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75. sec 30° = csc 60° 77. cot?10° — ¢sc?10° = —1
True, because sec(90° — 0) = csc 6. True, because 1+ cot? 9 = csc? 0
cot?9 = csc? 9 — 1
cot?2 9 — csc? 6 = —1.

[C el 20 40° 60° 80°
cos 6 1] 09397 | 0.7660 | 05000 | 0.1736

sn(90° — #) | 1 | 0.9397 | 0.7660 | 0.5000 | 0.1736

It seemsthat cos 0 = sin(90° — 6) for al 6.
0 and 90° — 6 are called complementary angles.

8l y=—-x-9 83. —3x + 8y =16
Intercepts: (0, —9), (—9, 0) Intercepts: (0, 2), (—%, O)
y y
s}
X 4+
al
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I sl
85. 146° liesin quadrant |1 87. —310° 30’ liesin quadrant |

Section 4.4  Trigonometric Functions of Any Angle

m  Know the Definitions of Trigonometric Functions of Any Angle.
If 9isin standard position, (x, y) apoint on thetermina sideand r = /x* + y? # 0, then:

r
sin0=X cschd=—,y#0
r y
X r
cos 0 = — sech=—, x+0
r X
X
tan0:¥,x¢0 cotf=—,y#+0
X y
You should know the signs of the trigonometric functions in each quadrant.

. . . 3
You should know the trigonometric function values of the quadrant angles O, E, ar, and 1

You should be able to find reference angles. 2 2
You should be able to evaluate trigonometric functions of any angle. (Use reference angles.)
You should know that the period of sine and cosineis 2.

You should know which trigonometric functions are odd and even.

Even: cosx and sec x

Odd: sinx, tan x, cot X, €sc X
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Solutions to Odd-Numbered Exercises

1@ xy =43 (b)

r=J16+9=5
sin(i'—x—§ csc(9—£—§
r 5 y 3
0080_5_5 szec(a?—i—§
r 5 X 4
tane?—)l—§ cot@—z—ﬂ
X 4 y 3
3@ (xy) =(-v3 -1 (b)
r=v3+1=2
sin6>=¥=—l csc@—£=—2
r 2 y
X -3 r —2J3
cosfh=—=—— 0=-=
r 2 X 3
tanezxzé cotezzz\/é
X 3 y
5. (xy) = (7,24
r= V49 + 576 = 25
sine—y—% CSCO_£_§
r 25 y 24
cos@—ﬁ—l 0—£ 2
r 25 X 7
tana—X—% cota—i—f
X 7 y 24
9. (x,y) = (—4,10)
r =16 + 100 = 2./29
n0—¥—5@ O_L_@
r 29 y 5
cosg X 2™ T V29
r 29 X 2
y X 2
tang === —— cotfd=-=—
X y 5
1 (xy) =(—29
r=J(-22+%=./4+81= .8
.y 9  9/8 _ /85
sm¢9—r JE- 8 csch = 9
X -2 2./85 r
COsa_r_\/@__SS o=~
tan0=¥:—9 ot =2=—
X 2 y

x,y) = (-8, —15)

r= 64 + 225 =17
siru9—¥——E cscf)—i——g
r 17 y 15
cose—ﬁ——f sec(a?—i——E
r 17 X 8
tan@—z—E cot@—z—E
X 8 y 15
xy) =(-22)
r=J4+4=2/2
2
sint9=X=i cch="= 2
r 2 y
2
cos(9=§=—£ secf)=£=— 2
r 2 X
tan0=X=—1 coté):z:—l
X y

7. (xy) = (5 —-12)
52+ (—-122= /25 + 144 = /169 = 1

r =

Y _ 12 _r__13
smo—r— 13 csc 0 y o
X 5 r 13
cosé)—lr—13 sect9—x—5
_y_ 12 _X__5
tane—x 5 cot 0 Y 1
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. 8sinf<0 O @Oliesin Quadrant Il or in Quadrant 1V.
cos <0 [0 6OliesinQuadrant Il or in Quadrant 1.
snf<0andcosf<0 [ 6 liesin Quadrant II1.

.8n6>0 O @liesin Quadrant | or in Quadrant II.
tan <0 O 6Oliesin Quadrant Il or in Quadrant IV.
snf#>0andtan #<0 O @liesin Quadrant II.

. cot® > 0/[7J #liesin Quadrant | or Quadrant 111
cos 6 > 0[] 6liesin Quadrant | or Quadrant IV
cot® > 0andcosh > 0[] 6liesin Quadrant |

27.

To find a point on the terminal side of 6,
use any point on the liney = —x that liesin
Quadrant Il. (=1, 1) is one such point.

x=-1y=1r= 2

. 1 2

sm0=\/§=\2[ csch = 2
1 J2

cosf=——72==—-— sech=—-2
7 ) 6=—2

tan6 = -1 cotg=—1

29.

