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INTRODUCTION 

 
 
The Mathematics Department is fully committed to ensuring that you make good 
progress throughout your A Level course. Some students find the transition from 
GCSE to A Level really tough so in order for you to make the best possible start to 
the course, we have prepared this booklet. 
 
All students will be expected to complete this ‘Bridging the gap to A-Level’ 
booklet over the summer holidays. The aim of this booklet is help you understand 
grades 7-9 GCSE work, which is the foundation of the maths you will be studying 
at A-Level. It is vital that you start your A-Level course with a thorough grasp of 
the topics in this booklet. For each topic, there are explanations and worked 
examples. There are also questions for you to complete with answers in the back 
to allow you to check and correct your work. 
 
There are also good revision lessons available on the Hegarty maths,Corbett maths 
(attached at the beginning of the booklet to watch the videos) and Mathegenie 
websites.  
You will be assessed on these and other topics at the start of term, and you 
need to gain at least 80% to pass and take A Level Mathematics. 
 
 
Good luck 
The Maths Department 
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Year 11 Preparing for A-level Maths: Helpful Videos  
Topics to Prepare for 

A-level Maths 
Hegarty Maths Videos and Resources  

(Requires a school subscription) 
Cortbett Maths Videos and Resources  
(No subscription required) 

Manipulating algebraic 
expressions 

166 - Expanding Triple Brackets 

172 - Expressions with Algebraic Fractions 

15 - Algebra: expanding three brackets 

21 - Algebraic Fractions: addition 

22 - Algebraic Fractions: division 

23 - Algebraic Fractions: Multiplication 

Surds 115 - Simplifying Surds 

117 - Brackets Involving Surds 2 

119 - Rationalising Surds 2 

305 - Surds: intro, rules, simplifying 

307 - Surds: rationalising denominators 

308 - Surds: expanding brackets 

Rules of indices 104 – Index form 3 (power of negative 

integers) 

109 – Index form 8 (powers of non-unit 

fractions) 

174 - Indices With Algebraic Expressions 2 

175 - Indices With Algebraic Expressions 3 

173 - Indices: fractional 

174 - Indices: laws of  

175 - Indices: negative 

Factorising expressions 227 - Factorising Quadratic Expressions 5 

228 - Factorising Quadratic Expressions 6 

229 - Simplifying Algebraic Fractions 

(involving quadratics) 

119a - Factorisation: splitting the middle 

120 - Factorisation: difference 

of 2 squares 

24 - Algebraic Fractions: Simplifying 

Completing the square 235 - Completing the Square 1 

236 - Completing the Square 2 

237 - Completing the Square 3 

10 - Algebra: completing the square 

 

Solving quadratic 
equations 

232 - Solving Quadratic Equations (by 

Factorising) 3 

238 - Solving by Completing the Square 1 

242 - Solving using the Quadratic Formula 

244 - Quadratic Equations from Algebraic 

Fractions 

266 - Quadratics: solving (factorising) 

267 - Quadratics: formula  

267a - Quadratics: solving (completing the 

square)  

Sketching quadratic 
graphs 

252 - Finding the y-intercept of a Quadratic 

Graph 

253 - Finding the x-intercept (Roots) of a 

Quadratic Graph 

256 - Finding the Turning Point of a Quadratic 

Graph 2 

257 - Sketch a Fully Labelled Quadratic Graph 

265 - Quadratic graphs: sketching using 

key points 

371 - Quadratic graph (completing the 

square) 

Solving linear 
simultaneous equations 

193 - Simultaneous Equations by Elimination 

4 

194 - Simultaneous Equations by Substitution 

295 - Simultaneous equations 

(elimination) 

296 - Simultaneous equations 

(substitution, both linear) 

Solving quadratic 
simultaneous equations 

314 - Equation of a Circle 1 

246 - Simultaneous Equations Involving 

Quadratics 

12 - Algebra: equation of a circle 

298 - Simultaneous equations (advanced) 

Solving simultaneous 
equations graphically 

259 - Simultaneous Equations Using Graphs 

(Quadratic & Linear) 

297 - Simultaneous equations (graphical) 

Linear inequalities 273 - Linear Inequalities as Graph Regions 1 

274 - Linear Inequalities as Graph Regions 2 

180 - Inequalities: graphical y>a or x>a 

181 - Inequalities: graphical y>x+a 



4 

 

275 - Linear Inequalities as Graph Regions 3 182 - Inequalities: region 

Quadratic inequalities 277 - Solving Quadratic Inequalities 378 - Inequalities: quadratic 

Sketching cubic and 
reciprocal graphs 

298 - Cubic Graphs (from a Table of Values) 

299 - Cubic Graphs (Recognising) 

300 - Reciprocal Graphs 1 

344 – Types of graph: cubics 

346 -  Types of graph: reciprocal 

Translating graphs 307 - Graph Transformations 1  f(x)+a 

308 - Graph Transformations 2 f(x+a)  

323 - Transformations of graphs 

 

Straight line graphs 210 - Straight Lines Graphs 5 

213 - Straight Lines Graphs 8 

194 - Linear graphs: find equation of a 

line  

195 - Linear graphs: equation through 

2 points  

Parallel and 
perpendicular lines 

214 - Straight Line Graphs (Parallel) 

