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Paper Pattern:

Extended a sment

Extended candidates take Paper 2 and Paper 4. The guestions are based on the Extended subject content

only:
Paper 2: Non-calculator (Extended) Paper 4: Calculator (Extended)
2 hours 2 hours
100 marks 50% 100 marks 50%
Structured and unstructured questions Structured and unstructured guestions
Use of a calculator is not allowed A scientific calculator is required
Externally assessed Externally assessed

Information on availability is in the Before you start section.

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

Formulae Sheet:

Area, 4, of triangle, base b, height A.

Area, A, of circle of radius r.

Circumference, C, of circle of radius r.

Curved surface area, A, of cylinder of radius r, height h.
Curved surface area, A, of cone of radius r, sloping edge /.
Surface area, 4, of sphere of radius r.

Volume, V, of prism, cross-sectional area A4, length /.
Volume, V, of pyramid, base area A4, height A.

Volume, V, of cylinder of radius r, height h.

Volume, V, of cone of radius r, height h.

Volume, V, of sphere of radius r.

For the equation ax” + bx + ¢ =0, where a = 0,

For the triangle shown,

A

A=5bh
A=m"
C=2nr
A=2mrh
A=nrl
A = 4m?
V=Al
v="1dh
V=mrh
V= ;—“rzh
V= %ﬂrs

xz—b:t\-'.’:-z—»ﬂ-ac

2a

a [i] c

sind  sinB  sinC

a® = b+ c*— 2becos A

Area = ]Eﬂb sin
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Unit 1: Number

1 Number

E1d Types of number

Identify and use:

+ natural numbers

» integers (positive, zero and negativa)
=  prime numbers

+ square numbers

= cube numbers

+ common factors

+ common multiples

=« rational and irrational numbears

= reciprocals.

E1.2 Sets

Understand and use set language, notation and
‘Vann diagrams to describe sets and represant
relaticnships between sets.

E1.3 Powers and roots

Calculate with the following:

= =squares

= sOuare roots

= cubes

» cube roots

+ other powers and roots of numibers.

Notes and examples

Example tasks include:

= comert between numbers and words, e.q.
six bilion i 6000000000
10007 is ten thousand and seven
= axpress 72 as a product of its prime factors
» find the highest common factor (HCF) of two

numbears

» find the lowest common multiple (LCM) of two
numbears.

Notes and examples

‘Vienn diagrams are limited to two or three sets.
The following set notation will be used:
»  nld] Number of elements in set 4

. £ “... I8 an elament of ..."

- g “... isnot an element of ..."
. A Complement of zet 4

« 0 The empty set

. E Univarsal set

« 48 dizasubsetof &

« A48/ Adisnotasubsetof B
= A f Unionofdand B

« 4nA Intersection of 4 and B.

Example definition of sets:
A= {x: x is a natural number}
B={lx. vy = mx + ¢}
C=iragxgb)

D=la b e ..}

Notes and examples

Includes recall of squares and their cormesponding
rocts from 1 o 15, and recall of cubes and their
commesponding roots of 1, 2, 3, 4, 5and 10, eg.:

« Write down the value of 4169 .

» Workout 52 %8
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E1.4 Fractions, decimals and percentages

1 U=a the language and notation of the following in
appropriate contexts:

* proper fractions

* improper fractions
=  mixed numbers

= gdecimals

*  percentages.

2 Recognise equivalence and corvert between
these forms.

E1.5 Ordering

Order quartities by magnitude and demonstrate
familizrity with the symbols =, #, > <, = and <.

E1.6 The four operations

Use the four cperations for calculations with
integers, fractions and decimals, including comact
ordering of operations and use of brackets.

E1.T Indices|

1 Understand and use indices (positive, zero,
negative, and fracticnal).

2 Understand and use the rules of indices.

E1.8 Standard form

1 Usa the standard form 4 = 10" where nis a
positive or negative integer and 1 < 4 < 10.

2 Convert numbers into and out of standard form.

3 Calculate with values in standard form.

Notes and examples

Candidates are expacted to be able to write
fractione in their eimpleet form.

Recurring decimal notation is required, e.q.
e 017 =01777...

s 0.123=0.1232323...

e 0123 =0.123123...

Includes converting betweean recurring decimals
and fractions and vice wersa,
e.g. writa 0.17 as a fraction.

Notes and examples

Notes and examples

Includes:

= negative numbers

= improper fractions

«  mixed numbers

= practical situations, e.q. temperature changes.

Notes and examples
Examples include:

. 6 =V5

. 167=Y16

o findthevalueof 72, 815, 877 .

e.q. find the value of 277 = 24 (2%, P+ 2%

Notes and examples
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E1.2 Estimation

1 Round values to a specified degree of accuracy.

2 Make estimates for calculations involving
numbers, guantities and measurameants.

3 Round answers to a reasonable dagraa of
accuracy in the context of a given problam.

E1.10 Limits of accuracy

1 Give upper and lower bounds for data rounded
to a specified accuracy.

2 Find upper and lower bounds of the results of
calculations which have used data rounded to a
specified accuracy.

E1.11 Ratio and proportion

Understand and use ratio and proportion to:

= give ratios in their simplest form

= divide a quantity in a given ratic

« use proportional reasoning and ratios in
context.

Motes and examples

Includes decimal places and significant figures.
a.g. write 5764 comect to the nearest thousand.
&.0. by writing each number correct to 1 significant
figure, estimate the value of

41.3
9790763 -

Motes and examples

&.0. write down the upper bound of a length
mieasured cormect to the nearest metre.
Example calculations include:

= calculate the upper bound of the perimeater
or the area of a rectangle given dimensions
measurad to the nearest centimetre

= find the lower bound of the speed given
rounded values of distance and time.

Notes and examples

e.g. 20:30: 40 in its simplest form is 2:3:4.

e.0. adapt recipes; use map scales; determine best
value.
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E115 Time

1 Calculate with time: seconds (5], minutes (min),
hours (h), days, weeks, months, years, including
the: relaticnship betwean units.

2 Calculate times in terms of the 24-hour and
12-hour clock.

3 Read clocks and timetables.

E1.16 Money

1 Calculate with monay.
2 Conwvert from one currency to anothar.

E1.17 Exponential growth and decay

Use exponential growth and decany.

E1.18 Surds

1 Understand and use surds, including simplifying
EXpressions.

2 Rationalise the denominator,

Notes and examples

1 year = 365 days.

In the 24-hour clock, for example, 3.15 a.m. will be
denoted by 0315 and 3.15 p.m. by 1515,

Includes problems involving time zones, local times
and time differences.

Notes and examples

Motes and examples

e.q. depreciation, population changa.
Knowledge of & iz not required.

MNotes and examples
Examples include:

s 20 =243
/200 -4/32=6v2.
Examples include:

10 =
—=2y5
- ‘.G
1 1+4/3
- — = 3
-1+43
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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 Os.

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. 17 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 compaosite 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: x? < 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 liney = 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 € or U denotes the universal set (set of everything). E.g. if the
subject is the factors of 12, ¢ = {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 € Ameans ais an element of A. E.qg. if E is the set of even numbers, 24 € E
A c 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,..}, thenXcY

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 €, c, or € signs renders them untrue, similar to
the = sign. So a ¢ A, for example, means that a is not an element of A

10
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If A c B, then A € B, butif A € B, then A does not necessarily have to be a
proper subset of B
A N 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 AN B ={2}
A U 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
UuB={1,3,4,5, 9}
A’ represents the complement of A. This refers to all the elements excluding
those in set A. E.qg. if e 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, €' = @, 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 €, 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, ¢ 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

11



Aitchison College Academic Resources.

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

A U 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’ N B is represented by the blue area only, and B' N A is represented by the
red area only. A’ N B’ is depicted by the white area only

A'UB=A"yand B'U A =B". A" U 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 a®, 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, 2* 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 32 is just 1/3% = 1/(3*3) = 1/9

For two terms, n? and n®, n®nP = n*®, Similarly, n3n® = n&®,

n® can be written as n®2 where a can be any non-zero number. This can be
simplified to n¥n = 1. Hence, n° = 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 5% = 25

The symbol V' depicts the square root

If another number is written before the root symbol, it means the root of that
respective power. So 3y means the cube root. 3V27, for example, is 3; this is
because 3% = 27

Roots can be depicted as reciprocals of the original powers. So V2 is just 2V/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

12
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The following table shows some more complex properties of powers and

roots:
Property Example
@mn=am (3%)2 = (3*3*3)*(3*3*3) = 3¢ = 332
amn = gm 332 = 33712 = (33)12= /33
(a/b)r = a"/b" (1/3)% = (1/3)*(1/3) = (1*1)/(3*3) =
12%/32
(a/b)™ =b"/a" (5/6)* = 1/(5/6) = 6/5 = (6/5)*

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: Arectangle has length 10 cm and width 6cm. Both measurement are

nearest to cm. Find the error.
Solution:
*Nearest to cm = 1cm = Scale value

¥%=0.5cm Error =0.5cm
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: Arectangle has length 10 cm and width 6cm. Both measurement are

13
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nearest to cm. Find the upper and lower bound of both
measurements.
Solution:
*First we would find the error

%=0.5cm Error=0.5cm
*Now apply above formula of upper and lower bound.

Upper Bound =10+ 0.5 =6+0.5
=10.5cm =6.5cm
Lower Bound =10 -0.5 =6-0.5
=9.5cm =55cm

Rules of using upper and lower bound in multiplication or division:
Multiplying two numbers together: T =a x b

bound of

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

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

14



Aitchison College Academic Resources.

Solved Past Paper Question:

(b) Anna’s journcy home is 47km, correct to the nearest kilometre. ~ / 9\ o 5
One day her journey home takes 65 minutes, correct to the nearest S minutes. 6 P 2/. g

Calculate lh{ upper bound gff her average speed, in km/h, for the journey home.

/@ 8= DT 435
).

O\'SBFOJMQ 5 (Jlj(kvv] L
\qé.Sfuﬂ TV ()5

—

e,
6F-56 mi
ime. = 65 / s

\@ Answer [46.é s ki 3]

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

15
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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=2:3and 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=4:6and 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 partsintotal (4 + 6 +7 =17)

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

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

Working with Proportion:
A way of talking about how two variables are related to each other

16
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Solved Example:

The ingredients for 12 cookies are as follows:

90 gbutter
130 gchocolate
180 gflour
150 g sugar
legg

(a) If Tanya makes 50 cookies, how much sugar does she need?

12 cookies require 150 g of sugar
Find how much sugar is needed to make 1cookie (by dividing 150 by 12)

150 +12 =12.5 grams of sugar for 1 cookie
Find how much sugar is needed for 50 cookies (by multiplying 12.5 by 50)
12.5x 50 =625

625 grams of sugar

(b) If Giles buys a 500 gram bag of flour to make cookies, how many whole cookies can he make?

