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e 1 1 1)°
08°22'45"=|98+22- —+45-—.—
60 60 60
~ (98+0.3667 +0.0125)°
~ 98.38°
EER

98, F7I16EET

40.320= 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"

¥
4@ 1912

61.240= 610+ 0.24°
= 61°+0.24(60")
=610+14.4'
= 610+14'+0.4"
= 61°+14'+0.4(60")
= 610+14'+ 24"
= 61°14'24"

E1.Z4vOM=
61°14' 24"

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

;
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32. 29.4110=29°+ 0.411°
=299 0.411(60")
= 299424.66'
=29°424'+0.66' 40. —30°=-30-— radian = -~ radian
= 29°40.66(60") 180 6
=299424'139.6"
~ 29°24' 40"

T 411r0MS
29°24 ' 33,8

39. -60°= —60-i radian = _I radian
180 3

41. 180°=180-— radian = x radians
180

42. 270°=270-— radian =3— radians
180 2

43. -135°= —135-i radian = —S—R radians
33. 19.99°=19°+ 0.99° 180 4

=19°+ 0.99(60")

~199459.4' 44, —225° = —225~% radian = —%“ radians
=19°459'+0.4"
—1Q0 ' w
=19°+59'+0.4(607) 45. —90°=—90-—— radian = —= radians
=19°459'+ 24" 180 2
=19°59'24"
+ 19050 240 46 —:I.80O = _180% radlan =—T7 radlanS
47. I =E~£ degrees = 60°
3 3 =
34, 44.01°=44°+ 0.01° & 5r 180
=44°+ 0.01(60%) 48. %z% — degrees =150°
T
=44°40.6'
— AAO ' '
= 4424006 49, 2 __5m 180 degrees = — 225°
=44°+0'+0.6(60") 4 4 x
=44°40'+36"
=44°0'36" 50. 2 = _2r 180 degrees = —120°
F, B1FONS 3 3 =
d40@ ' 35"
A 180 degrees = 90°
2 2 =
p i T . 52. 4n= 47:-@ degrees = 720°
35. 30°=30-—— radian = — radian s
180 6
P . 2n .. 53, ~-T. 180 degrees =15°
36. 120°=120-—— radian = — radians 12 12 =«
180 3
57: 575 180
. . 54. degrees = 75°
37. 240°=240-— radian :ﬂ radians 12 12 o1 d
80 3
b T 18 o
38. 330°=330-— 80 radian :% radians 5. 92 2 n — degrees =-90
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64.
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- = —n~@ degrees = —180°

T
_E:—E-@ degrees = —30°
6 6 =
_3m__3r 180 degrees = —135°
4 4

17° =17 L radian
180
= 17_7: radian
180
~ 0.30 radian
73° = 73-i radian
180
73n .
=—— radians
180
~1.27 radians
—40° = —40-— radian
180
= —E radian
9
~ —0.70 radian
-51°= —51~i radian
180
= —N—n radian
60
~ —0.89 radian
T .
125° =125-—— radian
180
= @ radians
36
~ 2.18 radians
T .
350° =350-—— radian
180
= 35_7: radians
18
~ 6.11 radians

3.14 radians = 3.14-@ degrees ~179.91°
T

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
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0.75 radian = 0.75~@ degrees ~ 42.97°
I

2 radians = 2-@ degrees ~114.59°
T

3 radians = 3~@ degrees ~171.89°
Y

6.32 radians = 6.32 180 degrees ~ 362.11°
T

J2 radians = /2 180 degrees ~ 81.03°
T

r =10 meters; @ :% radian;
1

S= r6=10-§=5 meters

r =6 feet; =2 radian;

s=rf=6-2=12 feet

0= 1 radian; s = 2 feet;

6:% radian; s=6cm;

s=ré
r:i:i:24 cm
12 (1/4)

r =5 miles; s =3 miles;
s=r@
H:E:§=O.6 radian

r 5
r =6 meters; s =28 meters;
s=r@

H:E:
r

o |

= % ~1.333 radians

r =2 inches; 9=3O°=30~i=E radian;
180 6

s=rf= 2-%: ~1.047 inches

i
3
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78. r =3 meters; §=120°=120-—
180

S=rf= 3-2—; =21 ~ 6.283 meters

79. r =10 meters; 6_2 radian
Azlrzazl(lo)z 112100 o5 2
2 2 2 4

80. r =6 feet; =2 radians

A——rZH ( )’ (2)=36 ft’

81. Hzéradian; A=2 ft?

a=1trg
2

i)

2 \3

-1
6

12=r°
r=+12 = 243 ~3.464 feet

82. Hziradian; A=6cm?’

A_1 re
2

el
2 \4
6=2r
8
48 =r?
r =48 = 4/3 ~6.928 cm

83. r=5miles; A=3mi’
A==r29

0= i =0.24 radian
25

:E radians
3

84.

85.

86.

87.

88.

89.

