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Lesson 4.1:  Properties of Polynomials
INSTRUCTOR NOTES

Target Audience:
· Students who completed Statway II and need to enroll in college algebra or business math
· Other students who have met prerequisites for college algebra or business math and want to refine/review foundational topics before embarking on those courses.

Prerequisite Knowledge:
· Knowledge of variables
· Knowledge of operations on integers
· Knowledge of Algebraic expressions: 
· Term (like/unlike), coefficient, degree,
· Rules of exponents

Learning Outcomes:
CCSS.Math.Content.HSA.APR.A.1
Understand that polynomials form a system analogous to the integers, namely, they are closed under the operations of addition, subtraction, and multiplication; add, subtract, and multiply polynomials.

CCSS.Math.Content.HSG.MG.A.3
Apply geometric methods to solve design problems (e.g., designing an object or structure to satisfy physical constraints or minimize cost; working with typographic grid systems based on ratios).*

Materials and/or Technology required:
· Instructor selected textbook/software/etc.
· Student worksheet
· Graphing calculator (optional)

What Students Should Do Before Class:
· Conclusion exercises from previous lesson (if not completed during class)
· Read introduction in corresponding textbook section (textbook varies, chosen by instructor)
· Read and answer the “launch” question(s) for next lesson(s)

What Students Should Do After Class:
· Most textbooks or online systems should have a set of practice problems that ask students to simplify, add, subtract, multiply, and divide polynomials.
· You may also choose problems from Extensions and Exploration Exercises listed below. 
Pedagogical Models
· Carnegie Problem Cycle

	Phase
	Purpose

	Problem Launch
	The purpose of the launch is to prepare students for productive struggle -- to create a shared understanding of the problem to be worked on, make clear why solving it is important, and stimulate a variety of ways to think about the problem.

	Working the Problem
	The purpose of the working phase is to engage students in productive struggle with the problem and the concepts and to study students’ ways of thinking to prepare for the discussion. The purpose of this phase is NOT to ensure that all students get the correct answers.

	Discussing the Problem
	The purpose of discussing the problem is to make public students’ ways of thinking (correct and incorrect), encourage students to learn new ways of thinking by understanding each other, and connect their thinking to the key concept(s).

	Conclusion
	The purpose of the conclusion is to concisely highlight the key concepts drawn from students’ thinking, express the concepts with appropriate notation and representations, and explicitly connect the lesson concept(s) with the course organizing concepts.



· In class small group work


Timeline
Total time 80 minutes

	Time
	Topic
	Format

	40 min.
	Definition of polynomial, special terms, charecteristics
	Individual,

	20 min.
	Adding, subtracting polynomials
	Whole class discussion Instructor-led Lecture

	20 min.
	Multiplying, and dividing polynomials
	Pairs/Small Groups


 
Extensions and/or Exploration Exercises
· The total revenue of a bulb company is modeled by the expression –0.95x2 + 1.95x + 6, where x is the number of bulbs produced per week and the expression is in dollars. The total cost of producing x bulbs is modeled by the expression 0.09x2 + 1.86x – 3. What is the total profit earned by the company?

· Think of a number.  Subtract 7.  Multiply by 3.  Add 30.  Divide by 3.  Subtract the original number.  The result is always 3.  Use polynomials to illustrate this number trick.

· http://www.mathsisfun.com/algebra/polynomials.html
· http://www.mathsisfun.com/algebra/polynomials-division-long.html

· https://www.khanacademy.org/math/algebra-basics/quadratics-polynomials-topic/polynomial-basics-core-algebra/v/adding-and-subtracting-polynomials-1
· https://www.khanacademy.org/math/algebra/multiplying-factoring-expression/multiplying_polynomials/v/multiplying-polynomials
· https://www.khanacademy.org/math/algebra2/polynomial_and_rational/dividing_polynomials/v/dividing-polynomials-1

· http://www.kutasoftware.com/FreeWorksheets/Alg1Worksheets/Adding+Subtracting%20Polynomials.pdf

· http://www.purplemath.com/modules/polydefs.htm
· http://www.purplemath.com/modules/polyadd.htm
· http://www.purplemath.com/modules/polymult.htm







Lesson 4.1:  Properties of Polynomials
Student Worksheet

What is a polynomial? 