216 - Straight Line Graphs (Perpendicular) 2 

320 - Circle Normals and Tangents 

196 - Linear graphs: parallel lines 

197 - Linear graphs: perpendicular lines 

372 - Equation of a Tangent to a Circle 

Pythagoras’ Theorem 506 - 3D Pythagoras 2 

501 - Pythagoras (Applied) 1 

502 - Pythagoras (Applied) 2 

259 - Pythagoras: 3D 

260 - Pythagoras: rectangles/isosceles 

triangles 

263 - Pythagoras: distance points 

Direct and inverse 
proportion 

344 – Algebraic Direct Proportion 2 

346 – Algebraic Inverse Proportion 1 

254 - Proportion: direct 

255 - Proportion: inverse 

Circle theorems 604 - Circle Theorems (Multi Step) 1 

605 - Circle Theorems (Multi Step) 2 

606 - Circle Theorems (Multi Step) 3 

64 - Circle theorems – theorems 

65 - Circle theorems – examples 

Trigonometry 585 - 3D Trigonometry 5 

303 - Sine Graph 

304 - Cosine Graph 

305 - Tangent Graph 

521 - Sine Rule (Find Side) 1 

523 - Sine Rule (Find Angle) 1 

525 - Singe Rule (Ambiguous Case) 

527 - Cosine Rule (Find Side) 1 

529 – Cosine Rule (Find Angle) 1 

332 - Trigonometry: 3D 

338 - Trigonometry: Sine graph 

339 - Trigonometry: Cosine graph  

340 - Trigonometry: Tangent graph 

333 - Trigonometry: sine rule (sides) 

334 - Trigonometry: sine rule (angles) 

334a - Trigonometry: sine rule (ambiguous 

case) 

335 - Trigonometry: cosine rule (sides) 

336 - Trigonometry: cosine rule (angles)  

Rearranging equations 186 - Solve Equations With x on Both Sides 3 

187 - Solve Equations With Algebraic 

Fractions 

111 - Equations: involving fractions 

112 - Equations: fractional advanced 

112 - Equations: cross multiplication 

Volume and surface area 
of 3D shapes 

576 - Cones (Volume) 1 

578 - Frustums (Volume) 

579 - Rectangular Based Pyramids (Volume) 

580 - Spheres (Volume) 1 

359 - Volume: cone 

360 - Volume: pyramid 

360a - Volume: Frustum 

361 - Volume: sphere 

313 - Surface area: sphere 

314 - Surface area: cone 

315 -  Surface area: cylinders 

Area under a graph and 
gradients 

892 - Area Under a Curve 2 

893 - Area Under a Curve 3 

889 - Gradient at a Point on a Curve 

890 – Instantaneous Rate of Change 

389 - Area under a Graph 

390a - Instantaneous Rate of Change 

 

 



5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONTENTS 

 

 Chapter 1  Removing brackets   page 4 

 Chapter 2  Linear equations    6 

 Chapter 3  Simultaneous equations   10 

 Chapter 4  Factorising     12 

 Chapter 5  Change the subject of the formula  15 

 Chapter 6  Solving quadratic equations   18 

 Chapter 7  Indices      20 

            Chapter 8                    Surds                                                               23 

            Chapter 9                    Straight lines     25 

                 

                                               Solutions to the exercises                                29                   

                                          



6 

 

Chapter 1:  REMOVING BRACKETS 
 

To remove a single bracket, we multiply every term in the bracket by the number or the 

expression on the outside: 

 

Examples   

 

1)  3 (x  +  2y)  = 3x + 6y 

 

 

2)  -2(2x - 3)  = (-2)(2x) + (-2)(-3) 

    = -4x + 6    

 

To expand two brackets, we must multiply everything in the first bracket by everything in the 

second bracket.  We can do this in a variety of ways, including 

 *  the smiley face method 

 *  FOIL  (Fronts  Outers  Inners  Lasts) 

 *  using a grid. 

 

Examples:   

 

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

 

 or 

  (x +1)(x + 2) = x2 + 2 + 2x + x                

    = x2 + 3x +2        

     

  

 or   

 x 1 

x x2 x 

 2 2x 2 

   

 

2)  (x - 2)(2x + 3) = x(2x + 3) - 2(2x +3)       

    = 2x2 + 3x – 4x - 6        

    = 2x2 – x – 6   

 

 or 

  (x - 2)(2x + 3) = 2x2 – 6 + 3x – 4x = 2x2 – x – 6  

 

 

 

 or 

 x -2 

2x 2x2 -4x 

3 3x -6 

   

(x +1)(x + 2) = x2  + 2x + x + 2

  = x2 + 3x +2  

(2x +3)(x - 2) = 2x2  + 3x - 4x - 6 

             = 2x2 - x - 6  
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EXERCISE A  Multiply out the following brackets and simplify. 

 

1.  7(4x + 5) 

2.  -3(5x - 7) 

3.  5a – 4(3a - 1) 

4.  4y + y(2 + 3y) 

5.  -3x – (x + 4) 

6.  5(2x - 1) – (3x - 4) 

7.  (x + 2)(x + 3) 

8.  (t - 5)(t - 2) 

9.  (2x + 3y)(3x – 4y) 

10.  4(x - 2)(x + 3) 

11.  (2y - 1)(2y + 1) 

12.  (3 + 5x)(4 – x) 

 

Two Special Cases 

Perfect Square:      Difference of two squares: 

(x + a)2  = (x + a)(x + a) = x2 + 2ax + a2  (x - a)(x + a) = x2 – a2 

(2x - 3)2  = (2x – 3)(2x – 3) = 4x2 – 12x + 9  (x - 3)(x + 3) = x2 – 32 

         = x2 – 9 

 

EXERCISE B  Multiply out 

 

1.  (x - 1)2 

2.  (3x + 5)2 

3.  (7x - 2)2 

4.  (x + 2)(x - 2) 

5.  (3x + 1)(3x - 1) 

6.  (5y - 3)(5y + 3) 
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Chapter 2:  LINEAR EQUATIONS 
 

When solving an equation, you must remember that whatever you do to one side must also be 

done to the other.  You are therefore allowed to 

• add the same amount to both side 

• subtract the same amount from each side 

• multiply the whole of each side by the same amount 

• divide the whole of each side by the same amount. 
 

If the equation has unknowns on both sides, you should collect all the letters onto the same side 

of the equation. 
 

