Chapter S Trigonometric Functions

5.1 Angles and Their Measure
5.1 Practice Problems

1. 4

TN

2.a. 13°922" = (13 +i+ EJ" =13.16°
60 3600

b. 41.275°=41°+0.275(60") = 41°+16.5
=41°+16"+0.5(60") = 41°16"30”

3. —45°=-45.7 —_ 7 Ladians
180 4

4, 37 _37 180 o0
2 2
5. complement: 90° — 67° = 23°
supplement: 180° — 67° = 113°

6. First convert the angle measurement from
degrees to radians:

2250 = 225°( % | = 2% radians .
180°) 4

Then, s=r0 = 2(5_71'):5_”: 7.85 m
4 2

7. The difference in the latitudes is
41°51’ —30°25" =11°26"
= 11°+(§)° =~11.43°
60

- 11.43°[LJ
180°

= (0.1995 radians
s =0.1995-3960 = 790 miles.

8. First convert the angle measurement from

degrees to radians: 8 =60°- =z radians .
180° 3
a=L29-1002. 2397 55 36402
2 2 3 3

9. First convert revolutions per minute into radians
per minute:
18 revolutions per minute = 18- 27 =367
radians per minute. Thus, the angular speed
w =367 radians per minute.
To find the linear speed, use the formula
v=rw: v=10-367 =360z radians per
minute or about 1131 feet per minute.

5.1 Basic Concepts and Skills

1. A negative angle is formed by rotating the
initial side in the clockwise direction.

2. An angle is in standard position if its vertex is at
the origin of a coordinate system and its initial
side lie on the positive x-axis.

3. One second (1") is one-sixtieth of a minute.

4. False. One radian = @" =57.3°.
T

5. True. The circumference of the circle
=2zr=27-1=27 =628 m.

6. True. Acute angles measure more than 0° and
less than 90°.

7. y

30°

\150o
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452 Chapter 5 Trigonometric Functions

9. y 45
15. 70°45" =| 70+ — |° =70.75°
60
, 38
16. 38°38 =|38+— |°=38.63°
/—120" 60
17. 23°42'30” = 23+£+i °=23.71°
60 3600
. ¥
10 18. 45°50°50” =| 45 +@+i ©=45.85°
60 3600
—330°,
/ 19. —15°42’57”:—[15+£+i)oz—15.72°
kj x 60 3600
20. -70°18'13” = —(70 +§+£JO =~ -70.30°
60 3600
11. y 21. 27.32°=27°+0.32(60") =27°+19.2’

=27°+19"+0.2(60") = 27°19"12”

S

3ﬁ\ 22. 120.64° =120°+0.64(60") =120° + 38.4’
=120°+38"+0.4(60”) =120°38"24"

23. 13.347°=13°40.347(60") = 13° +20.82’
=13°+20"+0.82(60") = 13°20'49”

24. 110.433°=110°+0.433(60") =110° + 25.98’

12. Y =110°+25"+0.98(60”) =110°25"59”
Ux 25. 19.0511°=19°+0.0511(60") =19° + 3.066’
6 C\ =19°+3"+0.066(60") =19°3'4"
X

26. 82.7272°=82°+0.7272(60") = 82° + 43.632’
=82°4+43"+0.632(60") = 82°43"38”

27. 20°=20-2 = g radian

13. y 180
V4 27 .
28. 40°=40-—— = — radian
180 9
X
N 29. —180° = —180-—— = —7 radian

30. —210°= —210-2 =~ 17 tadians

1
14. y 80 6
31 315223152 = 77 radians
180 4
13 T/ x 32. 330°= 330-% = HT” radians

33. 480° =480 = 3% Ladians
180 3
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34. 450°=450- —:5—” radians 48.
180 2
35, —510°=—510-% = — 77 1 dians
180 6
T T .
36. —420° = —-420-—— = —— radians
180 3
T _ 7T 180
37. —15°
2 12 7 49.
38, 37[ 3 180_67 50
8 8 T
39. 222 22 180000
9 9
40, -3ZE 37180 g4
10 10 =z 50.
41, 2% 7 180 S0
3 3
g, Uz 1z 180 ..
6 6 &
43, T 180 4spe
2 2 7
aa, T2 177 10 _ 5100
6 6 ya 51.
g5, -z _Hm IS0 45
4 4 T
46, _JF__T7 180 _ h0e
3 3

127° = 1270( i J 2.22 radians
180°

1570
2. 21656815
T .
—84° = —-84°| —— | = —1.47 radians
180°
—oAn
-1, 466ATESTE
~175° = -175°| =& ) ~ —3.05 radians
180°
7ee
-3, B54326191

For exercises 51-54, make sure your calculator is in
Degree mode.

For exercises 47-50, make sure your calculator is in

Radian mode.

47. 12°=12°( - |~ 0.21 radian
180°

[=]

2E34395182

52,

53.

0.94 radians = 0.94 ( 180
T

j: 53.86°

ra

23.835883274

5 radians = 5(180
T

Jz 286.48°

SI"

286, 4722976

—8.21 radians = —8.21(180 J = —470.40°
V.4
-2.21F
-47H. 3923492
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454 Chapter 5 Trigonometric Functions
. 180° 66. First convert the angle measurement from
54. —6.28 radians = —6.28 = —359.82° jn 1197
7 degrees to radians: 357° = 357°( j =—
T T 180° 60
-359. 8174953 Then
s=r0=5=07- 07 85 3o m
60 60
67. s=r0=5s5=65-12=78m
55. complement: 43°; supplement: 133°
68. s=r0=s=6-—=rx=3142m
56. complement: 15°; supplement: 105° 6
57. complement: none because the measure of the 69. v=rw=v=6-10=60 m/min
angle is greater than 90°; supplement: 60°
70. v=rw =v=3.2-5=16 ft/sec
58. complement: none because the measure of the )
angle is greater than 90°; supplement: 20° 71. v=ro = 20=10w = @ = 2 radians/sec
59. complement: none because the measure of the

60.

angle is greater than 90°; supplement: none
because the measure of the angle is greater than
180°

complement: none because the measure of the
angle is negative; supplement: none because the
measure of the angle is negative

. K
In exercises 61-76, use the formulas s =rf,v =—,
t

a)=§,v=ra), and A=%r26 where € is the

radian measure of the central angle that intercepts an
arc of length s in a circle of radius r, v is the linear
velocity, @ is the angular velocity, A is the area of a
sector of the circle, and 7 is the time.

61.

62.

63.

64.

65.

s:rH:>7:259:>9:%:0.28radian

s=r49=>6=5«9=>6=g=1.2radians

s=rf =22=10.50 =

= ﬁ = ﬂ = 2.095 radians
10.5 21

s=r6:>120=606:>0=%=2radians

First convert the angle measurement from

180°) 36

Then s=r¢9:>s=3-5—”=5—”z1.309 m.
36 12

degrees to radians: 25° = 25°( il j o7

72.

73.

74.

75.

76.

v=rw=10=60w = w = % radians/min

a=1205 1002 4220002
2 2
First convert the angle measurement from

degrees to radians:

60° = 600( i
180°

j -z radians
3

A=lr29:>A=l(1_52) z =3—”z1.178 it
2 2 3 8

First convert the angle measurement from
degrees to radians:

60° = 60°| —2— | = Z radians
180°) 3
A=lr26=>20=l-£r2 =>@=r2 =
2 23 T

r:J@ = 6.180 ft
V4

A=%r2€=>60=l-2r2=>60=r2=>

r=+60 =215 =7.746 m

5.1 Applying the Concepts

71.

Three-quarters of a revolution is 37/2 radians.
So the arc length (the distance the car moves) is

s=rf = 15(%) = 70.69 inches
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Section 5.1 Angles and Their Measure 455

78.

79.

80.

81.

82.

83.

84.

85.a.

First convert the angle measurement from
degrees to radians:

! = ii = (0.00029 radians .
60° 60 180

Then 1 nautical mile is
s =rf =3960(0.00029) =1.15 statute mile .

6:1,:

The hands of the clock form an angle of
2 360°= 12007
12 180°

= 2—” radians .
3

The hands of the clock form an angle of

7 360°=210°—"— = 77 radians .
12 180° 6

First convert the angle measurement from
degrees to radians:
6 =25°. T _ Sz radians . Using s =rf =
180° 36
A 9in > d=18in,
36 r
First convert the angle measurement from
degrees to radians: 6 =30°- r _Z radians .
180° 6
Z o s=2621t
6 5

The arc length is 6 inches and the radius is 4

inches, so 0 = g =1.5 radians .
180 , SO 9:1.5(180 j:86°.
T T

First convert the angle measurement from
degrees to radians:
V4
180°
27 s

o o84t
3740

1 radian =

0=120°-

= 2—” radians
3

40 ft

&

The linear speed, v, of the larger pulley is 600
inches per minute. To find the angular speed,
use the formula v = ro = 600 = 5w =

w =120 radians per minute .

The linear speed, v, of the smaller pulley is
600 inches per minute. To find the angular
speed, use the formula v = r@.

600 = 2w = w =300 radians per minute .

86.a. The ferris wheel makes a complete

87.

88.

89.

90.

91.

92.

revolution, so 8 =27 .
o 2

t - 90 sec

= (.07 radians per second.

b. First find the length of the arc traveled in one

complete revolution of the wheel:
0="=27=—"— 5~191.64 m. (Note
r 30.5

that this is the circumference of the ferris

s 191.64

wheel.) Then v=— =~ 2.13 meters
t 90 sec

per second.

The radius of each wheel is 1 foot, while the
linear velocity, v, is 25 miles per hour =

5280 x 25 = 132,000 feet per hour. v =rw =
132,000 =1-w , so the angular speed is 132,000

radians per hour.

The radius of each wheel is 15 inches, and the
angular speed, @, of the wheels is 11 radians
per second. So the linear speed, v, of the bicycle
is 15-11=165 inches per second.

The radius of the disk is 1.875 inches. Each
revolution is 27 radians, so the disk rotating at
7200 revolutions per minute gives

w = 7200 revolutions _ 27 radians

=14,4007

minute revolution

radians per minute.
Then v =1.875-14,4007 = 84,823 inches per

minute.
t = 24 hours,r =3960,0 =27
0 2r =z

T4 12
V=rw= 3960(%) ~1037 mph

The difference in the latitudes is

39°44'-32°23'=7°21'=7+ (%)o =7.35°

- 7.35°(Lj ~0.1283 radians.
180°
s =0.1283-3960 = 508 miles.

The difference in the latitudes is

40°30'-32°54'=7°36"'=T7+ (%}O =7.6°.

§=7.6° (Lj-wﬁo ~525 miles.
180°
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456 Chapter 5 Trigonometric Functions

93. The difference in the latitudes is

52°23'-45°42'=6°41'=6+ (%)" =6.683°.

T

s=6. 6830(
180°

j 3960 = 462 miles.

94. The difference in the latitudes is

36059'—31047'=5°12'=5+(%)°=5.2°.

s=52° = )-3960 ~359 miles.
180°

9S. Let the central angle 8 = the difference in
latitude. Then

_S5 M0 61111 radians =
r 3960

620.1111(180
T

J: 6.366° .

96. Let the central angle @ = the difference in

latitude. Then
s 554

0 =—=——=0.1399 radians =
r 3960

0= 0.1399(180
V4

):8.016O

5.1 Beyond the Basics

97. 2_7z+”:5_7z;2_7z_”:_£
3 3°3 3
98. a+0=90°=>a+6—§=90°—§=>

a+g=90°—g=> a+g +g=90°
2 2 2) 2

99.
100.

101. A, = %rfa. If r, =2r, then

1 1 2

r

1 .

102.

103.

104.

105.

106.

Ag, =1r201 If 6, =191 , then

1, 1 2 1 2 1
Ay =—r0, = o o, |==
0, = 2 2 2 ( 1} 2(2V 1) 5 0,

P

We are seeking r; —r,. Use the formula
C =2zr to find the radius of each circle.

396 = 277 = 20 __63= 1,
2(%)
3522271y = 2 —56=1,

(7).

The width of the track is 7 m.

The circumference of the wheel is

d=% 84 =264 cm = 2.64 m.

The wheel must revolve 91 =300 times to
cover 792 m.

66 km/hr = 66 km/60 min = 1.1 km/min.
=110,000 cm/min.

C=ﬂd=%-l402440 cm

110,000 cm/min
440 cm

=250 rev/min

Each wiper sweeps a sector with radius 14 in.
and central angle 110°. First convert the angle
measurement from degrees to radians:

g=110°. % 1%

radians .
180° 18
1 20_ 42 117
2 2 18

= 1.142 122 1694 in.2
2 18 7 9
Therefore, the total area swept by the wipers is

5. 1694 1694 3388 ~ 3764 in
9 9
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107.

108.

We are seeking the area of a sector with radius

3 =1.5 ft and central angle 2?” = Z_

2 4
A=lr23=l.1.52.£=l.1.52.l.£
2 2 4 2 4 7

=2 0884 2
112

. T .
Since a sector of central angle r is cut from

the circle, the circumference of the cone is

%-2-%-7=E, so the radius of the cone is
§:2-%R:>R:%. Find & using the

Pythagorean theorem.

2
(fj ch2 =72 2 =49 201
8 64

Lo [135 715
64 8

2
V:l.é.(%) .gzm.w cm?

5.1 Critical Thinking/Discussion/Writing

109.

110.

111.

112.

3, 7,4, 7

The line of latitude through 40°40'13" is further
north, so its radius is smaller.
r

The length of the arc % —-s= -5 ré

= r[z— Hj. So %— @ is the complement of & .

2

Eratosthenes used the fact that the sun’s rays are
effectively parallel to determine that the central
angle that subtends the arc from Syene to
Alexandria is the same as the angle formed by
an upright rod and its shadow at Alexandria.

Syene\

7°12' Alexandria

Let x = the circumference of the earth, and then
7.2° 500 miles

360°
gives x = 25,000 miles

This

solve the proportion -
x miles

5.1 Maintaining Skills

113.

114.

115.

116.

117.

118.

119.

120.

524122=c?2=169=c>=13=c¢

122 +5% =202 = 144 +b> = 400 =
h?=256=b=16

a’>+6>=10>=a>+36=100= a> =64 =
a=28

202 +212=c?=841=c>=29=c¢

a’+3%=6>=4d’>+9=36=>d’=27>

a=\27=33

524102 =c?=25+100=c?>=125=c’ =
c=\/ﬁ=5\/§
1,
A_o2 27 1 B 3
B 3 3 2_ 3 3 3
2 2
3 [3 3
A_2N2_2ha_3 2_1 _\2
B 3 3 3 223 2 2
2V2 2

5.2 Right-Triangle Trigonometry

5.2 Practice Problems

Use the Pythagorean theorem to find the length
of the missing leg: 25% =16 +b> = b=3

sinH=L0sne=i cscH:M:
hypotenuse 5 opposite

COSQ:M:E secezwz
hypotenuse 5 adjacent

tan 6 = m _4 cot = —ad_]ace.nt _3
adjacent 3 opposite 4

Copyright © 2015 Pearson Education Inc.
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458 Chapter 5 Trigonometric Functions

5.
2. sinf@ =§, cosf = 4
5 5
3 30°
— 2
sinf 5 3 h=\3
tan@ = ====
cos® 4 4
5 60°
1 1 1
cscl =— P =3= % G
sin i
s <in 60° = opposite  _ V3
1 1 5 hypotenuse 2
secd = =—=— o adjacent 1
cosf 4 4 cos60°= ——— =~
— hypotenuse 2
) opposite /3
cotf=——-1_% tan 60° = 2PPOSTC _ N9 _ /3
tan@ 3 3 adjacent 1
4 cot 60° = adjacent ace.nt L ﬁ
1 opposite N
3. cosf= 3 = b = adjacent =1 and sec 60° = hyp(')tenuse _ 2 PN
— hyvpot 3. Usine the Pvth adjacent 1
¢ = hypotenuse = 3. Using the Pythagorean . hypotenuse 2 2 NS
theorem, we have a> +1> =3 = a = 22. cse - opposite - ﬁ B

opposite 242
hypotenuse 3
hypotenuse 3 32

6.a. csc21°=2.7904 =
sec(90° - 21°) = sec 69° =~ 2.7904

sin@ =

cscO== pposite 202 4 b. tan75°=3.7321=
sec = hyp(.)tenuse _3 cot (900 - 750) =cot15°=3.7321
adj ac.ent . i} 2
tan@ = —opP051te =22 aasnfy T 2
adjacent < P >
3 < 1
cotd = adjacent — 1 — ﬂ Not drawn to scale
opposite N From geometry, we know that 8 = 4.2°. Thus,
4. tan6=ﬁ=>tan4.2°=ﬁ=>
d d
45° d= 425 = 5787.3988 ft =1.096 mi
tan 4.2°
2
2 1 8.
45°

.

1

hypotenuse ﬁ -

csc45° = - 2
opposite 1
h 2
sec45° = —yp?tenuse = £ =2
adjacent 1
cotdse = adiacent _1_,
opposite 1 The sum of the side length / and the location

height of 12,870 feet give the approximate
height of Mount McKinley.

