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Investigate Trigonometric Ratios for Angles Greater Than 90°

Materials 1. On grid paper, draw a set of coordinate axes.
= grid paper a) Plot the point A(3, 4). In which quadrant does the point A lie?
* protractor b) Draw the angle in standard position with terminal arm passing
through point A.
2. Draw a line perpendicular to VA
the x-axis through point A. &
Label the intersection of this - AG.4)

line and the x-axis as point B.
This point is on the initial arm

[

M

of ZAOB. e
a) Use the Pythagorean || da|2/0] | 2 Ba [ 6 X

Y]

Theorem to determine the
length of the hypotenuse, r.

b) Write the primary
trigonometric ratios for 6.

an

¢) Determine the measure of 8, v
to the nearest degree.

3. How is each primary trigonometric ratio related to the coordinates
of point A and the radius r?
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Link the Ideas

Finding the Trigonometric Ratios of Any Angle 8, where 0° = 8 < 360°

Suppose 8 is any angle in standard position, and yh
P(x, v) is any point on its terminal arm, at a P(x, )
distance r from the origin. Then, by the :
r
Pythagorean Theorem, r = +/x* + v, Y
i IE ,_1 L
You can use a reference triangle to determine the A
three primary trigonometric ratios in terms of x, v, v
and r.
opposite adjacent opposite
sinﬂzL EOSB=]— a_nﬂ:pl_p—
hypotenuse hypotenuse adjacent
. ¥y X ¥
sin B = % cos B =+ tan B = -

The chart below summarizes the signs of the trigonometric ratios in each
quadrant. In each, the horizontal and vertical lengths are considered as
directed distances.

Quadrant Il Quadrant |
90° < 6 < 180° 0°< 9 <90°
¥ —X ¥ : Y X ¥
SIHB:T CGSE:T tﬂ"ﬂ:_—x SlnEf:—I. CUSQ:—[ tanEl:?
sing =0 wse =0 tane < 0 sine=0 wse=0 tane =0
- £y ~
IP( xy ¥ v P[":Jﬂl Why is r always
I ositive?
¥ g i 8 Z i ¥ ’
o :_| BR -\l\_ l |3 ,_: i
- —x |0 x S0 % x
L 4 A 4
#=180°— 8, 8=,
Quadrant 1l Quadrant IV
180°< @< 270° 270° < 8 < 360°
-y —-X -y ; =¥ X =¥
S|HB=T CﬂSE:T tane:_—x SI[‘IB:T CUSG:T taﬂﬂ:T
sing <0 wse<0 tane =0 sing <0 wse=0 tané <0

= 4

B =180°+6,
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Example 1
Write Trigonometric Ratios for Angles in Any Quadrant

The point P(—8, 15) lies on the terminal arm of an angle, 6, in standard
position. Determine the exact trigonometric ratios for sin 8, cos 8, and
tan 8.

Solution

o

Sketch the reference triangle by drawing a P8 15)% Y/
line perpendicular to the x-axis through the :

point (—8, 15). The point P(—8, 15) is in 150 N\ | s
quadrant II, so the terminal arm is in quadrant II. e N

F s

. 0
Use the Pythagorean Theorem to determine -8

the distance, r, from P(—8, 15) to the origin, (0, 0). v
=X
r=v(—8)*+ (15)*

r=+/280

r=17

The trigonometric ratios for 8 can be written as follows:

sinﬂ=; cnsﬂ':J—; tanEl=§

sinﬂ:% cnsﬁ:?—? taruEl:i—E8
cnsﬁ:—% tanﬂ:—%
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Example 2
Determine the Exact Value of a Trigonometric Ratio

Determine the exact value of cos 135°.

Solution
The terminal arm of 135° lies in quadrant II. VA
The reference angle is 180° — 135°, or 45°. | .-
The cosine ratio is negative in quadrant I 1 i \ 2‘. 55
Why are side lengths < o 45° &
cos 135° — — L 1,1, and V2 used? — WD
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