How can we tell if an algebraic expression is a polynomial?

A polynomial is a finite sum of terms of the form [image: Image_0], where a is a real number and n is a whole number.

Which expression is NOT a polynomial? How does it not follow the definition of a polynomial?

a)  [image: Image_1]

b) [image: Image_2]

c) [image: Image_3][image: Image_4]


DISCUSS:
Compare each of the above against the definition.

·   Why is[image: Image_5] not a polynomial?


· Why is [image: Image_6][image: Image_7] not a polynomial?


TRY THESE:
Tell if the expression is a polynomial
· [image: Image_8]

· [image: Image_9]

· [image: Image_10]


Polynomial Types
Depending on whether it has one, two, or three terms a polynomial has special name.
             
· If [image: Image_11] is called a Trinomial, then what might we call the polynomial [image: Image_12]?
· How many terms would a Monomial have?	


DISCUSS:
· What are the terms of the polynomial [image: Image_13]?


· How are the terms identified?



TRY THESE:
· Write a Trinomial and circle the terms.


· Write a Monomial that involves more than one variable.



Simplifying Polynomials
How can we simplify a polynomial by combining like terms?


· Combine all like terms of the polynomial below
[image: Image_14]   =__________________________


DISCUSS:
· What makes two terms to be “like term”?

· Is having the same variable sufficient?

TRY THESE:
Simplify these polynomial expressions:

· [image: Image_15]

· [image: Image_16]


Standard Form for Polynomials

· How do we write a polynomial in a descending powers of its variable?

· What is the degree of a polynomial?

· Rearrange the terms of this polynomial so it will result in a descending order.

 [image: Image_17]    _________________________________.

· Tell the degree of the polynomial above.

DISCUSS:
· What if the terms of the polynomial involve more than one variable? 
For example:
[image: Image_18] 


Adding, subtracting polynomials
· How are polynomials added or subtracted?

· Combine like terms after removing the parentheses:

[image: Image_21])+([image: Image_22])=__________________________.

[image: Image_23])-([image: Image_24])=__________________________.

DISCUSS:
· What changes took place after removing the parentheses when adding?

· What changes took place after removing the parentheses when subtracting?


TRY THESE:

· [image: Image_25])+([image: Image_26])-([image: Image_27])=______________________

· Subtract [image: Image_28]from [image: Image_29]______________________________


Multiply polynomials:

How many different ways could we find the area of this rectangle?

[image: Image_46]

Method 1:  Find the area of the entire rectangle by adding the area of both pieces:

	What is the area of the smaller rectangle on the left?  __________

	What is the area of the smaller rectangle on the right? __________

	Find the area of the entire rectangle by adding the areas of the two smaller rectangles: ________



Method 2:  Find the area of the entire rectangle by A= L[image: Image_30] W

What is the length?______

What is the width?_______

[image: Image_31]_________________


TRY THIS:
1.	Find the area of the entire rectangle by adding the area of all 4 pieces:
[image: Image_45]

A= [image: Image_32]

2.	Find the area of the entire rectangle by A= L [image: Image_33]W

What is the length?______
What is the width?_______

3.	What algorithm can you follow to multiply here?
[image: Image_34]_________________


MORE PRACTICE WITH MULTIPLICATION:

· [image: Image_35]

· [image: Image_36]

· (n+5)(n-5)

· (k+4)(k+4)

· (t-7)(t+7)



Divide Polynomials
How can we now divide polynomials?

In this expression
[image: Image_37]
the denominator belongs to every term.  So, it is equivalent to this expression:



So, you can simplify each term to get:


Finally, writing in standard form we get the following from dividing the two polynomials  and :



DISCUSS:
· Would the above method work to divide  2x3 + 5x2 – x +6 by x+3?  Explain why or why not.

Instead, we use long division:


	x+3 
	2x3 + 5x2 – x +6 







TRY THESE:
· Divide [image: Image_42]by 2x





· Divide [image: Image_43] by x-4
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