefficient of x in the term 6x is 6 

The coefficient of y in the term -5y is -5 

Terms that are just numbers (with no letters) are called constants 

Terms can include powers and more than one letter 

E.g. 6xy, 4x2, ab3c, … 

What is a factor? 

A factor is any number or letter that divides a term exactly (with no remainder) 

E.g. all the factors of 4xy are 1, 2, 4, x, 2x, 4x, y, 2y, 4y, xy, 2xy and 4xy 

A term can be separated into factors that multiply together to give that term 

E.g. two factors of 5x are 5 and x 

To factorise means to write something as a multiplication of factors 

A common factor is one that divides both terms 

The highest (or greatest) common factor is 2x 

E.g. the common factors of 6xy and 4x are 2, x and 2x 

  What is an expression? 

An expression is an algebraic statement that does not have an equals sign 

There is nothing to solve 

An expression is made by adding, subtracting, multiplying or dividing terms 

E.g. 2x + 5y, b2 – 2cd, , … 

A single term can be an expression 

Expressions can be simplified (made easier) 

E.g. x + x + x  simplifies to 3x 

  What is an equation? 

An equation is an algebraic statement with an equals sign between a left-hand side 

and a right-hand side 

Both sides are equal in value 

E.g. if 2x has the same value as 10, then 2x = 10 

An equation can be solved by finding the missing values of the letters that make the 

left-hand side equal to the right-hand side 

x = 5 is called the solution 

E.g. the equation 2x = 10 is solved by x = 5 

  What is a formula? 

A formula is a worded rule, definition or relationship between different quantities, 

written in shorthand using letters 

The formula is w = mg 

E.g. weight, w, is mass, m, multiplied by gravitational acceleration, g 

It is common to substitute numbers into a formula, but a formula on its own cannot 

be solved 

To turn a formula into an equation, more information is needed 
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E.g. In the formula w = mg, if w = 50 and m = 5 then the equation 50 = 5g can be 

formed 

2.2Substitution 
What is substitution? 

Substitution is where we replace letters in a formula with their values 

This allows you to find one other value that is in the formula 

  

How do we substitute numbers into a formula? 

Write down the formula, if not clearly stated in question 

Substitute the numbers given, using brackets around negative numbers, (-3), (-5) etc 

Simplify any calculations if you can 

Rearrange the formula if necessary (it is usually easier to substitute first) 

Work out the calculation (use a calculator if allowed) 

  

Are there any common formulae to be aware of? 

The formula for the equation of a straight line is often used 

y=mx+c 
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WORKED EXAMPLE: 

 

Collecting Like Terms 
How do we collect like terms? 

TERMS are separated by + or – 

The sign belongs to the coefficient of the term after the symbol 

If there is no symbol in front of the first term then this is a positive term 

 

2x - 3y means +2 x's and -3 y's 

“LIKE” terms must have exactly the same LETTERS AND POWERS (the 

COEFFICIENT can be different) 

Examples of like terms:  

2x and 3x 

2x2 and 3x2 

2xy and 3xy 

4(x + y) and 5(x + y) 

Examples that are NOT like terms 
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2x and 3y (different letters) 

2x2 and 3x4 (different powers) 

2xy and 3xyz (different letters) 

4(x + y) and 5(x + y)2 (different powers) 

Remember multiplication can be done in any order 

xy and yx are like terms 

Add the COEFFICIENTS of like terms 

If the answer is a positive answer then put "+" in front if there are other terms before 

it 

x - 2y + 5y = x + 3y 

If the answer is a negative number then put "-" in front 

x - 5y + 2y = x - 3y 

 
 

2.6  Inequalities Notes 

 

1. Understanding Inequalities 

An inequality compares two values and shows the relationship between them. 

Common symbols: 

< less than 

> greater than 

≤  less than or equal to 

≥ greater than or equal to 

2. Types of Inequalities 

Linear inequalities  

Quadratic inequalities 

3. Solving Linear Inequalities 

Step 1: Isolate the variable (similar to solving equations). 

Step 2: If you multiply or divide by a negative number, reverse the inequality sign. 

4. Solving Quadratic Inequalities 

Step 1: Factor the quadratic expression (if possible). 
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Step 2: Find the roots (where the expression equals zero). 

Step 3: Test intervals to determine where the inequality holds. 

 

5. Representing Solutions on a Number Line 

Open Circle: Use for < and > (not including the endpoint). 

Closed Circle: Use for ≤ and ≥ (including the endpoint). 

 

 
 

6. Graphical Representation of Quadratic Inequalities 

Use a number line or a coordinate plane to show the regions where the inequality is 

satisfied. Then plot the roots and use open or closed circles depending on the 

inequality sign. 

(Always check your solutions by substituting back into the original inequality.  
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When graphing, clearly label your number lines and intervals. Practice with 

various types of inequalities to solidify your understanding.) 

 

2.7 Sequences Notes 

1. Understanding Sequences 

                       A sequence is an ordered list of numbers, called terms. A rule or 

formula can describe sequences. 

 

2. Simple Sequences 

A simple sequence can be generated by counting or adding a constant. 

 
 

3. Linear Sequences 

A linear sequence has a constant difference between consecutive terms. 
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4. Finding Terms in Linear Sequences 

To find a specific term, substitute n into the general term formula. 

 
5. Quadratic Sequences 

A quadratic sequence has a second difference that is constant. The difference 

between the terms changes linearly. 

 

General form 

a, b, c (constants) 

Finding the formula: 

Identify the first differences (subtract each term from the next). 

Identify the second differences (subtract the first differences). 

Use the values to form a system of equations to find a, b, and c. 
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(Identify the type of sequence before trying to find a general term. Always 

check your terms by substituting back into the formula. Practice different 

types of sequences to strengthen your understanding.) 

 

The next page has a cheat sheet for you guys, showing the different sequences that 

might appear in the exam. 
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Interpreting Graphs 

Interpreting graphs involves understanding what the shape of a curve represents in 

real life situations. We should also understand what slope means and how to 

interpret what a high or low slope value represents. An understanding of plotting 

points is also important. Graphs communicate important quantitative information in a 

visual format. Using this form of representation, students must be able to: 

●       Elicit key information 

●       Extract the basic information 

●       Draw conclusions 

●       Compare and contrast situations and 

●       Provide recommendations. 

Solution of Equations 

Accurately drawn graphs enables us to find approximate solutions to a wide range of 

equations, many of which are impossible to solve exactly ‘conventional’ methods. 

●       Draw the graph of a given function for given range. 

●       To find the solutions of equation rearrange the equation so that the function 

already plotted is on one side. 

●       Draw the graph for the other side of the equation. 

●    Now the  values of the point of intersection are the solutions of the equation. 

Distance-Time Graph 

When a distance-time graph is drawn the gradient of a graph gives 

the speed of an object. (Because) 

●       O to A: constant speed 

●       A to B: speed goes down to zero 

●       B to C: at rest 

●       C to D: accelerates (speed is increasing) 

●       D to E: constant speed (not as fast as O to A) 

Speed-Time Graph 

When a speed-time graph is drawn the gradient of a graph gives the acceleration of 

an object and area under the graph tells us about the distance travelled by that 

object. ( 

Turning Points 

A turning point (also known as stationary point) is a point on a graph where the 

gradient is zero. One method that can be used to find the turning points of a certain 

graph is completing the square method. When the quadratic function is written in the 

form  the coordinates of the turning point on the graph are (a, b). This method is 

used to find the turning points on a quadratic graph, but for other graphs (for 

example cubic graphs) this does not work. For such graphs we use gradient 

functions. 

Gradient Functions 
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The gradient function is called the derivative function and, if, it is denoted by  (the 

derivative of  with respect to, or  by, or using the notation. 