If the equation contains brackets, you should start by expanding the brackets. 
 

A linear equation is an equation that contains numbers and terms in x.  A linear equation does not 

contain any 
2 3

or  x x  terms. 

 

 

 

 

Example 1:  Solve the equation  64 – 3x = 25 
 

Solution:  There are various ways to solve this equation.  One approach is as follows: 
 

Step 1:  Add 3x to both sides (so that the x term is positive):  64 = 3x + 25  
 

Step 2:  Subtract 25 from both sides:     39 = 3x 
 

Step 3:  Divide both sides by 3:     13 = x 
 

So the solution is x = 13. 

 

Example 2:  Solve the equation 6x + 7 = 5 – 2x. 
 

Solution: 

Step 1: Begin by adding 2x to both sides    8x + 7 = 5 

(to ensure that the x terms are together on the same side) 
 

Step 2:  Subtract 7 from each side:     8x = -2 
 

Step 3:  Divide each side by 8:     x = -¼    

 

Exercise A:  Solve the following equations, showing each step in your working: 

 

1) 2x + 5 = 19   2)  5x – 2 = 13    3)  11 – 4x = 5 

 

 

 

 

4) 5 – 7x = -9   5)  11 + 3x = 8 – 2x    6)  7x + 2 = 4x – 5 
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Example 3:  Solve the equation 2(3x – 2) = 20 – 3(x + 2) 
 

Step 1:  Multiply out the brackets:  6x – 4 = 20 – 3x – 6  

(taking care of the negative signs) 
 

Step 2:  Simplify the right hand side:  6x – 4 = 14 – 3x 
 

Step 3:  Add 3x to each side:   9x – 4 = 14 
 

Step 4:  Add 4:    9x = 18 
 

Step 5:  Divide by 9:    x = 2 

 

Exercise B:  Solve the following equations. 

 

1) 5(2x – 4) = 4     2) 4(2 – x) = 3(x – 9) 

 

 

 

 

 

3) 8 – (x + 3) = 4     4)   14 – 3(2x + 3) = 2 

 

 

 

 

 

EQUATIONS CONTAINING FRACTIONS 
 

When an equation contains a fraction, the first step is usually to multiply through by the 

denominator of the fraction.  This ensures that there are no fractions in the equation. 

 

Example 4:  Solve the equation  5 11
2

y
+ =  

 

Solution: 

Step 1:  Multiply through by 2 (the denominator in the fraction): 10 22y + =  
 

Step 2:  Subtract 10:       y = 12 

 

Example 5:  Solve the equation  
1

(2 1) 5
3

x + =  

 

Solution:   

Step 1:  Multiply by 3 (to remove the fraction) 2 1 15x + =  
 

Step 2:  Subtract 1 from each side   2x = 14 
 

Step 3:  Divide by 2     x = 7 

 

When an equation contains two fractions, you need to multiply by the lowest common 

denominator.    This will then remove both fractions. 
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Example 6:  Solve the equation  
1 2

2
4 5

x x+ +
+ =  

 

Solution:   

Step 1:  Find the lowest common denominator:     The smallest number that 

both 4          and 5 divide into is 20.   
 

Step 2:  Multiply both sides by the lowest common denominator 
20( 1) 20( 2)

40
4 5

x x+ +
+ =  

 

Step 3:  Simplify the left hand side:     
20

5

( 1)

4

x + 20
+

4

( 2)

5

x +
40=  

         5(x + 1) + 4(x + 2) = 40 
 

Step 4:  Multiply out the brackets:     5x + 5 + 4x + 8 = 40 
 

Step 5:  Simplify the equation:     9x + 13 = 40 
 

Step 6:  Subtract 13       9x = 27 
 

Step 7:  Divide by 9:       x = 3 

 

Example 7:  Solve the equation  
2 3 5

2
4 6

x x
x

− −
+ = −  

Solution:  The lowest number that 4 and 6 go into is 12.  So we multiply every term by 12: 

    
12( 2) 12(3 5 )

12 24
4 6

x x
x

− −
+ = −  

Simplify   12 3( 2) 24 2(3 5 )x x x+ − = − −  

Expand brackets  12 3 6 24 6 10x x x+ − = − +  

Simplify   15 6 18 10x x− = +  

Subtract 10x   5 6 18x − =  

Add 6    5x = 24 

Divide by 5   x = 4.8 

 

Exercise C:  Solve these equations 

 

1) 
1

( 3) 5
2

x + =      2) 
2

1 4
3 3

x x
− = +  

 

 

 

 

 

3) 3 5
4 3

y y
+ = −      4) 

2 3
2

7 14

x x− −
= +  
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Exercise C (continued) 
 

5) 
7 1

13
2

x
x

−
= −     6) 

1 1 2 5

2 3 6

y y y− + +
+ =  

 

 

 

 

 

 

7) 
1 5 3

2
2 3

x x
x

− +
+ =     8) 

5 10
2 1

x x
− = −  
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Chapter 3:  SIMULTANEOUS EQUATIONS 
 

An example of a pair of simultaneous equations is 3x + 2y = 8  

       5x + y = 11  

 

In these equations, x and y stand for two numbers.  We can solve these equations in order to find 

the values of x and y by eliminating one of the letters from the equations. 

 

In these equations it is simplest to eliminate y.  We do this by making the coefficients of y the 

same in both equations.  This can be achieved by multiplying equation  by 2, so that both 

equations contain 2y: 

     3x + 2y = 8    

   10x + 2y = 22  2× =  

 

To eliminate the y terms, we subtract equation  from equation .  We get:    7x = 14 

          i.e.    x = 2 

 

To find y, we substitute x = 2 into one of the original equations.  For example if we put it into : 

   10 + y = 11 

           y = 1 

Therefore the solution is x = 2, y = 1. 

