	    Grade Level
	Content Area
	Course Title  (9-12 Samples Only)
	Unit Title

	11
	Math
	Algebra 2
	Operations on Complex Numbers

	

	Length of Unit
	Time of Year Taught
	        Expected Prior Knowledge
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2 weeks
	November/December
	Applying the laws of exponents to perform operations on expressions; adding, subtracting, multiplying, and dividing polynomials; divide polynomials using long division and synthetic division; factor polynomials completely; simplify radicals having various indices; Pythagorean Theorem, know the imaginary unit i, identify the real and imaginary parts of a complex number 


	   Unit Description

	The unit extends students knowledge of radical expressions. A student will simplify radical expressions, rationalize the denominator, add, subtract, multiply, and divide radical expressions.  Students will then write expressions with rational exponents in simplest radical form. Students are then introduced to the complex number system and will be able to perform the operations of addition, subtraction, and multiplication.  Furthermore, the complex conjugate is introduced and students are able to divide complex numbers.  Finally, students find the modulus of a complex number two ways:  using the conjugate and geometrically by plotting the complex number on the real-imaginary plane and find the distance the number is from the origin. 



	Strand(s), Concept(s), and PO(s) 

List and define the required Strand(s), Concept(s), and PO(s) for each lesson included in this sample.
	N-CN.2. Use the relation i2 = –1 and the commutative, associative, and distributive properties to add, subtract, and multiply complex numbers.
.N-CN.3  Find the conjugate of a complex number; use conjugates to find moduli and quotients of complex numbers. 

	

	Summative Assessment 

Describe a cumulative and comprehensive activity that allows students to demonstrate mastery of stated POs. A copy of the summative assessment must be included in the application package.
	The 75 point assessment consists of 8 free response questions. Problems one through four assess whether the student can use the relation i2 = –1 along with the commutative, associative, and distributive properties to add, subtract, and multiply complex numbers.  Problems five and six assess if a student can use the conjugate to find the quotient of a complex number.  Problem seven assesses if a student can find the modulus of a complex number using the conjugate.  Finally, problem eight assesses if a student can find the modulus of a complex number geometrically. 

	Assessment Scoring 

Explain how each assessment is scored, to include points per question, total points possible, criteria, and grading scale. Describe rubric, if applicable, to include components being evaluated and the scoring criteria for each. A copy of the answer key and/or scoring rubric must be included in the application package.
	Scoring is included as an attachment.  The assessment is also included as an attachment.  Students must demonstrate a minimum score of 60 points for the assessment.  Students who score less than the requirement will receive additional instruction/remediation as necessary.


	Materials/Resources Needed

(Include all items for the entire unit.)


	Materials will be teacher generated.  Samples of the work are included in the samples below. 


	
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 5

	Lesson Instruction


	Objective: Students will be able to add complex numbers using the commutative, associative, and distributive properties.

Student Friendly: You will add complex numbers and give the reason for each step.
The teacher will post on the board the warm-up: 3 problems simplifying the square root of negative numbers using the imaginary unit (i.e. 
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) and 6 problems simplifying expressions of i. (i.e. 
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The teacher will review the warm-up answering any questions students may have.

The teacher will instruct students to take out their Cornell Notes. 

The teacher will group students into pairs for think-pair-share on a series of questions.

Questions asked include:   “What are like terms?”; “How do you combine like terms?”; “What are the commutative, associative, and distributive properties?”; “What does i and i2 represent?”
The teacher will direct instruct on how to add complex numbers justifying each step along the way.

The first example will be done by the teacher only as students watch and copy the exemplar into their notes.

Ex:
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2 + 4 + 3i + 2i  (commutative)

6 + 3i + 2i  (computation)

6 + (3 + 2)i 

(distributive)

6 + 5i (computation)

The teacher will provide 2 more guided practice problems upon which the students will work.  

The teacher will instruct all students to do one step at a time and be checked before they move to the next step.
The teacher will then provide 5 independent practice problems for the students. 

The teacher will then provide each student with an “Exit Ticket” on 1 addition problem.


	Objective: Students will be able to subtract complex numbers using the commutative, associative, and distributive properties.

Student Friendly: You will subtract complex numbers and give the reason for each step.
The teacher will post on the board the warm-up: 2 problems simplifying the square root of negative numbers using the imaginary unit, 4 problems simplifying expressions of i. and 4 problems adding complex numbers.
The teacher will then review the warm-up answering any questions students may have.

The teacher will then instruct students to take out their Cornell Notes. 

On the boards the teacher will write and students will copy down the  expression:
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and the matrix expression:
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The teacher will instruct students to write down the similarities between the two problems and how they would solve them. 
The teacher should elicit the response “the expressions/ matrices are being subtracted and in order to solve the subtraction sign must be distributed”

The first example will be done by the teacher only as students watch and copy the exemplar into their notes.

Ex:
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(distribution)
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(distributive)
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The teacher will then provide 2 more guided practice problems upon which the students will work.  

The teacher will instruct all students to do one step at a time and be checked before they can move to the next step.
The teacher will then provide 5 independent practice problems for the students. 

The teacher will then provide each student with an “Exit Ticket” on 1 subtraction and 1 addition problem.


	Objective: Students will be able to multiply complex numbers using the commutative, associative, and distributive properties.

Student Friendly: You will multiply complex numbers and give the reason for each step.
The teacher will post on the board the warm-up:  4 problems on adding complex numbers and 4 problems on subtracting complex numbers.
The teacher will then review the warm-up answering any questions students may have.

The teacher will instruct students to take out their Cornell Notes. 

The teacher will group students into pairs for think-pair-share on a series of questions.

