Chapter 6

Trigonometric Functions

Section 6.1 16.

1. C=2xr;A=nr’

17.
2. d=r-t
3. standard position
4. central angle 18.
5. radian
1,
6. r@; —r 0
7. 19
8. 2. [4
rot 20.
9. True
10. False; v=rw
11. 21.
30°
12.
60° 22.
13.
135°
14. 1 Lo
=120° 23. 40°10'25"=|40+10-—+25-—-—
60 60 60
= (40+0.1667 + 0.00694)°
=~40.17°
15.
0 4n 11N 1 1 1)°
450° 24. 61°42'21"=|61+42-—+21-—-—
60 60 60
= (61+0.7000+ 0.00583)°
=61.71°

537
Copyright © 2013 Pearson Education, Inc.



Chapter 6: Trigonometric Functions

25.

26.

217.

28.

29.

30.

31.

1°2'3"=(1+2-i+3-i-ij

32. 29.411°=29°+0.411°

60~ 60 60 —29°+ 0.411(60")
~ (140.0333 +0.00083)° —29°424.66'
~1.03° = 29°424'10.66'

| Lo —29°40.66(60")
73°40'40" =| 73+ 40- — + 40 — . — —29°424'139.6"
60 60 60
~29°24'40"
~ (73+0.6667+0.0111)°
~73.68° 33. 19.99°=19°+ 0.99°
| Loy —19°+ 0.99(60")
9°9'9"=( 94+9.—4+9.—.— 100450 4"
[ <% 60) ~19°459.4
— (94+0.15+0.0025)° =19°+59'+04
z9.150 =19 +59 +04(6O )
—19°459'+24"
98°22'45"=(98+22.L+45.L.Lj =19°59'24"

60 60 60
=~ (98+0.3667 +0.0125)° 34. 44.01°=44°+ 0.01°
~98.38° = 44°+ 0.01(60")
— 44°40.6'
40.32°= 40°+ 0.32° 44040106
=40°+ 0.32(60° = 44°40'+0.6(60")
= 407+19.2° — 44°40'+36"
— 40°419'+0.2' 140036
= 40°+19'+0.2(60")
= 40719 127 35. 30°=30-—— radian =~ radian
— 40°19'12"

61.24°=61°+ 0.24°
=61°+0.24(60")
=61°+14.4'
=61°+14'+0.4'
=61°+14'+0.4(60")
=61°+14'+24"
=61°14'24"

18.255°=18°+ 0.255°
=18+ 0.255(60")
=18°+15.3"
=18°+15'+0.3"
=18°+15'+0.3(60")
=18°+15'+18"
=18°15'18"

21

36. 120°=120-— radian = =~ radians
180 3

37. 240° =240 - radian = 2% radians
180 3

38. 330°=330— radian = ™ radians
180 6

39.

—-60°=-60 L radian = _I radian
180 3

40. -30°= —SO-L radian = _I radian
180 6

41. 180° =180-—— radian = 1 radians
180

42. 270° =270 - radian = > radians
180 2
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43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

5S.

56.

57.

58.

59.

—135°=-135 L radian = _3_7: radians
180 4
~225°=-225--" radian = —%“ radians
-90°=-90 L radian = _I radians
180 2
T . .
—180° =—-180-—— radian = —r radians
180
r_ x 180 degrees = 60°
3 3 &
on = om 180 degrees =150°
6 6 w
_om_ _5m 180 degrees = —225°
4 4 =
_2m_ 2z 180 degrees = —120°
3 3 7
L 180 degrees = 90°
2 2T

dn=4n- 180 degrees = 720°

T
i:i-@ degrees =15°
12 12 =
Sn =5_7t@ degrees = 75°
12 12 =«
—E=—£-@ degrees = —-90°
2 2 T
—T=-T 180 degrees = —180°
e
—E:—E~@ degrees = —30°
6 6 w
_3_1':2_3_11.@ degrees = —135°
4 4 T

179217 radian = ™ radian ~ 0.30 radian
180 180

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
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73° = 73-L radian
180

737 .
=—— radians
180

~1.27 radians
—40° = —40-— radian
180

2
-_=r radian
9

=~ —(.70 radian

-51° :—51-L radian
180

= _17_7: radian
60

=~ —0.89 radian

125° = 125-— radian
180

257 .
=—— radians
36

= 2.18 radians
T .
350°=350-—— radian
180

= 35—TC radians
18

= 6.11 radians

3.14 radians = 3.14-% degrees =179.91°
0.75 radian = 0.75 % degrees = 42.97°
2 radians = 2-% degrees = 114.59°

3 radians =3 % degrees =171.89°

6.32 radians = 6.32-@ degrees = 362.11°

T

V2 radians =2 180 degrees = 81.03°
i
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Chapter 6: Trigonometric Functions

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

r =10 meters; & :% radian;

K =r6=10%=5 meters

r=06 feet; #=2radian; s=rf0=6-2=12 feet

0 =% radian; s = 2 feet;

s=r6
S
0

0 =% radian; s =6 cm;

s=r@
6

N
= _ =24
o (/4 "

=

r =5 miles; s =23 miles;

s=r6

9=5-2_0.6 radian
r 5

r =6 meters; s =8 meters;
s=r6

g="2_
r

~1.333 radians

o | oo
[SSHINN

r =2 inches; 6?:30":30-l:E radian;
180 6

s=r0=2-2=2 _1.047 inches
6 3

r =3 meters; 6 :120°:12O-l:E radians
180 3

s=rf= 3-2—37E =21 = 6.283 meters

r =10 meters; @ =% radian

A =1r2<9=1(10)2 D100 o5
2 2 2 4

r =6 feet; @ =2 radians

1, 1, 2 2
Lro=Ler )

540

81.

82.

83.

84.

85.

1] =% radian; A =2 ft?

Azlrzﬁ
2

1

2==r

12=r7
r=+12 =23 ~3.464 feet

7] =i radian; A =6 cm?

48 =1’
r=+/48 =43 =6.928 cm

r=5miles; A=3mi’

Azlrzﬁ
2
1,2
3=—(5)"0
L)

3=—0

25
2
5

0= =0.24 radian
25

r =6 meters; A=8m’

A=lr249

8=186

9=§=iz0.444 radian
18 9

r =72 inches; 6=30°=30 li =X adian

A=1rg=Ly (£j=£z1.047 in®
2 6) 3
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86.

87.

88.

89.

90.

91.

r =3 meters; 6 =120°=120-L=E radians
180 3

A= %rzﬁ =—(3)’ (2?”) =37 =9.425m’

r=2feet; 8= 3 radlans

s=r9=2-F 22" 5004 feet
33

A =lr29=1(2)2 (fj: _2T 9094 2
2 2 3 3

r =4 meters; 6= radlan

s=r@=4- gzz—;~2094meters

A=lr29=l(4)2 (£)=4—”z4.189 m’
2 2 6) 3

r =12 yards; 9=7O°=7O-L=7—7t radians
180 18

s=rf= IZ-Z—;E =14.661 yards

1

Azlr 0=
2 2

—(12)° G;’ ) 287 ~87.965 yd®

r=9cm; 6=50°= 50—:5—nradian
180 18

s:r€:9-5—nz7.854 cm
18

A=Lra=Loy (5—”)=“—”~ 35.343 cm’
2 2 18) 4

r =6 inches
In 15 mjnutes

0= —5 rev=— 3»600 90°= rad1ans
60 4
T .
s=rf= 6-5 =31 =9.42 inches

In 25 minutes,

0= é rev =i 360°=150°= 5— radians
60 12 6

s = r49=6-5?n=5nz15.71 inches

92,

93.

9.

9s.

96.

97.

98.

Section 6.1: Angles and Their Measure

r =40 inches; 8 =20°= radlan

s =rf = 40- §=4(9)—“~13 96 inches

r=4m: 6=45°=45. —=£radian
180 4

A=Lro=Lay (fj =27 ~628 m’
2 207 4

r=3cm: 6=60°= 60—=E radians
180 3

A=1r29=1(3)2[5) 7 471 em?
2 T2 \3) T

r =30 feet; 8=135°=135- _:3_75 radians
180 4

A:lr 0=— (30) [3”):@406029 ft?
2 2 4 2

r=15yards; A=100 yd’

Azlrzﬁ
2
1 2
100=—(15) o
2
100=112.56
o =ﬂ = § ~ (.89 radian
1125 9
L1019

— j ~50.93°
9 & T

r=5cm; t=20seconds; & =% radian

1/3
=g_u=l-i=— radian/sec
t 20 3 20 0
(1/3
v=£=£= ( )_i-i=—cm/sec
t ot 20 3 20

r=2 meters; t=20 seconds; s =25 meters

/ 5/2
w=g=u=u=§i=l radian/sec
t t 20 20 8
v=22 i:l m/sec
20 4

Copyright © 2013 Pearson Education, Inc.



Chapter 6: Trigonometric Functions

99. d =26inches; r =13 inches; v =235 mi/hr
_35mi 5280 ft 12in. 1lhr
"TThe T mi ft 60min
=36,960 in./min
v _ 36,960 in./min
r 13in.
= 2843.08 radians/min

2843.08 rad ' 1rev

min 27 rad
=~ 452.5 rev/min

100. r =15 inches; =3 rev/sec = 67 rad/sec
v=rw=15-67 in./sec =907 = 282.7 in/sec
in. 1ft Imi  3600sec
v=90r——- . .
sec 12in. 5280ft lhr

=~16.1 mi/hr

101. r =3960 miles
6 =35°9'-29°57'
=5°12'
=5.2°

=502. %
180

=~ (0.09076 radian
s =rf8 =3960(0.09076) = 359 miles

102. r =3960 miles
6 =38°21'-30°20"
— 801!
=8.017°

—8.017 -
180

=~ (0.1399 radian
s =r0=3960(0.1399) = 554 miles

103. r=3429.5 miles

w =1 rev/day = 2r radians/day = 11 radians/hr

V= rm=34295 % ~ 898 miles/hr

104. r =3033.5 miles

w =1 rev/day = 2r radians/day = 11 radians/hr

V= rm=3033.5 % ~ 794 miles/hr

542

105.

106.

107.

108.

109.

r=2.39x10’ miles
w=1rev/27.3 days
= 21 radians/27.3 days

= T radians/hr
12-27.3

v=ro=(2.39x10° ). ——— = 2292 miles/hr
3276

r=9.29x10" miles
w=1rev/365 days

= 21 radians/365 days

-_T radians/hr
12-365

v=ro=(9.29x10")- —— ~ 66,633 miles/hr
4380

r, =2 inches; r, =8 inches;
o, =3 rev/min = 67 radians/min
Find w,:
v =V,
oy = 1,0,
2(6m) =8w,
8

=1.5m radians/min

1.5m .
=—— rev/min

2n
3 .
=— rev/min
4
r =30 feet
1 rev 21 T .
=———=——=—=0(.09 radian/sec
70sec 70sec 35

nrad  6mft
35sec 7 sec

v =ra =730 feet- =~ 2.69 feet/sec

r=4feet; @=10 rev/min = 20w radians/min
V=rm

=4-20m

=80m i

min
_SOnft. 1 mi '60min
min 5280 ft hr
=~ 2.86 mi/hr
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110. d =26 inches; r =13 inches;
w = 480 rev/min = 9607 radians/min
V=re
=13-9601

—12480m
min

_12480nin. 1ft . 1 mi .60min
min 12in 5280 ft  hr
=~ 37.13 mi/hr

1%
w=—
,

_ 80 mi/hr . 121in ' 5280 ft ' 1hr ' 1 rev
13 in 1 ft 1mi 60min 2rwrad
=~1034.26 rev/min

111. d =8.5feet; r=4.25"feet; v=9.55 mi/hr
v 9.55 mi/hr
=—=—-
r 4.25 ft
_955mi 1 5280ft Thr Irev
hr 4.25 ft mi 60 min 27
=~ 31.47 rev/min

112. Let ¢ represent the time for the earth to rotate 90

miles.
24
90 2m(3559)
= M = (0.0966 hours = 5.8 minutes
21(3559)

113. The earth makes one full rotation in 24 hours.
The distance traveled in 24 hours is the
circumference of the earth. At the equator the
circumference is 2m(3960) miles. Therefore,
the linear velocity a person must travel to keep
up with the sun is:

s 2m(3960)
r 24

=~ 1037 miles/hr

114. Find s, when r = 3960 miles and 8 =1".

, 1 degree m radians

=1 =~ (0.00029 radian

60 min 180 degrees

s =r8 =3960(0.00029) = 1.15 miles

Thus, 1 nautical mile is approximately 1.15
statute miles.

543

Section 6.1: Angles and Their Measure

115. We know that the distance between Alexandria

and Syene to be s =500 miles. Since the
measure of the Sun’s rays in Alexandria is 7.2°,
the central angle formed at the center of Earth
between Alexandria and Syene must also be
7.2°. Converting to radians, we have

T _7 radian . Therefore,
180° 25

7.2°="7.2°-

s=r6

500 =72~
25

25 g0 12,500
T T

C=2xr= 271'-@ =25,000 miles.
V4

The radius of Earth is approximately 3979 miles,
and the circumference is approximately 25,000
miles.

=~ 3979 miles

116. a. The length of the outfield fence is the arc

length subtended by a central angle 8 =96°
with r =200 feet.

s=r-6=200-96°—"— ~335.10 feet
180°

The outfield fence is approximately 335.1
feet long.

b. The area of the warning track is the
difference between the areas of two sectors
with central angle € =96°. One sector with
r =200 feet and the other with r =190
feet.

A=1R29—lr29=g(R2 —”2)
2 2 2

_96° &
T2 180°
_4r
15

The area of the warning track is about
3267.26 square feet.

(200° -190)

(3900) ~ 3267.26
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Chapter 6: Trigonometric Functions

117. 1, rotates at @, rev/min , so v, = K@, . Section 6.2

r, rotates at @, rev/min , so v, = r,@, . s a2
. . . 1. ¢c"=a +b
Since the linear speed of the belt connecting the

pulleys is the same, we have: 2. f(5)=3(5)-7=15-7=8
i =V,
L@, = 1,0, 3. True
ha, _ ho, 4. equal; proportional
Lt hao
i_o s (_L,QJ
Lo 22
118. Answers will vary. 6. _%

119. If the radius of a circle is 7 and the length of the '
arc subtended by the central angle is also r, then 7. cosine
the measure of the angle is 1 radian. Also,

=]
—

N

—
~—

1 radian = 180 degrees .
V4

5 (ﬁ QJ
1°= L revolution 2 2
360
10 (1 ﬁj
120. Note that 1° = 1°-(mj ~0.017 radian 2 2
180
. 180° X
and 1 radian (Lj =57.296°. n 4%
T radians rr
Therefore, an angle whose measure is 1 radian is 12. False
larger than an angle whose measure is 1 degree.
V31 3o
121. Linear speed measures the distance traveled per 13. P= (7, 3 =>x= 5 y= 3
unit time, and angular speed measures the
change in a central angle per unit time. In other o1
words, linear speed describes distance traveled s =y= 9
by a point located on the edge of a circle, and NG
angular speed describes the turning rate of the COSt=Xx=—
circle itself. 2
1
122. This is a true statement. That is, since an angle 9 1 2 1
d in d b d di tanr == = 7R =
measured in degrees can be converted to radian o Ny ey
measure by using the formula * (ﬁJ 243 3
180 degrees = 7z radians , the arc length formula 2
. V4 1 1 2
can be rewritten as follows: s =rf=——r6. esct=—=——~<=1-—=2
180 y [lj 1
2

123 - 125. Answers will vary.
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14.

15.

Section 6.2:

sect:l:;:l.i:i.ﬁzﬁ
7)) T
2
3]
x 2) 32
cott:—:TZT.T:\E
2)
1 3 1 NE)
”:[5"7):“5”—‘7
. V3
s1nt:y:—7
cost=x=%
NG
tant=—=( 2)=_?.%:_\/§

=
I/~
N | —
N

1 1 2 2 3 23
csCt=—= - - =
y (ﬁj NNCRNE R
2
sect=—=L=1.g=2
5!
2
)
g fo\2) 12 1 N33
y 2 3 3 3 3

5
. 21
sint=y=——
5
2
cost=x=——
5

16.

17.

Trigonometric Functions: Unit Circle Approach

csct—l— ! =1 5 _3 .\/E_S\/ﬁ
y [\/Hj 21 21 V21 21
5
1 1 (5) 5
seCct=—=—-—=1|—— |=—=
x [_2) 2) 2
5
2
cotp=toN58) 2 5
y (Jﬁj 5 21
5
_ 2 N2 22
V21 2t 21
( | NEJ 26
P= —_—, jx:——’y:_
575 5
. 2J6
sint=y=——
5
1
CoOSt=x=——
5
&
tant:l: 5 :2*/6(_5}_2\/8
x (_1) 5 U1
5
csct—l— 1 =1 5 = 5 ﬁ_ﬁ
y (2%} 26 26 Vo 12
5

1
X 1( 5
cott;[(zsjjgiz\/g)
5
__LJo_ Ve
246 /6 12
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Chapter 6: Trigonometric Functions

cott

3
f_

x

:

' _

P=

18.

CIPNE _

sint=y—

| o
_
I
/ \ (<2l Ke\l
Vw 3__% _
6_3 | I
N— / \
___ 2_3 3_2
N—
= I W, =
) — T & [
TN N _JT.J 1l \273
N gl —
o ,J_3 R ﬁ_ﬁ |
_s | | N— N—
e} Il I Il . Il
,J_3 e = | = 2_,J1_y
f I I I I
DTSR 3 5
(=l =) Q
a N 3 = 3
=
[o\]

5
s
2___ﬁ
~ _ﬁ

NATCIE T

K

Sl

s
_f

T o T

1l

= y_ = -~
1l 1l 1l
A ~ ~
|%2) = Q

o

3 s 8

Il
Il

l_x
I

sect

= _

cott

sint=y
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+
)
)
a
~—

=-1

22. cos(7m)=cos(m+67)
=cos(m+3-27) = cos(m) = -1

23. tan(6m)=tan(0+6m) =tan(0)=0

20 co 22 en( 2+2]
SMEITINE

25. csc[ﬁj=csc(3—n+8—nj
2 2 2
2050[3—n+47r
2
=csc [3—75 +2- 275)
2
3
=csc| —
2
=-1
26. sec(8m)=sec(0+87)

=sec(0+4-27r)=sec(0)=1

Section 6.2: Trigonometric Functions: Unit Circle Approach

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

547

o[
~—

|
N|§
N

N—

pla vla vla
+
|
=z
[\%]
R
N—

sin(-3m) = —sin (37)

=—sin(n+27)=—sin(m) =0
sec(—m) =sec(m) =-1

tan (—3m) = — tan(3m)
=—tan(0+37)=—tan(0)=0

V2 1+2

sin45° + cos60°=7+ =

1
2 2

sin30° — cos45°:l—£:ﬂ
2 2 2

sin90° + tan45°=1+1=2
co0s180° —sin180°=—-1-0=—

sin 45° cos45°:—2-—2:%:

1
2 2 2

tan 45° cos 30° =1-—3=—3
2 2

csc45° tan 60° = \/5\/5 = \/E
2f 23

sec30°cot45°=——1=——

3
4sin90° —3tan180°=4-1-3-0=4
5c0890° —8sin270°=5-0—-8(—1) =8

n_, 3 .3

ZSinE—Stan—:Z—— ~—=\/§—\/§=0
3 6 2 3
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Chapter 6: Trigonometric Functions

42,

43.

44.

45.

46.

47.

48.

V2

2sinT43tant=2.Y2 43,1242 43
4 4 2
ZSecZ+4cot§—2 J2+4. £—2x/_ 4f
243

3(:sc—+cot——3 —+1—2\/§+1
3 4 3
csc£+cotE:1+O:1
2 2

secn—cscgz—l—lz—Z

The point on the unit circle that corresponds to

9— —120"' (—l,ﬁj
3 2 2

The point on the unit circle that corresponds to

e

2

.5 1
sin— =—
2

sn_ 3
6 2

548

49.

50.

tan T = [;j 1 2)B_ B

(_ 3) 2( ﬁj E
S
L ;)_ 2.