 

Remember:  You can check your solutions by substituting both x and y into the original 

equations. 

 

Example:  Solve  2x + 5y = 16  

   3x – 4y = 1  

 

Solution:  We begin by getting the same number of x or y appearing in both equation. We can 

get 20y in both equations if we multiply the top equation by 4 and the bottom equation by 5: 

   8x + 20y = 64    

   15x – 20y = 5    

 

As the SIGNS in front of 20y are DIFFERENT, we can eliminate the y terms from the equations 

by ADDING: 

   23x = 69 + 

  i.e. x = 3 

 

Substituting this into equation  gives: 

   6 + 5y = 16 

          5y = 10 

So…            y = 2 

The solution is x = 3, y = 2. 
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Exercise: 

 

Solve the pairs of simultaneous equations in the following questions: 

 

1) x + 2y = 7     2) x + 3y = 0 

 3x + 2y = 9      3x + 2y = -7 

 

 

 

 

 

 

 

 

 

 

 

3) 3x – 2y = 4     4) 9x – 2y = 25 

 2x + 3y = -6      4x – 5y = 7 

 

 

 

 

 

 

 

 

 

 

 

 

5) 4a + 3b = 22     6) 3p + 3q = 15 

 5a – 4b = 43      2p + 5q = 14 
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Chapter 4:  FACTORISING 
 

Common factors 
 

We can factorise some expressions by taking out a common factor. 

 

Example 1: Factorise 12x – 30 

 

Solution: 6 is a common factor to both 12 and 30.  We can therefore factorise by taking 6  

  outside a bracket: 

   12x – 30 = 6(2x – 5) 

 

Example 2: Factorise 6x2 – 2xy 

 

Solution: 2 is a common factor to both 6 and 2.  Both terms also contain an x.   

  So we factorise by taking 2x outside a bracket. 

   6x2 – 2xy = 2x(3x – y) 

 

Example 3: Factorise  9x3y2 – 18x2y 

  

Solution: 9 is a common factor to both 9 and 18. 

  The highest power of x that is present in both expressions is x2. 

  There is also a y present in both parts.  

  So we factorise by taking 9x2y outside a bracket: 

   9x3y2 – 18x2y = 9x2y(xy – 2) 

 

Example 4:   Factorise 3x(2x – 1) – 4(2x – 1) 

 

Solution: There is a common bracket as a factor.   

  So we factorise by taking (2x – 1) out as a factor. 

  The expression factorises to (2x – 1)(3x – 4) 

 

Exercise A 

Factorise each of the following 

 

1) 3x + xy 

 

2)  4x2 – 2xy 

 

3) pq2 – p2q 

 

4) 3pq  - 9q2 

 

5) 2x3 – 6x2 

 

6) 8a5b2 – 12a3b4 

 

7) 5y(y – 1) + 3(y – 1) 
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Factorising quadratics 
 

Simple quadratics:  Factorising quadratics of the form 2
x bx c+ +  

The method is: 

Step 1:  Form two brackets (x  …   )(x  …  ) 

Step 2:  Find two numbers that multiply to give c and add to make b.  These two numbers get 

written at the other end of the brackets. 

 

Example 1:  Factorise x2 – 9x – 10. 
 

Solution:  We need to find two numbers that multiply to make -10 and add to make -9.  These 

numbers are -10 and 1. 

Therefore  x2 – 9x – 10 = (x – 10)(x + 1). 

 

General quadratics: Factorising quadratics of the form 2
ax bx c+ +  

The method is: 

Step 1:  Find two numbers that multiply together to make ac and add to make b. 

Step 2:  Split up the bx term using the numbers found in step 1. 

Step 3:  Factorise the front and back pair of expressions as fully as possible. 

Step 4:  There should be a common bracket.  Take this out as a common factor. 

 

Example 2:  Factorise 6x2 + x – 12. 
 

Solution:  We need to find two numbers that multiply to make 6 × -12 = -72 and add to make 1.  

These two numbers are -8 and 9. 
 

Therefore,  6x2 + x – 12 =  6x2 - 8x  + 9x – 12 

 

           = 2x(3x – 4) + 3(3x – 4)  (the two brackets must be identical) 
 

           = (3x – 4)(2x + 3) 

 

Difference of two squares:  Factorising quadratics of the form 2 2
x a−  

 

Remember that 2 2
x a−  = (x + a)(x – a). 

 

Therefore: 
2 2 2

9 3 ( 3)( 3)x x x x− = − = + −  

  
2 2 2

16 25 (2 ) 5 (2 5)(2 5)x x x x− = − = + −  
  

Also notice that: 
2 2

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

and   
3 2 2 2

3 48 3 ( 16 ) 3 ( 4 )( 4 )x xy x x y x x y x y− = − = + −  

 

Factorising by pairing 

We can factorise expressions like 
2

2 2x xy x y+ − −  using the method of factorising by pairing: 
 

 
2

2 2x xy x y+ − −  = x(2x + y) – 1(2x + y) (factorise front and back pairs, ensuring both 

       brackets are identical) 

        = (2x + y)(x – 1) 
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Exercise B 

 

Factorise 

 

1) 2
6x x− −  

 

2) 2
6 16x x+ −  

 

3) 2
2 5 2x x+ +  

 

 

 

4) 2
2 3x x−  (factorise by taking out a common factor) 

 

5) 2
3 5 2x x+ −  

 

 

6) 
2

2 17 21y y+ +  

 

 

7) 
2

7 10 3y y− +  

 

 

8) 2
10 5 30x x+ −  

 

 

9) 2
4 25x −  

 

 

10) 
2 2

3 3x x xy y− − +  

 

 

11) 2
4 12 8x x− +  

 

 

12) 2 2
16 81m n−  

 

 

13) 
3 2

4 9y a y−  

 

 

14) 
2

8( 1) 2( 1) 10x x+ − + −  
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Chapter 5:  CHANGING THE SUBJECT OF A FORMULA 
 

We can use algebra to change the subject of a formula.  Rearranging a formula is similar to 

solving an equation – we must do the same to both sides in order to keep the equation balanced. 

