
Maths – Algebra – Part 1
1 of 21 – Welcome
Welcome to this session on algebra basics.
By the end of this session you will be able to:
· Find the value of a letter in an equation
· [bookmark: _GoBack]Substitute numbers into equations in place of letters
· Sort ‘like’ terms and simplify equations
· Create formulae from a word problem
· Expand single brackets
2 of 21 – What is algebra?
Algebra is a branch of maths that uses letters and symbols in place of numbers that we don’t yet know (called variables). We use algebra to solve problems where we have some known values and some unknown values. 
For example, here is an algebra problem. Can you find the value of the letter L?
14 = 2 + L
The equals sign in a sum is like a set of scales – each side must be equal.
You may have worked out that if 14 = L + 2 then L must equal 14 minus 2, or twelve.
3 of 21 – Keeping the scales balanced
To find the answer you need to isolate the letter on one side and a value on the other side, all whilst keeping the scale balanced. We can do anything to an equation to enable us to isolate the letter as long as we do the same to both sides.
You can see from this sum that we can get L on its own if we remove 2 from each side of the equation, which then gives us 14 minus 2 = 12 on the other side. This keeps the equation balanced as we have done the same to each side.
There is another way to think about this which will get us to the right answer; whatever you need to remove to get the letter on its own, think about taking it and moving it to the other side of the equation but as you do so, change the sign (so a positive becomes a negative and vice versa).


4 of 21 – Inverse operations
As we’ve seen, if we have to solve a sum we can isolate the letter by taking away numbers from each side. You can also think of it as swapping the number across the equals sign.
When you do this, the sign changes – a plus becomes a minus and a minus becomes a plus.
Using the opposite function also works for multiply and divide in algebra equations. The sum below represents 12 = 2 lots of E (or 12 = 2 times E) so if we divide both sides by 2 we can get a single E on one side and 12 divided by 2 = 6 on the other.
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
Work out the correct value for each of the letters in the equations below. Use inverse operations to find the answers.
1) 12 + y = 20  
2) 30 + p = 24 
3) 5x = 45
4) 16 + s = 12
5) 3𝑥 over 12 = 4
The correct answers are:
1) y = 8
2) p = -6
3) x = 9
4) s = -4
5) x = 16
6 of 21 – Letters on both sides of the formula
If there are letters on both sides of the formula, we can still use this process to find the value of the letter by shifting all the numbers on one side and the letters to the other. Don’t forget that anything that changes sides also must change its sign.

4s minus ten = 2s plus 20

Minus ten moves to the other side to become plus ten. 2s moves to the other side to become minus 2s. Now that the letters are all on one side and the numbers on the other, we can work out that 2s = 30, so s = 15.

7 of 21 – Question 2
Work out the correct value for each of the letters in the equations below. Use inverse operations to find the answers.
1) 12 + y = 36 – 2y 
2) 40 – 2p = 3p +10
3) 5x + 5 = x + 41
4) 16 + s = 3s + 24
5) 3b – 10 = b + 20
The correct answers are:
1) y = 8
2) p = 6
3) x = 9
4) s = minus 4
5) b = 15
8 of 21 – Substituting numbers into expressions
We use algebra to solve problems in real life by using a formula to work out an answer, made up of letters, or variables, if we don’t know the actual numbers involved.

For example, someone working out the total hourly wages for a staff cleaning team might use the formula: 10s + 8c (where s is the number of supervisors on duty being paid £10 per hour and c is the number of cleaners being paid £8 per hour). Both s and c might change from day to day.

If we are told that on one particular day, there are 3 supervisors on duty and 12 cleaners, we can substitute these numbers in place of the letters and the formula will look like this:

cost = (10 times 3) + (8 times 12)
So the hourly cost for the team on that day is 30 + 96 = £126.

A good tip for substitution questions is to write out the formula in its original form, then write it out again underneath but replace the letters with the given numbers. This will ensure that you can keep your calculations accurate.



9 of 21 – Question 3
Assuming that y = 2 and z = 5, work out the correct answers to each of these equations. Remember, when two or more letters are side by side, this means that you multiply them together.
1) 3y + 2z
2) 20 minus 7y 
3) 6z minus y squared
4) 8z divided by 2
5) yz
The correct answers are:
1) 3y + 2z =   16
2) 20 minus 7y = 6
3) 6z minus y squared = 26
4) 8z divided by 2 = 20
5) yz = 10
10 of 21 – Sorting like terms
In algebra, ’like’ terms are those that have the same variables and powers. The coefficients do not need to match. In the term 3x squared the x is the variable, the small 2 (for squared) is the power and the 3 is the coefficient.

Therefore, within equations, terms or formulae, look for the letters, or letters with powers that are the same as you can tidy up or simplify things by putting them together. 

Here is an example so you can see how this works.

3a squared + 4b + 2a + 6b + 5a minus a2

On paper, or in an exam, you might find it helpful to circle, highlight or underline the ‘like’ terms with the sign just before them in the same colour so you can gather them together easily. You can then rearrange the equation to put the like terms together and simplify the equation.

