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6 Algebraic manipulation

Objectives

Before you start this chapter, mark how confi dent you feel 
about each of the statements below:

I can expand a single pair of brackets.

I can expand two pairs of brackets.

I can square a linear expression, e.g. (x + 1)2.

I can factorise algebraic expressions by taking out common factors.

I can factorise quadratic expressions of the form x2 + bx + c.

I can factorise a quadratic expression of the form x2 – a2 using the 
difference of two squares.

I can change the subject of a formula.

Check-in questions 

• Complete these questions to assess how much you remember about each topic. 
Then mark your work using the answers at the back of the book.

• If you score well on all sections, you can go straight to the Revision checklist and 
Exam-style questions at the end of the chapter. If you don’t score well, go to the 
chapter section indicated and work through the examples and practice questions 
there.

 1  Expand and simplify these expressions.

a t(3t – 4) b 4(2x – 1) – 2(x – 4)  Go to 6.1 

 2  Expand and simplify these expressions.

a (x + 3)(x – 2) b 4x(x – 3) c (x – 3)2  Go to 6.2 

 3  Factorise these expressions.

a 12xy – 6x2 b 3a2b + 6ab2 c x2 + 4x + 4

d x2 – 4x – 5 e x2 – 100  Go to 6.3 

 4  Factorise these expressions. Expand and simplify first if necessary.

a y2 + y b 5p2q – 10pq2

c (a + b)2 + 4(a + b) d x2 – 5x + 6  Go to 6.2, 6.3 

 5  Make u the subject of the formula v2 = u2 + 2as.  Go to 6.4 

   69
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6.1 Expanding single brackets
Multiplying out brackets helps to simplify algebraic expressions.

The term outside the bracket is multiplied by each of the terms inside the bracket.

 5(x + 6) = 5x + 30

 

1

2

Exam tips When you multiply out brackets, check that the signs are correct for each 
term. If the signs are the same, it is +. If the signs are different, it is −.

Practice questions
 1 Expand and simplify.

a 3(x + 5) b 7(y – 2) c 13(z + 5)

 2 Expand and simplify.

a –2(x + 4) b 2(2x + 7) c –3(5x + 3y) d 5x(x + 4)

 3 Expand and simplify.

a 2(x + 4) + 3(x + 1)  b 3(y – 2) + 3(y + 3)

c 4(m + 5) – 2(m + 6)  d 3(2m + 3) – 2(4m – 12)

 4 Deepak expands 3(4f – 2). His result is 7f – 2.

Identify two errors that he has made.

 5 Show that 3(y + 2) – 2(y – 3) ≡ 2(y + 6) – y.

Hint

Expand both sides and 
show that they give the 
same result.

This sign means 
’is equivalent to’.

Expand and simplify these expressions.

a –2(2x + 4) b 5(2x – 3) c 8(x + 3) + 2(x – 1) d 3(2x – 5) – 2(x – 3)

a –2(2x + 4) = –4x – 8

b 5(2x – 3) = 10x – 15

c 8(x + 3) + 2(x – 1) = 8x + 24 + 2x – 2

  = 10x + 22

d 3(2x – 5) – 2(x – 3) = 6x – 15 – 2x + 6

  = 4x – 9

Collect like terms.

Example 

1
Q

A

Collect like terms.
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6.2 Expanding two pairs of brackets
Every term in the second bracket must be multiplied by every term in the first bracket.

Often, but not always, the two middle terms are like terms and can be collected together.

 (x + 4)(x + 2) = x2 + 2x + 4x + 8

 = x2 + 6x + 8

1
2

3 4

Expand and simplify these expressions.

a (x + 4)(2x – 5) b (2x + 1)2 c (3x – 1)(x – 2)

d (x – 4)(3x + 1) e (2x + 3y)(x – 2y)

a (x + 4)(2x – 5) = 2x2 – 5x + 8x – 20

  = 2x2 + 3x – 20

b (2x + 1)2 = (2x + 1)(2x + 1)

  = 4x2 + 2x + 2x + 1

  = 4x2 + 4x + 1

c (3x – 1)(x – 2) = 3x2 – 6x – x + 2

  = 3x2 – 7x + 2

d (x – 4)(3x + 1) = 3x2 + x – 12x – 4

  = 3x2 – 11x – 4

e (2x + 3y)(x – 2y) = 2x2 – 4xy + 3xy – 6y2

  = 2x2 – xy – 6y2

Remember that x2 means x 
multiplied by itself.

