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Chapter 2
Trigonometric Functions

Section 2.1 16. 540°
¥
1. C=2xr
17.
2. A=nr’
3. standard position
18. 4T
4, ré; 1r26? 3
2
t t
6. False 19. —
5}
7. True
8. True 20.
9. True
10. False
11. 21. 1677
3
30°
12.
60° 29 -
13.

4 |
e 11
23. 40°10'25 (40+10 —+25-— —)
60 60

~ (40+0.1667 +0.00694)°
~40.17°

14.

15.

) 60 60 60
C/ ~ (61+0.7000 + 0.00583)°

~ 61.71°

450° 24, 61°42'21"—(61+ .t L. i)
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Chapter 2: Trigonometric Functions

0
25, 1°2'3":[1+2.i+3.i.iJ
60~ 60 60
~ (1+0.0333+0.00083)°
~1.03°

26. 73040'40" =( 73+40- L 420. L. L
60 60 60

~ (73+0.6667 +0.0111)°

~ 73.68°

11

60 60 60
= (9+0.15+0.0025)°
~9.150

l 0
217. 9°9'9"=(9+9-—+9 — —)

28. 98°22'45"= 98+22-i+45-i-i
60 60 60

~ (98+0.3667 +0.0125)°

~ 98.38°

29. 40.32°=40°+ 0.32°
=40°+ 0.32(60"
=40°+19.2"
=40°+19'+0.2'
=40°+19'+0.2(60")
=40°+19'+12"
=40°19'12"

30. 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"

31. 18.2550=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"
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

29.411°=29°+ 0.411°
=29°+ 0.411(60"
=29°+24.66'
=29°+24'+0.66"
=29°+0.66(60")
=29°+24'+39.6"
~29°24'40"

19.99°=19°+ 0.99°
=199+ 0.99(60")
=199459.4'
=19°+59'+0.4'
=19°+59'+0.4(60")
=19°+59'+ 24"
=19°59'24"

44.01°= 44°+ 0.01°
= 44°+ 0.01(60’)
= 44°40.6'
= 44°40'+0.6'
= 44°40'+0.6(60")
= 44°+40'+36"
= 44°0'36"

30°=30 N radian = I radian

120° =120-i radian = E radians

240° = 240-i radian = 4—“ radians

330° = 330-i radian = & radians

~60°=—60-—— radian = -~ radian

180 3

-30°= —BO-L radian = I radian
180 6

180° :180~i radian = « radians
180

270° = 270-i radian :3—n radians
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43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

-135° = —135~i radian = —S—n radians
180 4
—225° = —225~i radian = _5_7: radians
~90°=—-90-—— radian = —~ radians
180
-180° = —180~i radian = —r radians
180
r_Ir2% 180 degrees = 60°
3 3 =
on =5—n 180 degrees =150°
6 6 =©
_5m__5m 180 degrees = —225°
4 4
_2r_ 2r 180 degrees = -120°
3 3 =
r_x 180 degrees = 90°
2 2 =

4= 4n~@ degrees = 720°
T

r_T. 180 degrees =15°

12 12 =

St S—R@degrees 75°
12 12 =

r_ T 180 degrees = —90°
2 2 T

- = —n~@ degrees = -180°

T
_r__n 180 degrees = —30°
6 6 =
_3n_ 37 180 degrees = —135°
4 4 1

17° :17~L radian = 17_7: radian ~ 0.30 radian
180 180

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Section 2.1: Angles and Their Measure

73° = 73-i radian
180
13n .
=— radians
180
~1.27 radians
—40° = —40-— radian
180
= —E radian
9
~—0.70 radian
-51°= —51-i radian
180
= _17_7: radian
60
~ —0.89 radian
T .
125°=125-— radian
180
=@ radians
36
~ 2.18 radians
T .
350° =350-—— radian
180
:35—7t radians
18
~ 6.11 radians

3.14 radians = 3.14~@ degrees ~179.91°
T

0.75 radian = 0.75-@ degrees ~ 42.97°
s

2 radians = 2.@ degrees ~114.59°
T

3 radians = 3-@ degrees ~171.89°
T

6.32 radians = 6.32 180 degrees ~ 362.11°
T

J2 radians = /2 180 degrees ~ 81.03°

T
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Chapter 2: Trigonometric Functions

71. r=10 meters;H:%radian; 8l ¢9=%radian; A=2ft?
1 1,
s=r0=10-—=5 meters A=2r20
2 2
. 1,(1
72. r=6feet; #=2radian; s=rf=6-2=12 feet ZZEr (Ej
_1 2
73. 9:% radian; s = 2 feet; Z—Er

] 12=r?
r =12 = 23 ~ 3.464 feet

s=r
r:i:L:Gfeet
0 (1/3) .

82. H:Zradian; A=6cm?

74. H:Eradian; s=6cm; 1,
4 A==r0
s=rd 2
1,(1
S 6 6:_r2(_j
r=—=——=24cm
0 (1/4) 2 \4
6=1r2
75. r=5miles; s =3 miles; 8

s=ré 48=r?

0=§:g=0.6radian r=+/48 =413~6.928 cm
"

83. r=>5miles; A=3mi’

76. r =6 meters; s =8 meters;

1,
s=ro Azgrg
s 8 4 . 1, 2
0 =—=—=—=~1.333 radians ==
r 6 3 3=50)0
. T T . 32%‘9
77. r=2inches; 8 =30°=30-—— =— radian; 2
180 6 6 )
T 9:2—5=0.24 radian

s=rf=2-—=—=1.047 inches
6 3

84. r=6meters; A=8m?

78. r=3meters; 0=120°=120-—" = 2% radians Py
180 3 2
S=r6:3-ﬁz2nz6.283 meters 8:3(6)29
3 2
. 8=180
79. r =10 meters; 9:5 radian 3:%:g=0.444 radian
A=l :1(10)2 1110 _pp 2
2 2 2 4

85. r =2 inches; 6?:300:30~L=E radian
. 180 6
80. r =6 feet; 8 =2 radians

1 1, A=3r2.9=1(2)2(5)=§z1.047in2
A:Erzezi(e) (2)=36 ft’ 2 2 6) 3

140
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86.

87.

88.

89.

90.

91.

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

A=Lrig=1(ay 2—”j=37r ~9.425 m’
2 2 3

r=2feet; 0 =% radians

s=ro=2.% = 2" 2004 feet
3 3

A=lrego 1(2)2 (fj: 27
2 2 3)7 3

~ 2.094 ft?

r =4 meters; 6 =% radian

s:r9:4-E=Ez2.094 meters
6 3
A=1r29:1(4)2 Z\227 L4189 m?
2 2 6 3

r =12 yards; 6 = 70°=70- ——

n .
=— radians
180 18

s=rf=12 Z—g ~14.661 yards

a=1tro= L1127 12| = 287 ~87.965 yd?
2 2 18

r=9cm; 9:50":50-i:5—7c radian
180 18

S = r9:9-5—nz7.854 cm
18

a=trg=L(op 27 =27 L 35343 cm?
2 2 18 4

r =6 inches

In 15 minutes,

15

0=—rev= l-3600: 90°= I radians
60 4 2

S=rf= 6%:37: ~9.42 inches

In 25 minutes
0= é rev=—-360°=150°= 5— radians
60 12 6

S=rf= 6-%=5n ~15.71 inches

92.

93.

94,

95.

96.

97.

98.

Section 2.1: Angles and Their Measure

r =40 inches; 0= 20°=g radian

s=rf=40- g:%n ~13.96 inches

r=4m; 0=45=45—"=" radian
180 4

A=lrzg 1(4)2 (f) =27 ~6.28 m?
2 2 4

r=3cm; 6’=60°=60-i=E radians
180 3
A=3r29=1(3)2 IV amiem?
2 2 3 2

r = 30 feet; 6>:135°=135~i=3—7c radians
180 4

Al 1 =(30Y’ (3”j 8757 . 1060.29 2
2 2 4 2

r =15 yards; A =100 yd?
A=1r2
2

100 = %(15)2 o

100 =112.56

0= & = § ~ 0.89 radian

1125 9

o

—) ~50.93°

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

1/3
wzgzuzl i:iradlan/sec
t 20 320 60
s_ro_ 5-(1/3) 5 1 1
V=—=—— =—.— =" cm/sec
t ot 20 320 12

r =2 meters; t=20seconds; s=>5 meters

s/r 5/2
:Qzu:u_i i_l radian/sec
t t 20 220 8
s 5 1
V=—=—=-—m/sec
t 20
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Chapter 2: Trigonometric Functions

99. d =26 inches; r =13 inches; v =35 mi/hr
. 35 mi .5280 ft'12 in.' lhr
~hr mi ft 60 min

= 36,960 in./min
_ vV _ 36,960 in./min
r 13in.

~ 2843.08 radians/min
_ 2843.08 rad lrev

min '27c rad
~ 452.5 rev/min

100. r=15inches; ® =3 rev/sec =6x rad/sec
V=rw=15-6n in./sec = 90r ~ 282.7 in/sec
in. 1ft Imi . 3600sec

v=90n— ——-
sec 12in. 5280ft  1hr

~16.1 mi/hr

101. r =3960 miles
6 =35°9'- 29°57"
=5012"
=5.2°

-52.. %
180

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

102. r =3960 miles
6 =38°21'-30°20"
=8°1"
~8.017°
-8.017 ——
180
~ 0.1399 radian
s =r@ =3960(0.1399) ~ 554 miles

103. r =3429.5 miles

w =1rev/day = 2n radians/day = % radians/hr

V=rw= 3429.5~% ~ 898 miles/hr

104. r =3033.5 miles

o =1rev/day = 2r radians/day = % radians/hr

V=rw= 3033.5-% ~ 794 miles/hr

105.

106.

107.

108.

109.

r =2.39x10° miles
® =1rev/27.3 days
= 2n radians/27.3 days
- radians/hr
12.27.3
v=ro=(239x10°): "~ 2292 milesfhr
327.6
r=9.29%x10" miles
w =1rev/365 days
= 27 radians/365 days
-_T radians/hr
12-365
V=rw=(9.29x10")-—~ 66,633 miles/hr
4380
I, =2 inches; r, =8 inches;
@, =3 rev/min = 6z radians/min
Find @, :
v, =V,
Lo, =nLo,
2(67) = 8w,
127
“=7g
=1.5x radians/min
1.57 .
=—"" rev/min
21
3 .
=— rev/min
4
r =30 feet
= “i = i =L 0.09 radian/sec
70sec 70sec 35
v=rw=230 feet-  rad = 6 t ~ 2.69 feet/sec
35sec 7 sec
r =4 feet; =10 rev/min = 20x radians/min

V=rw
=4-20n
=80n i
min
_80nft 1mi 60 min
" min 5280t hr
~ 2.86 mi/hr
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110.

111.

112.

113.

114.

d =26 inches; r =13 inches;
o = 480 rev/min = 960r radians/min
V=ro
=13-960n
~12480% 2
min
12480 in 1ft  1mi 60 min
" min  12in 5280t hr
~ 37.13 mi/hr

0=—
r

80 mi/hr 12in 5280 ft Lhr 1rev
© 13in 1ft 1mi 60min 2rrad
~1034.26 rev/min

d =8.5feet; r=4.25feet; v=9.55mi/hr
v 9.55 mi/hr

Tt 425ft
95 mi 1 5280t 1hr 1rev
hr 425ft  mi 60 min 2=

~ 31.47 rev/min

Let t represent the time for the earth to rotate 90
miles.

t__ 4

90 2n(3559)
__90(24) ~0.0966 hours ~ 5.8 minutes

2m(3559)

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 2n(3960) miles. Therefore,

the linear velocity a person must travel to keep

up with the sun is:
_ s _ 2n(3960)

t 24

~ 1037 miles/hr

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

" 60min 180 degrees
s =r@ =3960(0.00029) ~1.15 miles

Thus, 1 nautical mile is approximately 1.15
statute miles.

=1 ~ 0.00029 radian

Section 2.1: 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

720=720."_ " radian. Therefore,

180° 25

s=rd

500=r. =
25

25 12,500
T T

12,500

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

~ 3979 miles

C=2znr=2r = 25,000 miles.

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

length subtended by a central angle 6 = 96°
with r =200 feet.

S=r-0= 200-960-1L=335.10 feet

80°

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 8 =96°. One sector with
r =200 feet and the other with r =190
feet.

A:iRze—lrzezg(Rz-rz)

2 2 2

_960' V4

© 2 180°

= 4—”(3900) ~3267.26
15

(2002 —1902)

The area of the warning track is about
3267.26 square feet.
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Chapter 2: Trigonometric Functions

117. 1, rotates at @, rev/min, so v, =, . Section 2.2
r, rotates at @, rev/min, so v, =r,a, .

2 2 2 2 2
Since the linear speed of the belt connecting the 1. ¢"=a"+b"=6"+10" =36+100=136

pulleys is the same, we have: c=+/136 = 24/34
Vi=V,
Lo, = o, 2. f(5)=3(5)-7=15-7=8
I, r.
2% _ 2% 3. complementary
Lo Lo
o, 4. cosine
v 5. 62°
118. Answers will vary. 6 1
119. If the radius of a circle is r and the length of the 7 T
arc subtended by the central angle is also r, then - 1Tue
the measurtleBO(;‘ the angle is 1 radian. Also, 8. False
1radian = —— degrees.
T 9. True
10. False

1°= i revolution
360

11. opposite = 5; adjacent = 12; hypotenuse = ?

. 2 _ g2 2 _
120. Note that 1° = 10.[%@%) ~ 0.017 radian (hypotenuse)” =5~ +12° =169
180 hypotenuse = /169 =13
and 1radian-(&jz57.296°. sinQ:M:E CSCQZM:E
7 radians hyp 13 opp 5
Therefore, an angle whose measure is 1 radian is adj 12 hyp 13
larger than an angle whose measure is 1 degree. cosf=—=— secld=——=—
g g g hyp 13 adj 12
121. Linear speed measures the distance traveled per 0 opp 5 0 adj 12
unit time, and angular speed measures the tano = adj 12 coto = opp 5
change in a central angle per unit time. In other
words, linear speed describes distance traveled 12. opposite = 3; adjacent = 4, hypotenuse = ?

by a point located on the edge of a circle, and

2 a2, a2
angular speed describes the turning rate of the (hypotenuse)” =3 +4° =25

circle itself. hypotenuse = /25 =5
122. This is a true statement. That is, since an angle sin@ :%23 CSCQZMZE
measured in degrees can be converted to radian hyp 5 opp 3
measure by using the formula adj 4 hyp 5
180 degrees = 7 radians , the arc length formula c0s 0 = hyp 5 eco = adj 4
can be rewritten as follows: s =r6 =——rg . tang=2PP _3 otp_di _4
180 adj 4 opp 3

123 - 125. Answers will vary.

144
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13. opposite = 2; adjacent = 3; hypotenuse = ?
(hypotenuse)® = 22 +3% =13

hypotenuse = J13

. opp 2 2 J13 2413
sin@ = = = — =
hyp V13 13 13 13
cosp 2 _ 3 3 V13 313
hyp 13 13 V13 13
tan¢9_Opp Z
adj 3
csce_hyp—@
opp 2
secH—h—szﬁ
adj 3
cot¢9=a—dJ:§
opp 2

14. opposite = 3; adjacent = 3; hypotenuse = ?
(hypotenuse)® = 3* +3% =18
hypotenuse = V18 =32
opp 3 3 V2 2

sinf=——=—x==——x-—=
hyp 32 342 V2

15. adjacent = 2; hypotenuse = 4; opposite = ?
(opposite)® + 2% = 4°
(opposite)> =16—-4 =12

opposite =+/12 = 24/3

Sinﬁ;%;&;ﬁ
hyp 4 2

cosé?—a—dj—gz1
hyp 4 2

16.

17.

Section 2.2: Right Triangle Trigonometry

tang =2PP _ 2\/— =3
adj

hyp 4

opp 243

hyp 4

adj T2

i 2 2 3_

cotd =— & —=

opp 243 243 3
opposite = 3; hypotenuse = 4; adjacent =?
3? + (adjacent)? = 42

(adjacent)> =16-9=7

adjacent = /7

cscl =

4 3 23
2J3 V3 3

secH =

w| &

opposite = /2 ; adjacent = 1; hypotenuse = ?
(hypotenuse)® = (\/E )2 +12 =3
hypotenuse = /3

Sin@:%:ﬁ:ﬁ.ﬁ:ﬁ

hyp V3 V3 43 3
Cosgza_dj:i:i.ﬁzﬁ

hyp V3 V3 V3 3
tan9=£=£=\/§

adj 1
Cscg—mzﬁzﬁ.ﬁzﬁ

opp V2 V2 V2 2
sece_h—yp_):ﬁzﬁ

adj 1
Cotg_a_dj:i:i.ﬁzﬁ

opp 2 2 V2 2
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Chapter 2: Trigonometric Functions

18. opposite = 2; adjacent = J3; hypotenuse = ?
(hypotenuse)® = 22 +(\/§)2 =7

20. adjacent = 2; hypotenuse = J5; opposite = ?
(opposite)? + 22 = (\/3)2

hypotenuse = /7 (opposite)? =5-4 =1
sine—ﬂ—i_i.ﬁ_ﬂ opposite:ﬁ:l
hyp V7 V7T N7 T oo 115 B
coseza_djzﬁzﬁ.ﬂ:@ “hyp 5 5 5 5
hyp V7 V7T NTO7 _a_2_2 \5_205
tan&:ﬂ:izi.ﬁzﬁ hyp 5 5 5 5
adj 3 33 3 o1
an =—=—
csca_M:g adj 2
opp h \/—
_hyp _ V5 _
hyp V7 7 V3 V21 csce_o__T_\/g
secf=—C="—="_."" """ pp
adj 3 V33 3 p B
j secld=—"—=—
cow:%:? adj 2
cotH:a—dJ:%_
19. opposite = 1; hypotenuse = +/5 ; adjacent = ? opp
2
12 + (adjacent)? = (/5
e : ( ) 21. Sinezl; cosd = —
(adjacent)* =5-1=4 2 )
adjacent:x/Z:Z tane—sm‘g—l_l 2 1 1 ﬁ_ﬁ
sing = 2PP 1 15 5 s 3 23 B 3B 3
hyp V6 5 5 5 2
adj 2 2 5 25 csch=— L1929
COsO=- " == T sing 1
hyp 5 545 5 5
tan&:o—?zz secH—_—i—i_i.ﬁ_z\E
) NG Tcosfd 3 B B3B3
cscH:M:TS:\/g 5
opp
G coto- L -1 _3_3 38 3B8_g
secH=M=_5 wnd B 3 BB 3
adj 2 3
cotH:a—djzg:Z
opp 1
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22.

23.

24.

sinf=—; cosf@==
o 3
sing o 3 2
tang="—=2 - ".2_ /3
cos¢ 1 21
2
esco— Lt L _2_2 3 28
sin@ 3 V3 343 3
2
se09=—=i=1-2=2
cosd 1
2
cotgziziziﬁz_s
tand 3 3 3 3
sinf =—, cos@——5
3
2
angSn0_3 23 _2_2 V5 25
0s0 5 35 5 55 5
3
csc@:;:lzg
sing 2 2
3
secH:—:i:iﬁzﬁ
cosd 5 55 5
3
1 1 55 5/ 5
COt9= = = —_— = —_—
tang 25 255 10 2
5
sinf ==; cosezﬁ
3
1
ang SN0 _ 3 1.8 1 V2 V2
cosd 242 3242 242 2 4
3
csc&:_izlzlg_g
sing 1
3
secd = = 1 = 3 = 3 ‘ﬂzﬂ
cosd 22 22 222 2 4
3
ot L L _4_ 42 42,5
tand 2 2 V2 V2 2
4

25.

26.

Section 2.2: Right Triangle Trigonometry

sind = % corresponds to the right triangle:

Using the Pythagorean Theorem:

a2 +(\/§)2 =22

a?=4-2=2

a=\2
So the triangle is:

c=2
b=+2
a-2

Cos@_a_dj_ﬁ

hyp 2
tanH:O—pr_) ﬁzl

adj 2
Secg_h_yP_izi.ﬁzﬁ

adj V2 V2 V2
o P _2 2 V25

opp 2 2 2
cotH:a—djzﬁz

opp 2
cos@d =— corresponds to the right triangle:

c=2
b

a-2

Using the Pythagorean Theorem:
b? +(\/§ )2 =2?
b?=4-2=2

b=+2

So the triangle is:
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Chapter 2: Trigonometric Functions

c=2 %+0032¢9:1
b=vV2 13
i coszezl—
a=+2
cosH:\/E:@
. opp 2 16 4
sin@ :%:T (Note: cos@ must be positive since @ is acute.)
opp 2 tang = SN0 _ i £=££ V39
tan9=a—dj=$=1 cosg B 13 13 13 13
sco P22 V25 coo= L =L 4 _ 4 3_443
opp V2 V2 2 sing £ 3 33 3
o 2 2 42 po L 1 _ 4 4 V13 a3
sece___:_:__:\/i secld = =E = = =
adj 2 2 V2 cosd B 13 13 V13 13
i Vi3
cote_a—djzﬁzl cota_cose L:@_@ ﬁzﬂ
o V2 sng £ 35 B B3
217. cos¢9:1

29. tan@= % corresponds to the right triangle:
Using the Pythagorean Identities:

sin6+cos?6 =1

1y <
sin20+[—j =1 b=1
3 [ ]
sin20+£=1 ) a=2
9 Using the Pythagorean Theorem:
sinzezg c?=1+2°=5
8 22 c=5
sind = \fg 3 So, the triangle is:
(Note: sin@ must be positive since @ is acute.)
g_sme jzﬂézzﬁ
cosé 3 3
escoo L - L _ 3 3 N2 32
sing 22 22 22 V2 4
secH:Lzlzl-S—?,
cosd 3
coté = 1 = 1 = 1 ﬁ—ﬁ
tand 282 22 2 4
28. sinezg

Using the Pythagorean Identities:
sinf+cos’f =1

2
[g] +cos’6=1
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30. cotd =% corresponds to the right triangle:

a=1
Using the Pythagorean Theorem:
¢’ =1+2"=5

c=+5

So the triangle is:

S|n0—%—i—i.£—&
hyp 5 5 5 5
Cosg—a_djzi:iﬁz_s
hyp 5 5 5 5
tan@ = pp_g_z
adj 1
csco hypzﬁ
opp 2
sece—hypzﬁzx/_
j 1
31. secd=3

Using the Pythagorean Identities:
tan” 6 +1=sec’ &
tan’ 0 +1=3

tan®6=3"-1=8

tan @ = /8 = 2/2

(Note: tan @ must be positive since @ is acute.)

00549:L=1
secd 3

tanH:m , SO
cosd

32.

33.

34.

Section 2.2: Right Triangle Trigonometry

cscld =5
Using the Pythagorean Identities:
cot’ @+1=csc’ @
cot’ @ +1="5°
cot?’ @ =5>-1=24

cotd =24 =26

(Note: cot& must be positive since @ is acute.)

sin¢9=i:1
cscld 5
cotH—cose,so
sin@
cosd = (cot)(sin ) = 2[% T\/_
tan@ = 1 = 1 = 1 ﬂ_ﬁ
cotd 26 246 6 12
secg—L—i— 5 = o .£—5\/€
cos6 zf 26 26 6 12
tan @ =2
Using the Pythagorean Identities:
sec?@ =tan? G +1
2
seczez(\/ﬁ) +1=3
secd =+/3
(Note: secd must be positive since @ is acute.)
cosgzi_i ii \/7
secd 3 3 3 3
tanH_SmH,
sin@ = (tan 0)(cos 9) \/5?3:?6
1 1 3 3 46 3/6 6
cschl=——=—"=—"2_ - N _NT _XNT
sing £ 6 6 6 6 2
cotg-_ L L _1 N2 V2
tand 2 2 2 2
secéizE
3

Using the Pythagorean Identities:
tan?@+1=sec’ @

2
tan? 9+1=(§j
3
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Chapter 2: Trigonometric Functions

9 9

c
tané’:\v/E:i b=1
9 3

(Note: tan @ must be positive since @ is acute.) -

, 5)2 25 16 36. cotd =2 corresponds to the right triangle:
tanf=|—-| -l=—-1=—

a=2
cosd = L = % = 3 Using the Pythagorean Theorem:
S_ec@ 3 5 c2=12+22=1+4=5
tané?:m , SO c=+5
cosé

So the triangle is:

35.
5
1
2
NG
Using the Pythagorean Theorem: csco = o 1 V5
a?+12=2° o 5
yp
2 1 secl=—=——
a“+1=4 adj 2
a’=4-1=3
a=+/3 37. sin®20°+ cos® 20°=1, using the identity
So the triangle is: sin2@+cos’ @ =1
bo c=2 38. sec’ 28°— tan” 28°=1, using the identity
tan® @ +1=sec’
a=+/3
39. sin80°csc80°=sin80°-— =1, using the
. opp 1 sin8Q°
S|n9—h——5 1
P A identity cscez_—g
i sin
(;()5,9:":1_(:112_3
hyp 2 1
40. tan10°cot10°=tan10°-———— =1, using the
g PP _ L _1 N3 3 tan10° ¢
adj 3 3 43 3 denti i 1
identity cotd =——
hyp 2 2 3 23 v tan @
secld=—""—=—=—-—s=——
adj 3 V343 3
cotH:a—dJ——?’:x@
opp 1
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41.

