Day 1 – Week 7

Sara, Bill, and Heather

Title: Solving multi-step inequalities

Grade: 9

Topic: solving multi-step inequalities and graphing solutions on a number line

Materials:

Student- pencil, Solving Inequalities worksheets


Teacher- chalk/dry erase markers, worksheets

***All worksheets/packets will be provided
Lesson Overview: Students will solve multi-step inequalities by going through numerous examples.  Students will also graph their solutions on a number line.
Lesson Objectives: 

Students will be able to connect solving inequalities with the same techniques we used for solving equations. (Analysis)

Students will be able to represent a solution to an inequality by graphing it on a number line. (Application)
NYS Standards:

Key Idea 7 (Patterns/Functions) 

A. Represent and analyze functions, using verbal descriptions, tables,

equations, and graphs.

C. Translate among the verbal descriptions, tables, equations, and graphic forms of functions.

E. Apply axiomatic structure to algebra.

Anticipatory Set: (5 minutes)

Write the equation 4x – 12 = x + 3 on the board. Have students recall the steps in solving an equation.  Each student can solve the equation on a sheet of paper and you may ask a volunteer to write their steps and solution on the board. 
Developmental Activity: (25 minutes)

 After they have completed the example, write 4x – 12 < x + 3 on the board.  Ask students how they would solve this inequality.  Go through the example with the students.  They should recognize that the two examples were solved in the same way, even though one is an equation and the other is an inequality. 
Pass out the worksheet called Solving Inequalities.  Go through the worksheet with the students giving enough time for the students to go through the examples themselves.     

For example #1, students should recognize that solving an inequality follows the same steps as solving an equation. 

Examples #2 and 3 get a little tricky.  Students will be introduced to one rule

that is not included in our set of rules for solving equations.  When an inequality is multiplied or divided by a negative number, the direction of the inequality symbol changes. This example will help students understand why the direction of the symbol must change: 

Why do we reverse the symbol? Let's see what happens if we don't. Think about the simple inequality –3 < 9. This is obviously a true statement. 

-3 < 9
To demonstrate what happens when we divide by a negative number, let's divide both sides by –3. If we leave the inequality symbol the same, our answer is obviously not correct, since 1 is not less than –3.


We must reverse the symbol in order to find the correct answer, which is "1 is greater than –3."

(Compliments of http://www.math.com/school/subject2/lessons/S2U3L4DP.html)
For the examples that the students must graph the solution, go over the important rules for graphing inequalities that are in their worksheet. 
Closure: (5 minutes)

Ask the students to tell you what was learned in today’s lesson.  They should bring up key points such as; solving inequalities is similar to solving equations and when you multiply or divide by a negative number you must flip the sign.
Assessment: (5 minutes)
 Students can finish any of the worksheet that they did not get to in class for homework.

Solving Inequalities

Inequality Symbols:
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As we just saw, solving inequalities is very similar to solving equations.  Try another example:

Example #1:



6 – 4x > 2 + x

WARNING!!! If an inequality requires us to multiply or divide by a negative number, we must flip the inequality sign.  Here is an example:

Example #2:

-7t + 19 < -16

        -19    -19
    -7t < -35
     -7     -7
t > 5


As you can see in the last step, it was necessary to divide by a -7.  When we divided by a -7 we had to flip the inequality symbol from less than to greater than.  Try an example on your own:

Example #3:



-12m > -24

Now try solving an inequality that uses the distributive property:

Example #4:


3p – 2( p + 1) < 7p – 14

***Another important part of solving inequalities is graphing the solution.  Solutions to inequalities are graphed on a number line.  There are some important rules we must remember before we start to graph:

	When the inequality sign does not contain an equality bar beneath it, the dot is open.
	When the inequality sign contains includes an equality bar beneath it, the dot is closed, or shaded in.
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The solution of an inequality includes any values that make the inequality true.

Let’s try graphing. Use the number lines on the following page. 

1. x < 4

2. r ≥ -7

3. z ≠ 5

4. f ≤ -2

For the next few examples, first solve the inequality, and then graph your results. 

5. 4x + 3 > x – 3

6. 3(x – 1) ≤ 12x + 6 

7. x + 8 ≥ 3(x + 4)

Here are two example problems from the Math A exam. Try it!! Don’t forget to SHOW ALL WORK!!!!!!