 

Example 1: Make x the subject of the formula  y = 4x + 3. 

 

Solution:     y = 4x + 3 

Subtract 3 from both sides:   y – 3 = 4x 

Divide both sides by 4;   
3

4

y
x

−
=  

So 
3

4

y
x

−
=  is the same equation but with x the subject. 

 

Example 2: Make x the subject of y = 2 – 5x 

 

Solution: Notice that in this formula the x term is negative. 

      y = 2 – 5x 

Add 5x to both sides    y + 5x = 2  (the x term is now positive) 

Subtract y from both sides   5x = 2 – y 

Divide both sides by 5   
2

5

y
x

−
=  

 

Example 3: The formula 
5( 32)

9

F
C

−
=  is used to convert between ° Fahrenheit and ° 

Celsius. 

We can rearrange to make F the subject. 

      
5( 32)

9

F
C

−
=  

Multiply by 9     9 5( 32)C F= −  (this removes the fraction) 

Expand the brackets    9 5 160C F= −  

Add 160 to both sides    9 160 5C F+ =  

Divide both sides by 5   
9 160

5

C
F

+
=  

Therefore the required rearrangement is 
9 160

5

C
F

+
= . 

 

Exercise A 

 

Make x the subject of each of these formulae: 

 

1) y = 7x – 1     2) 
5

4

x
y

+
=  

 

3) 4 2
3

x
y = −      4) 

4(3 5)

9

x
y

−
=  
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Rearranging equations involving squares and square roots 
 

Example 4:  Make x the subject of 2 2 2
x y w+ =  

 

Solution:     2 2 2
x y w+ =  

Subtract 2
y  from both sides:   2 2 2

x w y= −  (this isolates the term involving x) 

Square root both sides:   2 2
x w y=  −  

 

Remember that you can have a positive or a negative square root.  We cannot simplify the 

answer any more. 

 

Example 5:  Make a the subject of the formula  
1 5

4

a
t

h
=  

 

Solution:     
1 5

4

a
t

h
=  

Multiply by 4     
5

4
a

t
h

=  

Square both sides    2 5
16

a
t

h
=  

Multiply by h:     2
16 5t h a=   

Divide by 5:     
2

16

5

t h
a=  

 

Exercise B: 

 

Make t the subject of each of the following 

 

1) 
32

wt
P

r
=      2) 

2

32

wt
P

r
=  

 

 

 

 

3) 21

3
V t h=      4) 

2t
P

g
=  

 

 

 

 

 

5) 
( )w v t

Pa
g

−
=      6) 2

r a bt= +  
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More difficult examples 
 

Sometimes the variable that we wish to make the subject occurs in more than one place in the 

formula.  In these questions, we collect the terms involving this variable on one side of the 

equation, and we put the other terms on the opposite side. 
 

Example 6: Make t the subject of the formula a xt b yt− = +  
 

Solution:     a xt b yt− = +  

Start by collecting all the t terms on the right hand side: 

Add xt to both sides:         a b yt xt= + +  

Now put the terms without a t on the left hand side: 

Subtract b from both sides:   a b yt xt− = +  

Factorise the RHS:    ( )a b t y x− = +  

Divide by (y + x):    
a b

t
y x

−
=

+
   

 So the required equation is   
a b

t
y x

−
=

+
 

 

Example 7:  Make W the subject of the formula 
2

Wa
T W

b
− =  

 

Solution:  This formula is complicated by the fractional term.  We begin by removing the 

fraction: 

Multiply by 2b:   2 2bT bW Wa− =  

Add 2bW to both sides:   2 2bT Wa bW= +       (this collects the W’s 

together) 

Factorise the RHS:    2 ( 2 )bT W a b= +  

Divide both sides by a + 2b:      
2

2

bT
W

a b
=

+
 

 

 

Exercise C 

 

Make x the subject of these formulae: 

 

1) 3ax bx c+ = +     2) 3( ) ( 2)x a k x+ = −  

 

 

 

3) 
2 3

5 2

x
y

x

+
=

−
     4) 1

x x

a b
= +  
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Chapter  6:  SOLVING QUADRATIC EQUATIONS 
 

A quadratic equation has the form 2
0ax bx c+ + = . 

 

There are two methods that are commonly used for solving quadratic equations: 

*  factorising 

*  the quadratic formula 

 

Note that not all quadratic equations can be solved by factorising.  The quadratic formula can 

always be used however. 

 

Method 1:  Factorising 
 

Make sure that the equation is rearranged so that the right hand side is 0.  It usually makes it 

easier if the coefficient of x2 is positive.  

  

Example 1 :  Solve x2 –3x + 2 = 0 
 

Factorise        (x –1)(x – 2) = 0 

Either  (x – 1) = 0 or (x – 2) = 0 

So the solutions are x = 1 or x = 2 
 

Note: The individual values x = 1 and x = 2  are called the roots of the equation.  

 

 

Example 2:  Solve x2 – 2x = 0 
 

Factorise: x(x – 2) = 0 

Either x = 0 or (x – 2)  = 0 

So  x = 0 or  x =  2 

 
Method 2:  Using the formula 
 

Recall that the roots of the quadratic equation 2
0ax bx c+ + =  are given by the formula: 

  

    

 
 

Example 3:  Solve the equation  2
2 5 7 3x x− = −  

 

Solution:  First we rearrange so that the right hand side is 0.  We get  2
2 3 12 0x x+ − =  

We can then tell that a = 2, b = 3  and c = -12. 