90.
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r =6 meters; A=8m?
A:Erze
2
1, .2
8=—(6) @
8=180

0= E = i ~ 0.444 radian
18 9

r =2 inches; 6?=30°=30-i=E radian
180 6

Py :1(2)2 [Ej =7 ~1.047 in?
2 2 6) 3

r =3 meters; 6=120°=120.-— 180 =2—3n radians

A=trg=Lay (2”) 37 ~9.425 m’
2 2 3

r =2 feet; 0 :% radians

s=rg=2.F =2 2004 feet
3 3

a=Lro-L(ay [E): -2 20041t
> 3

r = 4 meters; 0 =% radian

S= I’t9=4~£=ﬁz2.094 meters
6 3

A:lr29:l(4)2[£):4_”~4189 m?
2 6) 3

r =12 yards; 6= 70°=70-—% = '™ radians
180 18

s=rf= 12~% ~14.661 yards

a=trg=Lay (”J 2877 ~87.965 yd?
2 772 18

r=9cm; #=50°=50-— =5—nradian
180 18

s=r¢9:9-i’—nz7.854 cm

A=Zr9==(9) [5—7[)—45—7[ ~ 35.343 cm?
2 18 4
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91.

92.

93.

94.

95.

96.

r =6 inches
In 15 minutes, 9r.
15 1 .
6 =— rev=—-360°= 90°— radians
60 4 2
s=rf= 6% =3n =~ 9.4248 inches
In 25 minutes,
98.
0= —5 rev = i 360°=150°= 5— radians
60 12 6
5n .
s=rf=6-— =5n~15.7080 inches
r =40 inches; 0 =20°= I radian
9 99.
s=r0=40- =2 _13 9626 inches
9 9
r=4m; 0=45=45—"_=" radian
180 4
a=tro=14p[Z)-20~628m
2 2 4
r=3cm; €=60°= 60-i _I radians
180 3
100.
a=tro=lap[ 2= ca71em?
2 2 3 2
r =30 feet; 0= 135":135~i = 3—“ radians
180 4
101.
a=1tr20=1 (301372877 L1060.20 12
2 2 4 2
r =50 yards; A=100 yd?
A:lﬁe
2
100 = (50)
100 =12509
102.
100 _ 2 — =0.08 radian
1250 25
2 180_(72) _,gp.
25 T /4
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r=5cm; t=20seconds; &= 3 radlan
1/3
w:Q:_( ) i1 radian/sec
t 20 320 60
1/
V:E:rg 5 ):Ei:i cm/sec
t ot 20 320 12
r =2 meters; t=20seconds; s=>5 meters
s/r 5/2
=g:—( ) :—( ) 211 radian/sec
t t 20 220 8
s 5 1
V=—=—==m/sec
t 20 4
d =26 inches; r =13 inches; v=235mi/hr
_ 35 mi _5280ft.12 in.. lhr
hr mi ft 60 min
=36,960 in./min
_ vV _ 36,960 in./min
r 13 in.
~ 2843.08 radians/min
2843.08 rad' lrev
min 2n rad
~ 452.5 rev/imin
r =15 inches; @ =3 rev/sec = 6 rad/sec
v=rw=15-67 in./sec = 90 ~ 282.7 in/sec
v:90n£~ 1f_t . Imi .36005ec ~16.1 mi/hr
sec 12in. 5280ft 1hr
r =3960 miles
0 =35°9'- 29°57"
=5012'
=5.2°
_52.
180

~ 0.09076 radian
s=r8d =3960-0.09076 ~ 359 miles

r =3960 miles

0 =38°21'-30°20"
=8°1'
~8.017°

-8.017- -~
180

~0.1399 radian
s=r8=3960-0.1399 ~ 554 miles

© 2006 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

103. r =3429.5 miles

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

V=ro= 3429.5-% ~ 898 miles/hr

104. r =3033.5 miles

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

V=ro= 3033.5.% ~ 794 miles/hr

105. r =2.39x10° miles
w =1rev/27.3 days

= 2r radians/27.3 days
=—" __ radians/hr
12.27.3

v=ro=(239x10°): T
3276

~ 2292 miles/hr

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

= 2r radians/365 days

=T radians/hr
12-365

V=rw=(9.29x10"): T~ 66,633 miles/hr
4380

107. r, =2 inches; r, =8 inches;
@, =3 rev/min = 67 radians/min
Find ,:
v, =V,
hoy = 1o,
2(6m) = 8w,
2y 128
8
=1.5n radians/min

157 .
==—— rev/min
27

3 .
=— rev/min
4
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108. r =30 feet

_Arev 2 m 0,09 radisec
70sec 70sec 35
vV =re =30 feet- m rad = b ft ~ 2.69 feet/sec
35sec 7 sec

109. r=4feet; =10 rev/min = 20xr radians/min
V=rw
=4.20%
=80n i
min
_80nft 1mi 60 min
"~ min 5280ft hr
~ 2.86 mi/hr

110. d =26 inches; r =13 inches;
o =480 rev/imin = 960x radians/min
V=rw
=13-960x
124801
min
_12480min 1ft 1mi 60 min
© min  12in 5280ft hr
~ 37.13 mi/hr
%
w=—
r
_ 80 mi/hr 12in 5280ft Llhr 1rev
~ 13in 1ft 1mi 60min 2x rad
~1034.26 rev/min

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

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

~ 31.47 rev/imin

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

miles.
t__ 4
90 2m(3559)
_ %028 __ 40966 hours ~ 5.8 minutes
27n(3559)
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113.

114.

115.

116.

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 27(3960) miles. Therefore,

the linear velocity a person must travel to keep

up with the sun is:
_ S _ 2m(3960)

t 24

~1037 miles/hr

Find s, when r =3960 milesand 8 =1".
, Ldegree m radians

60 min 180 degrees
s =rd =3960(0.00029) ~1.15 miles

Thus, 1 nautical mile is approximately 1.15
statute miles.