Method 1
12 cookies require 180 g of flour
Find out how much flour is in 1 cookie (by dividing 180 by 12)

180 =12 =15 grams of fiour for 1 cookie
Find how many lots of 15 grams are in 500 grams of flour (by dividing 500 by 15)
500 +15=33.33.. cookies

Write down how many whole cookies can be made
There is not enough for 34 whole cookies

33 cookies

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:

17
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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 x 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

18
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ﬁﬁﬁﬁ

weeks hours minutes seconds

SRR SN ST e

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 O 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 (1to 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, whenit's 3 PM in Tokyo, it's 6 AM in London.

19
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(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=10.89E (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(13)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 2V 10. Why? .

The second form is the simplest form of v 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:

(@ 2+30

(b) 2 x2 %15

(c)2%2+3x52.

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:

2p (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:
Vva=Vxxy=Vx*Vy=xVy (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 V 5 its the same V 5 but for denominators like 1 + ¥ 5, always change the
sign in between to find the conjugate as 1 — V' 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
guestion 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+V 5

Now we can simplify it as:
21+V5%(1-vV5)1-5(26)2(1-V5)(1++5)1-+5)(27)

21 =-V5) (1 +V5)(1-5)(28)2(1 -V 5) (12 - (V5)2(29)2(1 -V 5)(1-5
(30)2(1-V5)-4 (31)1-V5-2(32)

Multiplying out by -1 gives us the final answer as: V5 - 1 2 (33)
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UNSOLVED PAST PAPER QUESTIONS;

1 The temperature at midmight is =4°C.
The temperature at noon is 25°C,

Work out the difference between these two temperatures

2 A gardener charges $6.55 for each hour he works plus a fixed charge of S15.50 .

Calculate the total amount he charges when he works for 4 hours.

d  Jonah has §7540
He spends EI of this money on travel and some of this money on food
He msow has 5437 50

Work out the fraction of the ST50 bhe spends on food

5 The wable shows part of a tram timetable.

Mewpaint Westhall
10 30 1117
1218
13 30 1417

All the rrams take the same number of minules 1o complete the journey from Newpoint 1o Westhill

Complete the table

25



ANSWER KEY:

1 The temperature at midnight 15 —4 °C.
The temperature at noon 1s 25°C.

Work out the difference between these two temperatures.

~25-C"4)

~ 29+9
=24
2 A gardener charges $6.55 for each hour he works plus a fixed charEe of $15.50 .
R |

Calculate the total ar : works for 4 hours,

Céﬁ K“ﬁ + /552

2"1. ;_);.g

4 Jonah has $750

He spends 1 of this money on travel and some of this money on food.

He now has $437.50 .
Palicheidbintet

Work out the fractlﬂ of the $750 he spends on food.

”~

d

$0A Aok = _‘._"_x 750 = )8>.9 23

$¢M—. on{ géso-~37-s)—/8?-5 £
~ 812-S —-)€2S5 y
Ry 0 e _‘_,. .............................. (3]

5 I'he table shows part of a tram timetable.
S—

Newpoint Westhill

10 30 a 1117

1218 /13 0S

1330 14 17

All the trams take the same number of minutes to complete the journey from Newpoint to Westhill.

1l : 127

Complete the table.

6  Write 0.04628 correct to 2 significant figures.
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Unit 2: Algebra and Graphs

2 Algebra and graphs

E2.1 Introduction to algebra Notes and I

1 Know that letters can be used to represent
generalised numbers.

2 Substitute numbers into expressions and

formulas.
E2.2 Algebraic manipulation Notes and pl
1 Simplify expressions by collecting like terms. Simplify means give the answer in its simplest form,
e.g. 2a” +3ab—1 + 5a° —9ab + 4 = Ta* — 6ab + 3.
2 Expand products of algebraic expressions. e.g. expand 3x{2x — 4y), 3x + y)x — 4).

Includes products of more than two brackets,
e.g. expand (x — 2)(x + 3)(2x + 1).

3 Factorise by extracting commmon factors. Factorise means factorise fully,

: ! 9x? + 15xy = 3x(3x + 5y)
4 Factorise expressions of the form: s e s e
* ax + bx + kay + kby
2.2 2.2

* ax — by

e & +2ab+ b

e ax’ +bx+ec

e ax’ +bx? +ex.

5 qumplete the square for expressions in the form
ax” + bx +c.

E2.3 Algebraic fractions Notes and examples
1 Manipulate algebraic fractions. Examples include:
x , o x—4
. =
3 2
. 2x_ 3(x—5)
3 2
. 3a, %
4 10
- 3—“ -£ g_tz
4 10
1 x+1
" x—2 x—3"
. ) . . . x—2x
2 Factorise and simplify rational expressions. eg —/———.
xX*—5x+06
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2 Algebra and graphs (continued)

E2.4 Indices|l

1 Undarstand and use ndicas jpositive, zano,
nagatve and fractonal).

2 Undarstand and use the rules of ndices,

E2.5 Equations

1 Construct exprassions, egquations and formulas,

2 Sclva near aguations n ona unknaosn.,

3 Solva fractional aqgquations with numarcal and
Enear akgebraic denominators.,

4 Solve ssmultanecus Enear eguations n two
UNKNoWns,

5 Sclve ssmultanecus eguations, nvohang ona
Enaar and one non-Enaar,

& Solve quadratic eqguations by factorisation,
oxmpleting the square and by use of the
auadratic formula.

T Change the subject of formulas,

Motes and examples
a.g. sobea;
- 3R2¥=2
. 5rl=25"
a.q smplfy:
2

- h‘xj_r'lf

- %_r'}+?_rl

=

Knowladga of logarithms is not requirad.

Motes and examples

a.g. write an exprasson for the product of teo
consacutive avaen numbans,

Inchudas constructing ssmultanaous equations,
IExamplas nchuda:

= dx +4=10

® 5 —2x=3x +7T)

Examplas ncuda:

X =
2x -+ 1 4
2 L3 _
* zrztmot !
= 3

T x+2 x-6

With powears no highar than two,

Includas writing a quadratc exprassion n
complatad squara fomm.

Canddatas may ba axpactad to give solutions n
surd fonm.

The guadratic formula is given in the List of
formulas,

e.g. change the subject of a formula wihere:
=  the subjact appaars baisca

=« thareis a power or rioot of the subjaect.
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2 Algebra and graphs (continued)
E2.6 Inequalities

1 Rapresant and mlerpret negualiies, ncluding on
anumbser ing,

2 Construct, sohve and interpret Inear inequalities.

3 Rapresant and inlarprat Inear magualiias in two
varkables graphically,

4 List nequaktias that defina a given ragion,

E2.7 Sequences
1 Centinue a given number sequence or pattem.
2 Recognise patterns in seguances, ncuding the

term-to-tarm rule, and mlationships between
diffarant saguances.

3 Fnd and usa the sth tam of saguances.

29

Notes and examples

When reprasenting and nterpreting inaquakities on

a number ine;

+  open crdes should be used fo represent strict
inequakties f=, >

+ closad crdas should ba usad to rapresant
inclusive inequalities (g, ).

ag-3gx=<l
*e—O
reede Al 1
-3 -2 -1 0 1
Examples mchudes:

o Jr=<2x+4

o Ig-1<T7.

The following conventions should be used:

+ broken ines shoud be used to represent sinct
neguaities (<, >

+ soid nes should be used 1o reprasant indusive
naguaities |, 3

» ghading shoud ba usad fo reprasant unwanted
ragons unkss othanwise dracied in tha

question),
eq.
¥ =1 ¥.
29 i 2-
i 4r=t
U

Linaar programming probdams are net indudad,

Notes and examples

Subscript notation may be used, e.g. T, is tha ath
tamm of sequanca T,

Inchludes naar, guadratic, cubic and exponantial
sequences and simple combinations of these.
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2 Algebra and graphs [(continued)
E28 Proportion Motes and examples

Inchudas insar, square, squars root, cubs and cube

Express drect and inverse proporion in algsbraic
ferms and usa this form of eprasson to find
unknawn quantites,

E2.8 Graphs in practical situations

1 Use and interpret graphs in practcal situations
incuding travel graphs and conversion graphs,

2 Draw graphs from given data,

3 Apcly the idea of rata of change to simpla
knematics invohving distance-timea and
spaad-tima graphs, accakaration and
dacalaration.

4 Calculate distance travellad as area under a
spead-time graph.

E210 Graphs of functions

1 Construct tables of values, and draw, racognisa
and interpret graphs for functions of the following
forms:

»  gx" (includes sums of no more than three of
these)

* ab’+¢

whare n=-2,-1, =5, 0,3, 1,2, { gand c ara

rational numbers; and b s a posifive intagear,

2 Solve associated equations graphically, nduding
finding and nterprating roots by graphical
mathods.

3 Draw and nterpret graphs represanting
exponential growth and decay problems,

oot propostion.
Knowladge of proportional symbal (=] is required,

Notes and examples

Includes estmation and interpretation of the
gradant of a tangeant at a point,

Araas will imiohee Inear sactions of tha graph onby.

MNotes and examples

Examglas inchuda:
* y=.r“' +x—4

ag. finding the intersaction of alna and a curva,
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E2.12 Differentiation MNotes and examples
1 Estmate gradiants of curves by drawing
tangents.
dy
2 Usa the darivatives of functions of the form ax”, E notation will b exqpactad,

whrg g 15 a rational constant and n is a positive
integer or 2ero, and simple sums of not more
than three of these.

3 Apply differentiation to gradients and stationary
points fturning points).
4 Descriminata batwaen maxima and minima by Meaximum and minmum ponts may ba idantified by;
any mathod, + an accurate sketch
» usaof the sacond diferantial
+  Ingpacting tha gradiant afther sida of a tuming

point,
Candidates are not expectad to identify points of
inflecticn,
2 Algebra and graphs (continued)
E213 Functions MNotes and examples
1 Understand functions, domain and rangs and Examplas includs.
usa function notation, s fix)=1x-5

. Em=3p:s+=n
o hir) =207 +3,

2 Undarstand and find inversa functions £{x).
3 Form composite functions as defined by a.q. fix) % and pilx) = (dx + ). Find flx).
£flr) = giflh Giva your answar as a Facton in its simplast fom,

Candidates are notexpected to find the domains
and ranges of composite functions.

This topsc may includa mapping diagrams,

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:
Aitchison College Academic Resources. a+ b

c+d-e
However for multiplication, no symbol is used, and for division, fractions are used
Examples:
ab (means a x b)

a

b (means a + b)
3ab (means 3 x a x 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 x a
4a2 means 4 x 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 2g + 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+29g+6=40
This can be simplified to p + 2q = 34

What is a term?

Aterm is either...

...a letter (variable) on its own, e.g. x
..a number on its own, e.g. 20
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...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, abac, ...
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, 2%, 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

34



Aitchison College Academic Resources.
WORKED EXAMPLE:

Fi 1 L o i - Yl ETTARTT, . =7 - 5=
(a} Findthevalue of the edpressionZxix +ay)whenx=2landy= —4.
JEe D = und i I oun SUD 0 ouao
A irde [ i elre th T
SLELE| = o) =kd L

=2x2x(-10)
=4x —10
=40
(b} Theformula P=27+2w iz used to find the perimeter, P, of a rectangle of langth J and width w .
Given that the rectangle has a perimeter of 20 cm and a width of 4 cm, find its length
W=2x7+2x4
W=2+8
12=2
Divid by 2
I=6cm

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

Worked example
Simplify x2—3xy +2x2+4x —2xy —x +7.

