3b - Sine and Cosine
Objectives:
The goals of the unit are that you will be able to:
· Define the sine and cosine functions using the unit circle
· Find the function values of sine and cosine at quadrantal angles
· Identify the domain and range of sine and cosine
· State and apply the Pythagorean Identity 
Textbook Sections (OpenStax Precalculus):
Section 5.2: We will come back to the parts on special angles and reference angles later.
Sine and Cosine
For the rest of the semester, we will discuss the trigonometric functions.  The first two we will learn are sine and cosine.
The unit circle is the circle of radius 1 centered at the origin.
Definition of sine and cosine: Consider an angle  in standard position on a unit circle.  Its terminal side intersects the unit circle at the point   The cosine function at input  outputs the x-value.  The sine function at input  outputs the y-value.  That is:


As shorthand, we write “cos t” and “sin t” without parentheses.  The picture below illustrates the situation. 
 [image: ]
Note that the angle measure can be given in degrees or radians.
1. 
Answer the following:
a. Find cos 180° and sin 180°


b. Find  and 



c. Find an angle in radians with sin θ = -1.  Then find another angle in radians with sin θ= -1.

d. In which quadrant(s) is sin t negative?  In which quadrant(s) is cos t negative?





e. We write  to mean .  Find 





When using a calculator to find trigonometric functions, you must make sure you are in the right mode: degree or radian.  For example, enter “sin 90” into your calculator.  If it gives you the answer 1, you are in degree mode.  Otherwise you are in radian mode.  There is usually a “mode” button where you can switch between them.
The Pythagorean Identity
2. In this problem, you will derive the Pythagorean Identity.  
a. In the figure on the first page, there is a right triangle with sides of length cos t, sin t, and 1.  What does the Pythagorean Theorem tell you in this situation?

b. Check that the equation you found in part a works for 180°.  



c. This equation from part a) is called the Pythagorean Identity and is very important.  Write it here in big letters and circle it.  A trigonometric identity is an equation that is always true, no matter what angle you use.  This is the first of many trig identities we will see.




3. Suppose you have an angle θ in Quadrant II and you are told that   Find .

4. In this problem, we will find the domain and range of sine and cosine.  We will start with sine.

a. Suppose the angle θ is given in radians.  Recall that the domain of a function is the set of all inputs of the function.  The sine function takes in input θ and produces output y, where y is the height of point on the unit circle on the terminal side of the angle θ.  What is the domain of the function   Explain.


b. What is the range of the function   Explain.


c. What are the domain and range of 
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d. With these functions in mind, what is wrong with saying that the domain is the x-values and the range is the y-values?
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