42,

43.

44,

45,

46.

47,

48.

1 0

tan 50°—w
cos50°

identity tané = siné
cos @

=tan50°—tan50°= 0, using the

(0]
cot 25°— C0s25° _ cot 25°—cot 25°= 0, using the

sin25°

identity cotd = C?—w
sing@

sin 38°— c0s52° = sin 38°— sin(90°— 52°)
=sin 38°—sin 38°
=0

using the identity cos@ =sin(90°—6)

tan12°— cot 78°= tan12°— tan(90°— 78°)
=tan12°- tan12°
=0

using the identity coté = tan(90°-6)

€0s10° sin(90°-10°) sin8Q° 1
sin80° sin80° sin80°
using the identity cos@ =sin(90°—6)

c0s40° sin(90°—40°)  sin50° 1
sin50° sin50° sin50°

using the identity cos@ =sin(90°—6)

1—cos® 20°— cos® 70°=1- cos® 20°—sin?(90°-70°)
=1-cos’ 20°-sin*(20°)
=1-(cos’ 20°+sin?(20°))
=1-1
=0

using the identities cos@ = sin(90°—6) and

sin@+cos’0=1.

1+ tan? 5°— csc? 85° = sec? 5° — csc? 85°
=sec? 5°— sec? (90° - 85°)
=sec’ 5°—sec? 5°
=0

using the identities 1+ tan? @ =sec’ & and

csc =sec(90°—-0)

Section 2.2: Right Triangle Trigonometry

0 i o__ o
49, tan200— S957% _ tan pgo_ SINEG0°—70°)
cos 20° cos 20°
1 0
— tan 20°— sin 20
cos 20°
= tan 20°—tan 20°
=0
using the identities cosé =sin(90°—#) and
tang = ﬂ .
cosé
1 0 o__ (0]
50, Cot400_s!n50 _ 0_cos(G?O 50°)
sin 40° sin40°
(0]
=cot40°— Cf)s 40
sin 40°
= cot 40°—cot 40°
=0
using the identities sin & = cos(90°—#) and
cotd = C?—Se .
sin@

1 (0]
51. tan35°-sec55°-c0s35°= (%
coS

sec55°-c0s35°
350
=sin35°-sec55°
=sin35°-csc(90°-55°)

=sin35°-¢csc35°

=sin35°%. —
Sin35°
=1
using the identities tané = sind ,
cosé

secd =csc(90°—6), and cscd =L.

sin@

€0s25°
sin 25°
=05 25°-¢sc65°
=05 25°-sec(90°-65°)
=05 25°-sec 25°

52. cot25°-¢csc65°-sin 25°=( j-cscGS"-sin 250

=C0Ss25°-
c0s25°
=1
. . .. cosé
using the identities cot9 = ——,
sin@

cscd =sec(90°—6), and secd :L.
coséd
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Chapter 2: Trigonometric Functions

53.

54.

55.

56.

€0s35°-sin55°+ c0s55°-sin 35°

= €05 35°-¢0s(90°-55°) + sin(90°-55°) - sin 35°
= €05 35°- €05 35°+ sin 35°-sin 35°

= cos® 35°+ sin? 35°

=1

using the identities sin & = cos(90°-6),

cos® =sin(90°— ), and sin® &+ cos’ & =1.

sec35°-csc55° —tan 35°- cot 55°

=sec 35°-sec(90°-55°) — tan 35°- tan(90° —55°)
=sec35°-sec 35%—tan 35°- tan 35°

= sec? 35°—tan? 35°

= (1+ tan® 35°) — tan® 35°

=1

using the identities cscé =sec(90°-6),

cotd =tan(90°-#), and 1+ tan® & =sec’ @

Given: sin30° =

N |-

a. cos60° :sin(90° —60°)=sin 30° :%

2
b. cos?30° =1—sin?30° :1—(% _3
2 4

c. CSCE=CSC30°:_1 :1:2
6 sin30° 1
2
d. secZ—cse| E-T|—cscl = csc30° =2
3 2 3 6
Given: sin60°=§
a. cos30° =sin(90° —3o°)=sin 60° =§
BY 1
b. co0s?60° =1-sin?60° =1-| — | ==
2 4
C. SEC£= 1 :%:izi.ﬁzz_
6 COS% cos30° 3 V3 43 3
2
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57.

58.

59.

60.

Given: tand=4
a. sec’fd=1+tan’0=1+4*=1+16=17

b. cot9=i=1
tangd 4

C. cot(%—@):tan6:4

d. csc’d=1+cot’d

=1+L2:1+i2:1+i:E
tan“ @ 4 16 16
Given: secd=3
a. cosH:—:1
secd 3

b. tan’f#=sec’0-1=3"-1=9-1=8
C. ¢sc(90°—6)=secd=3
d. sin?6=1-cos’&
1 1
:l——: _—
sec’ 0 3?2
Given: cscd=4

a. sin6’=i=l
cscld 4

b. cot®’@=csc’d-1=4*-1=16-1=15
c. sec(90°-f)=cscOd=4

d. sec?’d=1+tan’@=1+ 12 =1+i:E
cot“ @ 15 15
Given: cotd=2
a. tan6':iz1
coted 2

b. csc?@=cot?’9+1=22+1=4+1=5

C. tan(g—ejzcotH:Z

d. sec’d=1+tan’6
1 1

=l+——=1+—
cot® 6 2?
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Section 2.2: Right Triangle Trigonometry

61. Given: sin38° ~0.62 63. Given: sing=0.3
a. 0s38° ~7? sin0+cos(£—0j:sin6+sin9:0.3+0.3:0.6
sin?38° +cos?38° =1 2
cos’ 38’ =1-sin” 38° 64. Given: tan@ =4

c0s38° =+/1—sin*38°
~/1-(0.62)?

tan 9+tan(g—0):tan9+cot9

~0.78 :tanﬁ+i:4+l:£
in38°  0.62 tan @ 4 4
b. tan3g® =0 L 222 L g79
cos38” 0.78 65. The equation sin @ = cos(20+30° ) will be true
¢ cotage - 90838” 079 . when 6 =90° —(20+30°)
sin38° 0.62
6 =60°-20
d. sec3® ——— ~_ L <128 30 = 60°
cos38° 0.78
6 =20°
e osc3P=— T~ T ~161
sin38°  0.62 66. The equation tan @ = cot(6+45° ) will be true
f.  sin52° = cos(90° —52°) =c0s38° ~0.78 when 6 =90° _(9+ 450)
g. Cc0s52° =sin(90° —52°) =sin38° ~ 0.62 0=45-0
20 = 45°
h. tan52° = cot(90° ~52°) = cot38° ~1.27 \
0=225
62. Given: cos21° ~0.93
A 67. a. T:@ 5—00:5+5=10 minutes
a. sin21’=? 300 100
sin?21° +cos® 21° =1
500 1500 .
sin? 21° =1 cos? 21° b. :m+m:5+15:20 minutes
sin21° = V1- COS2 21° 500 500
5 c. tanf=—,s0 x=——-.
~+/1-(0.93) X tan &
~0.37 sing prre——— 50(_) g S0
10 istance in san
b. tan21o =21 037 449 . 500
cos21° 0.93 distance in sand = ——.
. siné
c. cot21° :c?si ~ 0.93 ~251 T(0)— 1500-x distance in sand
sin21° 0.37 (0)= 300 + 100
d sec2r——> ~ 1 ‘108 1500220 500
cos21° 0.93 _ tand  sind
1 1 300 100
e. csc21°=—"—~—-~2.70 5 5
sin21°  0.37 :5_3t 9+__9
ané sin
f.  sin69° =cos(90° —69° ) = cos21° ~ 0.93 ( 1 1 j
9. c0s69° =sin(90° - 69°) =sin21° ~ 0.37 3tand  sing

h. tan69° = cot(9o° - 690) — cot21° ~ 2.51

153

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Trigonometric Functions

d. tané@ =ﬂ :1 , SO we can consider the
1500 3
triangle:
| J10
0
3
5 5
3tand sind
:5_L+i
3(1j 1
3) 10
=5-54+510

~15.8 minutes

e. 1000 feet along the paved path leaves an
additional 500 feet in the direction of the
path, so the angle of the path across the sand
is 45°.

5 5

— + -

3tan45° sin45°

S .3

31 2

2
_g_2,10

3 2

~10.4 minutes

3tanx sinx

calculator in DEGREE mode.

N

0° 90°
0

Use the MINIMUM feature:

20
Hiniraur
Q°|#=rn.52B77E _Y=0.7140452 .| 90°

0

—5—

f. LetY,=5-

68.

69.

70.

The time is least when the angle is
approximately 70.5°. The value of x for this
500
tan 70.53°
least time is approximately 9.7 minutes.

angle is x= ~177 feet. The

Answers will vary.

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, cos@ = § ,
X

3 . 4 4
SO x=——and sind=—,s0 y=——.
cosé y siné
Thus, L(a):x+y=i+_i.
cos@ sind

Answers will vary.

2% =X?+R?
Z = X2 +R? =/400% + 600°

= /520,000 = 200~/13 ~ 721.1 ohms

The impedance is about 721.1 ohms.

sin¢=£=L‘O=2_\/E
Z 200413 13
R 600 313
0Sp=—=———==——
Z 200413 13
tan¢:£:@:g
R 600 3
CSC¢=£=200\/1_3=@
X 400 2
sec¢_£:200\/ﬁ_£
R 600 3
C0t¢232@=§
X 400 2
X
tang =—
¢ R
S_X
12 588
%:X or X =245 ohms

The inductive reactance is 245 ohms.

Z =y/X2 +R? = /2452 + 5887 = 637
The impedance is 637 ohms.
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71.

b. sin¢:£:§:i
Z 637 13
R 588 12
CoS¢p =—
Z 637 13
Z 637 13
CSChp=—=—-=—
X 245 5
Z 637 13
Secp=— —
R 588 12
cotg = R 588 12
X 245 5

a. Since |OA|=|OC|=1, AOAC is isosceles.

Thus, ZOAC = ZOCA.. Now
Z0OAC + ZOCA+ ZAOC =180°

ZOAC + ZOCA + (180°— ) =180°

Section 2.2: Right Triangle Trigonometry

73. hzxﬂzxtan&
X

h
h=(@1- X).E =(1-x)tan(no)

xtan @ = (1-x)tan(ng)

xtan @ = tan(nd) - xtan(ng)
xtan @+ xtan(n@) = tan(ng)
X(tan 6+ tan(n@)) = tan (no)

tan(no)
tan 6+ tan (no)

74. Let x be the distance from O to the first circle.

From the diagram, we have siné = 2 and
X+a

Z/0OAC + Z/0CA=40 sing — b
2(£OAC)=0 X+2a+b
_9 Therefore i:L
ZOAC == ' x+a x+2a+b
co| |CD| xb+ab = xa+2a”+ab
b sin9=|OC| =|CD| xb—xa = 2a’
| |OD| x(b—a)=2a2
cosH:— =| 0D | 232
-a
tan_ lco|  |co] |cD| sing _
2 |AD| [AO|+[0D| 1+|OD| 1+ cose Therefore, sing =——
a a
72. Let h be the height of the triangle and b be the = 232 = 2a% +ab—a’
base of the triangle. +ta —
h b-a b-a
sinezg,so h=asing a a(b a) a(b-a)
“a’+ab a’+ab a(b+a)
2b b—a
cosf = , S0 b=2acosd b—
a _b-a
1, 1 . ) b+
A:Ebh:E(Zacose)(asme):a sindcosé 2
Thus, cosé =+/1-sin? ( j
b+a
_ |, _b*-2ab+a’
b? +2ab + a®
_\/b2+2ab+az—b2+2ab—a2
b? +2ab+a’

4ab  2y/ab _ab
(a+b)> a+b a+b
2
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Chapter 2: Trigonometric Functions

75. a. AreaAOAC:1|OC|~|AC| 76. a. AreaofAOBC_% snne—%sme
1 |oc| |AC| 1
PO b. Areaof AOBD==-1-tan@
2 11 2
1 i 1
:Ecowsma 2tano
2
~Lsinacosa _ sing
2 2cos 6
b. Area AQCB:1|OC|.| BC| c. AreaAOBC < Area OBC < Area AOBD
2 lsin6’<—6< sing
:_.| |2@@ 2 2 2cosd
2 |OB| |OB| sing @ sing
. <— <—
1 2 ] singd sin@ sindcosd
==| OB|" cos Bsin P 1
2 <—<—
sing cosd

=%| OB |Zsinﬁcosﬂ

. sina
77. sina=——-COSa

c. AreaAOAB=1| BD || OA| cosa
2 =tanacosa
:1| BD|-1 =C0S oS
=cos ftan
=—|O ||BD| ﬁsmﬂﬁ
=COo
1 |OB| 5P cosp cos
:E|OB|sin(a+ﬂ) =sing
loc| sina+cos’a =1
-2 2 5
q Cosa_|OA|_|OC|~|OB|—|OB| sin a+t-an2/3_1
~ cosp |OC| 1 |OC| sin2a+smzﬂ =1
@ cos” B
: sin‘a
e. Area AOAB = Area AOAC +Area AOCB sin® a4+ —— 5=
1 . P02
E|OB|S'“(0‘+:B) (1—sin2a)[sin2a+1ilgT?aj=(1)(1—sin2a)
1. 1 .
255'”0‘COSO’+5|OB|ZS'“ﬂCOSﬂ sin a —sin* a +sin’ @ =1-sin’ &
cosa sin* @ —3sina+1=0
Cosﬂsm(a+ﬂ) Using the quadratic formula:
2 . 3.:,_\/_
:sinacosa+EOzZZsinﬁcosﬂ sina =

0Sa .
sin(a+ ) = ﬂsmacosa+ ——sinfgcos sina =
cos

sm(a+ﬂ):smacosﬁ+cosasmﬁ _
>1 So, sina = ¥
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Section 2.3: Computing the Values of Trigonometric Functions of Acute Angles

. X . . . 80. Consider the right triangle:
78. Rewrite as tanéd = 1 Consider a right triangle

with acute angle 4.

b C
X i a
If @ is an acute angle in this triangle, then
0
. a>0,b>0 and c>0.Sosin6:E>0.
c
The hypotenuse is given by ¢=+1+x* . Also, since a* +b* =c?, we know that:
sing - oppositt  x  xyl+x® 0<b®<c?
hypotenuse /14 x2 1+ O<b<c
b
cosp_ diacent 1 14X’ Thus, 0<—<1
- - - 2
hypotenuse (1. x2  1+x Therefore, 0<sind <1.
adjacent 1 )
coto = opposite  x 81 —82. Answers will vary.

2
secd — hypotenuse _ \/1: X~ _ \/1+7

adjacent .
) Section 2.3
cscg - ypotenuse _ 1+ x°
opposite X 1 tanZosindoe =14 1=3
4 2 2

79. Consider the right triangle:
2. Set the calculator to radian mode: sin2 ~ 0.91.

intZa
b c . E9ZIT42ES
- a
If 6 is an acute angle in this triangle, then:
a 3. True
a>0,b>0and c>0. So cosfd=—>0.
c
) 4. False
Also, since a® +b? =c?, we know that:
0<a?<c?
5. sin45°:£ csc45° =+/2
O<ax<c 2
a
Thus, O<E<1' cos45°:g sec45° =~/2
So we now know that 0 < cosé@ <1 which tan45° =1 cot45° =1
implies that: >1
cosd 1
secd>1
157

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Trigonometric Functions

6. sin30°:l sin60°:£ 17. 4cos45°—25in45°=4-£—2-£
2 2 2 2
c0s30° = ﬁ c0s60° = L 2242
2 2 _2
tan30°=§ tan60°=«/§ ﬁ 4\/5
18. 2sin45°+4c0s30° =2. 22+ V2 /24243
23 2 2
csc30°=2 csc60° = T
2\/§ 19. 6tan45°—8c0560°:6~1—8~%=6—4=2

sec30° = T sec60° =2

3
cot30° = /3 00t60°=% 20. sin30°-tan60°=%-f=£
2
0 H (0] ,\/é
7. f(60 )=5|n60 =— 21. sec£+2(;s(;£:\/§+2.&:\/§+ﬂ
2 4 3 3 3
0 (6] 1 T T
8. 9(60 )=C0560 =3 22. tan=+cot==1+1=2
4 4
S f(eg J:f(goc’):singo":% 23. sec? L -4 = 23 2—4—2—4—&_
' 6 3 9 3
60° o o 3
10. g( 2 j:g(BO ):C°S30 T 24. 4+tan2%=4+(\/§)2=4+3=7
, , 3 2 3 1 2 1 2
V" = (singo°) =| X2 | =2 25. sin?30° +cos?60° =| = —| =
11. [f(ao )] (sin60°) ( ZJ ; + (2} +(2j
(o] 0 2 2
e 2 (17 1 26. sec’60° —tan?45° =(2) (1) =4-1=
12. [g(eo )} =(cos60°)" = Ej =7 2
3 27. 1-co0s?30° —cos? 60°:1—[£j —(
13. 2f (60°) = 2sin60" = 2-22 =3 2
1
1 T4 4
14. 2g(60°)=2c0s60° =2-==1 -
9(60°) ;
2
F060°)  <in mro 3 28. 1+tan®30° —csc”45° =1+ V3 —(\/5)2
15 (60°) _sin6o’ _ 5 V3 1_+3 3
2 2 2 22 4 3
=1+—-2
1 9
9(600) cos60° o 11 1 _.2
16. - _2_21_1 .
2 2 2 22 4
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Section 2.3: Computing the Values of Trigonometric Functions of Acute Angles

29. Set the calculator to degree mode: sin28°~ 0.47 . .
ST Sci Eng 512(233 36. Set the calculator to radian mode: cos—~ ~0.92.
M 6151450 7es . 4694715625 8

fcos Cms20
L 23ETISTZT

Set the calculator to degree mode: co0s14°~0.97 .

coscIld)
L SFEZAST2ETE

Laniom-12%
3. 732850303

ffancZls
. 383864835

32. Set the calculator to degree mode:

I-tantm 182
5.67128182

I tan{7@2
LIEIATE2343

39. Set the calculator to radian mode:

sec -1 ~1.04
33. Set the calculator to degree mode: B cos ™ T

1 12
0_ ~
sec41°= 5 ~133. W ol Eng | el
cosd e133450789 1.63527612

l-cosid1n A i Dedree
1.325812993 Fu éP_PEltSEq

40. Set the calculator to radian mode:

Set the calculator to degree mode: csc5—n _ 1 ~107.

I 2intSm-137

1 -zint332 1. 869588137

1.228774589

EintIy
. Bd414789848

inim-18%
L 3E9E1E9344
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Chapter 2: Trigonometric Functions

42. Set the calculator to radian mode: tan1~1.56. p s ps ps
TSN, 50. (f-9)|—|= E 9 3
1.55748772S
5 Joos( 5
=sin| = |cos| =
3 3
V31 43
Set the calculator to degree mode: sin1°~0.02 2 2 4
Firl o pas2anes
51, (f oh)(ﬁjz f[h(ED
6 6
=sin [2(—)) =sin (—) = ﬁ
44. Set the calculator to degree mode: tan1°~ 0.02. 6 3 2
T oat et 7assaeas
52. (go p)(60°) = g(p(60°))
= cos(60 j =c0s30° =£
2 2
45, Set the calculator to radian mode: tan 0.3~ 0.31. . .
- Y 4] 53. (p~g)(45°) = p(g(45°))
. IBOTIEZ49E
_ €0s45°
2
=—-Cc0s45° = L £=£
2 2 4

46. Set the calculator to radian mode: tan 0.1~ 0.10.
T

. leezz4e721 54. (ho f)(%] - h( f (%D

47. (f +9)(30°) = f(30°)+g(30°)

— 5in30° + c0s 30° 55 4 f(zjzsin(zjzﬂ
1,43 1443 4/ 2
22 2 z 2
The point (Z 7) is on the graph of f.
48. (f —g)(60°) = f (60°)— g(60°) 5

=sin60°—cos 60° b. The point (7 %) is on the graph of 7.
31 431

2 2 2 . ( j 3 f(ﬁj

2

o 0ol (5l )

2
2 1 . s .
Z_= The point (—,—2) is on the graph of
2°3 p 4 grap
T
=f| x+—|-3.
y ( 4)
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56.

57.

58.

Section 2.3: Computing the Values of Trigonometric Functions of Acute Angles

o5l

x V3

The point (6 7) is on the graph of g.

Ve

b. The point [7 %j is on the graph of g*.

c. 29(%—%) =2g(0)

= 2c0s(0)
=21
=2

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

bs
=2g| Xx——|.
v-2a[x-)

) .
Use the formula R = M

with

g =32.2ft/sec’; 6 =45°; v, =100 ft/sec :

R_ 2(100)2 sin 45°.cos 45°
- 32.2

~ 310.56 feet

v,>sin’ 0

Use the formula H = with

g = 32.2ft/sec’; € =45°; v, =100 ft/sec
~ 1007 sin? 45°
2(32.2)

~ 77.64 feet

2v,2 sin@cos
9
g=9.8 m/sec’; §=30°; v, =150 m/sec :
2(150)" sin30°-cos 30°

R= ~1988.32 m
g

Use the formula R = with

v,>sin @

Use the formula H = with

g =9.8 m/sec’®; 6=30°; v, =150 m/sec :

59.

60.

61.

62.

2v,” sin@cos &

Use the formula R = with

g =9.8 m/sec’; 6 =25°; v, =500 m/sec:

2(500)2 sin 25°-cos 25°
R= ~19,541.95 m
g

v,>sin* @
29

g =9.8 m/sec’; 6=25°; v, =500 m/sec:

_ 5007 sin? 25°
2(9.8)

Use the formula H = with

~2278.14 m

2v,” sin@cos &

Use the formula R = with

g = 32.2ft/sec’; 6 =50°; v, = 200 ft/sec :

2(200)’ sin 50°- cos 50°
R= ~1223.36 ft
g

v,>sin* @
29

g =32.2ft/sec’; 6§ =50°; v, =200 ft/sec

2007 sin” 50°
2(32.2)

Use the formula t = + _L with
gsindcosé

g =32 ft/sec? and a =10 feet :

t:i\/ 2(10)

325sin30°-cos 30°

o t:i\/ 2(10)

32sin45°.cos45°

S o O -

32sin 60°-cos 60°

Use the formula H = with

~ 364.49 ft

~1.20 seconds

~1.12 seconds

~1.20 seconds

Use the formula
X= cos¢9+\/ 16+0.5(2cos’ 0-1) .
When 6 =30°:

_ 150%sin?30°  22,500(0.5)2
2(9.8) 196

~ 286.99 m

X = C0$ 30° +\/16 +0.5(2c0s? 30°~1) ~ 4897 in

When 6 =45°:
X = €05 45° +\/16 +0.5(2c0s? 45°~1) ~ 4.707 in
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Chapter 2: Trigonometric Functions

. a.  We label the diagram as follows:

Note that tan6?=l and sinazl, S0
X S

1 1
X=—— s =———. Also, note that
tan @ n
. . . distance
distance = rate- time , so time =
rate
Then,
. distance on sand
timeonsand = ————

rate on sand

iem)
_2s _ \sing 2

3 3 3sing
distance on road
rate on road

and time on road =

_8-2x X
8 4
1
_q_tang 4 1
4 4tan @

So, total time = time on sand + time on road

T(0)=—2 +(1_ L j
3sind 4tan @

o2 1
3sin@ 4tan@

2 1

3sin30° 4tan30°
2 1

3.1 4.1

2 3
4 3

=1+———~=19hr
3 4

b. T(30°)=1+

Sally is on the paved road for
1

1- ~0.57 hr.
4tan 30°

2 1

3sin45° 4tan 45°
2 1

:1 R

s 1 41

V2

22 1 o
3 4

c. T(45°)=1+

=1+

Sally is on the paved road for
1

1-——————=0.75 hr.
4tan 45°

d. T(60°) =1+ _2 1
3sin60° 4tan60°

2

‘ -

=1+

&

4.

N S

3.