Example 

2
Q

A

Exam tips Remember to check that the signs are correct for each term.

Practice questions
 1 Expand and simplify.

a (y + 2)(y + 3) b (x + 4)(x + 2) c (m + 3)(m + 5)

 2 Expand and simplify.

a (x + 4)(x – 1) b (y + 6)(y – 2) c (m – 2)(m + 8) d (x + 5)(x – 5)

 3 Expand and simplify.

a (3x + 2)(x + 4) b (5y – 2)(5y + 4) c (7 – 2y)(3 – 8y)

6.2  Expanding two pairs of brackets 71
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 4 Match the expression on the left with the correct expansion on the right.

(x – 2)(x + 2) 2x2 – x – 1

(x + 3)(x – 1) x2 – 4

(x + 4)(x – 2) x2 + 2x – 3

(2x + 1)(x – 1) x2 + 2x – 8

 5 Tash expands and simplifies (x + 2)(x – 3). Her result is x2 – 1.

Identify any errors she has made.

6.3 Factorisation
Factorisation is the opposite of expansion. It involves looking for common factors and putting them 
outside brackets.

One pair of brackets
To factorise 4x + 6:

• Identify the HCF of the terms.    2

• Divide the expression by the HCF.  2x + 3

• Write the HCF outside the brackets and the rest of the expression inside the brackets.  2(2x + 3)

When it is expanded or multiplied, it will equal the original expression.

Factorise fully.

a 8x – 16 b 3x + 18 c 5x2 + x  d 4x2 + 8x

a 8(x – 2) b 3(x + 6) c x(5x + 1) d 4x(x + 2)

Example 

3
Q

A

Two pairs of brackets
Two pairs of brackets are obtained when a quadratic expression of the type ax2 + bx + c is factorised.

Factorise these expressions.

a x2 + 4x + 3 b x2 – 7x + 12  c x2 + 3x – 10

a Find two numbers with a product of 3 (the constant) and a sum of 4  
(the coefficient of x):  3 and 1 (3 × 1 = 3 and 3 + 1 = 4)

 (x + 1)(x + 3)

b Find two numbers with a product of 12 (the constant) and a sum of –7  
(the coefficient of x):  –4 and –3 (–4 × –3 = 12 and –4 + –3= –7)

 (x – 3)(x – 4)

c Find two numbers with a product of –10 (the constant) and a sum of  
3 (the coefficient of x):   –2 and 5 (–2 × 5 = –10 and –2 + 5 = 3)

 (x + 5)(x – 2)

Example 

4
Q

A

Note that although –5 × 2 = –10, –5 + 2 = –3

Exam tips Remember to check that you have put all the common factors outside the 
bracket, otherwise the expression is not fully factorised.

 Check there is no common factor inside the bracket for your final answer.

Exam tips

Questions 1 to 3  
ask you to ‘Expand 
and simplify’. After 
expanding remember 
to collect like terms.
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Factorise these expressions.

a x2 – 64  b 81x2 – 25y2

a x2 – 64 = (x + 8)(x – 8)

b 81x2 – 25y2 = (9x + 5y)(9x – 5y)

Example

5
Q

A This is known as the ‘difference of 
two squares’. In general, x2 – a2 = 
(x + a)(x – a).

Practice questions
 1 Factorise these expressions.

a 4x + 10 b 15x + 35 c 14x – 120 d 6x – 30

 2 Factorise fully these expressions.

a 5y + 10x + 25z b 16x – 48x2 + 56xz c 14x – 42y + 63z d –9m + 12n – 21p

 3 Factorise these quadratic expressions.

a x2 + 5x + 6 b x2 + 10x + 16 c x2 – 10x + 21 d x2 + 6x – 16

 4 Factorise these expressions.

a x2 – 9 b y2 – 49 c m2 – 1 d 9t2 – 121y2

 5 In an exam, Ravjeet is asked to fully factorise 25x2 – 40x + 15xy.

As her answer, she writes 5(5x2 – 8x + 3xy).