The point on the unit circle that corresponds to

6=210°="" s (_ﬁ,_l).
6 2 2
. 1
sin210°= ——
2
coleO":—ﬁ
2
g
tan210°= 2 =_l [_ijﬁ_i
3 2 3) B 3
2
cchlO°=;=1.(_gj=_2
_1 1
-2
sec210°=

The point on the unit circle that corresponds to

0= 240"=4?7t is [—l, —ﬁj .

2 2
sin 240°= —ﬁ
2
1
c0s240°=——
2
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tan 240°= (

csc240°= ! =1-[—i)-£— 2\6

sec240°:L:1~(—%j:_2

ot 240°= (;) 1(3]

VB_A3
N

51. The point on the unit circle that corresponds to

HES )

>

2
. 3n JE
sin—=—
4 2
3n ﬁ
cos— =———
4 2

wEo_ L 22 02 g
(zj 2 V2 2
2
e dT_ 1 =1.(_ij.£=_&=_ﬁ
(\/Ej 2) V2 2
2
-7
4 [\/5) 2 2
2
52. The point on the unit circle that corresponds to
9=ﬁ=495° is (—ﬁ,ﬁj
4 22
lin 2
SIH—ZT

Section 6.2: Trigonometric Functions: Unit Circle Approach

53.

549

lir 2
Ccos— = ———
4 2
(ﬁ
t nﬁ: 2
2
lin 1
csC— =———
2
1n 1
SseC——=
2
cot BN 2

The point on the unit circle that corresponds to

6=8?n=480° is [—%,ﬁj,
in8—n=£
32
cos—n:—l
2
V3
tan%:%:é.(_%j=_\/§
2
sBm_ 1 2 3 23
CSC?_@_I?E_T
2
sec%:@;l.(_%):_z
Cot_n:@:_giﬁ:_ﬁ
233 3

N

~ S

N—
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Chapter 6: Trigonometric Functions

54. The point on the unit circle that corresponds to

13m . (ﬁ’l)_
2

0=—-=390° is
6

1 2 3 BB
tan—=—"FH=— s =—
V3) 24343 3
2
B 2,
6 (1) 1
2
13 1 2 B 23
seC—=——c=l"—=-—F==——
6 33 3

9_4050=9_7t1 (ﬁ,ﬁj
4 2 2
sin405°:£
2
cos405°:—2
2
3)
andose=s 20 Y2 2
(7)) * "
2
1 2 2
cscd05°=——=1.—-. Y2 _
EaRRE
2
1 2 2
secd05°=——=1.=—. X2 _»
(a7
2
%)
o N2 )
cot405°=—<=1

VR
SIS
—

56.

57.

The point on the unit circle that corresponds to

¢9=390°=13—n is (ﬁl)
6 2 2
. 1
sin 390°=—
2
cos390°=£
2
3
tan390°:izl.i.£:£
GRS
2
csc390°=L=12=2
1 1
3)
2 3 23

sec390°=;=1.—._=_

cot390°=—j=§~%=x/§

The point on the unit circle that corresponds to

O=-C=_30° is (? —lj

5 )

2
cos[—%):?
L
t[g)%%%%é
2
L I
ey
sec(—gj:;:i.ﬁzﬁ
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58. The point on the unit circle that corresponds to

I %)
(3)-S
o3
R
ta“(‘gj:((f)j:‘%%;ﬁ
2
“"[‘5:(_13)“ S
2
[Ejﬁl% )
2
T (;j 1 2 )3 3
(3} HE e

59. The point on the unit circle that corresponds to
0=-135°= _3n is (—ﬁ, —ﬁj .
4 2 2
sin(—135°) = —Q
2
2

cos(—135°) = -

tan (~135°) = (_f) =

‘(_fz)“%(‘%)“

2

csc(—135°):(_\1/§) =1-(—%)%=—ﬁ
2

sec (~135°) = — =1.(_%).%=\/§

cot(—135°) =

Section 6.2: Trigonometric Functions: Unit Circle Approach

60.

61.

62.

551

The point on the unit circle that corresponds to

p=-2ar= T i [L 3]
3 2 2
sin(—240°) = ﬁ
2
cos (—240°) _ 1
2
NE)

tan (~240°) =@—§
csc(—240°)=;=1.[

sec(—240°)=;=1-[

2
cot (~240°) =(_—;)=_l.(i)

Vo3
() T
2

The point on the unit circle that corresponds to
9=577[=450° is (0,1).
sins—ﬂzl csc—”:%zl
coss—” =0 secs—” = 1 = undefined

2 2 0
tans—” = 1 = undefined cots—” = 9 =0

2 0 2 1

The point on the unit circle that corresponds to
0=57=900° is (-1,0).

| —

sin5z =0 csedr = 0 = undefined
1
cosSzm=-1 secS/Z:—lz—l
0 -1 .
tan Sz = —1 =0 cotSm = F = undefined
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Chapter 6: Trigonometric Functions

63. The point on the unit circle that corresponds to 65. Set the calculator to degree mode:
sin28°= 0.47 .
0= —14—7[:—840O is [—l —ﬁJ . IEEN Sci Eng Eintzas
2 Float B1S345ar89 L A5047 15625
ol Sew
sin (_14_”) - cos (_ﬂ) -3 Far 2 1
3 2 2 81 foriz Bt
(_\Bj 66. Set the calculator to degree mode:
tan(_l“_”j: 2)__B( 2)_5 cos 4= 097 .
3 ( 1) 2 1 S
i . OTPEZIST2ET
2
(14_”] I £_ij£ _2B
T
2 67. Set the calculator to degree mode:
sec —14—7[ =#=1~ —g ==2 sec21°= =1.07.
3 [_ 1) 1 cos21°
2 LS i 1144934

1
Cot[_m_frj ( 2) _1.[_i] RERRE]
3 ( NE j 2 )3
2 68. Set the calculator to degree mode:
64. The point on the unit circle that corresponds to cot70°= tan 700 =0.36.
=137 _ 30003 (31
2 2
( 13nj 1 ( 1 ) 3
sin| ——— |=—— cos| ——— |=—
6 2 2
—i Set the calculator to radian mode: tan— = 0.32
tan(_B_nj__Z__i.iﬁ__j
6 ( 3] 2 3 3 3 155 A 1 ae 562
2
csc _13_7t =L—2
6 (_ 1
2
Set the calculator to radian mode: sin— = (.38
( 13n] 1 2 3 23
sec| — === Eintm<3>
. 3826834524

552
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Section 6.2: Trigonometric Functions: Unit Circle Approach

71. Set the calculator to radian mode: 78. For the point (5,-12), x=5, y=-12,
1
cot1£: — =373, r=yx+y =25+144 = /169 =13
sin9:—1— csc¢9:—E
LN e 513 1 31 2
cosf=— secld =—
tan6=—% cot9=—%
72. Set the calculator to radian mode:
CSCS_n= 1575 ~1.07. 79. For the point (2,-3), x=2, y=-3,
i r=yx*+y* =J4+9=413
R4 ingo 3 N1B_ 33 o Vi3
Ji3 13 13 3
cosH——B—E secﬁ—ﬁ
VI3 V1313 2
. Set the calculator to radian mode: sin1=0.84. 3 2
tanfd =—— cotfd=——
Eincia 2 3
. 54147A9548
80. For the point (-1,-2), x=-1, y=-2,
=\x"+y’ =1+4 =5
. Set the calculator to radian mode: tan1=1.56. sing=_2. ﬁ__ 25 cscﬁ—ﬁ——ﬁ
T Eamiiy _Jng_ 5 T2 9
1.5574@7725
cos&—_—1 £=—£ se09=—5=—\/§
5 500s -1
tan6——2 2 cot6=__1=l
Set the calculator to degree mode: sin1°= 0.02 -1 -2 2
Eln(1381?4524864
81. For the point (-2,-2), x=-2, y=-2,
= +y? =a+4=8=22
. 2 2 2 w2
. Set the calculator to degree mode: tan1°=0.02. s1n9—2\/5~$:—7 cscd = ) =-\2
At passacas
COSe—__Z .ﬁ:_ﬁ Secg:_Z\/z :—\/5
w2 V2o 2 -
tan&-—izl cot&z_—zzl

77. For the point (-3, 4), x=-3, y=4,

= +y" =0+16 =425 =5

sin¢5’=i csc¢9=§
5 4

cos¢9=—§ secé’=—é

tanﬁz—% cotd =——

553
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Chapter 6: Trigonometric Functions

82.

84.

85.

86.

For the point (-1,1), x=-1, y=1,

sm49=L-£=—2 cs06=—2=\/§
2 N2 2 1

COSQZ_—I-QZ——2 secﬁ:ﬁ:—\/}
V2 2 2 -1

tan¢9=i=—l cotf=—=-1

r= _x2+y2: l-l—i: gzi

9 16 144 12

1 el
Sin9=i=l~£=§ cscﬂ:ﬁzi
S5 455 112

12 4

1 el
00592121-2:i seoﬁ:ﬁ:i.
57355 1 12

12 3

1 1
tan9=i=l§=§ Cotezézli
1 41 4 1 31

3 4

For the point (0.3, 0.4), x=0.3, y=04,

r=yx*+y> =4/0.09+0.16 =/0.25 =0.5

Si119=%=i scﬂ:%:é
5 5 04 4
cos6’=%=E sec6=g=§
05 5 03 3
tan€:%:£ COtH:EzE
0.3 04 4

sin 45°+sin135°+sin 225°+sin 315°

AR

2 2 2 2
=0
tan 60°+tan150°=\/§ £_§J
33-43 243
3 3

— | W >—|.[;

SR

[SSRRV

NG RV

87.

88.

89.

90.

91.

92,

93.

9.

95s.

96.

97.

98.

99.

sin 40°+sin130°+sin 220°+sin 310°
= sin 40°+sin 130°+sin (40°+180°) +
sin (130°+180°)

=sin 40°+sin130° —sin 40° —sin 130°
=0

tan 40°+ tan 140° = tan 40°+ tan (180°—40°)
= tan 40° —tan 40°
=0

If f(0)=sin@=0.1, then
f(0+7)=sin(@+m)=-0.1.

If f(6)=cos@=0.3, then
f(@+7)=cos(@+m)=-03.

If f(0)=tan@=3, then
f(0+7)=tan(6+m)=3.

If f(0)=cotd=-2, then
f(@+7)=cot(@+m)=-2.

If sin¢9=é,then cscd=—-=1-

o[%
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100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

3

f(2-60°) =sin(2-60°) = sin (120°) =7

1

g(2-60°) = cos(2-60°) = cos(120°) = ——

B

21 (60°) = 2sin (60°) = 2-

2g(60°) =2cos(60°) = 2-121

2
f (—60°) =sin (—60°) = sin (300°) = —%
g (—60°) = cos(—60°) = cos (300°) =%

(f +8)(30°) = f(30°) +g(30°)

=sin30°+cos30°
1,3 1443
2 2 2

(f —8)(60°) = f(60°)— g(60°)
=sin 60° — cos 60°

1 _\aen

2 2 2
3r RY/4 RY/4
ool )=r() o)
. (37[) (37[)
=S| — |COS| —
4 4

V2 V2
T2l 2
v4a_ 2 1
4 4 2

Section 6.2: Trigonometric Functions: Unit Circle Approach
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111.

112.

113.

114.

115.

()

K
N

(g2 p)(60°) = g (p(60°))

( j
S
2

=cos30°= —3
2

(pog)(315°) = p(g(315°))
_ cos315°

.4
The point | —
P 4’

b. The point [ 2 %) is on the graph of f'
s

e |
af)-

=1-3

is on the graph of

;/[\)

The point [— -2

y=f(x+zj—3.
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Chapter 6: Trigonometric Functions

116. a. g (%j = cos (%) = %

T
The point | —,
P [ 6

ot

j is on the graph of g.

b. The point (?, %) is on the graph of g~'.

c. 2g (%—%) =2¢(0)

=2cos(0)
=2-1
=2

Thus, the point (%, 2) is on the graph of

T
=2g| x——|.
Y g[ 6)

117. Answers will vary. One set of possible answers
x5tz 7x 137

37 3’37373
118. Answers will vary. One ser of possible answers
137 _5r 37 lix 197

)

4 4747 47 4

sin @
6
0.5 0.4794 | 0.9589
04 0.3894 | 0.9735
0.2 0.1987 | 0.9933
0.1 0.0998 | 0.9983
0.01 0.0100 | 1.0000
0.001 | 0.0010 | 1.0000
0.0001 | 0.0001 | 1.0000
0.00001 | 0.00001 | 1.0000

1(6)=

119. (2] sin @

4 approaches 1 as @ approaches 0.

120.

121.

122.

123.

o cos@—1 | < -1
[
0.5 -0.1224 | -0.2448
0.4 -0.0789 | —0.1973
0.2 -0.0199 | -0.0997
0.1 -0.0050 | —0.0050
0.01 | -0.00005 | -0.0050
0.001 0.0000 —-0.0005
0.0001 | 0.0000 | -0.00005
0.00001 | 0.0000 | —0.000005
g(0)= cosO-1 approaches 0 as &
approaches 0.
v, sin(260) .
Use the formula R(6) =T with

g =32.2ft/sec’ ; @=45°; v, =100 ft/sec :
_ (100)*sin(2-45°)
322

R(45°) ~310.56 feet

v,2 (sin @)’
2g

g= 32.2ft/sec’ ; O =45°; v, =100 ft/sec :

1007 (sin45°)
2(32.2)

Use the formula H (6) = with

H (45°) ~77.64 feet

v, sin(26) .
Use the formula R(6)=————= with
8
2 =9.8 m/sec’; §=30°; v, =150 m/sec :

_ 150* sin(2-30°)

R(30°) ~1988.32 m
2 . 2
v,'(sin@)”
Use the formula H (6) = . with
8
g =9.8 m/sec’; 6=30°; v, =150 m/sec :
2 . 02
H(30°) = DL ON30) 6699 m
2(9.8)
v, sin(260) .
Use the formula R(6)=————+= with
8

g =9.8 m/sec’; 6=25; v, =500 m/sec:

5007 sin(2-25°)

R(25°) = ~19,541.95 m
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124.

125.

126.

v, (sin @)’
28
g =9.8 m/sec’; 6=25; v, =500 m/sec:

o 500%(sin25°)°
H (25°) =—2(9 5

Use the formula H (6) = with

=2278.14 m

v’ sin(26)

= T

g= 32.2ft/sec’; 8=150°; v, =200 ft/sec :

_ 2007 sin(2-50°)
322

Use the formula R(6) with

R(50°) ~1223.36 ft

v, (sin @)’
2g
g= 32.2ft/sec’; 8=50°; v, =200 ft/sec :

H (50°) = 200 (sin50°)
2(32.2)

Use the formula H (6) = with

=364.49 ft

Use the formula ¢(6) = # with
gsinfcosf

g =32 ft/sec® and a =10 feet :

a. 1(30) =\/ 2(10)

32sin30°-cos 30°

b. 1(45) =\/ 2(10)

32sin45°-cos45°

c. 1(60) =\/ 2(10)

325sin 60°-cos 60°

=1.20 seconds

=~1.12 seconds

=~1.20 seconds

Use the formula

x(6)=cos 6+,/16+0.5c0s(26) .

x(30) = cos (30°) +4/16+0.5cos(2-30°)

= c0s(30°)+,/16+0.5cos (60°)

=4.90 cm
x(45) =cos(45°) +4/16+0.5c0s(2-45°)

=c0s(45°) +4/16+0.5cos (90°)

~4.71 cm

127. Note: time on road =

Section 6.2: Trigonometric Functions: Unit Circle Approach

distance on road
rate on road
_8-2x

1
4tan @

2 3 1
3sin30° 4tan30°

=1+i_;
3.4 L
2 B

3

4

=1+i——zl.9 hr
3

=1

a. T(30°)=1+

Sally is on the paved road for
1

1- ~0.57 hr.
4tan 30°

b. T@5%)=1+ _2 - !
3sin45° 4tan45°

2 1

=+

L 4

NG
22 1

=1+ 2169 hr
3 4

Sally is on the paved road for
1

]-——=0.75 hr.
4tan 45°

c. T(60°)=1+ .2 - !
3sin60° 4 tan 60°

_1+i_L
33 443

=~1.63 hr

Sally is on the paved road for
1

]-———=0.86 hr.
4 tan 60°
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Chapter 6: Trigonometric Functions

T(O90°) =1+ .2 - ! .

3sin90° 4tan90°
But tan90° is undefined, so we cannot use
the function formula for this path.
However, the distance would be 2 miles in
the sand and 8 miles on the road. The total

time would be: %-f-l = g =~1.67 hours. The

path would be to leave the first house
walking 1 mile in the sand straight to the
road. Then turn and walk 8 miles on the
road. Finally, turn and walk 1 mile in the
sand to the second house.

128. When 6 =30°:

129. a.

1 R (1+se<:30°)3

V(30°) == 7(2) ~251.42 cm’
(30) 3 (tan30°)2
When 6 =45°:
1+sec45°)’
v (45°) = L2y (Se;) ~117.88 cm’
3 (tan45°)
When 6 =60°:
1+sec60°)’
v (60°) = L2 E0) o5 0 e
3 (tan 60°)
R(60) = 2 [sin(2-60°)—cos(2-60°)~1]
2
_ 2 \/E[sin(l20")—cos(l20")—l]
32
~ 32\/5(£—[—1)—1J
2 2
~16.56 ft
2
Let ¥, = 323;5 [ sin(2x)—cos (2x)—1]
20
45° 90°
0

130. Slope of M =

Using the MAXIMUM feature, we find:
20

Haxiraurn
45°| 5267 . v=1m.7u51664|Q()°

0
R is largest when 6 = 67.5°.

sinf-0 sinf _
cos@d—-0

=tand.
cos@

Since L is parallel to M, the slope of L is equal to
the slope of M. Thus, the slope of L=tané.

131. a.

132. a.

When ¢ =1, the coordinate on the unit circle
is approximately (0.5, 0.8). Thus,

. 1
sinl = 0.8 cscl=—=1.3
0.8
1
cosl=0.5 secl=—=2.0
0.5
0.8 0.5
tanl=—=1.6 cotl=—=0.6
0.5 0.8
Set the calculator on RADIAN mode:
Eincia IEES T
. 8414789348 1, 188395106
costl 1l cosil)
. S4EZE23859 1,858215718
tan 1 tancla
1.557487725 L B4Z2A926159

When r =5.1, the coordinate on the unit

circle is approximately (0.4,-0.9) . Thus,

sin5.1=-0.9 cscS.lzL
1
cos5.1=04 sec5.1l=—=25
04
tanS.lzﬂz—ZB cotS.lzﬂz—OA
0.4 209

Set the calculator on RADIAN mode:

inta 13 I-2intS. 12
-, 9258146823 -1. 08812977
osC(5.12 lscostS, 12
CIFTATTPAET 2. 645658426
ani3, 1-tant é)

-2.44335394 16

When ¢t =2, the coordinate on the unit

circle is approximately (—0.4, 0.9). Thus,

sin2=0.9

Copyright © 2013 Pearson Education, Inc.
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0.9
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133 -

cos2=-04 sec2 = % =-25

tan2:£:—2.3 cotZ:ﬁ:—OA
4 0.9

Set the calculator on RADIAN mode:

EintEy 1 =intEy

32T 4268 1.89975a17
cos(2 l<cosC2

- 4161468365 -2, 482397952
tam 1<tancz

-2. 185839363 -. 4576575544

b. When ¢ =4, the coordinate on the unit
circle is approximately (—0.7,—0.8). Thus,

csc4zL:—1.3

sin4 = —0.8

sec4:L: -1.4

cotd = ﬂ =09
-0.8

cos4 =-0.7

tan4zﬂz1.l
0.7

Set the calculator on RADIAN mode:

EinCdX 1-=incd2

-, FOEEEZ4953 -1.3213487E9
cosCda 1l cosid)

- BSIE4362E9 -1.329885656
tanids 1-tanid?

1.157821282 LBE3E911545

135. Answers will vary.

Section 6.3

=

Eo A

All real numbers except —% ; {x| X # —%}

even
False
True

2w, 1w
All real number, except odd multiples of %

All real numbers between —1 and 1, inclusive.
Thatis, {y|-1<y<1} or [-1, 1].

