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Overview

12.1
Expanding brackets

12.2
Quadratic factorisation

12.3
Solving quadratic equations by factorisation

12.4
Solving a quadratic equation by the quadratic formula

12.5
Solving a quadratic equation by completing the square

12.6
Problems using quadratic equations

This chapter deals with the various methods of factorising and solving quadratic equations, after a gentle warm-up of expanding brackets to make quadratic expressions.

Context

When the skills of this chapter have been mastered, then the last exercise shows a wide variety of different problems that can be solved using quadratic equations.

AQA A references

AO2 Number and algebra: Using and applying number and algebra

12.2–12.6
2.1a “select and use appropriate and efficient techniques and strategies to solve problems of increasing complexity, involving numerical and algebraic manipulation”

AO2 Number and algebra: Calculations

12.4, 12.5, 12.6
2.3q “use surds ... in exact calculations ...”

12.4, 12.6
2.3r “use calculators effectively and efficiently, knowing how to enter complex calculations; ...”

AO2 Numbers and Algebra: Equations, formulae and identities

12.2–12.6
2.5b “... factorising quadratic expressions including the difference of two squares and cancelling common factors in rational expressions”

12.3, 12.4, 12.5
2.5k “solve quadratic equations by factorisation, completing the square and using the quadratic formula”
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Answers to diagnostic Check-in test

1
a
7x + 16
b
13x2 + 4x
c
14x2 – 9x
2
a
6(x + 2)
b
3x(x + 3)
c
4x(3y – x)

3
a
12t2
b
–12p2 


4
a
x = –
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b
x = 
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Chapter 12 • Algebra 2 • Check-in test

1
Multiply out then simplify.


a
2(x + 3) + 5(2 + x)


b
3x(x + 3) + 5x(2x – 1)


c
4x(x – 1) – 5x(1 – 2x)

2
Factorise the following expressions.


a
6x + 12


b
3x2 + 9x

c
12xy – 4x2
3
Simplify the following.


a
6t  2t

b
4p  –3p
4
Solve the following, leaving your answer as a fraction.


a
3x + 7 = 0


b
4 – 5x = 0

Incorporating exercises:
12A, 12B, 12C, 12D

Homework:
12.1


Examples:
12.1
Key words

coefficient
quadratic expression

linear

Learning objective(s)

· expand two linear brackets to obtain a quadratic expression

Prior knowledge

Pupils should be able to multiply out a single bracket.

Starter

Revise multiplying out a single bracket, for example 5(2x + 3), x(2x + 3), 5x(2x + 3).

Main teaching points

Explain that a quadratic expression is one where the highest power of its terms is 2, for example x2, 4x2, or 2x2 + 3x. When two brackets, each containing an x term, are multiplied together, the result is a quadratic expression. (Assuming there are no higher powers of x.)

If you multiply two brackets, each with two terms, there must be four multiplications.

In addition to the method of multiplying out the brackets shown in the text there are two other methods that are commonly used. Pupils who struggle with one method may have success with another (see Worked examples 12.1).

Common mistakes

Pupils often have problems with the negative signs when expanding.

Plenary

Complete an example using the different methods pupils have learned, or if you have shown one method, put a few questions on the board and ask for help from the pupils in completing the expansions.

Incorporating exercises:
12E, 12F, 12G

Homework:
12.2


Examples:
12.2
Key words

brackets
factorisation

coefficient
quadratic expression

difference of two squares

Learning objective(s)

· factorise a quadratic expression into two linear brackets

Prior knowledge

Pupils should be confident in factorising simple expressions, for example 5x + 10, 5x2 + 10x, 

5xy – 20x.
Starter

Ask the pupils to factorise:

· 8r + 2t
· 12s + 6t
· 4a – 12ab
· 16ab + 12b
· 7acd – 5abc
· 3t2 + 6t
· 12ab2 + 24b
· 9x3 –27xy
Main teaching points

Recognising which method to use is often the hardest part for pupils. When they have completed exercises 12E, 12F, and 12G, go back and look at the questions with them. Pick out points that show them which method to use.

Common mistakes

Using two negatives in the difference of two squares. Making sure the ‘x2’ part and the ‘+ number’ part are correct, but not checking the ‘x’ part is correct.

Differentiation

Pupils must learn simple quadratic factorising and the difference of two squares method. You may decide that some pupils should by-pass more complicated factorisation (for example, 7x2 – 37x + 10) and go directly to 
Section 12.4.

Plenary

Write different quadratic expressions on the board and ask pupils which method they should use.

Incorporating exercises:
12H, 12I

Homework:
12.3


Example:
12.3
Key words

factors

solve

Learning objective(s)

· solve a quadratic equation by factorisation

Prior knowledge

Pupils need to be able to factorise the quadratic expressions met in exercises 12E, 12F and 12G.

Starter

Ask the pupils to factorise some of the questions (without the ‘= 0’ part) from Exercise 12H (questions 13–27).

Main teaching points

Before factorising, ensure the equation ends ‘= 0’, and is cancelled down as much as possible. Once factorised, write out the options, for example for (x + 2)(x – 3) = 0, write x + 2 = 0 or x – 3 = 0 before solving to get x = –2 
or x = 3. Hopefully, this will stop pupils giving incorrect answers of x = 2 and x = –3.