The rule for finding the derivative function for integer powers of  is: 

 (‘Multiply by power and reduce by one.) 

The process of finding the derivative function is differentiation. (Constant term 

disappears). To find the gradient of a curve at a particular point, substitute the given 

x-value into the derivative function. 

Turning points of the graphs (and quadratic graphs) can be found by setting the 

derivative function equal to zero and solving the resulting equation. 

Second Derivative 

There are two type of turning points in the graphs, maximum and minimum. Find the 

second derivative and substitute the coordinates of the turning point in. The sign of 

the second derivative determines whether the point is maximum or minimum. 
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SOLVED EXAMPLE: 
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What is a function? 

A function is a combination of one or more mathematical operations that takes a set 

of numbers and changes them into another set of numbers 

 

It may be thought of as a mathematical “machine” 

For example, if the function (rule) is “double the number and add 1”, the two 

mathematical operations are "multiply by 2 (×2)" and "add 1 (+1)"   

Putting 3 in to the function would give 2 × 3 + 1 = 7 

Putting -4 in would give 2 × (-4) + 1 = -7  

Putting x  in would give 2x+1 

The number being put into the function is often called the input 

The number coming out of the function is often called the output 

What does a function look like? 

A function f can be written as f(x) = … or f : x ↦ … 

These two different types of notation mean exactly the same thing 

Other letters can be used. g, h and j are common but any letter can technically be 

used 

Normally, a new letter will be used to define a new function in a question 

For example, the function with the rule “triple the number and subtract 4” would be 

written 

Fx=3x-4    

In such cases, x would be the input and y would be the output 

Sometimes functions don’t have names like f and are just written as y = … 

eg. 3x-4 

How does a function work? 

A function has an input x and output f(x) or y 

Whatever goes in the bracket (instead of x)with f, replaces the y on the other side 

This is the input 

If the input is known, the output can be calculated 

If the output is known, an equation can be formed and solved to find the input 

Composite Functions 
What is a composite function? 

A composite function is one function applied to the output of another function 

Composite functions may also referred to as compound functions 

What do composite functions look like? 

The notation you will see for a composite function is fg(x) 

This can be written as f(g(x)) and means “f applied to the output of g(x)”  

i.e. g(x) happens first 

Always apply the function on the outside to the output of the function on the inside 

gf(x) means g(f(x)) and means “g applied to the output of f(x)”  

i.e. f(x) happens first 

How does a composite function work? 



 

49 

 

 

If you are putting a number into fg(x) 

STEP 1 

Put the number into g(x) 

STEP 2 

Put the output of g(x) into f(x) 

If you are using algebra, to find an expression for a composite function 

STEP 1 

For fg(x) put g(x) wherever you see x in f(x) 

STEP 2 

Simplify if necessary 

 

An inverse function does the exact opposite of the function it came from 

For example, if the function “doubles the number and adds 1” then its inverse is 

“subtract 1 and halve the result” 

It is the inverse operations in the reverse order 

How do I write inverse functions? 

An inverse function f-1 can be written as F-1 (x) 

How do I find an inverse function? 

The easiest way to find an inverse function is to 'cheat' and swap the x and y 

variables 

Note that this is a useful method but you MUST remember not to do this in any other 

circumstances in maths 

STEP 1 

Write the function in the form y=.. 

STEP 2 

Swap the Xs and Ys to get x = 

STEP 3 

Rearrange the expression to make y the subject again 

STEP 4 

Write as f-1(x) = … (or f-1 : x ↦ …) 
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UNSOLVED PAST PAPER QUESTIONS; 
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ANSWER KEY; 
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UNIT 3: Coordinate Geometry 

 

 



 

57 

 

 

 

 

 

 

 

 

 

 

  

 
Major Terms and associated formulas: 

 

Gradient: 

Gradient can be called as slope and is represented by a letter m. 

Formula:                                     

Solved example: 

 

                              

 
Distance: 

It can be known as length or segment and is represented by d. 
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Formula: 

               
Solved Example: 

 
Midpoint: 

   

Formula:  

 
 

Solved example: 

Case 1: 
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Case 2: 

 
 

Cartesian Plane: 

                        
Key points: 

 

“Points are collinear” 

Explanation:  

All points lie on the same plane/ same line 
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So, m of PQ = m of QR = m of PR 

“Diagonals length are same” 

Explanation:  

Frequently this sort of concept associated in a question does come where a quadrilateral 

shape is made and 3 coordinates of it are given. Then they ask you to find the 4th 

coordinate. 

First step to solve this question is to figure out whether these shapes(listed in next bullet 

point) are being made by given coordinates or not. 

Rectangle, square, parallelogram, kite, trapezium and rhombus are the only 

quadrilateral whose diagonal lengths are the same.   

Hence, if these shapes are identified you can apply this formula:  

   x1+x3 = x2 + x4      and     y1+y3 = y2+y4 

 

Solved example:        

      
 

Equation of straight line:  

General form : y=mx+c  

Key:  

x and y are coordinates of line 

m = gradient/slope of line 

c = y intercept of line 

Gradient/slope/m rules in straight line: 

When the line is parallel to the x-axis m=0 
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When 2 lines are parallel on the cartesian plane, both lines gradient/slope/m are equal. 

 
When 2 lines are perpendicular (intersecting each other at angle of 90), both line 

gradients/slope/m whenever multiplied is equal to -1. 

       (m1)(m2) = -1 
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Solved example: 
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UNSOLVED PAST PAPER QUESTIONS; 
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ANSWER KEY:  
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UNIT4 : GEOMETRY 
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Necessary terms, concepts and formulas 

 

Angles: Appearing in most IGCSE Geometry based questions, angles are formed when two 

straight lines intersect each other at a point and the corresponding angular distance between 

those two lines is called an ‘angle’. Some of the rules relating to angles are shown below. 

 

Angles on a straight line always add up to 180° 

                                                           

 
Angles at point always add up to 360° 

                                                  
Vertically opposite angles are always equal to each other 

                                                              
The sum of all angles of any triangle add up to 180° 

Side Note:  

An Isosceles triangle has 2 equal sides and 2 equal angles 

An Equilateral triangle has 3 equal sides and 3 equal angles 

A Scalene triangle has 0 equal sides and 0 equal angles 

A Right-Angled triangle has one angle which is 90° (it will be talked in more detail in later 

pages) 
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The sum of all angles in a quadrilateral is 360°  

 

                                                   
Polygons: A closed 2-Dimensional shape formed when straight line segments meet at their 

endpoints. The line segments are called sides, each endpoint is called a vertex. The 

formulas for each type of question appearing in IGCSE examinations relating to Polygons 

are shown below. 

 

The exterior angles of a polygon add up to 360° (a°+b°+c°+d°+e°=360°) 

 

                                                               

The sum of the interior angles of a polygon is denoted by the formula ‘(n–2)x180’ where 

n= number of sides of the polygon. In a regular polygon all sides are equal. 

 

 

 

 

Circle Theorems: The properties that illustrate the relationship between angles and the 

shapes residing inside a circle. Key properties that will be tested on your IGCSE 

examinations are listed below. 

 

Cyclic quadrilateral: The opposite angles within a quadrilateral which lies on the 

circumference of a circle always add up to 180° 
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Alternate segment theorem: The angle that lies between the tangent and the chord is equal 

to the angle subtended by the same chord in the alternate segment 

                                                               

 

Angle at the center theorem: The angle at the center is twice the angle at the circumference 

 

                                                                           

 
Chord of a circle: The perpendicular from the center of the circle to a chord bisects the chord 

making an angle of 90°  
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Tangent to a circle: The angle between the tangent to the circle and the radius is always 90°. 