=1 ~ 0.00029 radian

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=ré
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=2xr=2r- = 25,000 miles.

r, rotates at e, rev/min, so v, = ra,.
r, rotates at @, rev/min, so v, =r,w, .

Since the linear speed of the belt connecting the
pulleys is the same, we have that:

Vi=V,
ho, =1,
n_no,
Lo Lo

L_®

h o

153
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117-118. Answers will vary.

119.

120.

121.

n radians

Note that 1°=1°-
180°

] ~ 0.017 radian and

1 radian (&
7 radians

Therefore, an angle whose measure is 1 radian is larger
than an angle whose measure is 1 degree.

jz 57.296°.

Linear speed measures the distance traveled per unit time,
and angular speed measures the change in a central angle
per unit time. In other words, linear speed describes
distance traveled by a point located on the edge of a
circle, and angular speed describes the turning rate of the
circle itself.

This is a true statement. That is, since an angle measured
in degrees can be converted to radian measure by using
the formula 180 degrees = 7 radians , the arc length

formula can be rewritten as follows: s=r@ = ﬁre .

122-123. Answers will vary.

Section 2.2

1.

2.

10.

c? =a?+b?
f(5)=3(5)-7=15-7=8
complementary

cosine

62°

1

. True

False
True

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

(hypotenuse)® = 5% +122 =169
hypotenuse = /169 =13

Siﬁﬁzﬂzi Cscg;M:E
hyp 13 opp 5
Cosﬁza—djzE secﬁ:h_yp_)zg
hyp 13 adj 12
tanezo—pp_):i cot(g:a_dJ:E
adj 12 opp 5

12. opposite = 3; adjacent = 4, hypotenuse = ?
(hypotenuse)® = 3% +4° = 25

hypotenuse = J25=5

sing= 2P _3 co=Twp_5
hyp 5 opp 3
cos¢9:a—dJ:ﬂ e_hyPZE
hyp 5 adj 4
tan@zo—ppzE cotH:a_djzi
adj 4 opp 3

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

hypotenuse = V13
opp 2 2 V13 2\13
13

sinf=—"—-=-—— - - .= """

c0sf=—=—=——=——
hyp 13 13 V13 13
tan¢9:0LF_)_g
adj 3
csce_hyp:@
opp 2
sec@ M:@
adj 3
cot¢9=a—dj—§
opp 2

14. opposite = 3; adjacent = 3; hypotenuse = ?
(hypotenuse)® = 3* +3% =18

hypotenuse = V18 =32
opp 3 3 N

sinf=—=——+= —_—_=—
hyp 3V2 32 V2 2
adi 3 3 2 2

COS&:—:—:—.—:

15.

16.

ISM: Trigonometry EGU

adjacent = 2; hypotenuse = 4; opposite = ?
(opposite)? + 2% = 4?
(opposite)> =16 -4 =12
opposite = V12 =243

sine_ﬂzﬁzﬁ

hyp 4 2
cosezadj_gzl

hyp 4 2

opp 2v3
tanf=——=——=+/3

adj 2 3
csc¢9_hyp 4 = 4 .ﬁzz*/g

opp 243 23 V3 3
secﬁ_h—yr_)_i_

adj 2
cotg 2 _ 2 2 B3_\3

opp 243 2/3 V3 3

opposite = 3; hypotenuse = 4; adjacent =?
3? + (adjacent)? = 4°
(adjacent)®* =16-9=7
adjacent = J7
sinp= PP _3
hyp 4
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17. opposite = J2; adjacent = 1; hypotenuse = ? tan @ = opp _ 1
(hypotenuse)zz(\/i)2+12:3 adj j_
hyp 5
hypotenuse = /3 cscl = o 1" J5
o opp V2 V2 3 6
sinf=—=—=—.—=—— hyp \/g
hyp /3 V3 V3 3 se(:é?za—djz7
adj 1 1 43 3 .
C0sf=—=—"==—"=-—==— adj 2
hyp 3 V3 V3 3 Cow:@:IZZ
tanH:O—m_)zﬂzﬁ
adj 1 20. adjacent =2; hypotenuse:\/g; opposite = ?
Cscgzﬂzﬁzﬁ.ﬁzﬁ (opposite)® +2° :(\/5)2
opp V2 N2 2 2 ooty 541
opposite)’ =5—4 =
secezh—yF_)zﬁzﬁ e = i<
adj 1 opposite =+1=1
Cotg—a_dj—i—i.ﬁ—ﬁ Siﬂﬁ:%:i:i.ﬂzﬁ
opp N2 N2 V2 2 hyp 6 5 6 5
poadi_ 2 2 5 _25
18. opposite = 2; adjacent:\/f; hypotenuse = ? cos "t B BB 5
2 _ 92 _
(hypotenuse)“ = 2 +(\/§) =7 tanﬁ:o—?:%
hypotenuse = /7 ad) e
sing_OPP_ 2 _ 2 NT_27 CSCQ:M:TSZJE
hyp 7 N7 NTOT opp
COSg—a—djzﬁzﬁ-ﬁzﬂ secH:h—?zé
hyp N7 V7T NTOT adj
tand = PP_2_2 \3_23 cotg=29 _2_,
adji 3 33 3 opp 1
cch—Mzﬂ .
opp 2 21. sind==; cosf=—
Secgzmzﬂzﬁ.ézﬁ 1
SIRCERCRCINE oSN _2 12 1 13
adj /3 cosd 3 23 3 33 3
cotf=—=— >
opp 2
cscez_izl:12:2
19. opposite = 1; hypotenuse:\/g;adjacent:? sing 1
2 : 2 2 2
12 + (adjacent) _(\/5) secg___i_i_i_ﬁ_ﬁ
(adjacent)* =5-1=4 c0sd ﬁ NINEEE
adjacent =~/4 =2 5
sin@:%:i:i.ﬁzﬁ CotQ:L:i:i:i.ﬁzﬂ:ﬁ
hyp 5 6 5 5 g 3 3 V343 3
adf 2 2 5 26 3
c0sf=—=——=— . —=—+—
hyp 5 5 5 5
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Chapter 2: Trigonometric Functions

