MSDE Mathematics Lesson Seed 
	Domain
· Trigonometric Functions

Cluster Statement
· Extend the domain of trigonometric functions using the unit circle.

 Standard
· F.TF.2 Explain how the unit circle in the coordinate plane enables the extension of trigonometric functions to all real numbers, interpreted as radian measures of angles traversed counterclockwise around the unit circle. (additional)


	Purpose/Big Idea: 
· How to identify a unit circle and its relationship to real number
· How to evaluate trigonometric functions using the unit circle
· [bookmark: _GoBack]How to use the domain and period to evaluate sine and cosine functions
· How to use a calculator to evaluate trigonometric functions


	Materials:  
· Attached worksheets for spaghetti activity and/or Unit Circle Exploration
· Spaghetti
· Bulletin board paper
· String
· Protractors
· Yardsticks
· Markers
· Unit Circle Exploration


	Description of how to use the activity:  
Spaghetti activity. Assign groups of three or more. Assign half of the groups use the Sine worksheet and the other half uses the Cosine worksheet. When all have completed the activity, have the class vote on the best Sine graph and the best Cosine graph to hang in the room.

Unit Circle Exploration: This will give the students another representation of the unit circle. The attached worksheet can be used. If you have students that are good a programing, you might want to have the program in the exploration. Students should be able to explain how the activities are related when you have completed both activities. 


	Guiding Questions: 
· How are the circular functions related to the trigonometric functions?
· How is the circumference of a unit circle used to determine the radian measure of an angle?
· Given an angle, how is the unit circle used to determine each of the trigonometric functions?
· How are the relationships of right triangles used to determine the trigonometric functions of an angle?
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Cosine Curve and Spaghetti			Name_________________________

You will need some standard uncooked spaghetti, a piece of bulletin board paper that is approximately 2 feet wide and 8 feet long, and a piece of string that is about 6.5 feet long.

· At one end of the paper, construct a circle with a radius of the length of one piece of spaghetti. Draw a pair of axes with the origin at the center of the circle. Using a protractor to determine angle measures, mark around the circle every 15°.

· [image: Trig Functions Unit 4]Adjacent to this circle, draw another set of axes with an x-axis that is about 6.5 spaghetti lengths long.










· Place the string along the circle with one end at 0° and transfer the 15° marks from the circle to the string.

· Stretch the string along the x-axis of the other set of axes and transfer the marks on the string to that axis. The end of the string that was at 0° on the circle must be placed at the origin of the second set of axes.

· Now you must use the spaghetti to form a right triangle on the circle in which the radius of the circle that extends from the center of the circle to the 15° mark acts as the hypotenuse. Drop a second side of the triangle vertically up and down from the mark on the circle to the x-axis. The third side of the triangle connects the other two sides along the x-axis. Take the horizontal side of the triangle and move it to the second set of axes. Place it on the 15° mark perpendicular to the x-axis and place a dot on the paper at the top of the piece of spaghetti. Repeat this process for each of the marks around the circle.
[image: Trig Functions Unit 4]








· 
When all of the dots have been created, draw a smooth curve to connect the dots. You have just created a cosine curve. Label your graph.

· Now answer the questions on the back of this paper.

1. What is the radius of the circle? ________________________________________________
2. What is the circumference of the circle? _________________________________________
3. Where would a triangle corresponding to 375° be constructed? _______________________
	__________________________________________________________________________
4. What is the period of the sine curve? That is, what is the wavelength or after how many degrees does the graph start to repeat? ___________________________________________   
	What is the period of the cosine curve? __________________________________________
5. Compared with the radius, what is the height of the triangle of 30°? This number is called the sine of 30°. _____________________________________________________________
6. Compared with the radius, what is the height of the triangle at 150°, 330°, and 570°?
	__________________________________________________________________________
	__________________________________________________________________________
7. Compared with the radius, what is the height of the triangle at 45°, 135°, and 225°?
	__________________________________________________________________________
	__________________________________________________________________________
8. If you build triangles only at the 15°, 30°, 45° and so forth marks, what is the smallest number of different triangles that you need to form to obtain the lengths needed to construct the graph of one period of the sine or cosine curves? Explain. 
	__________________________________________________________________________
	__________________________________________________________________________
9. Write a one-paragraph explanation to a classmate about why sin 30° equals sin 150°.
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
10. Compare and contrast the sine curve and the cosine curve.
	__________________________________________________________________________
	__________________________________________________________________________	
	__________________________________________________________________________
	__________________________________________________________________________
Sine Curve and Spaghetti			Name_________________________

You will need some standard uncooked spaghetti, a piece of bulletin board paper that is approximately 2 feet wide and 8 feet long, and a piece of string that is about 6.5 feet long.

