
Maths – Algebra – Part 2
1 of 21 – Welcome
Welcome to this session on algebra and inequalities.
By the end of this session you will be able to:
· Expand double brackets
· Factorise brackets (reverse expanding)
· Rearrange formulae
· Use inequalities signs correctly on a number line
2 of 21 – Expanding double brackets
When expanding single brackets, the terms inside the brackets are all multiplied by the single term outside the brackets like this; 
3a (4a minus 6b + 2) equals 12a2 minus 18ab + 6a
The term 3a is multiplied by 4a, minus 6b and 2, each in turn, to give the answer. 
We also have to expand double brackets in algebra problems. When expanding double brackets, every term in the first bracket has to be multiplied by every term in the second bracket. It is helpful to always multiply the terms in order so none are forgotten.
You can think of this as the banana method, as it is sort of like the shape of a bendy banana!
When expanding double brackets, the first part of your answer will be two letter terms multiplied together, giving you either a letter with a power (for example, y times y = y squared) or two different letters together, (a times b = ab). The end term will be a number multiplied by another number, (no letters involved). The second and third terms will be made up of a letter and a number. You may be able to put these like terms together in the answer. So bracket x plus two multiplied by bracket x plus six becomes x squared + 6x + 2x + 12, which equals ex squared + 8x + 12.
3 of 21 – Double bracket expansion examples
See if you can work out these double bracket expansions. Make sure you follow the rules of multiplying negatives and positives together; positive x negative = negative and negative x negative = positive. Once the brackets are expanded, combine the like terms to create a simplified equation.
Open bracket 2x plus one close bracket, open bracket x plus 2 close bracket, becomes two x squared plus 4x plus x plus 2, which simplifies to two x squared plus 5x plus 2.
Open bracket 3a minus 6 close bracket, open bracket 2a plus 4 close bracket, becomes six a squared plus 12a minus 12a minus 24, which simplifies to six a squared minus 24. 
Open bracket 3c minus 2 close bracket, open bracket 4x minus 4 close bracket, becomes 12 c squared minus 12c minus 8c plus 8, which simplified to 12 c squared minus 20c plus 8.
4 of 21 – Factorising brackets and equations
Factorising is the opposite of expanding. When we factorise a single bracket, we are looking for the highest common factor for both terms, so that we can bring this outside the brackets.
For example, consider 12y plus 14. 
Both of these numbers can be divided by 2, so we can do this, then put the 2 outside a set of brackets with the remaining factors left inside the brackets to give 2 open bracket 6y plus 7 close bracket.
It is a good idea to expand the bracket once you have arrived at an answer to check if you have done it correctly.
Sometimes, the factor involved might include a letter, such as 6x squared plus 9x.
We can see that both of these terms include x, and that the numbers can be divided by 3, so we bring 3 and x outside the brackets for the answer 3x open bracket 2x plus 3 close bracket.
Doing the opposite of a sum as it is written is called the inverse operation – the inverse of multiply is divide, and vice versa.
When a number is written in front of the letter, it means that you multiply the letter by that number. For example 5y means ‘5 lots of y’. 
When a letter is multiplied by itself (e.g. y multiplied by y) it becomes squared. 
5 of 21 – Question 1
Can you identify the highest common factor for each of these two terms? Some might be numbers or letters only, some might be both numbers and letters. Once you have done this, identify the remaining factors that would be left inside the brackets. For example the terms 4x and 18 have a highest common factor of 2 and remaining factors of 2x and 9.
a) 12x, 16
b) x squared, 3x
c) 4 x squared, 2x
d) 12 y squared, 3y
e) 7y, 49
f) 15 x squared, 6x
The correct answers are: 
a) 12x, 16 has a highest common factor of 4 and remaining factors of 3x and 4
b) x squared, 3x has a highest common factor of x and remaining factors of x and 3
c) 4 x squared, 2x has a highest common factor of 2x and remaining factors of 2x and 1
d) 12 y squared, 3y has a highest common factor of 3y and remaining factors of 4y and 1
e) 7y, 49 has a highest common factor of 7 and remaining factors of y and 7
f) 15 x squared, 6x has a highest common factor of 3x and remaining factors of 5x and 2

6 of 21 – Factorising quadatric equations
A more difficult example of factorising is to apply it to a quadratic equation of the form ax squared + bx + c where a, b and c are all numbers, for example x squared + 5x + 6 (there is 1x squared but we don’t write the number 1). To factorise this, we need to break it back down into two sets of brackets. We can see that the first term, x squared, is made up of x multiplied by x, so the terms inside the brackets will be x + something and x + something. We need to look for a pair of factors of the remaining numbers that have specific qualities. In the equation x squared + 5x + 6, we need two numbers that add together to make the coefficient of the single x, in this case 5, and multiply together to make the number without an x, in this case 6.

To solve this, we may have to consider different numbers until we come to the correct ones. For example, let’s use this expression, x squared + 5x + six. We need to find two numbers that add together to make 5 and also multiply together to make 6. First, consider the factors of 6, which are the numbers that multiply together to make 6. These are 1 times 6 and 2 times 3, as well as the negative factors, minus 1 times minus 6, and minus 2 times minus 3. Once you have the factors in pairs like this, look for a pair that adds up to 5.
2 plus 3 equals 5, so we can put them into the brackets to complete the factorisation. This looks like open bracket ex + 3 close bracket open bracket ex + 2 close bracket.