Reorder the terms so that the x2's are together, as are the xy's, x's and the constants.
Make sure that you keep the same sign in front of them when you reorder them.

2+ 2x2-3xy—2xy+4x—x+7
Add the coefficients of the 'like’ terms

Ix2=Sxy+3x+7

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 2 (including the endpoint).

Inequalities - drawin sing pictures
Inequali Picture Extra Q
9 ty o 5 /Jel'ln:?e/sxaau
NDeyx< et —————
2<x<4 MBS o, 1,24
o—d
-3<x<5 e A-lo1 2344
* 48 BH U AN sl
4<x<3 ‘—_. A 2-,0),22
-25x<5 — ‘——-O -2,-,9,1, 34
S B S -—0 0O/
RSl g X =2 et

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.

Build the line using slope and y-intercept

m=3 b=-2

> o < solid line
Graph the line (solid or dotted) ; or : . dotted line

> or > : shade
Fill in the shaded region and - above /ﬁ/

identify the solution set. o <: i:?::

(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.

ARITHMETIC SEQUENCES

of nnWU®» @HWE ...
t(n)= 3)-7 11y [5419, +--
d ) a)? common _ ,
\/‘ u .
= AN\ = |ditterence
80th | || hth term formula
Tt t(n)=- +4n

3. Linear Sequences
A linear sequence has a constant difference between consecutive terms.

1) 6, 10, 14, 18, 22 The sequence
IS increases by 4, so the

+4 +4 +4 +4 nth term starts with 4n

Now compare the sequence to the 4 times table

6, 10, 14, 18, 22 Eachtermis 2 bigger than

the 4 times table
I+ZI +ZI+2 I+2 I+2

4 8 12, 16, 20 So the nth term is
4n + 2
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4. Finding Terms in Linear Sequences
To find a specific term, substitute n into the general term formula.

Example 9.
Given the following sequence, what is the 28th term?
18, 21, 24, 27, 30
Solution.

1. Find the common difference.
2. Generate a formula that uses the variable n.
3. Use the formula to find the nth term.

The common difference is 3.
The n, term is 18.
The formula for generating terms is

a =18+ (n—1)3

a, =18+(28-1)*3
=18+27+3
=99

5. Quadratic Sequences
A quadratic sequence has a second difference that is constant. The difference
between the terms changes linearly.

General form

a, b, ¢ (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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Finding an nth term rule for a quadratic sequence

For a quadratic sequence an?+ bn + ¢
the 2" difference is always 2a
The first 15t difference is always 3a + b

the 1sttermis alwaysa + b + ¢

Eg find the nth term rule of the sequence 8, 14, 22, 32, ...

a+b+c=8 14 22 32 sequence
>e=5 N NN oA
3a+b= 6 8 10 15t differences
=b=3 N _NA_ ,
2a=2 2 2nd differences
—>a=1

sothe nth term rule is n* +3n+4

(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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TYPES OF SEQUENCES

LINEAR

QUADRATIC

GEOMETRIC

FIBONACCI

OTHER

e.g. 2 6 10 14 18
~—F —F
+4 +4 +4 +4

FIRST DIFFERENCES CONSTANT

eg. o 9 15 23 33

~—F ~F F ~F
+4 +6 +8 +10
T ~—F ~F
+2 +2 +2

SECOND DIFFERENCES CONSTANT

eg. 4 12 36 108 324 ..
~—F ~F ~—7 ~F
x3 x3 x3 x3

CONSTANT MULTIPLIER (COMMON RATIO)

@ ®
F—LZT‘E\ r—c;*ﬁsﬁ
e.g. 2 4 6 10 16 26 42

® @

ADD THE PREVIOUS TWO TERMS

e.g. n 1 2 3 4
R Y
2 3 4

h TERM, a, =+

SUCH SEQUENCES DON’T FALL INTO ANY
CATEGORY BUT THE LINK BETWEEN
n AND a, IS FAIRLY EASY TO SPOT
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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.

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

e To find the solutions of equation rearrange the equation so that the function
already plotted is on one side.

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

e 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)

e O to A: constant speed

e Ao B: speed goes down to zero

e BtoC: atrest
[ ]
[ ]

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.

D\‘HQVQAJ\&LSM
—aQOW F\ML}Q&MS LEmm?lLA)
TR ) n
1 SA'S Qy:=a
1 -
Ay - B dy - naw
ol 3
. 0 y.c
0 \.&: S\LH \(]
7:{1_3 0,
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Naximom ! (']in(n\umj‘ S{oiiongpot{ Idmwdl POinis

1 ‘Lﬁ ﬂq‘ (Ui

\\ | / |
N a— \

\%ﬂmmum

Note: foth, win & max poials are aleo referted 15 as &J-wa or to(n.7

il
e diond o“ a hofip\\&o\ line s c.,\vm?b 2000, i

How to &u& tommo‘s)(cf}imrul) ‘)omi1
Ofd QA&

w

@Ec\uok %3;0 § v for «
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46



Aitchison College Academic Resources.

SOLVED EXAMPLE:

(ii) Find the two stationary points on the graph of y = x* —4x”.

= L{l.s- [aka

Ele

L!vj’—l&l&:o
Lo Q‘— SJ -0
Yl0 o U-3:0
w-0 or w-3 .
1 &= ‘1(0]5 1 540y Qo ... :
-0 |

1

(ii) Determine whether each of the stationary points is a maximum or a minimum.
Give reasons for your answers.

A 3 lam&—b
I

el Ll

4 A
1w —VcC [3]
n'\v\ A
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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 17, the two
mathematical operations are "multiply by 2 (x2)" and "add 1 (+1)"

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

Putting -4 in would give 2 x (-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) = ... orf: 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 writtenasy = ...

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(xX) happens first

How does a composite function work?
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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 | write inverse functions?

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

How do | 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) = ... (orf1:x - ..))
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UNSOLVED PAST PAPER QUESTIONS;

(b} Expand the brackels and ssmphiy

4 x LTI
2]
(g} Factiwise compleiely
1 2ak — e
3  Reamange the formula 1o make w the subpect
Lig i il
6  Samplhiy.
o 3
et wx=15
ix + da = 2hy — bGb
{e) Solve the ssmulianeous equations
You must show all your working
x=3y 13
X W 116
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% fa) Simplify

(ENE S
| 1f ]
(i} -
o5
16 Find the ath term of cach sequence
in) B, 15, 14, 71, 132,
&
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ANSWER KEY;

(b) Expand the brackets and simplify.

(9 x-%) -(3x -1)
X ~%% ~' (-5
QX 47

4(3x—2)—-3(x—5)

(¢) Factorise completely.

L\Q(Bb - 3a.)

12ab — 204>

3 Rearrange the formula to make w the subject.

Sw=3y+7=0
Sw =3y -7
W = 3&3 -7
S
=7
W= e S .......................... [2]
6  Simplify.
2% + x— 15
ax + 3a — 2bx — 6b ( 2X -S') (W
-_\
22X+ CY -5y -1 Cor-2b) (XY
= (%) (%) = Sy
L = (2%-%) (Ms)j e
QX 32 - 2bx -Cb -\
= A lx43) —oy (x4my
= (& -2b) (X43)
> =S
....... S N
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(e) Solve the simultaneous equations.
You must show all your working.

BU &,bg{\{u tion

x—3y=13
2x* =9y =116
1‘3%:[3 o
2
X= 7) 'SS
2
2U7 -9 (x Y -y Yz 13-7

—_——

2% £30 - = \(¢ 2 (7,-2)

VY=Y =7 =0 @

- Z\H-(-5S
Q=2 p=-3 C=-77 3 _%/Eg\)
X=-% Q¢ - hal

o 9= -62 o2 (55,4

© UCLES 2024 0580/42/F/M/24 [Turn over
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21 Solve the simultaneous equations.
You must show all your working.

4y+3x=13
53 Uminagkion y=x-18
‘3 -z AR

:(/‘j- 4 * :—72

3 \} EIEICN G o)

2[ )
A=W 5 -5

4= Yas” J\g
Lé:

R = -3

4T =Xz =72 -1 Y= () -\
= -4xr-2) = -8S v= 7 S 7)
b 3 -gs =o
Azl b=3 (=35
S % ’Lm x—l'\rLg ...... )—OOG‘B
N or X=.TDunnn. ) =7 ........ [5]
© UCLES 2024 0580/22/M/3/24 [Turn over
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16 Find the nth term of each sequence. S 34 7\ \32
(a) 8, 15, 34,\_}/-”, 132, . ‘.\5 % 27 &Y ng
i AU ; By 5
—r — ¢ ! K
+\L \-H?/ +’ac, ‘{'\3
S S 17 ol S 2]
?)c&/\v(- = (\5
\ +\ -\
2—>—3 —>—4 ——5 ) 6 )
® T 73 16 @ 3% TR\
% L \_Y
Vo x4 Y
il
n-\ =
On - ay —7 %mmz)Ol\C Sea Y
2 —COYW(A ................................................. 3]
Arsk keim - =
\: oth.on\(ak' o \ X Y
TiP: Dolue  ovgRer ard lpwer -
Pock o [rnckion  gepporetly
16
9 (a) Simplify.
M G’
3 ¢ ©
3 x Y
= 2714\0\1 6 2
17)( ............................... 2]
3
W (s’
xy
1€ g 3
X9
4 2y \1
24 12 X tj
=Xy —
ey e ( L [3]
(
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UNIT 3: Coordinate Geometry

3 Coordinate geometry
E3.1 Coordinates

Usa and nterpret Cartesian coordmnatas mn bwo
dETLENSIoN S,

E3.2 Drawing linear graphs

Diraw straight-lne graphs for Bnear equations.

E3.3 Gradient of linear graphs

1 Fnd the gradient of a straght ne.

2 Calcdate the gradient of a straight Bne from the
ococrdinates of two points on it

E3.4 Length and midpoint

1 Calculata tha langth of a Bna sagmant.

2 Fnd tha coordinatas of tha medooent of a Bna
sagment.

E3.5 Equations of linear graphs

Inlarprat and obtan tha aguation of a straght-Ena
gragih,

Motes and examples

Motes and examples

Examples nchlude:
s p==2r+35

e p=T -dx

- Ix+ 2y =5,

MNMotes and examples

Motes and examples

Motes arnd examples

Crashons My

=  uZe and rmguast Bnaes n diffarant fonms, a.g.

ax + by = ¢
¥ = mx + o
x =k
= Inwolve finding the eguaticn when the graph is
givean

= ask for the gradeant or y-intarcaept of a graph
froem an aguation, ag. find tha gradsant and
-ntarcapt of tha graph with aguation
Sx 4+ 4y = K

Candidates are expacted to give eguaticns of a lne

n a fully samplfied form.
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3 Coordinate geometry (continued)

E3.6 Parallel lines Motes and examples

Find the gradiant and equation of a straight na a.g find the aquation of tha ine paralisl to
pardiel to a givan fng, y=4x - | that passes through (1, -3),
E3.7 Perpendicularlines Motes and examples

Find the gradient and equation of a straight ine Examples indude:

perpendicular to a given e, + find the gradient of a ne perpendcular to

y=3x+1

« find tha equation of the pampandcular Bisactor
of the Bna joining tha points (-3, 8 and (9, -2),

Major Terms and associated formulas:

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

rise —

run o — I

Formula:
Solved example:

Q1 A line P Svomh M goids A (1L,1) B (S 00
Fiad e %(&&keﬂ\li of ths Uine.