22. sinezﬁ; c059=l
2 2

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
secﬁz—:izl-zzz
cosd 1
2
cotgziziziﬁz_s
tand 3 3 3 3
23. sinezg; 0059:_5
3 3
2
angSn0_3 23 _2_2 V5 25
0s0 5 35 5 55 5
3
csc@:_izlzg
sing 2 2
3
secH:—:i:iﬁzﬁ
cosd 5 55 5
3
1 1 55 5/ 5
cotd = = = = = =2
tand 25 255 10 2
5
24, siné?zl; 0059:&
3 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 222 22 222 2 4
3
ot L L _4_ 42 42,5
tand 2 2 V2 V2 2
4

25.

26.

ISM: Trigonometry EGU

sind = % corresponds to the right triangle:

Using the Pythagorean Theorem:

a’ +(\/§)2 =2

a®=4-2=2
a=2
So the triangle is:
c=2
b=+2
a=+2
Cosg_a_djzﬁ
hyp 2
tanH:O—m_) ﬁzl
adj 2
wco P _2 _2 2 5
adj 2 2 V2
cco P _2 2 V25
opp 2 2 2
cotH:a—dJ:Q:
opp 2

cosé = % corresponds to the right triangle:

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

So the triangle is:
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c=2
b=+2
a=+/2
sine_ﬂzﬁ
hyp 2
tané?—o—pr_)zﬁzl
adj 2
hyp 2 2 2
csch=—r="=".22_2
op V2 V2 V2
hyp 2 2 2
sece_—_:—:——:\/i
adi V2 2 V2
Cotg_a_djzﬁzl
opp 2
27. cos¢9:1

Using the Pythagorean Identities:
sin®@+cos?6 =1

2
sin20+[%j =1

sin20+£=1
9

sin29:8

\F 22
sin@ =
9 3

(Note: sin@ must be positive since @ is acute.)
sing 4% 22 3

©|

ang=—"=-"2- =22
cosd 1 3
Cscg_i_i_i_i.ﬁ_ﬂ
sing 22 22 22 V2 4
secH:Lzlzl-S—?,
cosd 3
1 1 1 V2 2
COtH: = = —_—
tand 22 242 2 4
28. sinezg

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

2
[?] +cos’6=1

Chapter 2: Trigonometric Functions

i+cos2¢9:1
16

(:032(9:E
1

cosﬁ:\/@:@
16 4

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

6_smt9 { i V3 13 \/_

cos @ @ V13 TT 13
csco L L _4_ 43 4B
sing B3 3.3 3
oo L 1 _ 4 4 V13 413
cosd ¥ 13 13 V13 13
coté = COSQ %_@_@ﬁ__39
sing B3 B3B3

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

a=2
Using the Pythagorean Theorem:
c?=1"+2°=5

c=+5

So, the triangle is:
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30.

3L

coté = % 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 V56 5 5
Cosg—a_djzi:i‘ﬁz_s
hyp 5 5 5 5
tan@ = pp_g_z
adj 1
csco hypzﬁ
opp 2
sece—hypzﬁzx/_
;1
secd =3

Using the Pythagorean Identities:
tan” 6 +1=sec’ &
tan’ 0 +1=3
tan®6=3"-1=8
tan & =~/8 = 242

(Note: tan @ must be positive since @ is acute.)
cosd = 1 = 1

secd 3

sing

tand =——, s0
cosd
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33.

ISM: Trigonometry EGU

cscd =5
Using the Pythagorean Identities:

cot?@+1=csc’ 0

cot’ @ +1="5°
cot?’ @ =5>-1=24
cotd =~/24 = 2/6
(Note: cot& must be positive since @ is acute.)
sin¢9=i:1
cscd 5
cotH—cose,so
siné
cos 6 = (cot§)(sin§) = 246 - %:T\/_
tan @ = ! = ! = 1 £—£
cotd 26 26 6 12
secl = 1 1.5 > ﬁ _5\/5
cosd @ 2\/6 \/’\/’ 12
tan @ =~/2
Using the Pythagorean Identities:
sec’f=tan’ 0 +1
2
seczez(\/ﬁ) +1=3
secd =+/3
(Note: secd must be positive since @ is acute.)
coso-_ L L _ 1.3 V8
secd 3 3 3 3
tanH_SmH,
sin@ = (tan 0)(cos 9) \/5?3:?6
1 1 3 3 46 3/6 6
csce——zﬁz_:_._:_:_
sing % 6 J6 6 6 2
cotg— L L _L N2 V2
tand 2 2 2 2
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34. secd = §
3

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

2
tan’@+1= [Ej
3

2
tanzé?:[Ej —1:§— _16

1 1 3
c0sf=——=—=—

secd 5 5
tanezsm@’

0s &

35.