True

1

Section 6.3: Properties of the Trigonometric Functions

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

559

False; secd =
cos@

sin 405°=sin(360°+ 45°) =sin45°= %

c0s420°=cos(360°+ 60°) = cos 60°= %

tan 405°= tan(180°+ 180°+ 45°) = tan45°=1
sin 390°=sin(360°+ 30°) =sin30°= %
csc450°=csc(360°+90°) = csc90°=1
sec540°=sec(360°+ 180°) =sec180°=—1
cot390°= cot(180°+ 180°+30°) = cot 30°= /3
sec420°=sec(360°+ 60°) = sec 60°= 2

cos33—n:cos E+8n =Cos E+4-2Tc
4 4 4

T
=COS—

V2
2

.9t . (m LT 2
sin— =sin| —+2n |=sin—=——
4 4 4 2

tan (21n) = tan(0+21m) = tan (0) =0

cscg—7t = CSC[E+4TC) = csc(EJr 2- 215)
2 2 2

T
=csc—
2
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Chapter 6: Trigonometric Functions

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

cot”—n:cot E+4n =cot E+2-2n 35. sin¢9=—§, cos6=i
4 4 4 5 5
=cot— (—Sj
4 tang Sln0=—5=_§.§=_
=1 cos® (4 j 54 4
5
tan— =ta (£+3n):tang:?3 cscl = ! = 1 :_§
sin @ (_ 3 ) 3
25 >
sec 21 = gec E+47t =sec E+2-2Tc 1 1 5
6 6 6 secd = =—=—
cos @ ( 4 j 4
. x
=sec— 5
6 1 4
243 cotd = =——
= i tan 6 3
3
. . o . 4 3
Since sin@ >0 for points in quadrants I and II, 36. sin@=—, cos@=——
and cos @ <0 for points in quadrants II and III, 5 3
the angle @ lies in quadrant II. 4
¢ 0_s1n9_i_i 5
Since sin@ < 0 for points in quadrants III and o= cosd ( 3) 5\ 3]
IV, and cos @ > 0 for points in quadrants I and 5
IV, the angle @ lies in quadrant IV.
1 1 5
cscl=——=—c=—
Since sin@ < 0 for points in quadrants III and sin¢ [4 4
IV, and tan@ <0 for points in quadrants II and 5
IV, the angle @ lies in quadrant IV. 1 1 5
secd = P = —3 = —g
Since cos@ >0 for points in quadrants I and IV, o8 (—Sj
and tan@ >0 for points in quadrants I and III,
the angle @ lies in quadrant I. cotd = 1 _ 3
tan @ 4

Since cos@ >0 for points in quadrants I and IV,
and tan @ <0 for points in quadrants II and IV,
the angle @ lies in quadrant I'V.

37. sinﬁzg, cosf =

Since cosé <0 for points in quadrants II and III, 25

and tan @ >0 for points in quadrants I and III, g sinf _ 5 B zﬁ 5

the angle @ lies in quadrant III. tant = cosf (\EJ T s ﬁ -

Since sec <0 for points in quadrants II and III, 5

and sin@ >0 for points in quadrants I and II, the 1 5 5
. cscl = = =1 —

angle @ lies in quadrant II. sing NG 25

Since cscf >0 for points in quadrants I and II, 5

and cos@ <0 for points in quadrants IT and III,
the angle @ lies in quadrant II.

560
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sec=—" =L=i-£=\5 40. sin0=£, cosf =
cos @ 5 5 <5 2 2
. 11 tanﬁ_Sine_ 2 ﬁ%:\/g
e 2 cos 6 (lj 2 1
2
38. sin6=—£, cosﬁ=—£ cscl = ! __1 :1i£:_2 3
5 5 sin @ 3 3 43 3
no s
tan 6 sm6_ _ \/g (_ij_l o 11 _12_2
cos? (25} 3L 2 _cosé’_(lj_ -
5 2
sin@ [_\Ej 5) 5 tand /3 3 3 3
5
secld = = 1 =| - 5 .£=__5 41. sin9=—l, COS@=£
cos & ( 26) W5) N5 2 3 3
T 1
5 _-
sin@ [3) 1 3 2 2
coth=—— =L 1.25 tan & = =S A A1
tan & [1) 1 cos @ (2 2J 3 272 N2 4
2 3
1 3 cscl = _1 =;1=1.(_§)=_3
39. sin@=—, cosf=— sin@ [_j 1
2 2 3
1
sin @ (2) 1 2 \/g 3 secl = = 1 = 3 Q:ﬂ
ng=C o Ao N2 cosf (242) 242 V2 4
cos (;J 3 3 3
sl 11 _12_2 Cote:t = \1/7 :_i.ﬁz_zﬁ
_sme_(l)_ 1 an (_2] 2 V2
) 4
ool 1L 23 2B Y .
cos @ ( 3J B3 42. sm€=T, cos¢9=—§
2
2\/§J
cot@ = 1 :;:iﬁz\/g ¢ 9=Sin6=£ 3 =2\/§'_§ _2\/5
tan ﬁ \/g \/g cos @ 1 3 1
3 3
cscld = L1 3 Q—S\E
sin 6 (2@} W2 V2 4
3

561
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Chapter 6: Trigonometric Functions

43.

44.

secﬁzL:;zb 3 =-3
cos @ (_1) 1
3
cotd = L __ 1 =-— 1 ._2___2
tand —2J2 242 2 4
sin6=%, @ in quadrant I

Solve for cos@: sin” @+cos* 6 =1
cos’@=1-sin’ 0
cos@ =++/1—sin’ @

Since @ is in quadrant I, cos & <0 .

cos @ = —/1—sin?

2y e B S
13 169 V169 13

o
2
12

sin @ 13 12 ( 13} 12
n9= = = —— | = ——

cos @ (_5) 131 5 5
1

cosf = %, @ in quadrant IV

Solve for sin @ : sin* @+cos? O =1
sin?@=1-cos* 8

sin@ = +V1—cos* 8

Since @ is in quadrant IV, sin@ < 0.

/ 3\ 16 4
in@=-Jl-cos’@=—[1-|2| == | —=—=
sin COS (Sj 25 5
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45.

46.

cscf = L __1 _3
sin@ (_4) 4
5
secld = L _1.>
cos @ 3) 3
5
cotf = ! =;=—§
tan @ [_4) 4
3
4 .
cosf = —g, @ in quadrant III

Solve for sin@: sin*@+cos’ 0 =1
sin?@=1-cos* @

sin@ = +/1—cos* 8

Since @ is in quadrant III, sin@<0.

sin @ =—/1-cos* @

cscl = ! =;=——
sin @ (_3) 3
5
secl = ! =;=—§
cos@ (_4) 4
5
cotd = L _ 1.4
tan @ (3) 3
4
. 5 .
sm49=—E, € in quadrant III

Solve for cos@: sin’@+cos’0=1
cos’@=1-sin* @

cos@ =++1—sin’ @

Since @ is in quadrant III, cos@ <0 .

2

cos @ = —/1—sin’ :—1/ —[—%)
__ 4412
169 13
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47.

48.

1
_tanﬁ_(S)_?
12

sin6=%, 90°< 8 <180°, @ in quadrant II
sin* @+cos’ 0 =1

cos’@=1-

Solve for cos@:
sin’ @

cos@ =++1-sin’ 0
Since @ is in quadrant I, cos @ <0 .

2

cos@=—/1-sin’ @ =— —[ij
13

_ 12

2 14 12
169 V169

cos@ = %, 270°< 8 <360°; @ in quadrant IV

sin* @+cos’ 0 =1

+\1—cos’* @

Since @ is in quadrant IV, sin@ < 0.

Solve for sin@ :

sin@ =

Section 6.3: Properties of the Trigonometric Functions
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49.

50.

sin6=—/1—cos> 6 = F _\/:

35 3
tan 6 = =—f=—""=-=
cos 6 (4) 54 4
5
cscl = L __ 1 .5
sin @ (_3) 3
5
secl = ! =L=§
cosé (4 4
5
cotd ! =;— 4
tan @ [_

cos9=—%, §< 6@ <, 6in quadrant I

Solve for sin@ : sin* @+cos* 0 =1

sin?@=1-cos* @

=++1-cos* @

Since @ isin quadrant II, sin@ >0.

$in 6 = W
- 3-8

2fj2[“)2&

)

g sin6 [ 3

cos@ (_
1 .
sin @ (2 ] W2 2 4
sec¢5’=L ——=-3
cos@ [_1)
3

1 2 2

o2 2 4

n<f< 37”, @ in quadrant I1I

sin @

tan

QY | =

cscl =

s‘H

_w‘

cotd =
tan &

sin@ = —g,
3

Solve for cos@: sin’ @+cos* 8 =1

cos@ =++/1—sin’ @
Since @ is in quadrant III, cos@ <0 .

Copyright © 2013 Pearson Education, Inc.
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s [ (2 2
cos @ =—/1—sin’ @ =— 1—(—§j sin@ (3) 2( 3) 25
tan @ = = =§- ——= =
5_ 5

cos @ ( 5J J5 5
Vo T3 3
(_2) cscl = 16:%:%
sin
tan @ sinf _ 3 [3}
cosf (5
Y 1 335
sec@ P \/, =_ﬁ_ T
cos
-2(-2) 5265 (5]
3 5
V5) 5 1 1 5 J5
9 1 1 3 COte:tanez :—2\/52—7
cscl = ===
sin @ (_2 2 (—Z\BJ
3 5
gt L 35 3 S
cos @ ( \/gj NG 5 . COS ——Z, tan@ >0
3 Since tan@ = SlnZ>O and cosd<0, sind<0.
cotd = L __3 ~£——5 Solve for si ecos. ’9 ‘6=1
tan9 NG 5 2 olve for sin@ : sin” @+cos” 6 =
5 sin @ = +\/1—cos*
5 s1n€—— 1—cos?
51. sin¢9:§, tan @ <0, so @ is in quadrant II F
Solve for cos@: sin* @+cos* 8 =1 - \
cos’@=1-sin’ 6 \/7 \/_
cos@ =++/1-sin* @

J_s

Since @ is in quadrant I, cos8 < 0. _

4 J
cos¢9—— 1-sin* @ tane:snlez ( =_\/E.(_%):\/E

\/7 cos @ (_ij 4

cscl = = =——_—— ==
sin @ (Jﬁj 15 15 15
4
secd=——= LI —£:—4
cos@ ( 1 1
4
1 1 V15 15
cotd =
@nd 15 J15 15

564
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53. secf =2, sinf<0,so O isin quadrant IV
1

secd E

Solve for sin@ : sin® @+cos” 6 =1

Solve for cos@: cosf =

sin*@=1-cos* 8

sin@ = +y1—cos’ 8

Since @ isin quadrant IV, sin@<0.

sin@ =— 1 cos’

(an 6 = sin @ ( 2) 3-%=—\/§

cos @ [1) 2
2
1 —

55.

54. csc@=3, cotf<0,so Oisin quadrant II
1

cscd 3

Solve for cos@: sin” @+cos’ 8 =1

Solve for sin@ : sin@ =

cos@ =1+/1-sin” @
Since @ is in quadrant I, cos8 < 0.

cosﬁ—— 1-sin’ @

RN

0 ;)

tn(g_sm _\3)

cosd [_2\3/5)
_1( 3j£=__2
nW2) V2 4

565

3
cotO _;__i.£= N
tan @ (\/EJ 2 2
4

tan @ = %, sin@ <0, so @ is in quadrant III

Solve for secd: sec’ @ =1+tan’ 0

secd =++1+tan’ 0

Since @ isin quadrant III, sec < 0.

secd =— 1+tan
=- /1+ / /
cosf = =——
secd 5
s1n€—— 1—cos?

g

cscl =

s1n€ [_3)__3
5

I _4
3

cot6=;=—=
tan @ (3)
4
4 ..
cot@ =§, cos@ <0, so @ is in quadrant III

tan@ = ! =L=§
4

cot @ (4j
3

Solve for sec@: sec’* @ =1+tan’ 0

secd =++/1+tan’ @

Since @ is in quadrant III, sec6 <0.

sec¢9—— 1+tan’ @
=—‘/1+ —/ ,/ 3
cosf = ——
secﬁ 5
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57.

58.

sin@ =— 1 cos’

s

tan@ = —%, sin@ >0, so @ is in quadrant II

Solve for sec: sec’ @ =1+tan’ @

secO =+y1+tan> 6

Since @ isin quadrant II, sec6 < 0.

secé’—— 1+tan’ @

NS R

cosf = - =—

secd [ \/ﬁj \/E 10
3

sin @ = /1—cos?
__£ _ 22
10

- ﬁzﬁ
cscl = ! —;—\/ﬁ

sin€ (10

10
cotd = ! = L _ 3

secd=-2, tand >0, so @ is in quadrant III
Solve for tan @ : sec* @ =1+tan’ &

tan @ = £+/sec’ 0 —
tan6=\/seczt9—1=\/(—2) “1=4-1=3
cosf = ! :—l
secd 2
11 B B
COtHZ - =
tand 3 3 3

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

sin@ =—J1—-cos* @

sin(—60°) = —sin 60°= —%
cos(—30°) =cos30°= ?
tan(—30°) = —tan 30°= —g
sin(—135°) = —sin135°= —%

sec(—60°) =sec60°=2
csc(—30°) =—csc30°=—
sin(—90°) = —sin90°= —

cos(—270°) =co0s270°=0

B B
tan [——) =—tan—=-1
4 4

sin(-mt) =—sint =0

tan(-m) =—tanmt=0

sin(—?,—n) :—sm3—: —(-D=1
2 2

CSC(—E) = —CSCE = —\/5
4 4

sec(—m) =secm=—1
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75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Section 6.3: Properties of the Trigonometric Functions

sec(——) —sec X = & 86.
3
[ j I NE
cse| == |=—csc==—
3
sin” (40°) +cos® (40°) =1

sec’ (18°)—tan” (18°) =1

1

sin(80°) csc(80°) =sin (80°)- S (50°) =1

tan (10°)cot (10°) = tan (10°)- — (1100) =1 87.
tan (40°) z:((j?))) = tan (40°) — tan (40°) = 0

cot (20°) - Z?j((jg)) = cot (20°) —cot (20°) = 0

cos(400°)-sec(40°) = cos (40°+360°)-sec(40°)
= cos (40°)-sec(40°)
1
= cos(40°) — =1
cos(40%) cos (40°)
tan (200°)-cot (20°) = tan (20°+180°) - cot (20°)
= tan (20°)-cot (20°)

= tan (20

w2
@

=
7 N\

|
Sl
N—

(¢]

w
7 N\
.

[\o]
N—
1
|
w
2.
=
7N\

—
SN
N—

(e]

w

o
7 N\
5|8

N
N—

2) 91

7~ N -~ N -~ N -/
Sy Sy Sy SN

D R U

567

88.

89.

(
T ™
(

sin(—20°)
cos(380°)
__Sn20) | (2004180°)

cos (20°+360°)

—sin(20°
=M+tan(20°)

cos(20°)

=—tan(20°)+tan(20°)=0

+tan (200°)

M +tan (_700)
cos (—430°)
in(70°
= M— tan (70°)
cos (430°)
in(70°
__ sl 70°)
cos (70°+360°)
in(70°
= sin(70°) —tan(70°)
cos(70°)

= tan (70°)—tan(70°) =0

If sin@=0.3, then

sin @ +sin (@ + 2m) +sin (6 + 47)
=0.3+0.3+0.3=0.9

If cos@=0.2, then

cos 8+ cos (6 +2m)+cos (6 +4m)
=-02+0.24+0.2=0.6

. If tan@ =3, then

tan @+ tan (6 + 1) + tan (6 + 27)
=3+3+3=9
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92,

93.

9.

9s.

96.

97.

98.

99.

If cot@ =-2, then
cot @+ cot (6 —1)+cot (6 —2m)
=-2+(-2)+(-2)=-6

sin1°+sin 2°+sin 3°+... 4+ sin 357°
+5sin 358°+sin 359°
=sin1°+sin2°+sin 3°+--- +sin(360°-3°)
+5in(360°—2°) +sin(360°—1°)
=sin1°+sin 2°+sin 3°+ --- +sin(—-3°)
+sin(—2°) +sin(—1°)
=sin1°+sin 2°+sin 3°+ --- —sin 3°—sin 2°—sin 1°

= sin (180°) =0

cos1°+cos2°+cos3°+ ---+cos357°

+co0s358°+cos359°
=c0s1°+co0s2°+cos3°+...+cos(360°-3°)

+c0s8(360°—2°) +cos(360°—1°)
=c0s1°+c0s2°+cos3°+...+cos(—3°)
+cos(—2°)+cos(—1°)
=c0s1°+co0s2°+cos3°+... +cos 3°
+cos2°+cos1°
=2c0s1°4+2c0s2°+2c0s3°+...+2c0s178°
+2c0s179°+cos180°
=2c0s1°+2c0s2°+2c0s3°+...+2cos(180°-2°)
+2cos(180°—-1°) + cos(lSO")
=2cos1°+2c0s2°+2c0s3°+...—2cos 2°
—2co0s1°+cos180°
=cos180°=-1

The domain of the sine function is the set of all
real numbers.

The domain of the cosine function is the set of
all real numbers.

f(@)=tan@ is not defined for numbers that are
odd multiples of g .

f(6)=cot@ is not defined for numbers that are
multiples of 7.

f(6) =sec@ is not defined for numbers that are

odd multiples of g .

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

568

f(6)=csc@ is not defined for numbers that are
multiples of .

The range of the sine function is the set of all
real numbers between —1 and 1, inclusive.

The range of the cosine function is the set of all
real numbers between —1 and 1, inclusive.

The range of the tangent function is the set of all
real numbers.

The range of the cotangent function is the set of
all real numbers.

The range of the secant function is the set of all
real numbers greater than or equal to 1 and all
real numbers less than or equal to —1 .

The range of the cosecant function is the set of
all real number greater than or equal to 1 and all
real numbers less than or equal to —1.

The sine function is odd because
sin(—@) =—sin @ . Its graph is symmetric with
respect to the origin.

The cosine function is even because
cos(—6@) =cos@ . Its graph is symmetric with

respect to the y-axis.

The tangent function is odd because
tan(—f) =—tan @ . Its graph is symmetric with
respect to the origin.

The cotangent function is odd because
cot(—@) =—cot@ . Its graph is symmetric with
respect to the origin.

The secant function is even because
sec(—60) =sec@. Its graph is symmetric with
respect to the y-axis.

The cosecant function is odd because
csc(—0) = —csc@ . Its graph is symmetric with
respect to the origin.

A fa)=—f(a) =—§

b. f(a)+ f(a+2m)+ f(a+4m)

= fla)+ fla)+ f(a)
1 11
=—+—+—=1
3 33
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114.

115.

116.

117.

118.

119.

1
A fa)=f@=g

b. f(a)+ f(a+2m)+ f(a—2m)

=fl@+ f(@)+ f(a)
11 1
=—t—+—
4 4 4

AW

a. f(a)=-f(a)=-2
b. f(a)+ f(a+n)+ f(a+2m)

=fla)+fa)+ f(a)
=2+2+2=6

a f(a)=-f(a)=—-(-3)=3
b. f(a)+ f(a+n)+ f(a+4m)
= fla)+ fla)+ f(a)
=-3+(-3)+(-3)

=-9

a. f(-a)=f(a)=—4

b.  f(a)+ f(a+2m)+ f(a+4m)
= f(a)+ f(a)+ f(a)
=44 (=4)+(-4)
=12

a. f(-a)=-f(a)=-2

b. f(a)+ f(a+2n)+ f(a+4m)
= fla)+ f(@)+ f(a)
=2+2+2
=6

Since tan6=ﬂ=l=l,then

1500 3 «x
rP=x"+y"=9+1=10

r =0

sinf = =

=5-5+5J10
= 5\@ =~15.8 minutes

Section 6.3: Properties of the Trigonometric Functions

120. a. tanf=—=2 for 0<O<Z
4 x 2
rP=x"+y’ =16+1=17
r=+17
1
Thus, sinf0=——.
V17
T(O) =142
Ea1s
J17 4
=1+@—1=¥z275h0ur$

b. Since tand = %, x=4. Sally heads

directly across the sand to the bridge,
crosses the bridge, and heads directly across
the sand to the other house.

c. 6 must be larger than 14°, or the road will

not be reached and she cannot get across the
river.