Sb\m{\of\
H= LO'l =3\ M= 6-2
X1 - W NR
m= 2
U
e\

Distance:
It can be known as length or segment and is represented by d.
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Formula:
d =\I (Xz‘ X1)2+ (yz_ Y, )2

Solved Example:

QI Find the dlistance [length) Seament  bekween poink;
ALLY)  and B(S)6).

Solation @“ Tl +ard \
| = Sl (s - )

J\: \T\é B W&
=3 M or Seeunts

Midpoint:
Formula:
xl & xz yl el yz
]
2 .
Solved example:
Case 1:
R Tind the midgoint oF ALY ad B (S)6)
Sebotion
(s gn\
= QS)L*\\
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Case 2:

@R TF wmdewet oF PLws) and R 004 is Qe
fiad  Coordinats of R

o Wkion

L\'\‘X . S-‘g‘ﬁ - 7
1 ‘L —

e W= Sy
X=N LG-:O\

= (%,a)

Cartesian Plane:

v
F .
a-+t+ R
x- coordinate
34
21 -(4,2)
11 vy - coordinate
X t t t t t + + t X
a 3 2 1, 1 2 3 4
>4
3 -
a4
w
v

Key points:

“Points are collinear”
Explanation:
All points lie on the same plane/ same line

! /H [, u,)
/c; (5 0.

Fix, u,)
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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
guadrilateral whose diagonal lengths are the same.
Hence, if these shapes are identified you can apply this formula:

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

Solved example:

Q\" ABCD g & Yeekonale A(-H)»\\ B2 ((¢-¢)
Q\NX (povdmnaks of 0. Uq)&y\\

o\t on
~ L4l =2y Yy -\ -¢) = gy
'}\:D (O\\ = —q

N (0,-9)

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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A
4
(4]

When 2 lines are parallel on the cartesian plane, both lines gradient/slope/m are equal.
7

6
5

+ - X
8 4 6 8
= 2X 3
2x +1
2x 5

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

N
<
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Solved example:

Qi) A Une X parges toogh A (1)) BIS)s) - Find
equakion of Une Y

skt on i Bl
A "6: ™M
® W\OQ Y= -\ 61,{\95@()( \ oA D-Q Yo, C
- ke esyuekion
= W SERSCIEE
=
: (=%
b&: U A
3

\')’\ N {\OKW\CA\ U(\e oy '\‘\&e/(5a)6 \)\f\@( and (QG}&E"%
\,\rwbucs\r\ QO'“\& C Ly ,fl\. Fad QO\NQ;UD(\ of nemal e 4.
O m of Q= %m’l i Formoln Co¢ Q\t\c)\\Y\s mlclqo'\r\{‘ (o)

me- -2 ) ok .Sc\vz Une Wwww b g
oVianel Uine &

e o lie) e
L=
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UNSOLVED PAST PAPER QUESTIONS;

il {u) Aisthe point (6, X) and § i the point (3, —4)

(i) Fand e ooorhinaies of (B redpoest of A8

(il Calculaie ibe length A8

(B The oquatsan of g {8 dxédyp=|21 =0

(ly  Famd the grmdieni od |

(i)  Forad the conmhnales of 1B posl where | crosies the y-aus

i
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ANSWER KEY:

15

I . 2

and B is the point (3, —4).

i,

1
10 (a) A 1sthe point (6,

My

(i) Find the coordinates of the midpoint of AB.
Formmb «(nezrl), (Lrz2) |95 -
2(2g£) s (Zpn (4.5
- _q -‘2_' TEmmmms b
FR ’ e
(ii) Calculate the length AB.
D-'?jz 1\/(h=h“‘jz “ly2-y,)*
M=)+ (cn—2"
4 (-3) 5 (—=)?

€7

~ S '__'———,?5

(b) The equation of line /is 4x+3y—12=0.

g oy
(i) Find the gradientof /. [ 1 | 2
bl 2 Y| B/3 |w/3

'-;.-+3y—-r.‘l.-a "= t7) T':\; ”
- =g PP =y}
h{1)+3y -j2=0 tnrdy-2 e

he iy ~o ﬁ{:.],-3>-—p=-'=? M{-_(_.i___})*(;-fj
dy=-F = 0 =l Fiy=e w4
?,—_L € 4 et 5 7
4 ‘—‘?.Ljy a0 ok
s _h 3
17 5

e 12

[3]

2]
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(ii) Find the coordinates of the point where / crosses the y-axis.

90 w = O
w3y -12=7

O+ 3}, —p2r =8

7_,7( ;12
‘,f—‘-h

(iii) Line p 1s perpendicular to [ and passes through (6, 5).

Find the equation of p in the form y = mx+c.

-~ = -—LT

Fg't g 2

=" = 'M.-(“—“J/j
\1}15.—-;3(‘1..'—5)

hy — 202 3n-I¥%
- 3&'—-’3" r2e

LEYEE:

/

hy: 3. 42
= In 42
T o TR
VoEdee g

65
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UNIT4 : GEOMETRY

4

E41

1 Usa and interpret the following geometrical

Geometry
Geometrical terms

emmns:

2 Usa and interpret the vocabulary of:

point
veriex

ine

plamsa

paraliel

perpendcular

perpendcular bisschor

besring

right angle

acube, obiuse snd reflex angles
intenior and extenor engles

i mniler

Congruant

gcale Iechor.

triangles
apectal quadrilaterals
polygons

rets

anlids.

Motes and examples

Candidetes are not expacted 1o show that two
shapes are Congnuant.

Includes the follwdng teemna.
Trizngles:

aquiatersl
laoecakes
scakne

right-angled.

Cueadrilaterals:

66

EpEare
rectangle
kite
rhombus
parallelogram
irapezium.
continuad
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4 Geometry (continued)
E41 Geometrical terms (continued) Notes and examples

Polygons:
s reguar and irregular polygons
e pentagon
* hexagon
= octagon
® cdecagon.
Solids:
s cube
¢ cubold
* peism
e cyinder
- WSI'NG
e cone
e sphere
¢ hemigphere
e frustum
e face
e surface
. adge
3 Us= and interpret the vocabulary of a crcle. Includes the following terms:
e Ccentre
o radus {plural radk)
e diameter
e crcumference
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1 Measure and drasy nes and angles.

2 Consiruct & trisngle, given the lengths of =l
sides, using a ruler end pair of compasses only.

3 Draw, uze and imempret nets.

E4.3 Scale drawings

1 Dvaw end interpret scale drawings.
2 Us= and interprat three-figure Dearigs.

Ed4.4 Similarity
1 Caloulste lemgths of similar shapes.

2 Usa the relationships betwesan lengths and asas
of gimilar sheges and lengths, surface arsas and
wilumes of simiar solida.

3 Sohve problems and give simple esplanstions
irrvobsing imilarity.

E4.5 Symmetry

1 Recogniss line ymmetry and order of rotationsl
symmetry in hwo dimensions.

2 Recogniss symimetry properties of prisms,
Cylinders, pyramids and Cones.

Mobes and examples

A rdler should De used tor all straight edges.

Constructions of pempendcular isectons and angle
hirrrinre are el reog e

0. construct a hombus by drewing two trismgles.
Construction erce must be shown

Examiples inciude:

= e nets of cubes, cubolds. prismis and
pyramids

= uge measuremants fom nets to caloulste
volumes and surfacs arees.

Motes and examples
A ruler must be usad for all straight edges.

Bearings are measured clockwiss from north
(D00 to AB0%.

eg. find the bearing of 4 from B if the bearing of &
from A s 025",

Inciudes an understanding of the terms north, east,
south and wesl.
0. point [0 s due esst of point O

Motes and examples

Includes wse of scale facton, eg.

. 3
Volume of 4 _ (Length of 4]
Wolame of & I:Lenglhu:rl'.ﬂ‘f )

inciudies showing that hwo tangles are simiar
UsinNg geometric reasons.

Mobes and examples

Includes properties of nangles, guadriatersls smd
polygons drectly related to thel symmetries.

0. Idantify planes and axes of symmetny.
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E4.6 Angles MNotes and examples

1 Calculste unkmewn angles and ghe simple Knowdedpe of 3-letter notation for angles (s
explanations using the folowing geometrical rescquired, e.g. angle ABC. Candidates sre expectad
proparties to use the comect geometical terminclogy when
# sum of angles at & point = 360° ghving reascns for anseers,

» zurmn of angles at a point on & strakght line = 1500
« yerticaly opposite angles ane equal

* smgle sum of & tangle = 150° and engle sum
of a quadrilsteral = 360"

2 Caloulste unkmewn angles and ghee geometric
explenations for angles formed within peralel s
* corresponding angles ane equal
» siternate anglkes are equal
* co-inferor angles surn to 180° (supplementary).

3 Know end use angle properties of regules snd Includes exteror end interior angles, and angle
imeguler pokypons. UM

E4.7 GCircle theorems | Motes and examples

Calculate unknown angles and give explanations Candidetes are expected o use the geometrical

using the following geomeatncal properties of crcles: propertes gted in the sylabus when giving

« ange in a semicircle = 90° reasons for answers.

= Engle between tangent and redius = 90°

= =ngle at the centre s twice the angle at the
circismierance

= Emgesin the same segment &re equsl

= opposits engles of a cydic guednlaieral sum io

180" [supplemeantany)

= sitermate segment theorem.

E4.8 Circle theorems Il Motes and examples

Uze the follwing symmetry properties of cincles: Candidetes are expected 1o Lss the geometncal

propertias listed in the sylabug whan giving

= eqgual chonds are equidstant from the cantre . for an

= the perpendiculer bisactor of & chord passes
through the cantre
= tamnantcs froen oo ovtormel sednl o o al
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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°

a C

a+ b+ c=180°

Angles at point always add up to 360°

a+b+c+d=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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x+x+x=180°

The sum of all angles in a quadrilateral is 360°

Angles
¢ LA+£4B+£C+£4D =360

D! 'C

Quadrilateral
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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Opposite angles in a cyclic quadrilateral should always total 180°
Drag the points to alter the angles and illustrate the theory.

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

B

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 letc.

