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1. Basic Arithmetic

Make sure you can answer these

questions without using a calculator.

1. There are 857 boys and 946 girls in a
school. How many children are there
altogether?

The battle of Waterloo took place in
1815. The battle of Hastings took place
in 1066. How many years apart are these
events?

Boxes contain 17 tiles each. How many

tiles are there in 12 boxes? 17

x 12
Lollipops cost 13p each. How many can
be bought for 234p? 13 )234

2. Sum, Difference, Product, Quotient
The sum of 6 and 2 is written 6+2 or 2+6. Both
calculations give the same answer, 8.

The difference of 2 and 6 is written 6—2 or 2—6.
The positive difference is 6-2 = 4. The negative
difference is 2-6 = -

The product of 2 and 6 is written 2x6 or 6x2. Both
calculations give the same answer, 12.

The quotient of 2 and 6 is written 6+2 or 2+6. These
calculations give different answers.

NOTE Another way of writing 6+2 is

3. Brackets

A bracket contains a single number. For example, the
bracket (6+2) contains the single number 8.

When a bracket is multiplied by a number, the x sign
is usually omitted. For example:

3x(4+1) is usually written 3(4+1)
(2+3)x(5-2) is usually written (2+3)(5-2)

4. BoDMAS

Always use the following order of working when
performing a calculation.

Remember this using
the word BoDMAS

Examples
3(4+1) = 3x(4+1) = 3x(5) = 3x5=15

brackets first........... drop brackets. .. .then multiply

4+3><2=4+6 & 10

multiply first.........then add

3+4(3- 1)+6 3 5 3+4x2+6 3= 5 3+8+2 5=8

brackets first .multiply and divide.. .add and subtract
4x3x2 =12%x2 = 24 Multiply any two numbers first;
4x3%x2 =4x6 =24  you will always get the same answer
12+2+3=6+3=2
6+3x4 =2x4=8

Work from left to right with
combinations of x and + signs

Number

5. Natural Numbers
Whole positive numbers are sometimes called natural

numbers:
1,2,3,4,5,6,

6. Multiplying and D|V|d|ng by Zero
Multiplying numbers by 0 always gives 0.

For example, 5x0=0, O0x5=0, 3x5x0=0
Dividing 0 by any number (other than 0) always
gives 0.

For example, 0+5=0 or

Dividing by 0 is impossible.

For example, 50 or % is impossible

7. Powers

4% is shorthand for 4x4x4 and is called the 3rd
power of 4. It is commonly called the cube of 4. We
also say that 4 has been raised to the 3rd power.
So, 4% = 4x4x4 = 64,
NOTE 4° does not mean the same as 4x3. Here is
the difference:
3 = 4x4x4 whereas 4x3 = 4+4+4

Similarly, 47 is shorthand for 4x4 and is called the 2nd
power of 4, or more commonly the square of 4
(or 4 squared). So, 4% = 4x4 = 16.

Question Calculate the value 0_/‘24+3".
2°43% = 2x2x2x2 + 3x3 = 1649 = 25

3 <—— Index (plural: indices)

Base — 4

8. Power of a Bracket

()*means ()x() () means ()x()x()

So, (5+3)% = (5+3)x(5+3) = 8x8 = 64

And (6-1)* = (6—1)x(6—1)x(6—1) = 5x5x5 = 125
Also (5x3)° = (5x3)x(5x3) = 15x15 = 225.

You get the same answer by squaring each number in
the bracket and multiplying the results together:

(5x3)* = 5°x3% = 5x5 x 3x3 = 25x9 = 225

. So we have the result:

Similarly:

NOTE (5+3) is not equal to 52+3° . Here's why:
(5+3)° = 8 = 64 whereas 5°+3°=25+9 =234
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9. Roots

The opposite process of calculating the power of a
number is finding its root.

The 3rd power (cube) of 2 is Cube (3rd power)

written 2° and is equal to 8. 2
The 3rd root (cube root) of 8

is written ¥8 and equals 2. Cube root (3rd root)

The 2nd power (square) of 5 Square (2nd power)

is written 5° and equals 25. — T
The 2nd root (square root) 5 -~ 25
of 25 is written 2/25 , or simply
/25 , and is equal to 5.
Question Calculate 416 without using a calculator.
4/16 is the 4th root of 16. Athpower

/’\
The answer must be 2, 2 16

because: i

4" power of 2 = 24 = 2x2x2x2 = 16 "

So, 416 = 2 because 2x2x2x2 = 16

NOTE 416 does not mean 16+4 (see above).
/1649 is not equalto /16 + /9 =4+3=7.
J16+9 = /25 =5 is correct.