121. Let P=(x, y) be the point on the unit circle that
corresponds to an angle 7. Consider the equation

tant=2 =a. Then y=ax. Now x> +y? =1,
x

1

1+a

so x> +a*x* =1. Thus, x== and

2

a
y==%
N1+a®

there is a point P =(x, y) on the unit circle for

. That is, for any real number a,

which tant =a . In other words,
—oco < tant < oo, and the range of the tangent
function is the set of all real numbers.

122. Let P =(x, y) be the point on the unit circle that
corresponds to an angle . Consider the equation

cotr=>=a. Then x=ay. Now x*+y* =1,
y

1

1+a

so a’y*+y*=1. Thus, y=+

x=x

a . That is, for any real number a,
1+a’
there is a point P =(x, y) on the unit circle for
which cott =a. In other words, —o < cott < oo,
and the range of the tangent function is the set of
all real numbers.

569
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123. Suppose there is a number p, 0 < p < 2w for

] . . 128.cot 8 = Since tan @ has period 7, so does
which sin(@+ p)=sin@ forall 8. If =0, tané
then sin(0+ p) =sin p =sin0=0; so that cotd.
p=n.1f 6= 7 then sin (E+ p) —in (EJ _ 129. Let P =(a,b) be the point on the unit circle
2 2 2
. 1 1
3n . corresponding to 8. Then cscl =—=—
But p=m. Thus, sin(7j=—1=sin(5)=l, b sind@
1 1
or —1=1. This is impossible. The smallest sect = 2 cosf
positive number p for which sin(6+ p) =siné 4 | |
= cotf=—=—c=——
for all & must thenbe p =2m. b [bj and
124. Suppose there is a number p, 0 < p < 2m, for a
which cos(@+ p)=cos@ forall 8. If 0= r , 130. Let P =(a,b) be the point on the unit circle
2 corresponding to 8. Then
e i .
then cos(2+pj cos(zj 0;sothat p=m. tan&:—:sme
a cos@
If =0, then cos(0+ p)=cos(0). But cote—ﬁ—cose
p=m. Thus cos(m)=—-1=cos(0)=1, or b sind
—1=1. This is impossible. The smallest , , ,
positive number p for which cos(8+ p) =cosé 131. (sin@cos¢@)” + (sinfsing)” +cos” &
for all # must thenbe p =2x. =sin” @cos’ ¢ +sin’ Gsin” @ +cos” @
=sin’ B(cos” ¢ +sin” @) +cos’ &
125. secf = ’ : Since cos@ has period 27, so =sin’ @+cos’ @
cos
does secé. =1
132 - 136. Answers will vary.
126. cscl=— : Since sin@ has period 27, so
sin @
does cscé.
Section 6.4
127. If P =(a,b) is the point on the unit circle
corresponding to @, then Q =(—a,—b) is the 1. y=3x"
point on the unit circle corresponding to €+ 7. Using the graph of y = x?, vertically stretch the
-b b
Thus, tan(@+m)=—=—=tan @ . If there graph by a factor of 3.
-a a y
exists a number p, 0< p <z, for which 5
tan(@+ p) =tan @ for all @, thenif =0, -1.3) - A
tan(p) =tan(0)=0. But this means that p is a B
X
multiple of 7. Since no multiple of 7 exists in 72| (‘o, oL | 2‘
the interval (O,n) , this is impossible. Therefore, B
the fundamental period of f(6)=tan® is 7. sC

570
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2. yzm

Using the graph of y = Jx, compress
horizontally by a factor of % .

Y
3

Wy

6. True
. . 27
7. False; The period is — =2
T

8. True

9. a. The graph of y =sinx crosses the y-axis at

the point (0, 0), so the y-intercept is 0.
b. The graph of y =sinx is increasing for
i i
——<Xx<-—.
2 2
c. The largest value of y =sinx is 1.

d. sinx=0whenx=0,m, 27.

e. sinx=1whenx=—3—n,£;
2 2
sinx=—1whenx=—£,3—n.
2 2
f. sinx:—l whenx:——,—E,7—Tc,E
2 6 6 6 6

g. The x-intercepts of sinx are
{x|x=kz, k an integer}

Section 6.4: Graphs of the Sine and Cosine Functions

571

10.

11.

12.

13.

14.

15.

a. The graph of y =cosx crosses the y-axis at

the point (0, 1), so the y-intercept is 1.
b. The graph of y =cosx is decreasing for

O<x<m.
¢. The smallest value of y =cosx is —1.

d. cosx=0whenx=E,3_n
22

e. cosx=1whenx=-2m, 0, 2m;

cosx=—1 whenx=-m, .

11m

3 nw lln
f. cosx=—— whenx=——,—=,=,
2 6 6 6

6
g. The x-intercepts of cosx are
{x | x= @, k an integer}
y=2sinx
This is in the form y = Asin(wx) where A =2
and @=1. Thus, the amplitude is | A|=|2|=2
2 2m

and the periodis 7 =—= 2r.
o 1

y=3cosx
This is in the form y = Acos(wx) where A =3
and @=1. Thus, the amplitude is | A|=|3|=3
and the period is T = 2n = 2n =2r.

o 1
y =—4cos(2x)
This is in the form y = Acos(wx) where
A=-4 and w=2. Thus, the amplitude is
|A|=|—4|=4 and the period is
2n _ 2n -

T=—
0] 2

=—sin (lx)
Y 2

This is in the form y = Asin(wx) where A =-1
and w=% . Thus, the amplitude is | A | = | -1 | =1

and the periodis T = 2n = 2n =4r.
o 1
y = 6sin(mTx)
This is in the form y = Asin(wx) where A =6
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16.

17.

18.

19.

20.

and @ =7z . Thus, the amplitude is |A| :|6|:6
2n_%=

and the period is 7T =—= 2.
W w

y=-3cos(3x)
This is in the form y = Acos(wx) where A=-3
and @=3. Thus, the amplitude is | A|=|-3|=3

and the periodis T = 2n = 2n .

@ 3
= —lCOSKEXJ
y 2 2

This is in the form y = Acos(wx) where

A= —% and w =% . Thus, the amplitude is

|A|: 1 :l and the period is
2| 2
,_2m_2n_dn
o 3 3

This is in the form y = Asin(wx) where A =%

and w=z. Thus, the amplitude is |A| = i =i
3 31 3
and the period is T =E =2_2n =3r.
o 3
5. ( 27 j 5. (2% )
y=—sin| ——x |=—=sin| —x
3 3 3 3
This is in the form y = Asin(wx) where A = —%
27 . .
and a)=?. Thus, the amplitude is
|A|= —§‘=§ and the period is
o 2
[543 (3
y==c0s| ——x |=—=cos| —x
2 5
This is in the form y = Acos(wx) where A =%
572

21.
22,
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.

35.

and = 37” . Thus, the amplitude is

| A | = =% and the period is

5

g

[\

T
()

- o QO w Tz = » W T

o w a » U

Comparing y =4cosx to y=Acos(ax), we
find A=4 and w=1. Therefore, the amplitude

is |4| =4 and the period is ZT” =2x . Because

the amplitude is 4, the graph of y =4cosx will
lie between —4 and 4 on the y-axis. Because the
period is 27, one cycle will begin at x =0 and
end at x =27 . We divide the interval [0,27]

into four subintervals, each of length %Tﬂ =§ by

finding the following values:
0, E, T, 3—”,and 2
2 2
These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-

coordinates of the five key points for
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36.

y =4cos x, we multiply the y-coordinates of the
five key points for y=cosx by A=4.The five

key points are

(0,4), [g,oj, (.-4), (37”,0}, (27.4)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

(—2m, —4) 2m, 4)

—2T

—4

(—m, —4) (, —4)

From the graph we can determine that the
domain is all real numbers, (—o,e0) and the

range is [—4,4].

Comparing y=3sinx to y=Asin(a@x), we
find A=3 and w=1. Therefore, the amplitude

is |3| =3 and the period is 2T” =2r . Because

the amplitude is 3, the graph of y =3sinx will

lie between —3 and 3 on the y-axis. Because the
period is 27, one cycle will begin at x =0 and

end at x =27 . We divide the interval [0,27]

into four subintervals, each of length %T” =§ by

finding the following values:
0, Z, T, 3—”,and 2r
2 2

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for y =3sinx,
we multiply the y-coordinates of the five key
points for y =sinx by A =3. The five key

points are (0,0), (%,3), (7,0), (37”,—3j,

(27,0)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either

Section 6.4: Graphs of the Sine and Cosine Functions
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direction to obtain the graph shown below.

(=2, 0)
—2m

(=7.-3)

From the graph we can determine that the
domain is all real numbers, (—oo,oo) and the

range is [-3,3].

Comparing y =—4sinx to y = Asin(wx), we
find A=—4 and w=1. Therefore, the amplitude

is |—4| =4 and the period is ZT” =2r . Because

the amplitude is 4, the graph of y =—4sinx will

lie between —4 and 4 on the y-axis. Because the
period is 27, one cycle will begin at x =0 and

end at x =27 . We divide the interval [0,27]

into four subintervals, each of length %T” =§ by

3

finding the following values: O, % , T, —, 21w

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =—4sin x, we multiply the y-coordinates of

the five key points for y =sinx by A=-4.The
five key points are

(0,0), [g,—4), (7.0). [%”,4}, (27.0)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.
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From the graph we can determine that the
domain is all real numbers, (—e,e0) and the

range is [—4,4].

Comparing y =-3cosx to y= Acos(wx) , We
find A=-3 and @ =1. Therefore, the amplitude

is |—3| =3 and the period is ZT” =2x . Because

the amplitude is 3, the graph of y =—-3cosx will
lie between —3 and 3 on the y-axis. Because the
period is 27, one cycle will begin at x =0 and
end at x =27 . We divide the interval [0,27]

into four subintervals, each of length %T” =§ by

finding the following values:
0, Z, T, 3—” and 271

2 2
These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =-3cosx, we multiply the y-coordinates of
the five key points for y =cosx by A=-3.The
five key points are

(0,-3), [g,oj, (z.3). [37”,0}, (27,-3)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

From the graph we can determine that the
domain is all real numbers, (—eo,e0) and the

range is [-3,3].

Comparing y =cos(4x) to y=Acos(wx), we
find A=1 and @w=4. Therefore, the amplitude
is |1| =1 and the period is %Tﬂ- = % Because the

amplitude is 1, the graph of y = cos(4x) will lie

40.

between —1 and 1 on the y-axis. Because the

period is% , one cycle will begin at x =0 and

end at x = % . We divide the interval [O,%}

into four subintervals, each of length ”T/Z =%

by finding the following values:
0, z, z, 3—ﬂ,and z

8 4 8 2
These values of x determine the x-coordinates of
the five key points on the graph. The five key
points are

. [£) (53 (5. (5

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

Vi

©,1) (3:1)

(5 u_)

From the graph we can determine that the
domain is all real numbers, (—oo,oo) and the

range is [—1, 1] .
Comparing y =sin(3x) to y = Asin(wx), we
find A=1 and @=3. Therefore, the amplitude

is |1| =1 and the period is 2?” . Because the

amplitude is 1, the graph of y = sin(3x) will lie

between —1 and 1 on the y-axis. Because the

period isz?”, one cycle will begin at x =0 and

end at x = 2?” . We divide the interval [0,2?7[}

2n/3 _m

into four subintervals, each of length 6

by finding the following values:
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0, z, z, E,and 2z

6 3 2 3
These values of x determine the x-coordinates of
the five key points on the graph. The five key
points are

. () (19} (5} (29

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

VA
-2 2l
T (0,0) |51

—-1)

m
(@,

From the graph we can determine that the
domain is all real numbers, (—eo,e0) and the

range is [—l, l] .

Since sine is an odd function, we can plot the

equivalent form y =—sin (2x) .
Comparing y =—sin(2x) to y = Asin(ax), we
find A=-1 and w =2 . Therefore, the

amplitude is |—1| =1 and the period is 27” =7.

Because the amplitude is 1, the graph of

y =—sin(2x) will lie between —1 and 1 on the
y-axis. Because the period is 7, one cycle will
begin at x=0 and end at x =7 . We divide the
interval [0,7] into four subintervals, each of

length % by finding the following values:

0, E, E, 3—”,and T
4 2 4
These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =—sin(2x), we multiply the y-coordinates of
the five key points for y =sinx by A=-1.The
five key points are

Section 6.4: Graphs of the Sine and Cosine Functions
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(0,0), [%,—1), (g,o} (37”,1), (7.0)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

y

2 3T

2@, -1

From the graph we can determine that the
domain is all real numbers, (—co,c0) and the

range is [-1,1].

Since cosine is an even function, we can plot the
equivalent form y = cos(2x) .

Comparing y =cos(2x) to y = Acos(wx), we
find A=1 and @w=2. Therefore, the amplitude

is |1| =1 and the period is 27” =7 . Because the

amplitude is 1, the graph of y = cos(2x) will lie
between —1 and 1 on the y-axis. Because the
period is 7z, one cycle will begin at x =0 and
end at x =7 . We divide the interval [0,7] into

four subintervals, each of length % by finding

the following values:

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y= cos(Zx) , we multiply the y-coordinates of
the five key points for y =cosx by A=1.The
five key points are

(0.1, (%,oj, (%,—1), (%”,0), (z.1)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

Copyright © 2013 Pearson Education, Inc.



Chapter 6: Trigonometric Functions

43.

VA

(0. 1) (m1)

From the graph we can determine that the
domain is all real numbers, (—e,e0) and the

range is [-1,1].

. (1 .
Comparing y = 2sin (E x) to y = Asin(wx),
we find A=2 and w =% . Therefore, the

amplitude is |2| =2 and the period is 12/—7; =4r.
Because the amplitude is 2, the graph of

y =2sin (% x) will lie between —2 and 2 on the

y-axis. Because the period is 47, one cycle will
begin at x=0 and end at x =47 . We divide

the interval [O, 47[] into four subintervals, each

of length % =7z by finding the following
values:

0, 7, 2x, 37 ,and 47

These values of x determine the x-coordinates of

the five key points on the graph. To obtain the y-
coordinates of the five key points for

y=2sin (% x) , we multiply the y-coordinates of

the five key points for y =sinx by A=2. The
five key points are
(0,0), (7,2), (27,0), (37,-2), (47,0)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either

576

44.

direction to obtain the graph shown below.

-

(=3mw.2) |

(m.2)

L Gm-2)

From the graph we can determine that the
domain is all real numbers, (—co,c0) and the

range is [-2,2].

Comparing y = 2cos (i x) to y = Acos(wx),
we find A=2 and w :i . Therefore, the

amplitude is |2| =2 and the period is 12/—2 =8r.
Because the amplitude is 2, the graph of

y=2cos (i x) will lie between —2 and 2 on

the y-axis. Because the period is 87 , one cycle
will begin at x=0 andend at x=87. We

divide the interval [0,87] into four subintervals,

each of length 87” =27 by finding the following

values:

0, 2z, 4r, 67, and 87

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y=2cos (i x) , we multiply the y-coordinates

of the five key points for y =cosx by

A =2 The five key points are

(0,2), (27,0), (47,-2), (67,0), (87,2)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
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direction to obtain the graph shown below.

(—4m, =2)

From the graph we can determine that the
domain is all real numbers, (—e,e0) and the

range is [-2,2].

Comparing y = —%cos(Zx) to y = Acos(wx),
we find A= —% and @ =2 . Therefore, the

amplitude is

1 = 1 and the period is 2z =7.
2 2 2
Because the amplitude is %, the graph of

y :—lcos(Zx) will lie between 1 and 1 on
2 2 2

the y-axis. Because the period is 7z, one cycle
will begin at x=0 and end at x =7 . We divide

the interval [0, 7] into four subintervals, each of

length % by finding the following values:

0, z, z, 3—”,and .4

4 2 4
These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-

coordinates of the five key points for
y= —%cos(Zx) , we multiply the y-coordinates

of the five key points for y =cosx by

A= —% .The five key points are

(03 (39)-(5:3) (%) (=)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either

577
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direction to obtain the graph shown below.
Vi

o
37 3w
22 (30)

- (3.0)

From the graph we can determine that the
domain is all real numbers, (—co,c0) and the

range is [—l l}
£ 2°2]
. (1 .
Comparing y = —4sin (ng to y = Asin(wx),

we find A=—4 and w= % . Therefore, the

amplitude is |—4| =4 and the period is
2r

m =167 . Because the amplitude is 4, the

graph of y =—4sin (%x) will lie between —4

and 4 on the y-axis. Because the period is167,
one cycle will begin at x =0 and end at

x =167 . We divide the interval [0,1671'] into

four subintervals, each of length 167” =4r by

finding the following values:

0, 4r, 87,127, and 167

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =—4sin (%xj , we multiply the y-coordinates

of the five key points for y=sinx by A=—4.
The five key points are

(0,0), (47,—4), (87,0), (127,4), (167,0)
We plot these five points and fill in the graph of
the curve. We then extend the graph in either
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direction to obtain the graph shown below.

From the graph we can determine that the
domain is all real numbers, (—eo,e0) and the

range is [—4, 4] .

We begin by considering y =2sin x . Comparing
y=2sinx to y=Asin(@x), we find A=2
and @ =1. Therefore, the amplitude is |2| =2

and the period is ZT” =2r . Because the

amplitude is 2, the graph of y =2sinx will lie
between —2 and 2 on the y-axis. Because the
period is 27, one cycle will begin at x =0 and

end at x =27 . We divide the interval [O, 27[]

into four subintervals, each of length %Tﬂ- :% by

finding the following values:
0, %, x, 3—7[,and 2
2 2

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =2sinx+3, we multiply the y-coordinates of
the five key points for y =sinx by A=2 and
then add 3 units. Thus, the graph of

y =2sinx+3 will lie between 1 and 5 on the y-

axis. The five key points are

(0.3, (%5) (7.3). (%”1) (27.3)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either

48.

direction to obtain the graph shown below.

From the graph we can determine that the
domain is all real numbers, (—co,c0) and the

range is [1,5].

We begin by considering y =3cos x. Comparing
y=3cosx to y=Acos(wx), we find A=3
and @ =1. Therefore, the amplitude is |3| =3

and the period is 2Tﬂ- =2r . Because the

amplitude is 3, the graph of y =3cosx will lie
between —3 and 3 on the y-axis. Because the
period is 27, one cycle will begin at x =0 and
end at x =27 . We divide the interval [0, 271']

into four subintervals, each of length %T” :g by

finding the following values:
0,2, x, S—E,and 2
2 2

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =3cos x+ 2, we multiply the y-coordinates of
the five key points for y =cosx by A=3 and
then add 2 units. Thus, the graph of
y=3cosx+2 will lie between —1 and 5 on the

y-axis. The five key points are
(0.,5), (%2) (7.-1), [37”2) (27.5)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
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direction to obtain the graph shown below.

From the graph we can determine that the
domain is all real numbers, (—e,e0) and the

range is [-1,5].

We begin by considering y =5cos (lzx) .
Comparing y =5cos(7x) to y = Acos(wx), we

find A=5 and w=r . Therefore, the amplitude

is |5| =35 and the period is 2z =2. Because the
V1

amplitude is 5, the graph of y =5cos (7rx) will

lie between —5 and 5 on the y-axis. Because the
period is 2, one cycle will begin at x =0 and

0,2] into

—

end at x =2. We divide the interval

by

N | =

four subintervals, each of length % =

finding the following values:

0, l, 1, E,and 2
2 2

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =5cos (lzx) —3, we multiply the y-coordinates
of the five key points for y=cosx by A=5
and then subtract 3 units. Thus, the graph of

y= SCos(lzx) —3 will lie between —8 and 2 on

the y-axis. The five key points are

(0.2), G,-3), (L-8), (%,-3), (2,2)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either

Section 6.4: Graphs of the Sine and Cosine Functions

direction to obtain the graph shown below.

y_

3—(0’2) (2,2)
—;}'—'ﬂ'/‘:\'%'z'ﬂx
(=3, -3) = N !
-\ /G
)

From the graph we can determine that the
domain is all real numbers, (—oo,oo) and the

range is [—8, 2] .