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;

12 Ina regular polygon, the intenor angle and the exicror angle ane in the mise  inéereor © cxternor = | |

Fingl the number of sxles of thas regular polygon

- ]
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NOTTO
SCALE

ABCD \s a cycix quadrilaceral, ABX & a straight line and /A2 is a tangent to the circke at A,
Angle CBY = 85", anghe BAGQ = S5° and angle CAD = 42°

Find

) angk CBD
[ RS

() angk ACE

-
(e) umghe AINXC
o NV

(d) aegle 8CD

(¢} wngle PAD,
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1 1
I8 Two soluls are mathemanically simalar and have volumes Bl om™ and 2dem
The surface arca of the smaller solid is 44 cm”

Calculate the surface arca of the larger solid

H [t'

77



Aitchison College Academic Resources.

C - D
7.5¢m

In the diagram, A8 and CD arc paralle]
The lines CB and AD intersect at X
AB =30¢cm, AX =20cm, BX =2 Tcmand CD =7 Scm

Find the leagth of BC T T,

NOT TO
SCALE
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ANSWER KEY:

12 Inaregular polygon, the interior angle and the exterior angle are in the ratio interior : exterior =11 : 1.

Find the number of sides of this regular polygon.

interior + exterior = o Nunbey of % x 1S = 36e

\Q0 = g 360 - 94
o _ E
2 -

o i \S°
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17

NOT TO
SCALE

ABCD is a cyclic quadrilateral, ABX is a straight line and PQ is a tangent to the circle at 4.

Angle CBX = 85°, angle BAQ = 55° and angle CAD = 42°.
Find
(a) angle CBD

ARy Dl triangles tole
ngle =

....... by o

(1]
(b) angle ACB
(o]
A% /.\L{W ﬂ&k %esmmt U’\CoVﬂgle ACB = ......... SS ............................... [1]
(¢) angle ADC
R0 - - )
8 ( L‘Z ‘\—S 3,) - gs Angle ADC = ...... % .................................... [1]
(d) angle BCD
180 - (Wpa%0) = 108
Angle BCD = \bqg ..................................... 2]
(e) angle PAD.
190 - (SS4 304 142) =33
Angle PAD = ....... g 3 ................................ [1]
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18 Two solids are mathematically similar and have volumes 81 cm® and 24 cm’.
The surface area of the smaller solid is 44 cm?.

Calculate the surface area of the larger solid.

8

pE——

L\

Y

3 5 X
G =M

2
2
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3.0cm

NOT TO
SCALE
(&
7.5cm

In the diagram, AB and CD are parallel.

The lines CB and 4D intersect at X.

AB =3.0cm, AX=2.0cm, BX=2.7cmand CD = 7.5cm.

Find the length of BC.

7s o x
Cx + Bx=1C

3‘1 — 207285

!Z: 67S 5

€75 +27=9.08
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UNIT 5: Mensuration

5 Mensuration
E51  Units of measwre

Lkt mrstrics urits of mass, engih, anes, walums
and capasily in practica silualions and cormert
guenililies iro langer ar smaller units.

E5.2 Area and perimeter

Carry oul caloulations Fivalang the perimeter and
area of a reclangle, riangle, parallelogram and
Irapesum.

E5.3 Circles, arncs and sechors

1 Cany eut calculations Fvehing the
croumiierence and aca of & ancla,

2 Cary eul calculations Fvehing ar length and
SAckr aréd &% ractions of he crcurmfannss and
araa of 8 cincha,

ES54 Swrface area and volume

Carry cul calculalions and sobns probblenms irsakang
e srfacs sred and volurms ol &

s cuboid

®  prsm

s oylindar

®  Gphers

s [hrarmid

= COME.

Motes and examples

Lritss incdiacia:

= frum, oo, i, ke

= [T, cove, me, ke

=TT, eme,

s il |l

» aky

Clormeersion belwesn wils nohudes:

s bEbwecn diflerant units of ansa, a.g em® o e

s babwesn unils of valume and capacily,
. m7 s liires.

Motes and examples

Excepl for the area of a iangle, formukas are not
e

Motes and examples

Argwens may be asked for in Eoms of o
Famrmukas are given in the List of ormuolas.

Fichusdies minor and mgor Secion.

Motes and examples

Argwens may be asked for in Eoms of o
Thie: fellowing farmukas are given in e List af
Tormulas

s curvesd surface ama of a glindar

s ourved surface ansa ol a cona

s surface ansa of & sphars

s wolume of a prism

s volume of & pyramicd

s wilume of & cylinder

s volume of & cone

w alume of a splan,
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Notes

Units of Measure

The metric system is the international standard for assigning units to different
guantities 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 m? (square metre) | m (milli), ¢ (centi),
k (kilo)

Volume m?3 (cubic metre) [ m (milli), ¢ (centi)

Volume/Capacity |1 (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) 102 (1/1000)
c (centi) 102 (1/100)
k (kilo) 10® (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 | Formula for
Area Perimeter
[
Square
|2 4x|
l
Rectangle » |xw 2l+2w

a h Cc
Triangle Yoxbxh at+b+c
' b

Trapezium Yoxhx(atb) [ atb+c+d
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Parallelogram |, N axh 2xa+2xb

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.

T A constant that represents the ratio of any circle’s circumference to its
diameter. T = 3.142.

A circle with key features labelled

Formula for circumference of a circle: 21r
Formula for area of a circle: 1rr?

Semicircle: A half-circle, as illustrated below

A semicircle
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Formula for circumference of a semicircle: Trr
Formula for perimeter of a semicircle: Trr+2r
Formula for area of a semicircle: Vax1rr?

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

B

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 (8) is 611r2/360°.

The arc length of any arc with angle theta bound to its corresponding radii is
o1r/180°.

The perimeter of any sector with angle theta is 61r/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.
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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 Formula for
Volume Surface Area
{
Cube f I3 612
l
)%
{
Cuboid | g wh 2lw+2lh+2wh
w/')l' ''''' -

Ah 2A+h(a+b+c+...
)

Prism

Cylinder Tr?h 21r?+21irh

Sphere ‘ ’ 41r3/3 4Trr?
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Shape Diagram Formula for Formula for
Volume Surface Area
Hemisphere 21r3/3 3mr?
Regular h Ah/3 A+B(n-1)
Pyramid
(With n ‘p
faces)
l
Cone mr?h/3 TIr2+1rrl

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 21rh, and for a cone, it is Trl.

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

12
8 (a) A cuboid has length Lem, width Wem and height Hem

LM —

Htm
I NOT TO
{ SCALE
20.1em ! I v "';‘m
— I =
L 4
37.8cm

The diagram shows the net of this cuboid.
Theratio Wil=1:2.
Find the value of L, the value of W and the value of 4

H+W + 4 =20 L+ysL +H=31-8
M 3w = 9. | AL +24 - 31-8

W i alav)s 24-31-8
#< a0.)-%-
149 W84 YW + 20 = 37-8
L~ 3 YW+ 206-1-wW =37-8
H > aw = 17-7
L=als-a) w > 594
L<n- °° L=_. \\% =
7 I | ISR
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(b)

NOTTO
SCALE

24cm

The diagram shows a solid pyramid with a rectangular base ABCD
E 1s vertically above D.

Angle EDC = angle EDA = 90°

AB = 18cm, BC = I5cm and EC = 24em

(i) The pyramid is made of wood and has a mass of 800g

Calculate the density of the wood
Give the units of your answer

[The volume, ¥, of a pyramud is :IT « area of base x height ]
[Density = mass = volume] -

V= 1x (8)0s) % h ES +\§t 2y
o Ly £ 362 eb = {ay-e

h=E>= Y52

009 ;0 36 ;
821 gy =55 3/"” g

(ii) Calculate the angle between BE and the base of the p)‘lunu?

B8 - 14> 418" tand= f3CE

N> 14849}
powit] =

b= m ﬁ“‘
0= bon (Ase)
07 ) [41

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 =37.8-20.1cm, 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 cm?. 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/1480cm?3, giving
0.541g/cm?3,

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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NOTTO

s
Lo SCALE

e,
8cm

A cone has base diameter 8 cm and perpendicular height 15¢cm.

(i) Calculate the volume of the cone. 1
[The volume, ¥, of a cone with radius » and height / is V' = Snrzh.]

N= ‘—51\(‘&)*”5
v = 2Bl %5 25133

(ii) A label completely covers the curved surface area of the cone.

Calculate the area of the label as a percentage of the total surface area of the cone.
[ The curved surface area, A, of a cone with radius » and slant height / is 4 = nrl.]

o6 = n (W)
= 19%- 0%
7ot At .8 -A 3 bosw Pres 13
> 196-0% + 7\[‘{? Y
5 .38 y* +\6t=\7
R
'A“S%s ;v)q g 1qg % [5]

~ W
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(b)

NOTTO
SCALE

An empty cylindrical container has radius 0.45m.
300 litres of water is poured into the container at a rate of 375 ml per second.

(i) Find the time taken, in minutes and seconds, for all the water to be poured into the container.

i 428005 = 13min 20s
200000 m* %3
1~ 260000
- . I —
(ii) Calculate the hcigh?:gm water in the container. 1
300, = 0-3
N= T {L *h
(0-us) #h
¥ oa il we 0-472
- O ’ ?)
i nS 1%
ety 0\1 .......................... m [3]

Q5a)i) - The radius is half of the diameter, so ifd =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 |, would be the hypotenuse of the
triangle with base r, and height h. So in this case, withr =4 and h = 15, |
would be the root of the sum of the squares of 4 and 15, giving | = 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 cm?,

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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11 (a)
A 28¢m n
NOTTO
SCALE
20cm!
B VC

A rectangular sheet of paper ABCD is made into an open cylinder with the edge AB meeting the
edge DC.
AD = 28cmand AB = 20em.

(i) Show that the radius of the cylinder is 4.46 cm, correct to 3 significant figures.

Cireumluence = Ane

&% = Anvy
s 33 by
an

(ii) Calculate the volume of the cylinder.
%
V= 0™ gk

Nz nlyye) e an
- 1394 .43 21350

2]

1356....

(iii) N is a point on the base of the cylinder, such that BN is a diameter.

Calculate the angle between AN and the base of the cylinder.
tan 0= 2'0
10 %94

-4 p- 6596
.
266
(b) The volume of a solid cone is 310em’.
The height of the cone is twice the radius of its base.
Calculate the slant height of the cone.

[The volume, V, of a cone with radius r and height & is V' = %nr:h.]

V=310

lnf‘gnf =310
?

2= 26D
AR

= g - 01y
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hsd \?.‘.\04."*5-.')‘L
>3y
wsalesy " I\ = X_wo/vg
W= 10.6
5-93
et “ ‘%5- ................ cm [5]

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 cm?.

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*r?*h, we can substitute h as 2r, to get V = pi*2*r3. Since V = 310 cm?, we
can find r to be 5.29 using this formula (up to 3 significant figures). We know
that |, the slant height, is the hypotenuse of a triangle with the radius as the
base and the height as 2r. So | 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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NOT TO
SCALE

¢ 12cm 0
Triangle ABC is mathematically similar to triangle POR.
The area of triangle ABC is 16 cm?.

(i) Calculate the area of triangle POR.