(continued on next page)
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Section 5.2 Right-Triangle Trigonometry 459

(continued) 9. Use the Pythagorean theorem to find the length
. h of the hypotenuse: ¢ = V6% +8%=10.
sin 25° =
3.3387 . 6—6—3 0_10_5
h =3.3387sin25° ~ 1.4110 mi SME=10"5 YT 73
~1.4110(5280 ft) =~ 7450 ft 8 4 10 5
The height of Mount McKinley is cosd = 05 ¢ o= s 4
approximately 7450 + 12,870 = 20,320 ft. 6 3 8 4
tanf =—=— cotfd=—=—
9. 8 4 6 3

10. Use the Pythagorean theorem to find the length
of the leg: 17% =a? +15> = a =8.

sinf = — cscé7=£

17 8

cos6=E sec@=£

17 15

8 15

tan60°:%:>d:25tan60"z43ft tand =< cotd =

11. Use the Pythagorean theorem to find the length

5.2 Basic Concepts and Skills of the hypotenuse: ¢ = \/W 55
. 1 2
1. If @ is an acute angle and sinf = &, then sin@ = ; = E cscl = 5\/5
3
1 7 T2 52
cosd =—. cosf=——=—"—"gech="T-
3 5v2 10
h 1
2. In aright triangle with sides of lengths 1, 5, and tan 6 = 7 cotd =7

26, the tangent of the angle opposite the side 12. Use the Pythagorean theorem to find the length

of length 5 is 5.
£ = of theleg: 122 =a?+4> = a=8V2.
3. If @ is an acute angle (measured in degrees) in a 4 1 12
right triangle and cos & = 0.7, then sin@ = -3 cscl = i 3
sin (90°-6) = 0.7 82 242 12 32
cos=——=—— sec0=—p=——
4. False. The length of the leg is a multiple of 2. 12 \/E Sf 4
4 2 8v2
5. T anf=——=-- cotd=—"=22
rue 52 4 4
6. True. The hypotenuse of a right triangle is the
longest side in the triangle. 13. sinf=-=. cosf = %
7. sin€=& cscﬁ=ﬁ 12
2?/‘ \2/_ tanH—Sinﬁ—ﬁ—E
cos@zﬁ sec@z2 cosf S 5
25 13
tan@zz (:0'[9:1—1 csch = 1 _LZE
1 2 sin@ 1212
13
8. sin6=£ cscf =2 1 1 13
2 secl = =—=—
NG cosd 5 5
cos6=7 sec=~2 13
1 1 5
tand =1 cotd =1 cotd = =—=—
tand 12 12
5
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1
14. sinﬁzi,cosﬁz—5 17. sinH:g cos«9=@
17 17 5’ 5
8 2
tne:SlnH:H:E tng:Sinez 5 = 2 =2\/ﬁ
cos® 15 15 cosd 21 21 21
17 5
cscl = _1 =i=£ cscl = L _1.5
sin@ 8 8 “sng 2 2
17 5
secl = 162%:% cecl = 11 5 _5\/5
cos 7 cosd \/i \/ﬁ 21
cotd = L 1.5 >
@nd 8 8 cot = ! 1 _N2
15 tand 2 2
V21
. 21 20
15. sind=—, cosfd =—
29 29 26 1
18. sinfd=——,cosf=—
21 5 5
tan6=smz=%=% 26
cos U sind 5
tanf=——=—2—=2J6
29 cos@® 1
cscé?=_;=%=g S
sing 21 21 el 11 5 _5\/6
R sind 246 246 12
secd = = —=— 5
cos@® 20 20 1 1
29 secl = =—=5
11 20 cosf 1
cotf = =——=— 5
tang 21 21
20 1 1 e
cotf = =—=—
tand 2.6 12
.40 9
16. sing = 41° cosd = 41 For exercises 19—-24, use this triangle to help identify
40 the opposite and adjacent legs.
th:SlnH:ﬂ:ﬂ .
cosf 9 9 4
41 :
1 1 41
0: = —_-—a — b
R R TN
4l 19. cosf=2=b=2c=3.
1 1 41 3
secd = =—=—
cos® 9 9 32 =a’+22=a=15
T A5 35
cotd = == sind = — cscl =
3 5
tang 40 40 5 3
9 cosf =— secd =—
3 2
tan6=§ cot€=¥
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Section 5.2 Right-Triangle Trigonometry 461

For exercises 25-30, use the fact that the value of any
trigonometric function of an acute angle is equal to
the co-function of the angle’s complement.

20. sinH:%:a:3,024.

42=32+p> =b=+7

3 4 25. sin58° = 0.8480 = cos32° = 0.8480
sin6=Z csc@=§
26. c0s37°=0.7986 = sin53° = 0.7986
J7 47
cosf =—- sect =—— 27. tan27° = 0.5095 = cot 63° = 0.5095
_Sxﬁ _xﬁ 28. cot49°=0.8693 = tan41° = 0.8693
tan@ = —— cotd =—
7 3 29. sec65° = 2.3662 = csc25° = 2.3662
21, tnf=>=a=5b=3. 30. csc78° = 1.0223 = sec12° =~ 1.0223
3
2=52432 = p=+34 31. sin60 f/%s3i)/§+ccl)s610 s13n301
=—-—-|——-—=—+—=1
sinez% cscﬁzg 2 2 22 4 4
P 3@ 0 \/ﬁ 32. sin 60°cos 45° + cos 60°sin 45°
0sf =—— secd =——
34 3 _B3 V2,12 V6 2 Vo2
tan6=§ cot€=§ 2 2 22 4 4 4
33. cos60°cos 30°+ sin 60°sin 30°
2. cotf=2Sa=11b=6. 1B B BB
11 2 2 22 4 4 2

2142, .2 _ iz
¢ =1"+6" =b=VI57 34. cos 60°cos 45° — sin 60°sin 45°

sin6:111'51757 csc@:% :l.ﬁ_ﬁ.ﬁzﬂ_ﬁ:—ﬁ_ﬁ
3_6/_157 ”- 57 2 2 2 2 4 4 4
V=57 seev=—¢ 35. cot45°+csc30°=1+2=3
tan6=1—61 cot€=1—61 36. tan30°sec45°+ tan 60°sec 30°
;3 :ﬁ.\/z+\/§.—2\/§:£+2:\/6+6
2. secf=2=b=12c=13. 3 33 3
) ) 5 37. cos45°cos30°—sin45°sin 30°
W ssass BB B e
sinf =— cscld=— 2 2 2 2 4
13 5
cosH—E sec@—g 38. sin30°cos45° + cos 30°sin 45°
E 1 i
tanHzi cotHz2 2 2 2 2 4
12 5
24. csc0=4=a=1c=4.
4221242 =b=A15
sinH:% cscd =4
Jis 415
cos6=T sec€=?

tan6=% cot€=\/g
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Use this figure for exercises 39—48.

39.

40.

41.

42,

43.

44,

45.

46.

47.

82+410%=c? = c?=164=c~12.806

= 8 =0.625
12.806
8

=—=0.8

sinf =

Sla ol

tan @ =

—_
=)

2 =182 +3%> = ¢ =~18.248.
18

sind =—— = 0.986,cos @ = L =(0.164
18.248 18.248

c?=232 47 = c=24.042 .

cosf = z0.291,tan0=?z3.286

7
24.042
2 =192 +27% = ¢ =33.015.
27
33.015

cosfd = z0.818,tan6=%:0.704

H=30°:>Sin9:O.5,sin30°:2:>c:18.
c

Use the Pythagorean theorem to find b:
187 =97 +b*> = b =15.588

H=30°=>sin€=0.5,sin30°=§=>c=10.

C
Use the Pythagorean theorem to find b:

102 =5%+b> = b ~8.660

c?=125%+6.2%2 = ¢ ~13.953
sing=%=125 _ (96

¢ 13.953
005622:£:O.444

c 13.953
c?=43>+81>=¢=9.171
cos0=é=£z0.883

c 9.171
ang=2=23 0531

b 8.1
145% =a>+9.4% = a=~11.040
sing = =11040 261

c 145
ang =4 =100 oy

b 94

48. 18.7° =622 +b> = b=~17.642

sec=S= 87 1060

b 17.642
b 17.642
cotfd=—=
a

=2.845

49. sind = l
3

a. cscl= =3

sin @
2
b. sin2€+cos2¢9=1=>(%) +cos’h=1=
2

cos20:§:>cosﬁz—
9 3

e tang=Sno _ 3 1 N2

_0059_2\/5/3_2«/5_ 4

d. cot(90°—6):tan62g
1
50. cos@=—
4
a. secl= =4

cos @

2
b. sin2€+cos2¢9=1=>sin20+(ij =1=

J15

sinzﬁzgzsinﬁz—
16 4

:sinH_@:\/f

c. tand = 15
cosd  1/4

d. cot(90°-6)=tan6 = J15

51. secd=5

a. cosfd= ! =l
secd 5

2
b. sin26+cos2¢9=1=>sin26+[%) =1=
2.6
5

sin26:£:> sin@ =
25

:sm¢9_2\/€/5:2\/6

c. tand =
cosd 1/5

1 1 6

tanHZZ\/EZE

d. tan(90°-6)=cotd =

Copyright © 2015 Pearson Education Inc.



Section 5.2 Right-Triangle Trigonometry 463

52. cscf=2 d. sin(90°—6)=cos®
. 1 1 2
a. Sm9=cscg=5 sin2€+cos2¢9=1=>[%J +cos =1
2 4 2 2,9
b. sin2¢9+cos2¢9=1=>(%j +cos’h=1= E+COS =1= cos 6=E=>
9 3 3413
2, 3 3 cosf=,|—=—7—==——
cos H—Z:COSH—T 13 V13 13
_sin@ 121 3 5.2 Applying the Concepts

c. tané

_cosﬁ_\/g/z_ﬁ_ 3

55. 182 =142 +p>=b>=128= b =113 ft
1

3
d. tan(90°—@)=cotl = =—=+3
( ) tand 3 V3
5 18 ft i
53. tanfd=—
2
1 2 /\ N
a. cotf= =— b
tan@ 5

56. 182=a’+7*=a’=275=a=~166ft

2
b. 1+tan2¢9=se026:>1+(%) =sec’ 6=
seczﬁzgzsaﬁ:@ .
4 2 18 ft a
1 1 2 2429
c. cosf= = = = 0
secd  29/2 29 29 h
d. cos(90°-6)=sing X 57. 1070% =295% +b% = b =~1029 m
sin2@+cos2f=1= Sin25+[2@j =1 58. 6 =16° and the hypotenuse is 2050 feet.
29 The vertical rise is the side opposite €, so
) 4 .2 25
sin” 6 +-—o=1=sin"6="0= $in16° = —— = 0.2756 = —— = a = 565 ft
sin @ \/ S5 5 59. The ski lift is the h d 6=30
Y PP o . e ski lift 1s the hypotenuse an =30°.
29 29
V29 The vertical rise is the side opposite 8, so
3
54. cotf==> §in30° = —— =5 0.5 = —— = a = 2500 ft
2 5000 5000
a. tanf = ! :% 60.
cotd 3
32
b. 1+cot26:csczt9:>1+(§j =csc? = 6t
05026=E:>cs06=£
4 2 60°
b
e singel -1 _2 2B 6 6 . 6
' cscd 132 13 13 an60° == 3=Z:>b=ﬁ=2\/§ft
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61.
30°
12 ft
tan30°=i:>£=ﬁ=>a =4f3=69ft
12 3 12
62.
fan60° = — = 3 =L = =753 ft
75 75
63.
30 fit
a
30°
. a 1 a
sin30°=— = —=—=a=15ft
30 2 30
o4.
195 ft
iy
sin30°:g212ﬁ2c=390
c 2 c
The string must be 390 ft.
65.
a
24°35’
93 ft

tan 24°35" = L = 04575~ L = ¢ =~ 431t
93 93

66. tan73°34" = L 533904~ L = 4 ~ 341t
10 10

67.

68.

69.

B
y
59°20
I Y
40°29
128m
l 40°29°

To find how far the second building is from the
Empire State Building, we have

tan40°29':%2>0.8536:%:>xz150m.
x x

To find the height of the Empire State Building,
we have height = y +128.

tan59°20' = —— = 1.6864 ~ > = y ~ 253 m,
150 150

so the height of the Empire State Building is
approximately 128 +253 =381 m .

3000 ft

enemy b ally

tan13° = 3(2ﬂ = 0.2309 = % = b=12,994 ft

Not drawn to scale

Note that BC is perpendicular to AC because the
tangent drawn at the point of intersection of a
radius and a circle is perpendicular to the radius.
The latitude of a point on the Earth is the
measure of the angle formed by the radius
connecting the point with the radius at the
equator, so mZA =89°3". Then

3960 s 0.0166 = 3960

C C

¢ = 238,844 miles.

c0s89°3' =

=
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70. 5.2 Beyond the Basics

76. A

7 ft

=

B Cc

Since tan A = %, we know that

opposite _ 1 _ BC _1_ . _»pc.
adjacent 2~ AC 2

AB? = AC? + BC? =(2BC)’ + BC?
=4BC? + BC? =5BC? = AB=+/5BC

So,
A_AB_V5BC_45
Drop a perpendicular from the top of the sign to secA = AC  2BC 2
form a right triangle as shown. e B o AB \/g BC _ ﬁ
sin25°=22 55299 _oim AC 2BC 2
s sin 25° 5 5 \/_
Thus, A+cscB=—+4+—=4/5
72. us, sec csc 5 5

41
‘ 77.

From geometry, we know that 8 =14°. Then,

sin14°=i:>d= - =17 ft
d sin 14° 1
73. 100 ft
sszIZp=-—-- o
=110
cole":@:d: 100 =101.5 ft 1
d cos10° sina = §
74. If B is at the 50th parallel, then mZCBA =50° . 32212425 2280 x =22
AB = 3960, 50 c0850° = —— = 22 3 32
3960 cos =—— seCcol =——==——
3 NI
0.6428 = —— = r = 2545 miles .
3960 tana=_2\1/§ =g cscar =3
75. If B is at the 53th parallel, then m£ZCBA =53°.
. A2, V2 32
AB = 3960. 50 cos53° = N cosacsco:thanaseca—T 3+ 4 4
3960
. 2343 162 +3
0.6018 =~ —— = r = 2383 miles . B 8 8
3960
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78.

79.

80.

2 .

. m-—n opposite

sin@ = 3 5= PP
m-+n hypotenuse

2 2
(m2 +n2) = (m2 —nz) +adjacent2 =

2 2
adjacent2 = (m2 + nz) —(m2 —nz)
=m* +2m*n* +n*
- (m4 —2m*n? +n4)

=4m’n* =
adjacent = 2mn
2_ .2 2,2
tang=""" secd =2 tn
mn 2mn
) 2, .2 2
tan @ +secd =" 2 o 2m _m
2mn 2mn 2mn  n
tan 6 = 4 _ opposne
5 adjacent
opposite2 + adjacent2 = hypotenuse2 =
4% 452 = hypotenuse2 =41 = hypotenuse
cosg= SN 4 _4a
Jar o 41 Jar o4
5V41 444l

cosf—sinf 41 41 _ Va1 1
cos & +sin @ 5m+4\/71 9J41 9
41

-
41

Wy
150 feet
A B

The height of the plane = BC + CD. We don’t
have information about any of the sides in
ATCD . We know that 7C = AB and

mZCTB = mZABT =8.1°.

Then tan8.1° = % = AB =1053.955 . Now

find CD:

tan 67.4° = _D_ = CD =12531.964 . The
1053.955
height of the plane is

BC +CD =150+ 2532 = 2682 feet

81.

82.

83.

B

-
///
///
-
///
///
» -y 50° 12 feet
A A J

5.5 feet

c
D

4 feet

v

The height of the painting = BC + CD.
CD =5.5—-4=1.5 ft. Find BC as follows:
tan 50° = BC/12 = BC =14.3 . The height of

the painting is 14.3 + 1.5 = 15.8 feet.

_B__
600m \‘ 75.24°
c——gf‘
L(_ngso.oso
D E
The height of the building AE = 600 — BC.
tan 75.24° = BC and tan 60.05° = 600 - BC )
AC AC
SO’AC=L andAC=6OO;BC:>
tan 75.24° tan 60.05°

BC _ 600-BC

= BC =411.7329

tan 75.24°  tan 60.05°
Then AE = 600—-411.7329 =188.27 meters.
B 558°
_r\\j]J_ —_————
6170
1250 ft Yoo
55.8°
67.7‘?\
b T E
The height of the building AE = 1250 — BC.
In ABDE, we have tan67.7° = @ =
1250
=———=AC.
tan 67.7°

(continued on next page)
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(continued)

84.

85.

86.