50. We begin by considering y =4sin (% xj .

Comparing y = 4sin (% xj to y=Asin(wx),
. T
we find A=4 and w= E . Therefore, the

amplitude is |4| =4 and the period is

2 _4
2
Because the amplitude is 4, the graph of

y =4sin (% x) will lie between —4 and 4 on

the y-axis. Because the period is 4, one cycle
will begin at x =0 and end at x =4. We divide

the interval [0, 4] into four subintervals, each of

length % =1 by finding the following values:

0,1,2,3,and 4

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =4sin (%xj —2, we multiply the y-
coordinates of the five key points for y =sinx
by A =4 and then subtract 2 units. Thus, the
graph of y =4sin [% x) —2 will lie between —6

and 2 on the y-axis. The five key points are
(0.2). (12). (2.-2). (3.-6). (4-2)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
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direction to obtain the graph shown below.

- Vi
(0.-2) 4t
\ - (L2)
jA ! A| LLy
3 4 X
(4, =2)
_ 3, —6)
(L=6)F » _y
—gL

From the graph we can determine that the
domain is all real numbers, (—eo,e0) and the

range is [—6, 2] .

We begin by considering y = —6sin (g xj .
Comparing y = —6sin (g xj to y = Asin(wx),
we find A=-6 and w= % . Therefore, the

amplitude is |—6| =6 and the period is 27 =6.
/3
Because the amplitude is 6, the graph of

y = 6sin (% x) will lie between —6 and 6 on the

y-axis. Because the period is 6, one cycle will
beginat x=0 and end at x=6. We divide the

interval [0, 6] into four subintervals, each of
length g :% by finding the following values:

0, 2,3, 2,and6
2 2

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y=—6sin [% xj +4, we multiply the y-

coordinates of the five key points for y =sinx
by A =-6 and then add 4 units. Thus, the graph

of y=—6sin [% xj +4 will lie between —2 and

10 on the y-axis. The five key points are

580

(0.4), G,—z), (3.4), [%,mj, (6.4)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

y (3.10)

From the graph we can determine that the
domain is all real numbers, (—oo,oo) and the

range is [—2,10] .

. We begin by considering y =-3 cos(%xj .

Comparing y = -3 cos(%xj to y=Acos(wx),
we find A=-3 and w =% . Therefore, the

amplitude is |—3| =3 and the period is 27 =8.
/4
Because the amplitude is 3, the graph of

y=-3 cos(%xj will lie between —3 and 3 on

the y-axis. Because the period is 8, one cycle
will begin at x =0 and end at x=8. We divide

the interval [0,8] into four subintervals, each of

length % =2 by finding the following values:

0,2,4,6,and 8

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =-3cos {% xj +2, we multiply the y-

coordinates of the five key points for y =cosx
by A =-3 and then add 2 units. Thus, the graph
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of y=-3cos (% xj +2 will lie between —1 and

5 on the y-axis. The five key points are

(0.-1). (2.2). (45). (6.2). (8.-1)
We plot these five points and fill in the graph of

the curve. We then extend the graph in either
direction to obtain the graph shown below.

(—4,5) y (4,5)
5
(=6.2) (6,2)
(=2.2) (2.2)
I A R R TS
—5 8
(—8.—-1) S0 -1) (8, 1)

From the graph we can determine that the
domain is all real numbers, (—eo,e0) and the

range is [—1,5] .

y=5-3sin(2x)=-3sin(2x)+5
We begin by considering y =—3sin (2x) .

Comparing y =—-3sin(2x) to y = Asin(wx),
we find A=-3 and @ =2 . Therefore, the

amplitude is |—3| =3 and the period is 277[ =r.

Because the amplitude is 3, the graph of

y =-3sin (Zx) will lie between —3 and 3 on the
y-axis. Because the period is 7z, one cycle will
begin at x=0 and end at x =7 . We divide the
interval [0, 7] into four subintervals, each of

length % by finding the following values:

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y =-3sin(2x)+5, we multiply the y-
coordinates of the five key points for y =sinx
by A =-3 and then add 5 units. Thus, the graph
of y=-3sin(2x)+5 will lie between 2 and 8

Section 6.4: Graphs of the Sine and Cosine Functions
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581

on the y-axis. The five key points are

(0.5), (%,2), [%5) [%,8), (7.5)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.
Y
10

(0.5)

-T

From the graph we can determine that the
domain is all real numbers, (—co,c0) and the

range is [2,8].

y= 2—4cos(3x) = —4cos(3x) +2
We begin by considering y =—4 cos(3x) .

Comparing y = —4cos(3x) to y = Acos(wx),
we find A=-—4 and @w=3. Therefore, the

amplitude is |—4| =4 and the period is ZT”

Because the amplitude is 4, the graph of
y=—4 cos(3x) will lie between —4 and 4 on

. L. 2
the y-axis. Because the period is Tﬂ , one cycle
. . 2
will begin at x=0 and end at x = 3 We

divide the interval [0,2?”} into four

subintervals, each of length % =% by

finding the following values:

T T T 2
O’ —, —, _,and —

6 3 2 3
These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

y= —4cos(3x) +2 , we multiply the y-
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coordinates of the five key points for y =cosx
by A =-4 and then adding 2 units. Thus, the
graph of y = —4c0s(3x) +2 will lie between —2

and 6 on the y-axis. The five key points are

o (22 (20} () (5

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

N S
3.6 7 (2.9
-/ \(E2
(~%-2) - (3-2)
|*/| | *| X

From the graph we can determine that the
domain is all real numbers, (—eo,e0) and the

range is [—2,6] .
Since sine is an odd function, we can plot the

. 5. (2«
equivalent form y=—§s1n ?x .

. 5. (2r
Comparing y:—gsm Tx to

y=Asin(@x), we find A= —g and (0=2?”.
. . 5| 5
Therefore, the amplitude is —5 = 5 and the
period is = 3. Because the amplitude is
2/

5 5 21
—, the graph of y=—=sin| — x | will lie
>t gaphof 5=~ 2]

between —% and % on the y-axis. Because the

period is 3, one cycle will begin at x =0 and
end at x =3 . We divide the interval [O, 3] into

four subintervals, each of length % by finding

the following values:

56.

0, é, E, 2, and 3

4 2 4
These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

5. (2 :
y= _§s1n Tx , we multiply the y-

coordinates of the five key points for y =sinx
by A= —g .The five key points are

@0 (33} (39)(22) oo

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

From the graph we can determine that the
domain is all real numbers, (—co,c0) and the

range is {—i i}
g 373

Since cosine is an even function, we consider the

. 9 3z .
equivalent form y = gcos Tx . Comparing
y= %cos(%x} to y=Acos(wx), we find
A =% and w= 37” . Therefore, the amplitude is

4
——— =—. Because
3

2 = 2 and the period is
5 5 3/

the amplitude is % , the graph of

y =2cos 3—7[x will lie between 22 and 2
5 2 5 5
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on the y-axis. Because the period is 5’ one
. . 4
cycle will begin at x=0 and end at x = 3 We

divide the interval [O,%} into four subintervals,

each of length 4f13 =% by finding the following

values:
0, l, 2, 1, and i
3 3 3

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

9 3 . .
y= gcos Tx , we multiply the y-coordinates
. 9
of the five key points for y=cosx by A= 3
Thus, the graph of y = %cos (—%rxj will lie

between —% and % on the y-axis. The five key

points are

02} () (3-2)- 033

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

}..

From the graph we can determine that the
domain is all real numbers, (—o,e0) and the

range is [—2 2}
s 5'5]

Section 6.4: Graphs of the Sine and Cosine Functions

57. We begin by considering y = —%cos (% xj .

Comparin ——écos zx to
paring y > 4

y=Acos(wx), we find A= —% and w=% .
. . 31 3
Therefore, the amplitude is —5 =5 and the

period is

- 8 . Because the amplitude is %,
3 V4 .
the graph of y = _ECOS Zx will lie between

—% and % on the y-axis. Because the period is

8, one cycle will begin at x=0 and end at
x=8. We divide the interval [O, 8] into four

subintervals, each of length % =2 by finding the

following values: 0, 2,4, 6, and 8

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

= —écos Zy +l we multiply the
y > 1 53 ply the y
coordinates of the five key points for y =cosx

by A= —% and then add % unit. Thus, the

graph of y= —Ecos Ex +l will lie between
2 4 2
—1 and 2 on the y-axis. The five key points are

(0.-1), [2%) (4.2). (6,%), (8,-1)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

2,4
42 1 2
- (6,7)
! ! ! P X
-8/ _4 4 \8
-8-1) 0. =) 8.-1)
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58.

From the graph we can determine that the
domain is all real numbers, (—e,e0) and the

range is [-1,2].
. S 1. (7
We begin by considering y = > sin gx .
. 1. (x .
Comparing y = —5sin| T to y = Asin(wx),
) 1 V4
we find A= —E and o= g . Therefore, the

amplitude is

1 = 1 and the period is
2 2

2—7[ =16. Because the amplitude is l, the
/8

1 V.4 1
raph of y =——sin| —x | will lie between ——
erph of y=—Jn| £ !

and % on the y-axis. Because the period is 16,

one cycle will begin at x =0 and end at x =16.
We divide the interval [0,16] into four

subintervals, each of length % =4 by finding

the following values:

0,4,8,12,and 16

These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

——lsin zx +é we multiply the y-
y 5 3 5" ply the y

coordinates of the five key points for y =sinx

by A= —% and then add % units. Thus, the

graphof y= —%sin (% xj +% will lie between

1 and 2 on the y-axis. The five key points are

(0,%), (4,1), [8%) (12,2), (16,%)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.

59.

60.

61.

62.

63.

64.

584

2.5
(12,2)

.3
C @y 16

T O Y Y
—-16-12-8 —4 4
—0.5

From the graph we can determine that the
domain is all real numbers, (—co,c0) and the

range is [1,2].

| |
T =n

y =13sin(2x)

|A|=2;T=4n;co=E=E=l
T 4m 2
1
=32sin| —x
g [2 J
2t 2w

|A|=3T=20="="=n
T 2
y = x3sin(7x)
Al=4, T=1;a)=2—n=2—n=2n
| Al
T 1

y =t4sin(2mx)

The graph is a cosine graph with amplitude 5 and
period 8.

Find w: 8=2—TC
10}
S8w=2n
2t =
T8 4

The equation is: y =5cos (g x) .

The graph is a sine graph with amplitude 4 and
period 8.
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65.

66.

67.

68.

Find w: 8n=E
@
Sntw=2n

2n 1

=—=—

8t 4

The equation is: y =4sin (i x) .

The graph is a reflected cosine graph with
amplitude 3 and period 4m.

Find w: 47t:&
w
dntw=2mn

2 1

=—=—

Tt 2

The equation is: y =—-3cos (% x) .

The graph is a reflected sine graph with
amplitude 2 and period 4.

Find w: 4=E
10
4w =21
_am_n
T4 2

The equation is: y =—2sin (ng .

The graph is a sine graph with amplitude % and

period 1.
. 2n
Find w: 1=—
10}
=21

The equation is: y = %sin (2mx).

The graph is a reflected cosine graph with

amplitude % and period 2.

Find w: ZZE
w
20=2T
21
WO=—=T
2

The equation is: y = —%cos(nx) .

Section 6.4: Graphs of the Sine and Cosine Functions

69.

70.

71.

72.

73.

585

The graph is a reflected sine graph with

amplitude 1 and period 4?”

Find w: 4_7t=E
w
4w =67
_6n_3
C4n 2

The equation is: y =—sin (% xj .

The graph is a reflected cosine graph with
amplitude m and period 2.

Find w: 2n=ﬂ
1)

2w =21

21

The equation is: y =—mcosx .

The graph is a reflected cosine graph, shifted up

1 unit, with amplitude 1 and period %

Find w: E:E
2 o

3w=4n

4T

0=—

3

L 4
The equation is: y =—cos (?n xj +1.

The graph is a reflected sine graph, shifted down

1 unit, with amplitude % and period 4?”

Find w: 4—R:E
10
4w =67

6m 3

Q=—=—

Tt 2

1 3
The equationis: y=——sin| —x |—1.
a y=-tsin 2]

The graph is a sine graph with amplitude 3 and
period 4.
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74.

75.

76.

77.

Find w: 422
w
dw=2m
2t =
T4 2

The equation is: y =3sin (gx) .

The graph is a reflected cosine graph with
amplitude 2 and period 2.
Find w: 2= 2n

w

20=2mr
2n
=—=T
2

The equation is: y =—-2cos(mx).

The graph is a reflected cosine graph with

amplitude 4 and period 2?” .

Find w: E:E
10

2w =67

21

The equation is: y =—4cos(3x).

The graph is a sine graph with amplitude 4 and
period 7.

_m
w
Tw=2n

Find w: =

o
T

=2

The equation is: y = 4sin(2x).

f(z12)-£(0) _sin(7/2)—sin(0)

/2-0 /2
_1-0_2
wl2 &

The average rate of change is 2 .
V4

78.

f(z12)-£(0) _ cos(7/2)—cos(0)

w/2-0 /2
_0-1_ 2
/2 V.4

.2
The average rate of change is —— .
/4

79. f(nlz)_f(O)_Sin[;;)—sin[;o)

80.

81.

7/2-0 /2
_sin(7z/4)—sin(0)
- 72
V2
2 _N22 N2
rl2 2 &
The average rate of change is Q .
V4

V4
Fl2)= £(0) ) 005(2-2)—005(2-0)

/2-0 /2
_cos(r)—cos(0) -1-1
/2 /2

_ 0 2__4

T T

.4
The average rate of change is —— .
/4

(fog)(x)=sin(4x)

v

A
21_\/2

(gof)(x)=4(sinx)=4sinx
y
4

- Tr\/ZTr
4}
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1
b 2

—2(cos x) =—2cosx

/\

_\/ \J

Section 6.4: Graphs of the Sine and Cosine Functions

(gof)(x)=sin(-3x)

85.

86.

—i
O, )} (m, 0) 27

87. I(r)=220sin(60mr), 1>0
Period: T = E L second
w 607: 30
Amplitude: | A | = | 220 | =220 amperes

'y
220

—220

587
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Chapter 6: Trigonometric Functions

88.

89.

90.

I(t) =120sin(30mz), t =0

Period: T = 2n = 2n

w 307

Amplitude: | A | = | 120| =120 amperes
1

= i second
5

120

V \/

V(1) = 220sin(1207t)
a. Amplitude: |A|=|220|=220 volts

5

Period: T =E = 27t 1 second

@ 120n 60

—220

c. V=IR
220sin(1207t) =101

22sin(12071) = I
1(r) = 225sin(1207¢)

d. Amplitude: | A| :| 22 | =22 amperes

Period: T=E= 2T =i second
@ 120 60

V(1) =120sin(120m1)
a.  Amplitude:| A|=|120|=120 volts

Period: T =— 2 _ = ZTC 1 second

7] 120n 60

91.

92.

V =IR
120sin(120m ) = 201
6sin(120wt) =1
1(t) = 6sin(1207¢)

Amplitude: | A | = | 6| = 6 amperes

Period: T = E ﬂ = i second
o 120 60
vl
P(1)= R
[V, sin(2nf1)
- R
V,? sin® (2mft)
- R

2

0 02
=2 2Tt
S ( Tl;f)

The graph is the reflected cosine graph
translated up a distance equivalent to the

amplitude. The period is ZL’ so w=4nf.
V2 V!

The amplitude is W %W .
2 R 2R

The equation is:
2 2

p(x):-‘z’LRcos(4nfz)+L

2
= ZLR[I —cos (47tft)]
Comparing the formulas:

sin® (2nft) = 2(1 cos(4mft))

Since the tunnel is in the shape of one-half a
sine cycle, the width of the tunnel at its base
is one-half the period. Thus,
=2 _2028)=56 or w=""

w 28
The tunnel has a maximum height of 15 feet
so we have A =15 . Using the form

y = Asin(wx) , the equation for the sine
curve that fits the opening is

X
=15sin| — |.
Y (28)

Since the shoulders are 7 feet wide and the
road is 14 feet wide, the edges of the road
correspond to x=7 and x=21.
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Section 6.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

94, =|cosx|, —2mr<x<2rx
15sin[ 22 ) < 15sin[ 2 2192 106 Y =feossd *
28 4 2 y
15sin 21z =15sin 3z :@ =10.6
28 4 2 B
The tunnel is approximately 10.6 feet high , L , L
at the edge of the road. -2 -w 0 T 2m
Physical potential: @ = 2n ;
23 —1F
Emotional potential: @w= 2n == ; .
28 14 95. y=[siny|, —27<x<27
)/
Intellectual potential: @ = % 1
110
X
2w —-m 0 T 2w
0 ez | 33 -1
0 #1,#2,#3

96. Answers may vary.
(_7_” 1) (z 1) (5_” 1) (13_” 1)
6 2)l62)L62) 6 2

97. Answers may vary.

DM
3720 372/ 372/ 372

98. 2sinx=-2
sinx =-1
Answers may vary.

(4 e

hvsical i1 peak 5d fter th 99. Answers may vary.
Physical potential peaks at 15 days after the ( I j [Z 1) (575 j [9” j

7335

20th birthday, with minimums at the 3rd and -——1 —,1|,| —,1
26th days. Emotional potential is 50% at the 4 4 4
17th day, with a maximum at the 10th day
and a minimum at the 24th day. Intellectual
potential starts fairly high, drops to a
minimum at the 13th day, and rises to a
maximum at the 29th day.

100 - 104. Answers will vary.

105 - 108. Interactive Exercises.

Section 6.5
1. x=4
2. True

589
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Chapter 6: Trigonometric Functions

3.

10.

11.

12.

13.

14.

15.

16.

17.

origin; x = odd multiples of g

y-axis; x = odd multiples of g

Yy =C0SX
True

The y-intercept of y =tanx is 0.
y =cotx has no y-intercept.
The y-intercept of y =secx is 1.
y =cscx has no y-intercept.

secx =1 when x =-2m, 0, 2m;
secx=—1whenx=-m,

csclewhenx:—3—n,E;
2 2

cscx=-1 Whenx:—E,:”—TE
2 2

y =secx has vertical asymptotes when
= 3t mm 3%

27 272727
y =cscx has vertical asymptotes when
x==-2m, -7 0, 2.

y =tanx has vertical asymptotes when
3r m ®w 3n

X=——""s "y Ty -

2 22 2

y =cot x has vertical asymptotes when

x=-2m, -7 0, 2.

y=3tanx ; The graph of y =tanx is stretched

vertically by a factor of 3.
4 |
|

/ (3)
(-5 3)‘7@(}

18.

19.

20.

The domain is {x

X # kjﬂ, k is an odd integer} .
The range is the set of all real number or (—eo, c0).

y =-2tan x ; The graph of y =tanx is stretched

vertically by a factor of 2 and reflected about the
X-axis.
y

4

|
|
|
|
|
|
|
|
|
|
+4
|
|

The domain is {x

X # kjﬂ, k is an odd integer} .
The range is the set of all real number or (—eo, o).

y =4cot x; The graph of y =cotx is stretched
vertically by a factor of 4.
y

MR

The domain is {x|x # kr, k is an integer} . The

range is the set of all real number or (—oo, o).

y =-3cotx; The graph of y =cotx is stretched

vertically by a factor of 3 and reflected about the
X-axis.

y

LAl LAl
o T
ol 3r | (—1{,3)
Ch|F |
L L
L/ AR
7% T7
TR |
[ 6
b |

I |
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Section 6.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

The domain is {x|x # kr, k is an integer} . The The domain is {x|x # 4k, k is an integer} . The
range is the set of all real number or (—oo, o). range is the set of all real number or (—oo, o).
T . T .
21. y=tan (5 xj ; The graph of y =tanx is 24. y=cot (Z xj ; The graph of y =cotx is

. 2 . 4

horizontally compressed by a factor of — . horizontally stretched by a factor of —.
V4 V1
y

1)

A\ o] =
=

-

|
| |
} } 1
7/4 120 =3 B
| i i 1L -1\ F
1 | | | »
=3 —1) | -l =
(- -
The domain is {x|x does not equal an odd integer} . The domain is {x|x # 4k, k is an integer] . The
The range is the set of all real number or (—oo, o). range is the set of all real number or (—eo, c0).