To find a point on the terminal side of 6,
use any point on the liney = 2x that liesin
Quadrant I11. (=1, —2) is one such point.

x=-1y=-2r=.5

snpo 2 _ 2B V5
NG 5 -2
cos()z—iz—é sec@=£=
/5 5 -1
-2 -1
tanf=—=2 cotg=——=

|
=
|

3
.sin0=%=§D X2 =25-9=16 21, s§n6<0 O y<0
. -15
finQuadrant Il 0 x= —4 tan():g:TD r=17
sino—x—§ csc(;l—L—§ sint9—X——E csce—i——g
r 5 y 3 r 17 y 15
cose—f——il s;ec(:?—f——§ cosé)—f—E sec 0 = _ v
5 X 4 17 8
tane—x——§ cotg=-—=—— tan()—l/——E cot()—f——E
X 4 8 15
r 2 .
.sece=;=j1D yv=4—-1=3 25. sne=00 6=n7w
sng =200 y=.3 sscf=-10 0=
. 3 2J3 . 0 . .
sm9=X=£ csc0=£=7f sng=2="=0 csc 6 = - is undefines
r 2 y 3 ror y
1 —
cosH=§=—* sec0=£=—2 cos@=§=fr=—l sec@=£=—1
r 2 X r X
3 . .
tan0=X=—\/§ cot0=§=—£ tano=Y="=0 cot 0 = 2 is undefinec
X y 3 X y
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3L (xy) = (=10 33. (xy)=(0,1) 35. (xy) =(1,0
r 1 m X 0 r 1
secfr—x—_l— 1 cot2—y—1—0 sece—x—l—l
37. x,y) = (—=1,0) 39. 6 = 208°

cot 7 = § = —% undefined 0’ = 208° — 180° = 28

2P
41, 0= —245° 43. 9 = —292°
360° — 245° = 11%° (COtermi nal angle) 0’ = 360° — 292° = 68°
0’ = 180° — 115° = 65°
y
y
—zgz‘f o
v A .
¢ x |/
\\J—245°
45, 6 = £37T coterminal with %T 47. 6 =35
0’ =35— 7= 0.3584
0 =2m -7 :
3 3
it 0 >\/< 6.28
um
3
A :
k_r 0
49. 9 = —3.68 coterminal with 27w — 3.68 = 2.6032 51. 9’ = 45°,
0’ = 7 — (27 — 3.68) ~ 0.5384 Quadrant 11
2
y SiN225° = —sin45° = —f
2
Cc0s 225° = —cos45° = —\2[

tan 225° = tan45° =1

K_XS.GB
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53. # = —750° coterminal with 330°. Quadrant 1V 55. 6 = —240° coterminal with 120°. Quadrant I1

6’ = 360° — 330° = 30°
6’ = 180° — 120° = 60°

1
sin(—=750°) = —sin30° = —=
2 sin (— 240°) =sin60°=§
cos (—750°) = cos30° = ? 1
cos (—240°) = —cos60° = ~5
tan (—750°) = —tan 30° = /3
- ) tan (—240°) = —tan60° = — /3
57. 9 = %’T Quadrant IV 50, 9’ = 7—67, Quadrant 1V
, 57 _w om e T 1
0’ =2 3 "3 sm( 6) sm6 >
3
57\ _ . (m\_ 3 cos<—77> = cos 2 = /3
(55 -an(5) - oo
)l - D)
CcOoSs 3 = COS 3 = 2
(5] -en(5) -2
3 3
61. 6’ = — Quadrant Il 7
U=y 63. 0 = —%. Quadrant 11
gn 27 _ g7 V2
4 4 2 9/:167
COS— — = —COSs— = —Q
4 4”2 gn<_ﬁ>:gn(ﬂ):1
oAlmw 6 6) 2
4 B 4 B COS(—E> = —COS(E> = —73
6 6 2
7w\ _ 7\ _ /3
tan( 6)_ tan<6)— .
65. sin 10° ~ 0.1736 67. tan 240° ~ 1.7321
) —_—~ _ O _#,\,
69. cos(—110°) =~ —0.3420 71, sec(~280°) = 2807 ~ 7588
73. sin0.65 ~ 0.6052 75. tang ~ 0.3640
8w 1
77. Cﬂ:(—g) = <87T> =~ —2.9238
sn| ———
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1
79. (@) snf = > O reference angleis 30° organd 0 isin Quadrant | or Quadrant I1.

Valuesin degrees. 30°, 150°

m S5
Vauesinradian: —, —
uesin radian 6 6
1
(b) sing = > 0 referenceangleis 30° organdeisin Quadrant I11 or Quadrant 1V.