Both Line AB and AD are tangent to the circle and form 90°  angles with the radius 

                                                               
Symmetry: There will be two types of questions that will be tested in your IGCSE 

examinations: line of symmetry, and order of rotational symmetry  

 

 

 

Line of symmetry: A line of symmetry divides a shape or an object into equal parts. 

Examples can be seen in multiple geometric shapes such as a square or a kite etc. The kite 

can only be divided into 2 equal parts. Therefore, It has 1 line of symmetry. On the other 

hand, a square can be cut into 4 equal parts. Hence, it has 4 lines of symmetry. 
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Rotational symmetry: The order of rotational symmetry that a shape is the of times it 

coincides with itself as you rotate it through 360°. Examples include the Rectangle which has 

a rotational symmetry of 2. The Trapezium with a rotational symmetry of 1etc. 

 

 

Similarity: Shapes which are similar in the sense that they have the same angles, and 

therefore, have the same ratio of side lengths as well. This allows us to calculate side 

lengths of similar triangles as well as the area and volume of said shapes. For example, 

triangle ABC and DEF are similar. With AB being similar to DE and BC to EF. Then the ratio 

AB/DE= BC/EF can be used to find 1 of the side lengths if the other 3 are given. 

 

 

 

Congruency: Triangles are congruent when they have the same size, and corresponding 

angle measures and side length are congruent. The 4 types of congruency in triangles is 

shown below. 

 

SSS(Side-Side-Side): 3 sides are respectively equal. 

SAS(Side-Angle-Side): 2 sides are equal and the angle between the two sides should be 

equal. 

ASA(Angle-Side-Angle): 2 angles are equal and the side length between them should be 

equal. 

RHS(Right angle-Hypotenuse-Side): Hypotenuse and one side should be equal. 
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UNSOLVED PAST PAPER QUESTIONS; 
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ANSWER KEY: 
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UNIT 5: Mensuration  
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Notes 

Units of Measure 

The metric system is the international standard for assigning units to different 

quantities to measure them. The table below shows these quantities and the 

different units used to measure them, as well as the prefixes commonly used 

for each: 

 

Quantity Units Common Prefixes 

Mass g (gram) k (kilo) 

Length m (metre) m (milli), c (centi), 

k (kilo) 

Area m2 (square metre) m (milli), c (centi), 

k (kilo) 

Volume m3 (cubic metre) m (milli), c (centi) 

Volume/Capacity l (litre) m (milli) 

 

Note: a cubic centimetre is the same value as a millilitre. 

 

The following table shows the indices represented by each prefix: 

 

Prefix Indice Factor 

m (milli) 10-3 (1/1000) 

c (centi) 10-2 (1/100) 

k (kilo) 103 (1,000) 

 

To convert from one unit to another, these factors are taken into account. To 

convert from a smaller unit to a bigger one, the value is divided, whereas to 

convert from a bigger unit to a small one, the value is multiplied. For example, 

to convert from centimetres to kilometres, the value is divided by 100,000. 

When dealing with square or cubic values, the factor is squared or cubed  
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respectively. For example, to convert from cubic metres to cubic millimetres, 

the value is multiplied by 10003. 

 

Area and Perimeter 

The area of a 2-D shape refers to the space that the shape takes up. The 

perimeter of a 2-D shape refers to the length of the boundary. The following 

table shows some shapes and the formulas used to find their 

areas/perimeters. 

 

Shape Diagram Formula for 

Area 

Formula for 

Perimeter 

 

 

 

Square 

 

 

 

 

 

l2 

 

 

 

 

4×l 

 

 

Rectangle 

 

 

 

l×w 

 

 

2l+2w 

 

 

 

Triangle 

 

 

 

 

½×b×h 

 

 

 

a+b+c 

 

 

Trapezium 

 

 

 

½×h×(a+b) 

 

 

a+b+c+d 
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Parallelogram 

 

 

 

a×h 

 

 

2×a+2×b 

 

 

Circles, Arcs, and Sectors 

Circumference: The circumference of a circle is its curving perimeter. 

Diameter: The distance from one point on a circle’s circumference to another, 

and passing through the centre of the circle. (Denoted by d) 

Radius: The distance from any point on the circumference to the centre. 

(Denoted by r) 

Chord: A line connecting any two points of a circumference. 

π: A constant that represents the ratio of any circle’s circumference to its 

diameter. π ≈ 3.142. 

 
A circle with key features labelled 

 

Formula for circumference of a circle: 2πr 

Formula for area of a circle: πr2 

 

Semicircle: A half-circle, as illustrated below 

 
A semicircle 
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Formula for circumference of a semicircle: πr 

Formula for perimeter of a semicircle: πr+2r 

Formula for area of a semicircle: ½×πr2 

 

 

Arc: A part of the circumference of a circle. 

Two points on a circumference of a circle will create two arcs: 

The smaller arc is known as the minor arc 

The bigger arc is known as the major arc 

Sector: A sector is the part of a circle enclosed by two radii (radiuses) and an 

arc. 

Two radii in a circle will create two sectors: 

The smaller sector is known as the minor sector 

The bigger sector is known as the major sector 

 
A circle with a marked sector in blue 

In the above diagram, the minor sector is the red area and the blue area, 

whereas the segment is just the blue area. The minor arc is the arc connected 

to the blue area, whereas the major arc is the rest of the circumference. 

The area of any minor sector with angle theta (θ) is θπr2/360°. 

The arc length of any arc with angle theta bound to its corresponding radii is 

θπr/180°. 

The perimeter of any sector with angle theta is θπr/180° + 2r. 

 

Volume and Surface Area 

Volume: The space taken up by a 3-D object. The three dimensions are 

length, width/breadth, and height/depth. 

 



 

88 

 

 

Surface Area: The total area of each face (flat or curved surface) of a 3-D 

object. 

The following table shows some 3-D shapes with the formulas used to 

calculate their volumes and surface areas. 

 

 

 

Shape Diagram Formula for 

Volume 

Formula for 

Surface Area 

 

 

Cube 

 

 

 

l3 

 

 

6l2 

 

 

Cuboid 

 

 

 

lwh 

 

 

2lw+2lh+2wh 

 

 

Prism 

 

 

 

Ah 

 

 

2A+h(a+b+c+…

) 

 

 

Cylinder 

 

 

 

πr2h 

 

 

2πr2+2πrh 

 

 

Sphere 

 

 

 

4πr3/3 

 

 

4πr2 
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Shape Diagram Formula for 

Volume 

Formula for 

Surface Area 

 

 

Hemisphere 

 

 

 

2πr3/3 

 

 

 

3πr2 

 

 

 

Regular 

Pyramid 

(With n 

faces) 
 

 

 

Ah/3 

 

 

A+B(n-1) 

 

 

 

Cone 

 

 

 

 

πr2h/3 

 

 

 

πr2+πrl 

 

The term prism refers to any solid with a uniform cross-section. 

The bases of prisms and pyramids can be any 2-D shape. 

The curved surface area of a cylinder is 2πrh, and for a cone, it is πrl. 

 

Compound shapes: These are 2-D or 3-D shapes that are formed by joining 

multiple 2-D or 3-D shapes together. Compound 2-D and 3-D shapes can also 

be formed by ‘cutting’ a shape out of another shape. Their respective 

perimeters and areas (for 2-D shapes), and surface areas and volumes (for 3-

D shapes), can be calculated by identifying the original basic shapes used. 
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A frustum is a compound 3-D shape that is made by cutting a small cone from 

a larger cone. In this case, a cone with radius r and height h is cut from a 

larger cone with radius R and height H to form a frustum. For 2-D shapes, 

there may be a common internal perimeter that should not be considered, and 

for 3-D shapes, there may be a common internal surface area that should not 

be considered either. Only external perimeters/surface areas are to be 

considered. 
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Questions 
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Q8a) - The distance marked as 20.1 cm comprises the width of the cuboid 

from one of its faces, and two instances of the height of the cuboid from two 

separate faces. Hence, 2H + W = 20.1 cm. Similarly, the distance marked as 

37.8 cm comprises two lengths and two heights. They are heights because 

once the net is folded, these lengths will be vertically upright. So 2H + 2L = 

37.8 cm. Given the ratio W:L = 1:2, we know that L = 2W. So 2H + 2(2W) = 

37.8 cm. 2H + 4W = 37.8 cm. Subtracting the other equation from this, we get  
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3W = 37.8 - 20.1 cm, so 3W = 17.7. This gives W as 5.9 cm. Substituting this 

value back into the first equation, we can find 2H, and then H as 7.1 cm. Now 

using this value of H, we can find 2L and thus L, and find it to be 11.8 cm. 

b) i) - We can calculate the base area as the area of an 18*15 cm rectangle. 