	8.


	The inequality 
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	Which graph best represents the solution set for the inequality 
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ANSWER KEY!!!
Solving Inequalities

Inequality Symbols:
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As we just saw, solving inequalities is very similar to solving equations.  Try another example:

Example #1:



6 – 4x > 2 + x
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4 – 4x > x
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4 > 5x





5     5






  4 > x
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WARNING!!! If an inequality requires us to multiply or divide by a negative number, we must flip the inequality sign.  Here is an example:

Example #2:

-7t + 19 < -16

        -19    -19
    -7t < -35
     -7     -7
t > 5


As you can see in the last step, it was necessary to divide by a -7.  When we divided by a -7 we had to flip the inequality symbol from less than to greater than.  Try an example on your own:

Example #3:



-12m > -24





-12 
-12






   m < 2

***MAKE SURE THEY FLIP THE SYMBOL***

Now try solving an inequality that uses the distributive property:

Example #4:


3p – 2( p + 1) < 7p – 14





3p -2p – 2 < 7p -14





p – 2 < 7p -14





-p
-p





   -2 < 6p -14





+14         +14





  12 < 6p




   6      6





    2 < p 

***Another important part of solving inequalities is graphing the solution.  Solutions to inequalities are graphed on a number line.  There are some important rules we must remember before we start to graph:

	When the inequality sign does not contain an equality bar beneath it, the dot is open.
	When the inequality sign contains includes an equality bar beneath it, the dot is closed, or shaded in.
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The solution of an inequality includes any values that make the inequality true.

Let’s try graphing. Use the number lines on the following page. 

8. x < 4

9. r ≥ -7

10. z ≠ 5

11. f ≤ -2

***Answers for these questions will be in your folders.  Sorry I couldn’t figure out how to do it on the computer : (

For the next few examples, first solve the inequality, and then graph your results. 

12. 4x + 3 > x – 3

           -3 
-3 
      4x > x -6

      -x    -x

     3x > -6

      3      3


      x > -2

13. 3(x – 1) ≤ 12x + 6 

3x -3 ≤ 12x + 6

          -6
   -6

      3x – 9 ≤ 12x 

      -3x          -3x
           -9 ≤ 9x
            9      9

           -1 ≤ x
14. x + 8 ≥ 3(x + 4)

x + 8 ≥ 3x + 12

         -8 
-8
         x ≥ 3x + 4

       -3x   -3x
       -2x ≥ 4
        -2     -2

        x ≤ -2

Here are two example problems from the Math A exam. Try it!! Don’t forget to SHOW ALL WORK!!!!!!

	8.


	The inequality 
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	Which graph best represents the solution set for the inequality 
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Graphing Inequalities
Grade 9 (Math A)

Section 6-6 Graphing Inequalities in Two Variables

Materials: chalkboard/whiteboard


       chalk/markers


       graphing calculator


       worksheets

***All worksheets will be provided***

Lesson Overview: Students will learn how to graph linear inequalities using the graphing calculator and determine solution points by looking at the graph of the inequality.

Lesson Objectives: 

Students will be able to differentiate between the different types of linear inequalities. (Analysis)

Students will be able to solve linear inequalities graphically. (Application)

Students will be able to assess the effectiveness of using a calculator to solve linear inequalities. (Evaluation)

NYS Standards:

· Key Idea 4 – Modeling/Multiple Representation 
· Represent problem situations symbolically by using algebraic expressions and graphs – inequalities (4A)
· Key Idea 7 – Patterns and Functions
· Represent and analyze functions, using verbal descriptions, tables, equations, and graphs – techniques for solving inequalities (7A)
· Apply axiomatic structure to algebra – solve linear inequalities (7E)
Anticipatory Set: Give students the Review worksheet and have the students complete it independently. Go over the answers as a class, having the students give and explain their answers.

Time: 5-7 minutes

Developmental Activity:
1. Give the students the Fun with the Calculator worksheets. Go over example 1. Make sure you discuss where the solutions are in relation to the line.

2. Go over example 2. Explain that we change the sign to an equals sign so we can use our calculator to graph the inequality. Make sure you instruct the students on how to transfer the graph from the calculator to the coordinate grid on their paper. **Also discuss what they will have to write down in order to get full credit for a graph on the Math A (label the axis, the line, three points on the line, and the solution set if asked). 