Questions asked include:   “What is a binomial expression?” “What are three ways you can multiply binomials expressions?” “What property allows the three versions of multiplication?”

The teacher will instruct students to multiply 
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 three different ways justifying each step.

The teacher will then direct instruct on how to multiply complex numbers justifying each step along the way.

The first example will be done by the teacher as students watch and copy the exemplar into their notes.

Ex:
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The three methods of multiplying are justified by the distribution property.
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(distributive)
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The teacher will then provide 2 more guided practice problems upon which the students will work.  

The teacher will instruct all students to do one step at a time and be checked before they can move to the next step.
The teacher will provide 5 independent practice problems for the students. 

The teacher will provide each student with an “Exit Ticket” on 1 subtraction and 1 multiplication problem.
	Objective: Students will be able to divide complex numbers.
Student Friendly: You will divide complex numbers.
The teacher will post on the board the warm-up:  1 problem on adding complex numbers, 2 problems on subtracting complex numbers and 2 problems on multiplying complex numbers. 
The teacher will review the warm-up answering any questions students may have.

The teacher will instruct students to take out their Cornell Notes. 
The teacher will group students into pairs for think-pair-share on a series of questions.
Questions asked include:   “What does it mean to rationalize the denominator?” “How do you rationalize the denominator?”
The teacher will instruct students to rationalize 
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The teacher will direct instruct on how to divide complex numbers introducing the concept of the complex conjugate and its similarities to rationalizing the denominator

The first example will be done by the teacher only as students watch and add the exemplar to their notes
Ex:  
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(multiply by conjugate of denominator)
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(distribute)
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The teacher will provide 2 more guided practice problems for the students to work.

The teacher will instruct all students to do one step at a time and be checked before they can move to the next step.
The teacher will provide 5 independent practice problems for the students. 

provide each student with an “Exit Ticket” on 1 subtraction, 1 multiplication problem and 1 division problem.
	(This lesson would take place approximately 2 days after the Lesson 4 where students would have plotted complex numbers on the coordinate plane and find their distance from the origin.  Students would have also found the short cut for multiplying a complex number by its conjugate)
Objective: Students will be use the conjugate to find moduli of complex fractions 
Student Friendly: You will use the conjugate to find the modulus of a complex number.

The teacher will post on the board the warm-up:  1 problem on subtracting complex numbers, 1 problem on multiplying complex numbers, 1 problem on dividing complex numbers, and 2 problems of plotting a complex number on the complex plane and finding its distance from the origin.

The teacher will then review the warm-up answering any questions students may have.

The teacher will instruct students to take out their Cornell Notes. 

The teacher will group students into pairs for think-pair-share on a series of questions.
Questions asked include:   “What is absolute value?” “What is the Pythagorean theorem and what does it tell us?”
The teacher will direct instruct on how the modulus is the absolute value of a complex number and also the distance it is from the origin on the complex plane.

For the complex number 
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The first example will be done by the teacher only as students watch and add the exemplar into their notes.

Ex:  

Find the modulus of 
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The teacher will then provide 2 more guided practice problems that the students will work.  

The teacher will instruct all students to do one step at a time and be checked before they can move to the next step.
The teacher will then provide 5 independent practice problems for the students. 

The teacher will provide each student with an “Exit Ticket” on 1 division problem and 2 finding moduli problems.


	
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 5

	Student Activities


	Students will enter the room and answer the 6 warm-up questions.

Students will take out their Cornell Notes.

Students will be paired with a partner to work in think-pair-share groups.  They will record their responses to the questions in their Cornell Notes. 

Students will watch and listen to the first example copying the exemplar into their notes.

Students will then do 2 guided practice problems one step at a time and be checked before they can move to the next step.
Students will work on 5 independent practice problems

Students will complete 1 complex addition problem as an “Exit Ticket.”
	Students will enter the room and answer the 10 warm-up questions.

Students will take out their Cornell Notes and  will copy down the  expression:
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and the matrix expression:
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Students then write down the similarities between the two problems and how they would solve them.
Students will watch and listen to the first example and will copy the exemplar into their notes.

Students will then do 2 guided practice problems one step at a time and be checked before they can move to the next step.
Students will work on 5 independent practice problems

Students will complete 1 complex subtraction problem and 1 addition problem as an “Exit Ticket.”


	Students will enter the room and answer the 8 warm-up questions.

Students will take out their Cornell notes.

Students will be paired with a partner to work in think-pair-share groups.  They will record their responses to the questions in their Cornell notes.

Students will multiply 
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 three different ways justifying each step.
Students will watch and listen to the first example
Students will then do 2 guided practice problems one step at a time and be checked before they can move to the next step.
Students will work on 5 independent practice problems

Students will complete 1 complex subtraction problem and 1 multiplication problem as an exit ticket.
	Students will enter the room and answer the 5 warm-up questions. 
Students will take out their Cornell Notes.

Students will be paired with a partner to work in think-pair-share groups.  They will record their responses to the questions in their Cornell Notes.

Students will then rationalize 
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Students will watch and listen to the first example and add it to their notes.
Students will then do 2 guided practice problems one step at a time and be checked before they move to the next step.
Students will work on 5 independent practice problems

Students will complete 1 complex subtraction problem, 1 multiplication problem and 1 division problem as an “Exit Ticket.”
	Students will enter the room and answer the 5 warm-up questions. 
Students will take out their Cornell Notes.

Students will be paired with a partner to work in think-pair-share groups.  They will record their responses to the questions in their Cornell Notes.

Students will watch and listen to the first example and copy it into their notes.

Students will then do 2 guided practice problems one step at a time and be checked before they can move to the next step.
Students will work on 5 independent practice problems

Students will complete 1 division problem and 2 moduli problems as an “Exit Ticket.”
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