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12-3 Trigonometric Functions of General Angles

Objective: To define trigonometric functions of general angles.
Vocabulary

Reference angle If 9 is not 2 quadrantal angle, there is a unique acute
angle «, corresponding to 6, such that either § + o or g — o is an
intcgral multiple of 180°. « js called the reference angle of 9.
Example: If ¢ measures [15°, js reference angle, q, measures 65°,

Formulas For any angle 6 and any point P(x, y) on the terminal side of ¢:

sing = 2 cos§ = X S:mn.kl.:%c
X

r r

csc § = w ify # 0

mn&n m.f#o 8%u w ify # ¢

Example 1 Fing the values of the six trigonometric functions of an mmw_n 6 in standard
position whose terminal side passes through (-5, — 12).
Solution First make a sketch.

Here x = —5 andy = ~172,
Since r is the distance between ©, 0) and (-5, ~ 12),
You can find r using the distance formula.

TEN =X + Gy yi?
(=5 - 02+ (~12 " ]

V25 + 144 = /8D = 13

sing = 12

~
L]

cos = ~ 3 tan § =

Additional answers are given at the back of this Answer Key.
" Find the values of the six trigonometric functions of an angle ¢ in standard position

whose terminal side passes through point P. If any value is undefined, say so.

4. P(15, -8) 5. PO, 1)

Example 2 Fing the measure of the reference angle o for cach given angle 4.

a. § = 155° b. 8 = 310°3¢r € = —125°

Solution a. Since 6 is in quadrant II: o = 180° — ¢ = 180° — 155° = 25¢°

b. Since 6 is in quadrant IV:
a = 360° ~ § = 360° — 310°30" = 359°6p — 310°30" = 49°3¢r
¢. First find the positive angle that is coterminal with —125°;
—125° + 360° = 350
Since 235° is in Quadrant IIE: & = § — 180° = 235° — 180° = 55¢
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72-3 Trigonometric Functions of General Angles {continued)

Find the measure of the reference angle « of the given angle 6,

6. 6 = 25p° 7g° 7.0 = 172° ge 8.8 = -200° 2g 9.0 = —142° 380 -
10. 0 = 730° 1g° 11. 6 = 480° gge 12. 9 = 98.2° gi.8° 13. 0 = —166.2° 13.8¢
4. 9 = -283¢6° 15. 6 = 149°2¢ 16. 6 = 243°5 17. 6 = 300°5¢"

71.4° 30°40' 63°15' 59°1pr

Example 3 wrige sin 230° as a function of an acute angle.

Solution The reference angle of 230° is 230° - 180° = s50°,

Since 230° is in the third quadrant, its sine is negative (see note below).

. 8in 230° = i 500,

Note: The signs of the trigonometric functions vary with the quadrants. Ajj
values are positive in the first quadrant. Sine and cosecant are posifive in the

Write each of the following as a function of an acute angle.

tan 17° -sin 29°

18. sin 312° ~sin 48° 19. cos 215° —cos 35° 20. tan (~163°) 21. sin (-29°)

22. sec 276.8° 23. csc (—198.3%) 24, cot 312°1% 25. cos 259°12
sec 83.2° csc 18.3¢° ~cot 47°45' ~CO0s 79°12’

Example 4  Fing the exact values of the six trigonometric functions of 225°, Uge the
table of exact trigonometric values found in Lesson 12-2 of your textbook.
Solution The reference angle of 225° js 45°,

. Since 225° is in the third quadrant, only the tangent and cotangent are positive.

V2

§in 225° = —gjn 45° = _ Csc 225° = —cg0 45° = -2

€08 225° = —0ps 45° = _

|

SR

8eC 225° = —gec 45° = -3

tan 225° = fap 45° = 0t 225° = cot 45° = }

Additional answers are given at the back of this Answer Key.
Find the exact valueg of the six trigonometric functions of each angle.

26. 120° 27. —-135° 3 28. 210° 29. ~225° 30. 420°

Mixed Review Exercises

Find the zeros of each function. If the function has no Z€ros, say so. |Wq .ml

LAxy=2c+6 -3 2. g0 = fog (x — 23 3hx) = 62 + x - 3
1B -0 oy no real - o

4. Fx) = 2 0,3,-3 5. 60 =22 + 3 + 8 zeros 6 H(x) = 2% no real zeros
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15-22. Answers may vary. Examples are given.

CHAPTER 12

sst

15. a. 40° + n+360° b. 400°, —320° 18. a. 120° + n-360°
Exercises, pages 187-138 b. 480°, —240° 17. a. —60° + n+360° b, 300°, —420°
1. y 2. Ik s. R 18. a. —235° 4+ n°360° b. 125°, —595° 18. a. 450° + n+360°
50° 120 b. 90°, ~270° 20. a. 210° + n+360° b. 570°, ~150°
X / 21. a. 900° + n-360° b. 180°, —180° 22. a. —720° + n-360°
5 4 ) ) 14 b. 360°, —360°
- —60°
Exercises, page 7190
1. sinf = 5 oommlw.memlN,amom wwmonm ».ooﬂm 3
4, YA B. Y 8. b 2. mwzmn%qoommn%;mmmurnmnmu/\m,mmomu/\M,noﬁmug
200° o
0 u/. 0 3. mwnmniww.vooguuwwqﬁmamn.mo.,,nmo%u.hmu.,mmnmn.W.w“nammumw.
I3
T % o X “ X 4. sinf = aw\w.\.nomm = /\m\m tand = 4,¢csc 9 = Kﬁlw,mmomu 17, cotf =
~120° ~200°
9. cost =22 tang =2 10. sing = YL tano = ML 11, coso= I,
tanfg = % 12. sinf = Pw.mn,gmm = K%.m 13. cosé = %{ wum = lx\mm
8 yi s ya 14. /B =60°,b=8V3,c=16 15. /B =30°a=5V3,c=10
;woﬁwj /B=45°a=6V1,b=6V 17. LA = =25v3,b =25
g 4 imo 1o 18, LA=30°,/B=60°b=43 19. L4 =45° LB =45 c=2V2
450° £xercises, pages 191-192
e T : -3 4 = —3 = 3 5 = _4
s V. sin 8 = 3 ,oomm m ,Snm T cscf w..mmnm M,noﬁm T
inf = o = _ S g = 13 g 13
1. v 12, .74 2. sinf muuno& 3 wwi m,w\w& 5 - secd 3
. ot = —== 3. sinf = — 3% noguilmq;mmmur,nmomu -2,
60°
o 0 secf = —+2,cotf =1 4. sing= t.m.\; cosf = W.W,Mmsm !;&Jo%m
0 2 > .
X d llqu,mmnm w{w.,ooﬁmu I.WN 5. sind = 1,cosf = 0, tan 6 is undefined,
~240°
¢cscf = 1, sec @ is undefined, cot 8 = 0
26. sin 120° = bmlw cos 120° = IM,Ez 120° = — /3, ¢s¢ 120° = ww\M
, Y
14 sose sec 120° = ~2,cot120° = =2 27, sin(~135%) = ~ L2 cos (- 135°) =
,\N tan(—135%) = 1, csc (= 135%) = — /2, sec (— 135°) =
Z X oo:xawov =1 28. sin210° = — L c0s210° = ~ 2 tan210° = 2,
csc210° = ~2,5ec210° = IWMHBQNSO =43
4 e