Using the Pythagorean Theorem:
a’+1°=2°
a’+1=4
a®=4-1=3

a=+/3

So the triangle is:

37.

38.

39.

Chapter 2: Trigonometric Functions

adj 3 3 3 3
Secg_h_yr:):iziﬁzz_\/g

adi 3 V33 3
cotH:a—djzﬁzx/g

opp 1

cotd =2 corresponds to the right triangle:

o

b=1

a=2

Using the Pythagorean Theorem:
c®=1"+2*=1+4=5

c=+5

So the triangle is:

opp _1

adj 2
cscl = yp:ﬁ:\/g

opp 1
secéi_hLF_)_—5

adj 2

sin? 20°+ cos® 20°=1, using the identity
sin“@+cos*6=1

sec? 28°— tan” 28°=1, using the identity
tan’ 6 +1=sec’ @
sin80°csc80°=sin 80°~L =1, using the

sing0°

identity cscd = i
sing
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40.

41.

42,

43.

44,

45.

46.

47.

48.

tan10°cot10°= tan10°- 1 =1, using the
tan10°

identity cotd = L
tan @

i (0]
tan50° - sinS0 =tan50°—tan50°= 0, using the
cos50°
identity tané = siné
cosé

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

sin25°

identity cotd = 09_39
siné

sin 38°— c0s52°=sin 38°— sin(90°— 52°)
=5in 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)

c0s10° sin(90°-10°) sin80° 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 cosé =sin(90°—-#) and

sin® @ +cos? 6 =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
cscd =sec(90°—-0)
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ISM: Trigonometry EGU

0 i o__ o
49, tan200— S957% _ tan pgo SINEG0°—70°)
cos 20° cos 20°
1 0
— tan 20°— sin 20
co0s 20°
= tan 20°—tan 20°
=0
using the identities cosé =sin(90°—-#) and
tand = ﬂ .
cosé@
1 0 o__ (0]
50, Cot400_s!n50 _ 0_cos(@?o 50°)
sin 40° sin 40°
(0]
= cot40°— Cf)s 40
sin 40°
= cot 40°—cot 40°
=0
using the identities sin & = cos(90°—#) and
cotd = C?—SH .
sin@

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

35°

jsec 550°.c0s35°

=sin35°-sec55°
=sin35°-csc(90°-55°)
=sin35°-¢csc35°

=sin35°.

sin35°
=1

using the identities tané = sind

cosd
1
secd =csc(90°—6), and cscl = ——.
sing
0
52. cot25°-csc65°-sin 25°= 09525 -€sC65°-sin 25°
sin 25°

=C0s25°-¢csc65°
=05 25°-sec(90°-65°)
=C0s25°-sec 25°

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

cscd =sec(90°—6), and secd :L.
coséd
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53. €0s35°-sin55°+ cos55°-sin 35° 57. Given: tand=4
= €0535°-c0s(90°-55°) + sin(90°—55°) - sin 35° a. sec’fd=1+tan’H=1+4>=1+16=17
= €05 35°- €05 35°+ sin 35°-sin 35° 1 1
, -, b. cotd=—-==
= c0s” 35°+ sin“ 35° tang 4
using the identities sin @ = cos(90°—6), C. 00{5—9):%‘”9 =4
—Qj o__ in2 2 n_
cosd =sin(90°-0), and sin® &+ cos* 6 =1. 4 csc? 0 =1+ cot 0
54. sec35°-csc55°—tan 35°-cot 55° -1 T 1 1 17
=l+——=l+—o=1+—=—
=sec35°-sec(90°-55°%) — tan 35°- tan(90° -55°) tan® @ 4 16 16
_ 0, 0__ 0, 0
=sec35°.sec35°—tan 35°-tan 35 58. Given: secd =3
=sec? 350—tan’ 35° 1 1
2 2 a. cosf=——==
= (1+tan” 35°) —tan“ 35° secd 3
=1 b. tan’@=sec’0-1=3-1=9-1=8

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

C. csc(90°-@)=secd=3
cotd =tan(90°-#), and 1+ tan® & =sec’ @ ( )

d. sin?6=1-cos’&

55. Given: sin30° = = ot 41 1.8
2 sec’ 0 32 9 9
. . 1
o _ o _ o\ _ o _ - .
a. cos60 _sm(90 60 )—5|n30 =5 59. Given: cscd =4
. 1 1
2 a sinf=——==
b. 005230°=1—sin230°:1—(%J =% cschd 4
b. cot?@=csc’0-1=4*-1=16-1=15
T o 1 1
c. CSCE:CSCSO = Sn30° =1=2 c. sec(90°-0) =cscd =4
2
d. sec?’d=1+tan’@=1+ ! =1+i—16

cot’ 0 15 15
d. secg = csc(g—ﬁj = cscg =csc30° =2

3
60. Given: cotd=2
1 1
56. Given: sin60°=§ a tanH—Cow—E
b. csc’O=cot’0+1=2*+1=4+1=5
a. cos30° =sin(90° —3o°)=sin 60° =§
) C. tan(g—ejzcotH:Z
b. c05260":1—sin260°=1—£ _1 , ,
2 4 d. sec®d=1+tan“ @
1 1 1 5
6 sl L 1 _1_243 243 =l ===y
' 6 osf C0s30° 3 3 3 3 co
6 2
d csc—:sec[———J—sec[Ej=sec30°—ﬁ
6 3
161
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61.

