
P1 Chapter 1:  Algebraic 
Expressions



Chapter Overview

𝑎!×𝑎" = 𝑎!#"
𝑎! ÷ 𝑎" = 𝑎!$"
𝑎! " = 𝑎!"

1: Basic Index Laws
Expand and simplify

𝑥 − 3 % 𝑥 + 1

2: Expand brackets

Factorise fully:
𝑥& − 16𝑥

3: Factorise quadratics/cubics Evaluate:

27
8

$%&

4: Fractional/Negative Powers

Rationalise the denominator of
1

3 + 2

6: Rationalising denominators
Simplify

12×2 = 6 3

5: Surds



1: Index Laws

!
𝑎!×𝑎" = 𝑎!#"
𝑎! ÷ 𝑎" = 𝑎!$"
𝑎! " = 𝑎!"
𝑎𝑏 " = 𝑎"𝑏"

3!
base

exponent or 
power or index 
(plural: indices)

Simplify 𝑎& %×2𝑎% Simplify 4𝑥&𝑦 &

Simplify 2𝑥% 3 + 5𝑥 − 𝑥 4 − 𝑥% Simplify '
!$%'
&'"



Worked Examples

Simplify %(#

("

%
×3𝑎

Simplify 2'×3'

Simplify %'#'
#

)'!

Expand and simplify
2𝑥 3 − 𝑥% − 4𝑥& 3 − 𝑥

1 2

3 4



1 2

Challenge Problems

Non-Calculator Questions 



2 : Expanding Brackets

𝑥 − 𝑦 𝑥 + 𝑦 − 1

Multiply each term in the first bracket by each term in the second.

+𝑥𝑦 −𝑥 −𝑥𝑦

𝑥 + 1 𝑥 + 2 𝑥 + 3
= 𝑥 + 1 𝑥! + 5𝑥 + 6
= 𝑥" + 5𝑥! + 6𝑥 + 𝑥! + 5𝑥 + 6
= 𝑥" + 6𝑥! + 11𝑥 + 6

?

?



Expand and simplify
𝑥 + 5 𝑥 − 2 𝑥 + 1

Expand and simplify:
2 𝑥 − 3 𝑥 − 4

1 2

Expand and simplify:
2𝑥 − 1 &

3

Worked Examples



1 2

Challenge Problems

Non-Calculator Questions 



3 : Factorising

Informally, factorising is the opposite of expanding brackets.
More formally, a factorised expression is one which is expressed as a product of 
expressions.

𝑥(𝑥 + 1)(𝑥 + 2) Factorised as it is the product of 3 linear 
factors, 𝑥, 𝑥 + 1 and 𝑥 + 2.

𝑥 𝑥 + 1 + 𝑥 − 1 𝑥 + 1 Not factorised because the outer-most 
operation is a sum, not a product.

Basic Examples:

𝑥3 + 𝑥4 = 𝒙𝟐 𝒙 + 𝟏
4𝑥 − 8𝑥𝑦 = 𝟒𝒙 𝟏 − 𝟐𝒚

?
?



Factorising Quadratics

𝑥! − 5𝑥 − 14 = 𝒙 − 𝟕 𝒙 + 𝟐

Recap:
⊕ ⊗

?

We find two numbers which multiply to give the 
coefficient of 𝑥 and multiply to give the constant term.

2𝑥! + 5𝑥 − 12
= 2𝑥! + 8𝑥 − 3𝑥 − 12
= 2𝑥 𝑥 + 4 − 3 𝑥 + 4
= (𝑥 + 4)(2𝑥 − 3)

But what if the coefficient of 𝑥4 is not 1?

⊕5
⊗−24

2𝑥! + 5𝑥 − 12 = 𝟐𝒙 − 𝟑 𝒙 + 𝟒?

STEP 1: Find two numbers which add to give the middle 
number and multiply to give the first times last.

?
?

STEP 2: Split the middle term.

STEP 3: Factorise first half and second half 
ensuring bracket is duplicated..

STEP 4: Factorise out bracket.

?

?
?