4 1
14— = _~163hr
33 43

Sally is on the paved road for
1

1-—— ~0.86 hr.
4tan60°

2 1

3sin90° 4tan90°

But tan90° is undefined, so we can’t 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

e. T(90°) =1+

time would be: §+l=§zl.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.

f. tanazl, S0 x=i=i=4. Thus,
4 tangé 1/4
the Pythagorean Theorem yields:

52 = x% +1?

s=Vx?+1=y4 +1=17
Total time = time on sand + time on road
_2s 8-2x_ 2J17+8—2-4

T
3 8 3 8
:2ﬁ+8-8:2ﬁ+0
3 8 3
:Zxéﬁzz.ﬁ hrs
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Section 2.3: Computing the Values of Trigonometric Functions of Acute Angles

The path would be to leave the first house R
and walk in the sand directly to the bridge. cosg = h_R
Then cross the bridge (approximately 0 R
miles on the road), and then walk in the sand h-R=——
directly to the second house. 005‘9 R Reost
+Rcos
g. LetY, =1+ 2 1 " cose+R cosé

3sinx 4tanx Then r = hcotéd

4
_[R+ Rcos@}[cos&j
L cosd sind
_ R+Rcoso
siné
0° 90° 1
0 Thus, V ==7zr’h
Use the MINIMUM feature: 3 ,
4 1 (R+Rcos€j (R+Rcos€j
3 sin@ cosd
_z(R+ Rcos¢9)3
~ 3sin?OcosO
0° Har BPEGE - PoL E1B0LEE . 90° b. When 6=30°:
0 )3
The time is least when @ ~ 67.98° . The least V (30°) = w ~ 251.4 cm®
time is approximately 1.62 hour. 3sin”30°-cos30
Sally’s time on the paved road is When 6 =45°:
1 1 2+2c0s45°)°
1- ~1- ~0.90 hour. _7(2+ N 3
4tan6 ~ 4tan67.98° V (45°) = i 250 .cosage ~ 1179 Cm
64. a. We label the diagram as follows: When 6 =60°:
2+2c0s60°)°
v (600) = Z(2+200560) _oe ot
3sin“ 60°-cos60°
7(2+2cos x)3
C. Let Yl =
3(sin x)” cos x
500
h h
Note that tand=—,s0 r=——=hcoté.
r tan & Hiniraur
Consider the smaller triangle in the figure. 0° (;“”-53““? I2E7 A20E4Z 2] 90°
e .
From this, sm(90 0) " h-R’ Since Using a slant angle of approximately 70.5°
sin(goO _9) =cos@ , we have that: will yield the minimum volume 67.0 cm®.
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Chapter 2: Trigonometric Functions

65. ¢=8, 6=35° T

68. a. Casel: d=—, a=3

o0
(o
[ 1
s3]
(g
w

. a b b
sin(35°) =— cos(35°%)=—
a=8sin(35°) b =8cos(35°) 8) ¢
~8(0.5736) ~8(0.8192) ce_ S .3 _ieam.
~4.59in. ~6.55in. sin (7‘] 0.3827
8
66. ¢=10, 8 =40°
Case 2: Hzﬂ, b=3
10
a
] C a
b
sin(40°) _a cos(40°) _b 3 u
10 10 . 3
—10si - cos| — |=—
a=10sin(40°) b =10cos(40°) [8) c
~10(0.6428) ~10(0.7660) 3 3
~ - c= ~ ~3.25m
~ 6.43cm. ~ 7.66 cm. (TE) 0.9239
cos| =

67. a. Casel: =25° a=5

There are two possible cases because the
given side could be adjacent or opposite the
given angle.

69. tan(35°) :%

o
o
ol
[ ]
(9]
o

sin(25°) ==
c |AC| =100tan (35°) ~100(0.7002) ~ 70.02 feet
5 5 :
C= ~ ~11.83in.
1 0
sin(25°) ~ 0.4226 70, tan (40°) - |1A0%|

Case2: #=25° b=5
|AC| =100tan (40°) ~100(0.8391) ~ 83.91 feet

71. Let x = the height of the Eiffel Tower.

tan (85.361°) = %

o
(V)]
]
[ ]
<)

~
I

x =80tan(85.361°) ~ 80(12.3239) ~ 985.91 feet

[}
o
n

(25°

(63}

5

Cc= ~ ~5.52in.
COS(25°) 0.9063

b. There are two possible cases because the
given side could be adjacent or opposite the
given angle.
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Section 2.3: Computing the Values of Trigonometric Functions of Acute Angles

72. Let x = the distance to the shore.

100 ft

O

tan (30°) _100
X

(o100 _100_300
tan(30°) 3 3

3

73. Let x = the distance to the base of the plateau.

50m

™~

tan (60°) _%0
X

0 _50_ % ~ 28.87 meters

X= tan(60°) /3

74. Let x = the distance up the building

22 feet X

sin(?O"):z—X2

X = 225sin(70°) ~ 22(0.9397) ~ 20.67 feet

75. We construct the figure below:

tan(32°) = 500

X y
500 500

X=—-—7-— =
tan (32°) y tan(23°)

Distance =x+y
__ 500 N 500
tan(32°) tan(23°)
~1978.09 feet

=100+/3 ~173.21 feet

76. Let h =the height of the balloon.

77.

619
u| [ [ 54
100 ft x-100

>

h
x—100
h = (x—100) tan (61°)

tan(61°) =

. ( h _1oojtan (617)
tan (54°)
_ tan(61°) h = -100tan (61°)
tan(54°)
h (1_ WJ =—100tan (61°)
tan(54°)
h o lotan(617) o0 0

L fan (61°)j
tan (54°)
Thus, the height of the balloon is approximately

580.61 feet.

Let h represent the height of Lincoln's face.

h
b
%0 |55
800 feet
b
tan(32°) = —
an( ) 800
b =800tan (320) ~ 499.90
tan (35°) = b+h
800

b-+h =800tan (35°) ~ 560.17

Thus, the height of Lincoln’s face is:
h=(b+h)—b=560.17-499.90 ~ 60.27 feet
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Chapter 2: Trigonometric Functions

78. Let h represent the height of tower above the

79.

80.

Sky Pod.
h
b
24.40
20.1°
4000 feet
tan(20.1°) = b
4000
b = 4000tan (20.1°) ~1463.79
tan (24.40) = 21N
4000

b+h = 4000tan (24.4°) ~ 1814.48

Thus, the height of tower above the Sky Pod is:
h=(b+h)-b=1814.48-1463.79 ~ 350.69 feet

Let x = the length of the guy wire.
10 ft

190 ft

o O

sin(45°):%

190 190 _380 _,90./7 ~ 268.70 ft

X:sin(45°)_E= J2
2

Let h = the height of the tower.

80 ft

sin(45°):%

h =80sin (45°) = 80-% — 4072 ~56.57 ft

81.

82.

83.

Let h = the height of the monument.

h
[ ]
789 ft
tan (35.1°) = h
789

h = 789tan (35.1°) ~ 789(0.7028) ~ 554.52 ft

The elevation change is 11200 —9000 = 2200 ft .
Let x = the length of the trail.

2200 ft

sin17°:@
2200 2200

X = — ~ ~ 7524.67 ft.
sin(17°) ~ 0.2924

Let x, y, and z = the three segments of the
highway around the bay (see figure).
y

I 3 mi |
The length of the highway = x+y+z

sin(40°) ==

X |

~1.5557 mi

~1.3054 mi

————~1.1918 mi

b= —) ~0.8391 mi
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a+y+b=3 86. a. The distance between the buildings is the
y=3-a-b length of the side adjacent to the angle of
. elevation in a right triangle.
~3-1.1918-0.8391=0.9691 mi
The length of the highway is about:
1.5557 +0.9691+1.3054 ~ 3.83 miles.
84. Let x = the distance from George at which the e
camera must be set in order to see his head and 34°
feet. X i
X Since tan@ = W and we know the
20° adjacent
4 ft angle measure, we can use the tangent to
find the distance. Let x = the distance
4 between the buildings. This gives us
tan(20°) 2; tan 34° :@
X= _4 ~10.99 feet X = 17760
tan (200) tan 34
If th is set at a distance of 10 feet f X ~ 2633
€ camera IS Set ai a distance o eet from The office building is about 2633 feet from
George, his feet will not be seen by the lens. the base of the tower
The camera would need to be moved back about ) o
1 additional foot (11 feet total). b. Lety =the difference in height between
Freedom Tower and the office building.
85. Adding some lines to the diagram and labeling Together with the result from part (a), we
special points, we obtain the following: get the following diagram
y
20°
18 { 2633
tan o — opposne
adjacent
o__Y
tan 20° = 2633
1.5 I y ~ 958
The Freedom Tower is about 958 feet taller
than the office building. Therefore, the
If we let x = length of side BC, we see that, in office building is 1776 —958 =818 feet tall.
AABC, tana _3 . Also, in AEDC , -
X . sing
18 87. o sinéd e
tan « = —— . Therefore, we have
5- 0.5 0.4794 | 0.9589
3_18 0.4 | 0.3894 | 0.9735
X 5-x
15_3x -1 8x 0.2 0.1987 | 0.9933
15 = 4.8x 0.1 0.0998 | 0.9983
X = 15 _ 3125 ft 0.01 | 0.0100 | 1.0000
4.8 0.001 | 0.0010 |1.0000
1+3.125=4.125 1t _ _ 0.0001 | 0.0001 | 1.0000
The player should hit the top cushion at a point
that is 4.125 feet from upper left corner. 0.00001 | 0.00001 | 1.0000
sind

Section 2.3: Computing the Values of Trigonometric Functions of Acute Angles

5 approaches 1 as & approaches 0.
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Chapter 2: Trigonometric Functions

88.

89.

90.

0 cosg—1 | L0801
0
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
cosd -1

approaches 0 as @ approaches 0.

We rearrange the order of the terms in this
product as follows:

tan1°-tan2° -tan3° -...- tan 89°
= (tanl0 -tan89°)~(tan 2° -tan 88°)~...

~<tan 44° -tan 46° ) . (tan 45° )

Now each set of parentheses contains a pair of
complementary angles. For example, using
cofunction properties, we have:

(tan 1° - tan 89° ) = (tan 1° -tan (90° -1° ))

tan 1° .cot1° )

(tan 1°. j
tan1°

(tan 2°'tan88° tan 2° - tan 900 2°))

tan 2° - cot 2° )

1
= (tan 2°. J
tan 2°
1
and so on.

This result holds for each pair in our product.

Since we know that tan45° =1, our product can
be rewritten as: 1-1-1-...-.1=1.

Therefore, tan1° -tan2° -tan 3° -....-

tan89° =1.

We can rearrange the order of the terms in this
product as follows:

cotl’ -cot2° -cot3°-...-cot89°
= (cot1° -cot89° )~(cot 2° -cot88°)~...
-(cot 44° -cot 46° ) : (cot 45° )

91.

Now each set of parentheses contains a pair of
complementary angles. For example, using
cofunction properties, we have:

(cot1° ~cot89°) = (cot1° .cot(90° —1°))

(cot1° -tan 1°)

1

(cot 2° ~cot88°) (cot 2° .cot(90° - 2°))
(cot 2° -tan 2°)

1

and so on.
This result holds for each pair in our product.

Since we know that cot45° =1, our product can
be rewritten as: 1-1-1-...-1=1. Therefore,

cot1®-cot2°-cot3°-...-cot89° =1.

We can rearrange the order of the terms in this
product as follows:

€0s1° -c0s2° -...-cos 45° - csc 46° -...- csc 89°
= (cosl° 15c89° )-(c0s2° -¢sc88° ).

~(cos 44° -csc 46° )~(cos 45°)

Now each set of parentheses contains a pair of
complementary angles. For example, using
cofunction properties, we have:

(cosl° -csc89° ) = (cosl0 -csc(900 -1° ))

cos 1° .secl’ )

[cosl° )
cos1®

=1
(cos 2° .csc88° ) (cos 2°. csc(900 -2° ))

(cos 2° .sec2° )

and so on.
This result holds for each pair in our product.

Since we know that cos45° = % our product

z 2

can be rewrittenas 1-1-1---1- ?: 5 . Thus,

cos1° -cos2°-...-cos45° -csc46° -...-csc89° = —
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92. We can rearrange the order of the terms in this
product as follows:

sinl®-sin2°-...-sin45° -sec46° - ...-sec89°
= (sin 1° -sec89°)~(sin 2° ~56088°)-...

: (sin 44° -sec46° ) . (sin 45° )
Now each set of parentheses contains a pair of

complementary angles. For example, using
cofunction properties, we have:

(sin 1° -sec89° ) = (sin 1° -sec(90° -1° ))

= (sinl" -cscl")

and so on.
This result holds for each pair in our product. And

. . 2
since we know that sin45° = - our product can

= V2 . Thus,

be rewritten as 1-1-1-...-1- T

© &

2

sin1® -sin2°-...-sin45° -sec46° -...-sec89° =

93 - 95. Answers will vary.

Section 2.4

1. tangent, cotangent
2. coterminal

3. 240°-180°=60°
4. False

5. True

6. True

7. 600°-360°=240°; 240°-180°= 60°

Section 2.4: Trigonometric Functions of General Angles

169

8. quadrant I and quadrant [V

9 zand3—7r
2
o, B 121 _x
3 3 3

11. (-3,4): a=-3,b=4

(-3) +4* =J9+16 =25 =5

YA
5._
(-3.4) :
r L
| [ :\ ]
_J | | '_I | |4 '_‘- -
-

Si1’10=9=i cosgziz__?’:_é
r 5 r 5
tan49:B:i=—i COte:E:—sz—é

a -3 3 b 4
SeC@=£=i=—§ CSCH:L:é
a -3 3 b 4

12. (5,-12): a=5b=-12

r=+/a>+b? =52 +122 =25+ 144 =/169 =13

_\‘
|(;“I I | -
\‘ 5 x
s
b If‘
=10
— (5.-12)
s1nt9=9__—12=—£ COS@:E:i
r 13 3 r 13
tanH:E:__lz:_Q cotﬁ:i:i:_i
a 5 5 b -12 12
gt 13 wp l_13_ 13
a b -12 12
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Chapter 2: Trigonometric Functions

13. (2,-3):a=2,b=-3

r=+a’+b? =«/22+(—3)2 =J4+9 =413

by
5

I T I

/
IIII“7 Eyllll

|
- >
(2,-3)
4

s1n6?—b—_—3£:——3\/E

r J13413 13

a_ 2 13 2413
cosf=—=——5——+="——

r J13J13 13
tan9=9=_—3:—i C()tg:g:i:__

a 2 2 b -3

r V13 r V13 V13
secf =—=—— cscf=—=—"F=———

a 2 b - 3

14. (-1,-2): a=-1, b=-2

r=+a’ +b’ :,/(—1)2 +(—2)2 =J1+4 =15

Ry

||||'|:?||||’
-/

- >
(-1-2)4"
4
. b 25 25
sinf=—=——=—
r Js<s 5
a 145 5
cosd = —_——=——
NGNS 5
tan9=—=_—2: C()tg:i:_—lzl
-1 b -2 2
SCCO_£:£=—\/§ CSCH=£=£=—£
a -l b - 2
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15. (-3,-3): a=-3,b=-3
r=va’+b® =/(-3)" +(-3)" =18 =342
\.j

5

IIIII(

IIIIIEyIIIII’

|
5 T
4
(=3.-3)
4
b 32 2
sinf=—=——-—"—"=-"="
r 3242 2
a —3\/5 «/5
cosfd =—= e Y
ro3242 2
tan6’=2=—3: 0t9=—=—3=1
a -3 -3
secé?:L:ﬂ: 2 9=£—
a -3 b -3
16. (2,—2): a=2 b=-2
r=+al+b* =22 +(-2)" =8 =22
Ay
5_
L 111 |ﬁ/_ﬁ| L L g
— \\ - 4 7y
| (2,-2)
L
2 \2_ 2
sin=—=——""=_"°"
NN
a_ 2 V2 \2
cosf=—=———"FS="2
r 2242 2
tanHzE:_—zz— cotgzi:i:_l
a 2 b _
secH:L:&: 2 CSCQZ%:&__
a _
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V31 3,1 NG
17. | —,— == b=— b o f3
22 2 2 sinf=—=_2 _N°
r 1 2
2
1
r=+a+b? = ﬁ _{lj - §+l:ﬁ: - |
2 2 cosf=—=—==——
1 2
YA \/5
- (ﬁlJ tanG:E:L:—\/g
- 272 a 1
y 2
||_;||| Illll"- ; 172\/572\/5
B ’ cscl=—=—="""=""°2
- b 3 33 3
N 2
L rol
B secd=—=——=-2
a 1
S B
sinQ:E:%:% cscH:é:%:z 1
r 2
2 c0t9:—:—2=_—1£=_£
b 3 33 3
2 2
cos0=%=%=73
1 19. ﬁ_ﬁ La=¥2 oo 2
5 143 3 27 2 2 2
tanf=—=—4=———""—"=""
B Bh BY ((2Y 2
X - (?J [7} “VataVi-
secg-Fo L2323
a 3 BB3 AV
2 |:
V3 -
_4_ 2 _ B
COte___T_\/g L 11 |( L >
’ h \_ ( (£
(52
_|_
g (LB o1, :
22 2 2
e 1 (V)Y 13 2 V2
r=va'+b’= (“j +H 2] = [=—+2=41=1 sinf=—=—2_ ——\/E cose_—:LZQ
2 roo1 2 2
Y 2

L

Y
72}
[¢]
(¢}
S

I

|

I

,
=
|
[\9)
[\S)

IIIII;—yIII’
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Chapter 2: Trigonometric Functions

20 (—ﬁ,—ﬁJ; a:__2, b:_ﬁ
2 2 2

-‘_I\

Illﬁll’
FAR
Y

[_£_£‘J ’
) p -1
2 5
sinf=—=—2_ :——2
r 1 2
2
cosH:—:T2=—%
2
2
tan@ = —=—=—=1
a V2
2
1 22
cscf=—=—=—"2N2__ D
R
2
1 2 2
secH=—=—=———:—\/§
R
2
N2
cot9=—=—22:1
2

=

21. sin405°=sin(360°+ 45°) =sin45°= BN

22. ¢c0s420°=cos(360°+ 60°) = cos 60°= %
23. tan405°=tan(180°+ 180°+ 45°) = tan 45°=1

24. sin390°=sin(360°+30°) =sin30°= %

172

25. ¢sc450°=csc(360°+90°) = csc90°=1

26. sec540°=sec(360°+180°) =secl180°=-1

27. cot390°=cot(180°+180°+ 30°) = cot 30°= NG

28. sec420°=sec(360°+ 60°) =sec60°=2

29. cosw—n:cos £+32_n
4 4 4

=cos (E + 87:)
4

31. tan2lx=tan(0+21nx)=tan0=0

32. csc9—n=csc £+8_n
2 2 2

= csc(£+ 4n)
2

= csc(ﬁ+ 2-2nj
2

T
=csc—
=1

33. Since sind >0 for points in quadrants I and II,
and cos@ <0 for points in quadrants II and III,
the angle @ lies in quadrant II.

34. Since sin@ <0 for points in quadrants IIT and
IV, and cos@ > 0 for points in quadrants I and
IV, the angle @ lies in quadrant V.
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35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

48.

Since sin@ < 0 for points in quadrants III and
IV, and tan@ <0 for points in quadrants II and
IV, the angle @ lies in quadrant IV.

Since cosd >0 for points in quadrants I and IV,
and tan@ > 0 for points in quadrants I and III,
the angle @ lies in quadrant I.

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

Since sin@ <0 for points in quadrants I1I and
IV, and cotd > 0 for points in quadrants I and
111, the angle @ lies in quadrant I11.

Since secd <0 for points in quadrants II and III,
and tan@ > 0 for points in quadrants I and III,
the angle @ lies in quadrant III.

Since cscd >0 for points in quadrants I and II,
and coté <0 for points in quadrants II and 1V,
the angle @ lies in quadrant II.

6 =-30° is in quadrant I'V, so the reference

angle is a =30°.
0 =-60° is in quadrant IV, so the reference
angle is o =60°.
6 =120° is in quadrant II, so the reference angle
is @ =180°-120° =60°.
6 =210°1s in quadrant I1I, so the reference angle
is ¢ =210°-180° =30°.
6 =300° is in quadrant IV, so the reference angle
is @ =360°-300° =60°.
60 =330° is in quadrant IV, so the reference
angle is & =360° —330° =30°.

Sz, .
0= e is in quadrant III, so the reference angle

. Sz Vs
Soa=—-mw=—.
4 4

0= 5?” is in quadrant II, so the reference angle
. Sn &
sa=r——=—.

6 6

Section 2.4: Trigonometric Functions of General Angles

49,

50.

51.

52.

53.

54,

55.

56.

57.

173

0= 877[ is in quadrant II. Note that
8?7[ -2z = 2?7[ , so the reference angle is
2r &
a=r——=—.
3 3
T . .
0= T is in quadrant IV, so the reference angle
is a=2rx Iz =
4 4
6 =—135° is in quadrant III. Note that
—135° +360° = 225°, so the reference angle is
o =225°-180° =45°.
6 =-240° is in quadrant II. Note that
—240° +360° =120°, so the reference angle is
a =180°-120° =60°.
2 . .
0= 5 is in quadrant III. Note that
—27”+ 27 = 4% , so the reference angle is
4 V4
a=—-7T=—.
3 3
T . .
0= v is in quadrant II. Note that
—7?” +27 = 5?” , so the reference angle is
Sz«
a=r—-——="=—.
6 6
6 =440° is in quadrant I. Note that
440° —360° =80°, so the reference angle is
a=280°".
6 =490° is in quadrant II. Note that
490° —360° =130°, so the reference angle is
a =180°-130° =50°.
0= ISTE is in quadrant IV. Note that

lST”— 2w = %Z , so the reference angle is
a=2r Iz _z .
4 4
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

1 .
0= % is in quadrant III. Note that

19% -2z = 7?” , so the reference angle is
1 T

o=—-1=—
6 6

sin150° =sin30° =%, since € =150° has

reference angle & =30° in quadrant II.

c0s210° = —co0s30° :—?,since 0 =210° has

reference angle o =30° in quadrant III.

sin510° =sin30° =%, since @ =510° has

reference angel « =30° in quadrant II.

c0s600° = —cos60° = —% , since @ =600° has

reference angel « =60° in quadrant II1.

cos(—45°) =sin45° = %, since @ =-45° has

reference angel a =45° in quadrant IV.

sin (—240" ) =sin60° = ?, since 8 =-240°
has reference angel o = 60° in quadrant II.

sec240° = —sec60° = -2, since € =240° has

reference angle « = 60° in quadrant III.

23

csc300° = —csc60° = 3 since € =300°
has reference angle o = 60° in quadrant I'V.

cot330° = —cot30° = —/3, since & =330° has

reference angle & =30° in quadrant IV.

tan225° = tan45° =1, since @ =225° has

reference angle « =45° in quadrant II1.

.3 .7 2 . kY4
sin— =sin— =——, since # =—— has
4 4 2 4

reference angle « :% in quadrant II.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

2 | 2
cos—ﬂz—cos£=——, since 9=—” has
3 3 2 3

reference angle o :% in quadrant II.

137 Vs 2 . 137
cos—— =—cos— =———, since § =—— has
4 4 2 4

reference angle o :% in quadrant III.

tang?ﬂ:—tangz—\/g , since 0:8?7[ has

reference angle o :% in quadrant II.

. 2 . T B 2z
sin| —— |=—sin—=———, since § = ——
3 3 2 3

has reference angle o :% in quadrant III.

cot(—gj ——cotZ=_3 , since 6 = z has
6 6
reference angle o :% in quadrant IV.

tanm—ﬂ:—tanfz— 3, since 49:14—” has
3 3 3

reference angle o =% in quadrant II.

secll—”:—seczz— 2 , since QZM has
4 4 4

reference angle o =% in quadrant II.
sin(8n) =sin(0+8m) =sin(0)=0
cos(—2m) = cos(0—2m) = cos(0) =1
tan (77) = tan(z + 6m) = tan () =0

cot(5m) = cot(x + 4n) = cot(x), which is
undefined

sec(—37) =sec(7r —4m) =sec(r) =—1

csc(—s—”j = 050(3—”—47rj =-1
2 2
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83.

84.

sinf = %, 0 in quadrant II

Since @ is in quadrant I, sin@ >0 and cscd >0,
while cos@ <0, secd<0, tanf <0, and
cotfd <0. If a is the reference angle for &, then

. 12 . .
sina = I Now draw the appropriate triangle

and use the Pythagorean Theorem to find the
values of the other trigonometric functions of « .

.‘-
{—S.l} .
1o
13 B
12 -
S
L1 NN
- 5 B r
5 12 13
cosa =— tanq = — seca =—
13 5 5
13 5
csca = — cotar =—
12 12

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 6.

13

cosH:—i tané’:—2 secd =——
13 5 5

csc¢9=£ cot6’=—i
12 12

cosf = %, 6 in quadrant IV

Since @ is in quadrant IV, cos @ > 0 and secd > 0,
whilesin@ <0, cscd <0, tand <0, and cotd < 0.

If « is the reference angle for 8, then cosa :g .

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

Section 2.4: Trigonometric Functions of General Angles
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85.

86.

. 5
sina = tana = secazg

cCSCax = cota =

Bl O]~
AW W

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 8.

siné’:—i tan¢9:—i secé’:é
5 3 3

cscHz—i cotH:—é
4 4

cosf = —%, 6 in quadrant III

Since @ is in quadrant III, cos& < 0, secé <0,
sin@ < 0 and cscd <0, while tanéd > 0 and
cotd > 0.

If o is the reference angle for &, then cosa = ? .

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

Y

| [
4 E ! L 4 '_\. Lol
3 1
(—4.-3)
_,|_
. 3 3 5
sing =— tano =— seca =—
5 4 4
5 4
csca =— cota:E

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 6.

sin6’=—E tanf = secé’z—é
5 4

cotd =

WA MW

cscl = —é
3

sin@ = —%, @ in quadrant I1I

Since @ is in quadrant III, cos& < 0, secé <0,
sin@ < 0 and cscd < 0, while tanéd > 0 and
cotd > 0.

If « is the reference angle for &, then sina = %
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Chapter 2: Trigonometric Functions

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

4
88. cosf = 3 270°< 8 <360° (quadrant IV)

Since @ is in quadrant IV, sinéf <0, cscd <0,
tan@ <0, cotd <0, cosd >0, and secd > 0.

If « is the reference angle for 8, then cosa = % .

