510 Chapter 5 Trigonometric Functions

In Exercises 9-16, use the given triangles to evaluate each
expression. If necessary, express the value without a square root in
the denominator by rationalizing the denominator.

30°
? V3
3
45°
V2
1
45° 60° =
1 1
9. cos 30° 10. tan 30°
11. sec45° 12, csc 45°
T T
13. tang 14. cotg
T T T T
. sin— — cos — . tan — + csc—
15. sin 7 cos 2 16. tan 4 csc 6

In Exercises 17-20, 0 is an acute angle and sin 6 and cos 8 are
given. Use identities to find tan 6, csc 0, sec 8, and cot 6. Where
necessary, rationalize denominators.

’ 8 15
17. sing = 17 cosf = 7
3 4
18. sin0=§, c050=§
1 2V2
19. sin9=§, cosO=T\/_
20. sin0=9, cos9=—'B'
7 7 -

In Exercises 21-24, 6 is an acute angle and sin 6 is given. Use the
Pythagorean identity sin? @ + cos®* § = 1 to find cos 0.

21. sin @ =g 22. sin @ =%
23, sin0=~8ig i 24, sin6=%

In Exercises 25-30, use an identity to find the value of each
expression. Do not use a calculator.

25, sin 37° csc 37° 26. cos 53" sec 53°

27. si? ~ + cos? — T+ cos?
sin 9 cos 9 28. sin? 0 cos? 10

29. sec?23° — tan?23° 30. csc?63° — cot? 63°
In Exercises 31-38, find a cofunction with the same value as the

given expression.

31. sin7° 32. sin 19°
33. csc25° 34, csc35°
35. tan% 36. tan%
2qr 37
37. cos 5 38. cos 'y

In Exercises 39-48, use a calculator to find the value of f’le X
trigonometric function to four decimal places.

39. sin 38° 40. cos21°
41. tan 32.7° 42. tan 52.67

43. csc17° 44, sec 55°

T 3

45. cos 10 46. sin 10

o

47. cotﬁ 48. cotﬁ

In Exercises 49-54, find the measure of the side of the right 1 zang[e

whose length is designated by a lowercase letter. Round answers 1 iy i
the nearest whole number. &
49, B 50. B
£
a
a
i3 250 cm
61°
2 10em C
51. B 52.
220in. 3m ‘ ;
340
4 A i
Ay
53. B e
16m R
C A .-'.. .-.|‘
e -
L L g
54, B .
51 I'-.
23 yd B 7
i .
A T
. ﬁ: .
In Exercises 55-58, use a calculator to find the value of the ac® =
angle 0 to the nearest degree. il o
55. sin 6 = 0.2974 56. cos 6 = 0.8771 I
57. tan g = 4.6252 58. tan 6 = 26.0307 ,; s
[{ -‘:-
In Exercises 59-62, use a calculator to find the value of the aC’"gf .
angle 0 in radians, rounded to three decimal places. :' ’
59. cos 0 = 0.4112 60. sin 6 = 0.9499 i e
RG
61. tan § = 0.4169 62. tan§ = 0.5117 o 1
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oy fxercise Set 5.3

P;.actic‘-' Exercises 67. sin %71 68. cos 3777 69. csc —761
! ercises 1-8, a point on the terminal side of angle 8 is given. Tm 9 97
L ﬁ,,%‘the ovact value of each of the six trigonometric functions of 8. 70. cot -, 71 tan-~ 72. tan—-
i 2. (-12,5 3.(2,3 ‘ .
1. (’4’3) ( ) 2.3) 73. sin(-240°)  74. sin(—2257) 75. tan(—z)
) 5. (3,-3) 6. (5,-5) 4
3 T
7. (2. -3) 8. (—1,-3) 76. tan(—g) 77. sec 495° 78. sec 510°
In Exercises 9-16, evaluate the trigonometric function at the 79. cot 197 80. cotp—w 81. COSE’T_
wadrantal angle, or state that the expression is undefined. 6 3 4
. 357 17w 17
g, cOS T 10. tan 7 11, secw 82. COST 83. tan 6 84. tan 7
1 37 37
- r 13. tan —- 14, cos —- 7 5
; =™ 2 2 8s. sin(— 1—7T> 86. sin<—3—7—>
3 tf 16. tan — 3 6
13, co 2 2

I Exercises 17-22, let @ be an angle in standard position. Practice Plus

wadrant in which 8 lies. ) . .
Name the g In Evercises 87-92, find the exact value of each expression. Write