“HEShE T

Square root (2nd root)

VEEAT

10. Powers and Roots

==

For example:

6 Square 62 =136 Square root
Another way of writing this is f6_2 =6
Similarly, (/6)*=6 or /6x/6=6

11. Multiples

1x3= 3
2x3= 6
3x3= 9 | These
4x3=12 | numbers
5x3=15 ) are called
6x3 =18 | multiples
7x3=21 of 3.
8x3 =24
9x3 =27

1xd= 4
2x4= 8
3x4 = 12 These
4x4=16 | numbers
5x4=20 ) are called
6x4=24 | multiples
7x4=28 | of 4.

8x4 = 32
9x4 = 36

Some of the multiples of 3 and 4 are the same. They
are called common multiples.

3, 6,912/ 15, Wzn ... Multiples of 3
4, 8, A2 46, 20 732, 36, .... Multiples of 4

12 and 24 are common multiples of 3 and 4.

12 is the lowest common multiple (LCM) of 3 and 4.
It is the smallest number that both 3 and 4 divide into
exactly.

12 Number

12. Factors

The factors of 12 are those numbers that divide
exactly into 12 1, 2, 3, 4, 6, 12
(Don't forget to include 1 and 12.)

The factors of 18 are: 1, 2, 3, 6, 9, 18
Some of the factors of 12 and 18 are the same; they
are called common factors.

Factors of 12

Factors of 18

The common factors of 12 and 18 are 1, 2, 3, and 6.
The highest common factor (HCF) of 12 and 18 is 6.

13. Prime Numbers

A prime number is a number that can be divided
exactly only by itself and 1. For example, 11 is prime.
Here are the first few prime numbers:

2, 3, 5 7 11, 13, 17, 19, 23, 29

w Ml v o
14. Prime Factors

The factors of 12 are: 1, 2, 3,4, 6, 12

Of these, 2 and 3 are prime numbers and so are called
prime factors.

Question What are the prime factors of 2°?

2% = 2x2x2x2x2 = 32

The factors of 32 are: 1, 2, 4, 8, 16, 32

So, 2 is the only prime factor of 2°.

15. Product of Prime Factors

Any number can be written as a product of its prime
factors, i.e. can be broken down into its prime factors.
Question Express 36 as the product of its prime factors
@ Write down the first few prime numbers;

23,5, 7,11, 13, ..
@ Divide 36 by the first prime number, 2)36

2, as many times as possible 2)18
(see opposite). 3)g

® Then divide by the next prime 3)3
number, 3, as many times as
possible, and so on until you get to 1. stop
@ Wirite down the product of all the prime numbers
you divided by:
36 = 2x2x3Ix3
(® Wirite any repeated prime numbers as powers
(i.e. using index form):
36 = 22x3?
This is called expressing a number as a product
of primes using index form.
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1. Number Patterns (Sequences)
A number pattern or sequence is an ordered list of
numbers connected by a rule.

The numbers in the pattern below start with 3 and are
connected by the rule ‘add 2, i.e. adding 2 to one
number gives the next number.

Add 2 Add 2 Add 2 Add 2
3 5 7 9 11
Some rules involve several steps. For example,

starting with 1 and using the rule ‘double then add 3’
gives the number pattern:

Double,add 3  Double, add 3 Double, add 3

1 5 13 29
Some rules involve several previous numbers in the
pattern. For example, starting with the numbers 2, 3

and using the rule ‘add the two previous numbers’
gives the number pattern:

8 13

s
Add

Some number patterns involve negative numbers. For
example, starting with 6 and using the rule ‘subtract 2'
gives the number pattern:

6.4,2,0 -2 -4, ..

Other sequences involve fractions. For example,
starting with % and using the rule “increase the
numerator by 1, increase the denominator by 1" gives
the number pattern below:

1 2 3 4 5

2 3 4 b5 8
Number patterns often arise in coursework
investigations. For example, the numbers of matches
in these triangles form a number pattern:

JANVAVAVAVANVAVAY)
Number.of 3 5 7 9
matchsticks

2. Number Patterns You Should Know
Even numbers 2, 4,6, 8,10, ....

Odd numbers 13,5, 7.9 11 ...

Prime numbers 2, 3, 5,7, 11, 13, 15, 17, 19, 23, ...
Natural numbers 1,2,3,4,5,6,7,8,9,.

Square numbers 12 22 3?4, 9, 62

1 4 9 16 25 36

.

i, 8 27,64,15, ..
207202, 2.2, -

1,2 4 8, 16, 32, 64, ...