25. y=2secx; The graph of y=secx is stretched

1 .
22. y=tan (5 xj ; The graph of y =tanx is vertically by a factor of 2.

- ©0.2) 7
horizontally stretched by a factor of 2. ’
y I I I I
I
B Rees
(” 1) [ [ [ [
' | | x

|
I Ly X o

—m,=2) -1 AT (T -2)
e ITARRTAY
N Y Yr4ray v

0

The domain is {x

kr . .
x #——, k is an odd integer [ .
The domain is {x|x # kr, k is an integer} . The 2

range is the set of all real number or (—eco, ). The range is {yiy <-2ory=z 2} .
1 1 ) _ . .
23. y=cot Zx ; The graph of y =cotx is 26. y= Ecscx ; The graph of y =cscx is vertically
horizontally stretched by a factor of 4. compressed by a factor of l
2
.y
2 -

|

|

|

|

|

:

|
4:¢r

|

|

|

|

|

|

591
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27.

28.

29.

The domain is {x|x # k7, k is an integer} . The vertically stretched by f; factor of 4.
range is {y yS—l oryzl}. 20
2 2

y=-3cscx; The graph of y=cscx is 0.4)

{
|
|
|
|
|
|
vertically stretched by a factor of 3 and reflected :
about the x-axis. Ll
i
|
|
|
|
|
|
|

0

|
I
12k —4m | —2m | 2m 3w X
i i i E i (—2m, —4) o (om, —4)
A |
(i VA =
! I 1 | I
, '—ﬁ: ! ' 7 ' E | 20 | |
-3 34 -3 7.-3
( : ) I : 6 | : (2 ) The domain is {x|x # kr, k is an odd integer} .
[ o I |
| T { | The range is {y|y <-4 ory>4}.
| [ [ |
. bl ! .
The domain is {x|x #km, k is an integer} . The 30. y= %csc(2x) : The graph of y=cscx is

range is {y|y£—30ry23}. . 1
horizontally compressed by a factor of > and

y=—4secx; The graph of y=secx is 1
vertically stretched by a factor of 4 and reflected vertically compressed by a factor of 3
about the x-axis. v
| I | [ | L | |
| 1 10F | | | | | |
' A ' ' | ool [ [
| [ S | | | | | |
MBI NAVi !
—m, 4 — 4 om 1 | » | |
T AR (_T~2>| [ (11 l)l I
T I CE) I
(0,—4) I I I T T | 1T X
| VAW I I ( - 1) I 2 2: [ .
| | | | — —1 75 L 3v _1
| i F\ | ) 2 =4) 42 \7\17\ I [ ( al
| ly | [ [ I I I
' =10 ' ' ' | | Ve | |
k | | | |
The domain is {x : : ! !

X# 7”, k is an odd integer} .

The domain is {x X # kjﬂ, k is an integer} . The

The range is {y|y£—4 0ry24} .

. 1 1
range 1s <——oryz2—;.
g {y y > y 2}

y= 4sec(%xj ; The graph of y=secx is
horizontally stretched by a factor of 2 and 31. y=-2 csc(ﬂ'x) ; The graph of y=cscx is

horizontally compressed by a factor of 1 ,
V1

vertically stretched by a factor of 2, and reflected
about the x-axis.

592
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32,

33.

Section 6.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

The domain is {x|x does not equal an integer} .

The range is {y|y <-2ory= 2} .

y=-3sec [%x); The graph of y =secx is

horizontally compressed by a factor of 2 ,
V4

vertically stretched by a factor of 3, and reflected

about the x-axis.
Yy

|

ot

|

|

(=2,3) (2, 3)
2

I

I

I

I

I

I

I
|

I

I

I (0, =3)

I

I

I

I

I

The domain is {x|x does not equal an odd integer} .

The range is {y|y£—3 0ry23} .

y=tan[ixj+l; The graph of y =tanx is

horizontally stretched by a factor of 4 and shifted

34.

3s.

up 1 unit.
y
8
(—3m,2) (0.1)
X
—47 i

|
|
|
|
|
|
|
|
|
o ! 1
|
|
|
|
|
|
| _
| 8
1

The domain is {x|x # 2k, k is an odd integer} .

The range is the set of all real number or (—eo, o).

y=2cotx—1; The graph of y=cotux is

vertically stretched by a factor of 2 and shifted
down 1 unit.

y
10

The domain is {x|x #kr, k is an integer} . The

range is the set of all real number or (—oo, o).
2 .
y= SCC[?XJ-F 2; The graph of y=secx is

horizontally compressed by a factor of 21 and
V4
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shifted up 2 units.

P!
SN
VT

The domain is {x

X # %k, k is an odd integer} .

The range is {y|y£1ory23}.

36. y= csc(%rxj ; The graph of y =cscx is

The domain is {x|x # 27k, k is an odd integer} .

The range is the set of all real number or (—eo, o).

38. y=3cot(%x]—2; The graph of y =cotx is

horizontally stretched by a factor of 2, vertically
stretched by a factor of 3, and shifted down 2

2 units.
horizontally compressed by a factor of ir I Yy
4 |
Y |
4 : i (-3, 1) ' :
L R
(1) :
(-1, 1) | I | l
o 2
R |
] ] : { : - |
| [ ! (—m =2) 7|
1 B 1. -1 |
SR '
! | -4 I I (—g, —5) ! A

The domain is {x

X # %k, k is an integer} . The

range is {y|y£—1 oryzl}.

37. y =%tan(ix)—2 ; The graph of y =tanx is
horizontally stretched by a factor of 4, vertically

compressed by a factor of %, and shifted down 2

units.

594
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(m,-2)

(5

The domain is {x|x # 27k, k is an integer} . The

range is the set of all real number or (—oo, o).

39. y=2csc[%x)—l; The graph of y =cscx is

horizontally stretched by a factor of 3, vertically
stretched by a factor of 2, and shifted down 1 unit.
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The domain is {x|x # 37k, k is an integer} .

The range is {y|y <-3ory 21} .

40. ystec(%xj+l; The graph of y =secx is

horizontally stretched by a factor of 4, vertically
stretched by a factor of 3, and shifted up 1 unit.

y
| | | |
jl IA\iZ lk
| | /| |
| | | |
(—8m.4) | L T | sma)
[ T
87 | | | I8¢ x
| | = |
(4w, =2) 7| : B : | (4w, —2)
| | — | |
R |

The domain is {x|x # 27k, k is an odd integer} .

The range is {y|y <-2ory 24} .

T
M f(6)_f(0)=tan(ﬂ'/6)—tan(0)=\f_o
) z_y zl6 zl6
6
36 203
BE
23

The average rate of change is — .
V4

LA 23
" 540 wetrrasiey 21
T, 716 ~ 7l6
6
_2J3-3 6 _23(2-V3)
3 V4 V1
2/3(2-3)
The average rate of change is ———— .
V4
V4
3 f[6j_f(0)_tan(2-ﬂ'/6)—tan(2~0)
) z_y B zl6
6
_3-0_63
/6 V4
. 6V3
The average rate of change is —.
V4
V4
14 f(6j_f(0)_sec(2-n’/6)—sec(2-0)
Z_ ) /6
6
_2-1_6
rl6 &

The average rate of change is 6 .
V1

45. (fog)(x)=tan(4x)

~—

I
_— A —_—————

1_

=

I
—

-y ———

———
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4(tanx)=4tanx

(gof)(x)

N
S
—_—
Am I
= 1 =
= ﬂ4
Etol™
= w&
(& -
= O T I
-t =
//F
=10 =
« e
S
a
<
E
S\
ey __
—-1F SO | Ee
Y]

596
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50.

51.

Section 6.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

Consider the length of the line segment in
two sections, x, the portion across the hall
that is 3 feet wide and y, the portion across
that hall that is 4 feet wide. Then,

cos49=é and sin¢9:i
X y
cos @ sin @
Thus,
L=x+y= +——=3secH+4csch.
cos@ sind
4
Let Y1 = +—.
cosx sinx
25
T
00 9

Use MINIMUM to find the least value:
25

Hinirmur
Ho.HEIerzd L v=o.BEEEEZE b| I
2

0
L is least when € =0.83.

L= 3 +— 4 ~9.86 feet .
cos(0.83) sin(0.83)

Note that rounding up will result in a ladder

[«

597

that won’t fit around the corner. Answers
will vary.

d(t)=[10tan(z?)|

d(r)

60 -
50 -
40
30
20 -
10

Distance (feet)

1
Time (Seconds)

2]

d(r

~—

= |10tan(7zt)| is undefined at ¢ :% and

=

N | W

, or in general at

k
t=—
i3

instances, the length of the beam of light
approaches infinity. It is at these instances
in the rotation of the beacon when the beam
of light being cast on the wall changes from
one side of the beacon to the other.

k is an odd integer} . At these

t | d(t)=10tan(zwr)
0 0

0.1 3.2492

0.2 7.2654

0.3 13.764

0.4 30.777

d(0.1)~d(0) _3.2492-0
01-0  0.1-0
d(0.2)-d(0.1) _7.2654—3.2492
02-0.1  02-0.1
d(0.3)-d(0.2) 13.764—7.2654
03-02  03-02
d(0.4)-d(0.3) _30.777—13.764
04-03  04-03

=32.492

=40.162

= 64.986

=170.13

The first differences represent the average
rate of change of the beam of light against
the wall, measured in feet per second. For
example, between ¢ =0 seconds and 7 =0.1
seconds, the average rate of change of the
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53.

beam of light against the wall is 32.492 feet

per second.
Yy

N I

[ I

I I I

| L | I

I L/ I

| | | X

_7 L w |37

2L |2
I L I

I I I

N s | I

I 5 I I

y =tanx

y

s Wl

[

| L |

I L/

I /|

| | 5

2l - T 3

2/ L 2
| L |

I L

I L

I _5 I

y= —cot(x +§)

Yes, the two functions are equivalent.

Section 6.6

1. phase shift

2. False

3. y=4sin(2x—m)

Amplitude: |A|=|4|=4

Period: T:E=E=n
@ 2
Phase Shift: £ ="
w 2

Interval defining one cycle:

25
w o 22

Subinterval width:

r_z
4 4
Key points:

598

Y 7
AL n (. 4)
: (%4 (3Tr
—(%’0) (11' 0) 25(
m m 3T 2T
-\
—4 4
7.4

y =3sin(3x—m)
Amplitude: | A| =|3| =3
Period: T = E = 2_7t
w 3
Phase Shift: £ =~
o 3

Interval defining one cycle:

5

Subinterval width:

T _2r/3 =«
4 4 6
Key points:

T ()

_E/ (0, 0)
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5. y= 2cos(3x+§)

Amplitude: |A|=|2|=2

Period: T = E = E
7] 3
_nj
Phase Shift, 2= 2/ __T
w 3 6

Interval defining one cycle:

Lo
@ 6 2

Subinterval width:
T_ 23 _x
4 4 6
Key points:

ESYEERNERNES

6. y=3cos(2x+m)

Amplitude: |A|=|3]=3

Period: T:E:E:n
w 2

Phase Shift; 2= F=_T
w 2 2

Interval defining one cycle:

5244
w o 22

Subinterval width:
r_=

4 4
Key points:

T o o) 5

599

Section 6.6: Phase Shift; Sinusoidal Curve Fitting

T
=-3sin| 2x+—
' [ 2j

Amplitude: |A| =|—3|=3

Period: T=E=E=n
0] 2
_
Phase Shift: £ =—2-_T
o 2 4

Interval defining one cycle:

5215
w o 4 4

Subinterval width:
r_r

4 4

Key points:

(o e 5 50

T
=-2cos| 2x——
g [ 2)

Amplitude: |A]=|-2|=2

Period: = _ 2
0] 2
i
Phase Shift: £ =2 =T
w 2 4

Interval defining one cycle:

Copyright © 2013 Pearson Education, Inc.



Chapter 6: Trigonometric Functions

o ¢ T T 57w 10. y=2cos(2nx+4)+4
_7_+ == .
0 © 4’ 4 Amplitude: |A|=|2]|=2
Subinterval width:
T 7 Period: T:E:?:l
—_== 0] s
4 4 ¢ -4 2
Key points: Phase Shift: 5 = E = —;

Interval defining one cycle:
{M”} _ {_z,l_z}
o o T 7

Subinterval width: % =

Key points:

9. y=4sin(mx+2)-5
Amplitude: |A|=|4|=4

Period: T=E=2_n=2
[0} T
Phase Shif: 2= —2-_2
[4] T T

Interval defining one cycle:

££+T - _2 2_2
o ® VA 4

Subinterval width: -1 1
r_2_1
4 4 2 11. y=3cos(mx—2)+5
Key points: Amplitude: |A|=|3]=3
Period: T:E:2—TC22
W T
Phase Shift: 12 = 2
®0 T

Interval defining one cycle:

o
o @ T T

Subinterval width:

r_z2_1
4 4 2
Key points:

600
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Section 6.6: Phase Shift; Sinusoidal Curve Fitting

2| [Li25] [1422], (342 5], 13. y:—35in[—2x+Ej:—35in —[2x—£)
T 2 T 2 2 2
=3sin(2x—£j

2

Amplitude: |A|=|3|=3

Period: T=E=E=n
7] 2
r

Phase Shif: £ =2 ="

o 2 4
Interval defining one cycle:

P
0 o 4 4

| | | L ¥ Subinterval width:
-1 1 2 3 T 7
~ 4 4
12. y=2cos(2nx—4)—1 Key points:
Amplitude: |A]=|2|=2
Period: T=E=E=l
o 2n
Phase Shift: ﬂ = i = g
W 2n T

Interval defining one cycle:

foNo
w @ /2 T

Subinterval width:
r_1

4 4
Key points:

2 1 2 1 2
_71 5 _+_7_1 5 _+_7_3 5
T 4 2 P P
14. y=-3cos| —2x+— |=-3cos| —| 2x——

3 2 2 2 2
—+—,-1], | 1+—,1
4 & T T

. =-3cos 2x—§

(2-1.1) 4
T {i lJ Amplitude: |A|=|—3|=3
-1 1 m*
l L5 Period: T:E:E:n
1 w 2
i \ g
Phase Shift: £=2="
| 2 1 ' o 2 4
(% T 7 =3 J' Interval defining one cycle:
.
P9 || EI"
) 44

Subinterval width:

601
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Chapter 6: Trigonometric Functions

Assuming A is positive, we have that

y=Asin(wx—¢) = 3sin(§x+§j

seffor)

18. |A|=2 T=m LA
[

2n 2w
QD=—=—=
T T

Assuming A is positive, we have that
y = Asin(wx—¢) =2sin(2x—1)

e

Assuming A is positive, we have that
y = Asin(wx—¢) =2sin(2x+4)

= 2sin[ 2(x+2) ]

19. y=2tan(4x—7)
Begin with the graph of y = tan x and apply the
following transformations:

1) Shift right 7 units | y = tan (x—7)]

1
2
1

2) Horizontally compress by a factor of i

|:y = tan(4x—7z)}

3) Vertically stretch by a factor of 2
|:y = 2tan(4x—ﬂ')]

Y 5

| [ (2™ 2 |

16. |A|=3 =% £-» sEoGE2) 1)

: )V
Lm0 8, | | | (30)

T = o 4 | |
5 5=8 L Sool 5 T

Assuming A is positive, we have that I : '

y = Asin(@x — @) = 3sin(4x —8) I 5k l : (*m

=3sin[ 4(x-2)]

20. y= %cot(Zx—ir)

17. |A|=3 T=3m g__1 N
w Begin with the graph of y =cotx and apply the
o= 2n_2m_2 ¢ _o¢_ 1 following transformations:
r 3m 3 o 2 3 1) Shiftright 7 units [ y=cot(x—7)]
3
12__2 2) Horizontall by a factor of ~
= 3377 ) Horizontally compress by a factor o 5

|:y = cot(2x—7z)]

602
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21.

Sm
8 7

Section 6.6: Phase Shift; Sinusoidal Curve Fitting

3) Vertically compress by a factor of % 22,

{y=%cot(2x—ﬂ)}

JE]
DI =
N——

|
—— PO S —— -
—_————— e D ——— = —— =

T (_
=3csc| 2x——

Begin with the graph of y =cscx and apply the
following transformations:

1) Shift right % units [ y= csc[x—%j:l

2) Horizontally compress by a factor of %

3) Vertically stretch by a factor of 3

T
=3csc| 2x——

A ———————

3

™
8 .
|
|
|
|
|

]
e —

S ——

603

y= csc[2x—%ﬂ 23.

y :%sec(Sx—ﬂ)

Begin with the graph of y =secx and apply the
following transformations:
1) Shift right 7 units | y = sec(x7)

2) Horizontally compress by a factor of %

[y = sec(3x—ﬂ')}

3) Vertically compress by a factor of %

|:y=%sec(3x—ﬂ)}

/N
w3

N
=
|
B —
N

T
=—cot| 2x+—

Begin with the graph of y =cotx and apply the

following transformations:

1) Shift left % units {y =cot[x+§ﬂ

2) Horizontally compress by a factor of %

T
=cot| 2x+—

3) Reflect about the x-axis

T
=—cot| 2x+—

Copyright © 2013 Pearson Education, Inc.



Chapter 6: Trigonometric Functions

| y | |y | |
| i | | | | | |
| n | | | | | | |
oliny 2_ ey
I —= I L(T1 | 3
|( 8 ’1) I - | (b' ) | : | /1 |
| | | | B
i 1 L L= -11) /| | | \e (1)
| ERPASRE | T B
| 7 ; | T3 1 1 31
(G 1G] (7N F )
| | | i | 2 | | | | >
| | | | -3
| | | | [ | [ |
T
24. y=—tan(3x+—j 26. y=—csc| —Lzx+”
2 2 4

Begin with the graph of y =tanx and apply the Begin with the graph of y =cscx and apply the

following transformations: following transformations:

. T . T
1) Shiftleft 7 units | y :tan[”_) 1) Shiftleft = units | y=csc| x+2
2 i 2 4 Y 4

2) Horizontally compress by a factor of %

T
=tan| 3x+—
g ( 2)

2) Reflect about the y-axis [ y= csc[—x +%J:|

3) Horizontally compress by a factor of 2
3) Reflect about the x-axis T

i 7 —y=csc L
y=—tan x+5 I B 4

3) Reflect about the x-axis

Vi R
=—csc —l7wc+Z
2 _y_ 27y
| Vi | |
| SC |
(~z.0) 3.) | C e
= | L -
- | | | | | | |
] : L 2 1x
]
| At
25. y=—sec(27x+7) l sk : I

Begin with the graph of y =secx and apply the
following transformations:

1) Shiftleft 7 units [y =sec(x+r:)]

2) Horizontally compress by a factor of ZL
V4

[y = sec(2ﬂx+ﬂ')]
3) Reflect about the x-axis
[y = —sec(27rx+7r)]

604
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27, 1(1)= 1205in[307tt—§j, 20

Period: T = E = ﬂ = L second
o 30rm 15

Amplitude: | A | = | 120| =120 amperes
n
Phase Shift: L2 =3 - L second
o 30t 90
Iy

120 -
/\ \ /\ Lt
i i 23
90 15 15
120

28. I(1)= 220sin(60m—gj, 20

Period: T = E = ﬂ = i second
o 60m 30
Amplitude: | A| = | 220| =220 amperes
n
Phase Shift: ﬂ -6 _ L second
@ 60r 360

1,
220

~220

29. a. 2

ol . . . . . . .. . Jo

10
b. Amplitude: A= 33-16 % =85
Vertical Shift: 2710 4—29 —245

_2n_2n
5 5

Phase shift (use y =16, x = 6):

Section 6.6: Phase Shift; Sinusoidal Curve Fitting

16 = 8.55in£%-6—¢j+24.5
—8.5=8.5sin [12Tn_¢j

. (127
-1= s1n£?—¢)

Thus, y=28.5sin (Ex—ﬁ)+ 24.5 or
5 10

y=8.5sin 2—“[);—2) +24.5.
5 4)|

40

/N

0 410

1

d. y=9.46sin(1.247x+2.906)+24.088

[E] Degforn) (dic)Real
SinReg
a =9.45984996
b =1.24728022
c =2.90682654
d =24.0884845
MSe=0.69559318
y=a-sin(bx+c)+d

COPY

40

30. a. 90

ol o oo i 13

80.0-34.6 454

b. Amplitude: A= > > =227
Vertical Shift: S0:0F346 1146 _ o, 5
2n W
QA=—=—
12 6

Phase shift (use y =34.6, x =1):
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Chapter 6: Trigonometric Functions

34.6 =22.7sin (% 1—¢)+57.3 25.5=24.95sin £§-1—¢)+50.45

~22.7=227sin [%—q)j ~24.95="24.

