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	Program Information
	[Lesson Title]
Simplify Rational Expressions

	TEACHER NAME

Frank Wagel
	PROGRAM NAME

Project Learn of Summit County

	
	[Unit Title]
Algebraic Expressions and Equations

	NRS EFL 
5
	TIME FRAME
240 minutes

	Instruction 
	ABE/ASE Standards – Mathematics
       

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	
	Geometric Shapes and Figures
	
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	A.5.2
A.5.3

A.5.4
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center.

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	
	Make sense of problems and persevere in solving them. (MP.1)
	
	Use appropriate tools strategically. (MP.5)

	
	(
	Reason abstractly and quantitatively. (MP.2)
	
	Attend to precision. (MP.6)

	
	
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	
	Model with mathematics. (MP.4)
	
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)

· Students will simplify rational expressions with polynomials and find the greatest common factor (GCF).

	ASSESSMENT TOOLS/METHODS

· Problems and real-life applications

	
	LEARNER PRIOR KNOWLEDGE

· Students should have an understanding of the Distributive Property, solving equations with one unknown, the Addition and Multiplication Properties of Equality, operations with integers, and factoring polynomials.


	
	INSTRUCTIONAL ACTIVITIES 
Teacher Note In all activities, first demonstrate to students some examples, then have the students help you solve them. Finally, have students solve examples on their own or in pairs.  Handouts can be made prior to class from the examples listed below, websites, or classroom resources.
1. Explain to students that simplifying an algebraic expression means we write it in the most compact or efficient manner, without changing the value of the expression. This involves collecting like terms, which means that we add together anything that can be added together. The rule here is that only like terms can be added together. 5x, x, and –3x are like terms as are 4x2 and –2x2. Terms with exponents such as xy2, 5y2 x, and 7xy2 are also like terms. Terms xy2 and x2y are NOT like terms because the same variable is not raised to the same power.  Practice with students on combining like terms.

Examples
a. 5x2 + 6x2 = (5 + 6)x2  is  11x2 
b. x2 + 5x + 7x2 + 3 + 2x + 9  is  8x2 + 7x + 12 

c. 3y + 2 + 7y – 8 + 2y2 is 2y2 + 10y – 6  

d. 7y3 + 6y + 8 + 9y2 – 5y – 3y3 + 9 is 4y3 + 9y2 + y - 1

Step 2 - Show how the Distributive Property allows us to combine like terms.  Practice using the Distributive Property with students.

Examples   

a. 7(n + 5) is 7n + 37
b. 2(n – p) is 2n – 2p

c. 5(7 – 4y) is 35 – 20y

d. 6(a – 7) is 6a - 42

2. Discuss how expressions with parentheses must be multiplied out before collecting like terms. You cannot combine terms in parentheses (or other grouping symbols) with terms outside the parentheses. Think of parentheses as walls — the terms inside the parentheses can’t “see” the terms outside the parentheses. If there is some factor multiplying the parentheses, then the only way to get rid of the parentheses is to multiply using the distributive law.

Example  5n + 6(n – 2)  is  5n + 6n – 12  is  11n – 12

Practice simplifying expressions with parentheses with students.

Examples
a. 3n – 2(n + 4) is 3n – 2n – 8  is n – 

b. 4y2 + 5y + 10(y2 – y – 3) is 4y2 + 5y + 10y2 – 10y – 30 is 14y2 – 5y – 3
c. 6(r + 4) – 8(r – 3) is 6r + 24 – 8r + 24 is -2r + 48
d. n(n + 3) + 5(n – 2) is n2 + 3n + 5n – 10  is n2 + 8n - 10

3. Show how a negative sign in front of parentheses changes the signs inside the parentheses. When a minus sign appears in front of parentheses it may seem as though there is no factor multiplying the parentheses. Instruct students that the minus sign indicating subtraction should always be thought of as adding the opposite. This means that you want to add the opposite of the entire thing inside the parentheses, and so you have to change the sign of each term in the parentheses. In other words, a negative sign in front of parentheses implies a factor of one in front of the parentheses. The minus sign makes that factor into a negative one, which can be multiplied by the distributive law. 

Example

     5x – (8 – 2x) 
     = 5x + (–1)(8 - 2x) 
     = 5x - 8 + 2x 
     = 7x – 8

It is helpful to always think of minus signs as being “stuck” to the terms directly to their right. That way, as you rearrange terms, collect like terms, and clear parentheses, the minus signs will go with whatever was to their right. If what is immediately to the right of a minus sign happens to be a parenthesis, then the minus sign changes every term inside the parentheses.

Practice several problems like this with students before continuing.

Examples
a. 7n – (4 + 3n) = 7n – 4 – 3n = 4n – 4
b. 4(n – 2) – (n + 4) = 4n – 8 – n – 4 = 3n – 12
c. 6(x + 2) – (4x – 2) = 6x + 12 – 4x + 2 = 2x + 14
d. 10n – (3n – 4) – (2 + n) = 10n – 3n + 4 – 2 – n = 6n + 2
4. Explain to students that rational expressions or algebraic fractions are algebraic expressions whose numerator and denominator are polynomials. Examples of these are:
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Zero cannot be used as a denominator because division by zero is undefined. Therefore, any value assigned to a variable that results in a denominator of zero must be excluded from the domain of the variable. In the above examples, x ≠ 0 and y ≠ 2

Demonstrate to students how to simplify an algebraic fraction.