62.

Given: sin38° = 0.62
a. cos38°~?
sin?38° +cos?38° =1

c0s? 38° =1—sin?38°
c0538° =+/1—sin?38°
1-(0.62)°
~0.785
H (o]
b, tan3ge =38 062 5790
cos38° 0.785
c. cot38° = C9S38 ~ 0.785 ~1.266
sin38°  0.62
d. sec38° = 1 szl.ZM
cos38° 0.785
e. €sc38° =— ~i ~1.613
sin38° 0.62

f.  sin52° = cos(90° _52° ) — c0s38° ~ 0.785

9. c0s52° =sin(90° ~52°) =sin38° ~ 0.62

=

tan52° = cot(9o° —52° ) =cot38° ~1.266

Given: c0s21° = 0.93
a. sin21°=?
sin?21° +cos? 21° =1

sin? 21° =1—cos? 21°
sin21° =+/1—-cos? 21°
1-(0.93)°
~ 0.368
b, tan210 = SN2L 0368 1 a06
cos21° 093
o]
c. cotare =982t 098 oy
sin21° 0.368
d. sec21’° = L ~i ~1.075
cos21° 0.93
e. ¢sc21° =— L ~ L ~2.717
sin21° 0.368

f.  sin69° =cos(90° —69° ) = cos21° ~ 0.93
9. c0s69° =sin(90° —69° ) =sin21° ~ 0.368

h. tan69° = cot(90° - 690) = cot21° ~ 2.527

63.

64.

65.

66.

67.

162
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Given: siné=0.3
sin 0+cos(%—0) —sin@+sin®=0.3+0.3=06

Given: tan9=4
tan 9+tan(g—0) =tand+cotd

:tanHJri:4+£:E
tané@ 4 4

The equation sin @ = cos(260+30° ) will be true
when 6 =90° —(20+30°)
6 =60°-20
360 =60°
6 =20°

The equation tan & = cot (6+45° ) will be true
when 0 =90°—(6+45°)
0=45 0
20 = 45°
0=225°

a. T= 1500 —t— 500 =5+5=10 minutes

300 100

b. T= 500+1500—5 15 = 20 minutes

100 100

C. tanH:@ SO X 500

X tan @

. 500
sinf=———,50
distance in sand

distance in sand = @
sin@

1500 - x N distance in sand

300 100

1500 500 500

tangd , sin@
300 100
5 5

" 3tand sind

T(9)=
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500 1 . The time is least when the angle is
d. tand= 1500 3 Sowecan consider the approximately 70.53°. The value of x for
triangle: this angle is x = _ 900 1768 feet.
tan 70.53°
The least time is approximately 9.71
1 V10 minutes.
0 g. Answers will vary.
3
68. a. Consider the length of the line segment in
3 5 5 two sections, x, the portion across the hall
Y 3tang + sing that is 3 feet wide and y, the portion across
5 5 that hall that is 4 feet wide. Then,
=5—-——+—
1y 1 cos¢9=§,so x:i and sin¢9=i,so
3 Ji0 X cosé y
4 3 4
=5-5+510 y=——. Thus, L=Xx+y=——+—

~15.81 minutes sing cosd siné

e. 1000 feet along the paved path leaves an b. Answers will vary.

additional 500 feet in the direction of the

path, so the angle of the path across the sand 69. a Since [OA|=[OC|=1, AOAC isisosceles.
is 45°. Thus, ZOAC = ZOCA.. Now
5 5 Z0AC + Z0OCA+ £ZAOC =180°
" 3@nd5  sind5 ZOAC + ZOCA+ (180°— 0) =180°
5 5 Z0AC+Z0CA=0
=5 — 4+
31 V2 2(LOAC) =0
2 6
£ 10 ZOAC =2
=5 —_+—= 2
3 2
: _ CD| |cD|
~10.4 minutes b. sing=——="—"=|CD|
; 5 |oc| 1
f. LetY =5- +—— with the OD| |OD|
3tanx sinx cosf=1——="—-"=|0D|
calculator in DEGREE mode. |OC | 1
20 6 |co|  |col  [cD|  sing

134

tan

p 2 |AD| |AO|+|OD| 1+|OD| 1+cosé

70. Let h be the height of the triangle and b be the

0° 90° base of the triangle.
0 . h .
Use the MINIMUM feature: sing =250 h=asind
20