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

Y

3
12 5 13 B
cosa =— tano =— seca =— 4+
13 12 12 -
13 12 BT=
csca:? cota:? | (x-t | -
Finally, assign the appropriate signs to the values - K: N 3 !
of the other trigonometric functions of 6. - 4.-3)
__1__
cosé’=—2 tan0=i csct9=—9 -
13 12 5
13 12 . 3 3 5
== == sin =— tana =— seca =—
sect B cotd s 5 2 4
5 csca = é cota = i
7. sinﬁzﬁ, 90°< @ <180°, so @ in quadrant II 3 3

Finally, assign the appropriate signs to the values

Since § is in quadrant II, cos§ <0, secd/ <0, of the other trigonometric functions of 6.

tan@ < 0, and cot @ < 0, while sin8 > 0 and ' 3 3 5

cscd>0. If a is the reference angle for @, then sinf =—— tan = 7 5 0=—
. 5 . .

sina = TR Now draw the appropriate triangle and csch = — % cot = — g

use the Pythagorean Theorem to find the values of

the other trigonometric functions of « . 1
89. cosf = Y 180° < 6 <270° (quadrant III)

vA
- Since @ is in quadrant III, cosd < 0, secf <0,
» sk
(=12.5) i - sin@ <0, cscd <0, tand >0, and coté > 0.
< 3 1
Eﬁ If  is the reference angle for &, then cosa = 3
L1 a >
-12 12 X > Now draw the appropriate triangle and use the
- Pythagorean Theorem to find the values of the
12 5 13 other trigonometric functions of o .
cosa =— tana = — csca =— v
3 1 5 1
13 12 2+
seca = O cotar =— L
ok
Finally, assign the appropriate signs to the values Ly ( —\I\ L o
of the other trigonometric functions of . -2 o X
242 B
cosc§’=—2 tan9=—i csc¢9=E 3
13 12 5 -
secﬁz—E cotﬁz—E (-1-242) =3
12 5 -
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90.

. 2

sing =——
3

tana:¥=2\/§

seca=—=3
1

Finally, assign the appropriate signs to the values
of the other trigonometric functions of &.

. 22 W2
smH:—T cscH:—T

V2

tan9=2\/§ cotld =—

secld =-3

sin@ = —%, 180° < 6 <270° (quadrant III)

Since & is in quadrant III, cos @ < 0, secd <0,
sin@ <0, cscd <0, tand >0, and coté > 0.

. . 2
If « is the reference angle for &, then sina = 3

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

v
2

[T

oD

~

(-45.-2) 2}

g%
Y

cosa =

245
=——  cota=
5

tana =

SlG

cSsCax =

N | v &dw u|&‘

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 6.

NG 35

cosd =—— secd = ———

3 5
tanﬁzﬁ cotﬁzﬁ

5 2
cscl9:—é

2

91.

92.

Section 2.4: Trigonometric Functions of General Angles

sin@ = %, tan 6 < 0 (quadrant II)

Since & is in quadrant I, cos@ < 0, secd <0,
tan@ < 0 and cot@ <0, while sin@ > 0 and
cscd > 0.

If « is the reference angle for @, then sin« :§ .

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

(5.9 2
8
2 =0
| | o \ |
2 45 2 x >
cosa =— seca—i-ﬁ—ﬁ
3 NCENCE
tana—i~£—2—5 cotot——5
NN 2
cscaz:E

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 6.

cosﬁz—ﬁ secﬁz—ﬁ
3 5
tanﬁz—ﬁ cotﬁz—ﬁ
5 2
csc¢9:é
2

cosd = —i, tan@ >0 (quadrant III)

Since @ is in quadrant III, cos& < 0, secé <0,
sin@ < 0 and cscd <0, while tané > 0 and
cotd > 0.

If o is the reference angle for 6, then cosa = % .

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
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93.

h
2
]/:\ e
A /E
[
4k
(-1.-415) -

seca:i:4
1

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 8.

Ji5 415

sinf = ——— cscf=——""

4 15
tanHzx/E cot@z%
secd =—4

secd =2, sind<0 (quadrant IV)
Since @ is in quadrant IV, sin@ <0, cscf <0,
tan @ < 0 and cot@d <0, while cosd >0 and

secd > 0.
If « is the reference angle for @, then seca =2 .
Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

v

(]

I|| &
o

1
cosa =— tana =
2

—_—

= cota ﬁ
B3B3 J3 3

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 6.

. 3 1
sin@ = —g cosf =—

243

cscl = ——3
3

tan@ = —«/3

cotd = ——3
3

cscl =3, cotd <0, (quadrant II)
Since @ is in quadrant II, cos@ < 0, secd <0,
tan@ < 0 and coté <0, while sin@ > 0 and
cscd > 0.
If « is the reference angle for &, then csca =3.
Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

.\.J

2
(-242.1)
\_ﬂ
| 5]
—Eli 242 II X >

1

. 1 V2
s1na=§ CoOSo =——
tanazLoﬁzﬁ cota=—2=2x/5

22 2 4
g 3 N2 32
N2 N2 4

Finally, assign the appropriate signs to the values
of the other trigonometric functions of 6.

sinﬁzl cos@z—&

3 3
tan @ = —Q cotd = —2\/5
secl = —%
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95. tanf = %, sind <0 (quadrant III) sinq = % cos =§ tan o =%
Since @ is in quadrant III, cosd < 0, secé <0, 5 5
sin@<0, cscd <0, tand >0, and cotd > 0. seca_z CSCO{_E

. 3 Finally, assign the appropriate signs to the values
If & is the reference angle for 6, then tana = 4 of the other trigonometric functions of 6.

Now draw the appropriate triangle and use the sind = 3 cosf = — 4 tan @ = 3
Pythagorean Theorem to find the values of the 5 5 4
other trigonometric functions of « . 5 5

YA cscc9=—§ secé?:—z

4_
L o 97. tanf= —%, sin@ >0 (quadrant II)

L 1] 4/{;x I f-ll — Since @ is in quadrant II, cos@ < 0, secd <0,
3 Y [ ! tan@ < 0 and cot @ < 0, while sind > 0 and
(-4.-3) — cscd > 0.
—-r 1
— If a is the reference angle for 8, then tana = 3
sina = 3 cosa = 4 cota = 4 Now draw the appropriate triangle and use the
5 5 Pythagorean Theorem to find the values of the
5 5 other trigonometric functions of « .
csca == seca == _
4 YA
Finally, assign the appropriate signs to the values (-3, 1)
of the other trigonometric functions of &. 1
10
sinH:—E cos¢9:—i cotH:i ! i
5 5 3 ¥ \ .
P
5 5 -3 3 2 x
cscé?:—g secH:—Z
: 1 10 Vo J10
4 Sing =——=-"==="" csca == =10
96. cotd =—, cosfd <0 (quadrant III) 10 V10
3 ~ 3 1030 10
Since @ is in quadrant III, cosd <0, secé <0, cosa = 10 ’ \/E “ 10 seca = 3
sin@ <0, cscd <0, tan@ >0, and cotéd > 0. 3
4 cota=—=3
If « is the reference angle for 8, then cota =—. . 1 . . .
3 Finally, assign the appropriate signs to the values
Now draw the appropriate triangle and use the of the other trigonometric functions of 6.
Pythagorean Theorem to find the values of the _ J10
other trigonometric functions of « . sinf = To cscd =10
| 3410 J10
— cosf =—— secl =———
a4 10 3
En cotd =-3
L1 | /_ j\ Ll -
j I B 4 x Lol
3 B
(—4-3) -
__o_'l__
179
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98.

99.

secd =-2, tan@ >0 (quadrant III)

Since @ is in quadrant III, cosd < 0, secé <0,
sin@ < 0 and cscé <0, while tan& > 0 and

cotd > 0.

If « is the reference angle for 8, then seca =2.
Now draw the appropriate triangle and use the

Pythagorean Theorem to find the values of the
other trigonometric functions of « .

YA
B
1/\ -
X
G/
—1=
(-1-45)
i, |
sinotz—3 cosotzl tana:—3:x/§
2 2 1
csca—i.ﬁ—& Cota_L,ﬁ_ﬁ
B3 B B3

Finally, assign the appropriate signs to the values
of the other trigonometric functions of &.

sin¢9=—73 tanH:x/g

23 NG

cscl =——— cotd =—
3 3

cosf = —l
2

cscd=-2, tanf >0 = @ in quadrant III
Since @ is in quadrant III, cosd <0, secé <0,
sin@ <0 and cscé < 0, while tand > 0 and

cotd > 0.

If o is the reference angle for 8, then csca=2.
Now draw the appropriate triangle and use the

Pythagorean Theorem to find the values of the
other trigonometric functions of « .

100.

1 3
Smo =— cCosax =——
2 2
tana—L.ﬁ—i Seca—i.ﬁ—_z 3
V333 33
cota=£— 3

=
Finally, assign the appropriate signs to the values
of the other trigonometric functions of 4.

sin6':—l cos6’=—£
2 2
tanﬁzg secez—¥

cot&z«/g

cotd =—2, secd >0 (quadrant IV)

Since @ is in quadrant IV, cosd >0 and

secd >0, while sin@ <0, cscd <0, tand <0
and cotd < 0.

If  is the reference angle for 8, then cota =2.
Now draw the appropriate triangle and use the

Pythagorean Theorem to find the values of the
other trigonometric functions of « .

YA

Slna—L.ﬁ—ﬁ Csca—ﬁ—\/g
NERRVER 1
cosg o L5 25 g3
55005 2
1
tanag = —
2

Finally, assign the appropriate signs to the values
of the other trigonometric functions of &.

sin6’=—g csch=—/5

2
cos6=£ sec6’=—5
5 2
‘[ané?:—l
2
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101.

102.

103.

104.

105.

sin40°+sin130°+sin 220°+sin 310°

=sin 40°+sin (40°+90°) + sin (40°+180°)
+sin (40° +270°)

= sin 40° + sin 40° — sin 40° — sin 40°

=0

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

=\3-3

=0

Note: 6§ =315° has reference angle o =45° in
quadrant I'V.
2

a. (3159 :sin315°:—sin45°:—7

The point (3 15°,—g] is on the graph of f.
b. G(315°) =sec315° =sec45° =~/2

The point (315°, \/E) is on the graph of G.
c. h(315° =tan315° = —tan45° =1

The point (315°,~1) is on the graph of h.

Note: € =120° has reference angle o =60° in
quadrant II.

a. g(120°) =cos120° = —cos 60° = —%
The point (120°,—%) is on the graph of g.
b. F(120°)=CSCIZO°=CSC6O°:¥

23

The point (120", TJ is on the graph of F.

B3

c. H(120°) =cotl120°=—cot60° = 3

The point (1202—?} is on the graph of H.

Note: 6 = 7?” has reference angle o :% in

quadrant III.
(77[) T V4 NG
a g|—|=cos—=-cos—=——
6 6 6 2
3

The point (%’_TJ is on the graph of g.

Section 2.4: Trigonometric Functions of General Angles

The point (%,—2) is on the graph of F.

Cc. Note: 8 =-315° has reference angle « =45°
in quadrant L.
H(-315°) = cot(-315°) = cot 45° =1

The point (-315°,1) is on the graph of H.

106. Note: 0 = %[ has reference angle o =% in

107.

108.

109.

110.

quadrant I'V.

(77:) . I 4 \/5
a. fl—|=sin—=—-SIn—=———
4 4

4 2

The point (%,—g} is on the graph of f.

The point (%, 2 ] is on the graph of G.

C. Note: 8 =-225° has reference angle a =45°
in quadrant II.

F(—225°) = csc(—225°) = csc45° =+/2
The point (—225°, 2 ) is on the graph of F.

Since f(0)=sinf=0.2 is positive, & must lie

either in quadrant I or II. Therefore, &+ 7 must
lie either in quadrant IIT or IV. Thus,
f(0+n)=sin(0+n)=-0.2

Since g(6)=cos8=0.4 is positive, & must lie

either in quadrant I or IV. Therefore, €+t must
lie either in quadrant II or I1I. Thus,
g(0+m)=cos(0+7)=-04.

Since F(6)=tand =3 is positive, & must lie
either in quadrant I or III. Therefore, & +n must
also lie either in quadrant I or III. Thus,
F(0+n)=tan(0+7)=3.

Since G(0)=cotd =-2 is negative, & must lie

either in quadrant I or IV. Therefore, 8+
must also lie either in quadrant II or IV. Thus,

G(O+mn)=cot(f+7)=-2.
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Chapter 2: Trigonometric Functions

. . 1 1 1 3222
111. =—,th = =—= - ; o)) — o)) _
Given sin =, then cscd=—— T 5 115. a. R= % [ sin(2(60°)) —cos(2(60°)) 1]
5
~3242(0.866— (~0.5) -1
Since cscd >0, & must lie in quadrant I or II. 16.6 f( ( ) )
This means that csc(H + 7r) must lie in quadrant z1o.01
III or IV with the same reference angle as 6. 32 NOTS
Since cosecant is negative in quadrants III and b. Let Y, = 32 [sin(2x) - cos(2x) -1]
IV, we have csc(6’+ 7r) =-5. 20
112. Given cos@ :E , then secf = ! :l :i
3 cos@ 2 2
3
Since secd >0, @ must lie in quadrant I or I'V. 45° 9()°
This means that csc(é? + 7r) must lie in quadrant 0
: c. Using the MAXIMUM feature, we find:
IT or III with the same reference angle as 6. 20
Since secant is negative in quadrants II and III, g
we have sec(é? + 7r) = —% .
113. sinl°+sin2°+sin3°+...+sin357° o cinurn
+5in358° 4+ sin 359° 450(:)-:=5?.5 —. V=1B.74E166 5 [Q()°
=sin1°+sin2°+sin3°+--- + sin(360° —30) R is largest when @ =67.5°.
+5in(360°—2°) +sin(360°-1°)
=sin1°+sin 2°+sin 3°+ --- +sin(=3°) 116 - 118. Answers will vary.
+sin(—2°) +sin(-1°)
=sin1°+sin2°+sin3°+ --- —sin 3°—sin 2°—sin 1°
=sin(180°) Section 2.5
=0
1. xX*+y* =1
114. cos1°+cos2°+cos3°+---+cos357°
+c08358°+cos359° 2. {X|X¢4}
=c0s1°+c0s2°+c0s3°+...+ cos(360°—-3°)
+¢0s(360°—2°) + cos(360°—-1°) 3. even
=c0s1°+c0s2°+c0s3°+...+ cos(—3°)
4, 2w, 7w

+cos(—2°)+cos(—1°)
=c0s1°+cos2°+cos3°+... + cos 3°
+c0s2°+cos1°
=2c0s1°+2c0s2°+2c0s3°+...+ 2cos178°
+2¢c0s179°+cos180°

5. All real number except odd multiples of %

6. All real numbers between —1 and 1, inclusive.

=2c0s1°4+2c0s2°+2co0s3°+...+ 2 cos(180°—2°) 7. =02, 0.2
+2c0s(180°~1°) +cos(180°) 8. True
=2co0s1°+2co0s2°+2cos3°+...—2cos2°
—2co0s1°+cos180°
=cos180°
=-1

182
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Section 2.5: Unit Circle Approach: Properties of the Trigonometric Functions

2 2 2 2
. 1 NG
sint =—— cost =—
2 2
1
tant:—2 (_lj(iJ:_iﬁ__i
V3L 23 N E
2
csctzL:I(—ng—z
_1 1
2
1 (2] 23 23
sect=—==1| = |=—=—=="7"-
V3 3) B3
2
3
1 2 1
2
10. P= —ﬁ,_l ;az_ﬁjbz_l
2 2 2 2
1
sint =—— cost=——=
2
_1
tantz—zz(—l)(_ijziﬁ__g’
V3 U200 V3) BB 3
2
csct—Lzl(_gj__z
1 1
2
1 ( 2] 23 23
sect=——=1| -—— |=—"F—F—F=—"-"7-
G V3) B33
2
B
cott:—zz _ﬁ (_gj:\/g
1 2 1
2
11. P= —ﬁ,—ﬁ ;a:_ﬁ’b:_ﬁ
2 2 2 2
. 2 2
sint = —7 cost=——

183

12.

13.

V2 V2
2 2
tant =—=—=1 cott=—=—==1
V2 V2
2 2
1 2 2 2
eset=—— =1| = |=— 232 __ 1
R 555
2
1 2 2 2
sect=——=1| —— |=— 222 __ N
2 ( ﬁJ V22
2
A AR
P= —_— ;a:—,b:__
2 2 2 2
b A
sint =—— cost=—
2 2
V2 V2
2 2
tant = —==-1 cott=—=42—=-1
V2 V2
2 2
1 2 2 2
eset=——=1| —— |=—- 22 __ N
2 ( 2) 242
2
1 2 2 2
sect=——=1| — |=—=—Y2_
2 ( 2) 22
2
3°3 3 3
) 2 J5
sint =— cost = —
3 3
2
3 (2J[ 3} 25 25
tal’lt=—: — - —
V5o BI5) 55 s
3
1 3 3
t=—=121=2
-
3
1 (3] 35 35
sect=—=1| = |=——=""—
V5 5) 5505
3
J5
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Chapter 2: Trigonometric Functions

14, P:(_ﬁ,ﬁ} ae M3 25

5 5 5
N
sint =——
5
25
tant = —>— = 2—5
5 S
5

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

5

cost=——-

y=—4,

r=yxt+y> =49+16=+/25=5

sinf = —i
5

cscl = —é
4

4
tanf = ——

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

r=yx+y> =416+9=+25=5

sin9=—é cosf =
5

5
cscl =—— secl =

A EUVIEN

17. For the point (-2, 3), X =-2,

r:1/x2+y2 =v4+9 =\/B

siné’—iﬁ——’%\/E
J3Jiz 13
2 J13 2413
cosf=———=——==——""—
V13 V13 13
tan@z—g
2

tan¢9=—é
cot6’=—i
3
y=3,
Ji3
cscd =——
3
J3
secl =———
2
cot@z—E
3

184

18. For the point (2, 4), x=2, y=-4,

19.

20.

21.

22.

23.

24.

25.

26.

27.

r=yxX>+y> =/4+16 =20 =2/5

. 45 25 25 5
sinf=———==——— c¢cscl=——=——
24545 5 -4 2
0059:_2 ﬁzﬁ ecgziﬁz\/g
255 5 V545
tant9=_—4=—2 cot¢9=i:—l
2 -4
For the point (-1, -1), x=-1, y=-1,
r=yxX+y> =/1+1=+2
siné’:_—lﬁz—ﬁ CSCH:QZ—\/E
V22 2 -1
Osg:__lﬁz_ﬁ Secgzﬁz_ﬁ
V242 2 -1
tan¢9:_—1:1 cotQ:_—izl
For the point (-3, 1), x=-3, y=1,
r=yx’+y?> =49+1=4/10
sinezL@:@ CSCQ:@:M
Voo 10 1
3410 3410 Jio Vo
cosf=————=—"-— ecl=——=———
NN 0 -3 3
tan¢9:L:—l cotH:_—3:—3
-3 3 1

o[ &

sin 405°=sin(360°+ 45°) = sin45°=

c0s420°= co0s(360°+ 60°) = cos 60° = %
tan 405°= tan(180° + 180°+ 45°) = tan45°=1
$in390°=sin(360°+ 30°) = sin 30":%

csc450°=csc(360°+ 90°) = csc90°=1
sec540°=sec(360°+180°) =sec180°=—1

cot390°= cot(180°+180°+ 30°) = cot 30°= NG
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Section 2.5: Unit Circle Approach: Properties of the Trigonometric Functions

28. 420°=sec(360°+ 60°) =sec60°=2
see sec( ) = sec 36. sec—— =sec (% + 4n)
33n v
29. cosT:cos(Z+8nj =Sec(g+2'2nj
:cos(§+4-2nj —sec ™
6
=cos= _ 23
4 IER

V2
2 5

37, Sin(-60°) = =sin 60°= -~

30. sin9—n:sin E+27£ :sinﬁzﬁ
4 4 4 2 ﬁ
2

38. cos(—30°) =cos30°=

31. tan(21n)=tan(0+21In) = tan(0)=0
9 39. tan(-30°)=-tan30°= _ﬁ
32, cscoX = CSC[E+ 47:} 3
2 2
:csc(g+2~2nj 40. sin(—135°)=—sin135°=—g
= cscg 41. sec(—60°)=sec60°=2
=1 42. csc(-30°)=—csc30°=-2
33 sec”—TE =sec (%+ 4ch 43. sin(-90°) = —sin90°= -1
=secC (E_{_ 2 27-‘:] 44, COS(— 2700) =c0s270°=0
4
= sec— 45, tan[—ﬁjz—tanﬁz_l
=sec 1 7 "
=4/2
V2 46. sin(-n)=-sinn=0
34 cot”—n = cot (£+ 4nj - . 5
4 4 47. cos(——] =CO0S— = —
T 4 4 2
=cot [Z+ 2 2nj
n 48. sin —E :—Sin—_-ﬁ
=cot— 3 3 2
4
- 49. tan(-m)=—-tann=0

ol a

35. tanlg—n:tan E+37t = tan . 3n . 3m
6 6 50. sin Y :—sm?:—(—l)zl

51. csc(—%) = —cscE = —JE

4

185
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Chapter 2: Trigonometric Functions

52.

53.

54.

55.

56.

58. tan(—6m)+ cos%c = —tan(0 + 6m) + cos (% + an

sec(—m) =secmt=—1

sin(—m) + cos(5m) = —sin(7) + cos(m + 4m)

=0+cosm
=-1

5w n Sm T
tan| —— |—cot— = —tan——cot| —
6 2

=—tan——cot—
2

T
=—tan 0+ cos—
4

:0+£
2

5

59. sm[—g—j - tan(—%E

on on
= —sm—+tan
4

=—sin E+27t +tan E+27t
4 4

. T b
=—sin—+tan—
4 4

60.

61.

62.

63.

64.

65.

66.

67.

68.

70.

186

( 1711) ) ( 3nj
cos| ——— |—sin| - =
4 2

170 . 3m
= cosT+s1n—

=cos E+2~27t +sin3—TC
4 2

n . 3m
=Ccos—+sin—
4 2

=—++(-1

AR

V2 V2-2
=—-—1, or

2 2

The domain of the sine function is the set of all
real numbers. That is, (—oo,oo) .

The domain of the cosine function is the set of
all real numbers. That is, (—oo,oo) .

f(0) =tan @ is not defined for numbers that are
odd multiples of g .

f(€) =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 .

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

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

is, the interval [—1,1] .

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

is, the interval [—1,1} .

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

real numbers. That is, (—oo,oo) .

The range of the cotangent function is the set of
all real numbers. That is, (—oo,oo) .
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71.

72.

73.

74.

Section 2.5: Unit Circle Approach: Properties of the Trigonometric Functions

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

interval (—oo,—l]u[l ,oo) .

83.

f(—a)=—f(a)=—%

f(a)+ f(a+2n)+ f(a+4n)
=f@+f@)+f(a)

The range of the cosecant function is the set of 1 1 1
all real number greater than or equal to 1 and all = 3 +§ + 3
real numbers less than or equal to —1. That is, the _q

interval (—oo,—l]u[l ,oo) .

The sine function is odd because sin(—8) = —sin 6.

Its graph is symmetric with respect to the origin.

The cosine function is even because
cos(—60) = cos @ . Its graph is symmetric with

84.

f(—a):f(a):%

f(a)+ f(a+2n)+ f(a—2n)
=f@)+f@+f(a)

. I 1 1

respect to the y-axis. =—4—+—

4 4 4
75. The tangent function is odd because 3
tan(—¢) = —tan @ . Its graph is symmetric with T4

76.

77.

78.

79.

respect to the origin.

The cotangent function is odd because
cot(—f@) =—cot @ . Its graph is symmetric with

respect to the origin.

The secant function is even because
sec(—0) =secd. Its graph is symmetric with

respect to the y-axis.

The cosecant function is odd because

csc(—60) = —csc @ . Its graph is symmetric with
respect to the origin.

If sind =0.3, then
sin @+ sin (6 +2) +sin (6 + 4r)

=03+0.3+03=0.9

85.

86.

87.

f(—a)=—-f(@)=-2

f(a)+ f(a+m)+ f(a+2m)
=f@+f@)+f(a)
=2+42+2

=6

f(-a)=—f(a)=—(-3)=3

f(a)+ f(a+mn)+ f(a+4n)
=fa)+f(a)+ f(a)
=-3+(-3)+(-3)

=-9

f(-a)=f(a)=-4

80. If cos@=0.2, then f(a)+ f(a+2mn)+ f(a+4n)
cos @ +cos (6 +2m) + cos (6 + 4m) =f@+f@+f(a)
=-02+02+02=06 =—4+(-H+(-4

=-12

81.