{.sinf > 0, cosé >0 18. sinf < 0, cosf >0 the answer as a single fraction. Do not use a calculator.
19. sinf < 0, cosf <0 20, tanf < 0, sinf <0 T . 37
87. sin — cOs 7 — COS  sin —~
~ gt.tanf < 0, cos§ <0 22. cot8 > 0, secf <0 3 3 2
. . =
In Exercises 23—34,.ﬁnd the exact value of each of the remaining 88. sin 4 08 0 - sin 5 oS T
frigonometric functions of 6. 5. o 1 s5m N 1m S5m
B cos§ = —%, 6inquadrantIll - §in = C0S ~ 7 F €OS T TSI g
c o 12 : 1 5 17 5
£ 24, sin 0 e 6 in quadrant III 90. sin 17 cos X + cos 2T in 2
| 15.sin6 =3, 6inquadrantIl 3 4 3 4
| % cosb= i, 6inquadrant1V 91. sin 3_2" tan(--%i) - cos(—%)
| 2 cosf =%, 270° <6 < 360°
1 . 3w 8 S
—x | B.cos= %, 270° < § < 360° 92. smTtan = + cos| =~
7 29.tan0=—§, sing >0 30. tan0=—%, sing > 0
4§ Ntang=1%, cosf <0 32. tanf =35, cosf <0 In Exercises 93-98, let
i = sinx, g(x) = x,and h(x) = 2x.
| B.seco= -3, tang >0 34, csc@ = —4, tan@ >0 f(x) = sinx, g(x) = cosx,an

Find the exact value of each expression. Do not use a calculator.
In Exercises 35-60, find the reference angle for each angle.

CB160°

93. f(%r + %) + f(%z) + f(%)

I Exercises 61-86, use reference angles to find the exact value of

3 tach expression. Do not use a calculator. 101 sin 6 = ___\/_5 102. cos 8 = 1
bl cos 2257 62. sin 300° 63. tan 210° 2 2\[
3
—_— 8. sec 240° 65. tan 420° 66. tan 405° 103. tan§ = —V/3 104. tan 6 = ——~

i 36, 170° 37, 205°
1 %20 39. 355° 40. 351° PI— (577 (77
4. gl —+— ) +gl— )+l <
0 2T e ’ g(e 6) 8 6) gé)
5 177 117
e = 45. —150° 46. —250° 95. (he g)(—3—) 96. (h ° f)<7>
'L 335 48. —359° 49. 4.7 Sm
ions ‘.J 50, 55 51 565° 52, 553° 97. the average rate of change of f from x; = e to x3
| e 11 23
83, == 54 -0 &2
54. 4 55. 4 98. the average rate of change of g from x; = %—:1 tox, =7
5 117 57. — " 58 — =
3 ’ 4 ) 6 In Exercises 99-104, find two values of 6,0 = 6 < 2m, that satisfy
y, 27 60. — 13w each equation.
3
1
99, sinf = —\g—i 100. cos§ = 3
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Summary, Review, and Test 601

gtudy TiP
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h of the essential information in this chapter can be found in three places:

. study Tip on page 524, showing special angles and how to obtain exact values of trigonometric functions at these angles
» Table 5.6 on page 566, showing the graphs of the six trigonometric functions, with their domains, ranges, and periods
» Table 5.10 on page 578, showing graphs of the three basic inverse trigonometric functions, with their domains and ranges.

Make
the inf

copies of these pages and mount them on cardstock. Use this reference sheet as you work the review exercises until you have all
ormation on the reference sheet memorized for the chapter test.

Review Exercises
ReVIET

5.1
1, Find the radian measure of the central angle of a circle of radius
6 centimeters that intercepts an arc of length 27 centimeters.

In Exercises 2—4, convert each angle in degrees to radians. Express
your answer as a multiple of .

2. 15° 3. 120° 4. 315°

In Exercises 5-7, convert each angle in radians to degrees.
57 6. I g 7
= © s "

In Exercises 8-12, draw each angle in standard position.
5w 27 8
— 9, ——— 10. —

5% 3 3

11, 190° 12. —135°

In Exercises 13—17, find a positive angle less than 360° or 27 that is
coterminal with the given angle.

13. 400° 14. —445° 15, 27
"6 )

18. Find the length of the arc on a circle of radius 10 feet
intercepted by a 135° central angle. Express arc length in
terms of 7. Then round your answer to two decimal places.

19. The angular speed of a propeller on a wind generator is
10.3 revolutions per minute. Express this angular speed in
radians per minute.

20. The propeller of an airplane has a radius of 3 feet. The
propeller is rotating at 2250 revolutions per minute. Find the
linear Eiaeed, in feet per minute, of the tip of the propeller.

5.2

2l. Use the triangle to find each of the six trigonometric
functions of 6.

B
5

[
A 8 c

In Exercises 22-25, find the exact value of each expression. Do not
use a calculator.

