Chapter 4 Trigonometry
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(b) determine the qua
() determine twoO coter

one negative).
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3. —110° 4. 280°
o Radians In Exercises

Converting from Degreest |
5-8, convertl the degree mea
Round to three decimal places.

5. 450° 6. 190°
b = L g. —112°
Converting from Radians to Degrees In Exercises

measure to degree measure.

9-12, convert the radian
es, if necessary-.

Round to three decimal plac

3 117
9. 0 10. Q
11. =35 12. 5.,

S” Form In Exercises 13 and

Converting to D° M’
D°M'S” form.

14, convert the angle measure to

13. 1984° 14..— 5965

15. Arc Length Find the length of the arc on a circle of
radius 20 inches intercepted by a central angle of 138°.

16. Phonograph Phonograph records are vinyl discs
that rotate on a turntable. A typical record album 1S

12 inches in diameter and plays at 33% revolutions per

minute.
(a) Find the angular speed of a record album.

(b) Find the linear speed (in inches per minute) of the
outer edge of a record album.

Area of a Sector of a Circle In Exercises 17 and
18, find the area of the sector of a circle of radius r and

central angle 0.

Central Angle 0
150°

21 /3 radians

Radius r
17. 20 inches

18. 7.5 millimeters

m Finding a Point on '

. the Unit Ci

Exercises 19-22, find the point (x,y) on the 1::1(1:: ecirclln
e

that corresponds to the real number ¢.

19. 1 = 271/3 0, e
2, t=Tn/6 22. 1 = —4n/3
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(if possible) the six trigon()mets:S
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6. CcOS 4

: 137

28. sm( .
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r In Exercises 29-32, use g
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Usin
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. the correct mode.)
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30. sm( 9)

B9 csc 10,0

31. tan 33

PE] Evaluating Trigonomet
Exercises 33 and 34, find the exact

trigonometric functions of the angle 0.

ric Functions In
values of the six

33.

S

Using a Calculator In Exercises 35-35; use 2
calculator to evaluate the trigonometric function. Round
e the

your ansvs:er to four decimal places. (Be sur
calculator is in the correct mode.)

35. °
5 tan o3 36. sec 79.3"
490t Lok 19, 38. cos 78° 11" 58

Applying Trigonometric ldentities In Exercis®
d the

39 a

trigo:ll:)1 40’. e the given function value 2%

indicatn(:etr.l ¢ identities to find the exact value of eacl
€d trigonometric function.

39. S1n O = %
R (b) cos 6
() sec 6 (d

40, CSC O = 5 ) tan 0
(@) sin @ o
(C) o 9 ) cot 6

(d) sec(90° — 0)



tric Functions |

N
Xact values of the sy

ole 0.

ercises 35-38, ust (211
netric function. Roun

places. (Be sure the
|

»c 79.3°
b 78° 11’58

41. Ra"road Grade

straight tracy e A train travels 3.5 kilometers on a
the verticyq) rise of thgrade O 1.2° (see figure). What is

angle
43. (12, 16) 44. (3, __4)
45. (0.3, 0.4) 46. (-2 —2)

Evaluating Trigonometric Functions Inp Exercises
47-50, find the exact values of the remaining five

trigonometric functions of 6 satisfying the given
conditions.

47. sec 0 = 2, tan 6 < O
48. csc 0 = % cos @ <0
49. cos 6 = %, sin 6 > 0

50. sinf = —3, cosf > 0

Finding a Reference Angle In Exercises 51-54,

find the reference angle 0'. Sketch 0 in standard position
and label 6'.

S1. 6 = 264°
53. 6 = —67/5

820 — 635
54. 6 = 177/3

Using a Reference Angle In Exercises 55-38,
evaluate the sine, cosine, and tangent of the angle
without using a calculator.

55, =150°
37. n/3

56. 495°
58. —5m/4

Using a Calculator In Exercises 59-62, use a
Calculator to evaluate the trigonometric function. Round
your answer to four decimal places. (Be sure the

Caleulator is in the correct mode.)
59. sin 106°

60. tan 37°

61. tan(—17,/15)

62. cos(—257/7)

unction |p Exercises 63-68,

Review Exercises 341

g the Graph of a Sine or Cosine

function, (Include two full periodsslj{)e‘zCh e
63. y = sin Ox

04. f(x) = —cos 3x

05. y = 5 + sin 7x

66. y = —4 — cos nx

67.

68.
69.

70.

g(t) = 3 sin(r — 19,
8(t) = 3 cos(t + n)

Sound Waves Sound waves can be modeled using

sine functions of the form Yy = asin bx, where x is
measured 1n seconds.

(a) Write an equation of a sound wave whose amplitude
1S 2 and whose period is ﬁ second.

(b) What is the frequency of the sound wave described
in part (a)?