Then in ABCA, we have

. BC
tan 55.8° = 1250 =
tan 67.7°
e =12200@0558 s i The height of the
tan 67.7°

building is AE =1250—754 = 496 ft .

o B =
le—ad I x—>

d+x
cota=T:>hcota—d=x, and

cotﬂ=%=>hcotﬂ=x.
hcotar —d = heot f =
hcotar —heotf=d =

d

h(cotax —cotf)=d =>h=——""7"—
( A cotar—cot B

Not drawn to scale

A 500m B
Using the result from exercise 84, we have
500

h= =~ 5402 m
cot 36.9° — cot 38.9°

=

€ ——————————

25°
B 100 m A

Using the result from exercise 84, we have
b= 100
~ cot25° - cot41°50"

=97 m

88.

| : |
B%T::::ITO:F____ ~2s5eT T
12,000 ft TTe—— ~
ml STy
Using the result from exercise 84, we have
d
12,000 = = 40,337 ft .

cot10.4° — cot 25.6°
Since the plane traveled 40,337 feet in two

4 7
minutes, its speed is 0,33 =20,168.5 feet
per minute.
h
a N B
| X >led—x
!4 d >
x x
cota=Z:>hcota=x, and cot 8 = =
d—hcotf=x.
heotar =d —heot f = heota+ heot f=d =
d
h(cota+cot f)=d =>h=———
cota +cot

AABC is an isosceles triangle, so
m/B=m/C =52.5°.

sin52.5° = ?_()D = AD=79.

c0s852.5°= % = CD =6.0876 = BC =12.2

A\ ipc = %(12.2)(7.9) = 48 square units.
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5.2 Critical Thinking/Discussion/Writing
90. A

=

B Cc
a. By the Pythagorean theorem, we have

AC? + BC? = AB>.

sinA:E and cosAzﬂ.
A AB

2 2
. BC AC
sm2A+cos2A=( J +( )

AB AB
_ BC?+AC*  AB? 1
AB? AB?

. BC
b. From part (a), we have sin A=—— and
AB
AC Lo s
Cos A= B The cofunction identities give us

cosB=sinA=£ and sinB=cosA=£.
A AB

BC BC  AC AC
AB AB AB AB
_ BC*+AC?
AB?
AB?

sin Acos B+ cos Asin B =

1

91.

From geometry, we know that in any triangle,
the longest side is opposite the largest angle and
the shortest side is opposite the smallest angle.

93.

)

(ii)

(iii)

(iv)

)

(vi)

So, if @ <, then a <b . Using the result from
exercise 78, if tana =a,then b =1, and

1 1
tan /= — . Therefore 0<a<1=—>1 and
a a

tan > tan .

D c F
| L
1
b
60°N g
459 5
-
A E

sin60°=§:> b = 25sin 60° = 2[—}\/5

ZCAB =180°-90° - 60° = 30°

c0s45°=%:> AD =bcos45° =

ADng[ﬁ]:ﬁ

2 2

Triangle ADC is an isosceles right triangle, so

DC=AD= ? and mZACD = 45°.

mZACD + mZACB + mZBCF =180°=
45°+90°+ mZLBCF =180° = m£BCF = 45°
mZCBF =180°—45°-90° = 45°

CF V2

cos45°=T=> CF =—

2
Triangle FCB is an isosceles right triangle, so
FB=CF = ﬁ
2
2 2 2

BE:FE—FB:DA—FBzg—%

62

2

mZBAE =90° — (45° + mZBAC)
=90° - (45° + 300) =15°

mZABE + m/BAE =90° =

mZABE +15° =90° = m£ABE = 75°
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(vii) sin ZBAE =sin15°= % =— 2

B
Jo-\2
4
coséBAE=coslS°=A—i=#

B
_VJ6+\2
4

J6+2
4

J6 -2
4

(viii) sin75° = cos (90° - 75°) = cos15° =
cos 75° =sin (90° - 75°) = sin15° =

9.

Since LBFS =45°, FB=SB = x.
sin30":£:>l:£
FD 2 1
1

AD=Y-pcosc=x-t
2 2

AF 3 AF V3

— S —=—>2AF=—7"=

FD 2 1 2
NG

DC=AB=BF—AF=x—7

cos30° =

1
sC YT, 2x-1

tan60°=\/_=—= = =
DC B3o2x-3

xX——

2
3= 2x_13:>2\/§x—3=2x—1:>
2\/§x—2x=2=>\/§x—x=1=>
x(\3-1)=1=
. 34131

V31 B+l 2

5.2 Maintaining Skills

VB-1_3-13-1_3-23+1
V+1l 3+1 B-1 3-1
4—22\6:2_\/5

3+\/7_3+\/7.3+\/7_9+6\/7+7
3-47 3-47 3+47 9-7
=@=8+3«ﬁ

9s.

96.

54243 54243 7-43 _35-6/3-24
T+43  7+43 7-43 4948
=11-6\3

97.

98, —> 4

5-J3 543

3 '5+\/§+ 2 5-\3
T5-43 5443 5443 5-43
_15+3V3 10-243 _25+3

25-3 25-3 22
99_ 75°.L=5_7Z.
180° 12
100. 700 %1%
180° 18
101. —s100. % =177
180° 6
102, 4350 % 2%
180° 12
103. %=3R140=>1220=360~3+140
104. 287° _ 7R150 = 2670 = 360-7 +150
360
480
105. =2 = -2 R240 = —480 = 360 (~2) + 240
360
106. % = —6R135 = —2025 = 360 - (—6) +135

Copyright © 2015 Pearson Education Inc.



470 Chapter 5 Trigonometric Functions

5.3 Trigonometric Functions of Any 3z« 3z . :
. . b. —=—+ 15(27[), so —— 1is coterminal
Angle; The Unit Circle 3 3 3
with 77/3. Thus,
5.3 Practice Problems
V3 31z _ 3
5

. T .
sin—=—=sin—=
32 3

y -5 5@ , @ 4. Since sin@ >0 and cos@ <0, then @ lies in
sinf=-=—=-——— O=—=——— quadrant II.
r 29 29 y 5
cosgo o 2 _2@ secH—L—@ 5. Because tan& <0 and cos@>0, @ liesin
r 529 29 X 22 quadrant IV. tan @ = —%, soletx =35 and
tan@=2="2=-2 cotf=2=-=
x 2 y 5 y=—4. r=5*+(-4)? =41
2a. 0=180°=r1= ingo Yo 4 _ 4
x=-1, y=0,r=y/(-1)" +0% =1 rooNaro4
. y 0 secl =~ = E
sinf = 7 = T =0 X 5
cos@zﬁz_Tl:—l 6.a. 0=175°= 0’ =180°-175°=5°
r
tan€=l=£=0 b. 0:5_”:>H’= ﬂ_5_7Z'=Z
X —% 3 3 3
X - .
cotd = ; =0 undefined c. 0=8.22 lies in quadrant IT and is coterminal
| with 8.22 — 27 =1.94 . The reference angle
sec@:iz—lz—l O =~m—-194=120.
x -
csch = r_1 undefined 7. 1020°=300°+2-360°, so 1020° is coterminal
B y o’ with 300°. Because 300° lies in quadrant IV,
6" =360°—-300° = 60° . In quadrant IV, cos @
b. 0=270°= 3z N is positive, so cos1020° = cos 60° = 0.5.
8.a. 1035°=315°+2-360° so 1035°is
_ __ =02 +(-1)\? = K
x=0,y=-1r=40 +( 1) =1 coterminal with 315°. Because 315° lies in
sin@—l—_—l——l quadrant IV, 6" =360°—-315°=45°.In
T 1 quadrant IV, cscé is negative, so
cos€=£=%=0 csc1035° = —csc45° = —/2 .
r
tan@ = Yo _—1, undefined b. 17—” = 5—” +27, so 17—” is coterminal with
x 0 6 6
P 0 0 57/6 , which lies in quadrant II. Thus,
CO ==—=—=
-1
i 1 €’=7z—5—”=£. In quadrant II, coté is
sec@ = — = —, undefined 6 6
N 01 negative, so cot17—7Z = —cotZ = —\/g
cscf="L= == -1 gatve, 6 6 '
y -

3.a. 1830°=30°+5-360°, so 1830° is coterminal
with 30°. Thus,
3

c0s1830° = cos 30° = 7
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9. 6 =600°=240°+360°. 3. The reference angle " for a nonquadrantal
240° lies in quadrant III, thus, 8" = 60°, and angle @ in standard position is the acute angle
cos@ < 0. formed by the terminal side of & and the

1 1 X-axis.
c0s 60° = — = cos 600° = cos 240° = ——. .
2 2 4. If 6, and 6, are coterminal angles, then
h= 67.8—67.2(—lj=101.4 m sin6; equals sin 6.
2
5. False. The value of a trigonometric function for
10.a. From figure 5.45, we see that the endpoint of any angle is the same for any point on the
terminal side of 6.
the arc of length t:7—7[ is —ﬁ,—l . .
6 2 2 6. False. In each quadrant, cosine and secant are
7 NG 7 | either both positive or both negative, and sine
So, cos—” = __3’ sin 17 _ ——, and and cosecant are either both positive or both
2 6 negative.
tan7_;z_sin(77z/6) _ -2 1 N3 —
6 C05(77[/6) _\/5/2 \/5 3 7. x=-3,y=4=r= (—3) +4“ =5
T .. . o sin@zi,cosﬁz—z, tant9:—i
b. 0= ? lies in quadrant III, so its sine and 5 5 3
5 3
cosine are both negative and its tangent is cscl = E sec = 3 cotd = 4
7
positive. The reference angle is 7z = z. 5 5
6 6 8. x=4,y="3=r=44"+(-3)" =5
Then sin7—”=—sinz=—l, . 3 4 3
6 6 2 s1n€=—§,cosﬁ=—, tan49=—z
r T \/§ 5 5 4
cos— =—cos—=———, and csc@=—=,sec=—, cot@ =——
6 6 2 3 4 3
7 V4 3
tan === tan- - === 9. x=5y=12=r=v5+12% =13
12 5
sinf =—, cosf =—, tanf = —,
o Z_T7I80 oo 13 13 5
6 6 & 13 13 )
Because 210° is in quadrant III, its reference cscl = 1 secO = 5 cotf = 12

angle is 210° — 180° = 30°. Then,

1y u_ 2.2
cos7—”:cos210°=—cos30°=—£, 10. x=-12, y=5= r=4+/(-12)2+5% =13
6 2 _ 5 12
sinfd =—, cosf=——, tanf = ——

13 1

sin%[=sin210°=—sin30°=—%, and 13 1% g’
\/, csc@z?,secﬁz—ﬁ,cotﬁz—?
tan7—7Z =tan210° = tan30° = —3
6 3 3 3
11. x=7,y=24=r=~N7"+24"=25
5.3 Basic Concepts and Skills
. 24 7 24
sinfd =—, cosd =—, tanf = —,
1. For a point P(x, y) on the terminal side of an 25 25 7
i iti 25 25 7
angle @ in standard position, we let cscl =—, secd=—, cotld =—
24’ 7° 24
r= \/xz + y2. Then, siné :l, cos @ zf, and
E— r r
- - 12. x=-24, y=T=r=+/(-24)2+72 =25
tan@ =2 7 7
X sind =—, cosf =——, tanf = ——,
24
2. If P(x, ) is on the terminal side of a quadrantal cscd = é’ cecO = _ga cotg =24
angle, then either x or y equals 0. 7 24 7
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13. x=-24, y=-T=r=4(24)> +(-7)* =25 19. x=B,y=-1=r= (\@)2 (=12 =2
sin6=—l,cos¢9=—£, tan49=l, . 1
25 25 24 s1n6:—5, cscld=-2,
cscé’=—£,se:cé?:—é,cotH:ﬁ NE) 2 23
7 24 cosfd=—, secld=—f47=——,
2 303
—_ _ — [(—7\2 2 _
14. x=—7, y=24=r=1/(-7)%+242 =25 tan€=—§, cot&:—%=—J§
sind =—, cosf = —l, tan @ = —E,
25 7 \/ﬁ
cscl = 5, secl = 25, cotH——% 20. x:\/ﬁ’y:\/g:”: \/E) +(\/§) =4
sin@—ﬁ csct9—i—M
15. x=lLy=1=r=y12+12 =2 4° 33
1 2 1 2 cos@zﬁ, sec@zi:@,
s1n6:—2:7,cost9:$:7,tan9: 4 13 13
cscHzx/E, secﬁzﬁ, cotd =1 tan@zﬁzﬁ, cot@zEzﬁ
1 13 3 3
16. x=-3,y=-3=r=+(-3)2+(-3)> =32 5 5
5 5 21. x=5,y=-=2=r=+/52+(-2)> =29
sinf=-——=-Y2 cosg=-_—_V2 , 2 229 29
3\/3 2 3\/3 2 sinf=———=—-———, cscld=——,
32 32 V29 29 2
csc€=——=—\/§, sec¢9=——=—\/§, 5 5@ \/E
3 3 cosf=—=—, ecld =——,
_ 3 V29 29 5
tand=—=1,cotfd=—=1 2 5
-3 -3 tanf =——, cotd =——
5 2
2 2
17, x=\2.y=V2=r=(2) +(V2) =2 22, x=-3y=5=r=1(-3)7+52 =34
. 2 2
s1n6:£, csct9=—=\/§, sin@zﬂ, 0050:—@, tan :—é,
2 2 34 34 3
cos@:ﬁ, sec6=i=\/§, cscﬁ=ﬁ, ecH=—@,cot¢9=—§
2 2 5 3 5
tan @ = ﬁ =1, cotf = ﬁ -1 23. 450° is coterminal with 450° — 360° = 90°.
2 2 Thus, sin 450° = sin 90° = 1.
24. 450° is coterminal with 450° — 360° = 90°.
2
18. x=-3,y=\3=r=3"+(3) =23 Thus, cos 450° = cos 90° = 0.
. N 25. -90° is coterminal with 360° — 90° = 270°.
sin@ = m = > cscd =2 Thus, cos (-90°) = cos 270° = 0.
3 V3 23 26. —90° is coterminal with 360° — 90° = 270°.
cosf=———= ,secl=———, Thus si O\ _ ot o _
2.3 2 3 us sin (=90°) = sin 270° = —1.
N3 _ 3 27. 450° is coterminal with 450° — 360° = 90°.
tand=-=" cotf=-"p= 3 Thus, tan 450° = tan 90°, which is undefined.
28. 540° is coterminal with 540° — 360° = 180°.
Thus, cot 540° = cot 180°, which is undefined.
29. —540° is coterminal with 540° + 2(360°) = 180°.
Thus, tan 540° = tan 180° = 0.
30. 1080° is coterminal with 1080° — 3(360°) = 0°.

Thus, sec 1080° =sec 0° = 1.

Copyright © 2015 Pearson Education Inc.
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31.

32.

33.

34.

35.
36.
37.

38.

39.

40.
41.
42,

43.

44.

45.
46.
47.
48.
49.
50.
51.
52,

53.

900° is coterminal with 900° — 2(360°) = 180°.
Thus, csc 900° = csc 180°, which is undefined.

1080° is coterminal with 1080° — 3(360°) = 0°.
Thus, csc 1080° = csc 0°, which is undefined.

—1530° is coterminal with 5(360°) — 1530°
=270°. Thus, sin (=1530°) = sin 270° = —1.

—2610° is coterminal with 8(360°) — 2610°
=270°. Thus, cos (-2610°) = cos 270° = 0.

cos(5z)=cos(r+2-2rw)=coszw =—-1
sin(3z) =sin(z +27) =sinz =0

tan(4z) =tan(0+2-27) =tan0=0

1 3 3
cot| — |=cot| —+2x |=cot| — |=0
2 2 2
hy/4 4 4
csc|l — |=csc| —+27x |=csc| — |[=1
2 2 2

sec(7m) =sec(r +3-27)=seczt =—-1
sin(—=27) =sin(0 + (-1)27) =sin0=0

cos(—57m)=cos(zr +(-3)-27)=cosz=—-1

cos (—3—”J = cos (£+ (—1)2%) = Ccos (Zj =0
2 2 2
sin (—ZJ =sin (3—”+ (—1)27[) =sin (3—”j =-1
2 2 2

sin@ <0 and cos@ < 0= @ is in quadrant III.
sind <0 and tand > 0= @ is in quadrant III.
sin@ >0 and cos@ < 0= @ is in quadrant II.

tand >0 and cscd < 0= @ is in quadrant III.
cos@ >0 and cscd <0= 6 isin quadrant IV.
cos@ <0 and cotd>0= 6 isin quadrant III.
secf <0 and cscd > 0= 6 is in quadrant II.

secd <0 and tan@ > 0= @ is in quadrant III.

sinH:—i:y:—S, r=13
13

2+ (-5 =13 22 +25=169 =

x?=144= x==12
Since @ is in quadrant III, x is negative, so
x=-12.

54.

55.

56.

57.

58.

59.

sinH:—i:y:—S, r=13
13

24 (=5)7 =13 %2 +25=169=

x?=144= x==12
Since @ is in quadrant IV, x is positive, so
x=12.

cos6=l=>x=7, r=25
25

V72 +y? =25=49+y2 =625=
y2=576= y =124

Since @ is in quadrant I, y is positive, so
y=24.

cosH:l:x:l r=25
25

V72492 225249+ =625
y?=576= y=124
Since @ is in quadrant IV, y is negative, so
y=-24.