If tan@ =3, then
tan 6 + tan (6 + 1) + tan (6 + 21

88.

f(—a)=—-f(@a)=-2

=3+3+3 f(a)+ f(a+2m)+ f(a+4m)
=9 =f(a)+ f(a)+ f(a)
82. If cot@ = —2, then =2+2+2
cot @ +cot (6 —m)+cot (6 —2m) =6
=-2+(-2)+(-2)
=6

187
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Chapter 2: Trigonometric Functions

89. a. Whent=1 , the coordinate on the unit circle lhcz?gagzg?“_zeg ijglhzigagg?ﬁal?
is approximately (0.5, 0.8). Thus, - 4161468365 3 dmrasTIez
h lrtancas
} 1 -2, 1959263 -. 4576575544
sinl = 0.8 csclr—=~1.3
0.8
1 b. When t =4, the coordinate on the unit
cosl=0.5 seclzale

circle is approximately (—0.6,—0.8). Thus,

. 1
tanlzﬁzlﬁ Cotlzgz()ﬁ sin4 = -0.8 csc4dr——=-13
0.5 0.8 —0.8
Using a calculator on RADIAN mode: cos4=~-0.7 sec4 = 1 ~-14
sinl = 0.8 cscl=1.2 —0.7
cosl~0.5 secl ~1.9 tan4z_0'8z1 | cot4z_0'7z09
tanl~1.6 cotl = 0.6 -0.7 -0.8
SIS ?3414759848 1/5”15 1 %383951@6 Set the calculator on RADIAN mode:
EDEE i ;5493923959 i:ngg ;%58815?18 sin4 ~ -0.8 csc4~-1.3
Y .ssraprrs = Eazagza159 cos4~-0.7 sec4d~-1.5
tan4 =~1.2 cot4=0.9
b. When t=5.1, the coordinate on the unit circle o [ e —
is approximately (0.4,—0.9) . Thus, Y eszeazezas | % Hooaasese
antd) l-tancd
1 1.157gz1z282 L BEIET11545
sin5.1~—-0.9 cscS.lz—9z—1.1
c0s5.1~0.4 sec5.1~ 1 -25 91. Let P=(X, Y) be the point on the unit circle that
0.4 corresponds to an angle t. Consider the equation
-0.9 0.
tanS.Isz—ZJ cotS.lx——= tant:X:a. Then y=ax. Now x> +y* =1,
. - X
Using a calculator on RADIAN mode: so X2+a2x? =1. Thus. X =+ 1 and
sin5.1~-0.9 cscS.l~—1.1 ' T e a2
cos5.1=0.4 sec5.1=2.6 a
tan5.1~-2.4 cot5.1=—-0.4 y = +———/ that is, for any real number a,
P Dcaracazs] [T bda1zevr l+a’
eascS. 10 lrcosiS. 13 there is a point P = (X, y) on the unit circle for
LIETATITAET Z.E45652426 ]
tahcﬁ-i}ﬁd,gssgme 1/taf]f§éé%65a123 which tant =a . In other words, —oo < tant < oo,
and the range of the tangent function is the set of
] i all real numbers.
90. a. When t =2, the coordinate on the unit

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

sin2=0.9

cos2~-04

tan 2 ~ ﬂ =-2.3

csc2 ziz 1.1
09

sec2 =~ L =-2.5
4

cot2 ~ —4 ~-04
09

Using a calculator on RADIAN mode:

92.

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

cott===a. Then x=ay. Now X’ +y>=1,
y

1

1+a

so a’y’+y>=1. Thus, y=+

a .
X== ; that is, for any real number a,
J1+a®

sin2~0.9 csc2~1.1 there is a point P = (X, y) on the unit circle for
cos2~—0.4 sec2~-2.4 .

which cott =a. In other words, —oo < cott < oo,
tan2 = -2.2 cot2~-0.5

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

188
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93.

94.

95.

96.

97.

98.

Suppose there is a number p,0< p < 2n, for
which sin(@+ p)=sind forall 6. If =0,
then sin(0+ p)=sin p =sin0 =0 ; so that

p=m. If =2 then sin E+p —sin| X |.
2 2 2

But p==n. Thus, sin [3—TEJ =—1=sin [Ej =1,
2 2

or —1=1. This is impossible. Therefore, the
smallest positive number p for which

sin(@+ p)=sind forall § is p=2m.
Suppose there is a number p, 0 < p <2, for

which cos(@+ p) =cos@ forall 6. If =g,

then cos(g+ pj = cos[gj =0;sothat p=m.

If =0, then cos(0+p)=cos(0). But p=m.
Thus, cos(n)=—1=cos(0)=1, or —1=1. This

is impossible. Therefore, the smallest positive
number p for which cos(@+ p) = cosé for all

0is p=2m.

f(0)=secl =

: since cos @ has period
cosd

21, so does f(6)=secd.

f(0)=csch =

: since sin @ has period

sin
27, so does f(8)=csch.

If P =(a,b) is the point on the unit circle
corresponding to €, then Q = (—a,—b) is the
point on the unit circle corresponding to 6+ .

Thus, tan(@+n)=—= % =tan @ . If there

exists anumber p, 0 < p <z, for which
tan(@+ p)=tan@ forall 4, thenif =0,
tan(p) = tan(0) = 0. But this means thatp is a

multiple of 7. Since no multiple of © exists in
the interval (0, ) , this is impossible. Therefore,

the fundamental period of f () =tané is .

f(0)=cotd =

Since tan @ has period
tan

7, so does f(8)=cotl.

Section 2.6: Graphs of the Sine and Cosine Functions

189

99. The slope of M is

.3 =

sind-0 sind
————=——=tand.
cos@—0 cos@

Since L is parallel to M, the slope of L =tan§ .

100 - 103. Answers will vary.

Section 2.6

1. y=3x

Using the graph of y = x*, vertically stretch the

graph by a factor of 3. That is, multiply each y-
coordinate by 3.

Y

4+

(-1,3) - (1.3)

2. y=\/§

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

. . 1
multiply each X-coordinate by 3

Y
3L

(0,0 4 X

L §+27rk , k is any integer

.3

2z

Wy

6

. True
. False

. True
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The graph of y =sin X crosses the y-axis at the
point (0, 0), so the y-intercept is 0.

The graph of y =cos X crosses the y-axis at the
point (0, 1), so the y-intercept is 1.

The graph of y =sin X is increasing for

i i
——<X<—.
2 2

The graph of y = cos X is decreasing for 23.

O<x<m.
The largest value of y=sinX is 1.
The smallest value of y =cosX is —1.

sinX =0 whenXx =0, &, 27 .

cosX=0whenX=£,3—n.
22
sinX:lwhenX:—S—n,E;
22
25.
sinX:—lwhenX:—£,3—n.
22

cosX=1when x=-27, 0, 27;

cos X =—1 when X = -, 7.

y =2sin X
This is in the form y = Asin(@wX) where A=2
and @=1. Thus, the amplitude is | A|=|2|=2
and the periodis T = 2n = ZTn =2m.

@

26.

y =3cosX

This is in the form Yy = Acos(wx) where A=3

and @ =1. Thus, the amplitude is | A| = | 3| =3
2n

and the periodis T =—=
o 1

E=2n.

y =—4cos(2X)

This is in the form y = Acos(@x) where
A=-4 and w=2. Thus, the amplitude is
| A|=|-4|=4 and the period is

_2n_2m_
@ 2

190

22.

24.

y——sin(li
2

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

and the periodis T = 2n =—=4r.
@

l\.)\»—‘|§l)

y = 6sin(n X)
This is in the form Yy = Asin(@wx) where A=6
and @ = . Thus, the amplitude is | A| = | 6 | =6

2n E_

and the periodis T =—= 2.
@

T

y =—3cos(3X)
This is in the form y = Acos(wX) where A=-3
and o =3. Thus, the amplitude is | A| =| -3 | =3

and the periodis T = 2n = 2n .

w 3
y= —lcos(éxj
2 2

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

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

|A|: 1 :l and the period is
20 2
o2 _2n_dn
o 3 3
2

y= isin[ng
3 3

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

and a):g. Thus, the amplitude is |A|= 4 :i
3 3] 3
and the period is T =E=2—n=3n.
0 2
3
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28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,

5. 2 5. (2«
y==sin| ——X |=—=sin| —X
3 3 3 3

This is in the form y = Asin(wX) where A= —%
2r . .
and o= e Thus, the amplitude is

[Al=

33 and the period is
3] 3

This is in the form y = Acos(wX) where A =%

and o= 37” . Thus, the amplitude is

[Al=

2122 and the period is
51 5

- o o w = = » mw ™=

g w o » U

Section 2.6: Graphs of the Sine and Cosine Functions

43.

44,

191

Comparing y =4cosX to y = Acos(wx), we
find A=4 and @ =1. Therefore, the amplitude

. Lo 2
is |4| =4 and the period is Tﬂ =2 . Because

the amplitude is 4, the graph of y =4cosXx 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 =27z . We divide the interval [0,27]

. . 2
into four subintervals, each of length Tﬁ :% 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
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), (%,OJ, (7,-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.
.\I

4
(—m, —4)

(m. —4) (’3' U)
The domain is the set of all real number or
(—o0,0). Therangeis {y|-4<y<4} or

[4,4].

Comparing y =3sinX to y = Asin(@X), we
find A=3 and @ =1. Therefore, the amplitude
is |3| =3 and the period is ZT” =2 . Because

the amplitude is 3, the graph of y =3sin x 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
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45,

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 y =3sinXx,
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”,—3), (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.

v

-5 ~

(33 + ..(317‘_3)

The domain is the set of all real number or

(—o0,0). Therangeis {y|-3<y<3} or [-3,3].

Comparing y =—4sinX to y = Asin(@X), we
find A=-4 and @ =1. Therefore, the amplitude

. L2
is |—4| =4 and the period is Tﬁ =27 . 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 27, one cycle will begin at x=0 and

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

. . 2
into four subintervals, each of length Tﬁ :% by

finding the following values: 0, %, T, 37”, 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 = —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), (%,—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

46.

direction to obtain the graph shown below.

('4) 5

T (5.-4)

The domain is the set of all real number or
(-0, ). The range is {y |-4<y< 4} or [—4,4].

Comparing y =-3cosX to y = Acos(wX), we
find A=-3 and @ =1. Therefore, the amplitude

. Lo 2
is |—3| =3 and the period is Tﬂ =27 . Because

the amplitude is 3, the graph of y =-3cos X 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, f, T, 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 =—=3cos X, we multiply the y-coordinates of
the five key points for y =cosXx by A=-3.The

five key points are

(0,-3), (%,oj, (%.,3), (3?”,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.
Yi

The domain is the set of all real number or
(—o0,0). Therangeis {y|-3<y<3} or [-3,3].
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47.

48.

Comparing y = cos(4X) to y = Acos(wX), we
find A=1 and @ =4. Therefore, the amplitude

is |l| =1 and the period is 2z =Z Because the
4 2

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

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

period is% , one cycle will beginat x=0 and

end at X = % We divide the interval [0,%}

Section 2.6: Graphs of the Sine and Cosine Functions

into four subintervals, each of length 2”7/3 = %
by finding the following values:
T T T 2r
s s T T and —_
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

0 () (1) (5} (9

We plot these five points and fill in the graph of

. . /2 & the curve. We then extend the graph in either
into four subintervals, each of length 48 direction to obtain the graph shown below.
by finding the following values: Vi
0,2, % 3% g Z on 2w |

8’ 47 8 2 7 (0,0) (-1

These values of X determine the X-coordinates of
the five key points on the graph. The five key
points are

. (2o} (51 () 50

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
2- i
.1y (3+1)

(5 u_)

59 ) (5.7)

The domain is the set of all real number or

(—o0,0). Therangeis {y|-1<y<1} or [-1,1].

Comparing y =sin(3x) to y = Asin(@X), we
find A=1 and o = 3. Therefore, the amplitude

. Lo 2
is |1| =1 and the period is Tﬁ . Because the

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

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

Lo 2 . .
period 1sTﬂ , one cycle will begin at Xx=0 and

end at X = 277[ . We divide the interval {0,2%}

49,

K
s

HE (T.-1)

The domain is the set of all real number or
(—o0,0). Therangeis {y|-1<y<1} or [-1,1].

Since sine is an odd function, we can plot the
equivalent form y = —sin(2x) .
Comparing y =—sin(2X) to y = Asin(wX), we
find A=-1 and @ = 2. Therefore, the

. . L2
amplitude is |—1| =1 and the period is 77[ =r.
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 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 =—sin (ZX) , we multiply the y-coordinates of
the five key points for y =sinx by A=-1.The
five key points are

193
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50.

0 (51 50} (53] o

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.
Ar

N
)

The domain is the set of all real number or

(-0, 0). The range is {y [-1<y< 1} or [-1,1].

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

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

. L. 2
is |1| =1 and the period is 7” =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 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:

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

. (50 (51 (5o

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.

194

51.

The domain is the set of all real number or
(—o0,0). Therangeis {y|-1<y<1} or [-1,1].

Comparing Y = 2sin(% Xj to y = Asin(wx), we
find A=2 and @ :% . Therefore, the amplitude
: . .. 27

is |2| =2 and the period is 172 =47 . Because

the amplitude is 2, the graph of y =2sin (% Xj

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 =4z . We divide the

interval [0, 47r] into four subintervals, each of

length %T =7 by finding the following values:

0, 7, 27, 37 ,and 4rx

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) s (7[,2), (27r,0), (37[,—2), (47r,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.

.‘I

(7.2

(—3m, 2)

(3w, —2)

The domain is the set of all real number or
(—o0,0). Therangeis {y|-2<y<2} or [-2,2].
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53.

Comparing Yy = 2005(% xj to y = Acos(wx),
we find A=2 and o :% . Therefore, the

amplitude is |2| =2 and the period is 12/—7: =8r.
Because the amplitude is 2, the graph of
y= ZCOS[% Xj will lie between —2 and 2 on

the y-axis. Because the period is 87 , one cycle
will beginat X=0 and end at Xx=87. We

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

each of length ST” =27 by finding the following

values:

0, 2z, 4z, 67r,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=2 cos[% Xj , we multiply the y-coordinates

of the five key points for y =cos X by

Section 2.6: Graphs of the Sine and Cosine Functions

y= —lcos(ZX) will lie between 1 and 1 on
2 2 2

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:

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 (2x), we multiply the y-coordinates

of the five key points for y =cosX by

A= —% .The five key points are

(0-3)- (30 (33)- (F0): (=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.

A =2 The five key points are }2"‘_
(0,2), (27,0), (47,-2), (67,0), (87,2) o _(g ) %) i
We plot these five points and fill in the graph of 0 L7 G0

the curve. We then extend the graph in either

direction to obtain the graph shown below.
'\'

— 10w

(—6m. 0) (677, 0)

=7
(=4, =2) | (4m =2)

The domain is the set of all real number or

(—o0,0). Therangeis {y|-2<y<2} or [-2,2].

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

amplitude is

1 :l and the period is 2—7[=7r.
2| 2 2

. .1
Because the amplitude is 3 the graph of

0.5\,
- (F.0)
_2 —

The domain is the set of all real number or

(—o0, ). The range is {y|—%g yg%} or

44

. Comparing Yy =—4sin (% Xj toy= Asin(a)x) ,

we find A=-4 and w = % . Therefore, the
amplitude is |—4| =4 and the period is

12/—7; =167 . Because the amplitude is 4, the

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

195
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55.

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 [0,167] into

four subintervals, each of length 1677[ =4z by

finding the following values:

0, 4z, 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
direction to obtain the graph shown below.
(—4m,4) ¥,
S (127, 4)

(167.0)

=5 (41, —4)
The domain is the set of all real number or
(—, ). The range is {y |-4<y< 4} or [4,4].

We begin by considering y = 2sin X . Comparing
y =2sinXx to y = Asin(wX), we find A=2
and o =1. Therefore, the amplitude is |2| =2

and the period is 2Tﬂ =27 . 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 [0,27]

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

finding the following values:
0, 1, 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

56.

y =2sin X+ 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 =2sin x+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
direction to obtain the graph shown below.

v

The domain is the set of all real number or
(—o0,0). Therangeis {y|1<y<5} or [1,5].

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

and the period is ZT” =27 . Because the

amplitude is 3, the graph of y =3cos x 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 =27z . We divide the interval [0,27]

into four subintervals, each of length %Tﬂ = % 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 =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 =3cos x+2 will lie between —1 and 5 on the

y-axis. The five key points are

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



57.

(0,5), (%2} (7,-1), [%”2} (27,5)

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.

The domain is the set of all real number or

(—o0,0). Therangeis {y|-1<y<5} or [-1,5].

We begin by considering y = 5COS(7Z'X) .
Comparing y =5cos(7X) to y = Acos(wx), we
find A=5 and w = 7 . Therefore, the amplitude

. L2
is |5| =5 and the period is % _ ) Because the
n

amplitude is 5, the graph of y =5cos(7x) will
lie between —5 and 5 on the y-axis. Because the
period is 2, one cycle will begin at X =0 and
end at x=2. We divide the interval [0,2] into

by

four subintervals, each of length % :%

finding the following values:
0, l, 1, é,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(7x)—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(ﬂX) —3 will lie between —8 and 2 on

the y-axis. The five key points are
1 3
092 > _9_3 s 13_8 ) _9_3 > 292
(0.2), (373, (1:8). (3.3, (22

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.

Section 2.6: Graphs of the Sine and Cosine Functions

197

58.

>
:} L
>

(1, =8)
The domain is the set of all real number or
(—0,0). Therangeis {y|-8<y<2} or [-8,2].

We begin by considering y = 4sin [% Xj .

. N .
Comparing y = 4sin [E Xj to y = Asin(wx),
we find A=4 and o= % . Therefore, the

amplitude is |4| =4 and the period is % =4,
T

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 beginat X=0 and end at Xx=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 (% X) -2, we multiply the y-
coordinates of the five key points for y = sin X
by A=4 and then subtract 2 units. Thus, the
graph of y =4sin (% Xj —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
direction to obtain the graph shown.
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) Vv
(0. -2) 4L
\ - (12)
IAI | LAl || -
_3 t 34X
(-2,-2) - (4 -2)

/ L[ W3, -6)

(-1, -6) |-

.-\
M
|
[
=

-9

The domain is the set of all real number or
(—o0,0). The rangeis {y|-6<y<2} or [-6,2].

59. We begin by considering y = —6sin (% Xj .

Comparing Yy = —6sin (%Xj to y = Asin(wx), 60.

we find A=-6 and w = % . Therefore, the

amplitude is |—6| =6 and the period is % =6.
T

Because the amplitude is 6, the graph of

y = 6sin [% XJ will lie between —6 and 6 on the

y-axis. Because the period is 6, one cycle will
beginat Xx=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 = sin X
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
(094) > (%9_2j 5 (3’4): (%’10] > (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.
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. 10)

T W Y 2

SEAVANIY A
-2

4L G-

The domain is the set of all real number or
(-0, ). The range is {y |2<y< 10} or
[-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 =-3cos (% Xj will lie between —3 and 3 on

the y-axis. Because the period is 8, one cycle
will beginat 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=-3 cos(% Xj + 2, we multiply the y-

coordinates of the five key points for y = cos X
by A=-3 and then add 2 units. Thus, the graph

of y=-3 cos(% xj +2 will lie between —1 and

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

(0,-1), (2,2), (4.5), (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.
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(0, —1)
The domain is the set of all real number or

(—o0,0). Therangeis {y|-1<y<5} or [-1,5].

y = 5-3sin(2x)=-3sin(2x)+5

We begin by considering y =—-3sin (2X) .
Comparing Yy = —3sin(2x) to y = Asin(wx),
we find A=-3 and @w = 2. Therefore, the

amplitude is |—3| =3 and the period is %Z =7r.

Because the amplitude is 3, the graph of

y=-3 sin(2x) will lie between —3 and 3 on the
y-axis. Because the period is 7, one cycle will
beginat x=0 and end at X =7 . We divide the
interval [0,] 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 = sin X
by A=-3 and then add 5 units. Thus, the graph
of y=-3sin(2x)+5 will lie between 2 and 8

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.

Section 2.6: Graphs of the Sine and Cosine Functions

The domain is the set of all real number or
(—o0,0). Therangeis {y[2<y<8} or [2,8].

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

Comparing Yy =—4cos(3x) to y = Acos(aX),
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

. L2
the y-axis. Because the period is Tﬁ , one cycle
. . 2
will beginat x=0 and end at X = E We

divide the interval [0,2771 into four

subintervals, each of length 27[7/3 :% by

finding the following values:
0, f’ Z, Z,and 2

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

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

(3 (35 ()

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.
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Chapter 2: Trigonometric Functions

63.

RN S
3.0 7L (3.9
- [\ &2
-3-2) - 3
I)" /I | *| X

The domain is the set of all real number or

(—o0,0). Therangeis {y|-2<y<6} or [-2,6].

Since sine is an odd function, we can plot the

. 5. (2x
equivalent form y = —gsm Tx .

. 5. (2
Comparing y:—gsm TX to

y = Asin(@x) , we find A= —% and a):%t.
. .| 5 5
Therefore, the amplitude is |——| :g and the

period is = 3. Because the amplitude is

g, the graph of y = —gsin [2?7[ X) will lie

between —% and g 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 [0,3] into

four subintervals, each of length % by finding

the following values:
0, i, 2, 2,and3
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= —Esm EY X |, we multiply the y-
coordinates of the five key points for y = sin X

by A= —% .The five key points are

@0 (3-2) (o) (33) o0

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.
_":j

2

(0, 0)

-2

The domain is the set of all real number or

(=0, ). The range is {y|—§g yg%} or

. Since cosine is an even function, we consider the

. 9 3z .
equivalent form y = gcos ?X . Comparing
y= %cos(% Xj to y = Acos(wx), we find
9 3z . .
A= 3 and o = - Therefore, the amplitude is

= i . Because
37/2 3

2 = 2 and the period is
5/ 5
. .9

the amplitude is 3 the graph of
y= 2005 3_;;)( will lie between 22 and 2

5 2 5 5

. ... 4
on the y-axis. Because the period is 3’ one
. . 4

cycle will beginat Xx=0 and end at X = 3 We

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

each of length # :é by finding the following

values:
0, l, g, 1,andi
3°3 3
These values of X determine the X-coordinates of
the five key points on the graph. To obtain the y-
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65.

coordinates of the five key points for

y= %cos (3?” xj , we multiply the y-coordinates
. 9

of the five key points for y =cosX by A= 3

Thus, the graph of y = %cos(—% xj will lie

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

points are

03} () (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.

,‘IJ

2

The domain is the set of all real number or

(=0, ). The range is {y | —% <y< %} or
34
551
. L 3 p
We begin by considering y = _ECOS n X |

Comparing Yy = —gcos(z Xj to
2 4

Section 2.6: Graphs of the Sine and Cosine Functions

66.

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 = —écos Zx +l we multiply the y-
2 4°) 2’ Py
coordinates of the five key points for y = cos X

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

3 T 1
raph of Yy =—=cos| —X |+— will lie between
grap y 2 (4 J 2 W W

—1 and 2 on the y-axis. The five key points are
1 1
Oa_l ) 29_ ) 432 ) 69_ ) 89_1
0.-1). (23 (42). (63 ). (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.

(0,-1) (8. -1

The domain is the set of all real number or
(—o0, ). Therangeis {y|-1<y<2} or [-1,2].

We begin by considering y = —%sin (% Xj .

y = Acos(wx), we find A=—3 and 0=" . 1 (x .
2 4 Comparing y = —5sin| =X to y = Asin(wx),
Therefore, the amplitude is 23 = 3 and the
21 2 4

Lo 2 . .3
period is <% __8 . Because the amplitude is —,
/4 2

the graph of y = —%cos (% XJ will lie between

3 3 . L
=3 and 3 on the y-axis. Because the period is

we find A= —% and o= g . Therefore, the

amplitude is

—l = l and the period is
2 2

27 =16. Because the amplitude is l, the
/8 2

201
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Chapter 2: Trigonometric Functions

1 T 1
raph of y =——sin| — X | will lie between ——
graphof y =L sin[ 2] !

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

y = —lsin(Z xj+§ we multiply the y-
5 P 5 ply
coordinates of the five key points for y = sin X

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

graph of y = —%sin [% XJ +% will lie between

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

(o%) (41). [s%) (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.

v
2.5F

(—4.2)

| @ | (m,;)

IS N Y N GO O T N A O T N O .}
-16 16
—0.5F

The domain is the set of all real number or
(—o0,0). The rangeis {y|1<y<2} or [1,2].

67. |A|=3T —mo=-_,
T b
y = +3sin(2X)

68. |A|=2;T:4Tc;a):2_n—2_n:l

T 4n 2
(1
=12sin| — X
y (2 j

69. |A|=3;T:2;a):2—n:2—n:n
T 2

y = +3sin(nX)
70. |Al=4; T == op
T 1
y = +4sin(27 X)

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

Find w: 8=2—TE
w
8w =21
2t w
8 4

The equation is: Yy =5cos [% Xj .

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

Find w: 87::2—TE
w
8nw=2n

2n 1

ow=—=—

8t 4

The equation is: Yy =4sin (% XJ .

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

Find w: 4TC=2—TC
w
dnw =21

2 1

Q=—=—

T 2

The equation is: y =-3 cos(% Xj .

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

Find w: 4:2—7E
w
4 =21

2n @

w=—=—

4 2

The equation is: y =—2sin (g Xj .
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75. The graph is a sine graph with amplitude % and

period 1.
. 2n
Find w: 1=—
1)
ow=2n

The equation is: y = %sin(Zn X).

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

Find w: 2:2—7E
w
20 =21

_7_

The equation is: Yy = —%COS(TEX) .

77. The graph is a reflected sine graph with

amplitude 1 and period 4%

. 4 2
Find w: r_<r
w
4w = 67
6w 3
w=—=—
T 2

The equation is: y = —sin (% Xj .

78. The graph is a reflected cosine graph with
amplitude n and period 27.

Find w: 27::2—7t

w

2no =21
a)=2—n=1

27

The equation is: Yy =—mcosX.

Section 2.6: Graphs of the Sine and Cosine Functions

79.

80.

81.

82.

203

The graph is a reflected cosine graph, shifted up

1 unit, with amplitude 1 and period %

Find w: 322_71
2 o

3w=4n

47

w=—

3

The equation is: y =—cos (43—75 xj +1.