3. Go over example 3 by having the students explain what you need to do. Why does the line need to be dotted? ( because it is strictly greater than, not greater than and equal to) Make sure they know that their calculator cannot make a dotted line and shade at the same time and not to get confused when they transfer the graph to their papers.

4. If time permits, give the students the Graphing Inequalities worksheet and have them complete it with a partner. If there’s not time, have them complete it at home for extra credit.

Time: 25 minutes
Closure: Discuss what they learned today. What determines if you draw the boundary line as dotted or not? ( If it is strictly less than or greater than it is dotted, if it includes the equals sign, it is solid.) How can you determine if a point is in the solution set of an inequality? (Plot the point on the graph and see if it is in the shaded region. Plug in the point into the original inequality.) What are the essential things you must label in order to get full credit on a short answer question on the Math A? (the axis, the line, three points, the solution set) 

Time: 5 minutes
Assessment: Have the students complete the Exit Ticket and turn it in before they leave.

Time: 3 minutes
Name: ___________________________________ Period: __________

Review
Directions: Complete each problem as indicated. Show all work.

1. Graph the equation y = 2x -1 on the axis provided.

m = __________

[image: image33..pict]
   

   b = ___________

2. Solve for x:   3x + 4 ≥ 7

Name: _________________________________ Period: _____________

Fun with Graphing Inequalities

We all can graph linear equations that are of the form y = mx + b, but what happens when that equals sign gets changed to one of these:  <,   >,  ≤,  ≥ ?

Example 1: From the set {(1, 6), (3, 0), (2, 2), (4, 3)}, which ordered pairs are part of the solution set for 3x + 2y < 12.
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__x   _
y
3x + 2y < 12
       Solution? _  

   1
6
3(1) + 2(6) < 12
No




  15 < 12

  3
0

  2
2

  4
3

Plot the points on the graph to the right. Notice the location of the ordered pairs in relation to the line 3x + 2y = 12. Where are they? ________________________________
Example 2: Graph the inequality: y ≤ 2x – 4 

Step 1: Write the inequality in the form of an equality:



y = 2x – 4

 This equation is called the boundary line and will allow you to graph the inequality in your calculator.

Step 2: Enter the equation into Y1 in your calculator and press graph. Draw and label the line on the axis below.
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Step 3: Go back into the Y= screen and move the cursor to the left until you are highlighting the line next to Y1. Press enter until that line changes to what is displayed in the picture below.

 Press graph and shade the graph above to match the graph on your calculator.

Note: To shade less than, you start at the line and shade downward. To shade greater than, you start at the line and shade upward.

Step 4: Check. Choose a point in the shaded region and plug it into the original equation to see if we shaded the correct side of the line.


Let’s use (3, -3):
y ≤ 2x – 4 

Example 3: Graph the inequality: y – x > 2

Step 1: Write the inequality in the form of an equality and then solve for y.

Step 2: Enter the equation into Y1 and press graph.
Draw and label the line on the axis below. Notice that the inequality is strictly greater than. This means that the line itself is not included in the solution so we draw a dotted line to show this.
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Step 3: Go into the Y= screen and move the cursor to the left and press enter until the line changes into the triangle pointing upwards for greater than. Press graph and shade the graph above to match the graph on your calculator.

Is the point (-3, 2) in the solution set? ________    How do you know? _______________________________________________________________________

Check your answer using the original inequality:

Name: ___________________________________ Period: ___________

Graphing Inequalities

Directions: Graph each inequality on the coordinate grid provided. Show all work.

1. [image: image41.png]


y ( x + 1
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2. 10x + 5y > 1
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3. Which point is not a solution 

    to the inequality in the graph of  

    y < x + 3 on the right?

(1) (2, 1)
  (3) (1, 2)

(2) (0, 0)
  (4) (-4, 2)

Answer: ____________

Name: __________________________________  Period: ___________
Exit Ticket
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Answer: __________











Name: ______Answer Key___________________ Period: __________

Review
Directions: Complete each problem as indicated. Show all work.