5 .
cosH:—E, @ in quadrant [l = x <0,y <0

x:—s’r:13:>132:(—5)2+y2:>y:—12

sinH:—g, cost—i, tang:z’
13 13 5

CSC&Z —E, sec@: —E’ COthi
12 5 1

tand = —%,«9 in quadrant IV= x>0,y <0

y=-3x=d=r=4>+(=3)% =5

sinHz—E, cos@zi, tanHz—g,
5 5 4

cscl = —é, secﬁzé, cotd = —i
3 4 3

cotH:—%,H in quadrant I = x <0,y >0

x=-3,y=4=r=4(-3)>+4> =5

sin6=i, cosﬁ=—§, tand = ——,
5 5

cscH=§, sec«9=—§, cotd = —é
4 3 4
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474 Chapter 5 Trigonometric Functions
4 . 68. 2190° is coterminal with 2190° - 6-360° = 30°.
60. sec@zT,01nquadrantIV:>x>0,y<0 23
7 2 Thus, sec2190° =sec30°= ——.
Tr=4=4>=({7) +y> = y=-3 3
69. 2130° is coterminal with
sin@z——,cos@zﬁ, tanHz—ﬂ, 2130°-5-360° =330°.
i/— \7/— 330° lies in quadrant IV with reference angle
cscf=—2 seco=T org=-Y" 0 =360°~330°=30°. In quadrant IV IV
3 7 3 cscd <0, socsc2130° = —csc 30° =

61. sind = E, tan@ <0 = @ is in quadrant IT and 70. sec 1410° is coterminal with

62.

63.

64.

65.

66.

67.

x<0. y=3r=5=5>=x>+3>=x=-4

Sinﬁ—i, cosH:—i, tanHz—g,

5 5 4
csct9—é secﬁz—i, cotl =——

3 4

3 L
cotH—E secf >0 = 6 is in quadrant I and

x>0,y>0. x=3,y=2:>r:\/32+22 :\/E
213 313 2

sinfd =——, ¢ 0——t nf=—,
13 13 3

sc¢9=£, sec€=£, cot49=§
2 3 2
secH =3,sinf <0 = @ is in Quadrant IV and
y<0.r=3,x=1=23>=12+y> = y=-22

22

sind = —T, cos@ =%, tand = —2\/5,

32 V2

cscl=——— secld =3, cotHz—T

tan @ =—-2,sin@ >0 = @ is in Quadrant II and
x<0, y>0.

y=2x=-1=r=(-1)+22 =5

25

sin€=T, cos¢9=—§, tand = -2,

csc@zg, secd =—/5,cotd =——

1470° is coterminal with 1470° —4-360° = 30°.

Thus, sin1470° =sin30°=—
1860° is coterminal with 1860° —5-360° = 60°.

Thus, cos1860° = cos60° = —

1125° is coterminal with 1125°—3-360° = 45°.
Thus, tan1125° =tan45°=1.

71.

72.

73.

74.

75.

1410°-3-360° = 330°.

330° lies in quadrant IV with reference angle
6" =360°—-330° = 30°. In quadrant IV,

secd >0, so sec 1410° =sec 30° = %
690° is coterminal with 690° — 360° = 330°.

330° lies in quadrant IV with reference angle
6" =360°—-330° = 30°. In quadrant IV,

B3

tan @ < 0, so tan 690° = —tan 30° = —?.
2100° is coterminal with

2100°-5-360° = 300°.

300° lies in quadrant IV with reference angle
6" =360°—-300° = 60°. In quadrant IV,

B3

cotd <0, so cot 2100° = —cot 60° = —?.

137 T 137 . . /4
—— =4, +— = —— is coterminal with —
3 3 3 3
and lies in quadrant I. In quadrant I, sin & > 0,
. 13;:) .z 3
SO sin| — |[=sin—=—.
3 3 2
197 w 197 . . /4
—— =6+ — = —— is coterminal with —
3 3 3 3

and lies in quadrant I. In quadrant I, cosé > 0,

(197;) T 1
SO cos| — |=cos == —.
3 3 2

297 hy/4 297 . . Y4
T =4+ ? = T is coterminal with —

and lies in quadrant II. The reference angle is

72—5?”=%. In quadrant II, cos@ <0, so
V4 3

COS—— =—COS—=——.
6 2
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1 7 1 7 2
76. S ar+Z = 3z is coterminal with —~ The reference angle is 7z — “Z 7 Then
6 6 6 6 3 3
and lies in quadrant II1. The reference angle is o 3
17 P sin— =sin—=—,
i = 5 In quadrant I11, sin@ <0, so 32
3r P cos—=—cos£=— , and
sinT:—singz—E. 3
tan—= —tan% = —\/g.
77. 3z =8+ Sz = 37 is coterminal with S
4 4 4 4 2r 27 180 .
and lies in quadrant III. The reference angle is c. 3 = ERrS =120
Sz _ = f In quadrant III, tan& > 0, so Because 120° is in quadrant II, its reference
4 4 angle is 180° — 120° = 60°. Then,
3 V4

78.

79.

80.

tan——=tan— =1.
4 4

357 37 357 37
—— =87 +— = —— 1is coterminal with —
4 4 4

and lies in quadrant II. The reference angle is
- 3—” = Z. In quadrant II, coté <0, so

4 4 82.a.

357 4

tan—— = —tan— = —1.

4 4
297 hY/4 297 . . .. S
T =8+ T = T is coterminal with —

and lies in quadrant IV. In quadrant IV,

secd >0, so sec(zg—ﬂ) se 05—” =
3 3
B _ 67 +% = RELA is coterminal with .~ b.
6 6 6 6

and lies in quadrant III. The reference angle is
7?” -7 = % In quadrant III, csc8 <0, so

437 V4
csc——=—csc— = —2.

6 6

81.a. From figure 5.46, we see that the endpoint of

the arc of length s = 2 is —l £ So,
3 27 2
.27 B3 27 1 c.
sin— =—, cos— =——, and
3 2 3
an % _ sin(27/3) B2 __
3 cos(27/3)  -1/2

2T .. . e
0= ? lies in quadrant II, so its sine is

positive and its cosine and tangent are both
negative.

3

sinz—” =sin 60° = ,
3 2

cosz—”= —cos60° = —l, and
3 2

tanz— tan 120° = — tan 60° = —\/5.

From figure 5.46, we see that the endpoint of
the arc of length s = 37” is [—g g}

>

RY/4 \/5 RY/4 \/5
So, sin— =——, cos— =———, and
4 2
3 _sin(37/4) _ \2/2
tan — =-1.
4 cos(37/4) —2)2

37 . . o
0= e lies in quadrant II, so its sine is

positive and its cosine and tangent are both
negative. The reference angle is
i J_

4 27

72—3—”=Z Then s1n3—”—sm
4 4 4

kY4 /4 x/§
cos— =—cos— =———, and
4 4 2
3z 4
tan— = —tan— = —1.
4 4
37 _37 180 350
4 4

Because 135° is in quadrant II, its reference
angle is 180° — 135° = 45°. Then,

V2

sin3—” =sin45° = s
4 2
——, and

coss—” =—cos45° =
4

tan3—”= —tan45°=—1.
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83.a. From figure 5.46, we see that the endpoint of A . NG
Wz \/5 | Then sin—=—sin—=—7,
the arc of length s =—is | —, ——|. So, 3 3
6 2 2 V4
cos— =—cos— =——, and
1z 1 1z 3 3
n— =—-—, cos—=—, and T
6 2’ 6 2 tan — = tang =3
a7 _ sin(27/3) _-12 1 _ 3
6 (27[/3 \/5/2 \/5 3 c. 4_”:4_7[ @_2400
3 3
b. 6= 11?” lies in quadrant IV, so its sine and f;glaeuissez?o(fisllélo(guj(ér(é)ls t%{lle,rifs reference
tangent are both negative and its cosine is Arz . 3
positive. The reference angle is Sin == = —sin 60° = 5
27127 phen 4r o 1
6 6 00572—00560 =-——, and
11_” =— Z [ 47
st 6 sn6— ’ tanT=tan6O°=x/§.
117z V4 3 .
cos 6 Sg =5 and 85.a. From figure 5.46, we see that the endpoint of
¢ 117z 7 _ 3 the arc of length S:5_7[ is (—ﬁ, —QJ
n—sx=—-tan—=——-. 4 2 2
6 6 3
11z 11z 180 o So, s1n5—”:—£,coss—”:—£, and
C. T = T — =330 4 2 4 2
V4
Because 330° is in quadrant IV, its reference tan % S5z sin (57/4) -2 / 2/2
angle is 360° — 330° = 30°. Then, 4 cos(57z/4 \/_/2
sinﬁz—sinSOoz—— 57
6 b. 0= T lies in quadrant III, so its sine and
os—— =cos30° = ?, and cosine are both negative and its tangent is
Sz V4
positive. The reference angle is — -7 =—.
tanﬁ:—taHSOoz—ﬁ. 4 4
6 3
84.a. From figure 5.46, we see that the endpoint of Then sin—=—s nz = >
47 1 B
th flength s=—is | ——, ——|.
carcolienglh $= IS( 2’ ZJ cos=—=-c sz=—£, and
4 2
So sin4—”——£ (:054—7[——l and t Sﬂ—t 7[—1
) 3 R 3 % an 1 an i,
an 22 S0 _ 32 _ st _Sts0
3 cos (47[/3) -1/2 R
Ax Because 225° is in quadrant I11, its reference
b. 0= ? lies in quadrant III, so its sine and angle is 225° — 180° = 45°. Then,

cosine are both negative and its tangent is

4
positive. The reference angle is Tﬂ -7 = %

V2

5
sin—”= —sin45° = ——,
4 2

NG

cosS—”: —cos45°=——, and
4 2

tan%z: tan45°=1.
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86.a. From figure 5.46, we see that the endpoint of

the arc of length s :5?7[ is (l —ﬁj So,

T2
hy/4 \/§ hy/4

sin— =—-——, cos— = —, and
3 2 3 2
sm_sin(57/3)  —3/2 i

t = =
3 cos(57/3)  1/2

b. 0= 5?” lies in quadrant IV, so its sine and

tangent are both negative and its cosine is
positive. The reference angle is

27- - Z Then
3 3
.57 B N €
sin—=-sin—=—-—,
3 3 2

/4 T
cos— =cos— =—, and
3 3 2

hY/4 4
tan—— = —tan — = —/3.
3 3

o ST_STI80 o
3 3
Because 300° is in quadrant III, its reference
angle is 360° — 300° = 60°. Then,

NG

sins—”: —sin 60° = ——,
3 2

cosS—”= —cos60° = —l, and
3 2

tan%Z =tan 60° = \/g

5.3 Applying the Concepts

A Safety chain
|

—d

From geometry, we know that an altitude drawn
from the vertex of an isosceles triangle bisects
the vertex angle and also bisects the base of the
triangle. Therefore,

sin60°:%:> d :SSin6O°:8(%J: 443.

The length of the chain is
2443 =83 =13.86 ft.

cos 60° :%: d=12cos60°=6
The buoy is 6 feet from the cliff.

Use the figure below for exercises 89-96.

P(x, y)

|

R g

89. H= 6—14(44 sin30°)” = 7.5625 ft

,_ H4sin30°
16

447 5in 30° cos 30°
16

=1.375 sec

R =52.39 ft

90. H= 6—14(44sin 45°)% =15.125 ft

. 44 sin 45°
16
R 442 sin 45° cos 45°
16

=1.94 sec

=60.5 ft

91. H= 6—14(44 sin 60°)” = 22.6875 ft

| H4sin60°
16
Re 442 sin 60° cos 60°
16

= 2.38 sec

=52.39 ft

92. H= 6—14(44sin 90")2 =30.25 ft

p o Hasind0° o

16

2 1 o o
R:44 s1n91(; cos90 —0ft

Copyright © 2015 Pearson Education Inc.



478 Chapter 5 Trigonometric Functions
2 450 5.3 Beyond the Basics
93.a. y=xtan45°- sz
280 For exercises 101-104, refer to the following figure.
16(J§) 2 X Y
=x(l)-—F—x"=x-—— i
80 200 o(—x,y) P(x, y)
b. y=100—L(1002)=50ft /Af 6
200 -1\7 0 N1 x
N—x0/N\, | 1/ WM 0)
94, H =—(80sin45°)” = 50 ft R =) = 56 =)
64
80sin 45°
9s. t= % =3.54 sec 101. Since sin (—19) =—sin @, the y-value of the
point on the unit circle on the terminal side of
802 sin 45° cos 45° —6 equals the opposite of y-value of the point
96. R= 16 =200 ft on the unit circle on the terminal side of 8.
Since cos (—19) = cos 8, the x-value of the point
3(2)cos 60° o L
97. A=————=0991t on the unit circle on the terminal side of -6
V7 +9cos? 60° equals the x-value of the point on the unit circle
. on the terminal side of 6. Thus, the coordinates
98.a. 0 =0° for a point due east of the sound . o
. of the point on the unit circle are (x, —y), and
source. D =25+15¢cos0° =40 dB the point on the unit circle is S. The triangle we
b. 6 =180° for a point due west of the sound are seeking is ASOM.
source. D =25+15cos180°=10 dB 102. Since sin @ = sin(180° — ) , the y-value of the
c. 6 =270° for a point due south of the sound point on the unit circle on the terminal side of
source. D =25+15c0s270° = 25 dB 0 equals the y-value of the point on the unit
circle on the terminal side of 180°—-6 .
99.2. /1 =100sin30°=100- 1 =50 ft Since cos 8 = —cos(180° — @), the x-value of the
2 point on the unit circle on the terminal side of
NG @ 1is the opposite of the x-value of the point on
b. 4k =100sin60° =100 N3 =503 = 86.6 ft the unit circle on the terminal side of 180° -6 .
2 Thus, the coordinates of the point on the unit
1 circle are (—x, y), and the point on the unit circle
100.a. V =166cos [12072 . E) =166cos is Q. The triangle we are seeking is AQON.
=166(-1) = -166 volts 103. Since sin @ = —sin(180° + ), the y-value of the
1 point on the unit circle on the terminal side of
b. V =166cos [120;; _) =166cos 27 @ 1is the opposite the y-value of the point on the
60

=166 (1) =166 volts
V= 166005(12071 L) = 1660055—”
72 3

=166 (lj =83 volts
2

unit circle on the terminal side of 180°+ 8 .
Since cos @ = —cos(180° + @) , the x-value of the

point on the unit circle on the terminal side of
@ 1is the opposite of the x-value of the point on
the unit circle on the terminal side of 180°+ 6 .
Thus, the coordinates of the point on the unit
circle are (—x, —y), and the point on the unit
circle is R. The triangle we are seeking is
ARON.
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104.

105.

106.

107.

108.

109.

Since sind = —sin(360° — @) , the y-value of the
point on the unit circle on the terminal side of
@ is the opposite of the y-value of the point on
the unit circle on the terminal side of 360° -6 .
Since cos 8 = cos(360° — 8) , the x-value of the

point on the unit circle on the terminal side of

0 1is equals the x-value of the point on the unit
circle on the terminal side of 360°— 6@ . Thus,
the coordinates of the point on the unit circle are
(x, —y), and the point on the unit circle is S. The
triangle we are seeking is ASOM .

sin (—45°) = —sin45° = —%

tan (—60°) = — tan 60° = -3

sin135° = sin(180° — 45°) = sin 45° = %

V2
2
tan 120° = tan(180° — 60°) = — tan 60° = —/3

V2

sin 225° = sin(180° + 45°) = —sin45° = ——

c08135° = cos(180° — 45°) = —cos 45° = —

cos 240° = cos(180° + 60°) = —cos 60° = — —

V3
3

N | =N

tan 210° = tan(180° + 30°) = tan 30° =

sin315° =sin(360° — 45°) = —sin45° = —

V2
2

c0s 300° = cos(360° —300°) = cos 60° = %

3

tan 330° = tan (360° — 330°) = — tan 30° = — 3

For acute angle 4,

2
. y y ) y
sinf==-=———=sin" 0 = .
2 2
rooxty? XT+y

For any real numbers x and y, X2+ y2 > xz, SO

2

y
X +y
sing|<1= -1<sind<I.

<1=sin’0<1=

110.

111.

112.

113.

114.

115.

Similarly, we can show that

2
X X X
cosf@=—= = cos’ 0 =

2. 2
rooJxt+y? XT+y

COSZHS1=>|COS(9|S1=>—1SCOS(9S1.

=

90° + 0
g
P(x, y)
,
0
N O M
X2+t =1

mZQON =180°—-(90°+6)=90°-0

Thus, m£Q =6. 4N = ZM and

0Q=0P=r, so APOM =ANOQ by AAS.
a. Q corresponds to M. The coordinates of M

are (x, 0), so the y-coordinate of Q is x. Since
the coordinates of Q must satisfy the equation

X2+ y2 = r2, the x-coordinate of Q must be
—y. Thus, the coordinates of Q are (—y, x).

b. sin(d+90°) == = cos@
r
cos(8 +90°) =2 Y g
r r
tan(@ +90°) I —cotd
-y y

In triangle ABC, A+ B+C =180°=

A+ B =180°—C. Substituting we have

tan (A+ B)+tan C = tan (180°— C) + tan C
=—tanC+tanC=0

Since the largest value for cos @ =1, the
smallest value for secd =1.

cos 105° = cos 60° + cos 45° is false because
cos 105° < 0, while cos 60° > 0 and

cos 45°> 0.