The graph is a reflected sine graph, shifted down

1 unit, with amplitude % and period 4%

Find o : ﬂ:2_n
W
4nw =61
_6n 3
Tan 2

The equation is: y = —%sin (% xj -1.

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

Find w: 4=2—TE
w
4w =21
2n m
T4 2

The equation is: y =3sin (g XJ .

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

Find w: 2:2—7E
w
20=21

_7_

The equation is: 'y =—2cos(TX).

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Trigonometric Functions

83. The graph is a reflected cosine graph with

amplitude 4 and period 2% .

Find w: E:2_n
w

2nw =67

21

The equation is: y =—4cos(3X).

84. The graph is a sine graph with amplitude 4 and

period 7.

. 27
Find w: n=—
o
Tw=27

2

a):—n: 2
b

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

f(z/2)-f(0) _ sin(7/2)—sin(0)

85.
7/2-0 /2
_1-0_2
Tl2 &«

.2
The average rate of change is — .
T

f(z/2)-1f(0) _ cos(z/2)—cos(0)

86.
7/2-0 /2

.2
The average rate of change is —— .

V4
sin(lo”j—sin(l-OJ
g7 f(ﬂ/Z)—f(O)z 22 2
' 7/2-0 zl2
_sin(;r/4)—sin(0)

/2

2 V22 2
T

2
/2 2
Vs

[\

NG

The average rate of change is — .

88.

89.

90.

T
f(z/2)-f(0) COS[2~2)—cos(2-0)

7/2-0 /2
_cos(r)—cos(0) -1-1
/2 /2
_ . 2__4
V4

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

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

AN
RYAYAY

(g0 f)(x) T 4(sinx) =4sin x

_1__

K|

N
VAAVA
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Section 2.6: Graphs of the Sine and Cosine Functions

91. (fog)(x)=-2(cosX)=-2cosx 94. 1(t) =120sin(30nt), t>0

Y Period: T = n_2m 1 second

21 o 30m 15
/\ /\ Amplitude: | A|=|120 |=120 amperes
! ! L X Iy
- ™ 2
\/ 120 -
—7 | 2
- 1 |FA |ﬁ/"
(go f)(x)=cos(-2x) B \/ \/
Vv
l/\ —120

L L L g 95. V(t)=220sin(120xt)
if/ \5/ a.  Amplitude: | A|=|220|=220 volts
-ir Period: T =E= 21 =L second
o 120n 60
92. (fog)(x)=-3(sinx)=-3sinx b, e 4
y 220
3 -
2
X
—TT 0 2'1T
/ \ —220
_"§ [
o £)(x) = sin(_3x c. V=IR
(9o F)(x) =sin(-3x) 220sin(1207t) = 101
r 22sin(1207t) = |

I(t) =225in(1207t)

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

Period: T = 2% = 2T
-1+ o 1201

‘\ﬁ
e
w3
|

e

1
=— second

96. V(t)=120sin(120nt)

93. 1(t)=220sin(60nt), t>0
a.  Amplitude:| A|=|120| =120 volts

Period: T = 2n_2n 1 second o on 1
o 60n 30 Period: T =— =——=— second
Amplitude: | A|=|220| =220 amperes o 120m 60
Iy b, e. Vi

220
/\ [ i
1
\,/m \,/I-
—220 | —-120

205
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Chapter 2: Trigonometric Functions

C.

97. a.

98. a.

V =IR
120sin(1207t) = 201
6sin(120xtt) = |
I(t) = 6sin(1207t)

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

Period: T =2—n= 2n =L second
o 120m 60
Vol
Pt) = =
[V, sin(2nft) ]
R
V,? sin’ (2nft)
:T

2

= \%sinz (2nft)

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

amplitude. The period is = ,80 w=4nf .
2f

Vo Ve
R 2R’

. .1
The amplitude is 5
The equation is:

2 2

P(t)= —\;LRCOS(4nft)+\2/LR
V 2
:ﬁ[l—cos@nﬁ)}

Comparing the formulas:

sin’ (ant) = %(1 - cos(4nft))

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,
T=272208)=56 or 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)

206

99.

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.

155in[7—ﬂj :15sin[£j: 15V2 10.6
28 4

2
15sin % =15sin 3—7[ 215«/5
28 4 2

The tunnel is approximately 10.6 feet high
at the edge of the road.

~10.6

Physical potential: @ = i—g ;

. . 2 mw
Emotional potential: @ =—=—;
28 14
. 2n
Intellectual potential: @ = ETY
110
0 / 33
0 #1,#2, #3

7335

Physical potential peaks at 15 days after the
20th birthday, with minimums at the 3rd and
26th days. Emotional potential is 50% at the
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.
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Section 2.7: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

100. y :|cosx|, —2r<Xx<L2x
.‘I

101. y:|sinx|, =27 <X<L2rxw

YA

102 — 105. Answers will vary.

Section 2.7
1. x=4

2. True

3. origin; X = odd multiples of g

4. y-axis; X = odd multiples of g

5. y=cosX

6. True

7. The y-intercept of y =tanX is 0.

8. y=cotXx has no y-intercept.

9. The y-intercept of y =secX is 1.

10. y=cscx has no y-intercept.

11. secx=1whenx=-2m, 0, 2m;

secX=—-1whenXx=-m,

12.

13.

14.

15.

16.

17.

18.

3

a
o

cscX=1when X =—

™|

cscX=-1whenXx=—

>

o
w|§’

y =sec X has vertical asymptotes when
N 3n m 7w 3n

27 272727
y =csc X has vertical asymptotes when

X==-2n,—-m0,m 27.

y = tan X has vertical asymptotes when

y =cot X has vertical asymptotes when

X==-2n,—-m0,m 27.

y =3tan X ; The graph of y =tan X is stretched

vertically by a factor of 3.
YA

T fe(33)

e

f.

The domain is {X

X # I%r, k is an odd integer} .
The range is the set of all real number or (—o0, ).

y =—2tan X ; The graph of y =tan X is stretched

vertically by a factor of 2 and reflected about the

X-axis.
Yy

4

4\ I

|
|
|
|
|
|
|
|
|
|
+
|
|

The domain is {X

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

The range is the set of all real number or (—o0, ).
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Chapter 2: Trigonometric Functions

19. y=4cotx; The graph of y =cotX is stretched
vertically by a factor of 4.
v

B

22. y=tan {% Xj ; The graph of y =tanX is

I } : horizontally stretched by a factor of 2.
16 | | Vi

]

16{~ | |

3

| |

|
| I
| I

| I

[ I

| I

L L
LN+

| I

| I

| I

| I —
|

|

T T

The domain is {X|X # K, Kk is an integer} . The
range is the set of all real number or (—o0, ©). The domain is {X|X # Kk, K is an integer} . The

range is the set of all real number or (—o, ).
20. y=-3cotx; The graph of y =cotX is stretched

vertically by a factor of 3 and reflected about the 1
X-axis. 23. y=cot (Z XJ ; The graph of y =cotX is

Y

T e

[
|
|
[
|
| | |
7 77 |
| |
[ | "
I - o
=1 [
[ A

The domain is {x|x # Kk, K is an integer} . The

horizontally stretched by a factor of 4.
.“

=

—_

14

|

(5]

C—

|
—_—— e ——
=

|

-2

-5

|
|
|
|
|
|
|
| X
|
|
|
|
|
|
|

-----%
=]
|

range is the set of all real number or (—, ).
The domain is {X|X # 4k, K is an integer} . The

21. y= tan(% Xj - The graph of y = tan X is range is the set of all real number or (—oo, 00).

7 .
horizontally compressed by a factor of 2 . 24. 'y =cot (Z Xj ; The graph of y =cotXx is
7

3

. 4
horizontally stretched by a factor of — .
T
.\-

(—1, 1)

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

=3

r
-

The range is the set of all real number or (—o0, ). I
The domain is {X|X # 4k, k is an integer} . The

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

208

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Section 2.7: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

25. y=2secx; The graph of y =secX is stretched
vertically by a factor of 2.
0,2) *

J i \I&ji N“ ¥
=i

The domain is {X

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

The range is {y|y£—2 ory22} .

26. y= %csc X ; The graph of y =cscx is vertically

compressed by a factor of % .

The domain is {x|x =k, K is an integer} . The

. 1 1
range 1S <——oryz—.
g {y y 5 y 2}
27. y=-3cscx; The graph of y=cscx is

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

— 12+

The domain is {X|X # Kk, k is an integer} . The

range is {y|y£—3 0ry23}.
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28. y=-4secXx; The graph of y =secX is

29.

vertically stretched by a factor of 4 and reflected

about the x-axis.

)
1

L N

(m.4)

The domain is X

2m

:-_]_

|
|
|
|
|
+ I
[
|
|
|
|
|

The range is {y|y <—4ory >4}

(2m, —4)

X ¢ —, k is an odd 1nteger}

y= 4sec(% Xj ; The graph of y =secX is

horizontally stretched by a factor of 2 and
vertically stretched by a factor of 4.

(0. 4)

—dar

|
|
|
|
|
|
|
|
|
|
|
|
(—2m, —4) i
|
|
|
|
|

27

3T X

(2w, —4)

The domain is {X|X #kz, Kk is an odd integer} .

The range is {y|y <—4ory 24} .
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Chapter 2: Trigonometric Functions

1 .
30. y= ECSC(ZX) ; The graph of y =cscX is 32. y=-3 sec[% Xj ; The graph of y =secX is
. 1
horizontally compressed by a factor of 5 and horizontally compressed by a factor of 2 ’
T
vertically compressed by a factor of 1 ) vertically stretched by a factor of 3, and reflected
2 about the x-axis.
4 | o |
I I I I | I
I I I I 8 I
| | 1 I | — | I
: : i I | I
I | I
3w 1 I 1 (—2,3) L 0
( 4‘2) : | ! I(zi")l I
i =4 = o 4 x
| | | I
I I

—t—1—— (0, —=3)

on

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

kz | . .
X #—, K is an integer ; . The .
2 The range is {y|y£—3 0ry23}.

range is {y yS—l oryzl}. 1
2 2 33. y=tan(zxj+l; The graph of y =tanX is
31. y=-2csc(zx); The graphof y=cscX is horizontally stretched by a factor of 4 and shifted
up 1 unit.

. 1
horizontally compressed by a factor of —,
Vid

vertically stretched by a factor of 2, and reflected

about the x-axis.
g

[
[

[

[

[

[

[
(—3m2) :
1
I

[

[

[

[

[

[

[

[

|

—4ar

|
}
| sk

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

The range is the set of all real number or (—o0, ).

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

The range is {y|ys—2 oryZZ} .
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Section 2.7: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

34. y=2cotx—1; The graph of y =cotX is
vertically stretched by a factor of 2 and shifted
down 1 unit.

.\.I

10}

The domain is {x|x #kz, K is an integer} . The

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

3. y= sec(z?ﬂ X]+ 2; The graph of y =secx is

horizontally compressed by a factor of 3 and

2

shifted up 2 units.
Y

S

—_
=
L¥]

—

5___.

T I
[SS LN}
p—

(5]
-
"'.‘

3
-
==

The domain is {X

The range is {y|y£1 ory23}.

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

36.

37.

y =csc (37” Xj ; The graph of y =cscX is

horizontally compressed by a factor of 3& .
T
.\‘

(—1.1)

The domain is {X

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

range is {y|y£—1 oryzl}.

y :%tan(%xj—Z ; The graph of y =tanX is
horizontally stretched by a factor of 4, vertically

compressed by a factor of %, and shifted down 2

units.

s
-

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

The range is the set of all real number or (—o0, ).
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Chapter 2: Trigonometric Functions

38. y=3cot(%xj—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

units.
| Y |
| N |
o 3k |
(=55 1) = (1: |
> - 2.1) |
| ] ] |
—2hr U X
| B |
| B (m,=2)
(—m. —-2) ") B |
| | /x
| - (“ -5
_ N | N\
( 2 | -7t |

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

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

39. y:2csc[%xj—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.

Yi

6

| | ||
2m

I

|

|

|

|

| -
|

]
|—
|

|

The domain is {x|x # 37Kk, k is an integer} .

The range is {y|y§—3 ory 21} .

40. y=3sec[%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.
.1I

Jo

|
i |
- |
8 I

(—8m.4) | Ik 704 (8w 4)
[ [
—87 | | | I 8n x
| | = | |
(=4, =2) : = I (4w, —=2)
| |
1 |
I |

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

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

) V3
a1 f[6) f(o)_tan(ﬁ/6)—tan(0)_7_0
' 4 B 7l6 /6

23

T

ey
3

s
4
. 243
The average rate of change is —— .
T

o f (76[)_ f (0) _ sec(7z’/6)—seC(0) B 2\3/5_1

. T_o /6 /6
) 5
B EYE 243(2-453)
3 V4 V4
243(2-15)

The average rate of change is
T

- f (76[)_ f(0) _ tan(2-7/6)—tan(2-0)

V4 /6

/6 V4

The average rate of change isg.
4
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Section 2.7: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

N f(Zj—f(O):Sec(z.ﬂm)_Sec(z.O)

Z_o /6
6
2-1_6

716 1«

The average rate of change is s .
T

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

/=

|
—————'30|=| —

(go f)(x)=4(tanx)=4tanx
Vi
)l

- iyl

l

|
|
|
|
|
|
I
™
2
|
|
|
|
|

| I
| |
| |
| I
| I
| I
—4ar {_E’ET {
| I
| |
| |
| I

47.

(gof)(x)=

%(2560 X) =secX

.
I T o
» I\
I N\ 2/ I
| 1\ [ |
I | I I )
L1 1 ] L1 1
gl — LT T Baog
= | | 1=
I DY I
| I |
fog)(x cotx):—2cotx
| | [ [
i -4 i
| [ [ [
AR
/] AR
T T
TR IR
| I _, | [
I y 4 I I

|
|
|
|
I
=
|
|
|
I
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Chapter 2: Trigonometric 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,

00549:2 and sin @ :i
X y
cos @ sin @
Thus,
4
L=x+y= +——=23secH+4cscl.
cosf sind
Let le +.i.
cosX sinX
25
T
00 5

Use MINIMUM to find the least value:

Hinirur
0 H=.BzIzfed _v=9.86EEEzE L] T
0 2

L is least when € ~ 0.83.

3 4
L~ +—
cos(0.83) sin(0.83)
Note that rounding up will result in a ladder

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

~9.86 feet .

214

50.

a.

d(t) =10 tan(zt)|

d(r)
60 -

.
=
I

Distance (feet)
fad
=
T

1
Time (Seconds)

=]

d(t)=[10tan(xt)| is undefined at t = % and

3 .
t= > or in general at

(-
2

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(xt)
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
0.1-0 0.1-0
d(0.2)—d(0.1)  7.2654—3.2492

~32.492

~40.162
0.2-0.1 02-0.1

d(03)-d(02) _13.764-72654 _ ., oo
03-0.2 03-02

d(04)-d(03) _30.777-13.764 _ . .

04-0.3 04-0.3

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 t =0 seconds and t=0.1
seconds, the average rate of change of the
beam of light against the wall is 32.492 feet
per second.
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51. Y

I sk Ql |

| | | |

| = | |

| | | |

| = | |

] | [
_T B AEES
5 2T
< | | |2

| | | |

| | | |

Y-y

y =tan.x
."IJ

I |

| | | |

| | | |

| | | |

| | | |

| | |
| u | w | 37
=

| | | | 2

| | | |

| = | |

vk oy

y= —COl(.\' + ";T)

Yes, the two functions are equivalent.

Section 2.8
1. phase shift
2. False
3. y=4sin(2x—-m)
Amplitude: |A|=|4|=4

a) 2
n

Period:

Phase Shift: ﬂ =
o 2

Interval defining one cycle:

i
) 272

Subinterval width:
T =«

4 4
Key points:

T o (59

Section 2.8: Phase Shift; Sinusoidal Curve Fitting

e

|
=
T

4. y=3sin(3x—m)
Amplitude: | A|:|3|:3
Period: T= 2n = 2n

o 3
Phase Shift: 2 .
o 3
Interval defining one cycle:

FEaiNE

Subinterval width:
T 27/3 7@

4 4 6
Key points:

C ) o o

SEMEENS

-
2

_’1_;/ (0, 0)

5. y:2cos(3x+§j

Amplitude: |A|=|2|=2

Period: T = 2—7t = 2_n
10} 3
_nj
Phase Shift: 2 =~ 2/_ T
10} 3 6
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Chapter 2: Trigonometric Functions

Interval defining one cycle: . T
7. y=-3sin 2X+E

0 w 6 2 Amplitude: |A|:|—3|:3
Subinterval width:
T 27/3 =« Period: Tzﬁzz—n:n
v 2 o 2
4 4 6 .
Key points: ¢ o _m

Phase Shift: —= =
o 2 4
Interval defining one cycle:

P9 r|o| m3m
o o 4’ 4

Subinterval width:
T =«

X —_ =

s 4 4
Key points:

e ) ) )

Vi

6. y=3cos(2x+m) . 3:(%.0) 3
Amplitude: | A|=|3|=3 - (§.0) /
| |

|
. 2 s
Period: T :—nzz—n:n 4 _%_%\_ T WTT;
o 2 |
p_n__* (—Z.0) =3 L

o _—m_m x 3
Phase Shift: o 2 2 (0, =3) (. —3)
Interval defining one cycle:
¢ ¢ |7 I
[;,;'ﬂ- =T 8. y:—ZCos[ZX—Ej
Subinterval width: Amplitude: | A| = | ) | =2
.z o 2
4 4 Period: T=-_F g
Key points: @ 2
T
Phase Shift: £ =2 =7
o 2 4

Interval defining one cycle:

i
o @ 4’ 4

Subinterval width:
T =«

4 4
Key points:

C s o 59

216
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10.

Section 2.8: Phase Shift; Sinusoidal Curve Fitting

y =4sin(nX+2)-5
Amplitude: |A|:|4|:4

T=—= 2
® T

Period:

Phase Shift: 2= ~2-_2
[0} T T

Interval defining one cycle:

AT
CO’C() 71" T

Subinterval width:
r_z2_t
4 4 2
Key points:

2 (2
T 2 T

(4-5)
y =2cos(2nx+4)+4
Amplitude: | A|=|2|=2
2n_2n_

Period: T=222201
o 2n
Phase Shift: $_-4_ 2
o 27 T

217

11.

Interval defining one cycle:

{u”H_z,l_z}
0 o Vs Vs
Subinterval width:

r_1

4 4

Key points:

y =3cos(mx—2)+5
Amplitude: |A|=|3]|=3
Period: T=2—n=2—n=2
® T
Phase Shift: ﬁ _2
O T

Interval defining one cycle:

iR
a)’a) 71" T

Subinterval width:

,SJ, (1+£,2J, (§+£,5j,
T 2

r_z_1
4 4 2
Key points:

T 2
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Chapter 2: Trigonometric Functions

13. y=-3 sin(—2X+gj =-3 sin(—(ZX—gD
:3sin(2x—fj
2

Amplitude: |A|=]|3|=3

Period: T :Ezz—nzn
o 2
2 5 T
2o x

( T Phase Shift: 2 =27

1 o 2 4

-1 Interval defining one cycle:
12. y=2cos(2nx—4)—1 PﬁH}ZF,S_T
Amplitude: |A|:|2|:2 a).a) .4 4
sr 2 Subinterval width:
Period: 7= LI
“; 2; 4 4
Phase Shift: ¢ =5 = Key points:
@ n T Vs Vs R4 Sm
Interval defining one cycle: [Z’O) , [E’3j , [T,Oj ,(m.-3), [T,Oj
|:£’£+Tj|:|:£,1+£:| V
0 O T 7z

Subinterval width:
T_1
4 4
Key points:

z91 5 l+£5_1 > l+£9_3 B
Vs 4 r 2

5
-—1, 1) YA
(17 ) 14, y:—3cos(—2x+ﬁj:—3cos —(2X—Ej
(31) 2 2
1+ o
i /Y L X :—3003(2X—£j
2

1
— \ Amplitude: |A|=|-3|=3
~ Period: T :2_7t:2_n:n
(2 3 1) (g 1 ,,) —=3
T 2 e L
2 _3 3 E
Phase Shift: ﬂzlzﬁ

o 2 4
Interval defining one cycle:

g
o o 4’ 4
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Section 2.8: Phase Shift; Sinusoidal Curve Fitting

Subinterval width: Assuming A is positive, we have that
T = 2.2
—=— = Asin(wX — @) =3sin| —X+—
4 4 y ( 2 ( 39 )
Key points:
|2 ( 1
=3sin| —| X+—
- z 2z , [3 3
2 4 4

18. |A|=2; T=m o
(2]
2n_2m_

0=—

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

= 2sin[2(x+2)]

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

following transformations:

15.
1) Shiftright 7z units [y = tan(x - 7Z'):|

2) Horizontally compress by a factor of %

Assuming A is positive, we have that [y = tan (4X - ﬂ):|
y = Asin(@x=g) = 2sin(2x 1) 3) Vertically stretch by a factor of 2

:2sin{2(x—%ﬂ [yzztan(4x—;z)]
sb41(352) 4!
Y

et

16. [A]=3 T="; P
2 o

1
|
[
[

|
|
w2, 9 P,
T = o 4 (0,0)
2 =8 |
|

Assuming A is positive, we have that
y = Asin(@wX — ¢) = 3sin(4x —8)

= 3sin[ 4(x-2)]

—sp |

20. y= %cot(2x—ﬂ)

17. | A| =3 T=3m 9 __1 Begin with the graph of y =cot X and apply the
@ 3 following transformations:
2n 2n 2 ¢ ¢ 1 o .
w="—="=== L= =__ 1) Shiftright 7z units | y =cot(X—7x
T 3n 3 o 2 3 ) s [y ( )]
3 | 2 ) 2) Horizontally compress by a factor of %
p=—=-"=-=
33 9 [y:cot(ZX—zz)]

219
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Chapter 2: Trigonometric Functions

3) Vertically compress by a factor of %

{y :%cot(Zx—ﬂ)}

—_————e e —_—_————-

—_—_———— e e —_————— -

21, y= 3csc(2X—£j
4

Begin with the graph of y =cscx and apply the

following transformations:

1) Shift right % units {y - csc[ X _%ﬂ

. 1
2) Horizontally compress by a factor of 5

el

3) Vertically stretch by a factor of 3

Vs
=3 _2
_y csc(Zx ﬂ

Vi

IF-—-
I )
| J
= || I ———

— |
|

—_—
‘fl:l
|
%)
—
|
-~

|
b ——— 0|

22,y =%sec(3x—7z)

Begin with the graph of y =secX and apply the

following transformations:

220

23.

1) Shiftright 7z units [y = sec(x - 71'):|

2) Horizontally compress by a factor of é

[y = sec(BX—ﬂ)J

3) Vertically compress by a factor of %

] =
P

13| S f=——
e

——
=
|
[ e
S—

T
=—cot| 2X+—
y=-co 204 %

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

1) Shift left % units [y - cot(x + %H

2) Horizontally compress by a factor of %

VA
=cot| 2X+—
y cor zﬂ

3) Reflect about the x-axis

T
=—cot| 2X+—
_y CO( > i|

.‘I

1 /6

vl
g

I
|
|

(0,0) T

- EA————=

4
1
5 ] |
|
|
|
|
|
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Section 2.8: Phase Shift; Sinusoidal Curve Fitting

24, y:—tan(3x+£j 26. y=-csc —lﬂX+£
2 2 4
Begin with the graph of y = tan x and apply the Begin with the graph of y =csc X and apply the
following transformations: following transformations:
1) Shift left % units | y = tan ( X+ %ﬂ 1) Shift left % units {y = csc [ X+ %ﬂ

. 1
2) Horizontally compress by a factor of 3 2) Reflect about the y-axis {y ~ esc (—X N % H

3) Reflect about the x-axis

I [ ﬁj:| y= csc(—lﬂx+fﬂ
y =—tan X+5 | 2 4

B 3) Reflect about the x-axis

T

=tan| 3X+—
y an( 2 j 3) Horizontally compress by a factor of 2
Vid

yi -
1 V4
y=—csc| ——mX+—
2 i ( 2 4 ﬂ
| " !
| ST |
. s | L |,
(=%-9) 3.1 | - | (5
- L1 L1 ||
-2 | | 2 lx
| -
(AT
L - |
25, y= —sec(27rx+7z) l =S : I
Begin with the graph of y =sec X and apply the
following transformations: 27 (t) _ 120sin(30nt _Ej t>0
1) Shift left 7 units [y =sec(x+ ;z)] 3
) 1 Period: T= 2n_2n _ 1 second
2) Horizontally compress by a factor of — o 30n
27 Amplitude: | A| = | 120 | =120 amperes
[y=sec(27rx+;z)} .
3) Reflect about the x-axis Phase Shift: ¢ _3 :L second
[y =-sec(2zx+7)] ® 30m 90
I ’
1 | | | 120
3
| N L /I | (
(g | | | 1 \e (1.1) : ] 2
= ' : %\ is
| O ! | i / \/
-1 _3 _1 ! 3 1 —120
4 i L 3 4
| |
| |
| |

|
")
I
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Chapter 2: Trigonometric Functions

28. I(t)= 22OSin(6Ont —gj t>0

Period: T= 2_7: = 2_75
o 60xn

Amplitude: | A|=|220|=220 amperes

b1
Phase Shift: ﬂ -6 _ L second
o 60n 360

]IL

HEVAY

29. a. 60

ol . ... ... .. 13

b. Amplitude: A=

1
=— second

56.0-242 318

2 2

+
56.0+24.2 _ 80.2 —40.1

Vertical Shift: 5

2«

w = = —
12 6
Phase shift (usey =24.2, x =1):

24.2:15.9sin(%.1—¢j+40.1

—15.9=15.9sin(%—¢j

-1= sin[§—¢)

276!
2n
)

27

Thus, y =15.9sin(gx—?]+40.1 or

y= 15.9sin{%(x—4)}+40.1.