. (T
95sin [g—¢)

T T
—1=sin| —— —1=sin| ——
5] 5]
T T T T
276 7 276 7
3 3

Thus, y = 22.7sin [gx —é—“j +57.3 or

Thus, y = 24.95sin [%x —2?“) +50.45 or

y=227 sin[%(x—4)} +57.3. y= 24.955in[g(x—4) +50.45 .
c. 90 c. 80
ot . ... ....... 13 ol . . ......... 13
20 20
d. y=22.61sin(0.503x-2.038)+57.17 d. y=25.693sin(0.476x—1.814) +49.854
Finked ‘h bE | S;ngigm(bx+c)+d
H=ak=1n w+C I+ -
sl i
e AT d=43. 553 r4a7E
e 90 e 80
oL . .. ... ... ... 13 o ... ........ 13
20 20
31. a. 80 32. a. 80
olt? L 13 ot o oot o 13
20 20
b. Amplitude: A= 75 '4; 255 _ 492'9 =24.95 b. Amplitude: A= 77'0;31'8 = 452 2 _26
Vertical Shift: 2247233 _100.9 _ 5 45 Vertical Shift: 207318 _1088 5, 4
2n T« 2n W
a=—=— n=—=—
12 6 12 6
Phase shift (use y =25.5, x =1): Phase shift (use y =31.8, x =1):
606
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33.

31.8:22.6sin[§-1—¢)+54.4

~22.6=22.6sin (§—¢j

. (T
—l—sm[g—¢)

Thus, y = 22.6sin (gx —2—3“) +54.4 or

y= 22.6sin[g(x—4)} +54.4.

80
............. 13
20
y =22.46sin(0.506x —2.060) + 54.35
FinFea
g=gtsinthx+ci+d
a=27.43862045
b=.5857 744796
c=-2.B6H1 7587
d=54.34817299
80
............. 13
20

11.5 + 12.4167 = 23.9167 hours which is at
11:55 PM.

5.84—(-0.37) _6.21

2
5.84+(-0.37) 5.47

Ampl: A= =3.105

Vertical Shift: =2.735

o= 2. m  24r
12.4167 6.20835 149
Phase shift (use y =5.84, x =11.5):

607

Section 6.6: Phase Shift; Sinusoidal Curve Fitting

34.

5.84 = 3.105sin(24—”-11.5 —¢j +2.735
149

3.105= 3.1OSSin(24—7[-11.5—¢j
149

1= sin(@—¢)
149

m_2%6r _
2 149
¢ =~4.2485
Thus,

¢

y=3.105sin (M—ﬂx—4.2485j +2.735 or
149
y=3.105sin [?:—Z(x— 8.3958)} +2.735.

c. y= 3.1055in(ﬁ—;[(15) —4.2485j+ 2.735

= 2.12 feet

a. 2.6167 + 12.4167 = 15.0334 hours which is
at 3:02 PM.

C11.09-(-2.49) 13.58

b. Ampl: A 6.79
2 2
Vertical Shift: M = & =43
2 2
27 T 247

= = =
12.4167 6.20835 149
Phase shift (use y =11.09, x =2.6167):

11.09 = 6.79sin (ﬁ—’;-z.mm —¢>j+4.3

6.79 =6.79sin (24—” -2.6167 - ¢)
149

. Sin(62.80087r _ ¢)

149
T 62.80087
PREREVTIN
¢ =~ —0.2467

Thus, y =6.79sin (T:—Zx + 0.2467} +4.3

or y=6.79sin [ﬁ—g(x+0.4875)} +4.3.

c.  y=6.79sin [%(18)+0.Z467)+4.3

= 4.77 feet
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Chapter 6: Trigonometric Functions

35. a. Amplitude: A= w =1.6
Vertical Shift: w =12.15
2n
w=——-
365

Phase shift (use y =13.75, x =172):

13.75 = 1.6sin(£-172—¢)+12.15
365

1.6=1.6sin(ﬂ-172—¢)
365

¢ =1.3900

Thus, y =1.6sin [ﬂx—1.39j+12.15 or
365
y= 1.6sin[£(x—80.75)}+12.15 .
365

b. y=16sin| 2% (91-80.75) | +12.15
365

=~12.43 hours

c. y
20

10

|

AN T T N T A
0 140 280 420

d. The actual hours of sunlight on April 1,
2012 were 12.43 hours. This is the same as
the predicted amount.

36. a. Amplitude: A= w =31
Vertical Shift: M =122

2n

w=——-

365

Phase shift (use y =15.30, x =172):

608

37.

15.30:3.lsin[£-172—¢j+12.2
365
3.1=3.1sin[ﬂ-172—¢j
365

- sin(344n _¢j
365

T _344m
2 365
¢=139

9

Thus, y =3.1sin(2—nx—1.39j+12.2 or
365

y= 3.lsin[ﬂ(x—80.75)} +122.
365

b y=3.Isin[ 2% (91)-1.39 |+12.2
365

=12.74 hours
c. y
201
10/\/
NN
0 140 280 420

d. The actual hours of sunlight on April 1,

2012 were 12.72 hours. This is very close to
the predicted amount of 12.74 hours.

a. Amplitude: A= 19.42-548 =6.97
Vertical Shift: w =12.45

21

0=——-

365

Phase shift (use y =19.42, x =172):
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19.42 =6.97 sin [£-172—¢) +12.45
365

6.975 = 6.975sin [ﬂ 172 —¢j
365

I N T N N T T T O T ™5
0 140 280 420

d. The actual hours of sunlight on April 1,
2012 was 13.42 hours. This is close to the
predicted amount of 13.67 hours.

38. a. Amplitude: A= w =1.29
Vertical Shift: w =12.14

27

0=—

365

Phase shift (use y =13.43, x =172):

13.43=1.29sin(ﬂ-172—¢j+12.14
365

1.29:1.29sin(ﬂ~172—¢)
365

1=sin (ﬂ - ¢)
365

n_344m
2 365
¢=1.39

¢

Thus, y=1.29sin [ﬂx—1.39)+12.14 .
365

b. y=1.29sin(ﬂ(91)—1.39)+12.14
365

=12.37 hours

Chapter 6 Review Exercises

Thus, y=6.97sin [ﬂx -1 .39) +12.45 or
365

¥ =697sin [ﬂ(x—sms)} +12.45.
365

b. y=6.97sin| 2% (91)~1.39 |+12.45
365

=~13.67 hours
c YA
20
10+
FEE RN
0 140 280 420

d. The actual hours of sunlight on April 1,
2012 were 12.38 hours. This is very close to
the predicted amount of 12.37 hours.

39 — 40. Answers will vary.

Chapter 6 Review Exercises

1. 135°=135-—" radian = >" radians
180 4

2. 18°=18 T radian = I radian
180

3, om_3n 180 degrees = 135°
4 4
4. _om__5m 180 degrees = —450°
2 2
5 tan——sm—:l—l:l
2 2

6. 3sindso_aunTo3.Y2_4 V3 _3N2 43

6 2 3 2 3
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Chapter 6: Trigonometric Functions

N

10.

11.

12.

13.

14.

15.

16.

n n V2
6cos%+2tan(—§) = 6(—72J+2(—x/§)
=-3J2-23

tanw+sint=0+0=0
c0s8540°—tan(—405°) = —1—(-1)
=-1+1=0

sin? 20°+ =sin® 20°+cos* 20°=1

sec” 20°

sec50°-cos50°=

-cos50°=1
cos50°

cos(—40°)  cos40° -1

cos40° cos 40°
sin(—40°)  —sin40°
sin 40° sin 40°

sin 400°-sec (—=50°) = sin 400°- sec 50°
1
cos50°
_sin40° _ sin40°
© c0s50°  sin(90°—50°)
_ sin 40° _1
sin 40°

= sin (40°+360°) -

sin@ :% and 0< @ <§ , 80 @ lies in quadrant I.

Using the Pythagorean Identities:
cos’@=1-sin" @

2
00529:1—[ij :1_E:i
5 25 25

cosH=i4/2 =i§
25 5

Note that cos@ must be positive since 8 lies in

quadrant I. Thus, cosé = % .
_sin@ _

tan @

Glw |oles
W |
W | W
SN

cos@

17.

18.

cscl = .1 :lzl-izg
sin@ ¢ 4 4
secld = ! :lzl-éz§
cos I 3 3
cotd = ! —1:12:é
tand 5 4 4

tan@ = % and sin@ <0, so @ lies in quadrant III.

Using the Pythagorean Identities:
sec’@=tan’ §+1

2
560262(2) +1:&+1:@
5 25 25

secd ==+ ’@ :ig
25 5

Note that sec& must be negative since 8 lies in

quadrant III. Thus, secé = —% .

cosf = ! =L=—i

secd -9 13
tan@ = sin 0 , SO

cos@
sin¢9:(tan¢9)(cos¢9):2 Sy 1z

50 13 13

CSCQ: _L__E

sin@ -3 12
cotd = ! =l=i

tan@ 12 12

5
secl = —% and tan@ <0, so @ lies in quadrant

1L
Using the Pythagorean Identities:

tan” @ =sec* 61

Note that tan@ <0, so tanBz—%.
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19.

20.

cos@ = L _1__4
secd —3 5
tan @ = s
cos@

3( 4) 3
sin@ =(tan@)(cosf)=——| —— |=—.
(1n0)(cos0)=~3( -3
cscl = _1 =l=§
sin@ ! 3
cotd = L _1_.42

tanﬂ_—% 3

sin@ = % and @ lies in quadrant II.

Using the Pythagorean Identities:

cos’@=1—-sin’> @

2
coszﬁzl—[gj :1_ﬁ:£
13 169 169

cos@ =+ /g :ii
169 13

Note that cos @ must be negative because 6 lies

in quadrant II. Thus, cos@ = —%.

g0 _ 512 1), 12

cos§ -3 13 5 5
cscl = .1 _1.B

sin@ 3 12
secld = =L=—E

cosf -3 5
cotd = L— >

tan6: —12 _E

sinf = —% and 377[ < 6@ <2n (quadrant IV)

Using the Pythagorean Identities:
cos’@=1-sin’ @

2
cos? =1 -] =25 144
13 169 169
cosfd=x &=12
169 13

Note that cos @ must be positive because 8 lies

in quadrant IV. Thus, cos@ = % .

611

21.

22,

Chapter 6 Review Exercises

cos@ 3 1312 12
cscl = _1 _ 1B

sinf -3 5
secld = L _1.B

cos@ 3 12
cotd = ! =L —2

tangd -2 5

tan @ = % and 180°< 8 <270° (quadrant IIT)

Using the Pythagorean Identities:
sec’ @ =tan’ +1
10

2
seczé’:(lj =120
3 9

9
secl = i\/E =i—m
9 3

Note that sec# must be negative since 6 lies in

V10

quadrant III. Thus, secé = 5

1 3 410 3410

cos@ = = =— =—
secd _\/E Jio Jio 10
tan @ = sin 0 , SO
cos@

sin@ = (tan @) (cos ) 25

1{_@} V10

10 10
1 1 10
cscl = = =— =—\/ﬁ
sin @ _@ \/E
10
cotd = ! =l=3
tan@

secd =3 and 37” <@ <2n (quadrant IV)

Using the Pythagorean Identities:
tan” @ =sec” -1
tan’@=3"-1=9-1=8
tan 6 = /8 =422
Note that tan @ must be negative since @ lies in

quadrant IV. Thus,. tan @ = 22
1
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Chapter 6: Trigonometric Functions

tan @ = S0 o so Range: [-2,2]
cos@
. 1 212 25. y=-3cos(2x)
sin6 = (tan 6) (cos ) =22 (g) B The graph of y =cos x is stretched vertically by
el 1 ) 3 ﬂ - 3\/5 a factor of 3, reflected across the x-axis, allnd
 sin@ _% 22 2 4 compressed horizontally by a factor of 3
o= L oL N2_ V2 v)
tand 242 2 4 41~
23. cotf=-2 and % < @ <7 (quadrant IT) :
Using the Pythagorean Identities: ' ' ' >
2 2 —Tr | T X
csc @ =1+cot” 4
csc?@=1+(-2)" =1+4=5
cscf =15 —4r
Note that csc @ must be positive because @ lies
in quadrant I Thus, csc8=-/5 . Domain: (—eo,e0)
. 1 1 V5 5 Range: [-3,3]
sin=——=—-—==—
cscé JE JE 5
cos@ 26. y= tan(x + TE)
cotd = , SO _ S .
sin @ The graph of y =tan x is shifted 7 units to the
left.
cos&z(cotﬁ)(sin&):—2{§J:—¥. YA
| | |
4 —
tan @ = ! = i = 1 : : B :
cotd -2 2 | | -/
| | - |
SeC 6 = 1 = 1 = — 5 = ——5 l | 1 ';x
25 _3m Am _n Lz
cosd 22 25 2 > 2 -3
| | |
24. y=2sin(4x) : : 4+ :f
The graph of y =sinx is stretched vertically by ' ' '
a factor of 2 and compressed horizontally by a
factor of % Domain: {x | x ]%[,k is an odd integer}
YA Range: (—oo, o)
2 —
27. y=-2tan(3x)
The graph of y =tan x is stretched vertically by
= a factor of 2, reflected across the x-axis, and
n T
| 2
2+

Domain: (—oee, )

612
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28.

29.

compressed horizontally by a factor of % .

YA
1 8 1 1
| - | |
| = | |
| = | |
NG e
_n — T T bid
6 = 6 3 2
i =\ i
| - | |
N~ | |

Domain: {x| x¢%+k-

Range: (—oo,c0)

=cot x+E
Y 4

The graph of y =cotx is shifted % units to the

left.
y

P

| na

T .
E’k is an 1nteger}

=

. T . .
Domain: {x| X # —Z+k7r,k 1s an 1nteger}

Range: (—oo, )

y =4sec(2x)

The graph of y =secx is stretched vertically by
a factor of 4 and compressed horizontally by a

IIIII[IIIII'

Chapter 6 Review Exercises

factor of l .
2

4
N
\b

i
H —
|

—_——a

Domain: {x | x# %,k is an odd integer}

Range: {y|y<—4 ory>4}

T
30. =csc| x+—
g ( 4)

The graph of y =cscx is shifted % units to the

left.

r

10y

[4S)
E|
=Y

. T . .
Domain: {x | x# _Z+ krm,k is an 1nteger}

Range: {y|y<-lory>1}

31. y=4sin(2x+4)-2

The graph of y =sin x is shifted left 4 units,

compressed horizontally by a factor of %,

stretched vertically by a factor of 4, and shifted
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Chapter 6: Trigonometric Functions

32,

33.

34.

down 2 units.

AW

—7

Domain: (—oce, )

Range: [—6, 2]

X
=5cot| ———
sl

The graph of y =cotx is shifted right % units,
stretched horizontally by a factor of 3, and

stretched vertically by a factor of 5.

I\Jl :_:i)

=3.5)

X

o -
1

(

m
|
(0, =5)
|
|
|
|

Domain: {x | x# 377[ +k-3m,k is an integer}

Range: (—oo,0)

y =sin(2x)

Amplitude = | 1 | =1; Period = 7 =

y=—-2cos(3mx)

3T 2m\3
3

Lh

|
|
(3. —
(3, =S
|

|

[

Amplitude = |—2| =2 Period =

|
o

2r

2r 2

3

35. y=4sin(3x)
Amplitude: |A|=|4|=4

36.

37.

Period: T:&:&
o 3
Phase Shift: £:9=0
o 3
Y4
5+
o] @ m [w X
—5

= —Cos[lx-f-zj
Y 2"

Amplitude: |A|=|-1|=1

Period: T= E = E =4r
o 1
2
_r
Phase Shift: 2 =—2 =
o 1
2
y
2_
/I\J | | | \/
—;l'w B \/’ﬂ' X
_27

—lsin[éx—nj
Y 2 2

Amplitude: | A | =

Period: T =

Phase Shift: 2 =
@
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38. y= —%cos(nx—6)

Amplitude: |A|= 2 :%
Period: Tzﬁzz_nzz
(4] T
Phase Shift: 2:2
W T
Y
20
| /\ /\
| L
6 12
% TE |
wo_2
3

39. The graph is a cosine graph with amplitude 5 and

period 8.
Find w: 8n =E
0]
Sntw=2n
2 1
=—=—
8t 4

40. The graph is a reflected sine graph with
amplitude 7 and period 8.

Find w: 8=2—7t
[0}
8w=2n
_2n_m
8 4

The equation is: y =—7sin (g xj .

41.

42,

43.

44.

45.

46.

Chapter 6 Review Exercises

Set the calculator to radian mode: sin% =~(0.38.

Eintm<32
325834324

Set the calculator to degree mode:

secl0® =

=1.02.

cos10°

==

i Eng
R 6123456759

I cosCI@y
1.815426612

Terminal side of € in Quadrant III implies

sin@d <0 cscd<0
cos@<0 secd<0
tand >0 cotd >0

cos@ >0, tan@

<0; @ lies in quadrant IV.

po[ L2
3" 3
. 1 3 V2 32
SInf =——; Ccsct= = .= =_="=
2W2) 22 V2 4
3
1
cost=——; sect=—1 =-3
)
GORY:
3 242 3
tanf = =—— | —= |=-24J2
T T (7)==
3
1 V2 2
cott = — =
22 V2 4
The point P =(-2,5) is on a circle of radius

r=+J(=2)" +5> =J4+25 =29 with the center

at the origin. So, we have x=-2, y=5,and

rZ@.Thus, sint:lzi:@;
r @ 29
COS[=£=_—2=—2@;tant=Z=_§'
roJ29 29 x 2
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Chapter 6: Trigonometric Functions

47.

48.

49.

50.

51.

52.

The domain of y =secx is

{x| x # odd multiple of %} :

The range of y =secx is {y|y <-lory 21}.
The period is 27 .

a. 3202035 =32+ 204 3 _ 35340
60 3600
b. 63.18°
0.18° = (0.18)(60") = 10.8'
0.8'=(0.8)(60") = 48"
Thus, 63.18° =63°10'48"

r=2feet, 6=30° or 9=%

s=r0=2-5=1 1047 feet
6 3

In 30 minutes: r =8 inches, 6 =180° or =7

s=rf@=8-1=8n=25.13 inches

In 20 minutes: r =8 inches, € =120° or € = %

s = r€:8-2—3n:16Tn:16.76 inches

v=180 mi/hr; d=— mile

=0.25 mile

r =

e SR

_ v _ 180 mi/hr
" 025mi
=720 rad/hr
_720rad 1rev
 hr . 2n rad
_ 360 rev

T hr
~114.6 rev/hr

Since there are two lights on opposite sides and

the light is seen every 5 seconds, the beacon
makes 1 revolution every 10 seconds:

lrev 2mradians T .
= . = — radians/second

10 sec 1rev

-(2)2 % = % =1.047 square feet

53, I(t)=220sin(30nt+%), 1>0

. 21 1
. Period==2F =L
A et = T s

b. The amplitude is 220.
c. The phase shift is:

T
$__6_ m 1 _ 1
®w 30m 6 30m 180
d. I
220
N\ L
1 2
15 15
—-220
54. a. y
100
90 - o0
L4 °
80+ .
0F o i
60 ° °
L4 X
50 el I 1l 111111 1®
0123456789101112
b. Amplitude: A= 90;5 L % =19.5
Vertical Shift: 2221 141 _ 445
2 2
2t W
A=—=—
12 6

Phase shift (use y =51, x=1):

51=19.5sin(%~1—¢j+70.5

~19.5= 19.551n(g—¢)

(T
—1—s1n[g—¢j
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Chapter 6 Test

Chapter 6 Test

1. 260°=260-1 degree
= 260-% radian
_ 2607

Thus, y=19.5sin (%x—z—;)+70.5 , or

y=19.5sin E(x—4)}+70.5 .

radian = BTE radian

c. y 180
100 -
90 2. —400°=-400-1 degree
80 = —400-i radian
70 180
400 . 20 .
60 =— radian = ——— radian
180 9

3. 13°=13-1degree = 13--Z radian _ 13z radian

d. y=19.52sin 180 180
S;DEEQ_
EE} 4. ~Z radian = =~ 1 radian
= : i
= 7 180
=—=-—d =-22.5°
s 7 egrees
e 95
5. 977[ radian = 97” -1 radian
97 180
=—-—d =810°
T egrees
0 45. ............ 13
6. 3z radian = 3z -1 radian
55. 4 4
3z 180 o
V4 Angle: 5 = T_ degrees =135
Angle: ET“ ’ 2 Angle: T ”
N = (0.1) sy /o
Angle:% p=ibl) P L ,,_)ff Angle:—_,l— 7 Sinz _ l
2 6 2

9. cos(—120°)=cos(120°) = —%

1)
“angells 10 tan330° = tan (150°+180°) = tan (150°) = —g
ey An;e-?—; T 197 T 3z
7) Ange: Iz 197 o7 3r
11. sm2 tan 1 sm2 tan( 1 +4ﬂ'j
Angle: =%
=sin%—tan(%{j=l—(—l)=2

617
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Chapter 6: Trigonometric Functions

12.