2. Graph the equation y = 2x -1 on the axis provided.

m = ___2______
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   b = ____-1_____
2. Solve for x:   3x + 4 ≥ 7


3x + 4 ≥ 7

___- 4     -4_

3x ≥  3

x > 1

Name: ___________Answer Key______________ Period: _____________

Fun with the Calculator: Graphing Inequalities

We all can graph linear equations that are of the form y = mx + b, but what happens when that equals sign gets changed to one of these:  <,   >,  ≤,  ≥ ?

Example 1: From the set {(1, 6), (3, 0), (2, 2), (4, 3)}, which ordered pairs are part of the solution set for 3x + 2y < 12.
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__x   _
y
3x + 2y < 12
       Solution? _  

   1
6
3(1) + 2(6) < 12
No




  15 < 12

  3
0
3(3) + 2(0) < 12
Yes




    9 < 12

  2
2
3(2) + 2(2) < 12
Yes




  10 < 12

  4
3
3(4) + 2(3) < 12
No




  18 < 12
Plot the points on the graph to the right. Notice the location of the ordered pairs in relation to the line 3x + 2y = 12. Where are they? __below the line_______
Example 2: Graph the inequality: y ≤ 2x – 4 

Step 1: Write the inequality in the form of an equality:



y = 2x – 4

 This equation is called the boundary and will allow you to graph the inequality in your calculator.

Step 2: Enter the equation into Y1 in your calculator and press graph. Draw and label the line on the axis below.
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Step 3: Go back into the Y= screen and move the cursor to the left until you are highlighting the line next to Y1. Press enter until that line changes to the triangle pointing downward to shade less than.
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Now press graph. Color in the shaded region on the graph above. Note: To shade less than, you start at the line and shade downward. To shade greater than, you start at the line and shade upward.

Step 4: Check. Choose a point in the shaded region and plug it into the original equation to see if we shaded the correct side of the line.


Let’s use (3, -3):
y ≤ 2x – 4 

-3 ≤ 2(3) – 4 





-3 ≤ 6 – 4 





-3 ≤ 2    Yes!

Example 3: Graph the inequality: y – x > 2

Step 1: Write the inequality in the form of an equality and then solve for y.



y – x = 2


           __+x     +x_



y = x + 2
Step 2: Enter the equation into Y1 and press graph.
Draw and label the line on the axis below. Notice that the inequality is strictly greater than. This means that the line itself is not included in the solution so we draw a dotted line to show this.
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Step 3: Go into the Y= screen and move the cursor to the left and press enter until the line changes into the triangle pointing upwards for greater than. Press graph and shade the graph above to match the graph on your calculator.

Is the point (-3, 2) in the solution set? __yes__    How do you know? Because it is in the shaded region.
Check your answer using the original inequality:



y – x > 2



2 – (-3) > 2



2 + 3 > 2



  5 > 2   Yes!
Name: _________Answer Key__________________ Period: ___________

Graphing Inequalities

Directions: Graph each inequality on the coordinate grid provided. Show all work.
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y ( x + 1

2. 10x + 5y > 5
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3. Which point is not a solution 

    to the inequality in the graph of

    y < x + 3 on the right?

(3) (2, 1)
  (3) (1, 2)

(4) (0, 0)
  (4) (-4, 2)

Answer: ______(4)______
Name: ___________Answer Key_____________  Period: ___________
Exit Ticket
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Answer: __(1)______
Graphing Systems of Equations using the Graphing Calculator:  Grade 9. The topic of this lesson is systems of equations.  Materials needed are a CLASS SET of graphing calculators and the attached packet.

Lesson Overview:  Students will work with graphing calculators to solve systems of linear equations.  They will graph the lines using a graphing calculator.  Then the students will use the CALC function to see where the lines intersect.

Lesson Objectives:
· Students will calculate the solution to a system of equations by using the graphing calculator.
Application level
· Students will be able to assess whether a solution to a system of equations is a valid one.
Evaluation level
· Students will categorize graphs of a system of equations based on the number of solutions that the systems provide.
Analysis level
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.

· 7E – Apply axiomatic structure to algebra.

Anticipatory Set:  Start the class off with a review of slope.  First off, ask the students what the formula for slope is.  Then, ask the students what it means when the slope is the same (the lines are either parallel or the same). Ask the students that if the lines have the same slope, what makes them different (the y-intercept).  So then tell the students, if the lines have the same slope and y-intercept, they are the same.   If the slope is the same, but they have different y-intercepts, then they are parallel.  Then tell the students that if the lines are parallel, then they will never intersect. Then ask the students, if two lines have different slopes, will they meet?  And if they do, how many times? (Five minutes)

Developmental Activity: (27 minutes)
1. Hand out the calculators and handout titled “Graphing Systems of Equations” to the students.  Each student needs his or her own calculator.  It is important that they have their own calculator since we are graphing linear equations with the calculator and then finding their intersection point.