Example Simplify the following expression.

          18 a2bc

          36 ab3c2
Step 1: Factor the numerator = 2 x 3 x 3 x a x a x b x c

Step 2: Factor the denominator = 2 x 2 x 3 x 3 x a x b x b x b x c x c

Step 3: Simplify the common factors, note that  a, b or c cannot equal 0


Example Simplify the following expression.  24 a3 a2 b c2

                                                        15 a b3 c2 

2 x 2 x 2 x 3 x a x a x a x a x a x b x c x c      this equals
8 a4

3 x 5 x a x b x b x b x c x c

      5 b2
5. Show students how to find the Greatest Common Factor (GCF).  For a number, the Greatest Common Factor (GCF) is the largest number that will divide evenly into that number. For example, for 48, the GCF is 24. For a polynomial, the GCF is the largest monomial that divides (is a factor of) each term of the polynomial.
Example  Find the GCF of the list of monomials: n7, n4, n3 

The exponents on the n’s are 7, 4 and 3. We can only divide out all the terms by the one monomial n3. The GCF = n3
If all terms have the same variable, the GCF for the variable part is that variable raised to the lowest exponent that is listed.
Example  Find the GCF of the list of monomials: 3xy3, 9x2y2, 18x3y

First look at the numerical part.  We have a 3, 9 and 18.  The largest number that can be divided out of those numbers is 3 which means the numerical GCF is 3. 

Now do the variable part.  It looks like each term has an x and a y.  In both cases the lowest exponent is 1 which means the GCF of the variable part is xy.   Put the two together and we have a GCF of 3xy.

Example  Factor out the GCF: 8x3 + 4x2 + 2x

Step 1: 
Identify the GCF. We have 2, 4 and 8. The largest numerical factor is 2. We have x3, x2 and x. We can only divide each by x. The GCF = 2x

Step 2: Divide the GCF out of every term of the polynomial.

8x3 + 4x2 + 2x





=   2x(4x2 + 2x +1)


2x

Explain to students that if a term of the polynomial is exactly the same as the GCF, when you divide it by the GCF you are left with 1, not 0. As shown above, when we divide 2x by 2x we get 1, so we need a 1 as the third term inside of the (  ). 

Demonstrate to the students that if we multiply our answer out, we get the original polynomial. Factoring gives you another way to write the expression so it will be equivalent to the original problem.
	RESOURCES

Chalk/white board

Pencils and paper for student use
Calculators for student use
Additional resources for student reinforcement and/or practice:

West Texas A & M University. (n.d.). Virtual Math Lab: Tutorial: Simplifying Rational Expressions. Retrieved from http://www.wtamu.edu/academic/anns/mps/math/mathlab/col_algebra/col_alg_tut8_simrat.htm
Khan Academy. (n.d.). Simplifying rational expressions: Grouping. Retrieved from http://www.khanacademy.org/video/simplifying-rational-expressions-2?playlist=Algebra%2BI%2BWorked%2BExamples
Simplifying Rational Expressions http://www.khanacademy.org/video/simplifying-rational-expressions-2?playlist=Algebra%20I%20Worked%20Examples 

Rational Expressions: Simplifying. (n.d.). Retrieved from http://www.purplemath.com/modules/rtnldefs2.htm
Simplification of Rational Expressions – Application

TenMarksInstructor. (2010, December 06). Simplification of Rational Expressions-Applications. Retrieved from http://www.youtube.com/watch?v=_8y7tGi_fSs
Applications of Rational Expressions

MuchoMath. (2007, November 06). Applications of Rational Expressions. Retrieved from http://www.youtube.com/watch?v=3Gv8UNd4xJ8&feature=related 
Kuta Software, LLC. (n.d.). Simplifying Rational Expressions [PDF file]. Retrieved from http://www.kutasoftware.com/FreeWorksheets/Alg1Worksheets/Simplifying%20Rational%20Expressions.pdf 
Rational Expressions [PDF file]. (n.d.). Retrieved from Kuta Software, LLC. (n.d.). Simplifying Rational Expressions [PDF file]. Retrieved from http://www.kutasoftware.com/FreeWorksheets/Alg1Worksheets/Simplifying%20Rational%20Expressions.pdf


	
	DIFFERENTIATION
· Compile a vocabulary list with definitions and sample exercises for the students
· Have students watch the videos listed

· Work through additional practice exercises together

· Work with a partner


	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information




	9	10n + 3	a – 5


	x	y - 2	a2 + 8


		





             2 x 3 x 3 x a x a x b x c                                 a


	                                                  this equals


	2 x 2 x 3 x 3 x a x b x b x b x c x c                           2 b2 c
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