KlE;I.S
8

K. 2.08

(i) The triangles are the cross-sections of prisms which are also mathematically similar.
The volume of the smaller prism is 320 cm?.

Calculate the length of the larger prism.
3

K'=3375

320 X 3375—: [0&80

[o 80
26

: 2
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Aitchison College Academic Resources. (b) A cylinder with radius 6 cm and height 2 cm has the same volume as a sphere with radius 4.5 cm.

Find the value of /.

[The volume, ¥, of a sphere with radius » is V' = %m-".]
:14'_ b F

V&7 (us)
= 381)

STr'h = 2807

he 387 o oo
T (8)* S 3375

(¢) A solid metal cube of side 20cm is melted down and made into 40 solid spheres, each of radius
rem.

[3]

Find the value of r.

[The volume, V, of a sphere with radius 7 is V' = %Trrj.]

3
bo w %ﬂrar 27 = . Je
g 3

r < 20 = 3‘627
box 4y
" * 2 3.63
Fis {,(7'7

38

A solid cylinder has radius xcm and height 77\ cm.

The surface area of a sphere with radius Rem is equal to the total surface area of the cylinder.

(d

-

Find an expression for R in terms of x.

[The surface area, 4, of a sphere with radius »is 4 = 4mrt]

25 + 29x <:7_%) " Lkaz

2
25+ %L 4
2 2
95" e
RZ qxz
: 3
£ = ’ - -
. T = R= = B3]
© UCLES 2020 0580/42/M/1/20 |Turn over

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 1.5% = 3.375. If the smaller prism has
volume 320cm?, the larger one would have volume 320*3.375 = 1080 cm?,
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*4.5%)/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*x?+2*pi*x>*7/2 = 4*pi*R2.
Simplifying the left hand side, we get 9*pi*x? = 4*pi*R2. Dividing both sides by
4*pi, we get R? = 9x?/4. Taking the square root of both sides, we can get R in
terms of x. This gives R = 3x/2.

Aitchison College Academic Resources.
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Unit 6: Trigonometry

6 Trigonometry
E&1 Pythagoras' theorem

Know and uss Pythagoras' theorem.

E6.2 Right-angled triangles

1 Know and uss the sine, cosine and tangant
ratios fior acute angles in calculstions inwohing
sides and angles of a right-angled triangle.

2 Solve problems in two dimensions using
Pythagoras" theorem and trigonometry.

3 Know that the perpendicular distance from a
point to a line is the shorest distance 1o the line.

4 GCarry out calculations imvolving angles of
elevation and depression.

E&.3 Exact trigonometric values

Kinow the exact values of:
1 sinx and cos x for x = F, 307, 45°, 60° and 90F.

2 tanx for x = 07, 307, 45° and &0,

E&.4 Trigonometric functions

1 Recoognize, shketch and interpret the following
graphs for 0° g x & 360

= y=sEInx
* P=o0Ex
= y=tlanx.

2 Bolve trigonometric equations imeolving sinx,
cosx o tan, for 0°  x < 3607

Notes:

Types of Triangles
Equilateral Triangles

All sides are of equal length
All angles are equal to 60°

MHotes and examples

Motes and examples
Angles will be given in degrees and answers should

be written in degrees, with decimals cormect 1o one
decimal place.

Knowledge of bearings may be required.

MHotes and examples

Motes and examples

&.g. sohe

i

* iin:t‘:vaDrﬂ":;I:;JW
e Zeoosxy+ 1 =0"for F g x g 360°
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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°

, >

45°

o]
AN A 0, s
B c

Isosceles Triangles

Area of Triangles

There is one formula which can be used to calculate the area of any triangle.
1
Area = Eab - sin(0)

a and b are the 2 sides of a triangle and 0 is the angle between those sides.

/

5 =

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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A 1b
rea = -a

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

X X )
Artae =

g
C 5

Pythagorean Theorem

a’? + b? = ¢?

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.

%‘uk[ﬂ(fww(i .
A 2 2 Z
/ o tb 7 C
2 2 E 2
g /(,L/\‘\\E ES ‘%C - /ﬂC
3 2 22
2 4+ BRC D
z Fan)
— J4ec = 25
Q C/ y%ég = f[é
ac ) b
C =N 0
Igé - L}

Trigonometric Functions
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The 3 trigonometric functions which you will study at this level are sin(8),
cos(0) and tan(B) where 6 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.

Opposite (O)

Angle (A) 90
degrees l—

Adjacent (A)

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 | take into account the angle at the top of the triangle,
the opposite and adjacent sides will be switched.

Sin Opposite Hypotenuse - SOH

_ Opposite
sin(f) = ——
Hypotenuse
Cos Adjacent Hypotenuse - CAH
Adjacent
cos(0) = ——
Hypotenuse
Tan Opposite Adjacent - TOA
Opposite
tan(0) = ——
an(6) Adjacent

104



Aitchison College Academic Resources.

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.

A
1 (_ a HW@

/\C \U/fM ot

N

g ———~

/\\\'\I\”\ \
\/‘H/{’?Sjg SV TP,

. 7\ Q
o er ;A A D \
SMLICN - BC - o [ ) Ak 7 /)
% NP @yfa) = AB |
/ =\ ) o

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 6. The 2 known sides are opposite and
adjacent. The only function relating opposite and adjacent is tan. To find the
value of 6 from tan(8) = 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™! (tan inverse). The equation will now be 6 =
tan~1(1.4). Press shift and the tan button on your calculator to get to the tan
inverse from where the value of 8 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) _ sin(b)
A 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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(VU - Un
¥ “ B

P

\( v

L=

In the above example, 2 sides and an angle are given and angle 6 needs to
be found. It is apparent that the angles and sides are opposite each other so
the sine rule can be applied. 8 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.

A% = B> 4+ C% — 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 6 needs to be
found and the side opposite 8 is XY. Substitute values in the formula and find

6.
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Questions
October 2023 42

NOT TO
SCALE

P Q

The diagram shows a right-angled triangle POR on horizontal ground.
Xis vertically above R and the angle of elevation of X from P is 21°.
XR=28mand RQ=7.1m.

Q Calculate the angle of elevation of X from Q.

2.8 %X&({g& .
S g
K = Q XQQ;Q\.S— ......................... ot N [2]

(i) Calculate PQO.

R
X To2(-2-8 .90
3-8 R PA

v R P&’-7.29 4707
PQ =)oV lo-2

.................... )QZ m [3]
(b)
M
9.1cm NOT TO
SCALE
32°
L K
16.7cm
Calculate the acute angle KML.
Ste Role  [emL 76-$29
w2 gk B
C{I [é,7 Q/ i é*&
g kML 0-972. y
Angle KML = jé'g— ............. [3]
© UCLES 2023 0580/42/0/N/23
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21.5cm
NOT TO
SCALE

12.3cm B D

The area of triangle ABC is 62.89 cm?.

(i) Show that angle BAC = 28.4°, correct to 1 decimal place.
—-(123)(r<) suBhAC - €2-89

b (281
(22225

E’AC % 22 oo o ol
(ii) Calculate BC.
Usena Cosine Rule
T 2(\2-1}(2[,53@3(28@\
B+ 6125k~ S28-9(687)
B¢’ U829
RC =217 2.2

[2]

............................ o T [3]
(iii) 4B is extended to a point D such that angle BDC = 90°.
Calculate BD.
ey 28-1 = 123 +£D
25
[23+8P= [R-9

BD: {612
A 12:3 R =0 b6 (-
: cm [3]

215

© UCLES 2023 0580/42/0/N/23 [Turn over

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 % X a X b X sinf where 6 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. a? = b? + ¢ — 2bc cos6 where
a, b and c are side lengths and ¢ 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

12
6
A
NOT TO
SCALE
17.2cm
54° & 68°
B 7 s__ (&
12.8cm

The diagram shows triangle 4BC with 4B = 17.2 cm.
Angle ABC = 54° and angle ACB = 68°.

(a) Calculale AC.

SLF el
AL
/-\ng?
: Y

(b) Mlies on BC and MC = 12.8 cm.

Calculate ~1M

Am IS, 127 2(1)028) e

Am' 299 04 L3-8
Am : 2480l
o ]g ég_ AM= (S_‘F? cm [3]

iy 0 A

(c) Calculate the shortest distance from 4 to BC

A Sl AD
|72

D: |29

e 157

© UCLES 2024 0580/42/F/M/24

............................................. cm [3]

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.

A

The diagram shows a solid triangular prism ABCDEF of length 15 cm.
AB = 6.4cm, EB = 5.7 cm and the volume of the prism is 145 cm”.

(a) Show that angle EBA = 32°, correct to the nearest degree.

o3 P2 UsnBBA x 1S (S
27736 x @nkBA LS
A g

Area ABE= L (c4)(s7)0F80 | —@p. 2200
_ 18-2ksinER '
. 182k ginE BA Ae TS =
(b) Find the length of E4.
- 2 2 7§
E EA: ) +6l - 2064)(57) can22
7 EA2-LS— 6187
A A 1S
Ch EA:3-4
((((((((((((((((((((( g[-f' cm  [3]

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

3 s

-
(¢) Calculate the shortest distance from E to 4B.

wgz & 0K

7
5(_202
G-l

(d) Calculate the angle BF makes with the base, 4BCD, of the prism.

BE: S
$7 @F. 1605

911 @=3-02
J6-05"

|6 og‘
lo-Q :
2 [ e . 08 ............. [4]

(€) The prism is made of plastic with density 938kg/ m’.

............................................ cm [3]

Calculate the mass of the prism in grams.
[Density = mass + volume]

938 1
LS b
- e
935&}@&1(;@: WE e )36 ............. 2 [3]
M = 0-1360) K
0-12be) % loco
e %6olw A~ 136

© UCLES 2023 0580/41/M/J/23 [Turn over

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
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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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NOT TO
SCALE

B

ABC is a scalene triangle on horizontal ground.
AYX is a straight vertical post, held in place by two straight wires XB and YC.
AC=4.8m, BC=5.6m and angle ACB = 20.4°.

(i) Calculate AB.

A@ Gisia- 2(5+6)(48) cos 2o
A@ SL&L& —Co-38
A\ .
s . A@ & e

AB=

(i) Angle XBA = 64°.

Calculate AX.

£

AXs 4 b

m 3]

(iii) A4Y=29m.
Calculate the area of triangle YAC.

q&
L8 &

29) (1)

£.9

© UCLES 2023

0580/43/M/1/23
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NOT TO
SCALE

In triangle POR, M is the midpoint of PQ.
RM = 8 cm, angle PRM = 30° and angle RMQ = 75°.