The sum of two positive numbers is positive.

sin 260° = 2 sin 130° is false because
sin 260° < 0 while sin 130° > 0.

tan 123° = tan 61° + tan 62° is false because tan
123° < 0, while tan 61° > 0 and

tan 62° > 0.

The sum of two positive numbers is positive.
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116. sec 380° = sec 1.85O + sec 195° is false because 127. g(x)= 3t 122217
sec 380° > 0 while sec 185° < 0 and 4 2
sec 195° < 0. The sum of two negative numbers g(=x)=3(=x)" +2(-x)" -17
is negative. =3x*+2x2 17
g (x) is even.

5.3 Critical Thinking/Discussion/Writing )
x) S5x

(

(x)=

(x) ( )+3=—5x+3¢f(x)
(=x)=

(

128.
117. False. For example, if & =90°, then we have

f

. _ f

cos (sin90°)° = cos1° = 0.9998 while F(-x)=5(-x)+3=-5x+3# f(-x)
f

sin (c0s90°)° = sin 0° = 0 x) is neither even nor odd.
118. False. sec# and tan@ are both undefined for
6 =90°. 5.4 Graphs of the Sine and Cosine
Functions
5.3 Maintaining Skills
5.4 Practice Exercises

119. f(x)=3x—4=0=>)c=i 1
3 : é_) = 5sinx
3 ”/ \\‘ 3:"1 \ y = sinx
120. g(x)=2x+3=0:>x=—5 ,,l “‘ 11 “y:%mx
VN ‘\_/fl_’
—2 — | X
121. g(x)=x2+3x—10=0=>(x+5)(x—2)=0=> " v '.': n\‘ ,’W
x=-52 A W
\LS_ </
2
x°=2x-3 )
122. g(x):T:O:x -2x-3=0= 2. M y=5cosx
(x+1)(x—3)=0:>x——1,3
For exercises 123—128, recall that | | qs | |
f(=x)=f(x)= f(x)iseven and 27 \=7 [\ 7 [ 2nx
f(=x)=—f(x)= f(x)is odd. -3r
3 U
123. f(x)=2x"—4x Amplitude = 5, range = [-5, 5]
3 3
f(—x):Z(—x) —4(—x):—2x +4x=—f(x) 3. y y=sin% X
f(x) is odd. 1~
0.5 l/ \\
124. ¢ )=\/ § 2 3| l x
0.5 \ g
—x)= ’ —(— \\/I
1 y=sinx

4. yz y = 2cos 2x
125. A

h(=x) = (=x)’ = (~x)* = =x> = x> # () |
h(=x)=(-x)’ = (=x)* = =x* = x> 2 -h(x)
h(

x) is neither even nor odd. 2y

3 5. Answers will vary.
126. p(x) =3x°
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a= 1 = the amplitude is l
3 3

b= % = the period is 27” =57

5

c= —%=> the phase shift is z units left
y

e, Y
N1k Ry NG

| A [
—Sm—AR372mf-m | 27 3mwf\4mw Sm X
\/ - \/\(m )

L 12

e

W=

9

—0.5

8. y=-2cos [3 (x+ 7[)]
a =-2= the amplitude is 2.
b =3 = the period is 2%[
¢ =—7n = the phase shift is 77 units left

y = —2cos [3(x + m)]

é\ e

VA

9.a. y=3sin(2x+%)=3sm{2(“%ﬂ
il ]

b =2, so the period is 27” =7.

c= —%, so the phase shift is % units left.

10.

11.

12.

b. y :cos(ﬂx—l): cosn(x—ij
/4

2
b =7, so the period is oo
T

1 A
¢ =—, so the phase shift is — units right.
/4 V4

Y y=2cos(3x — )
di \ /
| | |
g 2m m X
L 3 3
72._

INT 1 1 |
T x

—6

Plot the values given in the table by months
using January = 1, ..., December = 12. Then
sketch a function of the form
y=asinb(x+c)+d that models the points

just graphed.
y
18— _ P
[ y=36sin|-(x—3)+ 12.2
14 -
12 C
10 —
8 —
I EEEEEEE NN
"2 4 6 8 10127
. highest value — lowest value
amplitude = a = >
15.8-8.6
=———=36
2

d= %(15.8 +8.6)=12.2
The weather repeats every 12 months, so the
period is 12. Then, 12 = 27” —b= % . The

highest point on the graph, 15.8, occurs at x =6,
so the phase shift is 3. The equation is

y =3.6sin [%(x— 3)} +122

Copyright © 2015 Pearson Education Inc.
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13. Using the reasoning presented in the example in
the text, the form of the equation is

y =—4coswt . The period is 2—” =3=

w
2?” = . So the equationis y =—4 cosz?ﬂt.
5.4 Basic Concepts and Skills

1. The lowest point on the graph of
y=cosx,0< x<2m, occurs when x = 7.

2. The highest point on the graph of

y=sinx, 0<x <27, occurs when x =

1N

The range of the cosine function is [-1, 1].
The maximum value of y = —2sinx is 2.
False. The amplitude is 3.

False. The range is [-1, 1].

True

True

/\ %_\)?—2smx

10. YA y=dcosx

© ® N A, kW

11. y

12. Y y=—2sinx

ANAY
V.V

13.

14.

15.

16.

17.

18.

19.
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20.

21.

22,

23.

24,

25.

26.

y=sin(x+7ZT)

W

VZw x

—\\/7 27X
_1_
. _T
y—ZCos(x 2)
y
2+
/\ .
-2 - \/wx
2

:25in(x+73—7)

/

A

|
T 27 x

N v
72_
YAy =sinx+1
Py
1
| | | |
=27 -7 T 27 X

y,]\ y :lcosx -2

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

T 27 X

y=sinx —3

y=5cos(x—m)y=>a=5b=lc=nr=
amplitude = 5, period = 27, phase shift =7

ystin(x—EJ:a:lb:l,c:Z:
8 8

amplitude = 3, period = 27, phase shift = %

y:7COS9[X+%):}a:7’b:9’cz_%:>

2
amplitude = 7, period = ?7[, phase shift = _%

y=11sin8(x+%)=>a=11,b=8,c=_%:>

amplitude =11, period = %, phase shift = —%

y:—6cos%(x+2):>a:—6,b: c=-2=

1
2 b
amplitude = 6, period = 47, phase shift = -2

y=—85in%(x+9):>a=—8,b=%,c=—9:>

amplitude = 8, period =107, phase shift = -9
. V4
y=0.9sin 0.25(x - Z) =a=009,b=0.25,
T . .
c= 1 = amplitude = 0.9, period = 87,
phase shift = %

y=x/§cos7z(x+1)=>a=\/§,b=7z,c=—1=>
amplitude = J5 , period = 2, phase shift = -1
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46. X — 24 _@
3. a=+ period=Z=b=2"—16 c=~ s y= Tdeinle Z)
4 8 7/8 16 /\
y=lsin 16(x—£) | | |
4 16 F 2n Jr 5m 3wx
6 3 6 3 6
38. a=2, period=" = p=" =12, c= " -
6 7/6 10 o S
: y=2sin|2(x—Z
yzzsin[lz(x—ﬂﬂ 2.?% s [0 -3)]
10 /\
2 > | | |
3
39. a=6,peri0d:37z:>b:—”:—,c:—£ T 3 I\ fx
3z 3 4 s
= 6sin % x—(—z) =6sin z(x+£)
Y 3 4 3 4 48 Ay = %cos [Z(x + 7—37)]
1.5%
0. a=L period=6r=p=2=L =7 |\ | /|
2 T 3 2 o 7y 27 X
1. |1 ( 72') 1. 1( ﬂj 3 15 3
y==sin|=| x—|—-—=|||==sin| | x+—=
273 2 2 372

|y

y=2.4sin E(x - 3)}

y y= 75005[4(x*7—67)]
5
41. a=2.4, period=6= b= =§,c=3 AE /\
| |

42. a=0.8, period=10= b= _%,czz s0.

y=08sin [%(x - 2)} % /\

b . 5 27 l6m 1 T T X
43. a==, period=>=bp=T=F o~ i Tz
4T Pty 58 5 T 4 g\"F/ 6 3
anl (-5
y==sin| —| x—| ——
2 5 4 S1. y=%sin[4(x+%r ]+2
. 167[( IJ y
=sin| —| x+— 3
2 5 4
2
4. a=2 period=2=p=Z 37 c=—1L 1
P 3 2/3 6 | L
_m | ™ omx
y=£sin 3ﬂ(x—(—lD 4 4 2
T 6 52
. y
2 ( 1) r | !
=—sin| 37| x+— ~05 T 7 37 x
7 6 ~15 2 2
~25
4s. i N y = —4cos (x + g) -35 /_\
L y= —%cos[Z(x—%)]_3
L[ ! |
s Sr 4% Lax 53. y=4cos(2x+£j=4co{2(x+£ﬂ
6 /3 6 3\ 6 3 6
- period = 7 ; phase shift =—7/6
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54, y= 55in(3x+z) = 5sin 3(x+1j
2 6
eriod = 2z, hase shift = z
p 3 p 6
55. y=—2sin(2x—7)=—sin| 2 x -
2 2 | 2
period = 7 ; phase shift = 7/2
56. y=-2cos Sx—z) =-2cos|5 x—l
4 L 20
period = 27/5 ; phase shift = 7/20
57. y=3cosmx; period = 2; phase shift =0
58. y=sin (%) ; period = 6; phase shift =0
59. y= ECOS(%JF%) = —cos{—(x+l)}
period = 8; phase shift= -1
TX T /4
60. y=-sin|—+—[=-sin| —(x+1
y s1n( 5 6) sm[6(x )}
period = 12; phase shift = —1
. . 3
61. y=2sin(zrx+3)=2sin| 7| x+—
V4
period = 2; phase shift = —3/7
1 1
62. y=—cos| mx—— |=—cos| | x——
4 4z
period = 2; phase shift = 1/47
5.4 Applying the Concepts
63. P =sin 2—ﬂt), E =sin 2—”t), I =sin 2—ﬂ.t ,
23 28 33

where ¢ represents the number of days since
birth.

First, calculate t. Number of years from July 22,
1990 to July 22, 2011 = 2011 — 1990 = 21.
Number of leap years =5 (1992, 1996, 2000,
2004, 2008)

Number of days from April 1, 2001 to July 22,
2001 =29 (rest of April) + 31 (May) + 30 (June)
+22 (July) =112

Number of days from July 22, 1990 to July 22,
2001 = (21)(365) +5-112=7558

2
P =sin (MJ ~—0.63
23
, (2;: (7558)]
E=sin| ————= [=-0.43
28

1= sin(wj =0.19
33

. P=sin 2—”t , E =sin Z—Et , I =sin 2—7[t ,
23 28 33

where ¢ represents the number of days since
birth.

First, calculate . Number of years from March
31, 1991 to August 12,2012 =2012 - 1991 = 21.
Number of leap years = 5 (1992, 1996, 2000,
2004, 2008)

Number of days from March 31, 2012 to August
12,2012 =1 (March) + 30 (April) + 31 (May) +
30 (June) + 31 (July) + 12 (August) = 135
Number of days from March 31, 1991 to August
12,2012 = (21)(365) + 5 + 135 = 7805

P =sin (MJ = (.82
23

, (272(7805)]
E=sin| ———— |=-1
28

I =sin (mj =—0.10
33

The pulse shows how many times the heart
beats in one minute. Therefore, the pulse rate
is the frequency of the function. The period is

27 = L . So the frequency is 70 pulses
1407z 70

per minute.

PA p(t) = 20 sin (1407rt) + 122

| |
1 ue
140 70

t

The systolic reading is the maximum value of
the graph, and the diastolic reading in the
minimum value of the graph. The maximum
value is 122 + 20 = 142. The minimum value
is 122 — 20 = 102. So, Desmond’s blood

. 142
pressure is —— mm of mercury.
102
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66.a. amplitude = 4.5; period = 2z = €L
160z 80

1
b. frequency =——— =80 cycles per second
eriod

sL V(1) = 4.5 cos (1607r1)

\ L\
AVE:

-5
67.a. amplitude = 156; period = 2z = 1
1207 60
1
b. frequency =———=60 cycles per second
eriod

VA V() = 156 sin (12077)
160
120
40 |
—40 1
0 0
-120
—160

68. Because the ball was pulled down 5 inches,
a =-5. The period is given to be 10 seconds, so

_n_7
10 5°

The equation is y = —-5cos (%IJ .

69.a. The largest number of kangaroos is when

sin21=1:>t=%=>650+150:800.

b. The smallest number of kangaroos is when

sin2t:—1:>t:37”:>650— 150 = 500.

c. The time between occurrences of the largest
and the smallest kangaroo population is 1/2

of the period. The period of the function is

27 . .
T =77, so the time between the maximum

and the minimum population is % =1.57

years.

- (3t
70.a. PO =450sin () + 1200

71.

72.

1600
1200
800

400
| | | | |
2 4/6 8 107

L(t) = 225 sin (%(z ~2)) + 500

b. On [3, 10], as the lion population increases,

the deer population decreases. As the lion
population decreases, the deer population
increases.

Plot the values given in the table by months
using January = 1, ..., December = 12. Then
sketch a function of the form
y=asinb(x+c)+d that models the points

just graphed.
y

16.60 -

12.25

8.40 &
_ . P
y =435 sm[6(x 3)]+12.25
[ I N I [ N A N |
123456789 101112x

The highest number of daylight hours is 16.6
and the lowest number of daylight hours is 7.9,

s0 a=200"79 _ 435 The vertical shift
d=100%79 1555 The period is
12= 27” =b= % . The highest point on the

graph, 16.6, occurs at x = 6, so the phase shift is
3. The equation is

y = 4.35sin [%(x - 3)} +12.25.

Plot the values given in the table by months
using January = 1, ..., December = 12. Then
sketch a function of the form
y=asinb(x+c)+d that models the points

just graphed. The maximum number of daylight
hours is 14.8 and the minimum number of

14.8-9.5

daylight hours is 9.5, so a = =2.65.

(continued on next page)
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(continued)

y
14.80 -

12.15 -

9.50

y = 2.65 sin [%T (x — 3)] +12.15

N Y T Y Y |
1234567389101112x

14.8+9.5

The vertical shift d = =12.15. The

2
period is 12 = 7” =>b= % . The highest point

on the graph, 14.8, occurs at x = 6, so the phase
shift is 3. The equation is

y= 2.6551n{%(x—3)}+12.15.

73.a. The highest temperature is 70°F, and the
lowest temperature is 19°F, so

7919 _ 155 The vertical shift is
d= 70+19 =44.5 . The period is
1n=2%_

p b= % . The highest temperature

occursatx=7,s0c=7—-3=4.The
equation is y = 25.5sin {%(x - 4)} 1445,

YAy =255sin

2 [6 (x— 4)] + 445

L 1 1 1 1
6 8 1012 14 x

c. January= f(1)=19; April= f(4) =445
July= f(7)=70; October= f(10) = 44.5 .

The computed values are very close to the
measured values.

|
[ 2 4

74.a. The highest temperature is 83°F, and the

lowest temperature is 40°F, so
83-40

a= =215.

The vertical shiftis d =

M:ﬁl_s_
2

2
The period is 12 = 7” — b= % . The highest

temperature occurs atx =7,s0c=7 -3 =

The equation is

y= 21.55in{%(x—4)}+61.5.

| A I A I N |
[ 2 4 6 8 10 12 14 x

¢. January= f(1)=40; April= f(4)=61.5;
61.5.

July= f(7) =83; October= f(10) =
The computed values are very close to the
measured values.

5.4 Beyond the Basics

7. y = 3sin (7x+ 7T)

A
A4

y yz—zgin(—zxﬂl)
NS\
\J #\

y:2c0s(—3x+g)+2

w'<e

/ I

76.

DIy

I ‘l\kk

77.

—_ N W e

78.

o=

Copyright © 2015 Pearson Education Inc.
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79. v y = |sin x| 86.a. If sin(x+ p) =sinx for some p with
B 0 < p <27 and x a real number, then for
0.5+ x =0 we have sin(0+ p) =sin0=0. But, if
Ll Ll sin p=0 and 0 < p <27, then p must equal
g ™ 3777 2m X 7, and then sin(x + 77) = sin x for all real
b .
30. numbers x
. .3 .
b. sin ZJrfz =s1n—”=—1¢s1nZ.So
2 2 2
p # 7 . Therefore, p =27 .
|
T 7 %T m x Answers may vary in exercises 87-94. Sample
answers are given.
81. v o ) ) ) )
% - y = xsinx 87. The graph is a cosine curve with amplitude 3
- 2
! L [ and period 7, soa=3and b=-2=2.
1k m 3T T X T
:% C 2 v An equation is y =3cos2x.
74 —
-5 88. The graph is a reflection of the sine curve about
32 y the x-axis with amplitude 2 and period 7, so
A 5
A y=xcosx/ a=—2andb=7ﬂ=2.
2 L .
> L L An equation is y = —2sin 2x.
- N/;fn’ 2 X
12‘ o2 2 89. The graph is a sine curve with amplitude 2 and
o , 2
, penodz, soa=2and b= " =4.
83. 1)5 y ="xsinx 2 /2
1r An equation is y = 2sin4ux.
OSEA 1 L1y
05 757 3777 X 90. The graph is a reflection of the cosine curve
,l_é C about the x-axis. The amplitude is 2 and the
_2 —
Lo 2 2
—25 period is —”, soa=-2and b=—"_=3.
3 27/3
84. y = lxsinx| An equation is y =—2cos3x.
91. The graph is a sine curve with amplitude 3 and
2
period 7z, soa=3and b= . 2. The graph
V4
3r 2w x
2 is shifted z units right, so ¢ = Z.
85. 4 4
- An equation is y = 3sin| 2| x -2
=y nequation is y =3sin| 2| x ik
B 7 92. The graph is a cosine curve with amplitude 2
N1 20
L > 5x and period 7z, soa=2and b=—=2. The
\ /4
S 7 7
[y=—x"N graph is shifted 1 units left, so ¢ = T

An equationis y = 200s{2(x+%ﬂ.
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93.