Values in degrees. 210°, 330°

Valuesin radians: %T %T

23 . .
8l. () csc O = \:( [0 reference angleis 60° or 33 and 6 isin Quadrant | or Quadrant I1.
Values in degrees. 60°, 120°
T 27
Vauesin radi -
uesin radians: 3 3
(b) cot 6 = —1 [ reference angleis45° or41and fisin Quadrant Il or Quadrant IV.

Vauesin degrees. 135°, 315°

37 T
Valuesinradians. —-, —-
uesi i 4 2
83. (&) secH = —27‘3@ [J reference angleisq—gor 30°, 85. sinf = 0.8191

Quadrant I: § = sin-10.8191 = 54.99°
Quadrant I1: = 180° — sin~10.8191 = 125.01°

and 6 isin Quadrant Il or Quadrant II1.

Value in degrees: 150°, 210°

. . S5mIm
Vauein radians: %' 6
1 LT o
(b) cos 6 = 5 ) referenceangle|s§ or 60°,

and 0 isin Quadrant Il or Quadrant I11.

Value in degrees: 120°, 240°
2w An
Vauein radians: 3' 3
87. tan 6 = 0.6524
Quadrant I: = tan=(0.6524) ~ 33.1204°

Quadrant I11: § = tan~(0.6524) + 180° =~ 213.1204°

89. sec = —1.2241 [] cos# = —0.8169 91. sin§ = —0.4793
Quadrant I1: 6 =~ 144.7783° Quadrant I11: 6 = 208.6397
Quadrant I11: 6 = 215.2217° Quadrant IV: 6 = 331.3603



203

PART I: Solutions to Odd-Numbered Exercises and Practice Tests

93. cos 6 = 0.9848 [1 6 = 10.0026°
Quadrant I: § = cos 1(0.9848) ~ 10.0026°
Quadrant IV: 6 = 360° — 10.0026° = 349.9974°

95. tan 6 = 1.192 [0 6 =~ 50.0058°
Quadrant I: § = tan—11.192 ~ 50.0058°
Quadrant I11: 6 = 180° + 50.0058° =~ 230.0058°

3
99. t = —
an 0 5
sec?9 =1+ tan 0
32
sec20=1+<>
2
9
sec2f=1+—
4
13
sec?h = —
=7
sec 6 <0in Quadrant I11.
J13
sech=—"_—
2
103. (@) t=1

2
T=45-2 11 -32)|=252°F
5 — 23 co 365( 3)} S
(b) t = 185
T = 45— 23cod 27(185 — 32) | ~ 65.1° F
B 365 '
(o t=291
T =145- 23co ﬁ(zgl—sz) ~ 50.8°F
365 '

107. False. sin (%T) # sin <£677>

97.

101.

siné):—g
sin?f + cos?h =1
cos?f =1—sn0
cog=1- (-
cofh=1-»
co? g = 3
cos 0 > 0in Quadrant 1V.
cost9=i51
coso—§
8
1
cosh=——101 = —
sec 0 cos 6
g L _8
" 5/8 5
. 6 6
105. sho=—-010 d=——
d sin
@ 6=30
6 6
= — =——— = 12 miles
sn30° (1/2)
(b) 6= 90°
6 6
= = — = 6 miles
snoo 1 '
(c) 6= 120°
6
d= ~ 6.9 miles
sin 120° '
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109. (a)

0 0°| 20° 40° 60° 80°
sin g 0 | 0.3420 | 0.6428 | 0.8660 | 0.9848
sin(180° — #) | 0 | 0.3420 | 0.6428 | 0.8660 | 0.9848
(b) It appearsthat sin 6 = sin(180° — 6) for al 6.
113 y = 2X71 y
x |-1]10 |1 |2 |3 57
y |a |2 |1 |2 |4 .l
I ntercept: (0, %) ( 1)2"
0, 1+
Asymptote: y = 0 _.;‘ ; «
2 - 1 2 3 4
-1+
115 y=In(x — 1)
Domainix —1>0 O x>1 3T E
21
x |11 | 15 | 2| 3 | 4 e M
y |-230|-069| 0 | 069|110 IRV REXE
Intercept: (2, 0) j '
Asymptote: x =1
117. 43*=726 119. Inx = —6
3 —x=log, 726 X = e 6 = 0.002479 =~ 0.002
In 726
x=3-—1log,726 = 3 — ina ~ —1.752
121. /7 123. -
3 7
0
0
3 = 24
aj 8 7  opp
cotg=—-=_ - L _ ¢
opp 3 N6 = 24 =
hyp = /8 + 32 = /73 hyp = V7?2 + 242 =25
sin@—%= 3 _3v/73 sine—Oppzl
hyp 73 73 hyp 25
_adj 8  8V73 _adi 24
cos 0 = o~ 3 73 cos 6 = hyp ~ 25
opp 3 adj 24
tan 6 adj 8 cot 6 opp 7
p— v _ V73 p—vp_ 25
adj 8 adj 24
opp 3 opp 7

111. Answerswill vary.



