[bookmark: h.z830pqp25gcw]Moving Through Arithmetic: 
[bookmark: h.6pai5pbuca1o]Overview of a Complex Numbers Unit

	Welcome to our unit! We’re excited to share this math with you.

This is stupid, we’ve heard kids say about imaginary numbers. They’re just made up? What’s the point if they’re just made up? 

This unit is an attempt to take the question seriously. The answer we sketch gives students experience with dilations, rotations, translations, number lines and planes, negative square roots and rules for plane transformations...all before they see complex numbers for the first time. 

In short, the perspective in these materials is that all arithmetic can be interpreted as describing motion. The problem is that real arithmetic doesn’t offer us a way to describe most rotations. This is the problem that complex numbers solve. 

Thanks for taking a look, and enjoy!

Max and Michael

P.S. We’re eager to talk more about the unit. Please, reach out to us by email or via twitter. Michael 





[bookmark: h.37w37ms8rhe2]A Link to the Materials

http://bitly.com/complexnumbers2015



[bookmark: h.etl2d6iu2dvq] Very Very Short Sketch of the Unit 

This unit is structured around 3 investigations. Each investigation is designed to stand on its own. [Pacing guide below.]

· Investigation 1: Arithmetic and Transformations (4 to 6 days)
· Investigation 2: Transformations and Complex Numbers (4 to 6 days)
· Investigation 3: Complex Numbers and Rotations (4 to 6 days)

Students use their skills with real arithmetic to learn complex arithmetic, and then students use those skills to answer a variety of “real” questions about rotations. 

[bookmark: h.2icuwzs8a5ho]A Slightly Longer Sketch of the Unit

Students might pass through something like these sequence of skills on their way through this unit (brief examples in parentheses.) 
 
· Doing arithmetic with negative numbers (“2 + -4 = ___”; “4 x - 2 = ___”)
· Performing transformations on the number line (“2 translated by -3 goes to ___”)
· Following transformation rules on the number line ( “x--->2x would send -3 to ___”)
· Performing transformations in the plane (“Dilate this figure by a factor of 2.”)
· Following transformation rules in the plane (“Draw the result of (x,y) --> (-x, y) on this figure”)
· Performing 90 degree rotations fluently (“Rotate (10,3) by 90 degrees 5 times. Where does it end up?”)
· Understand and graph complex numbers (“Which of these are complex numbers?”; “Graph 2+3i on the plane”)
· Multiplying by i (“Multiply 2+3i by i and graph the result”)
· Adding and subtracting complex numbers (“Represent (2+3i) + (2-3i) on the graph”)
· Solve simple quadratic equations with complex solutions (“Solve for x: x^2 + 3 = 0”)
· Dividing by i (“Divide 2+3i by i and graph the result”)
· Perform 45 degree rotations fluently (“(10,3) is rotated by 45 degrees. It lands at ___.”)
· Perform 30 degree rotations fluently (“(10,3) is rotated by 30 degrees. It lands at ___.”)
· Perform n degree rotations fluently (“(10,3) is rotated by 70 degrees. It lands at ___.”)
· Multiply by a+bi (“What multiplication would rotate 2+3i by 50 degrees?”)
· Divide by a+bi (“3+4i divided by 5+2i is ____.”)
· Solve any quadratic equations with complex solutions (“Solve for x: x^2 + 3x + 3 = 0”)

A Fuller Sketch of the Unit

How do students gain these skills? Through activities and problems. Here is an outline of the activities and problems that students study in each of the three investigations. (Each investigation might take anywhere from 4 to 6 days depending on the group.)

Investigation 1

	Day 1
	· Coordinate movement along a large number line
· Solve problems relating to number line movement

	Day 2
	· Coordinate movement along a large coordinate plane
· Students solve problems relating to coordinate plane movement

	Day 3
	· Students practice transformations of the plane involving multiplication by .
· Students debate the possibility of giving meaning to multiplication by .

	Day 4
	· Students practice rotations of 90,180 and  270 degrees
· Students learn notation that enables them to answer questions such as _______.



Investigation 2

	Day 1
	· Students debate whether numbers such as “5” are complex numbers.
· Students practice graphing complex numbers and multiplying complex numbers by i

	Day 2
	· Students discuss the meaning of 
· Students practice finding the powers of  (e.g. ) and solving simple equations (e.g. )

	Day 3
	· Teacher shares a brief history of  
· Students discuss the geometric effect of division by  
· Students practice using complex arithmetic to perform translations, dilations, and rotations by 90, 180, 270

	Day 4
	· Students solve problems involving finding missing coordinates of regular polygons
· Students use familiar rules of algebra to investigate the geometric effects of multiplication by several complex numbers



Investigation 3 

	Day 1
	· Students prove that a 45 degree rotation is provided by multiplying by 
· Students practice 45, 135, 315 degree rotations+dilations

	Day 2
	· Students prove the complex multiplication that provides 30 and 60 degree rotations
· Students practice rotation+dilations with complex numbers

	Day 3
	· Students prove that multiplication by (cos(n) + i*sin(n)) rotates a complex number by n degrees
· Students practice problems involving rotations by any amount

	Day 4
	· Students discuss the meaning of complex solutions to arbitrary quadratic equations
· Students prove that several theorems (e.g. sum and product of quadratic roots) extend to complex solutions
· Students practice solving quadratic equations with real and complex roots