Calculate PQ.
GnS  an3e

e M

pMsaliS= b
PM= 442
PQL - 2PM
Pa - 842
=12 )2

~ 11°3 BOIS: vumvssssiibamsrisssesssiosiss cm [5]

© UCLES 2023 0580/43/M/J/23 [Turn over

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.
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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

7 Transformations and vectors
E7.1  Transformations Notes and examples
Recognise, describe and draw the following Questions may imolve cambinations of
transtormations: transfommations, A ruler must be usad for all straight
1 Reflaction of a shape in a straght ne, adges,
2 Rotation of a shapa about a cantre through
muitiplas of 907,
3 Enlargamant of a shapa from a cantra by a scala Poative, fractional and nagative scala factors may

factos e used,
x
4 Transkation of a shape by a vector {‘J
E7.2 \Vectorsin two dimensions MNotes and examples
1 Dasaribe a transdation using a vactor raprasanted Vectors will be printed as AR or .
x
o;

2 Add and subtract vactors,

.Aﬁcra.

3 Mutiply a vector by a scalar,

E7.3 Magnitude of a vector Notes and examples

x
" as The magnitudes of vactors will be denoted by
- madulus Signs, a.9.

Calculate the magnitude of a wector

fI. 3
N »  |a]is the magnitude of a
. |ﬁ| s the magnituds of AB,
E7.4 \Vector geometry Notes and examples

1 Represent vectors by directed line segments.
2 Use position wactars,

3 Use the sum and difference of two or more
vactors to exprass given vactors in tarms of two
coplanar vectors,
4 Usa vectors to reason and 1o sohve geometric Examples inchude:
protdams. « show that vectors am parasal
= show that 3 points are colinaar

»  solve vector problems involving ratio and
simiarity,

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 | 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 900, 1800 or 2700

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
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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)
Va
4
3
2
1
|
4 -3 -2 -10 1. 3 % 4
1
Q
2
3
4

Describe the single transformation that maps shape Aonto shape B
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The shape has been moved so this is a translation.

Pick a point on the original shape and find its corresponding point on the translated shape.
Count how many units it has moved horizontally and wertically.

Vi
4

4 right

Ha

A

| 2 down

-4 -3 2 100 1 2 3 4%

Write as avector. The horizontal displacement goes at the top (right is positive, left is negative).
The vertical displacement goes at the bottom (up is positive, down is negatinve).

Translation I:ry( :'3]

Wiriting "Translation™ [1]
Cormect wvector 1]
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A

6 -5 -4 -3 _2 19 1 2 3 4

.

-6

Triangle A is rotated 20° clockwise about the point (0, 1) to give triangle B.

-3
Triangle B is translated by the vector [_

1 ]l.r:: give triangle C.

Deascribe fully the single transformation that maps triangle A onto triangle €.
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You could also use trial and error with tracing paper. Start with trying the centre as the originand
work outwards if needed.

Rotation 90° clockwise about the centre (-2, 2)
Wiiting "Rotation” with corect angle [1]

Writing "Rotation” with correct centre [1]

Itis acceptable to write: 270° anticlockwise
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Draw the image of triangle A after an enlargament by scale factor —

1
2

ccentre (3, 1).
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H=

128



Aitchison College Academic Resources.

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:

MOVEMENT IN X-DIRECTION
(+TO RIGHT, — TO LEFT)

y MOVEMENT IN Y-DIRECTION
(+UP, — DOWN)

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

2d
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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:

b

a+b

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?

YN

<V

THE DISTANCE PQ IS CALLED THE
MAGNITUDE (OR MODULUS) OF
THE VECTOR P

—
THIS IS DENOTED BY IPI OR IPQI

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 | find the magnitude or modulus of a vector

Pythagoras’ Theorem!

YN

ra

o
>V

== 12
p_mﬂ(s)

IPl = IPQI = {122+ 5% = 13

IF THE COORDINATES OF P AND Q
ARE KNOWN THE "12" AND 5" CAN
BE CALCULATED

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:

av=--L TBandXB-
pPtg rt+gq

q —

AB
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Solved Questions:

o WO
SCALE
b
i "
In the diagram, 04 B and QED are straight lines.
0 isthe origin, 4 isthe midpoint of OB and Eis the midpaint of AC.
R = g and a =h.
Find, interms of a and b, inits simplest form
) 4B
DT, F O ||
) OF,
e N )

il the positionvectorof D,

[3]
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il

it}

i)

Identify the path from 4 10 B

AB-4C+CB
=a+bh
ABE =a+b)
Identify the path from G 1o E.
OF = 04 + AE
. )}
A isthe midpointof 4Bs004d = A8 =a + b
Eisthcmidpointﬂfdﬂ'saﬁ = %E= %a.

Substitute these into the route for the path.

—s 4 1

OF =04 + AE =(a + b) +>a
e
Sirmiplify.
3
OF =2a+b
The positionvector of D is G .
Identify a path from O to D) that uses some of the paths you already know vectaors for.
OD = OF + ED

—_—

1 1
E isthe midpoint of 4C s0 E_é = =AC= = a. Therefore ED must be equalto 7a + xb

Pl | =2

where X iz aconstant to be found.

E_D'isparallelmﬁsnﬁ = k{ﬁ] = k(%a - I:l-].

1 o ]
a + xb = k(%a + h-]

Compare coefficients of a.

]
Il
e
.,
bt | Laa
2]
e

=
Il

bt | 1 b_1||—=
[
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Compare coefficients of a.

1 []
~a= k|7a
3 1
=3
1
k==
-

Compare coefficients of b.

1 —= 1
xb=fkb=5bsc ED =5a + 3h
a i 2

=

[
Substituta thesea into the route for the path

- — — (3 11
aﬂ=ﬂf+m=(%a+h]+[;a+§]

[
Sirmplify

b | Laa

Ef.'l=( a+,1\a]+[h+1b]
e i

0D =2a +%I_: U
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M
[/ M Q
NOT 1O
s SCALY
N
o > ® A)
€ ks the onges snd OPOR o a paraliciogram
Mis e sadpot A PO d Ndivides OR s the s 2 |
N maand OK = b
() Fesd MV
Giive your anywey i temmm of 8 and'or b and in 03 smples foom
ALY - 2

(b) The lmes MV sod OR are cxiended 10 mect 2 5

Fead $¢ possticn voctor of X
Gitve your anwwer in iene of 3 sndoe b and in s umplea foem

3
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ANSWER KEY:

——

10 Write 174000 in standard form.
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-
24
P f ) / 0
NOT TO
\ 2 & gour
3 = ) 124l
A =L (e
I - ;
i b I 5 'r;
5 =
¥ is the origin and GPOR is a parallebogram, AAN g A £ Fdfr—;ﬁﬁ-,_ﬂ_ﬁ':
2 amd iy
= x = = s =b)+f + haf
0P = a and OR = b ) ) {—;1‘"
—" _ - 'q _
(a) Find MV. = kel -2
Giive yvour answer in terms of a and'or b and in its :i_l.l_nplq:ﬁt form, s
r-:!—"‘-’M Y- 1 FAre 258 = b 5o, Thigs b = -'Eir- +1h-b
T = * B
(B~ & | 3 =¥ 2
MV= = Zs +b5 ... [

(b} The lines AN and OR are extended to meet at 5.

Find the position vector of &,
Ciive vour answer in terms of a and'or b and in its simplest form,
SN ARBA b il e WY
-, A -
Batounae ; @) A A O 2 Q_,:.}j C 1""5"1‘?"-!'@ AR = 5 Cﬂ!’b n‘-r—"d_)
S0 —
(P )
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Unit 8 : Probability

8 Probability
E81 Introduction to probability

1 Understand and use the probabdty scabs from
021,

2 Undarstand and use probanility notation,

3 Calculate the probabiity of a single event.

4 Undarstand that the probability of an event
not cocuming = 1 = tha probability of the event
cocuming

E8.2 Relative and expected frequencies

1 Undarstand relative frequency as an estimale of
probakbdity,

2 Calcuata expacted fraquancias,

E8.3 Probability of combined events

Calailate the probablity of combined avents using,

where appropriate;
+ sampla space diagrams
» Menn diagrams

+ tree diagrams,

E84 Conditional probability

Calculate conditional probabiity using Venn
diagrams, tree diagrams and tablas,

IGCSE Probability

MNotes and examples

P(A) ts tha probabdty of A
P(A") is the probabdity of not A

Probabdities should be given as a fraction, decmal
or percantage,

Problams may require using infommation from
tables, graphs or Venn diagrams,

ag. B(A) = 08, find P(B")

MNotes and examples
&g, usa rasults of expadmeants with a spenner to
astimate the probabiity of a given cutcome,

2.9, usa probabiity to estrmate an axpactad valug
from a population,

hchludas undarstandng what is maant by fak, bias
and random.

Mates and examples

Combined events could ba with or without
raplacamant.

The notaticn P4 «— B) and PA . B)may be used
in the context of Venn diagrams,

On tree diagrams cutcomes will e written at the
end of branches and probabilities by the side of the
branches,

Notes and examples

Knowladga of notation, P{A|B), and kermulas
ralating to conditional probability i not raguired.

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:

Probability Formulas

Numbers of
Favourable Outcomes

P(A) =
Total Numbers of
Favourable Outcomes

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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ANB

‘A and B’

The intersection of A and B.

The elements in both sets A and B.

AUB

‘A or B’
The union of A or B.

Any element in set A or set B.

Al

‘Not A’
The complement of A.

Any element not in A.

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

Relative frequency is the number of times an event happens divided by the total
number of outcomes that took place in an experiment, known as the number of

trials.

To calculate the relative frequency we can use the formula

Relative frequency =

Example:

frequency of the event occurring

total number of trials of the experiment

If you spin a spinner 50 times and it lands on red 15 times:
Relative Frequency of Red = 15/50 = 0.3 (0r30%)
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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
guestion you don't fully understand)

2. Calculating Expected Frequencies

Expected frequency is the number of times we would expect an event to occur
over a given number of trials that take place during an experiment.

Expected frequency = Probability of event x number of trials ‘

& Example The probability of a spinner landingona 2is 0.3
If the spinner is spun 500 times,
the expected frequency of gettinga 2 is 0.3 x 500 = 150

N\
We would expect to see 150 2s in 500 spins.\j
Note that this might not be the case in reality!

Expected Frequency: The predicted number of times an event will occur in a certain
number of trials based on its probability.
Formula:

frequency
number of trials

relative frequency =

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 = 100x0.4 = 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

A sample space is a list or diagram used to display all possible outcomes. This could
be as a list or a table of values. Making a list of all possible outcomes is known as
enumeration.

To create a sample space diagram we need to think about the possible outcomes of
a situation.

For example,
Let's say we were to flip a fair coin and at the same time roll a fair six-sided die.
The sample space for this situation could be written as a list of the possible
combinations.
(H, 1), (H,2), (H,3), (H,4), (H,5), (H,6), (T, 1), (T, 2), (T, 3), (T, 4), (T, 5), (T, 6)
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.

The Venn diagram shows the

options that a group of students
have chosen for their A-Levels, | 3

A person is selected at random : _ _
from this group. Given that this o2 4
person studies music, what is the -

13

probability that they study maths. ,""""IIEninsh

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(ANB) =10/100=0.1
P(AuB) = P(A)+P(B)-P(ANB) = 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.

