Graphing Systems of Equations using the Substitution Method:  Grade 9. The topic of this lesson is systems of equations.  Materials the attached set of notes for the students, a chalkboard/whiteboard and the corresponding accessories for the boards.  

Lesson Overview:  Students will solve systems of linear equations using the substitution method.  The students will be given the equations of two lines.  For any of the equations, they will have to solve for one of the variables, either x or y, it doesn’t matter.  Then, they will substitute whatever they found for that variable into the other equation.  Then they will solve for the other variable, finding a numerical solution.  Then, they will use that number and substitute that into one of the equations to solve for the final variable.  The solution will be a point.  They then can check that point in both equations.

Lesson Objectives:
· Students will calculate the solution to a system of equations by using the substitution method.

· Students will be able to assess whether a solution to a system of equations is a valid one.

· Students will categorize graphs of a system of equations based on the number of solutions that the systems provide.

NYS Standards Key Ideas:

· 7A – Represent and analyze functions, using verbal descriptions, tables, equations, and graphs.

· 7B – Apply linear and quadratic functions in the solution of problems.

Anticipatory Set:  The idea of this anticipatory set is to remind the students of the skills that they possess, specifically the skills of solving a two-variable equation for one of the variables and solving an equation with one-variable with the variable on both sides of the equal sign.

On the board, before the start of class, write two equations:

4x + 2y = 8          and           2x -7 = -x + 5

Have the students solve the first for either x or y, and the second for x. (Five Minutes)

Developmental Activity: (30 minutes)
1. Now, tell the students that they have two of the three methods to solving for a system of equation without using a graph.  Where yesterday we solved a system of equations by graphing, today we will do it algebraically.

2. Hand out the attached set of notes to the students.  Some of the examples used are from www.algebra1.com/extra_examples/ny and Glencoe/McGraw-Hill textbook Algebra 1 textbook.

3. Read aloud the introduction to the students.  When you get to the part when the notes go over methods that they students are familiar with, ask the students to explain each of the methods.  Just a quick aside, the first two methods were used for the anticipatory set.

4. The first two pages of the notes are a step-by-step instruction on how to solve a system of equations using the substituion method.  When presenting this to the class, go over the steps on the board.  Since this is complicated, prepare for a fair amount of questions.

5. The next two questions should be gone over as a group, step-by-step, on the board.  Ask the students what the next step is.  Make sure not to just solve the system for them. 

6. For the second question, make sure to leave all of the steps on the board for the closure.

Closure:  For the closure, have the students look at question two.  Have the students look at each of the steps in the board, and see which of the methods from the notes that they used for finding the solution to the system of equations.  (Five minutes)

Assessment:  In addition to informal assessments to how the students understand how to find the solution for the system of equations, there will be homework for the students, which is attached.  Collect the homework the next day.  Solving system of equations is difficult, so if they are able to repeat the process on their own, then they have a good understanding of the concept.
Solving Systems of Equations Using the Substitution Method

As we went over yesterday, two equations together are called a system of equations.  The solution to the system of equations is the ordered pair,     (x, y), that satisfies both equations.

Yesterday, we solved system of equations by graphing them using the graphing calculator.  Today, we will use another method; substitution.
When using the substitution method, you need to keep in mind a few methods that you are already familiar with.  Some of these include:

· Solving for a variable

· Solving an equation with the variable on both sides of the equal sign

· Distribution

· Combining like terms

· Simplifying
There are a few steps involved for using the substitution method.  First off, you start with the two equations.  Here’s an example . . .

x + 5y = -3

3x - 2y = 8

The first step is to solve one of the equations for a variable.  Since the coefficient of x is 1, we can easily solve the first equation for x.

x + 5y = -3



First equation.

x + 5y = -3



Subtract 5y from each side.

    -5y     -5y

x = -5y - 3



You just solved the first equation for x.

From here, you have two equations, x = -5y - 3 and 3x - 2y = 8.  Here is where the substitution comes into play.  We know what x is equal to.  We then take the second equation, and substitute what x is equal to in the first equation into the second.

x = -5y - 3 and 3x - 2y = 8
These are your two equations.

3(-5y - 3) - 2y = 8
Wherever you see an x in the second equation, you replace that x with -5y - 3 because as we showed in the first equation, x = -5y - 3.

-15y -9 - 2y = 8
We distribute the 3 across the parenthesis.

-9 - 17y = 8
We combine like terms, the -15y and -2y.

-9 - 17y = 8



Add 9 to both sides.

+9            +9

-17y = 17



Divide by -17.

 -17     17

y = -1
Now, we know that y = -1.  We must now find x.

We do this by taking either of the equations and using the substitution.

x + 5y = -3



We can go back to the first equation.

x + 5(-1) = -3
We substitue -1 for wherever y appers in the equation.  This is similar to how we replaced the x’s with -5y -3, but we know what y is equal to, since we already solved for y.

x - 5 = -3
Now add 5 to both sides.

   +5    +5
x = 2
So we find that x = 2.

So, we have found that x = 2 and y = -1.  Now, since this is a system of equations, the solution is always an ordered pair, or a point, in the form 

(x, y).

So, the solution to this system of equations is (2, -1). 

Use substitution to solve the system of equations

1.) x + 2y = 0   and   3x + 4y = 4

2.) 2x - 3y = -24   and   x + 6y = 18

Use substitution to solve the system of equations (Teacher Copy)

1.) x + 2y = 0   and   3x + 4y = 4

x = -2y

3(-2y) + 4y = 4

-6y + 4y = 4

-2y = 4

y = -2

x + 2(-2) = 0

x - 4 = 0

x = 4

Therefore, the solution is (4, -2)

2.) 2x - 3y = -24   and   x + 6y = 18

x = 18 - 6y

2(18 - 6y) - 3y = -24

36 - 12y - 3y = -24

36 - 15y = -24

-15y = -60

y = 4

x + 6(4) = 18

x + 24 = 18

x = -6

Therefore, the solution is (-6, 4)

HOMEWORK





NAME______________

Use substitution to solve these systems of equations

Remember, your answer should be in the form (x, y)

1.) y = 6x    and    2x + 3y = -20

2.) x = 3y   and   3x - 5y = 12

