8.1 Linear Equations

(Has the meaning of equation/expression been explained or should I do it here?)

(also term, factor, coefficient, variable)
Let’s imagine your friend, Joseph, picked up your test results from the Biology class and now he refuses to tell what you scored, or what he scored! Obviously you are trying everything to get him to tell you, and he decides to tease you and makes you work it out for yourself. He says the following:

“I have 2 marks more than you and the sum of both our marks is equal to 14. How much did we get?”

Now if the numbers are simple like in the example, you might be able to work it out in your head.  Can you?

But to make it easier, you can use a linear equation! 

This is how it works:

We use a placeholder for your amount and that placeholder is x. So:

You = x

Then we need a placeholder for Joseph 

Joseph = y

BUT the trick is that we have some information about Joseph’s mark, which is that Joseph has 2 more than you. We need to use that, so how about:

Joseph = you +2


Or

Joseph = (x + 2)


Or

 y = (x + 2)

Now we need to use the last bit of information we have and that is:

You + Joseph = 14


Or using placeholders

x + y = 14

Or substituting y 

x + (x+2) = 14

What we have here is the actual linear equation. 

You already know what an equation is but what does linear mean?  Linear means the highest power of the unknown variable, usually called “x”, is one. 

To find out what your test result is we need to now simplify this equation until we only have the x on the one side of the equal sign and a value on the other side. There are a few rules on how to simplify these equations to get a value for x. They can be organized into 3 groups. Once we have worked through them and we are sure about them, then we can attempt to find out what the answer to our problem is. So here they are:

Rule one – Addition or subtraction

You are allowed to subtract or add any amount as long as you do it on both sides of the equal sign:

Example 1

 x + 5 = -6

· 5 = - 5

------------------

x = -11

Example 2

 x – ½ = 7

      + ½ = + ½

 -------------------

    x = 15/2

Rule two – multiply and divide

The same principle applies for multiplication and division:

Example 1

 2x = 9

 2x/2 = 9/2

 x = 9/2

Example 2 

x/4 = 5

x/4 * 4 = 5 * 4

x = 20

Rule three – fractions 

If x is multiplied by a fraction we need to divide both sides of the equal sign with that fraction to get x alone. We do that by flipping the fraction around and then multiplying both sides with it

Example 1 

3/2x = 7

3/2x * 2/3 = 7 * 2/3

x = 14/3

These are the basic rules to apply when simplifying a linear equation. But most linear equations will require a few combinations of these before x is sitting alone on the one side of the equal sign. That means we might have to make use of the rules above a number of times one after the other. Let’s do a few examples where we will use multiple steps to solve the equation:
**** TIP****

Start with eliminating the terms without x, that way you avoid having to calculate too many fractions

**** END TIP *********

Example 1: 

7 + 5x = 62

   - 7 = -7

---------------

5x = 55
5x/5 = 55/5

x = 11

Example 2:

- 55 = 5x  + 3/4
 - 3/4 = - ¾

----------------

 54 ¼  = 5x

217/4 = 5x  
217/4 * 1/5 = 5x * 1/5 (the same as dividing by 5)
217/20 = x

**** TIP****

Start by moving all the terms with x to the one side and all the terms without x to the opposite side of the equal sign. Remember we can do that by changing the sign of the term
****** END TIP *********

Example 3:
5x = 3x + 45 

5x – 3x = 45

2x = 45

2x/2 = 45/2

x = 22 ½

Example 4:

23x – 12 = 6 + 2x

23x – 2x -12 = 6

23x – 2x = 6 + 12

21x = 18

x = 21/18

Example 5:

12 – 6x + 34x = 2x – 24 – 64

-6x + 34x = 2x -24 – 64 – 12

-6x + 34x – 2x = -24 – 64 – 12

 26x = -100

 x = - 100 / 26

x = - 50/13 (simplified – but this is not necessarily a required step)

****TIP******
If there are parentheses (brackets) in the equation, start by removing them – multiply with the coefficient.

****** END TIP**********
Example 6:

-3(3x – 4) = 8

-9x + 12 = 8

-9x = 8 – 12

-9x = -4

x = 4/9 (see the term is now positive – do you remember why?)

Example 7:

6x + 3x = 4 - 5(2x – 3) (lets start with the parentheses – don’t forget the minus!)

6x + 3x = 4 -10x + 15 (next we move the like terms to their own sides)
6x + 3x + 10x = 4 + 15 (and solve!)

19x = 19 

x = 1

Example 8: 

8(3x – 14) – 34 = 2(4x – 22) - 5(3 + 2x)   (big one? Lets take it step by step)

24x – 112 – 34 = 8x – 44 – 15 – 10x   (that’s all the brackets gone)

24x -112 – 34 -8x +10x = -44 – 15

24x – 8x + 10x = -44 – 15 + 112 + 34 (and solve!)

26x = 87

x = 87/26 

And that is it for our examples. This covers all the types of linear equations you can be expected to solve. It’s the best to always keep your priority of steps in mind and then just simply do them one by one. If you are unsure about your answer you can just substitute it into your original equation and see if you get the same value for both sides:
For example:

5(x – 3) = 5

5x – 15  = 5

5x = 5 + 15

5x = 20 

x = 4

Test:

5(4 – 3) = 5

5(1) = 5

5 = 5 and there we see it works!

Now lets get back to our original problem of your test results! The linear equation was:

x + (x+2) = 14
x + x + 2 = 14

x + x = 14 – 2

2x = 12

x = 6

You scored 6 for your Biology test and Joseph scored 6 +2 = 8! 
