Simultaneous Linear Equations
Simultaneous linear equations are where we have to solve two equations, at the same time, to find the value of two variables.
There are two algebraic methods to achieve this:
· Solving by substitution
· Solving by elimination
Firstly, we will look at how we solve simultaneous equations by substitution.
Question 1
Say that we have two equations, such that


We want to solve them for x and y. Before we start solving, always remember to number the equations as I have above, equation number 1 and equation number 2 (this stops confusion when we have multiple equations, as we will see later). 
The first step in solving these equations is to get one of the equations such that x is in terms of y, or y is in terms of x (in other words, we want 'x = something' or 'y = something'). If we look at equation 1, we can get x in terms of y by taking y to the other side of the equals sign, therefore:

As we now have the equation so that x is in terms of y, we can now substitute this into the second equation. In other words, wherever we have an x in the second equation, we can write 3-y. We can now write the second equation as:

We now solve this equation to find the value of y:






As we have now found the value of y, all we need to do to find the value of x is substitute the value of y into either equation number 1 or 2. I have decided to substitute the value of y into equation 1:

We now solve this equation for x:


We have now solved these simultaneous equations by substitution, with x=1 and y=2 being the answers. Remember that with all simultaneous equations, we can substitute the values of x and y back in to an equation to see if we get the same number on each side of the equals sign (this is an easy way to double-check if you are correct!).
We will now look at solving simultaneous equations by elimination.

Question 2
Say that we have two equations, such that


What we need to do is either add or subtract these equations, to eliminate either the x's or y's. To add an equation we simply add the x's together, add the y's together, and add the numbers on the other side together. The same method is used for subtraction.
In this example I have decided to eliminate the y's first. To do this, we need to add the equations. When we add these equations, 2x + 3x gives us 5x, y + (-y) gives us zero, and 7 + 8 gives us 15. This is what we end up with:

We now solve this for x:



To find y, we simply substitute the value of x into either of the equations. I have decided to substitute it into equation 1, leaving us with:




This was a relatively easy example, as we had the same number of y's in each equation (albeit different signs infront of them). Bearing this in mind, what if we had a different amount of x's and y's in each equation?

Question 3
Say that we have two equations, such that


What we firstly need to do is get the same number of x's or y's in each equation. Remember that we can do anything to an equation, as long as we do the same to both sides. To get the same amount of y's in equation 1 as there are in equation 2, we need to multiply equation 1 by 2, giving us:

Notice that we have now numbered this equation 3. To eliminate y all we need to do is now subtract equation 2 from equation 3. This will give us: 6x-5x=x, 4y-4y=0, and 72-64=8, therefore:

Again, to find the value of y we simply substitute the value of x into either of our three equations. I have decided to substitute it into equation 1:






So in this example, we could multiply one equation to get the same number of y's in both equation. But, what if we need to multiply both equations to get the same number of x's or y's in each equation?

Question 4


As you may have noticed, we cannot just multiply one equation by a number to get the same values of x's and y's as in the other equation. What we need to do here is multiply both equations by two different numbers. If we look at eliminating the y values first, we can see that we have 3y in one equation, and 2y in the other. To determine what number to multiply each equation by, we look at the number infront of each y, and multiply the other equation by that number. In this instance, we would look at multiplying equation 1 by 2, and equation 2 by 3. This would result in us having the same number infront of the y's in both equations. Multiplying these equations out would give us:


Notice that we have numbered these equations accordingly. As we now have the same number infront of the y's, we can add equation 3 and equation 4 to eliminate them, giving us:




To find y, we now substitute the x value into any of our four equations. I have decided to substitute it into equation 2, giving us:







For practice, here are a couple of examples for you to have a go at, with the answers in the brackets. Try and solve them by using both the substitution and elimination methods.

Question 5


(answers: x=3, y=4)
Question 6


(answers: x=-3, y=3)
Question 7


(answers: x=5, y=2)
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