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Teaching: Session 3: Algebra
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Last session’s questions

Breakout rooms.

3 people per room – look at the answers your 
colleagues have sent in.
Discuss.
Look for some answers that are different:
• To each other
• To your ideas
• What mistakes have been made?
• Can you follow their thinking?
• Have the questions been fully answered?2
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Session aim

• To review participants’ personal 
mathematics relating to algebra:
• algebraic representation, 

manipulation of formulae,
• problem solving using formulae, 

and their impact on mathematical 
understanding and modelling.

• To update ILPs and plan for 
development of personal algebraic 
skills
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Mental maths and algebra (magic)

Multiply the numbers 96 and 97 together.  
No calculators
Think of another way of doing it
How about (100-4)(100-3)    ?
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Mental maths and algebra (magic)

(100-4)(100-3)  
(100 x 100) + (100 x -3) + (-4 x 100) + (-4 x -3)
10000 + (-300) + (-400) + (12)
9700 – 400 +12
9312
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Negative indices (exponents or powers)  -
answers

When in doubt write it out!
https://www.youtube.com/watch?v=yYHnqIaboEQ
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Negative indices - answers

Can you think of another way of 
writing 

!
43 ?
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Negative indices - answers
Can you think other ways of writing 

!
43 ?
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Don’t be frightened of algebra

The origins of the word ‘algebra’ can be traced back to 
the early ninth century, to the work of Muhammad ibn
Musa Al-Khorezmi in the Middle East. 

The word ‘aljabr’, which featured in the title of his book 
The Comprehensive Book of Calculation by Balance 
and Opposition, means ‘balance’, and later became
‘algebra’. Interestingly, modern algebraic notation did 
not appear until much later.

Instead, equations were solved using words.

It’s a beautiful thing and can be applied in many 
contexts. 9
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Simplify

5 loaves + 2 fishes + 7 loaves + 8 fishes
12 Loaves + 10 fishes
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Simplify

12 + 10x + 7y + 7 – 4x – 3y + 9 + 5x - 17

10x – 4x + 5x + 7y - 3y +12 +7 + 9 - 17

11x + 4y +11  
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Algebraic terminology

12
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Algebraic terminology 2

Sometimes a letter stands in for the number:
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Algebraic terminology 3 (a reminder 
from last session)
The exponent (such as the 2 below) says 

how many times to use the value in a 
multiplication:
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Let’s work through some examples

Translating word problems into numbers and symbols. 
For example:
An electrician has a call-out charge of £99, and then an 
hourly charge of £45. How many hours would you get 
for £189? 

This can be expressed as a sequence of arithmetic 
operations):
189 – 99 = ?
189 – 99 = 90
90 ÷ 45 = 2

or as a formula: 45n + 99 = 189, where n stands for the 
number of hours . 15
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Let’s work through some examples 2 –
Linear equations

Simple linear equation e.g. 
3x + 4 = 19

3x + 4 – 4 = 19 – 4
3x = 15

3x÷3 = 15÷3
x = 5

More complex e.g. 
3(x - 4) = x + 10
3x – 12 = x +10

3x – 12 - x = x +10 - x
3x – x = 10 +12

2x = 22
x=11

Have a go. 16
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Let’s work through some examples 3 –

simultaneous equations

R8

3x + 2y = 12

5x – 2y = 4

You may be able to attempt this straight away – but 

think first about the steps that you need to take (even if 

you do know the answer straight away).  

17
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Simultaneous equations – continued

R9

Some more questions for you to have a go at
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Let’s work through some examples 4 – quadratic 
equations

What does quadratic mean?
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Let’s work through some examples 4 – quadratic 
equations

What does quadratic mean?

“quadratic” comes from “quad” meaning square –
because the variable gets squared e.g. x2

Have a look at R10 – read through the first page and 
have a go at one of the questions on the second page –
your choice!

20
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Using algebra to solve problems

R11

If we have time – if not have a look at this drag and 
drop activity after the session.

21
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Algebra in words, algebra in equations, algebra in 
graphs

Have a go at one of the cards from R12.

Clue:
Remember the earlier slide we looked at?

22
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Solving quadratic equations

There are several methods you can use to solve a 
quadratic equation
• Factoring
• Completing the square
• Quadratic formula
• Graphing
All methods start with setting the equation equal to zero.
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Algebra:

Quadratic equations

Useful linked stuff:
What is a surd? Surds are 
irrational numbers.
When we can’t simplify a 
number to remove a square 
(or cube root etc) then it is a 
surd.  For example √2 can’t 
be simplified so it is a surd.
In most cases surds should 
remain till the final answer to 
avoid accuracy errors.

Completing the square
If your quadratic equation won’t factorise 
(doesn’t make a complete square) you can 
have a go at completing the square.

Have a look at 
https://www.youtube.com/watch?v=Wpbm
Gk0MJYM

What to do next?
Whenever you are faced with a quadratic 
equation you have choices to make:
• Plot it and find the intercepts
• Factorise and solve (x+…)(x+…) etc.  

Each bracket = 0 etc
• Complete the square and rearrange
• Use the quadratic formula
You will have your own order of preference 
for the above methods, but one thing you 
can be certain of is that if there are real 
solutions, the formula will find them 
(factorising may not!)
Have a look at
https://www.youtube.com/watch?v=tKZqZge
NBi8

Plot it and find the intercepts
The constant will be the intercept on your 
graph.
The coefficient is the slope or gradient of 
the line you will plot.