Substituting these into the quadratic formula gives: 

  

2
3 3 4 2 ( 12) 3 105

2 2 4
x

−  −   − − 
= =


 (this is the surd form for the 

solutions) 

If we have a calculator, we can evaluate these roots to get:  x = 1.81  or  x = -3.31 

 

a

acbb
x

2

4
2
−−

=
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EXERCISE 
 

1)  Use factorisation to solve the following equations: 

a) x2 + 3x + 2 = 0     b) x2 – 3x – 4 = 0 

 

 

 

 

c) x2  = 15 – 2x 

 

 

 

 

 

2)  Find the roots of the following equations: 

a) x2 + 3x = 0     b) x2 – 4x = 0 

 

 

 

 

 

c) 4 – x2 = 0 

 

 

 

3)  Solve the following equations either by factorising or by using the formula: 
 

a) 6x2  - 5x – 4 = 0    b) 8x2 – 24x + 10 = 0 

 

 

 

 

4)  Use the formula to solve the following equations to 3 significant figures.  Some of the 

equations can’t be solved. 
 

a) x2 +7x +9 = 0     b)  6 + 3x = 8x2 

 

 

 

 

c) 4x2 – x – 7 = 0     d) x2 – 3x + 18 = 0 

 

 

 

 

 

e) 3x2 + 4x + 4 = 0    f) 3x2 = 13x – 16 
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Chapter 7:  INDICES 
 
Basic rules of indices 

 
4

means  y y y y y   .   4 is called the index (plural: indices), power or  

      exponent of y. 

 

There are 3 basic rules of indices: 

 

1) m n m n
a a a

+
 =   e.g. 4 5 9

3 3 3 =  

2) m n m n
a a a

−
 =   e.g. 8 6 2

3 3 3 =  

3) ( )
m n mn

a a=    e.g. ( )
5

2 10
3 3=  

 

Further examples 

 

 
4 3 7

5 5y y y =  

 3 2 5
4 6 24a a a =   (multiply the numbers and multiply the a’s) 

 ( )2 6 8
2 3 6c c c − = −   (multiply the numbers and multiply the c’s) 

 
7

7 2 5

2

24
24 3 8

3

d
d d d

d
 = =  (divide the numbers and divide the d terms i.e. by 

subtracting      the powers) 

 

Exercise A 

Simplify the following: 

 

1) 5
5b b   =       (Remember that 1

b b= ) 

 

2) 2 5
3 2c c  =  

 

3) 2 3
b c bc  =  

 

4)   
6 2

2 ( 6 )n n − = 

 

5) 8 3
8 2n n  = 

 

6) 11 9
d d  =  

 

7) ( )
2

3
a  = 

8) ( )
3

4
d−  = 
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More complex powers 
 

Zero index: 

Recall from GCSE that  

    0
1a = . 

This result is true for any non-zero number a. 
 

Therefore ( )
0

00 3
5 1 1 5.2304 1

4

 
= = − = 

 
 

 

Negative powers 

A power of -1 corresponds to the reciprocal of a number, i.e.  1 1
a

a

−
=  

Therefore 1 1
5

5

−
=  

  1 1
0.25 4

0.25

−
= =  

  

1
4 5

5 4

−

 
= 

 
  (you find the reciprocal of a fraction by swapping the top 

and      bottom over) 
 

This result can be extended to more general negative powers:  
1n

n
a

a

−
= . 

This means: 

  2

2

1 1
3

93

−
= =  

  4

4

1 1
2

162

−
= =  

  

2
2 1 2

1 1 4
16

4 4 1

− −      
= = =             

 

 

Fractional powers: 

Fractional powers correspond to roots:

 
1/ 2 1/ 3 1/ 43 4a a a a a a= = =  

In general: 

 
1 / n na a=  

Therefore: 

 
1 / 3 38 8 2= =    

1/ 2
25 25 5= =   

1/ 4 410000 10000 10= =  
 

A more general fractional power can be dealt with in the following way:     ( )/ 1/
m

m n n
a a=  

So ( )
3

3 / 2 3
4 4 2 8= = =  

 

2
2 / 3 1/ 3 2

8 8 2 4

27 27 3 9

      
= = =             
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33 / 2 3 / 2 3
25 36 36 6 216

36 25 25 5 125

−
      

= = = =             

 

 

 

Exercise B: 

 

Find the value of: 

 

1) 1/ 2
4  

 

2) 1/ 3
27  

 

3) ( )
1 / 2

1
9

 

 

4) 2
5
−  

 

5) 0
18  

 

6) 1
7
−  

 

7) 2 / 3
27  

 

8) 

2
2

3

−

 
 
 

 

 

9) 2 / 3
8
−  

 

10) ( )
1/ 2

0.04  

 

11) 

2 / 3
8

27

 
 
 

 

 

12) 

3 / 2
1

16

−

 
 
 

 

 

Simplify each of the following: 

 

13) 1/ 2 5 / 2
2 3a a  

 

14) 3 2
x x

−
  

 

15) ( )
1/ 2

2 4
x y  
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Chapter 8:  SURDS 
Surds are square roots of numbers which don’t simplify into a whole (or rational) number: e.g. 

...414213.12   but it is more accurate to leave it as a surd: 2  

General rules 

b

a

b

a

abba

=

=

 

aaaa ==
2

    

 

But you cannot do: 

baba ++  

These are NOT equal 

babababababa −=−−+=−+
22

))((  

Simplifying Surds 

 

Find the largest square numbers and simplify as far as possible 
 

Worked Examples 

2332929218 ====     Careful - this is “3 times the square root of 2” NOT 

“the cube root of 2” 

Rationalising the Denominator 

This is a fancy way of saying getting rid of the surd on the bottom of a fraction. We multiply the 

fraction by the denominator (or the denominator with the sign swapped) 
 

Worked Examples 

1. 
3

3

33

31

3

3

3

1

3

1
=




==eRationalis     we multiply by 

a

a
 which is the same as 

multiplying by 1, which means we don’t fundamentally change the fraction. 