1y
&N- cos49=2—,so b =2acos@
a

A= %bh = %(Zacosﬁ)(asin 0) =a’sinfcos o

Hiniraur
Q°|H=/0.E2BRPE _W=0.7140452 4| O(°

0
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71. h=x-E=xtan¢9
X

ISM: Trigonometry EGU

Thus, cos@ =+/1-sin @ = _(b j
+a

h
h:(l—x)-az(l—x)tan(na) ) _b2—2ab+a2
xtan @ = (1-x)tan(nd) b? + 2ab + a?
xtan @ = tan(nd) - xtan(nd) :\/b2+2ab+a2—b2+2ab—az
2 2
xtan @+ x tan(n@) = tan (n@) b”+2ab+a
4ab
x(tan 6+ tan(n@)) = tan(no) - == >
(a+b)
tan(né@
__ tn(ng) 2 i
tan 6 +tan (no) =
a+b
72. Let x be the distance from O to the first circle. _ Jab
a+b
From the diagram, we have siné = and T
X+a
Sine—L 1
C X+2a+b’ . a AreaAOAC:—|OC|~|AC|
Therefore, i:% 1 |oc| |AC|
X+a X+2a+ il il
2 1 1
xb+ab =xa+2a?+ab 1
xb — xa = 2a2 :ECOSaSina
x(b—a) = 2a° 1.
, :Esmacosa
= 2a
b-a

Therefore, sind = 2

b.Area AOCB =] 0C| | BC|

X+a _l.| |2.|OC|.|BC|
___ 2 2 |oB| |OB|
2a’ ta 1 ,

b-a :§|OB| cos Asin 3

a
Ty ~|0Bsin peos s

b-a 1
__a c. Area AOAB==|BD|:|OA]
a’+ab i

b-a =E|BD|-1
:a(b—a) |BD|

2

a“+ab :§'| |OB
_a(b-a) |0B|
a(b+a) =1|OB|sin(a+ﬂ)
_b-a ?

b+a |oc|

cosa _|OA[ _|OC| |OB|

= =|OB|
cosp |OC| 1 |OC|
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e. Area AOAB = Area AOAC + Area AOCB
%| OB sin(a + B)

=%sinacow +%| OB |Zsinﬂcosﬂ

cosa
——sin(a + B)

cos

2
. cos“a .
=sinacosa +———sin #cos
cos” g
0sa .
sinla+ B) = ﬂsmacosa+ ——singcos 3
cos

sin(a + ) :smacosﬁ+cosasmﬁ

74. a. AreaofAOBC=%~1.sin9=%sin9

b. Areaof AOBD ==-1-tané@

—tand

r\> I—‘NlH

_sind
2cosé

c. Area AOBC < Areaarc OBC < Area AOBD

1sin(9<16’< sing
2 2 2cosd
sind 0 < sin@
sing sin@ sin@cosd
0 1

sin@ cosd

. sina
75. sina = -COS o
c

0Sa
=tanacosa
=C0S fCcosa
=cos gtan g
—cosp. NP sin g
cos S
=sin g
sina+cos’a =1
sin“a +tan’ =1
sin2a+5in22’g =1
cos” g
sina
1-sin‘a

(1_sin2a)(sinza+%]:(1)(1_smza)

sin®a +

1-sin“a

76.

77.

78.

Chapter 2: Trigonometric Functions

sina—sin*a+sina =1-sin’ «
sin® ¢ —3sina+1=0
Using the quadratic formula:

s

F

>1 So sina =

sina =

;s

Consider the right triangle:

a
If @ is an acute angle in this triangle, then:

a>0,b>0and ¢c>0. So cosﬁ=3>0.

c
Also, since a +b? =c?, we know that:
0<a’<c?
O<a<c

Thus, 0<2<1.
C

So we now know that 0 < cos@ <1 which
1

> p—
1

secd>1

implies that:

Consider the right triangle:

|
a

If 6 is an acute angle in this triangle, then

a>0,b>0and ¢c>0. So sin¢9=9>0.

c
Also, since a* +b® =c?, we know that:
0<b®<c?
O<b<c
Thus, 0< % <1

Therefore, 0 <sind <1.

Answers will vary.
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Section 2.3
1. tanZ +sin30°= 1+l E
4 2 2
2. Set the calculator to radian mode: sin2 ~ 0.91.
Nt mszarazes
3.
4. False
5. sin 45°:% csc45° =~/2
c0s45° = % sec45° =2
tan45°=1 cot45°=1
6. sin30°_l sin 60°:—3
2 2
c0s30° = ﬁ C0s60° = 1
2 2
3
tan 30° = 5 tan 60° =+/3
csc30° =2 csc60° = ¥
sec30° = ¥ sec60° =2
cot30° =+/3 Cot60° = %
7. sin60° = ﬁ
2
8. c0s60° ==
9. sin 60 =sin30° ==
2
0
10. cos =c0s30° = ?

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
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2
(00560")2 =(1j _1
2) 4
2sin 60° :2.§:ﬁ

2¢0s60° = 2%:1

V3
siné’ _ 5 _V31_\3
2 2 2 2 4
1
cos60" 5 _11_1
2 2 22 4
4cos45°—23in45°—4~%—2-g
=222
-2

2sin45°+4cos30° = 2-

£+§:\/§+2\/§

6tan 45°—800560°=6-1—8-%: 6-4=2

sin30°-tan 60°=%-\/_=§

secz+205c— J2+2. Z\Sf

:@%

_3\/§+4\/§
3

tan£+cot£:1+1: 2
4 4

2
sect X _q= ﬁ 4_2_4:f_ _ 8
6 3 3 3
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2T 2 33. Set the calculator to degree mode:
24, 4+tan —_4+(J§) —443=7 .
——~1.33.
25, sin?30° +cos? 60° = | L 1 2+ 1 2_1+1_1 T aistamiogs| | ooi.35512993
' 2 2) 4 4 2 Sew
Simul
26. sec?60° —tan?45° = (2)° —(1)" =4-1=3
34. Set the calculator to degree mode:
BY (1Y
27. 1-cos?30° —cos? 60° =1 - _(5) Csc55°= L2z
IEES =]
3 1 1 22Errasas
:1————
=0
2
2 qno 2 o V3 2 Set the calcul di de: sin-~ ~
28. 1+tan?30° —csc? 45° =1+ 5 _(ﬁ) . Set the calculator to radian mode: S|n5~0.31.
Eintm<107
L 3050165944
=1+—-2
9
__2
3