If both numbers are positive, then both factors inside the brackets in your answer will also be positive, however if the last number is negative, one of the factors will be negative and one positive. For example, consider the equation x squared + 4x minus twelve. Here we need two numbers that add together to make 4 and multiply together to make minus 12. It is best to look for the factors that will multiply to make minus 12. These are 1 times minus 12, minus 1 times 12, minus 2 times 6, 2 times minus 6, 3 times minus 4 and minus 3 times 4. Of these, only minus 2 and 6 will add together to make 4, so this gives the brackets, open bracket x minus 2 close bracket, open bracket x + 6 close bracket.

If the middle number is negative and the last number positive, both of the factors will also be negative; remember, negative times negative equals positive. Consider this example equation, x squared minus 8x + fifteen. We need two numbers that add together to make minus 8 and multiply to make 15. The factors of 15 are 3 times 5 and minus 3 times minus 5. The only ones that total minus 8 are the two negatives, so the final brackets are open bracket x minus 3 close bracket, open bracket x minus 5 close bracket. Remember, you should always try expanding your brackets to check that you have factorised correctly.

7 of 21 – Question 2
Factorise these equations into a pair of double brackets.  Remember, you will need to find the factor pairs of the last number then select the pair that add together to make the middle number. As an example, x squared plus 7x plus 12 becomes open bracket x plus 3 close bracket, open bracket x plus four close bracket. 
a) x squared minus 6x plus 9
b) x squared minus 3x minus 18
c) x squared plus 4x minus 60


The correct answers are;
a) x squared minus 6x plus 9 becomes open bracket x minus 3 close bracket, open bracket x minus 3 close bracket
b) x squared minus 3x minus 18 becomes open bracket x plus 3 close bracket, open bracket x minus 6 close bracket
c) x squared plus 4x minus 60 becomes open bracket x plus ten close bracket, open bracket x minus 6 close bracket
8 of 21 – Rearranging formulae
A formula is an algebraic relationship between different quantities. A useful one to remember is the formula for speed; speed equals distance divided by time.

However, we may already know the speed but want to find the distance or time involved instead. It is therefore useful if we can rearrange formulae (the plural of formula) so we can change the subject.

You can use the same principles that you use to rearrange an equation to find the value of a specific letter to rearrange any formula to change the subject, as long as you follow two rules:
1. Whatever you do to one side of the equation, you have to do to the other
2. To remove something you don’t want from one side, do the inverse operation
If we want to find the distance of a particular journey rather than the speed, we will have to rearrange the formula to get distance (D) on its own on one side.

We know from the formula that speed equals distance divided by time, s equals d divided by t.

We can use inverse operation (doing the opposite) to get d on its own. At the moment, t is in the way, so we must remove t. 

We can do this by multiplying both sides by t, doing this will cancel out the ‘divided by’ t on the right.

s = d divided by t

s times t = d divided by t times t

s times t = d

This then leaves us with s times t equals d which is what we need to isolate d (distance).




9 of 21 – Rearranging complex formulae
You may have to do two or more stages to isolate the specific term you need. Follow the rules by using inverse operations, take it step by step and keep organised and you will get to the answer. 
Consider the equation a = b plus cd over four.
If we have to make c the subject of this equation, we follow the following steps: 
1. Remove the fraction by multiplying both sides by 4
2. Remove the b by taking it across to the other side and making it a negative
3. Remove the d by taking it across to the other side and dividing everything by it
This leaves us with the answer 4a minus b, all over d equals c.
10 of 21 – Question 3
Select the correct answer that shows c as the subject. If you have a fraction part, get rid of that first, then try to isolate c and put like terms together if you can.

c divided by 8a = b
a) c = 8ab
b) c = ab divided by 8
c) c = a divided by 8b
d) c = 8 divided by ab
The correct answer is:
A. c = 8ab
11 of 21 – Question 4
Select the correct answer that shows c as the subject. If you have a fraction part, get rid of that first, then try to isolate c and put like terms together if you can.
7c minus 2a = 12a
a) 7c = 10a
b) c = 2a
c) c = a divided by 14
d) c = a divided by 7
The correct answer is: 
B. c = 2a


12 of 21 – Question 5
Select the correct answer that shows c as the subject. If you have a fraction part, get rid of that first, then try to isolate c and put like terms together if you can.
c2 + 3 = 4b
a) c = square root of 4b plus 3
b) c = 4b plus three squared
c) c = square root of 4b minus 3
d) c = square root of 3 minus 4b
The correct answer is:
C. c = square root of 4b minus 3 
13 of 21 – Inequalities
So far in our equations, we have used the equals sign to show the relationship between terms.
We could also use inequalities, the signs that show that terms are either less than or more than each other. These are a chevron pointing to the left, which means less than, and a chevron pointing to the right which means more than.
A good way of getting the signs the correct way round is to remember that the open end of the sign goes towards the larger number and the point goes towards the smaller number.
All of these statements are true:
· 9 is more than 7
· 5 is less than 6
· 3.001 is more than 3
· 3.5 is less than 4.5 is less than 5.5
14 of 21 – Solving equations with inequalities
The process to solving equations involving inequalities is the same as we use for all other equations (using inverse operations to keep both sides balanced), however instead of using an equals sign, the inequality sign is used throughout the process.