This yields 270 cm2. Since EDC is a right triangle, the height ED can be 

calculated as the square root of the difference of the squares of 24 and 18. 

This gives the height as root 252 cm. We can now use this into the given 

formula to find the volume as approximately 1480 cubic centimetres. Density 

is mass divided by volume, so in this case, it would be 800g/1480cm3, giving 

0.541g/cm3. 

b) ii) - We want to find angle EBD. We know that BD is the diagonal of the 

base rectangle, so it would be the hypotenuse of a right triangle with sides 15 

and 18. Thus, BD would be the root of the sum of the squares of 15 and 18, 

yielding root 549 cm. We know the height of the right triangle, EBD, which is 

the root of 26. Knowing the base and the height, we can use the trigonometric 

ratio of tan, which is the opposite over adjacent, to calculate the value of the 

tangent of the angle we want to find. This gives tan theta as root (252/549). 

Using the tan inverse function, also known as the arctan, we can calculate 

theta as 34.1 degrees. 
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Q5a)i) - The radius is half of the diameter, so if d = 8 cm, r = 4 cm. This can 

be directly plugged into the given formula with the height to give a volume of 

251 cm. (Final answer should be given in 3 s.f.) 

a)ii) - The slant height, also known as l, would be the hypotenuse of the 

triangle with base r, and height h. So in this case, with r = 4 and h = 15, l 

would be the root of the sum of the squares of 4 and 15, giving l = root of 241. 

This can be plugged into the formula for curved surface area to give it as 

195.08. The total area is this curved area summed with the base area which is 

simply the circle base’s area, which is pi into the radius squared. This gives a 

final area of 79.5 cm2. 

b)i) - 300 litres can be multiplied by 1000 millilitres per litre to give 300,000 

millilitres. Dividing this by 375 millilitres per second, we get 800 seconds, 

which when divided by 60, gives 13.33 minutes. 13 minutes is 780 seconds, 

so the remainder is 20 seconds. Thus, the time taken to fill the container is 13 

mins and 20 secs. 

b)ii) - The volume V is 300 litres, which is 300,000 millilitres, which is 300,000 

cubic centimetres. This can be divided by 100^3 cm^3 per m^3 to give 0.3 

cubic metres as the final volume. Using the formula for volume of a cylinder, 

and plugging in r, we can find h to be approximately 0.472 metres. 
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Q11a)i) - Since AB is meeting DC, we can find that the 28 cm side is the 

circumference of the cylinder. Using this into C = 2*r*pi, we can find the 

radius, r as approximately 4.46 cm. 

a)ii) - Volume is the product of pi, the radius squared, and the height; since we 

know the height would be AB or DC = 20 cm, we can simply plug in our values 

to get V = 1250 cm3. 

iii) - If BN is the diameter, we can then calculate that BN = 2*4.46 = 8.92 cm. 

AN is the hypotenuse of a triangle with the height AB and the base BN. So the 

tan of the angle we want to find would be AB/BN, and then using tan inverse, 

we can find the angle as 66.0 degrees (up to 1 decimal). 

b) - Using the information given, we know that h = 2r. So in the formula V = 

pi*r2*h, we can substitute h as 2r, to get V = pi*2*r3. Since V = 310 cm3, we 

can find r to be 5.29 using this formula (up to 3 significant figures). We know 

that l, the slant height, is the hypotenuse of a triangle with the radius as the 

base and the height as 2r. So l is the root of the sum of the squares of 5.3 and 

10.6, giving the slant height as approximately 11.9 cm. 
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Q8a)i) - We can find the ratio of the sides of the larger triangle to the smaller 

one as 12/8 = 1.5. The ratio of the areas would be 1.52, giving 2.25. If the 

smaller triangle has area 16, the larger one would have area 16*2.25 = 36 

cm2. 

a)ii) - The ratio of the volumes would be 1.53 = 3.375. If the smaller prism has 

volume 320cm3, the larger one would have volume 320*3.375 = 1080 cm3. 

Dividing this by the cross sectional area of the prism, which we already found 

to be 36, we would get the height/length of the prism, depending on its 

orientation. This is 30 cm. 

b) - Since the volumes are equal, we would set the volume of the cylinder as 

equal to the volume of the sphere. So pi*62*h = 4(pi*4.53)/3. Using this, we 

could then move all the terms except for h to the right hand side, to find h as 

3.375 cm. 
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c) - The cube’s volume would be 203, which would be 8000 

cm3. Dividing this by 40 spheres which would use this total 

volume, we get the volume of one sphere as 200 cm3. Substituting this value 

of V into the volume formula, we can find r to be 3.63 cm approximately. 

d) - Since the surface areas are equal, we would set the surface area of the 

cylinder as equal to that of the sphere. So 2*pi*x2+2*pi*x2*7/2 = 4*pi*R2. 

Simplifying the left hand side, we get 9*pi*x2 = 4*pi*R2. Dividing both sides by 

4*pi, we get R2 = 9x2/4. Taking the square root of both sides, we can get R in 

terms of x. This gives R = 3x/2. 
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Unit 6: Trigonometry 

 
 

Notes: 
 

Types of Triangles 

Equilateral Triangles 

All sides are of equal length 

All angles are equal to 60° 
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Isosceles Triangles 

2 sides are of equal length 

2 angles are equal 

Scalene Triangle 

None of the sides are equal 

None of the angles are equal 

Right-Angled Triangles 

One of the angles is equal to 90° 

 

 

 
Isosceles Triangles 

 

Area of Triangles 

 

There is one formula which can be used to calculate the area of any triangle.  

 

𝐴𝑟𝑒𝑎 =  
1

2
𝑎𝑏 ⋅ 𝑠𝑖𝑛(𝜃) 

 

𝑎 and 𝑏 are the 2 sides of a triangle and θ is the angle between those sides.  

 
The formula can be shortened for right angled triangles. If the lengths of the 

sides of the triangle which make the 90 degree angle are known, the formula 

can be used as follows: 
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𝐴𝑟𝑒𝑎 =  
1

2
𝑎𝑏 

 

𝑎 and 𝑏 are the 2 sides which make the right angle. sin(90) is 1 which is not 

written. 

 

Pythagorean Theorem 

 

𝑎2 + 𝑏2 = 𝑐2 

 

This theorem relates the lengths of the sides of a right angled triangle. C is the 

longest side of the triangle (hypotenuse) which is opposite of the right angle. A 

and B are the other 2 sides. 

 

 

Trigonometric Functions 
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The 3 trigonometric functions which you will study at this level are sin(θ), 

cos(θ) and tan(θ) where θ is an angle. These functions can only be applied to 

right angled triangles to find the values of missing sides and angles. Before 

understanding how to apply them, you need to be able to recognise the 

different sides of a triangle.  

 

 

 

 
 

The side opposite to the right angle is always called the hypotenuse. This is 

the longest side in a right angled triangle. The names of the other 2 sides 

change depending on which angle is being used in the function. For example, 

if angle A is being used, the side opposite to that angle will be called opposite. 

