3d - Right triangle trigonometry
Objectives:
The goals of the unit are that you will be able to:
· Use right triangles to evaluate trigonometric functions.
· Find trig function values at angles of measure 30°  60° and 45° 
· State and apply the cofunction identities for complementary angles.
· Use reference angles and symmetry to solve trigonometric problems.
Textbook Sections (OpenStax Precalculus):
Section 5.4: Right triangle trigonometry (we will save most applied problems for the next worksheet)
Sections 5.2 and 5.3: We are now covering the parts on special angles and reference angles
Motivating Questions:
· How do the trigonometric functions relate to triangles?
· How can we use triangles to find values of trig functions at special angles?
Right triangle definitions
1. In this problem, we will define the trig functions using right triangles.  However, this new definition cannot be our primary definition of the trig functions because it only works for positive acute angles.  Recall the definition of the trig functions using an arbitrary point on the terminal side, where, for instance,  is defined to be .  Since  is the distance from the origin to (x,y), it is the length of the hypotenuse in the triangle shown.
[image: ]Note this gives a new definition of  when the input is an acute angle: 


a. Write the other 5 trig functions as ratios of the sides of a right triangle: the side opposite θ, the side adjacent to θ, and the hypotenuse.




b. Explain why this definition only works for acute angles.  What happens if we try it for 90°, for instance?

2. The figure below shows a right triangle with acute angles α (alpha) and β (beta).  
[image: ]
a. Find the sine, cosine, tangent and cotangent of the angles α and β in the triangle shown.

b. What do you notice about your answers?  How do you explain what is happening?

c. What is the sum of the degrees of angles α and β in any right triangle where α and β are the acute angles, such as in this triangle?  What is their sum in radians?


Cofunction Identities
3. Two angles are called complements or complementary if their sum is 90° or   As we saw in the previous problem, if α and β are complementary, then   Thus, since  when we are working in radians, then   This is called a cofunction identity.  There are 5 more cofunction identities.  State them all, using radians and the variable α.

Special Angles 
4. In this problem, we will construct a triangle called a 30-60-90 triangle that allows us to easily find the values of the trig functions for angles with measure 30° and 60°.
a.  First, draw an equilateral triangle with sides of length 2. Split it in half to get two right triangles. What are the measurements of the angles and the sides in those right triangles?

b. Use that right triangle to find all six trigonometric functions for both 30° and 60°. (We usually write these with no square roots in the denominator.) 










5. We will now use a 45-45-90 triangle to find the trig values of a 45° angle. Draw a right triangle where the two legs have length 1. Find the length of the hypotenuse and compute all six trig functions for 45°.

6. On a treadmill, a percent incline of P% means that the tangent of the angle of incline is P/100.  What angle gives a 100% incline on a treadmill?


7. For the following angles, find the coordinates of the point where the terminal side of the angle in standard position intercepts the unit circle.  Label the points on a unit circle.  Use your answers to the previous problems, not something you may have memorized in high school.
a.  

[bookmark: _GoBack]

b. 




c. 


Reference Angles
Of course, the right triangle definition only works for acute angles. However, we can still use right triangles to find the trigonometric functions of angles not on the axes, but we first need to find their reference angle. 

Reference Angles: For an angle in standard position, the reference angle is the positive acute angle made by the terminal side and the x-axis. 

8. Find the reference angles for the following angles in both degrees and radians.
a. 405°

b. 120°=






c. 255°=


d. 330°=




9. On the unit circle, draw the angle 120° and its reference angle.  
a. Label the coordinates of both points.  Hint: do the reference angle first.

b. Find angles in Quadrants III and IV that share that reference angle and the label the coordinates of those points, as well.

c. Find sine, cosine, and tangent for all four angles.  How do the trig functions of the different angles compare?


d. Complete this guide to using reference angles to find the values of the trig functions of other angles.  To find the trig functions for an angle θ:
i. First, find the reference angle of θ.
ii. Find the values of the trig functions of the reference angle (such as with special triangles).
iii. These are the values of the trig functions of the original angles, except that we must determine 			by

Drawing a unit circle will likely help with this process.


10. Try it: Find the values of all six trig functions for 















11. Suppose you are told that an angle θ in Quadrant III has reference angle α and that   Find sine, cosine, and tangent of θ.



Note that it is also true that if the trig function of two angles differs by only + or -, then they have the same reference angle.  We will use this in the next problems.
12. Without using a calculator, find all values of θ in the interval [0, 360°] that satisfy 

13. Given that  = 0.95, find all values of θ in the interval [-2π, 2π] that satisfy 
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