9.

The graph is a reflection of the sine curve about
the x-axis. The amplitude 2 and the period is

e

The graph is shifted g units left, so ¢ =

7T, so a=-2and b=2—7z=2.
T
z
8
An equation is y =-2 s1n{ }
- —2sin[2(x+fﬂ.
8

The graph is a reflection of the cosine curve

about the x-axis. The amplitude is 3 and the
. .5

period is Tﬂ T

7, so a=-3 and
4

2
b= o = 2. The graph is shifted Z units right,
V4

T
S0 c=—.
4

An equation is y =—-3cos {2 (x - %H

5.4 Critical Thinking/Discussion/Writing

95.a.

b. For y= sinZ
10

The period is 20. So period = 277[ =

20= 27 =b= z . Graphing the function
b 10
y =sin %x, we find that there are 10 units

between the value of x at which the
maximum and minimum values are attained.

y
1+

u#_

-~
o -
0
o
=

o|:‘

x,d=0.So, fromy =0 to the

maximum of y is 5 units.

96. Since the minimum value occurs at a value of x

that is 5 units from the value of x at which the
function has the maximum value, the period of
the function is 10 units.

5.4 Maintaining Skills

97.

98.

99.

100.

101.

102.

y—(—3)=5(x—2)=> y+3=5x-10=
y=5x—-13

y—4= =2 (x—l):>y—4=%(x—1):>

ES
-0

y—4=%(x—l)=>2y—8=x—l=>

2y=x+7:>y=%x+%

First, find the slope of the given line.

1
2x+4y=5=4y=-2x+5= y=—5x+%
Since line we are seeking is parallel to the given

line, the slope is the same as the slope of the
iven line, m = L
g > 5

1

y-4=-2 (v ()= y-d=—3(v+3)=

2y—8=—x—3=>2y=—x+5=>yz—%)ﬁ-%

First, find the slope of the given line.

3x+6y=T=6y=-3x+7= y=—%x+%
Since line we are seeking is perpendicular to the
given line, the slope is the negative reciprocal of

the slope of the given line, m = 2.
y—(—1)=2(x—3):> y+1=2x-6=

y=2x-17
3 (x+1)(x—2)
T= )

There are no common factors in the numerator
and denominator, so find the x-intercepts and
vertical asymptotes as follows.

x-intercepts: (x+1)(x—2)=0=x=-1,2
vertical asymptotes:
(x+2)(x—3)=0:>x=—2, x=3

£ (2= x?=3x-10 _(x+2)(x-5)
x2—2x—3 (x+1)(x—3)

There are no common factors in the numerator

and denominator, so find the x-intercepts and

vertical asymptotes as follows.

x-intercepts:

?=3x-10=0= (x+2)(x-5)=0=

x=-2,5

(continued on next page)
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(continued)

103.

104.

vertical asymptotes:
x?-2x-3=0=(x+1)(x-3)=0=

x=-1,x=3

()= x> +6x+8 _ (x+2)(x+4)

x> +1 x2+1
There are no common factors in the numerator
and denominator, so find the x-intercepts and
vertical asymptotes as follows.
X-intercepts:
P +6x+8=0= (x+2)(x+4)=0=
x=-2,-4

vertical asymptotes: x> +1=0= there is no

real solution. There are no vertical asymptotes.

1 1

)= ST e )
The numerator is a constant, so there are no
x-intercepts.

vertical asymptotes:

x? —5x—14=(x+2)(x—7)=0=>
x==-2,x=17

For exercises 105—112, recall that
f(=x)= f(x)= f(x)iseven and

f(=x)=—f(x)= f(x)is odd.

105.

106.

107.

f (x) =x°—2x
f (—x) = (—)c)3 - 2(—x) =—x +2x= -f (x)

g (x) =3x2+1
g(—x 23(—x)2 +1=3x%+1
g (x) is even.

f(x)+g(x)=x3—2x+3x2+1
=x+3x2 - 2x+1
F(x)+g(=x)=(=x)’ +3(=x)* = 2(-x) +1
=—x34+3x7 +2x+1
# f(-x)+g(-x)
# f(x)+g(x)

f (x) +g (x) is neither even nor odd.

108. f(x)g(x)= (x3 - 2x)(3x2 + 1)

109.

110.

111.

112.

=3x> —5x° - 2x

£ (220 =30 -5(-x)" =2()

=-3x +5x° +2x

=f(=x)g(-x)

f (x) g (x) is odd.
f(x) _X - 2x
g(x) 3x%+1
Fex) _(af ~2(ox) a2
g(=x)  3(-x)*+1 3x% +1

_f(=x)

g(-x)

f () iso
o (x) dd.
g (x) 3x% +1

—

[u—y
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5.5 Graphs of the Other
Trigonometric Functions

10—

5.5 Practice Problems

| |
77\ a7 N\ 1 3m X
1. We have m = tan30° = g, so the slope of the 2 \ 2 2
.. A3 . .
line is ER Using the point-slope form, we —10(
have y—-3= ?(x - 2) as the equation of the 3. Step1: y=-3 cot(x + %J

line. In slope-intercept form, the equation is a=-3= the vertical stretch factor is 3.

NE) [ 2\@] b=1= the period is 7.

y=—x+|3-——-
3 3 T s
c= 7 = the phase shift is — units left.

2. Step 1: y=-3tan ( X+ z ) Step 2: Find the vertical asymptotes:
4 T oz
a=-3= the vertical stretch factor is 3. X+ 4 0=x= 4 and
b=1= the period is 7. y4 3z
X+ Z =T =>X= T .

c= —% = the phase shift is % units left.

. . T 3w .
Step 2: Find vertical asymptotes: Step 3: Divide the interval (—Z,T) into four

V4 V4 RY/1
X+—=—-—=x=-— and T V4
4 2 4 equal parts: O,Z, and bR
T T V4 .
Xt—=—=>x=—. Step 4: Evaluate the function at the three
4 2 4 x-values found in Step 3.
.. . 3r ).
Step 3:Divide the interval | ———,~ | into four ( 7[)
44 X y==-3cot| x+—
T 7
equal parts: ——,——, and 0. _
qual p 2 g 0 3
Step 4: Evaluate the function at the three V/a
x-values found in Step 3. 4 0
x y=—3tan(x+zj Z 3
4 2
A 3 Step 5: Sketch the vertical asymptotes and the
2 points (0, —3),(%,0), and (%,3) . Connect
V4
4 0 the points with a smooth curve. Repeat the
graph to the left and right over intervals of
0 -3 length 7z to graph over the interval
Step 5: Sketch the vertical asymptotes and the (_3_7Z 5m j
4° 4 )

points (—%,3),(—%,0), and (0,—3). Connect

the points with a smooth curve. Repeat the
graph to the left and right over intervals of
length 7.

(continued on next page)
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(continued)

4.

10—

5.

N

\'b‘l

I

vV

I
I
I
I
I
1
I
I
I
1
T
I
I
1
I
|
1
I
I
I
1
I

Steps 1, 2: y =2sec3x

Because sec3x = , 2sec3x=2cos3x

cos3x
when cos3x =+1. So first graph y =2cos3x.

a =2 = the vertical stretch factor is 3.

b =3= the period is 2?” There is no phase
shift, so the graph starts at x = 0.

Step 3: Divide the interval (O’ZT”J into four

equal parts: rr andz
Auat paris: “gy M

Step 4: Evaluate the function at the three
x-values found in Step 3.

x y=2cos3x
z 0

6

z -2

3

z 0

2

Step 5: Sketch the graph of y =2cos3x
through the points

E,O), (f,_z , and (E,O). Repeat the
6 3 2

2
graph to the right over an interval of length Tﬁ

to graph a two-period interval. Then use the
reciprocal relationship to draw the graph of
y=2sec3x.

1. The tangent function has period z.

2. The value of x with 0 <x <z for which the
tangent function is undefined is %

V4

3. f 0<x<x and cot x =0, then x = E

4. The maximum value of y = csc x for
w<x<2m is—1.

5. 6 =45°= tan45° =1=slope of the line
y—3=1(x—(—2)):> y=-3=x+2=y=x+5

6. 6=60°= tan60°=+/3 = slope of the line
y—(—1)=\/§(x—3)=> y+1=x/§x—3\/§=>
y=3x-3V3-1=B3x~ (33 +1)

7. 6=120°= tan60° = —/3 = slope of the line
y=(2)=—3(x-(-3))=
y+2=—\/§(x+3)=> y+2=—\/§x—3\/§=>
y==3x-33-2=-x-(33+2)

8. 6=135°= tan135° = —1 =slope of the line

A y = 2sec 3x
I \ I 1 1
47: :U: :T(
I I I I
Al \ 1 1 1
I Nl 1 1
AR A
I 1\ I I
—\ 1 1 1 1
I I I 1
| | | | | | | |
NT h 2o\ 7 ) 4mx
Fa\3 /1 3 1 3
I I I I
2‘!&! l[\l
I I I I
— 1 I I 1
I I I 1
Ao 2R

For xzz,y =cset= csczz 5.1 and for
8 2 16

X =£,y = csc£= cscz = 2.6 . The range of
4 2 8

Mach numbers associated with the interval

F,f} is about [2.6, 5.1].
84

5.5 Basic Concepts and Skills

y—5=—1(x—2):> y=5=-x+2=
y=—-x+7
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¥

y y:cot(x+

—
-

—10

13.
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44.
The model is y =7 tan [% (x + 1)}

y(-1.5)=7 tan{%(—l.S + 1)} ~—1.3924
y(1.5)="7tan {%(1.5 + 1)} ~10.4762

48. Solve the system of equations.
6=atan[b(-05-c)]
O=atan[b(2-c)] )

-6=atan[b(45-¢c)]
Examining equation (2), either a = 0 or
tan[b(2-¢)|=0=b(2-c)=0=
b=0orc=2

d(t) = 20 tan ™ Ifa=0o0rb = 0, then equations ('1) and (3) are

5 false, so we disregard these solutions. Thus,

| | | ¢ = 2. Substitute this value into equations (1)
3 51 and (3).

6=atan[b(-0.5-2)]=atan(-2.50) (4
—6=atan[b(4.5.-2)]=atan(2.56) (5
If we let a = —6, then

5.5 Applying the Concepts

45.a. d

b. When ¢ = 2.5, the light is pointing parallel to tan(2.5b)=1=2.5b = Zop=Z.
the wall. 4 10

P Verify thata = -6, b = Z, ¢ = 2 makes
46. The period b =—. 10
10 equations (1)—(3) true.

47. Solve the system of equations. The model is y = —6tan [l(x _ 2)}
~T=atan[b(-3-¢c)] o 10
O=atan[b(-1-c)] @ y(—1.5)2—6tan{£(x—2)}z11.7757
7=atan[b(l-¢)] 10
Examining equation (2), either a = 0 or y (1.5) =—6tan {%(x - 2)} =0.9503
tan[b(-1-¢c)|=0=b(-1-¢)=0=
b=0orc=-1 49. The asymptotes are x = 1 and x = 5, so the

If a =0 or b =0, then equations (1) and (3) are

iod is 4 and b="
false, so we disregard these solutions. Thus, period 1s & an T4

¢ =—1. Substitute this value into equations (1) Now solve the system of equations
and (3). " .
~7=atan[b(-3~(-1))]= atan(-26) @) 2=acot| 7(2-¢)| @

7=atan[b(1-(-1))|=atan(26)

0=acot E(S—c) (2)
If we let a =7, then 4

S
tan(2b)=1=>2b=%=>b=%. “2=acot| (4=c)| O

Examining equation (2), either a = 0 or

T
Verify thata =7, b=—, ¢ =—-1 makes
8 cot[%(?)—c)}:O:%(S—c):%z

equations (1)—(3) true.
3—c=2=>c=1

(continued on next page)

Copyright © 2015 Pearson Education Inc.



498

Chapter 5 Trigonometric Functions

(continued)

50.

51.

If a = 0, then equations (1) and (3) are false, so
we disregard this solution. Substitute ¢ = 1 into
equation (1) and solve for a.

2= acot{%(Z—l)}ﬁ 2= acot%=> 2=a
Verify that a = 2 and ¢ = 1 makes equation (3)

true. The model is y =2cot [% (x - 1)}

The asymptotes are x =2 and x = 8, so the
period is 6 and b = %
Now solve the system of equations

-3 =acot %(3.5—0) )

0O=acot %(5 - c)} 2)

3=acot %(6.5—6) 3)

Examining equation (2), either a = 0 or

co{%(s-c)}:o:»%(s-c):%:

5-c=3=c¢c=2

If a = 0, then equations (1) and (3) are false, so
we disregard this solution. Substitute ¢ = 2 into
equation (1) and solve for a.

3= acot{%(3.5—2)}=> 3= acot%:}»

-3=a
Verify that a = -3 and ¢ = 2 makes equation (3)

true. The model is y = —3cot {%(x - 2)}

The asymptotes are x = —2 and x = 0, so the
period is 2 and b = %
Now solve the system of equations

2=asec %(—3 - c)} o)

-2 =asec %(—1— c)} )

2=acot %(1—0)} 3)

Notice that the values of y are 2, —2, and 2, so
leta=2ora=-2.

52.

53.

Using equation (3), if a = 2, then
2= 2S60‘:£(1—C):| =1= sec{z(l—c)} =
2 2
Z-c)=0=c=1
2
Checking a =2 and ¢ = 1 in equation (2) gives
—2=2sec %(—1 - 1)} = -2 =2sec[-27]|=

2 =-2, which is false. So, let a = =2, then use
equation (3) to solve for c.

2= 2sec %(l—c)} —oi= sec[%(l—c)} -

z
2
Verify a = -2 and ¢ = -1 in equations (1) and
(2). Thus, the model is

y=-2sec {%(x— (—1))} = —2sec {%()H l)}

(l1-c)=mr=c=-1

When x = %, the model gives

y=—-2sec Z(l+1j =—2sec{2—”}
2\3 3

=-2(-2)=4
The asymptotes are x = —2 and x = 0, so the
period is 2 and b = %
Now solve the system of equations

2=acsc %(—3 - c)} 0

—2=uacsc %(—l—c)} )

2=acsc %(1 - c)} 3)

Notice that the values of y are 2, —2, and 2, so
let a =2 or a = -2. Using equation (3), if a = 2,
then

2= ZCsc{g(l—c)} Si= csc{%(l—c)} =

%=%(l—c)=>c=0

Verify a = 2 and ¢ = 0 in equations (1) and (2).
Thus, the model is y = 2080(%)6).

5.5 Beyond the Basics

For any x,
1 1 11
TP T
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—f(x).So

54. If fis an odd function, then f(—x)

(x).

1

1

1
fx)

—f(x)

1

)

f
f(x).So

(x).

(=x)

1

f

55. If fis an even function, then f(—x)

1

Y

1

f(x)

1
f(=x)
3 tan (—2x)

1
—(=x)

f

we have

y=

61.

2 cot (—3x)

y=

y = 2sec (m — 2x)

2)

—2sec (—

58.

63.

2tan(g—2x) +1

y =

64.

59.

Copyright © 2015 Pearson Education Inc.



500 Chapter 5 Trigonometric Functions

65. y=4dcot(m —4x)+3

ooly |

—10

_______Mﬁ_
g

N B
=

Answers may vary in exercises 66—69.

66. The graph is a cotangent, shifted 7z/2 units
right, so ¢ = % . The period =27 =

1
bziz— .a =15, so the equation is
2r 2

X 7T
=5cot| = —=|.
y CO[Z 2]

67. The graph is a tangent, shifted 7/2 units left, so

c=-Z Theperiod =7 = b="2=1.
2 V.4

a =2, so the equation is y = 2tan(x+%j .

68. The graph is a cosecant with no phase shift. Its
minimum is 2, so a = 2. The period = 7 =

2
b=""=2 The equation is y =2csc2x.
T

69. The graph is a secant, shifted 7z units to the
right, so ¢ = 7 . Its maximum is -3, so a = -3.

2 1
The period =47 = b= 4—” =" The equation

/4
is y =—3S8€(§—7l’).