· At one end of the paper, construct a circle with a radius of the length of one piece of spaghetti. Draw a pair of axes with the origin at the center of the circle. Using a protractor to determine angle measures, mark around the circle every 15°.

· [image: Trig Functions Unit 4]Adjacent to this circle, draw another set of axes with an x-axis that is about 6.5 spaghetti lengths long.










· Place the string along the circle with one end at 0° and transfer the 15° marks from the circle to the string.

· Stretch the string along the x-axis of the other set of axes and transfer the marks on the string to that axis. The end of the string that was at 0° on the circle must be paced at the origin of the second set of axes.

· [image: Trig Functions Unit 4]Now you must use the spaghetti to form a right triangle on the circle in which the radius of the circle to the 15° mark is the hypotenuse. Drop a second side of the triangle vertically up and down from the mark on the circle to the x-axis. The third side of the triangle connects the other two sides along the x-axis. Take the horizontal side of the triangle and move it to the second set of axes. Place it on the 15° mark perpendicular to the x-axis and place a dot on the paper at the top of the piece of spaghetti. Repeat this process for each of the marks around the circle.









· 
When all of the dots have been created, draw a smooth curve to connect the dots. You have just created a cosine curve. Label your graph.

· Now answer the questions on the back of this paper.

1. What is the radius of the circle? ________________________________________________
2. What is the circumference of the circle? _________________________________________
3. Where would a triangle corresponding to 375° be constructed? _______________________
	__________________________________________________________________________
4. What is the period of the sine curve? That is, what is the wavelength or after how many degrees does the graph start to repeat? ___________________________________________   
	What is the period of the cosine curve? __________________________________________
5. Compared with the radius, what is the height of the triangle of 30°? This number is called the sine of 30°. _____________________________________________________________
6. Compared with the radius, what is the height of the triangle at 150°, 330°, and 570°?
	__________________________________________________________________________
	__________________________________________________________________________
7. Compared with the radius, what is the height of the triangle at 45°, 135°, and 225°?
	__________________________________________________________________________
	__________________________________________________________________________
8. If you build triangles only at the 15°, 30°, 45° and so forth marks, what is the smallest number of different triangles that you need to form to obtain the lengths needed to construct the graph of one period of the sine or cosine curves? Explain. 
	__________________________________________________________________________
	__________________________________________________________________________
9. Write a one-paragraph explanation to a classmate about why sin 30° equals sin 150°.
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
10. Compare and contrast the sine curve and the cosine curve.
	__________________________________________________________________________

Unit Circle Exploration 				Name ______________________________




This exercise will help show the interrelationships between the unit circle and the trigonometry graphs. We will use the TI-83 or 84 graphing calculator. Push the mode button. Set your calculator to the parametric mode and the degree mode. Push and enter:  and. Next press WINDOW. Let’s use:
 (
Tmin
: 
0
Tmax
: 360
Tstep
: 15
Xmin
: -2.4
Xmax
: 2.35
Xscl
: .5
Ymin
: -1.6
Ymax
: 1.55
Yscl
: .5
)










Push GRAPH and TRACE. We should see the above graph. Observe the values of X, Y, and T as you trace around the circle. After some repeated entries using the TRACE button, what are the values of X, Y, and T?

X is
Y is
T is

Go back to WINDOW. Change the Tmax to 720. Now TRACE around the circle some more. What does this do?



Change your MODE to Radian. Go to Y = and enter:  and. Leave the first two entries the same. Go to WINDOW and set to:
 (
Tmin
: 
0
Tmax
: 6.28
Tstep
: .1
Xmin
: -1.8
Xmax
: 7.7
Xscl
: .1
Ymin
: -3.2
Ymax
: 3.1
Yscl
: .1
)










Trace between the unit circle and the sine curve. Discuss the relationship between both graphs.


What will happen if you change  to cos T? Do so and list your finding.


	Unit Circle 1
	Unit Circle 2

	Float
	FnOff

	FnOff
	Radian

	Degree
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