Mleteorology The times S of sunset (Greenwich
Mean Time) at 40° north latitude on the 15th of each

month starting with January are: 16:59. 17:35, 18:06,
18:38, 19:08, 19:30, 19:28, 18:57, 18:10, 17:21, 16:44,
and 16:36. A model (in which minutes have been
converted to the decimal parts of an hour) for the data is

S(H) = 18.10 — 141 'sin(’g | 1.55)

where ¢ represents the month, with t = 1 corresponding
to January. (Source: NOAA)

; (a) Use a graphing utility to graph the data and the

model in the same viewing window.

(b) What is the period of the model? Is it what you
expected? Explain.

(c) What 1s the amplitude of the model? What does it
represent 1n the context of the problem?

m Sketching the Graph of a Trigonometric
Function In Exercises 71-74, sketch the graph of the
function. (Include two full periods.)

71.. (1) = tan(t | g) 72. f(x) = —;-cotx
73. f(x) = -;—csc% 74. h(t) = sec(t = %)

A8 Analyzing a Damped Trigonometric Graph In
 Exercises 75 and 76, use a graphing utility to graph

the function and the damping factor of the function in
the same viewing window. Describe the behavior of the

function as x increases without bound.

75. f(x) = x cosx
76. g(x) = e*cosx




342 Chapter 4 Trigonometry 96. Wave Motion A fishing bobber oscj.

- etric , ic motion because of the wyye, .

‘ an Inverse Trigonom simple harmonit RIS inche. . @

Evaluating ! -7_80, find the exact value of 1ake. The bobber moves 4 €S from i
Function In Exercises //=9%

low point to 1tS high point and returns (o its high Poin
the S every 3 seconds. Write an equation that deSCFibeg

: ber, where the h; -
Jds arcsin(— 1) the motion of thCo bob g 12h POin
to the ttme 7 = V.

corresponds

Exploration

e? In Exercises 97 and 98, detery;,

: : ions rue or Fals : :
Calculators and Inverse Trigonometric Functio T tement is true or false. Justify Your

! e sta
In Exercises 81-84, use a calculator to approximate the whether th
value of the expression, if possible. Round your result to answer.

e &0 ction because sin 30° = sip 15y
two decimal places. 97. y = sin @ is not fun (°

81. tan—'(—1.3) 08. Because tan(377/4) = — 1, arctan(— 1) = 37/4,
82. arccos 0.372
83. arccot 15.5
84. arccsc(—4.03)

99. Writing Describe the behavior of f(0) = sec§ y
the zeros of g(0) = cos 6. Explain.
100. Conjecture
B8 Graphing an Inverse Trigonometric Function In AY (2) Use a graphing utility to complete the table.
Exercises 85 and 86, use a graphing utility to graph the
function. 0 04 0./ | 1.0 |13
#
85. f(x) = arctan(x/2) ( )
tan{ O

T
86. f(x) = —arcsin 2x o

Evaluating a Composition of Functions In —cot 0
Exercises 87-90, find the exact value of the expression.

87. coslarctan é) (b) Make a conjecture about the relationship between
: tan[6 — (7/2)] and —cot 6.
88. tan(arccos g)

12 101. Writing When graphing the sine and cosine
39. sec(arctan g)

functions, determining the amplitude is part of the
90. cot[arcsin(—-lz)]

13 analysis. Explain why this is not true for the other four
trigonometric functions.

¥ Writing an Expression In Exercises 91 and 92,

. . 102.
write an algebraic expression that i

Oscillation of a Spring A weight is suspended
given expression.

frorg a ceiling by a steel spring. The weight is litec
O t. 1 1 - L - ‘l 5 p
91. tan[arccos(x /2)] posiive direction) from the equilibrium position anc

92 [arcsi ‘ released. The resulting motion of the wei ght 1S modeled
. sec|arcsin(x — 1)] by Y = Ae ¥ cos by — %e—z/lo e vhere v is the
B O T e il Brivirn ard £ s the time (if

OWS the graph of the function.

: Ing, describe the change 1n (Ne
ra .
Sy iout graphing the resulting function.

(@) A is changed from 1 to %
(b) k is changed from
(€) b is changed from

S equivalent to the

14 I
10 to 3.
6to9

Y




392 Chapter 5 Analytic Trigonometry

- ial help and worked-out solutions to odd-numbereg eXergjs
. see CalcChat.com for tutoria By
Review Exercises

m Recognizing a Fundamental Ide.ntity I.n
Exercises 1-4, name the trigonometric function that 1S

equivalent to the expression.

- |
COS X 9. .
SIN X COS X

3. sin(% = x) 4. Jcot? x + |

1.

Using ldentities to Evaluate a Function In
Exercises 5 and 6, use the given conditions and
fundamental trigonometric identities to find the values
of all six trigonometric functions.

; :
S5.1c0S 0 = =5, tan 0 > 0 6. cotx ="~ CoSxE< 0

Simplifying a Trigonometric Expression In
Exercises 7-16, use the fundamental trigonometric
identities to simplify the expression. (There is more than
one correct form of each answer.)