5.5 Critical Thinking/Discussion/Writing

70. The equation represents a cotangent curve with

1 . . .

b =—= period = T 27 . Since the period of
2 1/2

a cotangent curve is 7 , this curve has been

stretched horizontally by a factor of 2. The

curve is then shifted %(2) =% units to the

right. The cotangent curve has an asymptote at
x =-27 , so the asymptote for this curve is also
shifted 72’/ 4 units to the right. Therefore,

k=-2g+Z=_T7
4 4

X
I ‘y I
i 41
i 3
| 2R
1 1H
I YA N AV 11|
2 \-7 L1\ 7 2 X
' 12 2
I =21
I I
1 3X|
I I
| —4th
I I
I I
. T 27
71. per10d:§:7:>b:6

72. y=-2secx= —2csc(x+§j

5.5 Maintaining Skills

73. f (x) =3x+7 is alinear function that is not

horizontal, so it’s a one-to-one function. Find
the inverse by interchanging x and y, and then
solving for y.
f (x) =y=3x+7
x=17
3

=y=1""(x)

x=3y+7T=>x-7=3y=

74. f (x) =-2x+35 is a linear function that is not

horizontal, so it’s a one-to-one function. Find
the inverse by interchanging x and y, and then
solving for y.

f(x) =y=-2x+5
xX==2y+5=>x-5="2y=

X — 5 5 — X -1
R ] = = X
5=y == (%)
75. True 76. True
77. True 78. True

79. Using the horizontal line test (see Section 2.9),
we see that any horizontal line y = n intersects
the graph of fin more than one point.

If the domain is restricted to [O, oo), then fis

one-to-one.
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80. Using the horizontal line test (see Section 2.9), 5.6 Inverse Trigonometric Functions
we see that any horizontal line y = n intersects
the graph of f in more than one point. 5.6 Practice Problems
y
i 0 T A 3
l.a. y=sin |—— |=siny=—— and
________ Lo \- 2 2
| | l T -_r
- Sys_-=y=
=3 BE BLL 2 3

EEPNOY S 4
o . T T 2 2 2
If the domain is restricted to | ——, — |, then f
2 2
. o 2 2
is one-to-one. 2.a. y=cos 5 =cosy= Y and
81. Using the horizontal line test (see Section 2.9),
we see that any horizontal line y = n intersects 0<y<r=y= 3
the graph of fin more than one point. 4
y

41 1
b. =cos”' == cosy=— and
Y 2 Y73

T
OSySiZ:>y=§

3
— an
3

3. y:tanflTS:Many: d
RPN
-7 77 %
If the domain is restricted to [0, 7], then fis

one-to-one. 4. y=sec'2=secy=2 and

82. Using the horizontal line test (see Section 2.9),

we see that any horizontal line y = n intersects
the graph of fin more than one point.

y 5.a. For |x|<1, let #=sin""x with & in the

T
OSySiZ:>y=§

interval {—%, %} Then, sin@ = x. For 6

: 7|T | > in the interval [—z, Z}, we have (27 - 6)
,7,_777 Tfm 2 2
__________ is also in —Z,z , and
22

sin(27z—9) =—-sinf =

If the domain is restricted to {—%, %}, then f sin(27-0)=-x=
27— =sin"! (—x) =

1

1S one-to-one.

277 —sin~! x=sin”! (—x)
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6.a. y=cos ' 0.22~1.3490

b. y= cse13.5=sin"! L =(.2898
35
-1 -1 1
c. y=cot (-4.7)=rm+tan (——) =2.9320
4.7
-1 -1 1
7.a. y=cot (0.75)=tan | —— |=53.1301°
0.75

b. y=csc (13)=sin"! (%J ~4.4117°

c. y=tan~'(~12)~-85.2364°
8. We cannot use the formula sin ™" (sin x) = x for

RY/4 3 . . .
x= 7 because — is not in the interval

4 T . 1.
——<x< E for which sin™! x is defined.

However, sin 3—” =sin (3—7[ — 27 |=sin z ,
2 2 2

. _1(. 37Z'J v
SO SIn SIHT =—-——.

v ofu(]

Let 6 =sin™! (—%j Then sinf = —%. Using

the Pythagorean theorem with y = -1 and r =3,

we have x =+/3% = (=1)? =+/8 =24/2. So,
. _1( 1) 22
cos|sin” | ——||=cos@=——.
3 3

10. Let €=cos_1§. Then cosH=§, and @ isin

the interval [0, 7z]. The figure shows angle &

in standard position with a point P(x, y) on the
terminal side of &.

Using the Pythagorean theorem, we have
x2+y2=32=>y2=9—x2=>y=\/ﬁ

\/9—x2

Substituting, we have y=tanf = y =

X
1. y= X 2= ﬁcos@ _
\/7—x \/7—(ﬁcos«9)
_ ﬁcos@ _ ﬁcos@
\/7—700520 \/7(1—cos2«9)
\ﬁcosﬁ cosd
= =——=cotd
\/7sin2€ sin &
12. tan§=£=§
2 12 6
g:tanl(éj:39.81°
2 6
0 =79.62°

Set the camera to rotate through 80° to scan the
entire counter.

5.6 Basic Concepts and Skills

1. The domain of f (x)=sin"" x is [=1. 1].

2. The range of f(x)= tan ! x is (—%,%j
-1 1 . T
3. The exact value of y = cos 5 is E

4. sin”!(sinz)=0

5. True

6. False. If —1<x <0, then cos ' x>0.

7. False. The domain of cos™' x is [-1,1].

8. False. The value of tan™' (—j is Z.
9. y=arcsin0=0

_ T
10. y=cosl0==
Y 2
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

\/5 kY4
y = arccos| —— |=—
2 6

y= cosfl(—l) =

=sin~! (lj =Z
Y 2)" 6
T . "
y = arccos (Ej is not defined

y= sin”! 77 is not defined.

3__

=tan
Y 3

=arctanl = z
Y 4

y=tan"'(~1) =~
1( \/gJ T
y=tan | ———|=——
3 6

y=cot ( 1)——

(N2 =z
y=arcsin| ——— |=——
2 4

y = arccos(—2) is not defined.

y= sin™' /3 is not defined.
y= secfl(—2) =

-1 T
=cs¢c (2)=——
y (2)=-¢

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

44.

r\ =«
y = arctan| tan— |=—
( 4) 4

y= tan(tan_l 247) =247

y = tan (tanf1 7) =7

47zj V3
—— | = arcsin| ——
3 3

y =tan 1(tanz—ﬂ) =tan"! (—\/g) =——
3
y= tam(tan_1 —) = 2z
3

Copyright © 2015 Pearson Education Inc.
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_ 114 o
45. cos! (__J e cos”! (1) a2 59. y=tan"'14=8591
2 3 3
60. y=tan"'50~88.85°
46 2 V3 sz
P AESEE| TR )T T T 61. y=tan~'(-42.147) ~ -88.64°
_ {7, . ( 1 H _ {7[ . ( 1 H 62. y=tan '(—0.3863) =~ —21.12°
47. sin| ——sin~ | ——||=sin| —+sin | —
3 2 3 2 In exercises 63—86, use the Pythagorean theorem to
—sin ( r.r j —sin” find the length of the third side of the triangle.
3 6 2 55
=1 63. yzcos(sin_lgjo5
48. cos| —+cos”! —ﬁ =cos (— + 5—”)
2 6
=cosz=-1 ’ 2 4
\ﬁ
49. sin [——cos_1 (—1)}= sin (Z—ﬂ') '\ =
2 i 0
. V3 . 3
=sin (_E) =-—sin—— Exercise 63 Exercise 64
=-1
64. y=sin (cos1 %j = T7
50. tan|—+cot 1(—L) = tan [Z+ tan ™! (—\/g)}
3 6 o 4Y)) 3
65. y=si Tl-=1]|==
= tan £+2_ﬁj g Sm(“’s ( 5D 5
6 3
5w 3
tan— = ———
6 3 3 3
A [
51. sin{tanl(—x/g)+cosl(—73ﬂ !
. ( ju 572’) Exercise 66
=sin| ——+— |=sin—=1
3 6
_ _ 1
52. cos|cot™ (=3 )+sin”! [——H
o () > )
2005(51_1):005(2_)__1 29
6 6 3 2
53. y=cos ' 0.6=53.13°
54. y=sin"10.23=13.30° Nty 13
\29 5
55. y=sin 1(—0.69) =~ —43.63°
-1 6 0 =
56. y=cos  (—0.57)=124.75° > =
Exercise 67 Exercise 68
57. y=sec !(3.5) = 73.40°
(13134194
58. y=csc '(6.8) ~8.46° 68. y=sin| tan"—|=

5 194
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69. y=tan (cos1 ij = 76. y=sin (cotl Ej - 3
> Jax? 19

y
) X
5
3 =3 V4x2+9
4 3
A 3x

4 0 R

| 2x X

. — 2
Exercise 69 | N25 - 9x

Exercise 76 Exercise 77

7. y= cot(sin_1 3_x) = 25;9)52
’ 5

3x

~|w

=Y

Exercise 70

70. y=tan (sin

-
w7
17 . -

71. y—s1n(tan 4)
78. y—s1n sec i =

3

N7
o/ e R
6
0
0 [ 1
1 Exercise 78 Exercise 79
Exercise 71 Exercise 72
V10 79. y= cot[cos_1 f) S
72. y :cos(tan713)zw 2 45?2
5

1 X
73. y=tan (secf1 2) =3 80. y=sin (CO'E 1—) =

[es}
— S
o
‘=
ﬁ
Lo
[ %)
b
R
-
[\*)
S wn
+
= =
wy 7

3cosd 3cosd
81. y= == == -
Exercise 73 Exercise 74 \/9—x \/9—(3cos6) \/9—9005 0
3cosd 3cosf  3cosf — cotf
74. y:tan(CSCI(—Z))Z—? \/91 cos 6) \/9sm g 3sind
75. y=sin(tan_1§)=—x_2 . _,/ 1[16 4smg
4t x y= X 451nt9
y —
_\/16—16sin20_\/16 ~sin” 6)
Ny 4sin @ 4sin @
x 16cos’ 6 _4cos
0 = cotd

4sin@  4sin@
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83 2tan @ 2tan @ AABC is isosceles, so CD bisects AB and
. y = = = —
\/4+x2 \/4+(2tan0)2 \/4+4tan2¢9 LACB.ThenBD3 3 and
2tan 6 2tand  2tand Z/BCD = tan”! (g)z31°=> mZACB = 62°
\/4 1+ tan H) \/4sec 2] - 2secd c
2sin 6 88.
= _002s 0 —sino 2
cosd j > b
) < 8 >|
84. 9+ 0 + 3COt H /9 +9cot? AABC is isosceles, so CD bisects AB and
3cotd 3cotd ZACB . Then BD = 4 and
A /9 1+cot?6 2
- ( © ) _V9csc”§ _3cscd ZBCD = tan™" (i) ~63.4°= m/ACB =~127°
3cotf 3cotf 3cotf 2
1
89. 440 D 880
=siné =—1 =secl ! ?
cosf cos@ 110
sin @ C
Not drawn to scale
85. y= X _ S5secl mZACB =mZACD + m£BCD
T2 a 2
\/x -25 \/(55ect9) -25 mZACB = tan_l(ﬂ)+tan_1 (@j =159°
_ S5secd _ S5secd 110 110
2 2,
\/25560 6-25 \/25(560 o 1) 90.a. 0= 2tan71§:39.6°
1 50
5secl  S5secl o589 18
- = =cscl _ -1 ~ o
\/25tan 0 StanH sm@ sin® b. f&=2tan 2—00~103
cos 6 .
5.6 Beyond the Basics
w/x - \/ 6csch) 36 i
86. Cose H 91. Examining the graph of y =sin~ x in the text
(Figure 5.76), we see that the function is
\/36 csc?6-36 \/36 csc® 0~ 1 increasing on its domain.
6c¢scl 6c¢cscl .. 1.
cosd 92. Examining the graph of y=cos " x in the text
36cot” 0 _6cotf  ing _ P (Figure 5.78), we see that the function is
6cscld  6escd 0 1 cos decreasing on its domain.
sin @

93. Examining the graph of y = tan~' x in the text

5.6 Applying the Concepts (Figure 5.80), we see that the function is

increasing on its domain.
87.

9.

(%)

[ ] a. Using the figure, we have 8 = sec” ! x.

ES
S
]

Yy
Yy

(continued on next page)
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Section 5.6 Inverse Trigonometric Functions 507

(continued)

There is no angle " such that " = cos ! x

\/xz—l

X

note that cos o = and cos =01,

1

SO doesn’t exist for @ =sec” x.

cos ™' x

b. Using the triangle, we have 6 = sec”' x and

41 _ a1
O=cos ' =.So sec” x=cos ' —.
X X
95. y
__________ I

96. YA
i

2

Ll od 1]

S =2
97. Y

98. cot0 is undefined so cotfl(cot X) = Xx is true
for (0,7[)

99. sec% is undefined, so secfl(sec X) = x is true
[ V4

for | 0,— —, T
o5 )57

100. cscO is undefined so cscfl(csc X) = Xx is true

[z n
for —E,OJU(O,E}

5.6 Critical Thinking/Discussion/Writing

101. v

0
e *

From the figure, we see that
sin""x=cos'W1-x% if 0<x<1.
For -1<x<0, sin! x=—cos™! V1- x% since

sin™! (—x) = —sin"" x.

102. Let sin' x=¢ and let cos ' x = £.
By definition sin o = x, —% <a< %, and
cos B =x,0< f <z Therefore sina = cos S
for 0<a, < %

y

. 4
From the diagram, we see that f = E -, or

oa+pf= 5 Substituting gives us

.- -1._Z
siIn - x+cos X—E.

5.6 Maintaining Skills

103. 5(x+3)=8x—24

5x+15=8x-24
-3x=-39
x=13

Conditional equation

104. x(20-3)-1=10x(2-1)+7x—-1
17x-1=17x-1
Identity

105. 3x+1=5(x+1)—2x

3x+1=3x+5
Neither a conditional equation nor an identity
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508 Chapter 5 Trigonometric Functions

106. x> —4=2x% +3x-2 4. 3x(x+2)=x-1
0=x>+3x+2 3xt+6x=x-1
0=(x+1)(x+2)= 3x2 +5x+1=0
x=—1,—2 2
=5+45°-43)(1) -
Conditional equation x= ()( ) = 5£413
2(3) 6
107. 1 - 1 Conditional equation
i o9 (e 3)(x3) 11 (x#l)=(x=1) 2
L __ 1 115. -— = =
-9 2_9 x=1 x+1  (x-1)(x+1) x2-1
Identity e, L, L _@t9r2-9_ 4
108. x*-5x+6=0 T2-x 2+x  (2-x)(2+x)  4-4?
(x-2)(x-3)=0=>x=2,3
. . 1 1 1 1
Conditional equation 117. - = —
x—-1 x*-1 =x-1 (x—l)(x+1)
109.  x*+5x=8x-2x%+1 o (x+)-1 o«
3x2-3x-1=0 _(x—l)(x+1)_x2—1
2
oo Z(EN(EB) -40B)() s 1 _(x+3)-(x+2)
2(_3) T x+2 x+3 (x+2)(x+3)
_3+\9+12 34401 o
-6 -6 x2+5x+6
Conditional equation
119 ! + !
110. — L. ! T2+ B2
x“=3x+2 (x_l)(x_z) B 1 \/5_1+ 1 \/5_\/5
TR T2+l 21 Bz B2
X" —=5x+ X" —=5x+ 2_1 3_ 2
Identity :\/_ +\/_ \/_:\/5_14_\/5_\/5
2-1 3-2
11 (x=2)(x+2)+5x-2=x? +5x=5 =\3-1
x?=5+5x-2=x*+5x-5 120 N N Jr12+42
-7=-5 . = :
. - . . . x+2-2 Jx+2-2 Jx+2+42
Neith dit 1 t dentit
either a conditional equation nor an identity x(m+x/§)
112. x(x—2)+3=x(l—x)+4 = t2_2
2 2
x*=2x+3=x—-x"+4 x\/E+\/§
2x? -3x-1=0 :¥:«/x+2+\/§
2
—(-3)+/(-3)* - 4(2)(-1
x= ( ) (2()2) ()( ) 121 X _l—y_xz—(l—y)(ler)
T 1+ - 1+
33918 34417 ot (1 y)zx
T4 4 _= ‘(‘y)
Conditional equation (1+y)x
2, .2 _
113, x> +2x+9=(x—1)(x-2)+5x+7 =x(li—y)l
X
x2+2x+9=x2—3x+2+5x+7 w _ ) zy_ o
22 +2x+9=x2+2x+9 e are given x”~ +y“~ =1, so substituting in the
Identity o oxPeyi-1l o 1-1
numerator gives = =0.

(1+y)x (l+y)x
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Chapter 5 Review Exercises 509

122. (x+lj(y+lj:xy+l+l+L
y X Xy

1
=xy+2+—
Xy
We are given xy =1, so substituting gives

xy+2+L=1+2+1=4.
Xy 1

Chapter 5 Review Exercises

1. 240°

—150°

IR

2w

=
S
T\ |
|

5. 200=20-2— =~ radians
180 9

6. 36°= 36~i -z radians
180 5

7. —60° = —60-—— = -~ radians
180 3

8. 7_”:7_”.@:1260
10 10 =«

7 _57 180 _ 4o
18 18 =«

10, 37 __47 180 _ oo
9 9 =&

11. 9=2= % = 2.667 radians

r

12.