30.

60
ol . ... ... ... .. 13
20
y =15.62sin(0.517x —2.096) +40.377
FinFega
g=gksinthxtci+d
5=15.61996209
b=.51F354549
c=-7.B35883506
d=40. ZFErS69G
60
oL . . ... ... ... . 13
20
90
ol . . . ... ....... 13
20
. .0-34. 454
Amplitude: A:80023 6: > =227
+
Vertical Shift: 80.0+34.6 = 11;'6 =573
2n W
wO=—=—
12 6

Phase shift (use y =34.6, x =1):

34.6=22.7 sin[g-l—¢j+ 57.3

~227=227 sin(%—gbj

—sin| X-
—l—sm[6 ¢j

T T
2 6 ¢
_2n
3

Thus, y = 22.7sin[%x—2?n)+57.3 or

y= 22.7sin[§(x —4)} +57.3.
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ol . ... ... ... 13

d. y=22.61sin(0.503x ~2.038)+57.17

31. a. 80

10 L 13

754-255 49.9

b. Amplitude: A= 5 =24.95
+
Vertical Shift: 7544255 = 10;)'9 =50.45
2n w
O=—=—
12 6

Phase shift (usey =25.5, x =1):

25.5=24.95sin (31 - ¢j +50.45

(o)}

[e)

~24.95 = 24.95sin (E— ¢j

—sin| X-
—l—sm(6 ¢j

T T
2 6 ¢
_2n
3

Thus, y = 24.95sin[%x—2?nj+50.45 or

y = 24.95sin E(x—4)}+5o.45 :

Section 2.8: Phase Shift; Sinusoidal Curve Fitting

ol =™ ...... ... .~ 13

d. y=25.693sin(0.476x —1.814)+49.854

32. a 80

............. 13

77.0-31.8 452

b. Amplitude: A= 5 5 =22.6
Vertical Shift: - 0218 _ 1038 544
2t W
w=—==
12 6

Phase shift (usey =31.8, x=1):

31.8= 22.6sin(%-1—¢j+54.4

~226= 22.6sin(%—¢J

. (m
—1:sm(g—¢j

T T

276
2n
=3

Thus, y = 22.6sin (%x —2?“) 1+54.4 or

y= 22.6sin[%(x—4)} +54.4.
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Chapter 2: Trigonometric Functions

33.

d.

80
ol . . ... .. ...... 13
20
y = 22.46sin(0.506X — 2.060) + 54.35
FinFeg
g=g*sinthx+ci+d
a=22. 45262045
b= 5857 744795
c=-2.BEB17ESE7
d=54.34217299
80
ol .. . ... ... .. .. 13
20

3.6333 +12.5=16.1333 hours which is at
4:08 PM.

8.2-(-0.6) 8.8 _

Amplitude: A= 5 4.4
Vertical Shift: 52 +(=06) _ 7—26 -38

27 b4 4z
nN=—=—=—

125 625 25
Phase shift (usey =8.2, x =3.6333):

8.2=44sin (;—?3.6333 —¢J +3.8

4.4 =44sin (ﬂ-3.6333 —¢J
25

- Si11(14.533275 - ¢j
25

n_4053%2m
2 25
¢ ~0.2555

Thus, y = 4.4sin(;—:X—O.2555j+3.8 or

y= 4.4sin[‘2‘—;‘(x—0.5083)} +3.8.

224

34.

d y= 4.4sin(%(16.1333)—0.2555)+3.8

~ 8.2 feet

8.1833 + 12.5 =20.6833 hours which is at
8:41 PM.

Amplitude: A= 132-22 11 _,
2 2
Vertical Shift; 12222 _154 5,
2 2
27 n  4r

n=—=—z=
125 625 25
Phase shift (usey =13.2, x =8.1833):

13.2= 5.5sin(%-8.1833—¢)+7.7

5.5=55 sin(ﬂ-8.1833—¢)
25

. sin[32'7332n B ¢)
25

T 32.7332m y
2 25
¢ ~2.5426

Thus, y:5.5sin(i—7;x—2.5426)+7.7 or

y= 5.55in[i—§(x—5.0583)} +7.7.

."

14

TTTTTTTTTT

I A O O T

11 13

|
I 2 85 T4
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Section 2.8: Phase Shift; Sinusoidal Curve Fitting

d. y=5.5sin [%(20.6833) - 2.5426) +7.7 36. a. Amplitude: A= w =3.1
~13.2 feet Vertical Shift: w =122
35. a.  Amplitude: A= > /2—10:56 ¢ oo
2 365
Vertical Shift: 13.75+10.55 —12.15 Phase shift (use y =15.30, x =172):
. ([ 2=m
1530 =3.1sin| —-172—-¢ [+12.2
w25 (365 ¢j
365 )
Phase shift (use y =13.75, x =172): 3.1= 3.1sin(%-172—¢j
. [ 2=m
13.75=1.6 —172—¢ |+12.15
sm(365 ¢J | = sin 344n y
365
. ([ 2=m
1.6=1.6sm(%-172—¢) 1_344n_¢
2 365
1:sin(344n—¢j $~1.39
365 I
E Thus, y:3.lsin[%x—l.39j+12.2 or
2 365 .
¢ ~1.3900 y:3.lsin[%(x—80.75)}+12.2.

Thus, y=1.6sin(2—”x-1.39j+12.15 or -
365 b. y:3.lsin(%(9l)—l.39j+l2.2

~12.74 hours

c. y

y = 1.6sin| 2% (x—80.75) | +12.15.
365

b. y=1.6sin ﬂ(91—80.75) +12.15 20
365 —

~12.43 hours i/\/
C. y i
20 ln_

NN T T O T .

0 140 280 420

d. The actual hours of sunlight on April 1,
2007 were 12.72 hours. This is very close to
the predicted amount of 12.74 hours.

10

|

I T T O O .
0 140 280 420

d. The actual hours of sunlight on April 1,
2007 were 12.43 hours. This is the same as
the predicted amount.

225
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Chapter 2: Trigonometric Functions

37.

19.42-5.48

Amplitude: A= 6.97
Vertical Shift: w =1245
21
w=—
365

Phase shift (use y =19.42, x =172):

1942 = 6.97sin| 2% 172— 4 | +12.45
365

6.975 = 6.975sin (2—“.172 -¢j
365

- Si11(344n _¢J

365
n  344n
2y
2 365
¢ ~1.39

Thus, y = 6.97sin 2—T‘x—1.39j+12.45 or
365

y =6.97sin [2—“(x - 80.75)} +12.45.
365

y=697 sin(z—n(91)—1.39j+ 12.45
365

~13.67 hours
_\‘
20

I T Y Y Y Y T
0 140 280 420

d. The actual hours of sunlight on April 1,

2007 was 13.38 hours. This is close to the
predicted amount of 13.67 hours.

226

13.43-10.85

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

2n

w=—

365

Phase shift (usey =13.43, x =172):

1343 =129sin| 2% 172— ¢ |+12.14
365

1.29:1.29sin(2—n~172—¢j
365

- Sin(344n _¢j

365
n 344r
27365 7
¢ ~1.39

Thus, y:1.29sin(2—nx—l.39j+12.14.
365

b. y:1.29sin[2—n(91)—1.39j+12.14
365

~12.37 hours

c. Ay
20

10

?

I T T T T T T
0 140 280 420

d. The actual hours of sunlight on April 1,

2007 were 12.37 hours. This is the same as

the predicted amount.

39 - 40. Answers will vary.
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Chapter 2 Review Exercises

16.
1. 135°= 135~i radian =3—n radians
180 4 17.
T . T .
2. 210°=210-—— radian = — radians 18.
180 6
19.
3. 18°=18-—— radian = — radian
180 10
20.
4, 15°= 15~i radian - radian
180 21.
3 3m 180
5, —=—-—d =135°
TR egrees 29
6. Ezz—n 180 degrees =120°
3 3 &
7. _om__5m 180 degrees = —450° 23.
2 2 0z
8. _3m_ 3w 180 degrees = —270° 24.
2 2 0z
9 ’[an——s,m—zl—l:l 25
2 2
10. cos£+sinE=l+1=E 26.
3 2 2
11 3sinds_4mnTo3 Y2 g B N2 4B 27
6 3 2 3
12, 4cos60"+3tan§=4~%+3-\/§=2+3\/§ 28.

3n T 2
13. 6cos—+2tan| —— |= 6| —= |+2(—3
cos %+ 2un 7] ( 2}({)
=-3J2-2{3
14. 3sin 2 4co s5—“:3(£}4(0)=—
3 2 (2 2

15. sec I —cot —S—TE =sec£+cot5—n=2+1:3
3 4 3 4

227

29.

Chapter 2 Review Exercises

4cscs—n—cot —— 4csc3—+cot——4x/§+l
4 4 4 4
tant+sint=0+0=0
cosE—csc I =cos£+csc£=0+l=l
2 2 2 2

cos540°—tan(—405°) =-1-(-1) =—-1+1=0

sin270°+cos(—180°) =-1+(-1)=-2

sin® 20° +

—— =sin’ 20°+cos’ 20°=
sec” 20°

1

> tan’ 40°
cos~ 40°

1
-—— =sec” 40°—
cot” 40°

= (1 +tan’ 40°) —tan® 40°
=1

sec50°-cos50°=

-cos50°=1
cos50°

tan10°- ! =1
tan10°

tan10°-cot10°=

sin 50°
cos 40°

sin 50° sin 50°

sin(90°—-40°)  sin50°

tan20°
cot 70°

tan 20° _
tan (90°—70°)

tan 20°

tan 20°

sin(-40°) _ —sin40°  _
cos 50° sin (90°—50°)

—sin40°
sin 40°

=-1

tan(—ZO")cot 20°= —tan 20°- ! =1
tan 20°

sin 400°-sec (—50") =sin (40" +3 60") -sec50°
1

cos50°
1

sin (90°-50°)

=sin40°-

=sin40°-

=sin40°-—
sin 40°

=1
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Chapter 2: Trigonometric Functions

30. cot 200°~cot(—70°) = cot(20"+180")~(—cot 70")
=—cot20°-cot 70° b=1 c=17
=—cot 20°-tan (90°—70°)

-1 . a=4
2o 0 (20°) opp 1 17 17
=— sinf=—=—— —=——
=-1 hyp V17 17 17
. . . 4 i
31. 6 isacute, so @ lies in quadrant [ and sin@ =— cosf = adj = 4 . V17 = w7
5 hyp V17 V1717
corresponds to the right triangle:
cscl = hyp = ﬁ =+/17
opp 1
c=5
b=4 secd = h_yp = —\/ﬁ
adj 4
a t = adj _4 4
Using the Pythagorean Theorem: opp 1
a’+4’ =5
a?=25-16=9 33. tanf = % and sin# <0, so @ lies in quadrant I11.
a=+9=3 Using the Pythagorean Identities:

So the triangle is:

sec’ @ =tan’ 6+1

2
seczﬁz(%j -4, 19

25 25
fl 1
secd =+ 169 _ i—3
25 5
adj 3 hyp 5 Note that secd must be negative since @ lies in
cosfd =——=— secf=—"—== 3
hyp 5 adj 3 quadrant III. Thus, secé = 5
tanezﬂzi cot@:a_djzé : s
adj 3 opp 4 cosd = 6:_13__E
sec
cscl = hyp -3 5
opp 4 .
siné
tan @ = , SO
1 cos®
32. @ isacute, so @ lies in quadrant I and tan 6 = — 12( 5 12
4 sinH:(tanﬁ)(cosﬁ):—[——J:——
corresponds to the right triangle: 50 13 13
1 13
cscd = = =——
c sing 1212
b=1 13
1 5
B - cotf = =—=—
a=4 tand 12 12
Using the Pythagorean Theorem: 5
c’=1"+4*=1+16=17
c=+17

So the triangle is:

228
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Chapter 2 Review Exercises

12 .. .
34. CO'[0=? and cos@ <0, so @ lies in quadrant III. 36. cscc9:—§ and cotd <0, so @ lies in quadrant
Using the Pythagorean Identities: Iv.
csct@=1+cot’ 0 Using the Pythagorean Identities:
12V 144 169 cot’ @ =csc’ -1
csczé’:l+(—j =l+—=— 5)? 95 16
5 2535 cotzgz(——) _1:?_ iy
cscHzi,/@:iE
25 5 cotH:i‘fE:ii
Note that csc@ must be negative because  lies in 9 3
quadrant III. Thus, cscﬁz—?. Note that cotd <0, so cot9=—§.
sng-_ -1 __ 3 sing=—_ - L __3
cscd -2 13 cscd -3 5
cotﬁzcésg,so CotG:C?sg,so
siné@ sin@
12( 5 12 . 4( 3 4
@ =(cotf)(sinf)=—| — |=—— cosf =(cotf)(sinf)=——| —= |=—
cosd = (cot @) (sin @) 5( 13) 3 ( )(sin ) 3( 5) 5
tane: 1 :l:i tan@: 1 :L:_E
cotd 2 12 cotd -3 4
se00: 1 :L:_E secH: 1 :l:é
cosd -3 12 cosd 1+ 4
. 12 .
35. secﬁz—g and tan@ <0, s0 @ lies in quadrant II. 3r. sm6’:E and @ lies in quadrant II.
Using the Pythagorean Identities: Using the Pythagorean Identities:
tan’ @ = sec” 01 cos’ @ =1-sin’ @
2 2
tanzé?:(—éj _1:2_122 cos’@=1- 2 zl_ﬂzé
4 16 16 13 169 169
tan¢9:ir‘/i:ir2 cosf =+ E:ii
16 4 169 13
Note that tan <0 an Note that cos# must be negative because & lies
ote that tand <0, so tanf =——.
. A in quadrant II. Thus, cosez—%.
cosf = =—=-C ) .
secd -2 5 an g < 500 :LZE(_EJZ_E
rand cos@ -3 130 5 5
né = , SO
cosd 1 1 13
3( 4) 3 S0 T 12
sin@ =(tan@)(cos @) =—=| —— |==. S
4a5) 5 1 1 13
secl = =——=——
cscl = 1 1.5 cosd - 5
sin @ % 3 1 1 5
cotf = =—=——
cotg=_L -1 __4 tand -2 12
tang -3 3

229
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Chapter 2: Trigonometric Functions

38.

39.

cosf = —% and @ lies in quadrant III.

Using the Pythagorean Identities:
sin’ @ =1-cos” @

2
sinzﬁzl—(—gj S0 18
5 25 25

sinf =+ fﬁ :ii
25 5

Note that sin & must be negative because & lies

. . 4
in quadrant III. Thus, siné = 5

cosd -3 50 3
cscl = 1.3

sin@ -1 4
secd = L3

cosd -i 3
cotd = 1.3

tand % 4

sinf = —% and 37” <0 <2n (quadrant IV)

Using the Pythagorean Identities:
cos’@=1-sin" @

2
cos’@=1- 2 zl—ézﬂ
13 169 169

cosf == /ﬂzig
169 13

Note that cos @ must be positive because € lies

. 12
in quadrant IV. Thus, cosd = TS

ng_ S0 _ S (13}2_3

cos@ 3 1312 12
cscl = ,1 :L:—E

sin -5 5
secd = ! :izg

cos@ & 12
cot@ = ! :L__E

tand -3 5

40.

41,

12
cosf = 5 and 377[ <0 <2n (quadrant IV)

Using the Pythagorean Identities:
sin”@=1-cos’ @

2
sing=1-[ 2] o 1442
13 169 169
sind =+ E:ii
169 13

Note that sin @ must be negative because 8 lies

in quadrant IV. Thus, sinf = —% .

tané’zsmg —_%: S[Ej: 5

cosé’z 2 13l12) 12
csch = .1 :LS:_E

sind -3 5
secld = P _1.B

cos@ 3 12
cotd = P _1_ 12

tan@ -3 5

tand = % and 180°< @ < 270° (quadrant IIT)

Using the Pythagorean Identities:
sec’ @ =tan” O +1

2
seczﬁz(lj +1:l+1:E
3 9

9
sec6’=i\/E=i@
9 3

Note that sec & must be negative since € lies in

quadrant III. Thus, secd = —@ .

cosgo Lo L 3 10 310
secd _@ J10 V10 10
3
tan @ = sin 0 , SO
cos

sin@ = (tan 0)(cos @) = %[_@J _ V1o

10 ] 10

1 1 10
cscl = = =- =10
siné@ _@ V1o
10
cotd = ! :l:3
tan6 1
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42,

43.

tan@ = —% and 90°< 6 <180° (quadrant II)

Using the Pythagorean Identities:
sec’ @ =tan” 0 +1

44,

Chapter 2 Review Exercises

cscd=—4 and n<O< 37” (quadrant IIT)

Using the Pythagorean Identities:
cot’ @ =csc” -1

2 2 2

t“0=(-4) -1=16-1=15
seczé’:(—gj +1—i 1:2 0 (-4)
3 9 9 cotd ==++/15

wﬁ‘
w

secﬂzi\/E:i
9

Note that cot & must be positive since & lies in
quadrant III. Thus, cotd = V15

Note that sec & must be negative since & lies in 1 1 1
sin@ = =—=—
Ji3 cscd 4 4

quadrant II. Thus, secd = ———. 0s6

3 ot =——,

cosg= - L __ 3 13 33 sn?

secd _@ VERNE 13 cosd =(cot#)(sind) = 15(—ij:——i5
3

sin @
tan@ = , SO
cosé

sin@ = (tan0)(cos ) = - 5[_ 3 =

1 15 15

1
tan@ = —=
cot6’ V15 /15 15
1 4 VIS5  4J15

1
cos6’ @ \/E.\/B__ 15

secd =

1 1 13 V13
cscf=——= =— o
sin @ 2\/E N 45, cotd=-2 and 5 < 0 <7 (quadrant II)
1
3 Using the Pythagorean Identities:
113 ) 5
cotf = =—=—= csc @ =1+cot” 4

tand -3 2

secd =3 and 37” <0 <2n (quadrant IV)

Using the Pythagorean Identities:
tan® @ =sec” 01

cscz6':1+(—2)2 =1+4=5

cscl = i\/g

Note that cscd must be positive because @ lies
in quadrant I. Thus, csc@ =+/5 .

tan®0=3-1=9-1=8 Gin 6 = :%.%:ﬁ
cscl 5
tan @ = +48 = £2/2 y 3 V3
Note that tan & must be negative since & lies in coté = 0956 , SO
sin

quadrant IV. Thus,. tan§ = 22

1
cosf = =

\BJ 25

cos @ =(cot#)(sinf) =-2 [—

secﬁ_g 5 5
sin & 1 1 1
= tand = ==
tan0 cos&’so cotd -2 2
: 1 2V2 115 45
s1nt9=(tant9)(cos¢9):—2\/5(5):—7. secé’—0086’__¥_—2\/§_—7
1 1 320 32
cscl = = — NLe N4
sin@ % 22 2 4
1 1 2 2
cotd = ===
tand 22 2 4
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Chapter 2: Trigonometric Functions

46.

47.

48.

tan@d =—-2 and 37” < @ <2n (quadrant IV)
Using the Pythagorean Identities:

sec’ @ =tan* @ +1

sec@=(-2) +1=4+1=5

secO =5
Note that sec & must be positive since & lies in

quadrant IV. Thus, secd = J5.

1 1ﬁ=£

cosd = = —
secd 5 5 5
tan sin @ ’
cosd

NG

5

sin@ = (tan §)(cos 0) = —z[gj =

1 1 5 45
cscld=——= =— =—
sin @ _2\/5 NG 2
5
cotd = 1. 1
tand -2 2
y = 2sin(4Xx)

The graph of y =sin X is stretched vertically by
a factor of 2 and compressed horizontally by a

factor of l
4
YA

2+

[\ L
ITRVARY

The domain is the set of all real number or
(-, ©). The range is {y |2<y< 2} or [-2,2].

y =—-3cos(2X)
The graph of y =cosX is stretched vertically by
a factor of 3, reflected across the x-axis, and

compressed horizontally by a factor of %

49,

50.

232

'

The domain is the set of all real number or
(—o0,0). Therangeis {y|-3<y<3} or [-3,3].

b
=—2c0s| X+—
g ( 2j

The graph of y =cosX is shifted % units to the

left, stretched vertically by a factor of 2, and
reflected across the X-axis.

YA

2_

/ v
\/h \/4{
2+

The domain is the set of all real number or
(—o0,0). Therangeis {y|-2<y<2} or [-2,2].

y =3sin(X—m)
The graph of y =sin X is shifted 7z units to the
right, and stretched vertically by a factor of 3.

v
4 -

) e x
__]_ —

The domain is the set of all real number or
(—o0,0). Therangeis {y|-3<y<3} or [-3,3].
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51.

52.

53.

The domain is {X

y = tan(X + )
The graph of y = tan X is shifted 7 units to the left.
YA
| | . |
| )
| /i
2 N VA I
_3m /L T
2 2 | 2
| | | | f
| | . |
| LA

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

The range is the set of all real number or (—o0, ).

y:_tan(x_ﬁj
2

The graph of y = tan X is shifted % units to the

right and reflected across the X-axis.
&
Yk

3

(]
———-g7

| I
'g‘ |
The domain is {X|X # K, Kk is an integer} . The

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

y =—2tan(3X)
The graph of y = tan X is stretched vertically by
a factor of 2, reflected across the X-axis, and

compressed horizontally by a factor of % .

s ————

eyl
TTTTTTd

-8

The domain is {X

X # k?”, k is an odd integer} .

The range is the set of all real number or (—o0, ).

54,

55.

Chapter 2 Review Exercises

y =4tan(2X)
The graph of y = tan X is stretched vertically by
a factor of 4 and compressed horizontally by a

factor of l .
2

YA
L | |

10 - | |
| | |
- | |
A .
L | k1 | T
- | 2 |
- |
= |

10+ | |

The domain is {X X # %, k is an odd integer} .

The range is the set of all real number or (—o0, ).

y= cot(x+£)
4

The graph of y =cot X is shifted % units to the

left.
_"‘,i
=5

I nNr I

I nr I

| IN- 7

| ) LR g

== ] —

I I I

| I |

| I I I

I - _ |l

| I > M
The domain is {X X # (4k ;Dﬂ, k is an integer} .

The range is the set of all real number or (—o0, ).
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Chapter 2: Trigonometric Functions

56.

57.

y =—4cot(2X)
The graph of y =cotX is stretched vertically by
a factor of 4, reflected across the X-axis and

compressed horizontally by a factor of % .

LN
]

£
T
=

—5F

| |
| |
| |
| |
| |
1 1 ] 1 [
| |
| |
| |
| |
| |
| |

The domain is {X

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

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

y =4sec(2x)
The graph of y =secX is stretched vertically by
a factor of 4 and compressed horizontally by a

RN

factor of l
2

The domain is {

—, k isan odd 1nteger}

The range is {y y<—4 ory>4}

234

T
58. =csc| X+—
g [ 4J

The graph of y =cscX is shifted % units to the
left.

=

The domain is {X X # M

,k isan integer} .

The range is {y|y£—1 ory> 1} .

59. y:4sin(2x+4)—2

The graph of y =sin X is shifted left 4 units,

. 1
compressed horizontally by a factor of >

stretched vertically by a factor of 4, and shifted
down 2 units.

AV

_-f' L
The domain is the set of all real number or
(-0, ). The range is {y |-6<y< 2} or [-6,2].
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60. y=3cos(4x+2)+1

61.

62.

The graph of y =cos X is shifted left 2 units,

. 1
compressed horizontally by a factor of 7

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

AWATRAWA
EAVARVARVE

The domain is the set of all real number or
(-0, ). The range is {y |2<y< 4} or [-2,4].

X
=4tan| —+—

The graph of y =tan X is stretched horizontally

by a factor of 2, shifted left % units, and

stretched vertically by a factor of 4.

YA

4t |
|

=2 2w

—4

The domain is
{X oo 2k-Dz

range is the set of all real number or (—o0, ).

X
=5cot| ——=
y 00(3 4]

The graph of y =cotX is shifted right % units,

, K is an odd integer} . The

stretched horizontally by a factor of 3, and
stretched vertically by a factor of 5.

63.

64.

65.

66.

67.

