1.  Lesson Title:  Polynomial Operations 
A. Grade Level:  9th
B. Polynomials
C. Materials:  Chalk Board (Dry Erase Board), “Polynomials” Worksheet, “More Practice with Polynomials” Worksheet.  
2. Lesson Overview:  Students will explore adding and subtracting polygons to simplify expressions and solve problems.

3. Lesson Objectives: 
-Students will be able to combine like terms
-Students will be able to add and subtract polynomials
-Students will be able to use these skills to solve problems 
4. NYS Standard Key Idea(s):  
NYS Key Idea 3A:  Use addition, subtraction, multiplication, division, and exponentiation with real numbers and algebraic expressions.
5. Anticipatory Set:  Hand out “Polynomials” worksheet.  Ask the students if they know what a polynomial is and if they could identify which terms in part A of the worksheet are polynomials.  Let the students circle on the worksheet which ones are polynomials and then go through each example having the students tell whether each is a polynomial or not (Answer: Yes - [image: image2.png]3y’
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, because of negative exponent, variable in denominator, and variable in radical).  Let the students know that these are simplified polynomials and we will work on simplifying polynomials by combining like terms and finding the sum and difference of polynomials.  
6. Developmental Activity: 
1.  Ask the students what like terms are and how they are combined.  
2. On Part B-1 of the worksheet have the students identify which terms are like terms (Answer: a:4, b:6,c:1,d:5,e:3,f:7,g:2).  
3. Ask the students if they can combine like terms given the polynomial in Part B-2 of the “Polynomials” worksheet.  Ask the students to show you how they obtained their answer.  If they cannot complete this show them how it is done. 
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)
4. Next tell the students that adding and subtracting polynomials is just like combining like terms with some order of operations involved.  
5. Have the students complete Part C-1 of the “Polynomials” worksheet and have the students explain their answers.
 Simplify (2x + 5y) + (3x – 2y) 
Because this is an addition problem when we distribute the positive sign everything stays the same because we are in effect multiplying by positive 1 which does not change anything (we will see this is not true for subtraction).  So we can clear the parentheses, group like terms, and simplify:

(2x + 5y) + (3x – 2y) 
  
=  2x + 5y + 3x – 2y 
 
=  2x + 3x + 5y – 2y 
  
=  5x + 3y

 
You can also add these vertically as shown below:
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6. Next have them complete Part C-2 of the “Polynomials” worksheet and explain their answers.
 Simplify (3x3 + 3x2 – 4x + 5) + (x3 – 2x2 + x – 4)
Horizontally:

(3x3 + 3x2 – 4x + 5) + (x3 – 2x2 + x – 4) 
  =  3x3 + 3x2 – 4x + 5 + x3 – 2x2 + x – 4 
  =  3x3 + x3 + 3x2 – 2x2 – 4x + x + 5 – 4 
  =  4x3 + 1x2 – 3x + 1 

Vertically:   
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7. Tell the students that subtracting polynomials is quite similar to adding polynomials, but you have the minus sign to deal with so you have to be careful.
8. Have the students look at Part C-3 of the “Polynomials” worksheet.
9. Ask them why it is different and then have them do the problem and explain their answers when finished.
Simplify (x3 + 3x2 + 5x – 4) – (3x3 – 8x2 – 5x + 6)
The first thing they have to do is take the negative through the parentheses. Some students find it helpful to put a "1" in front of the parentheses, to help them keep track of the minus sign:

Horizontally:

(x3 + 3x2 + 5x – 4) – (3x3 – 8x2 – 5x + 6) 
  =  (x3 + 3x2 + 5x – 4) – 1(3x3 – 8x2 – 5x + 6) 
  =  x3 + 3x2 + 5x – 4 – 3x3 + 8x2 + 5x – 6 
  =  x3 – 3x3 + 3x2 + 8x2 + 5x + 5x – 4 – 6 
  =  –2x3 + 11x2 + 10x –10

Vertically:   
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And after we distribute the minus sign we have:
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10. Next tell the students that simplifying polynomials can also be used to solve problems and have them complete Part C-4 from the “Polynomials” worksheet.  Let the students work on this and have them explain how they found the perimeter.   
Answer: 

Perimeter = (2x + 3) + (2x + 3) + (4x + 5)

= 2x + 2x + 4x + 3 + 3 + 5

= 8x + 11
7. Closure:  Ask the students what we did?  What did we learn? What is the process for simplifying/adding/subtracting polynomials?  
8. Assessments: Hand out “More Practice with Polynomials” worksheet.  Have the students complete Parts 1-3 of the worksheet to assess their ability to simplify polynomials by combining like terms, adding and subtracting polynomials.  This will also assess their ability to use these skills to solve problems.  If the students complete Parts 1-3 have them work on Part 4.
Answers for “More Practice with Polynomials” worksheet:
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Part 4: 1, 1, 3, 1, 3, 4
Polynomials

Part A. 
 Which of the following examples are polynomials?
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Part B. 

1.  Match the like terms:
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2. Simplify the following polynomial by combining like terms:
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Part C. 

Simplify the following polynomials using addition and subtraction:

1.  (2x + 5y) + (3x – 2y)

2.  (3x3 + 3x2 – 4x + 5) + (x3 – 2x2 + x – 4) 

3.  (x3 + 3x2 + 5x – 4) – (3x3 – 8x2 – 5x + 6)

Part D. 

Use polynomial addition to find the perimeter of the triangle:
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More Work with Polynomials
Part 1

Combine like terms:
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Part 2
Find each sum or difference:
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Part 3

Find the perimeter:




Part 4 – All of these problems were taken from Math A Exams given in 2006 or 2007
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