2. 
10

53

552

53

5

5

52

3

52

3
=




==eRationalis  

3.

3

25

210105

25

)252525(

25

)25()25(

)25(1

25

25

25

1

25

1

22

−
=

−−+

−
=

−−+

−
=

−+

−
=

−

−


+
=

+
eRationalis

 

       4.

 

17

26

129

223

)1232323(

223

)123()123(

)123(2

123

123

123

2

123

2

222

2
+

=
−

+
=

−−+

+
=

+−

+
=

+

+


−
=

−
eRationalis  
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Exercise A: 

Simplify the surds 

 

1)  12  

2) 125  

3) 48  

4)  72  

5)  27  

  
Exercise B: 

Expand and simplify 

1) ( )532 +  

2) ( )826 +  

3) )35(4 +  

4) )31)(32( ++  

5) )523)(53( −−  

6) )32()52( ++  

7) )31)(21( +−  

8) )28)(28( +−  

9) )53)(53( ++  

   

 

Exercise C: 

Rewrite the following expressions with rational denominators 

23

4
)6

5

13
)5

2

12
)4

48

9
)3

8

4
)2

5

3
)1

−

−

+
                                               

35

15
)12

5

13
)11

15

3
)10

27

7
)9

26

4
)8

13

1
)7

+

−

−

+

−

−

−

−
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Chapter 9:  Straight line graphs 
 

Linear functions can be written in the form y = mx + c, where m and c are constants. 

A linear function is represented graphically by a straight line, m is the gradients and c is the y-

intercept of the graph. 
 

Example 1:  Draw the graph of y = 2x + 1 

 

 Solution:   

Step 1:  Make a table of values                                         

  

 

 

Step 2:  Use your table to draw the straight line graph    

 

  
      
                
 

Example 2:  Plot the straight line using the gradient and y intercept  

 

Solution:   
 

Step 1:  Mark on the y axis the y-intercept = 2  

 
   

Step 2:  The gradient= 
2

1
−   so start from the y– intercept 

 for every 1unit across to the right go down by half a unit 

 and mark a second point there.      
 

Step 3:  Join the y intercept with the new point with a line and extend form both sides.                 
 

.  

Here are some examples of linear functions not all of them in the form y = mx + c. You need to be  

confident into rearranging the functions making y the subject in order to identify the gradient and y- 

intercept. 

      y = 2x + 3                                          3x - 2y + 1 = 0                                       4y - x = 3 

                                                                so 
2

1

2

3
+= xy                                      so 

4

3

4

1
+= xy  

     gradient= 2                                         gradient= 
2

3
                                            gradient=

4

1
 

    y-intercept= 3                                    y-intercept= 
2

1
                                       y-intercept= 

4

3
 

                                     



28 

 

                       

 
 

To find the y-axis crossing, substitute x = 0 into the linear equation and solve for y. 

To find the x-axis crossing, substitute y = 0 into the linear equation and solve for x. 

 

 

Example 3:  Rewrite the equation 3y - 2x = 5 into the form y = mx + c, find the gradient and the y-

intercept 

Solution:   
 

Step 1:  Add 2x to both sides (so that the x term is positive):   3y = 5 + 2x 
 

Step 2:  Divide by 3 both sides:      
3

5

3

2
+= xy   

 

Step 3:  Identify the gradient and y-intercept               gradient= 
3

2
     y-intercept= 

3

5
 

 

 

Example 4:  Find the gradient of the line which passes through the points A (1, 4) and B (-3, 2) 

 

Solution:   
 

Step 1:  Use the x and y values of A ),( 11 yx and B ),( 22 yx               
2

1

4

2

13

42
=

−

−
=

−−

−
=m                  

Step 2:  find the gradient 
12

12

xx

yy
m

−

−
=                    

 

Finally you need to be able to find the equation of a line from a graph. 

 

Example 5:  Find the equation of the straight line which passes through the point (1, 3) and has 

gradient 2 
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Solution: 

Step 1: Find where the line crosses the y axis. 

This is the y intercept,  c.
 
                                                                           

Line crosses y axis at 5,  

                                                                               so y-intercept c=5 

   

Step 2:  Draw a triangle below the line from the intercept to a point you know 

And work out the gradient between the two points 
12

12

xx

yy
m

−

−
=   

                                                           Gradient triangle from (-6,3) to (0,5) so 
3

1

6

2

60

35
==

−−

−
=m  

 

Step 3:  Write in the form y = mx + c   5
3

1
+= xy   

 

Exercise A:  Plot the graph of each function taking the given values 

a) y= x -  3   (  x = -2 to 4) 

 

b) y=- x + 4  (  x = -2 to 5) 

 

c) y = 2x – 3  (  x = -1 to 5) 

 

d)  y= -3x + 5  (  x = -2 to 3) 

 

 

 

 

 

 

 

 

 

 

Exercise B:  

Rewrite the equations below into the form y = mx + c, find the gradient and the y-intercept 

 

 a)3x – 2y – 2 = 0   b)  x + 2y – 8 =0  c)  5 = 4x – 2y 

 

Then plot the graph of each equation 

 

 

Exercise C:  

Work out the gradient between the sets of coordinates 

 

a) A ( 0, 2) and B( 3, 6) 

b) A ( 1, 0) and B( 3, -2) 

c) A ( 1, -3) and B( 2, -4) 

d) A ( -4, 2) and B( 3, 5) 

e) A ( 1, 0.5) and B( 5, -2) 

f) A ( -7, -3) and B( -2, -6) 
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Exercise D:  

Find the equation of these lines in the form  
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SOLUTIONS TO THE EXERCISES 
 

CHAPTER 1: 