3a squared + 4b + 2a + 6b + 5a minus a2
3a squared minus a2 + 4b + 6b + 2a + 5a 
2a squared + 10b + 7a



11 of 21 – Question 4
Combine the like terms to simplify these expressions. Don’t forget, the letters and their powers have to be the same. Correct notation would be to put the powers first, then complex terms, then single terms, then numbers. For example: 12xy2 + 4xy – 3x + 7
It can help to write the equations out and underline the ‘like terms’ so they are easily visible. If you have none of a letter left, you don’t represent it with anything.
1) 25x + 3y minus 4 minus 19x minus y + 5
2) 14 + c + 15b minus 11 minus c + 5b
3) 3x + 4z minus 4x + 3w
4) 2f minus 3f + 9e + 2f minus 2f + f
5) Minus 2x + 2 minus 5z minus 6x + 7z minus 4
6) 4x + 6xy + 2y minus 4xy minus 7
7) 9x minus 2xy + x minus 2 xy squared
The correct answers are:
1) 6x + 2y + 1
2) 20b + 3
3) 3w minus x + 4z
4) 9e
5) Minus 8x + 2z minus 2
6) 2xy + 4x + 2y minus 7
7) Minus 2xy squared minus 2xy + 10x
12 of 21 – Creating a formula or expression
Sometimes we might not be able to ‘solve’ an algebra problem so we may have to leave letters in the answer.
For example, Alex has some sweets but we do not know how many. So we might say ‘Alex has x number of sweets’. If Alex is given 5 more sweets, he now has x + 5 sweets.
If Max had 14 sweets and gave y amount of sweets away, how many does he now have? Max has 14 minus y sweets left.


13 of 21 – Useful maths terms
You may be given a word problem and asked to write an algebraic formula. There are different words for the mathematical functions and you have to decide which action is being described before putting the correct letter and number into the expression.
Here is a reminder of some of the maths terms you might hear associated with different maths functions.
Adding: addition, add, sum, plus, increase, total, more than, combined, and, together, joined
Subtracting: take away, deduct, decreased, less than, difference, reduce, remove
Multiply: groups of, lots of, times, product of
Divide: each, out of, shared among, shared by, split, equal parts
14 of 21 – Question 5
What is the correct algebraic expression for the given description? We don’t know the number so have used n as the variable to represent this value.

Five less than twice a number (n).
a) 5 minus 2n
b) 2n + 5
c) 2n minus 5
d) 2 x 5 minus n
The correct answer is:
C – 2n minus 5
 
15 of 21 – Question 6
What is the correct algebraic expression for the given description? We don’t know the number so have used n as the variable to represent this value.

Three times a number (n), increased by seventeen.
a) 3n + (3 times 17)
b) 3n + 17
c) 3 times (17 + n)
d) n + (3 times 17)
The correct answer is:
B – 3n + 17

16 of 21 – Question 7
What is the correct algebraic expression for the given description? We don’t know the number so have used n as the variable to represent this value.

The product of nine and a number (n), decreased by six.
a) 9n minus 6
b) (6 times 9) minus (9 times n)
c) 9n minus (9 x 6)
d) 6 minus 9n
The correct answer is:
A – 9n minus 6

17 of 21 – Question 8
Todd earns £50 a day working in a hotel. Write an algebraic expression to represent the amount of money he will earn in n days and if he pays £4 towards the staffroom tea and coffee fund.
a) 50n + 4 
b) 50 over 4n
c) 50 + n minus 4
d) 50n minus 4
The correct answer is:
D – 50n minus 4

18 of 21 – Expanding single brackets
To expand a bracket means to multiply each term in the bracket by the expression outside the bracket. For example, consider the expression: 2 open brackets 10a + 4b close brackets. To expand the bracket, we have to multiply 2 times 10a and 2 times 4b. This will give the result 20a + 8b.

Where we have a letter multiplied by another letter (and if we don’t know their values) we write them next to each other. For example, the expression: a open brackets b + 4c close brackets. To expand the bracket, we have to multiply a times b and a times 4 c. This will give the result ab + 4 ac.

Where we have letters and numbers multiplied by other letters and numbers, we can multiply the numbers but still retain the letters. For example, the expression: 2a open brackets 3 b + 5 c close brackets. To expand the bracket, we have to multiply 2a times 3b and 2a times 5c. This will give the result 6ab + 10ac.

Where we have a letter multiplied by itself we write them with powers. For example, the expression: a open bracket a + 4 close bracket. To expand the bracket, we have to multiply a times a and a times 4. This will give the result a squared + 4a.
19 of 21 – Question 9
What are the correct, fully simplified expansions of these single bracket equations?

1) 3 open bracket t minus 4 close bracket
2) x open bracket 2y minus x close bracket
3) 9y open bracket y squared minus xy close bracket
4) 3 open bracket x minus 7 close bracket + 4 open bracket x + 4 close bracket
The correct answers are:
1) 3t minus 12
2) 2xy minus x squared
3) 9y cubed minus 9xy squared
4) 7x minus 5
20 of 21 – Extension question 
Jas has 20 pens. Cho also has 20 pens. Jas gives Carl x pens.
Cho then throws away 5 of her pens that no longer work.
Cho then passes on half of her remaining pens to her little sister.
Write expressions for the number of pens that Jas and Cho now each have.

Jas had 20 pens and gave x pens away. Therefore, Jas now has 20 minus x pens. 

Cho had 20 pens and then gained x more pens from Jas. This is 20 + ex. After that, she threw away five pens. 
This is now 20 + ex minus 5. Lastly, she gave half of the pens to her little sister. 
This is (20 + ex minus 5) over 2.
21 of 21 – End
Well done. You have completed this session algebra basics.
You should now be able to:
· Find the value of a letter in an equation
· Substitute numbers in equations in place of letters
· Sort ‘like’ terms and simplify equations
· Create formulae from a word problem
· Expand single brackets
If you have any questions about anything covered in this session, please speak to your tutor for more help.