Once you have labelled the hypotenuse and opposite, the remaining side will 

be the adjacent side. If I take into account the angle at the top of the triangle, 

the opposite and adjacent sides will be switched.  

 

Sin Opposite Hypotenuse - SOH 

𝑠𝑖𝑛(𝜃) =
𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
 

Cos Adjacent Hypotenuse - CAH 

𝑐𝑜𝑠(𝜃) =
𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡

𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
 

Tan Opposite Adjacent - TOA 

𝑡𝑎𝑛(𝜃) =
𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡
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You need to remember this mnemonic to solve questions related to 

trigonometry. A different function is to be used depending on what side 

lengths/angles are given and each one is used for a specific scenario. Let's 

look at an example.  

 

 
 
The functions in red correspond to the angle a and the functions in blue 

correspond to the angle c. Here you can also see that the names of sides 

change depending on which angle is being looked at. Let’s look at an 

example.  

 

 
Look at the available data and what the question is asking for. Side length AB 

and angle ACB is given and we need to find side AC. First, label all the sides 

with respect to the angle ACB (done in red). Now identify which function will 

be applied. The opposite is known and the hypotenuse needs to be  
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calculated. The only function relating the opposite and the hypotenuse is sin. 

Plug in the values in the formula. Use your calculator to find the value of 

sin(30) and then find AC. 

  
In this example, 2 sides are given and angle needs to be found. Start off by 

labeling the sides with respect to θ. The 2 known sides are opposite and 

adjacent. The only function relating opposite and adjacent is tan. To find the 

value of θ from 𝑡𝑎𝑛(𝜃) = 1.4 you need to make use of inverse functions. Think 

of it as ‘moving’ the tan from one side of the equation to the other and in the 

process, the tan becomes 𝑡𝑎𝑛−1  (tan inverse). The equation will now be 𝜃 =

𝑡𝑎𝑛−1(1.4). Press shift and the tan button on your calculator to get to the tan 

inverse from where the value of θ can be found. The inverse method works 

with all 3 functions.  

 

Sine Rule 

 

The sine rule is different from the trigonometric function sin but it incorporates 

the sin function. It used to find missing sides and angles in non-right angled 

triangles. 

 
𝑠𝑖𝑛(𝑎)

𝐴
=

𝑠𝑖𝑛(𝑏)

𝐵
   

 

𝐴 and 𝐵 are sides and 𝑎 and 𝑏 are angles. It is important to note that the angle 

𝑎 must be opposite of the side 𝐴 and the same case with side 𝐵 and angle 𝑏. 
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In the above example, 2 sides and an angle are given and angle θ needs to 

be found. It is apparent that the angles and sides are opposite each other so 

the sine rule can be applied. θ can now be found.  

 

Cosine Rule 

 

The cosine rule, again, is different from the cos trigonometric identity but it 

incorporates it into its formula. This is also for non-right angled triangles. You 

will need to identify whether the sine or cosine rule needs to be applied 

depending on the known values in the question and what the question is 

asking for. 

 

𝐴2 = 𝐵2 + 𝐶2 − 2𝐵𝐶 ⋅ 𝑐𝑜𝑠(𝑎)  

 

𝐴, 𝐵 and 𝐶 are the sides of the triangle and angle 𝑎 is the angle opposite to 

side 𝐴. This is similar to the sine rule where the angle 𝑎 and side 𝐴 need to be 

opposite each other. Sides 𝐵 and 𝐶 are the remaining 2 sides. 
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In this example, it is apparent that the sine rule cannot be applied because no 

angle is known. The cosine rule must now be applied. Angle θ needs to be 

found and the side opposite θ is XY. Substitute values in the formula and find 

θ. 
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Questions 
October 2023 42 
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Q7a(i) - Angle of elevation from X to Q refers to the angle that the line XQ 

makes with the horizontal base or  how ‘elevated’ the line is, in degrees, from 

the base. 2 of the lengths are known so tan can be used to find the angle.  

 

Q7a(ii) - Using the vertical triangle XPR, PR can be found. Pythagorean 

theorem can be used to find the hypotenuse of triangle PQR, PQ.  

 

Q7b - Sine rule can be used to equate the ratios of the sin of the angle to the 

length opposite to that angle.  
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Q7c(i) - The formula for the area of a triangle is 
1

2
× 𝑎 × 𝑏 × 𝑠𝑖𝑛𝜃  where 𝜃 is 

the angle between the sides 𝑎 and 𝑏. Side lengths and area is known so angle 

can be found. 

 

Q7c(ii) - Cosine rule can be used here. 𝑎2 = 𝑏2 + 𝑐2 − 2𝑏𝑐 𝑐𝑜𝑠𝜃 where 

𝑎, 𝑏 and 𝑐 are side lengths and 𝜃 is the angle opposite to side 𝑎.  

 

Q7c(iii) - AD = 12.3 + BD. This gives AD in terms of BD. Cos can now be 

applied to get BD.  
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March 2024 42 

 
Q6a - Using the big triangle ABC as a whole, 2 angles a side length are 

known. AC can be found by applying the sine law.  

 

Q6b - Using triangle AMC, 2 side lengths and the angle in between them are 

known. Cosine law can be applied to find the remaining side AM.  
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Q6c - Shortest distance from a point to a line is always perpendicular to the 

line (a 90 degree angle is being made). The point at which the red line 

touches line BC can be named D. Using triangle ADB, the hypotenuse and an 

angle are known so the remaining side, AD, can be found.  

 

 

June 2023 41  
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Q2a - Using the vertical triangle ABE, 2 side lengths and its area are known. 

The angle between the lengths needs to be proven. Use the formula for the 

area of a triangle to prove the angle.  

 

Q2b - In the triangle ABE, 2 side lengths and the angle opposite to the 

unknown side is known. The cosine rule can be applied to find EA. 

 

Q2c - Shortest distance is the perpendicular distance. Another right angled 

triangle is formed from which the required length can be found.  

 

Q2d - Another triangle (FYB) needs to be formed for this question. Assume 

point Y is such that FY is the shortest distance from point F to line DC. This  



 

115 

 

 

 

 

shortest distance will be the same as the shortest distance calculated in the 

previous part because the triangles on both sides of the prism are identical. 

Triangle FYB can be assumed to be inside the prism for the purposes of 

understanding. The rectangle BCFE can be cut in half from its diagonal, BF, to 

give another triangle from which the length of BF can be found. This length 

can then be used in triangle FYB to find the required angle.  

 

Q2e - The main concept being tested in this question is unit conversions. The 

density is given in 𝑘𝑔/𝑚3 whereas the volume of the prism given in the 

question is given in 𝑐𝑚3. First of all, 𝑐𝑚3 needs to be converted into 𝑚3. To 

convert a quantity from 𝑐𝑚 to 𝑚, you need to divide it by 100. If a volume 

needs to be converted, the quantity must be divided by 1003. The volume in 

𝑚3 is now known. Rearrange the given formula for density to find mass in 

kilograms. Multiply this by 1000 to give the mass in grams, which is the final 

answer.  
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Q5a(i) - Cosine law will be applied because 2 sides and the angle in between 

them is known.  

 

Q5a(ii) - The vertical triangle BAX will now be used. A side and an angle is 

known, the other side can easily be found by using tan.  

 

Q5a(iii) - The other triangle, YAC, is now being used. 2 lengths, on either side 

of the right angle, are known and the area is asked for. Plug in the values of 

the lengths into the formula for the area of a right angle triangle to get the final 

answer. 

