
8. Systems of Equations - Elimination

8.1 Elimination
While the substitution method is efficient, there are many cases where using this math will introduce
fractions almost immediately. While you can still get the solution, most students do not like
fractions, so we try to avoid them whenever possible. The elimination method allows us to solve
these problems without introducing any fractions.

Definition 8.1.1 The elimination method of solving a linear system involves combining the
equations to eliminate one of the variables.

1. Adjust the Coefficients. Multiply one or both of the equations by a non-zero number
so that the coefficient of one variable in one equation is equal to the negative of the
coefficient in the other equation.

2. Add the Equations. Add these two new equations together to eliminate one of the
variables. Solve the remaining equation.

3. Back-Substitute. Substitute the value you just found back into one of the original
equations and solve.

� Example 8.1 Solve the linear system

3x−2y = 4

−7x+4y =−6

Solution To start, we need to adjust the coefficients. We can see that multiplying the second
equation by 2 means the coefficients of y will be −4 and 4, which is what we need.

6x−4y = 8

−7x+4y =−6

We can then add these equations together. When we do, we get

−x = 2

x =−2
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We then need to substitute this back in one of the original equations. We will use the first equation.

3(−2)−2y = 4

−6−2y = 4

−2y = 10

y =−5

Thus, the solution is given by (−2,−5).
�

� Example 8.2 Solve the linear system

2x−5y =−3

−3x+4y = 8

Solution This time, we will not be able to multiply a single equation by a number. Instead, we will
have to multiply both equations by a number. We must decide if we want to eliminate x or y first.
We will eliminate x here. So we need the coefficients of x to be the same number with different
signs. We will multiply the first equation by 3 and the second equation by 2.

6x−15y =−9

−6x+8y = 16

We can then add these equations together. When we do, we get

−7y = 7

y =−1

We then need to substitute this back in one of the original equations. We will use the second
equation.

−3x+4(−1) = 8

−3x−4 = 8

−3x = 12

x =−4

Thus, the solution is given by (−4,−1).
�

8.2 General Solutions

As we discussed earlier, we can think of these solutions as the intersection point of two lines.
However, it is possible our two lines are parallel, and thus don’t intersect. Let’s investigate what
happens in this situation.

� Example 8.3 Solve the linear system

3x+5y =−7

6x+10y = 8
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Solution We will solve this using the elimination method. We multiply the first equation by −2.

−6x−10y = 14

6x+10y = 8

Adding these equations together then gives

0 = 22

Since there is no situation when 0 = 22, we can see that this has no solution.
�

When solving a linear system with no solution (parallel lines), we will always get a false
statement at some point in the process, such as 0 = 22. So, we have now considered the situations
when the lines are parallel, and when they intersect exactly once. Is it possible for two lines to
intersect more than once? This can only happen if they intersect infinitely many times. In other
words, they are the same line. Let’s investigate this situation.

� Example 8.4 Solve the linear system

x+4y =−4

3x+12y =−12

Solution We start by multiplying the first equation by −3.

−3x−12y = 12

3x+12y =−12

Adding these equations together gives

0 = 0

Since this is always true, we have infinite solutions. However, not every ordered pair will work. So
we want a way to denote which ordered pairs work and which don’t. To do this, we need to put the
equation in slope-intercept form.

x+4y =−4

4y =−x−4

y =−1
4

x−1

Thus, for any value of x, I can find the appropriate value of y. We write this solution as(
t,−1

4
t−1

)
�

Click on the image to the left to access a Geoge-
bra applet to help you practice the substitution
method. Alternatively, this applet is available at
the website https://ggbm.at/fnkzdfnb.
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