Homework 27: Trigonometry: radians and the unit circle.

1. Definition for sin, cos, and tan of an angle
In general, for a right-angle triangle, the sin a and cos « of the angle are defined as:

in(a) = opposite side  a
St = hypothenuse ¢’

_ adjacentside b
cos (@) = hypothenuse ¢

. _sin(a) _ opposite side/hypothenuse  a
an (@) = "~ adjacent side/hypothenuse ~ b

2. Radians — a new measure of the angle’s size
Until now, we have been measuring angles in degrees, which are defined by saying

that a full turn corresponds to 360°. An alternative way to measure angles is by
radians, which are defined in the following way: given an angle ©, its measure in
radians is the ratio of the arc (a) of the circumference and the radius (r).

For example, the angle 360° corresponds to a full circle. Since the perimeter of a
circle is 2 R, dividing by R gives: 360° = 2t rad. In the same way, half a circle

corresponds to an angle of 180° =

1/2x2m R

can translate all the angles that appeared in our previous table:
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3. Trigonometric (unit) circle

A very useful tool for understanding trigonometric functions is the
trigonometric circle (see Figure 3). To find the sine and cosine of a
positive angle a, we just have to “walk” around the circle a distance
a, starting from the point (1; 0) in an anticlockwise direction. Then,
the coordinates of the point we arrive at are (cos a; sin a). For
negative angles a, we define the sine and cosine in the same way,
but walking in a clockwise direction.

Note, that you could have angles larger than 360°. For example,
the angle 390° = 360° + 30° that has the same coordinates on
the unit circle as a 30° angle (you must circle counterclockwise 1
full revolution and 30 more degrees).

; /FIGURE 3,




Homework problems

Instructions: Please always write solutions on a separate sheet of paper. Solutions should include
explanations. | want to see more than just an answer: | also want to see how you arrived at this answer, and
some justification why this is indeed the answer. So please include sufficient explanations, which should be
clearly written so that | can read them and follow your arguments.

All angles are measured in degrees or radians.

1.

4.

Draw a large unit circle or use the attached. Then, remembering that 2m rad corresponds to a full circle, find the
points on the circumference of the circle that correspond to the following angles. Label the angle with the rad value.

o) 0 -2 ) =
3w

b) 7 e) 1lm -
4

Using a calculator, compare the results. Be careful with the setting (DEG or RAD) of your calculator. If the angle is
measured in degrees, use DEG. If the angle is measured in radians, use RAD.

. . T . . T
a. sin45° and sin c. sin90° and sinZ

b. cos120° and cos%ﬂ d. cos0° and cosO

Now, use your unit circle, Figure 3, and the values for sin/cos from the table on page 1 to complete this table:

Angle in rad sine cosine

L

3mn/2

3n/4

-51/2

11n

-3

251/3

-191t/6

(* Optional) Using the unit circle, check the interval where the inequalities are valid for the given angles x .

angle x _ V3 1 V3 V2o 1 _ V2
sinx 27 §<smx <7 —7<smx <§ sinx S—T

/7 ‘/

2n/7

-3nt/5

5m/8

251/9

5. Using the trigonometric circle, show that cos x = sin (x + m/2) forany angle x.




6. (* Optional ) Find all real numbers x such that (sinx)? = % in the interval 0 to 2m. Are there more angles like that
outside this interval?

You may find this unit circle helpful for problem 1, or you may draw your own.
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This circle may help you with problems 3 and 4. The values in brackets are the (x,y) coordinates of the point
where your angle ends (terminal point). They will represent the values of the (cosa, sina). You could fill in this

circle on your own by using the values from the table on page 1 or the unit circle from desmos which we used
in class (look in the Class Notes folder).
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