 

 



 

118 

 

 

 

 

 

Q5b - Angle RMQ is known so angle RMP can also be calculated because 

angles on a straight line add up to 180 degrees. Angles in a triangle also add 

up to 180 degrees so angle RPM can also be calculated. The sine rule can be 

used to find PM. Since M is the midpoint of line PQ, PM is equal to MQ. PM + 

MQ = PQ. The length of PM can be doubled to find PQ which is the quantity 

required by the question.  
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UNIT 7: Vectors and Transformation 

 
 

Transformation 

There are 4 types of transformation 

Reflection: 

An isometric transformation 

Line of reflection: An imaginary line across which a shape is reflected to 

create its mirror image.  

How can we reflect a shape? 
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STEP 1: 

From a point on the original object measure the perpendicular distance to the mirror 

line 

STEP 2: 

Continuing from that point on the mirror line, and in the same direction, measure the 

same distance again 

STEP 3: 

Mark the corresponding point on the reflected image at the position you have 

reached 

STEP 4: 

Join together the reflected points and label the reflected image 

 

1. Vertical lines (of the form x=k, for some number k) 

The perpendicular distance can be found by counting the number of squares 

horizontally from a point on the original object until you reach the mirror line 

2. Horizontal lines (of the form y=k, for some number k) 

The perpendicular distance can be found by counting the number of squares 

vertically from a point on the original object until you reach the mirror line 

3. Diagonal lines (of the form y=mx+c, see straight line graphs) 

Reflecting in diagonal lines can be much tricker 

The perpendicular distance can be measured directly using a ruler 

You can also count the number of squares horizontally and vertically until you reach 

the mirror line, e.g. 2 to the right, 3 down, then from the same point on the mirror 

line, count the number of squares vertically that was the previous horizontal distance 

and count the number of squares horizontally that was the previous vertical distance, 

e.g. 3 to the right, 2 down 

4. Double Reflections  

Double reflections are where the mirror line passes through the shape being 

reflected 

Part of the shape gets reflected on one side of the mirror line, the other part gets 

reflected on the other side 

How can I describe reflection? 

State that the transformation is a reflection 

Give the mathematical equation of the mirror line 

 

Rotation: 

Isometric 

How can we rotate the shape? 

The easiest way to draw a rotation is to use tracing paper, this should be available to 

you in an exam but you may have to ask an invigilator for it 
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STEP 1: 

Place the tracing paper over page and draw over the original object 

STEP 2: 

Place the point of your pencil on the centre of rotation 

STEP 3: 

Rotate the tracing paper the angle that has been asked for in the question, it will 

usually be an "easy" angle such as 90o, 180o or 270o 

STEP 4: 

Your tracing paper is in the position showing you where to draw the rotated image, 

carefully draw the image onto the coordinate grid 

How can we describe rotation? 

State that the transformation is a rotation 

State the centre of rotation (the point about which the object is rotated) 

State the angle of rotation (how many degrees around the point that the object has 

been rotated) 

State the direction of rotation (clockwise or anticlockwise, unless the angle is 180o, 

then a direction is not required) 

 

Enlargement:  

An enlargement is a transformation that changes the size of the shape 

The scale factor tells you how many times bigger each edge of the enlarged image 

will be compared to the corresponding edge on the original object 

If the scale factor is greater than 1, the enlarged image will be bigger than the 

original object 

If the scale factor is less than 1, the enlarged image will be smaller than the original 

object 

The position of a shape will also change with enlargement 

The orientation of the shape will be the same for a positive enlargement 

How can enlarge a shape? 

You need to be able to perform an enlargement (on a coordinate grid) 

STEP 1: 

Starting from the centre of enlargement, count the horizontal and vertical distances 

to 

one vertex on the original object 

STEP 2: 

Multiply the distances by the given scale factor 

STEP 3: 

Starting again from the centre of enlargement, measure the new distances and mark 

the position on the grid of the corresponding vertex on the enlarged image 

 

 



 

122 

 

 

The distances from the centre of enlargement to the enlarged image will be in the 

same direction for a positive scale factor and the opposite direction for a negative 

scale factor 

STEP 4: 

Repeat STEPs 1 to 3 for the remaining vertices 

STEP 5: 

Connect the vertices on the enlarged image and label it 

How can we describe an enlargement? 

You need to be able to identify and describe an enlargement when presented with 

one 

You must fully describe a transformation to get full marks 

For an enlargement, you must: 

State that the transformation is an enlargement 

State the scale factor 

Give the coordinates of the centre of enlargement 

 

Translation: 
What is a translation? 

A translation is the movement of a shape 

The size, shape and orientation (which way up it is) of the shape stays 

the same 
 How can we translate a shape? 

The movement of a translation is described by a vector 

You need to know how to write a translation using a vector (rather than 

words) 

Vectors are written as column vectors in the form X/Y where: 

Xis the distance moved horizontally 

Negative means move to the left 

Positive means move to the right 

Y is the distance moved vertically 

Negative means move down 

Positive means move up 

STEP 1: 

Select a vertex on the original object, move it according to the 

information given in the column vector 

STEP 2: 

Repeat STEP 1 for each of the vertices on the original object 
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STEP 3: 

Connect the translated vertices and label the translated image 

In some cases, where the vectors are small enough, the image can 

overlap the object 

The vector is how the shape moves not the size of the gap between the 

object and the image, watch out for this common error! 
How can we describe a translation? 

It is important to fully describe a transformation in order to get full marks 

For a translation, you must: 

State that the transformation is a translation 

Give the column vector that describes the movement 

 

Solved Example: 

Q1) 
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Q2 
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Q3) 
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Vectors 
What are vectors? 

A vector is a type of number that has both a size and a direction 

Here we only deal with two-dimensional vectors, although it is possible to have 

vectors with any number of dimensions 

Representing vectors 

Vectors are represented as arrows, with the arrowhead indicating the direction of the 

vector, and the length of the arrow indicating the vector’s magnitude (ie its size) 

In print vectors are usually represented by bold letters (as with vector a 

in the diagram above), although in handwritten workings underlined 

letters are normally used, a. 

Another way to indicate a vector is to write its starting and ending points with an 

arrow symbol over the top. 

 

 

 

Vectors and transformation geometry 

In transformation geometry, translations are indicated in the form of a column vector: 

 

 

                         

 
Vectors on a grid 

You also need to be able to work with vectors on their own, outside of the 

transformation geometry context 

When vectors are drawn on a grid (with or without x and y axes), the vectors can be 

represented in the same (x y) column vector form as above  

Multiplying a vector by a scalar 

A scalar is a number with a magnitude but no direction – ie the regular numbers you 

are used to using 

When a vector is multiplied by a positive scalar, the magnitude of the vector 

changes, but its direction stays the same 
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If the vector is represented as a column vector, then each of the numbers in the 

column vector gets multiplied by the scalar 
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Note that multiplying by a negative scalar also changes the direction of the vector: 

  

  
Note in particular that vector -a is the the same size as vector a, but points in the 

opposite direction! 

Adding and subtracting vectors 
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Adding two vectors is defined geometrically, like this: 

  
Subtracting one vector from another is thought of as adding a negative vector 

a – b = a + (-b) 

When vectors are represented as column vectors, adding or subtracting is simply a 

matter of adding or subtracting the vectors’ x and y coordinates 

 

What is the magnitude or modulus of a vector? 

 
  

This depends on the use of the vector 

For velocity, magnitude would be speed 

For a force, magnitude would be the strength of the force (in Newtons) 
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The words magnitude and modulus mean the same thing with vectors 

In geometry magnitude and modulus mean the distance of the vector 

This is always a positive value 

The direction of the vector is irrelevant 

Magnitude or modulus is indicated by vertical lines 

|a| would mean the magnitude of vector a 

How do I find the magnitude or modulus of a vector 

Pythagoras’ Theorem! 

 

 

 

 

 

 

Vector Problem Solving 
What are vector proofs? 