Common mistakes

See main teaching point above.

Differentiation

For those who just cannot seem to factorise, tell them there are other ways to solve quadratics which will be covered later.

Plenary

Put 8x2 – 3 = 2x2 – 11x – 6 on the board and get volunteers to give one step at a time to solve the quadratic. 

(Factorises to (3x + 1)(2x + 3) = 0.)

Incorporating exercise:
12J

Homework:
12.4


Example:
12.4
Key words

quadratic formula
solve

soluble

Learning objective(s)

· solving a quadratic equation by using the quadratic formula

Prior knowledge

Pupils need to be able to substitute into formulae, understand what the implications of the ± sign are, and have good calculator skills.

Starter

Pose the following questions:

· 5 ± 10 = ?
(15 or –5)

· 
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(2.72 or 0.61)

Main teaching points

There are a lot of things happening all at once here – many pupils will be tempted to go for the easy option and just give answers. Don’t let them – there are typically four or five GCSE marks (grade A) for a question on solving using the formula. One mistake could result in zero if they only write answers. Demand that pupils show full step-by-step workings.

Common mistakes

Not quoting the formula before attempting to use it – one substitution error will then get no marks as the correct formula has not been shown.

When using the calculator, not pressing ‘=’ before dividing by ‘2a’.

For example, for x = 
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 on the calculator:


4 + 
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 ÷ 2 = (= 7.16...) rather than 4 + 
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 =, then ÷ 2 = (= 5.16...)


or (even better) (4 + 
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), then ÷ 2 = (= 5.16...)

Pupils often ignore the negatives, so if solving x2 + 4x – 28 = 0, using a = 1, b = 4, and c = 28 (not –28).

Differentiation

Given time and practice, even those that could not factorise will usually be able to complete this type of question as long as full workings are shown, and pupils do not take shortcuts.

Plenary

Choose a complicated question and go over the formula method, showing all steps and reinforcing the need to write down all steps to get as many marks as possible in the GCSE.

Incorporating exercise:
12K

Homework:
12.5


Examples:
12.5
Key words

completing the square
surd

square root

Learning objective(s)

· solve a quadratic equation by completing the square

Prior knowledge

Being able to recognise and factorise using the difference of two squares is very useful (Exercise 12F).

Starter

Ask the following questions:

· Factorise x2 – 4.
((x – 2)(x + 2))

· Expand (x – 2)2.
(x2 – 4x + 4)

· Expand and simplify


a
(x + 2)2 – 22
(x2 + 4x)


b
(x + 3)2 – 32
(x2 + 6x)


c
Guess (x + 5)2 – 52
(x2 + 10x)

Main teaching points

If you have to complete the square on x2 + ?x ..., always halve the ? to get the number at the end of the bracket, 

that is, 
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If you have to complete the square on 2x2 +..., always factor out the 2 first, so 2(x2 +...) carrying on to get 
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If you have to complete the square on 3x2 +..., always factor out the 3 first, so 3(x2 +...) carrying on to get 
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When solving, always remember that √? = ± something.

Common mistakes

Not remembering that, for example, √9 = ±3, and not leaving answers in surd form if asked to give an exact answer.

Plenary

Get pupils to help solve x2 + 4x = 0, then x2 + 4x + 2 = 0.

(x = 0 or –4, x = ± √2 – 2 (= –0.59, –3.41))

Incorporating exercises:
12L, 12M, 12N

Homework:
12.6


Examples:
12.6
Key words

discriminant

Learning objective(s)

· recognise why some quadratic equations cannot be factorised

· solve practical problems using quadratic equations

Prior knowledge

Pupils should be able to use the quadratic formula, as well as the other ways of solving quadratic equations.

Starter

Give a variety of questions previously attempted in this chapter by the class as a quick(ish) revision. For example, Homework 12.3 question 4, Homework 12.5 question 1c, Homework 12.5 question 3 by formula.

Main teaching points

In the quadratic formula, ‘b2 – 4ac’ is called the discriminant.

If ‘b2 – 4ac’ is > 0, then there will be two solutions.

If ‘b2 – 4ac’ is = 0, then there will be only one solution.

If ‘b2 – 4ac’ is < 0, it cannot be solved at GCSE level.

Common mistakes

See those of 12.2 to 12.5.

Plenary

The perimeter of a rectangle is 34cm, the diagonal is 13cm. Find the width.

This (Pythagoras) question will test logical thinking and problem solving skills. The fairly easy numbers (5, 12, 13 triangle) are easy to cope with. Ask for step-by-step help from the pupils whilst solving the problem on the board.
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12.6	Problems using quadratic equations
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12.5	Solving a quadratic equation by completing the square
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12.4	Solving a quadratic equation by the quadratic formula
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12.3	Solving quadratic equations by factorisation





1.1	Solving real problems









© HarperCollinsPublishers Ltd 2006


© HarperCollinsPublishers Ltd 2006



_1216900363.unknown

_1216900434.unknown

_1217245780.unknown

_1217245832.unknown

_1217245638.unknown

_1216900395.unknown

_1216900281.unknown

_1216900308.unknown

_1216900270.unknown