] tan 6
1k S. 5
cot’ x + 1 1 — cos? @

9. tan®x(csc?x — 1) 10. cot?x(sin? x)

T
CO[(E 4 u) sec’(—0)
11. 12: >
COS U csc- 6

13. cos?x + cos?x cot? x 14. (tan x + 1)2 cos x

] ] tan?
15. an- x

cscO+1 csch—1 16°1+secx

Trigonometric Substitution In Exercises 17 and
18, use the trigonometric substitution to write the

algebraic expression as a trigonometric function of 0,
where 0 < 6 < 7/2.

17. /25 — 22 x=5sin8 18 VX2 —16,% = 4 se0 0

5.2 Verifying a Trigonometric Identity 1In
Exercises 19-26, verify the identity.

19. cos x(tan? x + ) = sec x

20. sec? x cot x — COl X = tan x
25
21 sm(z — 9) tan 6 = sin A

22,

23

285,
26.

[E] Solving a Trigonometric Equati,,
Exercises 27-32, solve the equation.

27. sinx = /3 — sinx
29. 3 /3tanu = 3
31. 3csccx-=4

Solving a Trigonometric Equation [ Exercige,
33-42, find all solutions of the equation in the Interyy)

10, 27).
33. sin’ x = sinx 34. 2 cos®x + 3cosx =
35. cos?x + sinx = 1 36. sin®x + 2 cos x =9

X

+ 1 =
: 0

37 281N ks \/5 = () 38. 2 cos

3
41. cos4dx(cosx — 1) =0  42. 3csc25x = —4

8958 tanz(f) —1:=.0 40. /3 tan 3x =

Using Inverse Functions In Exercises 43-46, solve
the equation.

43. tan’x — 2tanx = 0

44.52 tans wve=i3itan x — — |

45. tan’ 6 + tan O — 6 = (

46. sec’x + 6tanx + 4 = (

m Evaluating Trigonometric Functions In
Exercises 47-50, find the exact values of the sine, cosine,
and tangent of the angle.

47. 75° =:120° ~ 45° 48. 375° = 135° + 240°

49, 27 _ lln ]. 50, 197 _ llm _m
12 4

S1. sin 60° cos 45° — cos 60° sin 45°

59 tan 68° — tan 115°
I + tan 68° tan 115°

EVa|L!ating a Trigonometric Expressi
Exercises 53-56, find the €xact value of the trigonon

sebiaenelven that tapi= 3oy oo —z. (u

Quadrant I and » IS in Quadrant I11.)

S3. sin(u + )
54

DN
56




uation

2 COS?% x +
: X 3(:()5.\ =~

\

a2 o
BN - 2 COS x = 9

X

P CO0S — +
) |

i)

—
——

Y3 tan 3x = 0

S

cscz 5x = —4

n Exercises 43—-46. solve

g a Trigonometric Identity In Exercises

yerifyin Lhedhiy
57-60, verify the identity.
A ..T_I.. s B © Y > 5 T
g§7. COS X ) = —SInX 3. tan| x — —?:) — —cotx
59. tan(7m ~ A = ey 60. sin(x — ) = —sinx

. 2 Trigonometric Equation In Exercises

golving
61 and 62, find all solutions of the equation in the
interval 10, 27).
' ('—l-l\)—%ln('—-?—r—)-— |
61. sin\ X T ~ B
(-+ g_r_) = cos(\' — E) =1
62. COS\X T ¢ S\ - 6

ons Involving Double
64, use the given conditions
1, coS 2u, and tan 2u using

luating Functi
In Exercises 63 and

exact values of sin 21

to find the

the double-angle formulas.

63. sin U =%, Di< u < m/2

64. cos U = —2/\/3, T2 U = T

Verifying a Trigonometric Identity In Exercises
double-angle formulas to verify the

65 and 66, use the .
identity algebraically and usS hing utility to
confirm your result graphically.

— 4cosxs'mx

e a grap

65. sin 4x = R cos> X SIn X

s In Exercises 67 and 68, .

Reducing Power
ulas to rewrite the expressl

power-reducing form

terms of first powers of the cosINES of multiple angles.

68. sin? X cOS* X

67. tan” 3x

use the
on 1N

Review Exercises 393

Using Product-to-Sum Formulas In Exercises 75
and 76, use the product-to-sum formulas to rewrite the

product as a sum Or difference.

75. cos 40 sin 60

76. 2 sin 76 coS 36

mulas In Exercises 77

Using Sum-to-Product For
formulas to rewrite the

and 78, use the sum-to-product
sum or difference as a product.

77. cos 60 + COS 56

78. sin 3x — Sin X

n A baseball leaves the hand of a
at an angle of 0 with the horizontal
— 80 feet per second. A
tches the ball.

79. Projectile Motio

player at first base
and at an initial velocity of Vg
player at second base 100 feet away Ca

Find 6 when the range of a projectile 1S

cattle 1s 4 meters

les triangles with
figure). The angle

trough for feeding
ctions are 1S0Sce

the two equal s Ing
between the twoO sides 1

function of /2.

of the trough as @

(a) Write the volume
1 e volume of th