In vector proofs we use vectors, along with a few key ideas, to prove that things are 

true in geometrical diagrams 
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Problem solving with vectors involves using these vector proofs to help us to find out 

additional information 

Parallel vectors 

Two vectors are parallel if and only if one is a multiple of the other 

This tends to appear in vector proofs in the following ways: 

If you find in your workings that one vector is a multiple of the other, then you know 

that the two vectors are parallel – you can then use that fact in the rest of the proof 

If you need to show that two vectors are parallel, then all you need to do is show that 

one of the vectors multiplied by some number is equal to the other one 

Points on a straight line 

Often you are asked to show in a vector proof that three points lie on a straight line 

(ie that they are collinear) 

To show that three points a, b and c lie on a straight line, 

show that the vectors connecting the three points are parallel, 

for example, show that AB is a multiple of (and therefore parallel to) AC, or that AB is 

a multiple of (and therefore parallel) to BC 

as those two vectors are parallel and they share a common point it means that the 

three lines form a straight line 

Vectors divided in ratios 

Be careful turning ratios into fractions in vector proofs! 

If a point  divides a line segment  in the ratio p : q, then:  
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Solved Questions: 

 



 

136 

 



 

137 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

138 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

139 

 

 

 

 

ANSWER KEY:  
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Unit 8 : Probability  

 

 
IGCSE Probability 

 

C8.1 Introduction to Probability 

1. Understanding the Probability Scale 

Probability Scale: Ranges from 0 to 1. 

0: The event cannot happen (impossible event). 

1: The event is certain to happen (certain event). 

Values between 0 and 1: Represent the likelihood of the event occurring. 
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2. Calculating the Probability of a Single Event 

Formula: 

 
             Example: If there are 3 red counters and 7 blue counters in a bag, the probability of 

picking a red counter is: 

                                       P(Red) = 3/10 = 0.3 = 30% 

3. Probability of an Event Not Occurring 

Complement Rule: 

                               P(Not A)=1−P(A) 

Example: 

If the probability that a counter is blue is P(Blue) = 0.8  then: 

P(Not Blue) = 1−0.8 = 0.2(or 20%) 

4. Using Information from Tables, Graphs, and Venn Diagrams 

Tables: You can use tables to determine probabilities based on given data. 

Graphs: Probability can also be visualized in graphical representations like bar charts. 

Venn Diagrams: Used for two sets, showing the relationship between different probabilities. 
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Summary 
Probability Values: Can be expressed as fractions, decimals, or percentages. 

Key Concepts: Single event probabilities, the complement of an event, and the use of data 

representations to derive probabilities. 

 

(make sure to revise the signs for intersection, union, complement and do not mix 

them up as it is one of the most common mistakes made in the exams) 

C8.2 Relative and Expected Frequencies 

 

1. Understanding Relative Frequency as an Estimate of Probability 

 
 

Example: 

If you spin a spinner 50 times and it lands on red 15 times: 

Relative Frequency of Red = 15/50 = 0.3 (or30%) 
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Interpretation: The relative frequency approximates the probability of landing on red in a 

larger number of spins. 

(learn to interpret these questions before trying to solve them, as you cannot solve a 

question you don't fully understand) 

2. Calculating Expected Frequencies 

 
Expected Frequency: The predicted number of times an event will occur in a certain 

number of trials based on its probability. 

Formula: 

 
Example: 

If the probability of landing on blue in a spinner is P(Blue) = 0.4 and you spin the spinner 

100 times: 

Expected Frequency of Blue = 100×0.4 = 40  

This means you expect to land on blue approximately 40 times. 

 

3. Understanding Key Concepts 

Fair: An experiment or device is fair if all outcomes have an equal probability. 

Example: A fair six-sided die has a 1/6 chance for each number. 

Bias: When an experiment or device consistently favors certain outcomes over others, 

leading to inaccurate probabilities. 

Example: A biased die that has a higher chance of landing on 6. 

Random: Events that occur without any predictable pattern or influence, ensuring that each 

outcome has a fair chance. 

Example: Flipping a coin is random if it has no bias. 

Summary 

Relative Frequency provides an empirical estimate of probability based on actual results. 

Expected Frequency is a theoretical prediction based on known probabilities. 

Understanding fairness, bias, and randomness is crucial for interpreting results accurately. 
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   C8.3 Probability of Combined Events 

 

1. Sample Space Diagrams 

 

 
             Calculating Probability: 

If you want the probability of getting Heads and a 3: 

P(H,3) =       1(favorable outcome) / 12(total outcomes)  =  1/12 

 

2. Venn Diagrams 

Definition: A Venn diagram visually represents the relationships between two or more sets, 

showing combined events. 

 
Example: 

Let Set A = people who like ice cream, and Set B = people who like cake. 

If 30 like ice cream, 20 like cake, and 10 like both, you can represent this with overlapping 

circles. 

          Calculating Probabilities: 

P(A) = 30/100 = 0.3 

P(B) = 20/100 = 0.2  

P(A∩B) = 10/100 = 0.1 

P(A∪B) = P(A)+P(B)−P(A∩B) = 0.3+0.2−0.1 = 0.4 

(making venn diagrams by interpreting questions like this is a great way to deepen 

your understanding of this concept) 
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3. Tree Diagrams 

Definition: A tree diagram displays all possible outcomes of a series of events, showing 

probabilities along the branches. 

 

 
 

 

Example: If you pick a fruit from a basket containing apples (A) and bananas (B): 

First Pick: 

A (0.5) 

B (0.5) 

Second Pick (with replacement): 

From A: A (0.5) or B (0.5) 

From B: A (0.5) or B (0.5) 

Tree Diagram: 

           First Pick 

           /       \ 

        A (0.5)   B (0.5) 

        / \         / \ 

        A   B      A   B 

    (0.5) (0.5) (0.5) (0.5) 

             Calculating Probabilities: 

            Probability of picking an Apple both times: 

P(A,A) = 0.5×0.5 = 0.25 

Probability of picking an Apple first and a Banana second: 

P(A,B) = 0.5×0.5 = 0.25 

 
(Sample Space Diagrams are useful for visualizing all outcomes. Venn Diagrams are 

effective for understanding the relationships between two events. Tree Diagrams are 

helpful for displaying outcomes of sequential events and calculating combined 

probabilities.) 

(Here is an example of a question that you might face in the exams) 
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(Most of the tree diagram questions will be very similar to this, also in a few questions 

it might be a good habit to make a tree diagram even if it is not required by the 

question to avoid making silly mistakes and to help understand the question) 

 
 

(Read the question slowly and carefully as probability is not a particularly hard topic 

but the questions can be very tricky) 

 

 
(Do as many past paper questions as you can to internalize these concepts) 
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UNSOLVED PAST PAPER QUESTIONS; 
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ANSWER KEY: 

 



 

151 

 

 

 



 

152 

 

UNIT 9 STATISTICS:  
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Statistics  
1 Classifying Statistical Data  
1.1 Classify and tabulate statistical data  
This section deals with how to read and interpret tables properly, classifying the dataset as we go forwards. 

We need to know two main types of tables for this part of the syllabus:  

1. Tally Tables  

2. Two-way tables  

 

 

 

Item  Frequenc

y  

Tally   Group A  Group B  Total 

Apples  

Oranges  

Bananas  

Grapes  

5  

3  

6  

4  

|||||  

| | |  

| | | | | |  

| | | | 

 Categ

ory 1 

Categ

ory 2 

Categ

ory 3  

12  

10  

7  

8  

15  

13  

20 

25  

20 

Total  29  36  65 

 

 

The table on the left hand side is called a tally table. The first column tells us what item/object we are 

talking about. Frequency in the second column refers to the number of occurrences of that item/object. For 

example a frequency of 5 for the apples means there are 5 apples. The last column is what we call the tally 

column. Each vertical line is equivalent to 1 tally and we represent the number using these vertical lines. 