Ex A 

1)  28x + 35  2)  -15x + 21  3)  -7a + 4  4)  6y + 3y2  5)  2x – 4 

6)  7x – 1  7)  x2 + 5x + 6  8)  t2 – 3t – 10  9)  6x2 + xy – 12y2  

10)  4x2 + 4x – 24 11)  4y2 – 1  12)  12 + 17x – 5x2 

Ex B 

1)  x2 – 2x + 1  2)  9x2 + 30x + 25 3)  49x2 – 28x + 4 4)  x2 – 4 

5)  9x2 -1   6)  25y2 – 9 

 

CHAPTER 2 

Ex A 

1)  7      2)  3      3)  1½      4)  2      5)  -3/5      6)  -7/3 

Ex B 

1)  2.4      2)  5      3)  1      4)  ½  

Ex C 

1)  7      2)  15      3)  24/7      4)  35/3      5)  3      6)  2      7)  9/5      8)  5       

Ex D 

1)  34,  36,  38  2)  9.875, 29.625 3)  24, 48 

 

CHAPTER 3 

1)  x = 1, y = 3  2)  x = -3, y = 1 3)  x = 0, y = -2 4)  x = 3, y = 1 

5)  a = 7,  b = -26)  p = 11/3,  q = 4/3 

 

CHAPTER 4 

Ex A 

1)  x(3 + y)     2)  2x(2x – y)    3)  pq(q – p)    4)  3q(p – 3q)      5)  2x2(x - 3)     6)  4a3b2(2a2
 – 3b2)      

7)  (y – 1)(5y + 3) 

Ex B 

1)  (x – 3)(x + 2)      2)  (x + 8)(x – 2)      3)  (2x + 1)(x + 2)      4)  x(2x – 3)      5)  (3x -1 )(x + 2) 

6)  (2y + 3)(y + 7)     7)  (7y – 3)(y – 1)     8)  5(2x – 3)(x + 2)     9)  (2x + 5)(2x – 5)     10)  (x – 3)(x – y) 

11)  4(x – 2)(x – 1)      12)  (4m – 9n)(4m + 9n)      13)  y(2y – 3a)(2y + 3a)      14)  2(4x + 5)(x – 4) 

 

CHAPTER 5 

Ex A 

1)  
1

7

y
x

+
=       2)  4 5x y= −       3)  3(4 2)x y= +       4)  

9 20

12

y
x

+
=  

Ex B 

1) 
32rP

t
w

=      2) 
32rP

t
w

=       3) 
3V

t
h

=       4) 

2

2

P g
t =     5) 

Pag
t v

w
= −      6) 

r a
t

b

−
=   

Ex C 

1)  
3c

x
a b

−
=

−
     2)  

3 2

3

a k
x

k

+
=

−
    3)  

2 3

5 2

y
x

y

+
=

−
    4)  

ab
x

b a
=

−
 

 

CHAPTER 6 

1)  a)  -1, -2      b)  -1, 4      c)  -5, 3  2)  a)  0, -3      b)  0, 4      c)  2, -2 

3)  a)  -1/2, 4/3      b)  0.5, 2.5      4)  a)  -5.30,  -1.70      b)  1.07,  -0.699    c)  -1.20, 1.45       

d)  no solutions      e)  no solutions      f)  no solutions 

 

CHAPTER 7 

Ex A 

1)  5b6    2)  6c7    3)  b3c4    4)  -12n8    5)  4n5    6)  d2    7)  a6     8)  -d12 

Ex B 

1)  2    2)  3    3)  1/3    4)  1/25    5)  1    6)  1/7    7)  9    8)  9/4    9)  ¼    10)  0.2    11)  4/9    12)  64 

13)  6a3     14)  x     15)  xy2
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CHAPTER 8  

ExA 

33)5

26)4

34)3

35)2

22)1

 

ExB 

1528515153)9

622282864)8

6231)7

1552324)6

59191053569)5

33533322)4

1254)3

34$324812)2

1023)1

+=+++

=−−+

−−+

+++

−=+−−

+=+++

+

+=+

+

 

 

Ex C 
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3

22

6

24

23

4
)6

5

515

5

5)13(

5

13
)5

2

12
)4

4

33

12

39

34

9

48

9
)3

2
2

8

8

84

8

4
)2

5

53

5

3
)1

−=−=−

−
=

−
=

−

=
+

===

===

=

samethestays

       

52

4

548

4

3545

4

)35)(15(

35

15
)12

5

5)13(

5

13
)11

4

)15(3

15

3
)10

3

)27(7

27

7
)9

)26(2
2

)26(4

26

4
)8

2

13

13

1
)7

+−=

−

−
=

−

+−
=

−

−−
=

+

−

−
=

−

−−
=

+

−

+
=

−

+=
+

=
−

+
=

−

 

 

CHAPTER 9 

ExB :  
2

5
2)4

2

1
)1

2

3
) −=+−=−= xycxybxya  

 

ExC : 

   

5

3
)

8

5

4

5.2
)

7

3
)

1
1

1
)

1
2

2
)

3

4
)

−
=

−
=

−
=

=

−=
−

=

−=
−

=

=

gradientf

gradiente

gradientd

gradientc

gradientb

gradienta
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Ex D : a)  a. y = -x+3        b.  y = -0.25x+3      c.   y = -3x+3 

               b)  a. y = -
3

1
x-3       b. y = -6x – 3       c.   y = -x – 3 

               c)  a. y = -0.5x -1     b.  y = -
3

1
x + 3     c.  y = -4x +2 

               d)  a. y = -x +1        b. y = x + 3           c. y = 0.5x - 2 

               e)  a.  y = -
3

1
x – 1      b. y = 0.25x + 3       c.  y = -3x - 2 

               f)  a.  y = 4x -2         b. y = 
3

1
x + 4          c.  y = -6x  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