13.

14.

15.

16.

17.

I\EJ

2sin? 60°—3cos45°=2| X2 | -3/ 2=
sin COS [2] 3

4(4) 3\[ ; 3\[ 3(1 2ﬁ)

Set the calculator to degree mode: sin17° = (0.292

incIvy
L 2AZIFITE4T

Set the calculator to radian mode: cos% 0.309

Cos(Zm-52
« SE9E1E994 4

Set the calculator to degree mode:

1
220°=——=-1.524
sec229 cos 229° >

1 cosCEZ50
-1.524253837

287 1

9 287
t -
Ty

= 2.747

1-tantZ3m- 97
2. 74747 413

To remember the sign of each trig function, we
primarily need to remember that sin @ is
positive in quadrants I and II, while cos @ is
positive in quadrants I and IV. The sign of the
other four trig functions can be determined
directly from sine and cosine by knowing

sin @ 1 1
t = — = — = — d
an @ o8’ secd o5l cscd sinﬁ’an
cos @
te =
© sin &

618

sin@ | cos@ |tan @ | secl |csch | cot @
6 in QI + + + + + +
OinQI | + - - — + —
@inQII | - - + - - +
@inQIV| - + - + - -

18. Because f(x)=sinx is an odd function and

19.

20.

since f(a)=sina :g , then

f(—a) =sin(—a) =—sina = —% .

sin @ =§ and @ in quadrant II.

Using the Pythagorean Identities:

2
coszﬂ=1—sin26=1—(§j =1—§=E
7 49 49
cos@ == Ezi&
49 7

Note that cos# must be negative because 6 lies

2J/6

in quadrant II. Thus, cos@ = -

: 5
tane:su}ez 7 :2( 7 j \/6: 5\/_

cosd —& 70 26 % 12
cscl = .1 =l=z

sin@ 3 5

1 1 7 o 16
secl = = =— —_—

cos@ 246 2\/_\/_ 12

1 1 12 Jo_ 26
cotf =

tan&z—%: 5\/7 f 5

cosf = % and 37” <6< 2rx (in quadrant V).
Using the Pythagorean Identities:

2
sin? @ =1—cos? Hzl—(gj :l—izé
3 9 9

sin9=i\/§=
9

Note that sin @ must be negative because 6 lies

5

in quadrant IV. Thus, siné = 5

: _i5
tanﬁzsme:—3:—§ g

cos @ 3

3
2
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cscl = = ==
sin @ _TS 5 5 5
secl = ! =l=§
cosé 3 2
1 2 5 25
cotd = = —_——=

21. tané@= —% and % < @ < 7 (in quadrant IT)

Using the Pythagorean Identities:

sec’@=tan*O+1=| —— +1=—
5 25 25
secd == 169 E
25 5

Note that sec & must be negative since 8 lies in

quadrant II. Thus, secd = —? .

cosf = ! = =——
secfd 13 13

tan @ = ﬂ , SO
_2(_3)_2
50 13) 13

cos@

sin@ = (tan @) (cos @) =

1 1 13
cscl = =—=—

sin@ 13 12
cotfd = L _1__ 3

22. The point (2,7) lies in quadrant I with x =2

2

and y=7. Since x2+y2:r , we have

r=~22+7> =53 So,
ingoto 1 _ 7 V53 7453
roJ53 53 V53 53

23. The point (—5,11) lies in quadrant II with

x=-=5and y=11. Since x2+y2=r2,we

have r=+/(=5)> +11> =+/146 . So,

-5 -5 /146 5v146

X
cosf@ === = . =—

r 146 146 146 146

24. The point (6,-3) lies in quadrant IV with x=6

2

and y=-3. Since x2+y2 =r~, we have

12)2+1 144 169

25.

26.

Chapter 6 Test

«/ (-3)° =/45=35 . So,

tan @ = —=——
x

X 7
Comparing y =2sin| ——— | to
paring y (3 6}
y:Asin(a)x—¢),we see that
1 T . .
A=2, a)=§,and ¢)=E.Thegraph1sasme

curve with amplitude |A| =2, period

T=2—7[=2—7[=67r,and phase shift

o 1/3
—ﬂ—i—— . The graph of 2sin *_z
w 13 2 CEEPROL Y= AN Ty

will lie between —2 and 2 on the y-axis. One
period will begin at x = 2 =% and end at
w

:2_7L-.|.£:67z+£:i We divide the
0 o 2 2

interval {% 1377[} into four subintervals, each of

67r 3
=

Z,le s 27[,7—7[ s 7—”,57[ s 57[,13—7[
2 2 2 2

The five key points on the graph are

En

We plot these five points and fill in the graph of
the sine function. The graph can then be
extended in both directions.

length —

_ 3
(—4m,2) 5 2m,2)

(-+5%0)

-5.0)

(7'“’ 72)

T
=tan| —x+— [+2
Y ( 4)

Begin with the graph of y = tan x, and shift it

S5, —2)

(5-0)

% units to the left to obtain the graph of
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Chapter 6: Trigonometric Functions

27.

28.

y =tan [x +%) . Next, reflect this graph about

the y-axis to obtain the graph of y = tan (—x +%j .

Finally, shift the graph up 2 units to obtain the
graph of y= tan(—x+%)+2 .

y= tan[—x+£)+2
4 y

4

1 1
1 1
! !
! !
! 2
1 1
: :
i i
! !

= Nt
For a sinusoidal graph of the form

y = Asin(@x—¢), the amplitude is given by
|A| , the period is given by % , and the phase

4

shift is given by e Therefore, we have A=-3,

w=3,and ¢= (——j = —37” . The equation

for the graph is y =—3sin [3x+%7”j .
The area of the walk is the difference between

the area of the larger sector and the area of the
smaller shaded sector.

3 ft

The area of the walk is given by
A=tpro-L,2g,

2 2
Y-

where R is the radius of the larger sector and r is
the radius of the smaller sector. The larger radius
is 3 feet longer than the smaller radius because
the walk is to be 3 feet wide. Therefore,

29.

R=r+3,and
Azg((r+3)2 —r2)
=g(r2+6r+9—r2)

= §(6r +9)
The shaded sector has an arc length of 25 feet

and a central angle of 50° = % radians . The

5.2_9%0 feet .

Sr
¢ 18

radius of this sector is r =

Thus, the area of the walk is given by

S
Azﬁ[{@}g):z@ﬂ
2 T 36\ &

=75 +57” ft> ~78.93 ft’

To throw the hammer 83.19 meters, we need
2

_Yo
g
2
83.19m=—10
9.8 m/s
v,” =815.262 m* /5*
v, = 28.553 m/s

Linear speed and angular speed are related
according to the formula v =r- @. The radius is
r=190 cm =1.9 m. Thus, we have
28.553=r-w
28.553=(19)w
@ =15.028 radians per second
©=15.028 radians 60 s.ec 1 revolu.tion
sec 1 min 27 radians
=143.5 revolutions per minute (rpm)
To throw the hammer 83.19 meters, Adrian must
have been swinging it at a rate of 143.5 rpm
upon release.

Chapter 6 Cumulative Review

1.

2% +x-1=0
(2x-1)(x+1)=0

The solution set is {—1,%} .
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Chapter 6 Cumulative Review

2. Slope =-3, containing (-2,5) center (1,-2).
. _ y

Using y —y, =m(x—x,) )

y=5=-3(x~(-2)) A

y—5=-3(x+2) -3
y=5=-3x-6
y=-3x-1

3. radius =4, center (0,-2)

Using (x—h)* +(y—k)* =~ “or
2 2
(x=0) +(y=(-2)) =4 6. y=(x-3)7+2
X+ (y+ 2)2 =16 Using the graph of y = x”, horizontally shift to
the right 3 units, and vertically shift up 2 units.
4. 2x-3y=12 y
This equation yields a line.
2x-3y=12
—3y=-2x+12 5
y= 2 x—4
P 23]
The slope is m = 3 and the y-intercept is —4. AS_l_LI_L
Let y=0: 2x-3(0)=12
2x=12
x=6
The x-intercept is 6.
y 7. a y=x
4 ¥
| 20
L1
-6
10

2.4

5. X +y*—2x+4y—-4=0
X =2x+1+y +dy+4=4+1+4 b.
(x—1)2+(y+2)2 =9
(x—l)2 +(y-+—2)2 =3

This equation yields a circle with radius 3 and

621
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Chapter 6: Trigonometric Functions

c. 8. f(x)=3x-2
y=3x-2
x=3y—-2 Inverse
x+2=3y
x+2
3
-1 x+2 1
X)= =—(x+2
flw====2(x+2)
d. y=Inx 9. Since (sin¢9)2+(cosé’)2=1,then

(OS]

3 (sin14°) +(cos14°) ~3=1-3=-2

10. y=3sin(2x)
Amplitude: |A|=|3]=3

Period: T = 2—; =T

Phase Shift: ﬂ = g =0

A (0,0)
(-T.23)

11. tan£—3cos£+csc£=l—3 ﬁ +2
4 6 6 2

12. We need a function of the form y = A-b", with
b>0, b#1. The graph contains the points
(0,2) and (1,6). Therefore, 2=A-b’.

2=A-1
A=2

622
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13.

14.

And y=2b"

6="2b'
b=3

So we have the function y=2-3".

The graph is a cosine graph with amplitude 3 and

period 12.
Find w: 12=E
@
12w ="2x
oz
126

The equation is: y =3cos (%xj .

a.

Given points (-2, 3) and (1,-6), we

compute the slope as follows:

slope = 2221 — 63 _9_ 4
xX—x 1= (—2) 3

Usingy—y, =m(x—x,):

y=3=-3(x~(-2))

y—-3=-3(x+2)
y=-3x-6+3
y=-3x-3

The linear function is f (x)=-3x-3.
Slope: m=-3;
y-intercept:  f (0)=-3(0)-3=-3
x-intercept: 0=-3x-3
3x=-3
x=-1
Intercepts: (—1,0), (0,-3)

Given that the graph of f (x)=ax” +bx+c
has vertex (1, —6) and passes through the

point (-2,3), we can conclude —2i =1,
a

Chapter 6 Cumulative Review

f(-2)=3,and f(1)=-6.

Notice that —i =1

2a
b=-2a
Also note that
f(-2)=3
a(-2)> +b(=2)+c=3
4a-2b+c=3
£()=—6
a(1)’ +b(1)+c=-6
a+b+c=-6

Replacing b with —2a in these equations
yields: 4a-2(-2a)+c=3
c=3-8a
and a—2a+c=-6
c=—6+a
So 3-8a=—-6+a
9=9%a=a=1
Thus, b=-2a = —2(1) =-2
and c=3-8a=3-8(1)=-5
Therefore, we have the function
f(x)=x*—2x-5=(x—1)"-6.
y-intercept: f(0)=0%-2(0)-5=-5

x-intercepts: 0= x*—2x-5

—(=2)+(=2)" =4(1)(-5)
2(1)
_2+44420 24424 _ 24246
2 2 2
=146 ~—1.45 or 3.45

Intercepts: (0,-5), (1—\/6,0), (1+\/6,0)
y
(—2,3)\3
) Y
s
(—1.45,0)

X =

-7k (1, —6)

Iff (x) =ae" contains the points (-2,3) and
(1,-6), we would have the equations
f(-2) =ae” =3 and f(l) =ae' =—6.
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Chapter 6: Trigonometric Functions

Note that ae™ =3

But ael:—6:a=—E
e

. 6 . .
Since 3e* #——, there is no exponential
e
function of the form f (x)=ae" that

contains the points (-2,3) and (1,-6).

15. a. A polynomial function of degree 3
whose x-intercepts are —2, 3, and 5 will have
the form f(x) =a(x+2)(x—-3)(x—-5), since
the x-intercepts correspond to the zeros of
the function. Given a y-intercept of 5, we

have
f0)=5
a(0+2)(0-3)(0-5)=5
30a=5=a :i:l
30 6

Therefore, we have the function
1
fx)= E(H 2)(x=3)(x-5).

y

10

(—0.08, 5.01)
(—2,0)

6
(4.08, —1.01)

A rational function whose x-intercepts are
—2, 3, and 5 and that has the line x=2 asa
vertical asymptote will have the form
Flx)= a(x+2)(x-3)(x-5)

x=2
intercepts correspond to the zeros of the
numerator, and the vertical asymptote
corresponds to the zero of the denominator.
Given a y-intercept of 5, we have

f0)=5
a(0+2)(0-3)(0-5) _ 5

0-2

, since the x-

30a=—10:>a:—l
3
Therefore, we have the function

—l(x+2)(x—3)(x—5)

F= —
_ (x+2)(x* —8x+15)
B —3(x-2)
_ (x* —6x* —x+30)
 3(x-2)
_ X —6x> —x+30 _ X —6x> —x+30
-~ 3x+6  6-3x

),
10
(0, 5),

Chapter 6 Projects
Project I — Internet Based Project
Project II

1. November 15: High tide: 11:18 am and 11:15 pm
November 19: low tide: 7:17 am and 8:38 pm

2. The low tide was below sea level. It is measured against calm water at sea level.

3. Nov Low Tide Low Tide High Tide High Tide
Time Ht((ft) t Time Ht((ft) t Time Ht(ft) t Time Ht(ft) t
(1)34 6:26a 2.0 6.43 438p 14 16.63 9:29a 2.2 948 11:14p 2.8 23.23
15 6:22a 1.6 30.37 5:34p 1.8 41.57 11:18a 2.4 353 11:15p 2.6 47.25
624
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Chapter 6 Projects

. The data seems to take on a sinusoidal shape
(oscillates). The period is approximately 12
hours. The amplitude varies each day:

Nov 14: 0.1, 0.7

Nov 15: 04,04

Nov 16: 0.7,0.3

Nov 17: 1.0,0.1

Nov 18: 1.3,0.1

Nov 19: 1.6,0.1

Nov 20: 1.8

. Average of the amplitudes: 0.66

Period : 12

Average of vertical shifts: 2.15 (approximately)
There is no phase shift. However, keeping in
mind the vertical shift, the amplitude

y = Asin(Bx)+D

A=066 12=2F D=215
B
B=%-052
6

Thus, y =0.66sin (0.52x)+2.15

(Answers may vary)

y =0.848sin(0.52x+1.25)+2.23

The two functions are not the same, but they are
similar.

[rFE R ayi]
mwumnnn
) [}
[ S T
[ o e
[N ] N
= L Onm)
=LA
) el o Loy
[N an T
CAEEA
=TTl
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24-48
4112—72 6:28a 1.2 5447 6:25p 2.0 66.42 12:37p 2.6 60.62 11:16p 2.6 71.27
;;—96 6:40a 0.8 78.67 7:12p 24 912 1:38p 2.8 85.63 11:16p 2.6 95.27
52_120 6:56a 04 10293 7:57p 2.6 115.95 2:27p 3.0 11045 11:14p 2.8 119.23
30_144 7:17a 0.0 127.28 8:38p 2.6 140.63 3:10p 32 13517 11:05p 2.8 143.08
20 . .
144-168 7:43a -02 151.72 3:52p 34 159.87
I.LI:E:EEIEE e o . Find the high and low tides on November 21
Hmax=1r5 L Smomopd R which are the min and max that lie between
ﬁﬁfrl.lzz_? L t=168 and t=192. Looking at the graph of
ﬁma:i:fﬂtz Yn the equation for part (5) and using MAX/MIN
fres=] 7 for values between =168 and t=192:

W T HOIC
Amin=-18
Apax=200
Aecl=21

Low tides of 1.49 feet when t = 178.2 and
t=190.3.

Minirur a Minirmura g
W=i7B.2z2498 'Y=1.48 W=190. 0801 Y=1.49

High tides of 2.81 feet occur when t = 172.2 and
t=184.3.

Haxiraur Haaziraum
W=172.1B345 'Y=Z.B1 W=184.ZBB%  'Y=Z.B1

Looking at the graph for the equation in part (6)
and using MAX/MIN for values between t = 168
and t=192:

A low tide of 1.38 feet occurs when t = 175.7
and r=187.8.

Hiniraur o
h=17E.F2EEY  Y=1.ZEY4101

Hiniraur
W=187.B019z Y=1.3E44101
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Chapter 6: Trigonometric Functions

A high tide of 3.08 feet occurs when t = 169.8
and r=181.9.

a o
Kl U A Haxirmum o
169.770E8 ¥=z.078 w=iBi.BeZEZ 'W=Z.07H

Ha
n=

8. The low and high tides vary because of the moon
phase. The moon has a gravitational pull on the
water on Earth.

Project I11

=

s(t) = 1sin (27 f,1)

_ 27 1
° onf, f,

AN RN ERE

3. afy | 26, | 45 | 1
s(t) |01 0 -1 0

4. Let f,=1=1. Let 0<x<12, with Ax=0.5.
Label the graph as 0 < x <127, and each tick

. 1
mark is at Ax=——.
0

2
0 12
12T0=£
-2 fo
1 5 9 45
5. t=—, t=——, t=——, ..., [ =—
41, 41, 41, 41,

6. M=010 — P=070
7. S,(t)=1sinQ2z f,t+0), S (1) = 1sin(R7 f,t +77)

8. [0,4T,] S,
[4T,.8T,] S,
[87,,127,] S,

Project IV

1. Lanai:

Peak of
\ Lanaihale

AN
3,370 ft

Lanai

2.
_52 9 o016
r 3960
3. 3960 =c0s(0.164)
3960+ h

3960 =0.9999(3960 + h)
h=0.396 miles
0.396x5280 = 2090 feet

4. Maui:

Peak of
\ Haleakala

Maui >
10,023 ft
Maui
9:5:&:0_0278
r 3960
3960 =c0s(0.278)
3960 +h

3960 =0.9996(3960 + h)
h =1.584 miles
h=1.584x5280 = 8364 feet
Hawaii:
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Chapter 6 Projects

Oahu Oahu

\ \ Peak of

Mauna Kea
) X
\ Hawaii

=
13,796 ft

\\
3()6\\ « Hawaii

9=£=ﬂ=o_o4go
r 3960

3960
3960+
3960 = 0.9988(3960 + h)
h=4.752 miles
h=4.752x5280 = 25,091 feet
Molokai:

Oahu Oahu

\ Peak of
\ Kamakou
X
/ N Molokai

=c0s(0.480)

= okt &
4,961 ft

\Y
0™ Molokai

gzﬁzﬂzo_oml
r 3960

3960
3960 +h
3960 = 0.9999(3960 + h)
h =0.346 miles
h =0.346x5280 = 2090 feet

5. Kamakou, Haleakala, and Lanaihale are all
visible from Oahu.

=¢0s(0.0101)

Project V

Answers will vary.

627
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