2. In regards to the “Graphing Systems” packet, it is the instructor’s job to lead the students through the lesson.  

3. Have a student volunteer to read aloud the introduction to the students.  From there, start questions one through five. 

4. When you finish step five, explain to the students that that the point (1, 2) satisfies both of the equations.  To do this, you should write the two equations on the board.  Fill in 1 for x and 2 for y in both of the equations.  Show that both of the equations are true by simplifying both equations to 2 = 2.

5. On the board, show a counter example.  Ask the students for a point that is on one of the lines but is not on another.  Then, ask the students to look in the table of values or trace for another ordered pair.  Put that point into both equations.  Show that where it works for one of the equations, it won’t work for the other.

6. If there is sufficient time, ask the students for a point that is on neither of the lines.  Show that neither equation is valid with those points.  From here, move on to step question six. NOTE: This is be optional – if there is time do this, if not, skip it.
7. Questions 6 through 12 are a lot more involved, since the intersection point is not a nice one.  This forces the students to use the CALC – Intersection function of the calculator.  I expect that this is the students first time doing this, so it may take a while showing them the steps.

8. After question 12, explain that the solution to the system of equations is not always a nice, neat coordinate, but it sometimes is a bit messy.  However, with the use of the graphing calculator, you can find the solution.

9. Just in case the students are a bit skeptical, plug in the point into both of the equations, like we did on step 4.  This will prove to the students that this point is the solution, and it does satisfy both equations. NOTE: Use the calculator for doing this.
10. Number 13 and 14 deal with parallel lines.  When they students see that they never intersect, explain to them that they have no solution, that there is no point that you could put in to both equations to get both equations to be true.

Closure: Parallel lines have no solution to their system of equations, systems with the same line have infinitely many solutions, and lines that intersect have one solution, at the point of intersection.  This is the main idea of the lesson.  You come across this several times in the lesson, but it should be reviewed at the end of the class. 

Ask the students, “If the two lines intersect, how many solutions does it have?”  Answer: One.  Then ask, “What is the solution of a system of equations?” Answer: A point.

Then ask, “If the lines are parallel, how many solutions does the system have?”  Answer: Zero.

Then ask, “If the two lines are the same, how many solutions does the system have?”  The answer should be infinity.  (Five minutes)

Assessment:  In addition to informal assessments to how the students understand how to find the point of intersection, there is a “ticket out the door” assessment.  Hand the ticket to the students with three minutes left in class.  If they properly understand the lesson, they should be able to answer the questions.  (Three minutes)

Graphing Systems of Equations

Two equations together are called a system of equations.  A solution to the system of equations is the ordered pair, (x, y), that satisfies both equations.

Another way to think about it is that the solution to the system of equations is the point, (x, y), where the two equations intersect each other (in other words, the answer is where the point where the two lines cross).

There are different ways to solve for the solution of different systems of equations.  One way is to graph them.
1.) [image: image57.png]


To start the graph, we have to go to the Y= screen.  So, press the Y= button.  Make sure that there are no equations entered.

[image: image58.png]


2.) For Y1, enter the equation y = x +1.  For Y2, enter the equation y = -x +3.

3.) Before we see the graph of the line, let’s get a good window to view the graph.  Press the ZOOM key and scroll down to the number 4.  ZDecimal will make it easier for us when we try and trace our line.  When ZDecimal is highlighted, press enter to see the graph.
4.) Your graph should look like the graph to the right.

These two graphs intersect at a point on this graph.  By just looking at the graph, what point do you think the two lines (or the two equations) intersect at?

          ( ___ , ___ )


5.) Press the TRACE key.  Trace along either Y1 or Y2 and find the point where the two lines cross.  Was the point the same as what you thought that it was from question 4?

The point at where the two lines cross is called the solution that satisfies the system of equations. The two equations were y = x +1 and y = -x +3.  Together, they are a system of equations.  The point (1, 2) is where the two equations intersect.  Therefore, the point (1, 2), where x = 1 and y = 2, satisfies both equations.