Cube numbers

Powers of 2

3. Finding the Rule for a Number Pattern
Follow these steps to find the rule for your number
pattern.
@ Is the pattern one you know?
9, 16, 25, 36, .... Square numbers, starting with 3?
@ Is the pattern a modification of one you know?
2,5,10,17, 26, .... Square numbers + 1
® Try adding consecutive numbers:

Add RULE Start with 2 and 4;
6,\1 0 16 add two consecutive
e TR numbers to get the
Add next

@® Look at the differences between consecutive
numbers:

7 10 13 16 19 .. RULE Startwith7; add 3
\3/ \3/ \3/ \3/

Same difference

1 2 4 7 11.. RULE Startwith 1 add1,
Wk Nt NHINA then add 2, then
1 2 3 4 add 3, etc.
Increasing differences

® Try multiplying consecutive numbers:

Multiply Multiply RULE Start with 1 and 2,
g L Itiply two
1 2 2 4 8 ... )
~— ~— : consecutive numbers
Multiply Multiply to get the next

® Try dividing consecutive numbers:

2 6 18 54 ...
N NS N
3 3 3

l (6+2) (18+6) (54=18)

RULE Start with 2;
multiply by 3

RULE Start with 48;
divide by 2

48 24 12 6 v
N N NS
2 2 2

(48+24) (24+12) (12+6)

If none of these steps worked, try the methods in
Box 4

4. Terms of a Sequence

Each number in a sequence (number pattern) is called
a term and occupies a certain position in the
sequence.

Position 1st, 2nd, 3rd, 4th, 5th, ...

Term 3, 6, 9, 12, 15, =

You can often find the value of a term by knowing its

position. In the above sequence, each term can be
found by multiplying its position by 3:

Position

x3( x3( x3( x3( (

So we can now also find the 20th and 100th terms:
20th term = 20x3 = 60 100th term = 100x3 = 300
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4. Terms of a Sequence (Contd)

Question Find the 7th, 20th and 100th terms of the
sequence: 3, 7,11, 15,19, 23, ...
First, write down the positions of the terms:
Position 1, 2, 3, 4, 5, 6, ..
Term 3 @ 1,716,119, 23, .
Then find the rule connecting each term and its
position number:
Position 1 2 3 4 5 e
Term 3 7 11 15 /19
g N Nt Ny
A difference of 4 means that the rule involves
multiplying the position number by 4:
Position 1, 2, 3, 4, 5, 6, ...
4x Position 4, 8, 12, 16, 20, 24, ....
Term 3. 7. 11515, 19, 23;....
You can see that each term is calculated by
multiplying each position by 4 and then subtracting 1.
So, 7th term 4x7-1 = 28-1 27
20th term 4x20-1 80-1 79
100th term = 4x100-1 400-1 399

Question As part of his coursework, Philip drew the
following sequence of patterns:

Pattern Number 1 3

(a) Complete the table below.

Pattern number | 1 2 3 4
Number of dots | 5 8 1| 14

(b) What is the number of the pattern with 137 dots?
(a) The number of dots can be found using the rule
‘multiply the pattern number by 3 and add 2'.
Number of dots in pattern 5 is: 3x5+2 =17

(b) Reverse the rule to find the number of the pattern
with 137 dots, i.e. ‘'subtract 2, then divide by 3"

137-2=135 then 135+3=45

So, the 45th pattern has 137 dots.
Question Find the next term in the sequence below.
Position 1st, 2nd, 3rd, 4th, 5th, ...
Term 2, 5 10, 17, 26, ...

One of the terms of this sequence is 226. What is the
position of this term?

Position number 1 2«8 4 5 ..

Square of position number 1,

You can see that each term is found using the rule
‘square the position number and add 1'.

So, the next term = 6th term = 62+1 = 36+1 = 37

To find the position number of the term 226, reverse
the rule, i.e. ‘subtract 1 and then square root'’.
Subtract 1 226-1 =225

Square root 225=15

So, the term 226 has position number 15.

4, 9, 16, 25, ..
Term 2. 5 10; 17, :26. «:;

5. Describing Sequences Using Algebra

Sequences can be briefly described using algebra.

n represents the position of any term

uy represents the 1st term

uz represents the 2nd term, etc.

u, represents the nth term (the general term)

For the sequence 3, 6, 9, 12, 15, .... we have:

Positon 1, 2, 3, 4, 5, 6, .., n, ...

Term 3, 6,.'9,. 12,15, 18, ..., nthterm, ...,
Uy, Uz, Us, Ua, Us, Us, ..., Un ...