Other Factorisations

4𝑥! − 9 = 𝟐𝒙 + 𝟑 𝟐𝒙 − 𝟑
Difference of two squares:

Using multiple factorisations:

𝑥" − 𝑥
= 𝒙 𝒙𝟐 − 𝟏
= 𝒙(𝒙 + 𝟏)(𝒙 − 𝟏)

?

?

𝑥" + 3𝑥! + 2𝑥
= 𝒙 𝒙𝟐 + 𝟑𝒙 + 𝟐
= 𝒙 𝒙 + 𝟐 𝒙 + 𝟏

?



Worked Examples

Factorise completely:
6𝑥! + 𝑥 − 2

6𝑥4 + 𝑥 − 2 ⊕ 1 ⊗−12
= 6𝑥4 + 4𝑥 − 3𝑥 − 2
= 2𝑥 3𝑥 + 2 − 1 3𝑥 + 2
= 3𝑥 + 2 2𝑥 − 1

Factorise completely:
𝑥" − 7𝑥! + 12𝑥

= 𝑥 𝑥4 − 7𝑥 + 12
= 𝑥 𝑥 − 3 𝑥 − 4

?

1 2

?



Worked Examples

Factorise completely:
𝑥# − 1

= 𝑥4 + 1 𝑥4 − 1
= 𝑥4 + 1 𝑥 + 1 𝑥 − 1

Factorise completely:
𝑥" − 1

= (𝑥 − 1)(𝑥4 + 𝑥 + 1)

3 4

Fro Note: You would not be expected to factorise this 
at A Level (but you would in STEP!).
In general, the difference of two cubes:

𝑥! − 𝑦! = 𝑥 − 𝑦 𝑥" + 𝑥𝑦 + 𝑦"

? ?



4 : Negative and Fractional Indices

𝑎* = 1

𝑎
+
! = $ 𝑎
𝑎
"
! = $ 𝑎 "

𝑎$! =
1
𝑎!

Note: 9 only means the positive square 
root of 9, i.e. 3 not -3.
Otherwise, what would be the point of 
the ± in the quadratic formula before the 
𝑏% − 4𝑎𝑐?

Prove that 𝑥
%
" = 𝑥

𝑥
+
%×𝑥

+
% = 𝑥+

But 𝑥× 𝑥 = 𝑥

∴ 𝑥
+
% = 𝑥

Evaluate 27$
%
!

=
1

27
+
&
=
1
3

Evaluate 32
"
#

= 2% = 4
? ? ?



4 : Negative and Fractional Indices

𝑎* = 1

𝑎
+
! = $ 𝑎
𝑎
"
! = $ 𝑎 "

𝑎$! =
1
𝑎!

Note: 9 only means the positive square 
root of 9, i.e. 3 not -3.
Otherwise, what would be the point of 
the ± in the quadratic formula before the 
𝑏% − 4𝑎𝑐?

Simplify +
,
𝑥-𝑦

%
"

=
1
3𝑥

&𝑦
+
%

Evaluate %.
/

$"!

=
8
27

%
&
=

2
3

%
=
4
9? ?

If 𝑏 = +
,
𝑎%, determine 3𝑏$% in the 

form 𝑘𝑎" where 𝑘, 𝑛 are constants.

3𝑏$% = 3
1
9
𝑎%

$%

= 3 81𝑎$) = 243𝑎$)
?



Challenge Problems

Non-Calculator Questions 



5 : Surds
Recap:

A surd is a root of a number that does not 
simplify to a rational number.

Laws:
𝑎× 𝑏 = 𝑎𝑏
𝑎
𝑏
=

𝑎
𝑏

A rational number is any 
which can be expressed as (

0
where 𝑎, 𝑏 ≠ 0 are integers. 
%
&

and )
+
= 4 are rational 

numbers, but 𝜋 and 2 are 
not.

3×2 = 𝟐 𝟑
3 5×2 5 = 𝟑𝟎
8 = 4 2 = 𝟐 𝟐
12 + 27 = 𝟐 𝟑 + 𝟑 𝟑 = 𝟓 𝟑
8 + 1 2 − 3 = 𝟏𝟔 − 𝟑 𝟖 + 𝟐 − 𝟑

= 𝟒 − 𝟔 𝟐 + 𝟐 − 𝟑
= 𝟏 − 𝟓 𝟐

?
?
?