235

Chapter 2 Review Exercises

| yho| |
| N |
X | B |
R | |
(_ﬁ*f’)| | 3 [
B | = (";ﬁ-ﬁ)l
| = ‘ [

N T G N T N Y Y
] I 27 I
| -5 I (2 N\ |
DO G 5\
| ) | [
| ml [
| =25 | |
| [ [

The domain is {X X # Uﬂ(#

, K is an integer} .
The range is the set of all real number or (—o0, ).

y =4cos X
Amplitude = | 4 | =4; Period =2=n
y = sin(2X)

Amplitude = | 1 |:l; Period = 27”=7z

. (m
=—8sin| —X
y sm[ j

. . 2
Amplitude = |—8| =8; Period = 7” =4

2

y =—2cos(3mX)

Amplitude = |—2| =2; Period = 2z = 2
3z 3
y = 4sin(3x)
Amplitude: | A|:|4|:4
Period: T= 2_7'C = 2_7'C
w 3

Phase Shift: 2 = 9 =0

o 3

",.u

5 -

o4
~Z19]
|
3
|3
I
B
=
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Chapter 2: Trigonometric Functions

68. y= 2005(% X)

Amplitude: |A|=|2|=2 i

Period: T:2_7t:2_7t:6n A \ | | I/

o 1 — B \/'(Tr x
3 j’ n
Phase Shift: £ =% =0 ok
o 1
3
Y4 1 3
A 71. y=—sin| —X—
4 B y 2 (2 nj
. 1] 1
A Amplitude: |A|= —|==
| | | | 2l 2

—6 ' X
o \/ B \/ om Period: T =2—n: 2 :4_75
— w 3

3
B 2
Phase Shift: £:£:2_n
o 3 3
69. y:2sin(2x—7r) 5

Amplitude: |A|=]2|=2

Period: T= E = 2n

._
I

=T —

N w|
[
-

w
Phase Shift: 2 I
o 2

YA

3
2{/4\//\9/)\/\; X 72, y= %Cos(6x +3m)

Amplitude: |A|= E‘:E
S 2| 2
1. Period: T_2m_2n_=&
70. y:—cos(EX+E) o 6 3
g P_Br_m
Amplitude: |A|=|-1|=1 Phase Shift: PR
v
Period: T _2m_2m_ 4r by

[0

0
2 L
_r B
Phase Shift: g = Tz =-7 _El L El X
5 L
-2
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Chapter 2 Review Exercises

2 76. The graph is a sine graph with amplitude 4 and
73. y= —gcos(nx -6)

period 8.
. 21
Amplitude: | A|= 2 —% Find : 8z .
) ) 8nw =27
Period: T="C=2L-2 1
T
Phase Shift: 2 = 6 X
w0 T The equation is: Yy =4sin (Zj .
YA
% = 77. The graph is a reflected cosine graph with
e /\ /\ amplitude 6 and period 8.
| x Find w: 8= 2n
6 127 @
7/ . T 8w =21
wt _2 2n W
3 w=""==
8 4

T 4 The equation is: y = —6005(E X) .
74. y:—7sin[gx+§) 4

Amplitude: | A| _ | _7 | -7 78. The graph is a reflected sine graph with
amplitude 7 and period 8.
Period: T_27t_27t_6 o
eriod. o n Find w: 8==—
g a)
4 8w=2n
= 2n W
Phase Shift: £ =3 -2 =Ty
o T 1
3 . . . T
The equation is: Yy =—7sin| —X |.
Vi 4
8 —
79. hypotenuse = 13; adjacent =12
Find the opposite side:
| | 12° +(opposite)2 =13?
=6 6 x (opposite)2 =169-144 =25
opposite = J25=5
=8 sin6’:m=i cscﬁzh—ypzE
hyp 13 opp 5
75. Thej graph is a cosine graph with amplitude 5 and cosf = adj. _ 12 secO = h_YP _ 13
period 8. hyp 13 adj
. 27 .
Find w: 8n=" tangzﬂzi cotg =24 _12
® adj 12 opp 5
8nw=2n
2 1
Q=—=—
8t 4

The equation is: Yy =5cos (gj .

237
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Chapter 2: Trigonometric Functions

80.

81.

82.

83.

84.

85.

Set the calculator to degree mode:
sec10° = 1.02.

I cosCIEs
1.815426612

(3,-4); a=3,b=—4;

csc6’=£=—§
b

secO="=2
a

cot@ziz——
b

cos@ >0, tand <0; @ lies in quadrant IV.

4z 67

O=——+27 = = so & lies in quadrant III.

Reference angle: o = om _ r==
5 5
(39
5°5
4
sint:i cos'[=—3 tant:i:—i
5 5 3 3
5

The domain of y =secX is

fx

The range of y =secX is {y|y£—1 oryzl}.

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

86.

87.

88.

89.

90.

a. 32°20'35"=32+§+ SR
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, 0=230° or€=%

S=rfd=2-—=—=1.047 feet

I

6 3

A:l~r26?:l~(2)2 J T 1047 square feet
2 2 6 3

r=8inches, d=180°orf=mn
S=rf =8-1=8n~25.13 inches in 30 minutes

r =8 inches, #=120° or 6?:%

S= rQ:S-Z?R:MTﬁzlﬁ% inches in 20

minutes
v=180 mi/hr; d=— mile

r=—=0.25 mile

A= N~

vV _ 180 mi/hr

r 025mi
=720 rad/hr

_ 720 rad' 1 rev

hr 271 rad
_ 360 rev

7 hr
~114.59 rev/hr

r =25 feet ;

_lrev lrev 2nradians =«

=— rad/sec

w = =
30sec 30 sec 1 rev
V=ro=251= on ft/sec = 5.24 ft/sec.
15 3
The linear speed is approximately 5.24 feet per

.1 .
second; the angular speed is rr revolution per

b4 .
second, or s radian per second.
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91. 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 2mnradians = .
= . = — radians/second

10 sec 1rev

92. r=16inches; V=90 mi/hr

v
w:_
r

_90mi/hr'12in.5280ft. 1hr .lrev

"~ 16in  1ft 1mi 60min 2x rad

~ 945.38 rev/min

Yes, the setting will be different for a wheel of
radius 14 inches:
r =14 inches; Vv =90 mi/hr
w=—
r
90 mi/hr 12in 5280 ft 1hr 1 rev

14in  1ft 1mi 60min 27 rad
~1080.43 rev/min

93. Let x = the length of the lake, and let y = the
distance from the edge of the lake to the point on
the ground beneath the balloon (see figure).

500 ft
25° 65°
X y
tan (65°) :g
500
X=—
tan(65°)
tan (25°) :%Oy
wiyo_ 200
y tan(25°)
(S0
a tan (25°)
500 500

B tan (25°) - tan (65°)
~1072.25-233.15=839.10

Thus, the length of the lake is approximately
839.10 feet.

Chapter 2 Review Exercises

94. Let x = the distance traveled by the glider
between the two sightings, and let y = the
distance from the stationary object to a point on
the ground beneath the glider at the time of the
second sighting (see figure).

200 ft
N ]
y X
y
tan(10°) = —
(10°) 200
y =200tan(10°)
tan(40°) = Xy
200

X+ Yy =200tan(40°)
X =200tan(40°) -y
=200tan(40°)—200 tan(10°)

~167.82-3527 =132.55
The glider traveled 132.55 feet in 1 second, so
the speed of the glider is 132.55 feet per second.

95. Let X = the distance across the river.
X
tan(25°) = —
(25°) =0

X =50tan(25°) ~ 23.32
Thus, the distance across the river is 23.32 feet.

96. Let h = the height of the building.
h
tan(25°) = —
(25°) 20

h =80tan(25°) ~ 37.30
Thus, the height of the building is 37.30 feet.
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Chapter 2: Trigonometric Functions

97. Let x = the distance the boat is from shore (see
figure). Note that 1 mile = 5280 feet.

1454 ft

5280 ft X
1454

X+5280
1454
tan(5°)
X = 1454 —5280
tan(5°)
~16,619.30—-5280=11,339.30

Thus, the boat is approximately 11,339.30 feet,
or 11,339.30

5280

tan(5°) =

X+5280 =

~ 2.15 miles, from shore.

98. E(t)=120sin(120nt), t>0

a. The maximum value of E is the amplitude,
which is 120 volts.

b. Period = 2_7: = L second

120m 60

C. E
120

AT
—IZOL : \/E

99. I(t):ZZOSin(3Ont+gj, t>0

a. Period = 2—n = i second
30m

The amplitude is 220 amperes.
€. The phase shift is:

_r
ﬂ _6:_£-L_—— second
o 307 6 30m
d. 1

L
\/E \/E
—220-

100. a. 95
ot . .. ... s i3
45
b. Amplitude: pA=2031_39 _1g5
+
Vertical Shift: 90+51 :%:70.5
_o2n_=x
12 6

Phase shift (usey =51, x =1):

51= 19.551n(%~1—¢j+70.5

-19.5 =19.5sin(%—¢j

—sin| X-
—l—sm(6 ¢J

Thus, y=19.5 sin(gx —23—nj +70.5, or

y= 19.551n[%(x—4)}+70.5 .

C. 95
olL . . ... ....... 13
45
d. y=19.52sin(0.54x~2.28)+71.01
FinFeg
g=gksinl bt ) +d
a=19.517234935
b=. 5489574161
c=-2. 282685569
d=r1.81422812
e 95
............. 13
45
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14.63-9.70

101. a. Amplitude: A= =2.465
Vertical Shift: lell&

o

365

Phase shift (use y =14.63, x =172):

14.63 = 2.4655in[2—n-172 —¢ |+12.165
365

2.465 = 2.465sin| 2% 172— 4
365

1= sin[ﬂ— ¢j
365

n  344rn
2 365 ¢

Thus, y = 2.465 sin(z—”x—1.39j+12.165 ,
365
or y= 2465511{3265()( 8075)}+12.165.

b. y= 2.46551n[%(91)—1.39)+12.165

~12.60 hours

c. Y
20

10

i

I T N T N T T
0 140 280 420
d. The actual hours of sunlight on April 1,
2007 were 12.6 hours. This is the same as
the predicted amount.

Chapter 2 Test

1. 260°=260-1 degree
= 260~@ radian

_ 2607

180 radian = BTE radian

10.

11.

12.

Chapter 2 Test

—400° =-400-1 degree

=—-400- @ radian
= 400” radian = —20—” radian
T 180 9
13°=13-1 degree =13-—— radian —3— radian
& 80 180
—% radian = —%J radian
__Z 180 degrees = —22.5°
8 7
9% radian = 97 1 radian
:97” 180 degrees =810°
377[ radian = 37”1 radian
_ 37 180 degrees =135°
4
sinZ :l
6 2
(5ol oo 2o 5)
cos| ——— |-cos| — |=cos| ——+ 27 |—cos| —
4 4 4
=cos(3—ﬂj—cos(3—”j =0
4 4
cos(—120°) = cos(120°) = —%

B

tan330° = tan (150° +180°) = tan (150°) =

smf— tanﬂ = 51n£—tan 3—7[+ 4z
2 4 2 4

T RY/4
—smE—tan( 2 )—1—(—1):2

2
2sin? 60°—3cos45°=2{£j —3(£j

2 2

:2(5]_3\/5 3 302 _3(1—\/5)
4

2 2 2 2
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Chapter 2: Trigonometric Functions

13. Set the calculator to degree mode: sinl17° =~ 0.292

Ein{Ida
L 2923717E47

fcos{Zm 20
. 3E9E159944

15. Set the calculator to degree mode:
1

sec229°=———=~-1.524
co0s229°
orma L JEEREE] 1 cosCE290
_1:.t B123456789 -1.5242530887

I-tani{Z8n 93
2.747477419

17. 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 tan @ = sin6 , secl = 1 ,
cosd cosé
cscl = _19 ,and cotf = Z?nsz .
sin@ | cosd | tand |secd | csc | cotd
6 in QI + + + + + +
OinQIl | + - - - + -
oimQui| - | - [ + | = - | +
omQv| - | + | - [+ [ = -

18.

19.

20.

Because f(X)=sinX is an odd function and

. . 3
since f(a)=sina= 3 then

f(—a)=sin(-a) =—sina = —% .

sin@ :g and € in quadrant II.

Using the Pythagorean Identities:

2
coszﬁzl—sinzgzl—(éj =1 2 _24

7
cosd =+ /% = i—2\/g
49 7

Note that cos @ must be negative because & lies

2.6

in quadrant II. Thus, cosé = —76.

_sing 3 5( 7j\/€ 5v6

tanf = = == -——
cost —¥ 7\ 26

49 49

Jo 12

1 1 7
cscl = =—=—
25

sin@
1 7 J6 76

Cosg:_&:_ng'%: 12

7

1 1 12 J6 26

secd =

cotl =

6

tangz—i _5\/6.%: 5

12

cosd zg and 37” <0 <27z (in quadrant [V).
Using the Pythagorean Identities:

2
sin29:1—cos26’:1—(2] _1-4.3
3 9 9

sinH:i\/E:iﬁ
9 3

Note that sin & must be negative because 6 lies

NG

in quadrant IV. Thus, sinf = 5

g S0 _—% _ 535
cos@ 3 3 2 2
1 1 305 35
cscl = = = . ="
sing -3 NEENG 5
secl = ! :l_i
cos@ 3 2
1 2 5 245
cotf = = = ="
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21.

22.

23.

24.

tan @ = —% and % <0 < (in quadrant II)

Using the Pythagorean Identities:

25.

Chapter 2 Test

Comparing Yy = 2sin (? - %j to

y = Asin(wXx—¢) we see that

2
seczgztan29+1:(—£j -4, 19 1 r o
5 25 25 A:2,w=§,and ¢:€.Thegraphlsasme
169 13
secld == o5 ? curve with amplitude |A| =2, period
Note that secd must be negative since @ lies in _2r_27m _ = 67 , and phase shift
13 o 1/3

quadrant II. Thus, secd = 5

zﬁzizf_ The graph of y :2sin(§—%J

cosf = 1 :L:_i w 1/3 2
secd -9 13 will lie between —2 and 2 on the y-axis. One
tan@ = sin¢ , SO period will begin at x = ﬁ -z and end at
cosd o 2
2 r 137z
sinH:(tanH)(cosﬁ)z—E 3 :E X=— ¢ =6xr+—=——_.We divide the
s\ 13) 13 0w 22
cscl = 1 = i = E interval {f 13—”} into four subintervals, each of
sin@ 12 12 22
cotd = ! :L:_i length 6—72-:3_7Z
tand -2 12 4 2

The point (2,7) lies in quadrant I with x =2

and y=7. Since x> +y? =r?, we have

=22 +7% =4/53. So,
sinf = y__7 7 ﬁ 753
NN AN T

The point (—5,11) lies in quadrant IT with

Xx=-5and y=11. Since x> +y* =r?, we

have  =(=5)> +11> =+/146 . So,

e

The five key points on the graph are

(%,0],(2#,2),[72 oj (57,-2), (132”,0)

We plot these five points and fill in the graph of
the sine function. The graph can then be
extended in both directions.

(2m, 2)

cos@=X-_2 _ =5 146 _ 5V146 ) 5w
rJia6 a6 a6 146 ".0) E e

The point (6,-3) lies in quadrant IV with x =6

and y=-3. Since x* +y? =r*, we have

\l =45 =35 . So,

y_
fng=Y-3__1
Mr=YT6 "2

243
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Chapter 2: Trigonometric Functions

27. For a sinusoidal graph of the form

V4 . .
26. To graph y = tan(—x +Zj +2 we will start with y= Asin(a)x B ¢) _the amplitude is given by

the graph of y =tan X and use transformations | A| the period is given by 2z and the phase
to obtain the desired graph. ’ o’

y shift is given by ﬂ Therefore, we have A=-3,
i i | y=tanx @
i 2 i / i ®=3,and ¢:3(_%J:_3Tﬁ' The equation
—— A 3z

. ! ! n ! 2 X for the graph is y =—3sin (3X +T) .

[ : |

i i | 28. The area of the walk is the difference between

ju the area of the larger sector and the area of the

Next we shift the graph 7 units to the left to smaller shaded sector.

obtain the graph of y = tan(x +%j .

y
: : : y=tan| X +£
/ : 21/ ! : %)
| | - i
—+—— 1t % The area of the walk is given by
-T ' o 2n 1 1
; ; ! A==-R*0-=r%0,
1 72 1 1 2 2
: | i 0
1 1 1 ) — _( R2 — r2)
Now we reflect the graph about the y-axis to 2
) P where R is the radius of the larger sector and r is
obtain the graph of y = tan (—X + Zj . the radius of the smaller sector. The larger radius
y is 3 feet longer than the smaller radius because
y=tan (ﬂ( +£) ! ! ! the walk is to be 3 feet wide. Therefore,
M 12 i \ R=r+3,and
. | | | \ A=§((r+3)2—r2)
—— — —
2n [ ! Poom X _ g 2 2
| : : =3 (r +6r+9-r )
a - a 0
| | | =5 (6r+9)
Lastly, we shift the graph up 2 units to obtain the The shaded sector has an arc length of 25 feet
- x4+ St ..
graphof y = tan( X+7 J +2. and a central angle of 50° = I radians . The
y= tan(*“nz]* 2 y radius of this sector is =~ = 25_% feet .
1 1 1 0 % ”
i 14 : \ Thus, the area of the walk is given by
! ! ! T ((90
: : : A= i(6 (—j + 9)
i £ a 27
| a a ()
— A ————\ —+— = 36\ 7
S L 5z

=75 o ft?> ~78.93 ft°
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Chapter 2 Cumulative Review

29. To throw the hammer 83.19 meters, we need h = (x+50) tan(32°)
v’
STy h
d h=| ———+50 |tan(32°)
V.2 tan(40°)
83.19m= %
9.8 m/s h
v,> =815.262 m* /s* h= muo 0.6249
V, =28.553 m/s

30.

31

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=(1.9)w

o =15.028 radians per second

0 =15028 radians 60 sec 1 revolution

sec 1min 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.

Let X = the distance to the base of the statue.

h=0.7447h+31.245
0.2553h =31.245

h ~122.39 feet
The building is roughly 122.4 feet tall.

Chapter 2 Cumulative Review

1.

2% +x-1=0
(2x=1)(x+1)=0
1

X=— or X=-1
2

x

305 feet
500 - 2. Slo.pe =-3, containing (-2,5)
X Using y -y, =m(X—x,)
tan(20°)= 305 y_5:_3(x_(_2))
y—5=-3(x+2)
305 305

X= & ~ 837.98 feet —§5=_3x—

@n(20°) " 0.3640 y=5=-3x-6

y=-3x-1

The ship is about 838 feet from the base of the
Statue of Liberty.

Let h = the height of the building and let x = the
distance from the building to the first sighting.

radius = 4, center (0,-2)
Using (X— h)2 +(y—k)2 =r’

(x-0) +(y~(-2)) =4
X +(y+2) =16

h 4. 2x-3y=12
300 40° This equation yields a line.
50 feet X 2x-3y =12
-3y =-2x+12
tan(40°) _h y 5
X y==x—-4
h 3
X=—F" 5
tan (40°) The slope is m =3 and the y-intercept is —4.
tan(32°) = h
X+50
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Chapter 2: Trigonometric Functions

Let y=0: 2x-3(0)=12 7.a y=x
2x=12 YA
X=6 or
The x-intercept is 6. B
¥ -
. -
— (-1, 1) — #(1.1)
L1 L1 L1 1
-6 =3 .  (0,0) 3
b. y=x
YA
4_
5. X +y —-2x+4y—-4=0 B
X2 =2X+1+y +4y+4=4+1+4 B
) ) Fe(l.1)
(X—l) +(Y+2) =9 L1 L1101
=3 0, ( 4
(x=1) +(y+2)’ =3 - S
This equation yields a circle with radius 3 and (=1.=1) B
center (1,-2). —3
.\-L
2
C. Yy=sinX
L1 7 L X v
-3 5 2r
(2.1)
_:-T | | \ X
.00
—6 -1
(-2
2
6. y=(x-3)"+2 d. y=tanx
Using the graph of y = x>, horizontally shift to ;Y |
the right 3 units, and vertically shift up 2 units. : 3 :
YA i Tl
: G
[ Ll g
- : gm;:
07 b
s |
| 3 |
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8. f(x)=3x-2
y=3x-2
Xx=3y—-2 Inverse
X+2=3y
X+2
= -

f! :XLz:l 2
(x) 3 3(x+)

y

9. (sinl4°)2 +(cosl4°)2 3-1-3=22

10. y=3sin(2x)
Amplitude: |A|=]3]|=3

Period: T= 2771 =7

Phase Shift: ﬁ = g =

[0

(0,0)

11. tan£—3cos£+csc£:1—3 ﬁ +2
4 6 6 2

12.

13.

Chapter 2 Cumulative Review

The graph is a cosine graph with amplitude 3 and
period 12.

Find w: 12:2—7t
10}
120 =27

2n 7w

O=—=—

12 6

The equation is: Yy =3cos (% Xj .

Given points (-2, 3) and (1,—-6), we compute
the slope as follows:
s]ope:u:ﬂ:__gz—?,

X, —-% 1-(=2) 3
Usingy -y, =m(X—X,) :

y=3=-3(x~(-2))

y—3=-3(x+2)
y=-3Xx-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), (O,—3)

v

4
(—2.3)

| | Ll 11 1.
=2 (=1,0) 2

(0, —3)

—61-% (1, —6)
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Chapter 2: Trigonometric Functions

Chapter 2 Projects

Project |

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

4. The data seems to take on a sinusoidal shape
(oscillates). The period is approximately 12
hours. The amplitude varies each day:

Nov 14:
Nov 15:
Nov 16:
Nov 17:
Nov 18: 1.3,0.1
Nov 19: 1.6, 0.1
Nov 20: 1.8

0.1,0.7
04,04
0.7,0.3
1.0,0.1

5. 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

248

Thus, y = 0.66sin(0.52x)+2.15

(Answers may vary)

y = 0.848sin(0.52x +1.25) +2.23

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 2.0 643 4:38p 14 16.63 9:29a 2.2 948 11:14p 2.8 23.23
5451-48 6:22a 1.6 30.37 5:34p 1.8 41.57 11:18a 2.4 353  11:15p 2.6 47.25
4112-72 6:282 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 2.4 91.2 1:38p 2.8 85.63 11:16p 2.6 95.27
52_120 6:56a 04 10293 7:57p 2.6 11595 2:27p 3.0 11045 11:14p 2.8 119.23
130_144 7:17a 0.0 127.28 8:38p 2.6 140.63 3:10p 3.2 135.17 11:05p 2.8 143.08
20 . .
144-168 7:43a -0.2 151.72 3:52p 3.4 159.87
WINDOY - o
min= - a_ @ - _r _
o =175 ’Fu_“, % 5 g A=0.66 12= B D=2.15
macl=26 L
Ymin=-1 5 e T
Ymax=4 Fiia B=—~0.52
Y=acl=,2 m 6
Hres=1

The two functions are not the same, but they are

similar.

. Find the high and low tides on November 21

which are the min and max that lie between
t=168 and t=192. Looking at the graph of
the equation for part (5) and using MAX/MIN
for values between t =168 and t =192
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W I MO0
Amin=-1A
Anax=2aa8
Ascl=28
Ymin=-1
“Ymax=4
Yeol=.2
wres=1

Low tides of 1.49 feet when t = 178.2 and
t=190.3.

Hinimura g Hinirur g
W=1i7B.22498 'Y=1.43 W=1g90.zoB01 Y=1.48

High tides of 2.81 feet occur when t =172.2 and
t=184.3.

Haxirum Haxiraur
W=17z.1B4E Y=z.B1 W=iB4.zeefF  Y=z.Bi

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 t=187.8.

Hinimurm Hinimum
W=iPEFZEEY V=110l W=iB7.80182 Y=1.zB44iol

A high tide of 3.08 feet occurs when t = 169.8
and t=181.9.

Haximu o

Haxiraup m
w=1B1.BACRZ Y¥=Z07H

W=1e8.77850 YIZ0FE

8. The low and high tides vary because of the moon
phase. The moon has a gravitational pull on the
water on Earth.

Project 11

1. s(t)=1Isin(27 fyt)

Chapter 2 Projects

2. T,=X =L
2z f, f,
¢ Jo| | L2 L
3. 4f, | 2f, | 4f, | 1,
soylolt o =1 o

4. Let f,=1=1. Let 0<x<12, with Ax=0.5.
Label the graph as 0 < x <12T, and each tick

. 1
mark is at AX=——.
0

2
0 12
o1, =22
-2 f0
S R B I 1
41, 41, 41, 4f1,

6. M=010 —» P=0=n0

7. S,(t)=1sin2z f,t+0), S, (t) =1sin2z f,t + 7)

8. [0,4T,] S,
[4T,,8T,]1 S,
[8T,,12T,] S,

Project 111

1. Lanai:

Peak of
\ Lanaihale
|

“
3,370 ft

Lanai
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Chapter 2: Trigonometric Functions

2. s=r@
0=5-_9 _1o164
r 3960
_3960 =c0s(0.164)
3960 +h

3960 = 0.9999(3960 + h)
h =0.396 miles
0.396x5280 = 2090 feet

4, Maui:
Oahu

\ \ Peak of

Haleakala
X
‘ \ Maui

“%
10,023 ft

S0 6 o7s
r 3960
3960 =¢0s(0.278)
3960+ h

3960 = 0.9996(3960 + h)
h =1.584 miles

h=1.584x5280 = 8364 feet
Hawaii:
Oahu

Peak of
\ Mauna Kea

“%
13,796 ft

o N
39@ Hawaii

0=5-19 _ 10480

r 3960
3960 =¢0s(0.480)
3960 +h

3960 = 0.9988(3960 + h)
h =4.752 miles
h=4.752x5280 = 25,091 feet

250

Molokai:
Oahu

\

\
) \ Molokai

Peak of
\ Kamakou

“a
4,961 ft

o
3960 ¥ Molokai

0=5__% _soto01

r 3960
ﬂ: c0s(0.0101)
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.

Project IV

Answers will vary.

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