2 sin” + tan? = 23. cos® T — tan? ©
n6 tan3 cos4 tan4

TR S . 05 2T sec 2
c5 tan5 25cosgsec9

2V1
2. 1f 6 is an acute angle and sin 6 = — s use the identity

sin @ + cos’ 6 = 1 to find cos 6.

4

In Exercises 27-28, find a cofunction with the same value as the
given expression.

27. sin 70° 28. cosE

2

In Exercises 29-31, find the measure of the side of the right triangle
whose length is designated by a lowercase letter. Round answers to
the nearest whole number.

29,
B
a
23°
4 100 mm c
30 B 31. B
50 in.
¢ a
20 cm
o C = A
A c

32, Ifsinf = %and 0 is acute, find tan(% = 0).
33. A hiker climbs for a half mile up a slope whose inclination is
17°. How many feet of altitude, to the nearest foot, does the

hiker gain?
34. To find the distance across a lake, a surveyor took the

measurements in the figure shown. What is the distance
across the lake? Round to the nearest meter.

35. When a six-foot pole casts a four-foot shadow, what is the angle
of elevation of the sun? Round to the nearest whole degree.
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602 Chapter 5 Trigonometric Functions

5.3and 5.4

In Exercises 36-37, a point on the terminal side of angle 8 is given.
Find the exact value of each of the six trigonometric functions of 6,
or state that the function is undefined.

36. (—1,=5) 37. (0, -1)

In Exercises 38-39, let 8 be an angle in standard position. Name
the quadrant in which 9 lies.

38. tanf® > 0 andsecd > 0 39. tanf >0 and cosf <0

In Exercises 40-42, find the exact value of each of the remaining
trigonometric functions of 8.

40. cos 8 = sm0<0
42, cot6—3,cose <0

41. tan @ = —%,sine >0

In Exercises 43—47, find the reference angle for each angle.
S

43. 265° 44, 3 45, —410°
174 117
46. 6 47, — 3

In Exercises 48-58, find the exact value of each expression. Do not
use a calculator.

48. sin 240° 49, tan 120° 50. sec’%
51. coslléz 52, cot(—210°) 53, csc<—2?ﬂ-)
54, sin<—§> 55, sin 495° 56. tanBT"
2 357
57. sinzTW 58. cos(—— 6ﬂr>
5.5 ;

P
In Exercises 59-64, determine the amplitude and period of each
function. Then graph one period of the function.

59. y = 3sin4x 60. y=-=2 cos 2x

1 ) 1. @

6L y = = .y = —sin—
y 2c052t 62, y 5 sinzx
63. y = —sinwx 64. y=3cos§-

In Exercises 65-69, determine the amplitude, period, and phase
shift of each function. Then graph one period of the function.

66. y = =3 cos(x + )

5:¢ T
68. y—ism<2x+ 2)

65. y = 2sin(x — )

(o3

69. y=-3 sin(%x - 377)

67. y = %cos

In Exercises 70-71, use a vertical shift to graph one period of
the function.

70, y =sin2x + 1
72. The function

71.

y= 2cos%x -2
117
ey St

12 12 )

models variation in body temperature, y, in °F, x hours after
midnight.

y—986+03sm<

What is body temperature at midnight?

What is the period of the body temperature cycle?

When is body temperature highest? What is the body
teriperature at this time?

Wh}h is body temperature lowest? What is the body
t( mperature at this time?

e. Graph one period of the body temperature function.

73. Lighf/;v?ves can be modeled by sine functions. The grap
show waves of red and blue light. Write an equation in the

form y = A sin Bx that models each of these light waves, ?n Ex
y
it /Y\
7120 200 \ 32X\ 400 / 520 6Qf" 72N 800 In Ex
ometers ' Roun
-1+ -': neare

5.6 ?
|
In Exercises 74-80, graph two full periods of the given tangent or {J
cotangent function. A
74. y = 4tan2x 75. y = —2tan %x ]
)

x - —

7. y = —tan( 4

76. y = tan(x + )

ks 1
78. y = 2cot3x 79.y=—§cot2x

80. y=2 cot(x + %)

In Exercises 81-84, graph two full periods of the given cosecanto
secant function. :
81. y = 3sec2mx 82. y = —2cscmx
83. y = 3sec(x + 7) 84, y = %csc(x - )
5.7

In Exercises 85-103, find the exact value of each expresszon D" p ¥
not use a calculator.

85. sin11 86. cos ™!

tan 11 88.

cos~ (

COS(Sl

tan[sm 1
1
csc(tan

87.

89.

)

(-

[\

91. . sin(cos™! 0)

. tanlicos"1<—
cos(tan"1 g)
: 4

)
)]
)

93.

NIP—*

95.

-5