?
?
?

?



1 2

Challenge Problems

Non-Calculator Questions 



Here’s a surd. What could we multiply it by such that it’s no 
longer an irrational number?

6 : Rationalising The Denominator

5× 5 = 5? ?

1
2
×

2
2
=

2
2

? ?



3
2
=
𝟑 𝟐
𝟐

6
3
=
𝟔 𝟑
𝟑

= 𝟐 𝟑

7
7
=
𝟕 𝟕
𝟕

= 𝟕

15
5
+ 5 = 𝟑 𝟓 + 𝟓 = 𝟒 𝟓

Examples

?

?

?

12
3
= 𝟒 𝟑

2
6
=

𝟔
𝟑

4 2
8
=
𝟏𝟔
𝟖
= 𝟐

?

?

?

?



More Complex Denominators

You’ve seen ‘rationalising a denominator’, the idea being that we don’t like to 
divide things by an irrational number.

But what do we multiply the top and bottom by if we have a more complicated 
denominator?

1
2 + 1

×
𝟐 − 𝟏
𝟐 − 𝟏

=
𝟐 − 𝟏
𝟏

= 𝟐 − 𝟏? ?



More Examples

3
6 − 2

×
6 + 2
6 + 2

=
3 6 + 6

2
?

3 2 + 4
5 2 − 7

×
𝟓 𝟐 + 𝟕
𝟓 𝟐 + 𝟕

=
𝟑𝟎 + 𝟐𝟏 𝟐 + 𝟐𝟎 𝟐 + 𝟐𝟖

𝟏
= 𝟓𝟖 + 𝟒𝟏 𝟐

? ?

?

4
3 + 1

×
3 − 1
3 − 1

=
4 3 − 4

2
= 2 3 − 2?? ?



Worked Examples

Solve 𝑦 3 − 1 = 8
Give your answer in the form 𝑎 + 𝑏 3
where 𝑎 and 𝑏 are integers.

𝒚 =
𝟖
𝟑 − 𝟏

×
𝟑 + 𝟏
𝟑 + 𝟏

=
𝟖 𝟑 + 𝟖

𝟐
= 𝟒 + 𝟒 𝟑

Rationalise the denominator and 
simplify

2 3 − 1
3 3 + 1

𝟐 𝟑 − 𝟏
𝟑 𝟑 + 𝟏

×
𝟑 𝟑 − 𝟏
𝟑 𝟑 − 𝟏

=
𝟏𝟖 − 𝟐 𝟑 − 𝟑 𝟑 + 𝟏

𝟐𝟕 − 𝟏

=
𝟏𝟗 − 𝟓 𝟑

𝟐𝟔

?
?

Rationalise the 
denominator and simplify

4
5 − 2

𝟖 + 𝟒 𝟓?



Expand and simplify:
5 + 3 5 − 2 5 + 1

Rationalise the denominator, giving 
your answer in the form 𝑎 + 𝑏 3.

3 3 + 7
3 3 − 5

1

2

Practice Test Questions



Solve 𝑦 1 + 2 − 2 = 3

Simplify:
𝑎 + 1 − 𝑎
𝑎 + 1 + 𝑎

3

4

Practice Test Questions



Challenge Problems

Solve 
! $
" !%

= # 3

𝟒 𝟑𝟐
𝟓 𝟑𝟑

=
𝟑𝟐

𝟏
𝟒

𝟑𝟑
𝟏
𝟓
=
𝟑
𝟏
𝟐

𝟑
𝟑
𝟓
= 𝟑*

𝟏
𝟏𝟎

But 𝒙 𝟑 = 𝟑
𝟏
𝒙

∴
𝟏
𝒙 = −

𝟏
𝟏𝟎 → 𝒙 = −𝟏𝟎

?

Non-Calculator Question 



Practice Test
1



Practice Test
2



Practice Test
3