However, as you may have already noticed, this is a very inefficient way of representing data especially if 

the frequency of the independent variable is very large, for example 100 or 1000.  

The table on the right hand side represents a two-way table. Any table would have some kind of categories. 

It’s called a two-way table as it has categories in both the rows and columns. For example in the columns 

we have groups like A and B and total, and in the rows we have the categories of an object and then the 

total row. This makes writing data more efficient. A way to interpret such tables is to always keep in mind 

the row and column you are reading. For example, I ask myself a question:  

1. What does the 13 in the table represent?  

The answer to that: It lies in the group B column so must be related to Group B and it lies in the Category 

13 row so must be related to that so it means either of the following things since they are both the same:  

1 

1. The number of category 3 objects that are group B too  

2. The number of group B objects that are category 3 objects too  

2 Interpreting Statistical Data  
2.1 Statistical Methods of Evaluation to compare two or more datasets  
2.1.1 Mean/Average  

The mean is a mathematical evaluation of the central tendency of the dataset provided. Mathematically in 

the IGCSE syllabus, it can be defined as the following where X represents a dataset:  

PN  

i=1 xi 

M(X) =  

N=x1 + x2 + x3 + . . . xN  

N(1) 
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What the formula essentially says is that you take each element (number) in the 

dataset, you add them all together to get the total sum, and then you divide the 

sum achieved by the total number of elements (numbers) in the dataset. Taking 

an example to understand this concept:  

1. Dataset = {1,2,3,4}  

To calculate its mean, we first need the sum of the elements which is 1+2+3+4 = 

10 and then total number of elements is 4 so the mean is:  

M(X) = 
10

4= 2.5 (2)  

2.1.2 Median  

In simple terms, the median gives us the middle value of the dataset: in other 

words the midpoint around which the points in the dataset are scattered around. 

There are a few rules to calculating the median which can be expressed as 

follows and must be read with great care:  

1. Irrespective of how many number there are in the dataset, the first step is 

always to arrange the numbers in ascending order (starting from the smallest 

number and ending with the largest number)  

2. Start crossing out one element from the left side and simultaneously, one from 

the right hand side until you arrive at the middle. If only one value is left at the 

end, then that’s the answer. If there are two values at the end, you take their 

average x1+x2  

2 where x1 and x2 are the two numbers.  

There’s also another method to calculate the median using a formula. Both would 

be marked correct in the IGCSE papers. For this method you have to first 

determine whether there are odd number of elements or even number of 

elements. Once done, move on the final step for each one as follows:  

2 

1. If there are an even number of elements, the formula is 
( N

2)+( 
N+1

 2) 

N is the total number of elements  2 where 

2. If there are an odd number of elements, the formula is again the same with the 

N the number of elements: N
+1

  

2  

2.1.3 Mode  

Mode refers to the value that’s repeated the most in the dataset. So let’s say we 

have the dataset:  

D = {1, 2, 3, 4, 4, 4} (3)  

4 is repeated the most (a total of 3 times) while all other numbers are just written 

only once. Therefore, your mode would be 4.  

2.1.4 Range  

Range refers to the spread of the data, how far away from the midpoint your data 

is, without considering the variance of the dataset. There’s only one formula in the 

IGCSE syllabus to calculate it:  

R = Ymax − Ymin (4)  

Here Ymax is the largest number in the dataset and Ymin is the smallest number in 

the dataset. So if we have the same dataset the range would be:  

R = 4 − 1 = 3 (5)  

2.2 Grouped Data - Calculating Mean and Mode  
Grouped data is a form of data representation in table-form where instead of 

separate independent categories, there are certain intervals given for each row. 

An example can be seen below which will be used for all calculations of this 

section: The interval for ages is what makes this a grouped data. All the  
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Table 1: People Age and Frequency Distribution  

People Age  Frequency 

19 - 29  21 

29 - 34  10 

34 - 39  22 

39 - 44  22 

44 - 49  14 

49 - 54  11 

54 - 60  8 

Total  108 

 

 
examples we previously looked at for mean and mode were un-grouped data. 

Now to calculate the mean, follow the steps:  

3

1. The formula to calculate mean for 

grouped data is:  

P  

Pf
imi  

f. This means: 

you are going to calculate the midpoint of each interval and make a sep arate 

column of that, then multiply each of those midpoints m with the frequency 

column respectively to calculate fimi after which sum them all together. This value 

that you get, divide it by the total of the frequency, which in the Table [1] is 108.  

To calculate median, the step are as follows:  

1. Find 
P

f which is 108 (the total of the frequency) and then apply and the even-

odd rule for it  

2. Then find the cumulative frequency for the dataset by adding each of the 

consecutive frequencies and adding it in front of the new frequency’s row.  

3. Next see between in which row does your median lie  

4. That row is your answer for the median since for grouped datasets, at IGCSE 

level, we cannot find the exact median value in it  

2.3 Modal Class in a grouped frequency distribution  
To calculate the modal class, simply see which distribution range has the highest 

frequency value - that is your answer.  

2.4 Spread of a Data  
The spread of a data refers to how spread out from the central point the data is. 

Let’s say the central point is 50 so if we have data that is 49,49,48,51 it’s very 

close to the central point so it’s not very spread out. On the other hand, if we had 

data like 101,1000,2000,300 then we would say it’s very spread out - has a 

greater standard deviation (you don’t need to know this term at IGCSE level)  

3 Statistical Charts and Diagrams  
The charts you need to know are all displayed below with their keys to help you 

understand better.  
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4 Scatter Diagrams  
Scatter diagrams are a type of representation of data that uses scatter points to 

identify trends. An example can be seen in the figure shown below. A positive 

correlation means that as x increases, y also increases. Zero correlation means 

the x and y variables are not related at all - there’s no relationship/trend be tween 

them. A negative correlation means an inverse relation as one increases,  

4 

 

 
the other decreases. For example, it can be that as y increases, x decreases or 

vice versa.  

You should also know how to make a best fit line. A best fit line is a line that 

represents the approximate correlation between the two variables graphi cally - 

this line should pass through the middle of the entire dataset and should have 

roughly equal number of points above and below it to ensure it’s an accu rate 

representation of the correlation. A best way to draw this is to use your ruler and 

roughly draw a number of lines and see which one best fits how the data 

progresses as you move forward on the x-axis, for example. The line of best 

should follow the following rules:  

1. It should be a single ruled line drawn by inspection  

5 
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2. It should extend across the full dataset  

3. It does not need to coincide exactly with any of the points but there should be a 

roughly even distribution of points either side of the line over its entire length.  

5 Cumulative Frequency Diagrams  
As discussed above, cumulative frequency is obtained by adding each of the 

frequencies. When asked to calculate the median you have to do:  

1. See the maximum value on the y-axis and take its half on the y-axis and then 

draw a line from that point connecting it with the graph  

2. Next check the x-axis to see the point at which at that point of intersection lies - 

that’s your answer.  

For lower quartile, which means 25%, follow the same process but this time find 

the mid value between 0 and the median. Similarly, for upper quartile, which  

6 
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Figure 1: Histogram  

is 75%, follow the same process but find the midpoint between the median and 

the maximum value on the y-axis of the graph. When asked to draw such a graph, 

always use crosses and join the points with a smooth curve.  

6 Histograms  
Histograms represent the frequency for each of the range. One important thing 

about histogram is the frequency density - this would always form the x-axis 

and is calculated as:  
D =

f
W(6) 

Where f is the frequency of the range and W is the class width which is the 

difference between the upper and lower bounds of a class. Finally, here’s what a 

histogram looks. 
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SOLVED EXAMPLES: 
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UNSOLVED PAST PAPER QUESTIONS; 
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