Each term in this sequence is found using the rule

‘multiply the position number by 3'. So,

1st term 3x1 3

2nd term Ix2 =6

3rd term 3x3 = 9, etc.

nth term 3xn = 3n

Question Write down the first three terms of the

sequence where u, = n+1.

istterm = uy = 141 = 1+1 = 2

2ndterm = u; = 2°+1 = 441 = 5

3rdterm = us = 3%+1 = 9+1 = 10

Question Write down the nth term, u,, for the

sequence 1, 3,5, 7,9, ....

First, write down the positions of the terms:

Position 1, 2, 3, 4, 5 6,.. n, ..

Term 1 3, 8 7. 9 11, ixuiln =

Find the rule connecting the terms and their positions.

Positon 1 2 3 4 5 6.. u,..

Term 1 I3 § . 7T 9@ Nl o
Nt N N N AN A
2 2 2 2 2

oo
§§§F

Same difference

A difference of 2 means that the rule involves
multiplying the position number by 2. Each term is
found using the rule ‘multiply the position number by 2,
then subtract 1':
Term = 2x(Position number)-1
So, up = nth term = 2xn-1 = 2n-1
Question For the sequence 2, 6, 12, 20, 30, ....
(a) Find the next term.
(b) Write down an expression for u,.
(¢) Find the value of n when u,, = 4970.
(a) Write down the positions of the terms:
Positon 1 2 3 4 5 6 7 ..
Term 2 6 1220030 ? .
Each term is found by multiplying its position
number by the next position number:
Multiply  Multiply ~ Multiply Multiply
D e T NI AN
Position 1 2 3 4.
Term 2 6 12 2074,
So, the next term is 6x7 = 42
(b) The position of un is n and the next position is n+1.
So, up = nx(n+1) = n(n+1)
(c) We must find n such that n(n+1) = 4970. Since
n+1 is close to n, then n(n+1) is close to nxn or
n?. So, n* ~ 4970, giving n ~ [4970 = 70.5.
Try n=70: n(n+1) = 70x71 = 4970. Correct

n+1.... |
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1. Positive and Negative Numbers 6. Adding and Subtracting
Positive and negative numbers can be represented as Use the number line to add/subtract two numbers.
points on a straight line called the number line. Add

-13 05 275 1 g

%4 3 2 0 2 3 =1 9.0
Subtract

+5

Negative numbers Positive numbers

There are several ways of writing positive and
negative numbers. For example,

2 can be written +2, (+2) or *2
-2 can be written (-2) or "2 and is called negative 2 3

’ - -1
NOTE *2and -2 are called directed numbers Answer Start

Sometimes you will see two +

or — signs next to each other,
2. Integers ‘ e.g. 2+-3. Use the rules on the
right to replace them with a single
sign.
Examples
2+-3=2-3=-1
—(-5)-2=--5-2=45-2=3

Whole numbers are sometimes called integers. They
include the positive and negative numbers and zero.

e =3, -2, -1, 0, 1, 2, 3, ...

3. Plus and Minus

Minus is the name of the sign — 7. Rearranaina Numbers
Plus is the name of the sign + ’ ging .
So, 3+4-2 expressed in words is ‘three plus four -2+5 and +5-2 both give the same answer of 3.
minus 2' So, -2+5 can be rearranged to give +5-2. Notice
how the signs stay with the numbers.
Similarly, -2+5-1+4 = +5+4-2-1=9-3=6

4. The Sign -

In calculations, the sign — can mean subtract or take | . L
away, or it can mean negative. For example, 8. Adding/Subtracting Several Numbers
5—2 means '5 subtract 2’ or ‘5 take away 2’ ‘ When adding/subtracting more than two numbers, first

-2+5 means ‘negative 2 add 5 (the negative ] combine the + numbers into a single number and
number -2 added to 5) then the — numbers into a'single number:

-3+2+4-1-6+3+5
= +2+4+3+5-3-1-6  Rearrange numbers first
= +14-10 Combine numbers
5. Distance Between Numbers
The distance between two numbers on the number
line is always positive. For example, the distance
between the numbers -2 and 3 is 5, as shown on the
number line below. ,
Distanica:of & Use_the;e rules for
multiplying numbers.
Examples
Question The temperature in a thawing -2x-5=+10=10 (—3)2 =(-3)x(-3)=+9=9
freezer increased from -15°C to -3°C. - -2+—-3x4 = -2+-12 = -2-12 = -14 or alternatively
What was the rise in temperature? D4_3x4 =-2-3x4=-2-12 = -14

The diagram shows that the L
temperature rose by 12 °C Use the same rules for dividing numbers. For example:

(the distance between -15 and -3 . : “Ba-D =43 =3

. -6
or equivalentl — =+3=3
is 12). s g : : Y2
== —- = = —_— = —+ = -
5~ 1 4 and = fadhor 4 and

The last example shows that :2§

15  Number
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