Sines and Cosines of Complements and Supplements


�PRIVATE ��








Review of Prerequisites:








1.	The sine of  t,  sin t, is the ordinate of the point on the unit circle that is the image of the point  (1,0)  under a rotation of magnitude   t  about the origin.





2.	The cosine of  t,  cos t, is the abscissa of the point on the unit circle that is the image of the point  (1,0)  under a rotation of magnitude   t  about the origin.





3.	A function  f  is  periodic  if and only if there is a positive real number  k  such that   


	f(x + k) = f(x)  for all values of  x  in its domain.  The smallest positive value of  k  for which this equality is true is called the period of  f.





4.	The complement of an acute angle with measure  2  is an angle with measure  �EMBED Equation.2����seq User_Box  \* Arabic  \h�.





5.	The supplement of an angle with measure  2  less than  B  is an angle with measure    B - 2 . 











Objectives:





1.	To determine values of sines and cosines of complements and supplements of angles graphically and using the unit circle.











Materials:





	X(Plore) or TI82 Calculator





�
Activity:





1.	Open the software program X(Plore).  Set the range of values on the  t-axis from  -3B  to  3B , and the range of values on the  y-axis from  -2  to  2  by entering the command  


	window(-3B,3B, -2,2).  Graph the sine function by entering  graph(sin(x),x).  Sketch the graph from  t = -2B  to  t = 2B  on the axes  below:





		y = sin t	�seq User_Box  \* Arabic  \h�	


� EMBED Unknown  ���





	Also use X(Plore) to graph the cosine function.  Sketch the graph from t = -2B to t = 2B on the following axes: 


	


		y = cos t�seq User_Box  \* Arabic  \h�


� EMBED Unknown  ���





2.	Graph the function defined by   �EMBED Equation.2����seq User_Box  \* Arabic  \h�.  Compare its graph with the graphs in question (1).  





	a.	What do you observe?

















	b.	Describe how might you use X(Plore) to verify your observation above.  Do so.























	c.	Write an equation that describes your observation about the graphs:











3.	Repeat question (2) using the function defined by  �EMBED Equation.2����seq User_Box  \* Arabic  \h�.


	a.	What do you observe?  Verify your observation using X(Plore).




















	b.	Write an equation that describes your observation about the graphs:














4.	Describe how you might use the unit circle, the marked triangles in the following diagram and geometry to verify the equations recorded in questions (2) and (3) for  t  between  0  and  B/4.





� EMBED Word.Picture.6  ����seq User_Box  \* Arabic  \h�





5.	In each of the following diagrams, construct the associated triangle as in (4), and mark the point on the unit circle represented by the ordered pair   (cos(B/2 - t), sin(B/2 - t)).  Write its coordinates in terms of  sin t  and  cos t.  





	a.						b.


	� EMBED Word.Picture.6  ���	�				�seq User_Box  \* Arabic  \h��seq User_Box  \* Arabic  \h�





	c.						d.


	�	��seq User_Box  \* Arabic  \h��seq User_Box  \* Arabic  \h�





	e.	Using geometry, explain why your conclusions are true in (a) - (d).
































6.	Using X(Plore), graph the function represented by  y = sin(B - t).   Compare its graph with the graphs in question (1).  





	a.	What do you observe?























	b.	Describe how might you use X(Plore) to verify your observation above.  Do so.



































	c.	Write an equation that describes your observation about the graphs:














7.	Repeat question (6) using the function defined by  y = cos(B - t).





	a.	What do you observe?  Verify your observation using X(Plore).






































	b.	Write an equation that describes your observation about the graphs:














8.	In each of the following diagrams, construct the associated triangle as in (a), and mark the point on the unit circle represented by the ordered pair (cos(B - t), sin(B - t)).  Write its coordinates in terms of  sin t  and  cos t. 





	a.						b.


� EMBED Word.Picture.6  ���	��seq User_Box  \* Arabic  \h��seq User_Box  \* Arabic  \h�











	c.					d.


�seq User_Box  \* Arabic  \h�	�	��seq User_Box  \* Arabic  \h�





	e.	Describe how you might use the unit circle, the marked triangles in the preceding diagrams, and geometry to verify the equations recorded in questions (6) and (7).


























10.	Determine the equational relationship between each of the following and the numbers  sin t  and  cos t.  In each case, explain how you determined the relationship, and give a justification of its validity.





	a.	�EMBED Equation.2����seq User_Box  \* Arabic  \h�  
































	b.	�EMBED Equation.2����seq User_Box  \* Arabic  \h�



































11.	Summarize the equational relationships encountered thus far by completing the following with either  cos t  or  sin t,  or one of their negatives:








�PRIVATE ��cos(-t)�
=�
�
sin(-t)�
=�
�
�
cos(t + B/2)�
=�
�
sin(t + B/2)�
=�
�
�
cos(t + B)�
=�
�
sin(t + B)�
=�
�
�
cos(t + 2B)�
=�
�
sin(t + 2B)�
=�
�
�
cos(B/2 - t)�
=�
�
sin(B/2 - t)�
=�
�
�
cos(B - t)�
=�
�
sin(B - t)�
=�
�
�






�
12	Use the relationships listed in question (11) to express each of the following in terms of  cos t  or  sin t,  or one of their negatives.  Show how you make your determination.





	a.	�EMBED Equation.2����seq User_Box  \* Arabic  \h�	(Hint:  3B/2 = B + B/2)






































	b.	�EMBED Equation.2����seq User_Box  \* Arabic  \h�






































13.	"Cosine" is an abbreviation for "complementary sine."  Explain why this is an appropriate name for the cosine function.
































�
14.	Discuss what you consider appropriate expectations of students in learning the properties of the sine and cosine functions in this activity and in the previous one.
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