6.) Try it with two different equations. For Y1, enter the equation y = (1/2)x +1.  For Y2, enter the equation y = -3x - 1.

7.) Graph the two equations by hitting the GRAPH key.  Use the TRACE key to try and find the point where the two lines intersect.  Estimate the point.

          ( ___ , ___ )

8.) These two lines don’t intersect at a very nice point.  However, we can find the exact point that the two intersect by using the calculator.  Press the 2ND key and then TRACE.  This is the CALC menu.  To find where two equations intersect, scroll down to selection number 5.  Press enter.


9.) Move the cursor on the Y1 line.  Move it to where it looks like the two lines intersect.  When you think that you have that point, press ENTER.

10.) Then the calculator will ask you where you think the intersection point on the “Second curve?” is.  Scroll along Y2 to the point where you think they intersect.  Again, press ENTER.


11.) Then the calculator will ask you to “Guess?”  Move your cursor over whatever point you think the lines intersect at, and then press ENTER.


12.) The calculator then calculates the EXACT point of intersection.  For this graph, it happened to be    (-.5714286, .71428571).  Was that close to your estimate from step 7?

The intersection points of any two lines may not be nice and neat, but for most lines, they are there. 
Next we will look at is a case where two lines never meet.  What is it called when two lines never meet?  These lines have a special name; do you know what it is?

13.) Graph two more lines. For Y1, enter the equation y = 2x +2.  For Y2, enter the equation y = 2x - 1.
 14.) Do you see a point of intersection?   Is it possible for these points to intersect?

If two lines are parallel, they will never meet.  If they don’t intersect, there can’t be a solution for the system of equations.  As you may have seen, the two lines have the same slope.  If they have the same slope, they increase at the same rate.  The two lines have different y-intercepts, so they will never intersect each other.  Therefore, for this system of equations, there is NO SOLUTION.

On the other hand, if two lines have the same slope, and the same y-intercept, they are the same line.  Therefore, for that system of equations, there are INFINITELY MANY SOLUTIONS.

TICKET OUT THE DOOR!!!                      NAME__________________

For Y1, enter the equation y = (1/2)x + 1.  

For Y2, enter the equation y = -3x - 1.

Sketch the graph on the axes above (use something like an ID card or your assignment book to make a straight line)

Rounding to the three decimal places, what is the point of intersection?

        (_____ , _____)

How did you find this?

TICKET OUT THE DOOR!!!                      NAME__Answer Key_____

For Y1, enter the equation y = (1/2)x + 1.  

For Y2, enter the equation y = -3x - 1.

Sketch the graph on the axes above (use something like an ID card or your assignment book to make a straight line)
Rounding to the three decimal places, what is the point of intersection?

        (-.571, .714)

How did you find this?
An acceptable answer would be something along the lines of, “I graphed the two lines and found their point of intersection using the calc-trace function.

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 follow along with the notes on how to solve for systems of linear equations using substitution.  Then the students will solve using substitution on their own, and they will see the necessary steps for finding an ordered pair which satisfies both functions.
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 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 substitution 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.  I expect the students to give responses like “substitute” or “solve for x” but they may not see where they distribute or combine like terms (Three 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. (Two minutes)
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.  There is a variable with a coefficient of 1 – which one is it?  The coefficient of x is 1, we can easily solve the first equation for x.  This is because there is one less step involved in solving for x (we don’t have to divide by the coefficient of x, because anything divided by 1 is itself).
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 -5y - 3.  We then take the second equation, and substitute what x is equal to into the second.  What happens when someone substitutes back into the first equation?
x = -5y - 3 and 3x - 2y = 8
Now, 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 either go back to the first equation, or use the equation x = -5y – 3.
x + 5(-1) = -3
We substitute -1 for wherever y appears 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

HOMEWORK





NAME___Answer Key_

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
2x + 3(6x) = -20

2x +18x = -20

20x = -20

x = -1

y = 6x

y = 6(-1)

y = -6

Answer (-1, -6)
2.) x = 3y   and   3x - 5y = 12
3x – 5y = 12

3(3y) – 5y = 12

9y – 5y = 12

4y = 12

y = 3

x = 3y

x = 3(3)
x = 9

ANSWER (9, 3)
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