First draw Second draw  Choice Probability

white 2 white

—n,
2 ",

{ white )}

:; black 1 white 1 black  Zx- =

white 1 white 1 black 3 . 13

3
8

[
Y,

3
2 black SXF_SG

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 AB
(0.5) (0.5) (0.5) (0.5)
Calculating Probabilities:
Probability of picking an Apple both times:
P(A,A) = 0.5x0.5 =0.25
Probability of picking an Apple first and a Banana second:
P(A,B) = 0.5x0.5 =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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0580/4,0581/4/0/N02

4

A wheel is divided into 10 sectors numbered 1 to 10 as shown in the diagram.
The sectors 1, 2, 3 and 4 are shaded.

The wheel is spun and when it stops the fixed arrow points to one of the sectors.
(Each sector is equally likely.)

(a) The wheel is spun once so that one sector is selected. Find the probability that

«i) the number in the sector is even, o [1]
Jii) the sector is shaded, 4/, [1]
“(iii) the number is even or the sector is shaded, 7/lo [1]
Wiv) the number is odd and the sector is shaded. 1/"’ [1]
(b) The wheel is spun twice so that each time a sector is selected. Find the probability that
)  both sectors are shaded, 12 = & 2]
D 00 2§
ne sector is shaded and one is not, & _ _6_ [2]
s oo - 15
iii) the sum of the numbers in the two sectors is greater than 20, O [2]
@ he sum of the numbers in the two sectors is less than 4, [2]
o
(w the product of the numbers in the two sectors is a square number. [3]
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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
guestion to avoid making silly mistakes and to help understand the question)

7 6 42
6 blue —x—=—
10 11710~ 110
blue
4 4 28
— 7
10 Lt o2
red 7% 95= 110
4 7 28
7 blue  =x%5=1m%
10
red
3 4 3 12
10 ]-ed ﬁXﬁ:m

(Read the question slowly and carefully as probability is not a particularly hard topic
but the questions can be very tricky)

o) o @
O O ® @G
Bax | Brox 2

Box 1 contains 2 white halls, Box 2 containg 4 white balls and 3 black balls
{a) Ann chooses, al random, one ball from each box

(il Find the probability that these balls are both black.

Auzwer ... G RIS ST e
(if) Find the probability that these balls hise different colowrs
i B T .
.;- l;'- : I\H‘I !] cil ﬂ 4 é = Ja_
e S R B S R

Awusver -l;l& vzl

(Do as many past paper questions as you can to internalize these concepts)
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UNSOLVED PAST PAPER QUESTIONS;

3 (a) The table shows the time that each of 40 students takes to travel to school.

Time (m minutes) 0<m=10 10 << m < 25 25<m=40 40 < m = 60

Frequency 3 18 15 4

(i) Calculate an estimate of the mean.

(ii) On the grid, draw a histogram to show the information in the table.

A
24

Frequency
density 14

Time {minutes)

[3]
(iii) Two students are selected at random from the 40 students.

Calculate the probability that one student takes more than 25 minutes and the other student
takes 10 minutes or less to travel to school.
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ANSWER KEY:
oL = i 5 N - T
3 S0 TTavel 10 Sehoor,
[ S 12:$ A3 s0 £ ~= 105
Time (m minutes) 0<m=<10 10< m=<25 25 <m<40 40 < m =60
Frequency 3 18 15 4
: /“l 7§ 319 ‘1?7'\5 2z oo ifh =107
(i) Calculate an estimate of the mean. Fohmu-&a = ‘iol i
é- -
70028
(65
-~ 4.¢4
.............. C{é‘i min [4]
(ii) On the grid, draw a histogram to show the information in the table.
A
2
Frequency
density
0 > m
0 10 20 30 40 50 60

Time (minutes)

150



[3]

(iii) Two students are selected at random from the 40 students.

- . 5C
Calculate the probability that one student takes more than 25 minutes an%:l the other student

liap.&

IS’-&-.!:'I
N
T
L
L

i UCLES 2024

D3B0M42MINZ4

takes 10 minute;nr less to travel to school.

4 10 m1h=3

15

wi

(L4

gt

35

FLY
4o

=
L M
¢* T
!
1
.......... G [3]
p
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UNIT 9 STATISTICS:

Statistics
Classifying statistical data

9
Ef

Classify and tabulate statistical data.

E9.2 Interpreting statistical data

1 Read, |I'I1ETFH'E{ and draw nderences from tables
and statistical disgrams.

2 Compers sets of data using tables, graphs amd
statiatical measunss,

3 Apprecisie restrictions on drawing conclsions
fromn given data.

Ef.3 Awverages and measures of spread

1 Calculete the mean, median, mode, guartiles,
renge and interquariile range for individual deta
and distinguish befween e punposes Tor which
thesa are used.

2 Calculete sn estimate of the mean for grouped
discrate or groupsd continuous data.

3 |dertify the modal class from a grouped
frequency distribution.

Ef.4 Statistical chartz and diagrams

Diraw and interpret:

() ber charts

ib] e charts

i) pictograma

id] stem-and-leaf diagrems

te) simple frequency distributions.

Notes and ezamples

e.0. tally tables, two-way tebles.

Hotes and examples

8.0, Compane avereges and maasunes of spread
abwean two data ssata.

Notes and ezamples

Notes and ezamples

Includes composite (stacked) and dusl (side-try-
=ide) ber charts.

Sterm-and-leaf diagrams should have ordered data
with a key.
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a Statistics (continued)
EfS Scatter diagrams

1 Droew and intorprot sootor diagroma.

# Understand what iz meant by positive, negetive
and zend oorrelBlion.

3 Dvaw by eye, iInerpret and uss a straight line of
beat fit.

EfE Cumulative Irequency diagrams

1 Drew and interprat curmiulative fredguency tables
and disgrams.

2 Estimate and imterpret the median, percenties,
quartiles and interguartile range from cumulative

frequency diagramsa.

ES.7 Histograms
1 Draw and interpret histograms.

2 Calculsie with frequency density.

Notes and examples

Fiottod pointo should bo cloarty morkod, for
example ag amall crosses (x)

A line of Dast it

should be & single ruled line drawn by
ingpeaction

should extend acroe= the full data saf

doss not need to coincide exactly with any of
the points but there should be a roughly even

distribution of points either side of the ine over
itz entire length.

Motes and examples

Fiotted pointe on a cumulative frequency diagram
should be cesry marked, for example ag smal
Croesas [x), and be joined with 8 emooth cure.

Motes and examples

On histograms, the vertical sxiz s abelled

‘Frequendcy density’.
Frequency density |s defined as

frequency density = frequency = class wadih
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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

ltem Frequenc | Tally Group A Group B Total
y

Apples 5 N Categ | 12 8 20
Oranges 3 [ 1] ory 1 10 15 25
Bananas 6 [T111] Categ |7 13 20
Grapes 4 [11] ory 2

Categ

ory 3

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, | 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(1)

N=X1+X2+X3+...XN
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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) = 104= 25(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 *1+x

2where x1 and xz 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 (Ng)+( Ny
N is the total number of elements 2where

2. If there are an odd number of elements, the formula is again the same with the

N the number of elements: N*l

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 Y min 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  pf,
grouped data is:
P
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 fimj 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:

f. This means:

1. Find Pf 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
a B o o

Favourite Beverage

_ ]
L il ]
& ks
T

l Cihar

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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Key: (13) Represents 4 children

Key: 3|1 means 31

Stem |Leaf
119 9
2|10 4 7 8
3112226
410 5 5
5|5

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

L ]
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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: f

D =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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160

6 The diagram shows a gauge for measuring the water level -
:::t;f:;\ :metres. taken over a certain period were as follows: 2
23, -1.6, -04, 0.1, -0.5, 0.3, -1.2. : *
0
For these readings S - N%M
(@) find th&IIERENES, in metres, between the highest and - 2 ,
lowest levels, -~ 1 2 ~ 9 s 2
(b) find the median, ' : ‘
(¢) calculate the mean, , 2
) e _ el 0-5
@) Dtm=3"7(7“"' Swa ezt +0-Y
=(0-3) - (-2-3) %0
= + = 2°b .
.3+2.8 o fv GHve
l» 2)‘3 ',‘)”1)%—07 :;
24 ——
NIV (@) i Rvrioia PR a ki chbsassiabiorinsn m(l] =
 ©Mean=_—b t+0.Y ®..~0-8 - A
7 e I s
8 The heights of 40 children were measured.
3 i i t W,
mid (X) 110 20 130 140
Height (hem) | 105<h =115 | 115<h=125 | 125<h =135 | 135<h = 145
Frequency 5 10 20 5 =f= 4o
= 550 12-00 2600 700 Zfx = S050
(a) (i) Identify the modal class.
(ii) Calculate an estimate of the mean height.
Mean = Zf* _ SoSo _
2f 4o
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UNSOLVED PAST PAPER QUESTIONS;

Here are the heightsin centimetres of 20 men.

165 164 176 179 188 178 183 172 180
167 159 156 176 173 168 169 182 167

Show this informationin an ordered stem and leaf diagram.

190
192

The heights are also shownin the frequency table.

Height(hcm)| 0 <h <20 20<h <30 | 30<h <40 | 40 <h <80
Frequency 120 80 124 76

Complete the histogram to show this information.

Frequency
density

0 10 20 30 40 S0 60 70 80 *
Height (¢cm)
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A publisher checks documents for errors.

He records the number of documents that are checked each day.
He alsorecords the total number of errors in the documents each day.

The scatter graph shows this information.

4
25 T T T TIT T
Total HHH IR N A R A HRARARAN i
number | HL T o H
oferrors | T 1 g T 1 x|
20 : .
3 o -
o I
15 t x
: & 3
T ; I
10 t + x
X
e B R e
5“' L 1 I
1 x 1] % 5l
BB R SRR it
0 20 40 60 80 100 120

Number of documents checked

On another day 90 documents are checked.
Thereis a total of 17 errors.

Show this information on the scatter graph.
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ANSWER KEY:

Start by drawing an unordered stem-and-leaf diagram.

Cross each humber out as you use it and split each value into a stem and a leaf. Aleaf will always
be the final digit only.

e.g. 165 willhave astem of 16 and aleaf of 5.

Asinnature, astem can have more than one [eaf.

Unordered stem-and-leaf diagram

16|5 4 7 8 9 7
176 9 8 2 6 3
1818 3 0 2
190 2

15(9 6

Forthe final diagram, the stems will need to be putinto order, and then their corresponding
leaves put into order too.

Keep the leavesin neat columns as this helps to show features of the data such as most
frequent group (stem).

Remember to include akey with your final answer.

Height (h cm) 0<h <20 20 <h €30 30<h <40 40 < h < 80
Frequency 120 80 124 76
Frequency density 120 +20=6 80+10=8 124 - 10=124 76 +-40=19

Draw the remaining three bars with the correct class width and frequency density. Note that the

final bar has a width from 40 to 80

Frequency

density

IS EEEEREERELRGES

0 10 20

30 40 50 60
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Plot the peint(20,17)

Y
25
Total
number V.
of errors
20 »
x
X
15 x
x
10 »
h] »
x x
0
0 20 40 60 80 100 120 140

Number of documents checked
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