13.

14.

15.

16.

0= LA H =1.889 radians
r 9

Convert the angle measurement from degrees to

radians: 36° = 36°| —— |=2 = §=1257 m.
180°) 2

Convert the angle measurement from degrees to

radians: 12°=12°( 2 |= = §=0.188 m.
180°) 0.9

<2513 1t

A:lrzg:l.32.320.
2 2 180

2 _~6562m>

a=t20-L 42 470,
2 2 180

For exercises 17-20, use this triangle to help identify
the opposite and adjacent legs:

17.

18.

19.

b
2
cos@=—=b=2,c=9
92=a2+22:>a=\/ﬁ
J77 J77 277

sin@ = ,tan@ = ,cotfd =——,
9 2

77
977

77

secH=2,cs06=
2

sin€=%:>a=1,c=5

52=1"+p* = b=2V6

26 Jo t0 = 24/6,

cosd =——,tan@ =—,co
5 12

secﬁ=%,cs06=5

tan@z%:a:ib=3

?=524+32 =34
534 334 3
34

sinf =———,cosf = ,cotld ==,
34 5

Bi

secl = ,cscl =
3 5
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510 Chapter 5 Trigonometric Functions
5 5 .
20. cotHzZ:a:4,b:5 30. tan@z—a,ﬁ1nQuadrantIV:>x>0,y<O
=445 s c=H y=-5x=12=r=\122+(=5)>2 =13
441 541 4 5 2 12
sin =—-—,cos0=—r—,tanf =, sin@ === ,cos0 ==, cotf ===,
NG
ecld =——,cscd =—— sect9:—,csc6=—E
4 12 5
_ _ 2 _92 .42 _
21. x—2,y—\/8_=>r _8\—/'—_2 =>r—2\/ﬁ 31. sin@z%,@ in Quadrant Il = x<0,y>0
sin€=ﬂ,cos€=£,tan6=4, 2 2
17 17 y=3r=5=5"=x"+3"=x=-4
1 17
cot& =Z,sec6 =17,csc0 =g cosf = —i,tanﬁ = —g,cotﬁ = —i,
2 2 2 _d _3
22, x=-3,y=T=r"=7"+(-3) =>r=\/§ Secg—_ZaCSCQ—E
. 758 358 7
sin@ =———,cosf =——,tanf = ——, 5
8 \/_5 R 3 32. cscH=—Z,ﬁinQuadrantHI=>x<O,y<O
3 58 58
cotf=——,secd=—-—=,cscf=—- y=—4r=5=5"=x"+(-4)* = x=-3
4 3 4 3
2 inf =——,cosf=——,tanf =—,cotd =—,
5
0=—-——
sin€=%,cos€=—£,tan¢9=—&, sec¢ 3
3 3 5
0= J5 0= 35 0= 3 33. Because 150° lies in Quadrant II, the reference
cot=-—r.secf=-—meset=2 angle is 180°— 6 = 180°—150°=30° . In
Quadrant II, the cosine is negative, so
- _ AN A AN L
2. x= \/g’y_ Vo= r _( \/6) +( \/g) = coslSOoz—COSSOoz—ﬁ.
r=3 2
\/6 \/g 34. -300° is co-terminal with 60° . Because 60°
inf =———,cosf =———,tan@ =2, T ’ .
s 3 cos 3 an \/_ lies in Quadrant I, the reference angle is 60° .
0 2 0 3 0 \/6 The sine is positive in Quadrant I, so
cotd =—,secld =—/3,c5c0 = ——
2 2
sin(—300°) = sin 60° =£.
25. Quadrant IV 26. Quadrant I 2
27. Quadrant IIT 28. Quadrant IT 35. 390° is co-terminal with 30°. Because 30° lies
in Quadrant I, the reference angle is 30°. The
29. cosf = — % , @ in Quadrant Il = x <0, y <0 tangent is positive in Quadrant I, so
x=—4r=5=5=(4)"+y"=y=-3 tan390°=tan30°=§-
. 3 3 4 5 . . .
sin@ = —g,tanH = Z,COtH = 5,8606’ =——, 36. —405° is co-terminal with 315°. Because 315°

cscl = —2
3

lies in Quadrant IV, the reference angle is

360° -6 =360°—315°=45°. The cotangent is
negative in Quadrant IV, so

cot(—405°) = —cot45°=—1.
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Chapter 5 Review Exercises 511

37.

38.

39.

40.

41.

42,

43.

ish 44,
| /|\ B | |
—27 - &_/ T Y’n'x
—1. /
5 45,
yA Y= 5sinx
2.5:
A | | L
=27 - - vnx
T 46.
_3 -_—
§ y sm(x )
| /\ ENITAEE
27 —r Xz \i’n’x
T 47.
=4cos (x +
yy cos(x
4=
/\ | 1 L |
-2 - = \/ﬂx
An
48.
y=14sin| 2x+Z | = 14sin 2(x+1J -
7 14
T .
a:14,b:2,c:—ﬁ:>amphtude:14,
period = 27” = 7, phase shift = ——
/4 4
=2lcos|8x+— |=21cos| 8| x+—||=
' (x 9) Hx 72H 49.

a=21,b=8,c= —%: amplitude = 21,

, phase shift = ——
P 72

y=6tan 2x+Z =6tan 2(x+£ =
5 10

a=6,b=2,c= —% = vertical stretch = 6,

. 2w
period = —=—
8 4

period = %, phase shift = ——

y=—1lcot| 6x+2= |=—11cot 6(x+£) =
12 72

a=-11b=6,c= —%: vertical stretch = 11,

period :%, phase shift = ——
72005(x+27r)
|||| |||||m||||||
_m 7rx
6
72

y=3cos(x— m)

/\ [,

- \/ v
_ ™
: y=15 tanI [Z(x -2 )]|
101~ | i
1 I
— 1 I
— 1 I
[ I |
| L
— T s suy a X
—/4 2 /4 |
- | i
-10| ! [
1 I
_ T
y = —cot [Z(x + Z)]
| y
v I
I I I
I — I I
| — I I
| [ 1 1
| | |
_m - @/ m 3mX
4 ~ 4 2 4
i C |
l-10 | !
= lS(}C—
Y= %
y
2 i \ i
I 1 1
| I I
| I I
| T I
Sm Tm X
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512 Chapter 5 Trigonometric Functions

50. y yI:_BCISC%I |
st :\]: :v:
T R A
- o 37, Sm | Tm | X

ATV

51. y:cosl(coss—”)zs—ﬂ

8 8
52. y=sin_1(sin—j=—%

53. y:tanf1 tan(—z—”j -z
3 3

In exercises 5458, use the Pythagorean theorem and
the triangle below to find the length of the third side
of the triangle.

b

54. cos*%:bzl,czzzzz=a2+12:>a=\6

55. sin_I%:a:ﬁ,c:2:>
2
22=(J§) +b2=b=42
ﬁj_ﬁ
2

2

Yy =cos (sin1

56. tan*1§:>a=3,b=4:>c2=32+42:>c=5

y= cos(tan1 ij = 4
4) 5

57. cos™! (—%) —=b=-lc=2=

22=a’+(-)>=>a=4

y = tan (cos_l (—%D =3

58.

59.

62.

63.

66.

V3

sin_l(—7]=>a=— 3,c=2=

22:(—\/§)Z+b2:>b:1

y = tan (Sin_1 [—?JJ =-\3

The wheels turn a quarter of a revolution, so

0="06=57_2 _ ¢~ 44 inches
2 r 2 28

. The smaller central angle formed by the hands

of a clock at 5:00 = i(27[) = R .
12 6

. The difference in the latitudes is

42°31" —29°59" =12°32" =12 +%° =12.533°

- 12.5330(LJ ~0.2187 radians.
180°
s =0.2187-3960 ~ 866 miles.

v=rw = 314=20w = w =15.7 radians per
minute

d=28in.=r=141in.
v=row = 21=14w = w =1.5 radians per
second

. The distance of the satellite from the center of

Mars is about 6780 + 400 = 7180 km. =2 hr
In one orbit, @ =27 and
s=1r0 = s5s=7180-27 = s =45,113.3 km .

s 45,113.3 km

Then v=— = 22,557 km per
t 2 hr

hour.

. The distance of the satellite from the center of

Earth is about 36,000 + 6400 = 42,400 km.
In one orbit, @ =27 and
s=rf0 = s=42,400-27 = s = 266,407 km .

s 266,407 km

t=24hr,so v= =11,100 km
t 24 hr
per hour.
B
C 40° A

320 ft

tan 40° = AB = AB = 268.5 ft
320
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Chapter 5 Practice Test A 513

67. The highest number of daylight hours is 14.3
and the lowest number of daylight hours is 9.8,

143-9.38
2

SO a =2725.

14.3+9.8

The vertical shift d = =12.05.

The period is 12:27”:19:%.

The highest point on the graph, 14.3, occurs at
x =17, so the phase shiftc =7 — 3 =4. The

equation is y = 2.25sin {%(x— 4)} 12.05.

68. Because the ball was pulled down 11 inches,
a=-11.The period is 5, so @ =27/5. The

Lo 2
equationis y =—11cos ?t .

Chapter 5 Practice Test A

1. 140°=140--"— = 7% _ 4435 radians
180 9

Tz _T7 180 _ 5450
5 5

3. x:2,y:—5:>r2:22+(_5)2:>r:@
x_Z@

cosf =—=
r 29

4. 6=£=£=1.5 radians
r 10

5. From exercise 4, we have 6 =1.5 .

A=t2921 00205275 em?
2 2

6. cosH=%:>x=2,r=7=>72=22+y2=>

y=3x/§:>sin0:¥

7. Quadrant II

8. cot@z—%,@ in Quadrant IV= x>0,y <0

x=5y=-12=r=y5+(-12)> =13=

13

secd =

= |

9. Because 217° lies in Quadrant III, the

reference angle is 6 —180°=217°-180°=37°.

10.

12.
13.

14.

15.

16.

0223 = cos F = sin[ Z =37 | = sin - = 0.223
7 27 14

cot 42° =6—’“5:> x=65c0t42° = x =72 m
Amplitude = 7, range = [-7, 7]

y=19sin[12(x+37)| = a=19,b =12,
T

¢ =—-37 = amplitude =19, period = % = g,

phase shift = -37
Because the ball was pulled down 7 inches
2

a =-7. The period is 4, so @ =Tﬂ=§.The

. T
equation is y = —7cos (EZJ

¥ = cos®
| L1 1 1
27 3>\4

T X

-1

1+~ y =sin [2(x - 77)]
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514 Chapter 5 Trigonometric Functions

18. y= sin”! (—ﬁj -z
2 3

19. y= cos™! [cos4—”} = 2z
3 3

4r . . -
Note that 3 is not in the range of cos 'g.

20. sin”! (—%): a=-l,c=3=3%=(=1)2+b>

=b=22

y= tan(sinl(—%j) =%= _ﬁz _g

Chapter 5 Practice Test B

1. 160° = 16O-L = 8—7[ The answer is B.
180 9

137 _ 137 180
5 5 =«

= 468° . The answer is D.

3. x=-3,y=1=r2=(=32+1>=r=410

X 3\@

cos@ =—=———.The answer is A.
r 10

4. 0= 2o g = — radian. The answer is A.

r

N | =

5. A=%r2€= 62.2=9 cm?>.

N | =
| W

The answer is D.

w

6. cos@z%:xzs,r:4:>42:32+y2:>
y=ﬁ2>sin9=\/7/4.TheanswerisB.

7. The answer is D.

8. tan® =12/5,0 in Quadrant Il = x < 0,y <0

x=-5y=-12=r=4/(-5)? +(-12)* =13 =

cscd =—13/12. The answer is B.

9. 640° is co-terminal with 280° . Because 280°
lies in Quadrant IV, the reference angle is
360°— 6 =360° —280° = 80°. The answer is C.

10. The answer is A.

11. v=rw =50(0.8) =40 cm/sec . The answer is C.

12. a:l,47z:2—”:>b:1.The answer is A.
2 b 2

13. The answer is B.

14. y= —SCOS(ZIJ = period :2—”: 8.
4 /4

The answer is D.

15. y=-7cos l x—£ =>a=—7,b=l,
6 12 6
c=%:>amplitude=7, period=2—”=127z,

phase shift = 7/12.
The answer is D.

16. The answer is C.
1 11z V4 .
17. cos COST = ? The answer is C.
.1 4
18. sin —g =y=-4r=5=
52 =x?+ (-4’ = x=3

cos (sin_1 (—%D = % . The answer is A.

19. y= cos™! (0057—”) =cos ™! Q =z
4 2 4

The answer is D.

20. tan1(§j2x=3,y:5:>r2:32+52:>
r=34

( —1(5)} 334

cos| tan E =—.

34
The answer is D.

Cumulative Review Exercises
(Chapters P-5)

1. 3x*-30x+50=-24=3x>-30x+74=0=

30 ++/(=30)% — 4(3)(74) 3
X = = 5 i ?

2(3)

2. Letu=\/;+1.Then
(ﬁ+1)2+2(ﬁ+1)=3:

W +2u-3=0=> u+3)u-)=0=
u = -3 or u =1. Reject the negative root.
1=\/;+l:>t=0
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3. 2% 0 4-x=0=x=4
2x—4
and 2x—4 =0= x =2. The intervals to be
tested are (—eo,2),(2,4), and (4,).
Interval Test Value of Result
point 4—x
2x—4
(~,2) 0 -1 -
2,4) 3 1/ 2 +
(4,0) 5 - 1/ 6 -
The solution set is (2, 4).
4om=—12 2 s 231
3-(-6) 3 3

2
=——x+l1
YT73

5. Logarithms are defined only for positive

>0=0<x<?2.

numbers, SO
-X

The domain is (0, 2).

6. This is a parabola. Shift the graph of y = x?
three units to the right, stretch vertically by a

factor of 2, then shift the graph down five units.

fx) =2x—37%-5

I Y Y I
-2 8 x

—6

7. Stretch the graph of y =e* by a factor of 4,

then shift the graph one unit up.
y
10+

f(x) =4e* + 1

T T 1

I Y Sy |
-5 5x

8. (f o g)(x) =1In (—lj . Since the natural
X
logarithm is defined only for positive numbers,

1 > 0= the domain is (—oe,0).
X

9.a. f(x)=3x+7 isaone-to-one function, so an

inverse exists. Find the inverse by
interchanging the variables and solving for y:

y=3x+7:x=3y+7=>y=—x;7=f_1(x)

b. f(x)= |x| is not one-to-one, SO No inverse

exists.
10. 2[2 4 1 1-=2
-4 0-2 2
201-10
4 3,2,
2xT+4x7 +x" +x 2=2x3+x—1

x+2

11. Solve x> +4x—5=0 to find the vertical

asymptotes: X2 +4x-5=0=
(x+5)(x—1)=0= x=-5o0rx=1. These are

the vertical asymptotes. The numerator and
denominator both have degree 2, so the
horizontal asymptote is y = -3.

2 2
12.a. 10g,3/u:llog 2y
z 3 Z

_1 2
= g(log(x ) +log y —log z)

—%10 x+llo —llo z
3 g 3 gy 3 g

7x (7) 4
b. Inj—=|=In|—=|+Inx" —1In
35l ¥

:1n1.4+41nx—%lny

In|x] ifx<O0

13. ) :{7lnx ifx>0
y
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516 Chapter 5 Trigonometric Functions

18.a.

= 7—cos(x+77)

14. log(x’>+9x)=1= x> +9x=10' =

y
x2+9x-10=0= (x+10)(x—-1)= 0= L
x=—=10orx=1
L s A\ A

15. The possible rational zeros are {iz,il,ig, -2 W 17 2mx
12,43,16} . 1k
16.a. cos€=%:>x=3,r=7=>72=32+y2=> b. =—55m(x+
y =210 \
sin@zﬂ,tanﬁzﬂ,cotﬁzﬂ, \ aAVENE
7 3 20 7211' —r - T 2 X
secH—7 csc 9—7\/_ :\_/
3 20 _st
b, sinf=——y=2r=11=112=x>+2% > i1
) _11 y=ar= B 19.a. sin (-gj:}y:—Lr:S:}
=313
\/_\/— /B /G 52=x’+(-1)>=>x=2J6
osﬁzﬂ,tanﬁzﬁ,cotﬁzﬁ, ( 1( 1)}_2\/8
11 39 2 cos|sin” | —= =5

1V13 11

ecH=T,cs06=7 ;
b. tan_laﬁy=7,x=2=>r2=22+72=>

17.a. cos6=—%,«9inQuadrantII:>x=—4,r=5 r=\/§
522 (<4)? 432 5 y=3 Sin(tan_lzj: 7 :75
. 3 3 4 2) 53 53
sm6=§,tan€=—z,cot¢9=—§,
__3 _d 20. y=cos_1 coss—ﬂ =cos™! 1 _Z
secH——Z,csce—g 3 2 3

b. cotf= %,0 is Quadrant Il = x=-5,y =—-12
rr=(=5+(-12)’ = r=13
sin6=—2,cos€=—i,tan0=2,

13 13 5

secld = — 13 csct9——E
5 12
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