For example, consider 3a plus 4 is greater than minus 2. 

If we have to find a value for a, we do this the same way as previous equations. Swap over the 4 and change the sign. This gives 3a is greater than minus two, minus four, which becomes 3a is greater than minus 6. Divide both sides by three to get a is greater than minus 2.

15 of 21 – More inequalities
There is one more pair of inequalities. A chevron pointing left with a line underneath it means less than or equal to, and a chevron pointing right with a line underneath it means more than or equal to. These also show the larger number at the open end and the smaller number at the point. 

The difference in signs can be demonstrated thus:
If n is more than 3, then n could possibly be 4, 5, 6, 7, etc. (any number greater than 3, including decimals).
If n is more than or equal to 3, then n could possibly be 3 as well as 4, 5, 6, 7, etc. We would have to include 3 in the list as n is greater than or equal to 3.
16 of 21 – Inequalities and number lines
We can represent inequalities on a number line, using a circle and an arrow or straight line. 
The simpler less than or more than are represented by an open circle and an arrow – which is correct to place either above or below the number line. So, for example, the inequality n is less than 3 would be shown as an open circle above or below the number three, with an arrow extending from it and pointing towards the smaller numbers. 
We can also represent less than or equal to and more than or equal to on a number line. This time they are represented by a closed circle and an arrow. So, for example, the inequality n is greater than or equal to minus 1 would be shown as a closed circle under or above minus 1 on the number line, with an arrow extending from it and pointing towards the larger numbers. 
So far, we have used arrows to represent all the possible numbers involved as we have no upper or lower limit, however you may also see a number line with inequalities involving these boundaries. The inequality n is greater than minus four and n is greater than or equal to zero could be shown as an open circle above or below minus four and a closed circle above or below zero, with both circles connected by a straight line.

17 of 21 – Question 6
Which symbols correctly represent the inequality n is greater than –4 on this number line?
a) An open circle under minus four with an arrow pointing to the smaller numbers
b) A closed circle under four with an arrow pointing to the smaller numbers
c) A closed circle under minus four with an arrow pointing to the larger numbers
d) An open circle under minus four with an arrow pointing to the larger numbers
The correct answer is:
D. An open circle under minus four with an arrow pointing to the larger numbers


18 of 21 – Question 7
Which symbols correctly represent the inequality n is less than or equal to 5 on this number line?
a) An open circle under 5 with an arrow pointing towards the smaller numbers
b) A closed circle under 5 with an arrow pointing towards the smaller numbers
c) A closed circle under 5 with an arrow pointing towards the larger numbers
d) An open circle under minus 5 with an arrow pointing towards the larger numbers
The correct answer is:
B. A closed circle under 5 with an arrow pointing towards the smaller numbers
19 of 21 – Question 9
Which symbols correctly represent the inequality –3 < n < 2 on this number line?
a) An open circle under minus three with and arrow pointing to the smaller numbers and a closed circle under 2 with an arrow pointing towards the larger numbers
b) A closed circle under minus 3 and an open circle under 2 with a line connecting the two circles
c) An open circle under minus 3 and a closed circle under 2 with a line connecting the two circles
d) An open circle under 2 with an arrow pointing to the larger numbers
The correct answer is:
C. An open circle under minus 3 and a closed circle under 2 with a line connecting the two circles
20 of 21 – Extension question 
Abdul wants to put a wooden walkway around the outside of his rectangular garden. Each piece of walkway measures 3a long by 2b wide. Abdul has made a plan of how to arrange the pieces of walkway. It has four pieces of walkway, with the top and bottom edge of the garden having the short ends of two pieces and the long side of one piece, and the left and right sides of the garden having the long side of a piece of walkway.
Write a formula to calculate the perimeter of the garden in terms of a and b. If a = 6 metres and b = 2 metres, what is the total distance around the outside of Abdul’s garden?
The perimeter of the walkway can be calculated using the longest length of the shape twice (3a times 2) and the longest length of the shape plus two of the short lengths, twice (3a times 2) + (2b times 2 times 2). Altogether this can be written as (3a times 2) + (3a times 2) + (2b times 2 times 2). We can simplify this as 6a + 6a + 8b, and further to 12a + 8b.
Once we know the length of a and b we can simply substitute these numbers into the formula to get our answer. 12a + 8b becomes (12 times 6) + (8 times 2), which is 72 + 16, which becomes 88 metres.


21 of 21 – End
Well done. You have completed this session algebra and inequalities.
You should now be able to:
· Expand double brackets
· Factorise brackets (reverse expanding)
· Rearrange formulae
· Use inequalities signs correctly on a number line
[bookmark: _GoBack]If you have any questions about anything covered in this session, please speak to your tutor for more help.