She does not score full marks. Explain why.

6.4 Rearranging formulae
The subject of a formula is the letter that appears on its own on one side of the formula.

Any letter in a formula can become the subject if you rearrange the formula. It is important to do the 
same things to both sides of the formula as you rearrange it.

Make c the subject of the formula: b = c – a

 b = c – a

b + a = c

 So c = b + a

Example

6
Q

A Add a to both sides.

Make a the subject of the formula: b = (a – 3)2

 b = (a – 3)2

 ± b  = a – 3

± b  + 3 = a

 a = ± b  + 3

Deal with the power fi rst. Square root both sides of the formula. There 
will be a positive and negative solution, shown as ± (see Chapter 1).

Add 3 to both sides of the formula.

Example

7
Q

A
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Make x the subject of the formula:  5(y + x) = 8x + 3

 5(y + x) = 8x + 3

 5y + 5x = 8x + 3

 5y − 3 = 8x – 5x

 5y − 3 = 3x

 x = 5 3−
3

y

Example

8
Q

A

Divide both sides by 3 to make x the subject.

Collect the x terms on one side.

Exam tips Show all steps in your working. This will help you gain marks for your 
method even if your fi nal answer is incorrect.

Practice questions
 1 Rearrange each formula to make a the subject.

a x = a + 6 b y = a – 6 c z = 6 – a

 2 Rearrange each formula to make b the subject.

a x = 4b + 6 b y = 5b –3 c z = 6 – 2b

 3 Rearrange each formula. The subject is given in brackets.

a V = IR  (R) b A = bh
2

  (b) c P = mgh  (g)

 4 Make y the subject of the formula. 5y + m = 4(y – 3) 

When the subject occurs on both sides of the equals sign, they need to be collected on one side. It is 
easier to collect the terms involving the new subject on the side where there are more of them.

REVISION CHECKLIST
 ● To expand single brackets, multiply the term outside the brackets by everything inside 

the brackets.

 ● To expand two pairs of brackets, multiply each term in the second bracket by each term in the 
fi rst bracket.

 ● Factorising is the opposite of expanding brackets. Look for the highest common factor (HCF).

 ● You can rearrange a formula to make any letter the subject. When rearranging a formula, you must 
do the same thing to both sides.

Exam-style questions 
 1 Which of these are true?

a 5(a + 3) = 5a + 3 b 3(b + 2) = 3b + 6

c 5c(c – 2) = 5c2 – 2c d 2d(d + 4) = 2d2 + 8d

 2 Factorise this expression.  3pr + 12qr – 21r2

6 Algebraic manipulation74
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 3 Ted factorises 5x – 40. His answer is 5(x – 40).

  Show, by expanding his answer, that he is incorrect.

 4 Expand and simplify this expression. 4(x + 3) + 2(x + 1)

 5 Expand and simplify. (x + 8)(2x – 3)

 6 Expand and simplify. (2y + 6)(3y – 2)

 7 Write an expression for the perimeter of  
the rectangle. Fully expand and simplify  
your answer.

  

 8 Write an expression for the area of this  
square. Fully expand and simplify  
your answer.

  

 9 The area of this rectangle is 8m + 16.  
Write an expression for the length  
of the rectangle if the width is 8.

 10 Rearrange this formula to make m the subject. y = mx + c 

 11 Rearrange this formula to make p the subject. W = pr
q

 12 Expand and simplify this quadratic expression. (2x + 3)(5x – 4)

 13 Show that 3(x + 4) + 2(x – 3) ≡ 5(x + 1) + 1.

 14 Factorise this expression.  x2 – 144

 15 Factorise.  9p2 – 25q2 

 16 Rearrange this formula to make F the subject. 5 32
9

( )F C− =

 17 Show that (2x – 4y)(2x + 4y) = 4x2 – 16y2.

 18 Rearrange this formula to make r the subject. S = 4πr2 

 19 Rearrange this formula to make r the subject. V = 4
3

πr2

 20 Factorise this expression.  x2 – x – 20

Now go back to the list of objectives at the start of this chapter.

How confident do you now feel about each of them?

5(y + 2)

3y

(m – 2)

8 8m + 16
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