Use the quadratic 
formula

Substitute your values into 
the formula.  

For the quadratic formula to 
work you must arrange your 
equation in the form 

Quadratic = 0
i.e.

ax2 +bx +c = 0
Using this can be faster than 
completing the square but 
some questions ask you to 
use more than one method.

First step – always try to factorise 
first
Because it is the easiest method!
Write your equation in the form (if you can) 

ax2 +bx +c = 0
If you can find two numbers that add up to 
b and multiply together to give c you can 
factorise.

Know your terminology

A variable is a symbol for a number we don’t 
know yet.  It is usually a letter like x or y.
A coefficient is a number used to multiply a 
variable (4x means 4 times x, so 4 is a 
coefficient).
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Solving quadratic equations

There are several methods you can use to solve a 
quadratic equation
• Factoring
• Completing the square
• Quadratic formula
• Graphing
All methods start with setting the equation equal to zero.
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Let’s look at an example

2x2 – x – 1 = 0

The equation is already set to zero (but it could, for 

example, have been given as 2x2 – x – 6 = -5  ).

Factoring 2x2 – x – 1 = 0

(2x + 1)(2x - 1) = 0

If 2x + 1 = 0, then x = -
!
"

If x – 1 = 0, then x = 1
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Let’s look at an example

2x2 – x – 1 = 0
Completing the square
Divide both sides of the equation by 2:

x2 – !
"x – !

" = 0
Add !" to both sides of the equation:

x2 – !
"x – !

" + !" = !"
x2 – !

"x = !"
Factor the left side and simplify the right side:

(x - !#)
2   = $!%

Take the square root of both sides of the equation:

x - !# = � &
#

Add !# to both sides of the equation

x = !# + &
# = 1

And

x = = !# - &# = !"

x2 – !
"x = (x - !#)

2 - !
!%

$
!% = 3

2

42
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Let’s look at an example

2x2 – x – 1 = 0
Quadratic formula
a is the coefficient of the x term, and c is the constant.  
Substitute 2 for a, -1 for b, and -1 for c in the quadratic 
formula.
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Let’s look at an example

Graphing
This is example can be found at 
http://www.sosmath.com/algebra/solve/solve4/s43/s43.html
The site gives some other examples to work through as 
well as how to graph this example.

Purple Maths
http://www.purplemath.com/modules/quadform.htm has 
some useful practice questions too.
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Let’s look at an example of how to solve a 

problem

R18

You could solve this in a number of ways.

Draw a graph

Then

Check by using a algebraic expressions/equations

30
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Let’s look at an example of how to solve a 
problem

R18 Which charging option? (oil charges)

The problem

Central heating oil may be bought in one of three ways:

Option A - 40p per litre
Option B - Fixed charge of £5 and 30p per litre
Option C - Fixed charge of £15 and 20p per litre

Use a graphical solution to determine which option is 
cheapest over a range of 0 to 200 litres.

31
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Let’s look at an example of how to solve a 

problem R18 Which charging option? (oil charges) -

SOLUTION

• Less than 50 litres – Option A is cheaper.

• 50 – 100 litres Option B is cheaper

• Over 100litres Option C is cheaper

32
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Compound measures

speed = distance
time

distance = speed x time

time = distance
speed

D
S x T

33
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Remember from last session (number)?

David walks 1km/hr faster than Jill.  David completes 
a 20km hike 1 hour before Jill.  What are their 
walking speeds?

https://www.youtube.com/watch?v=-hX6OsRsMHA

Speed Distance Time

David s+1 20km t-1

Jill s 20km t
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A sample questions to work on

Algebra 
Quadratic Equations

We have a session next Tuesday so please get your 
responses to the questions to us before then.
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Algebra
A local company pays an hourly rate of £7.50. If xn is the number of hours 
worked per week and yn is the total wage for the week:
a) Write down an equation relating hours worked to total wage
b) Draw a graph of your equation
c) If employee 1 worked 37 hours one week, use your graph to calculate their 

weekly wage. If employee 2 worked 20 hours one week, calculate the 
weekly wage in this case

d) The company is taken over and both employee 1 and 2 are to be made 
redundant. The redundancy pay is found by multiplying their last week’s 
wage by the number of hours worked in that last week. Use your answer to 
a) to write down an equation for calculating redundancy pay

e) What would employee 1 and 2 receive in redundancy pay?
f) Evaluate the importance of each of your algebraic equations. Give other 

examples of algebraic equations used in the work environment and 
evaluate their importance

Another local company pays an annual salary of £13,000 at the lowest scale 
and £14,500 at the highest scale.
g) What fraction of the higher salary is the lower salary?
h) If the lower salary is increased to £13,450, what is the percentage 

increase? © greatlearning,2017
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Quadratic equations

Zarig took part in a 26 mile road race.

a) He ran the first 15 miles at an average speed of x mph. He ran 
the last 11 miles at an average speed of (x-2) mph. Write down 
an expression, in terms of x, for the time he took to complete the 
26 mile race

b) Zarig took 4 hours to complete the race. Using your answer to 
part a), form an equation in terms of x

c) (i) Simplify your equation and show that it can be written as 
2x2-17x+15=0
(ii) Solve this equation and obtain Zarig’s average speed over the 
first 15 miles of this race
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