Ein{ZE2

. 4504715628 [ e
Set the calculator to degree mode: co0s14°~ 0.97 5r
7147 i . ~
Fos I o nasmne g . Set the calculator to radian mode: tanE ~3.73.
ffantom-1Z%

3. 732858382

antZl> .
QRIS LR 38. Set the calculator to radian mode:

cotl = 1 ~5.67.
T

32. Set the calculator to degree mode: ze18z

1 tanCyEl
IEEAVELEAE
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39.

44,

45,

Set the calculator to radian mode:

~1.04.

1 costm<12%
1.83527618

l-z=intom~1332
1. BE95881 37

radian mode: sinl1~0.84.

EiniIa
. 8414789342

radian mode: tan1~1.56.

fEancly
1.557487 725

~0.02.

EinCI
L B174524864

fEancly
L B174558649

fant.32
 SEDITEZ4IE

1°~0.02.

radian mode: tan 0.3~ 0.31.

46.

47.

48.

49,
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Set the calculator to radian mode: tan 0.1~ 0.10.

fLani. 12
1BR334ETZ1

Fu11 HDPIZ G-T

2v,” sin@cosd

Use the formula R = with

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

R= ~ 310.56 feet

v,’sin* @
29

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

1007 sin® 45°
2(32.2)

Use the formula H = with

~ 77.64 feet

2v,” sin@cosf

Use the formula R = with

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

_ 2(150)’ sin30°-cos 30°

~1988.32 m
9
2 ain2
Use the formula H _Yosin’ with
29

g=9.8 m/sec’; §=30°; v, =150 m/sec :

2 ain2 2N0 2

_150%sin"30° _ 22,500(0.5)" 286.99 m
2(9.8) 19.6

2v,” sin@cosd

Use the formula R = with

g =9.8 m/sec’; 6 =25; v, =500 m/sec:
2(500)° sin 25°-cos 25°
= ~19,542.95 m
g
2 ain?
Use the formula H _Yosin’ with
29
g=9.8 m/sec’; §=25°; v, =500 m/sec:
2 ain? 0
00 SN 257 597814 m
2(9.8)
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2v,” sin@cos @

50. Use the formula R = with

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

2(200)° sin50°-cos 50°
R= ~1223.36 ft
g

v,’sin® @
29

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

_ 2007 sin? 50°
2(32.2)

51. Use the formula t =+ _L with
\j gsingdcosé

g =32 ft/sec’ and a =10 feet :

Use the formula H = with

~ 364.49 ft

2(10)
a. t=+|——>— ~1.20 seconds
32sin 30°-cos 30°

2(10
b. t i\/# ~1.12 seconds
325sin 45°-cos45°

2(10)
c. t=+|———~2—— ~1.20 seconds
32sin60°-cos 60°

52. Use the formula
X =050 ++/ 16+0.5(2c0s> 1) .

When 6 =30°:
X = cos30°+\/16 + 0.5(2 cos? 300—1) ~4.897 m

When @ =45°:
X = COS 45°+\/16+0.5(2 cos? 45° —1) ~4.707 m

53. a. We label the diagram as follows:

Note that tan6?=l and sin9=1, S0

X S
1 1
X= and s=——. Also, note that
tan @ sing
distance = rate - time , so time = distance .
rate

169

Chapter 2: Trigonometric Functions

distance on sand

Then, time onsand =
rate on sand

N

 3sin@
distance on road
rate on road

and time on road =

- 4tan @
So, total time = time on sand + time on road

T(6)=—2 +(1_ L j
3sin@ 4tan @

L2 1
3sin@ 4tan@

2 1

3sin30° 4tan30°
2 1

3.1 4.1

2 3
4 3

=l+———=19hr
3 4

T(30°) =1+

Sally is on the paved road for
1
4tan 30°

~0.57 hr.

2 1

3sin45°  4tan 45°
2 1

4L =

N

N

:1+&—£z1.69 hr

3 4
Sally is on the paved road for
1

1=
4tan 45°

T(45°) =1+

=0.75 hr.
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d. T(60°)=1+ _2 1 g. LetY, =1+ 2 I
3sin60° 4tan60° 3sinx 4tanx
2 1 4
=1+ -—
3.@ 43
2
g
3\/§ 4\/§ Oo 900
~1.63 hr 0
Sally is on the paved road for Use the MINIMUM feature:
1 4

1-————~0.86 hr.
4tan 60° L_N_
e. T(90°)=1+ 2 !

3s5in90° 4tan90°

But tan90° is undefined, so we can’t use 0°|#=5F 8Pk srs _v=t.samnsss .| gpo
the function formula for this path. 0
However, the distance would be 2 miles in The time is least when 0 ~67.98° . The least
the sand and 8 miles on the road. The total time is approximately 1.62 hour.
time would be: 2 +1= g ~1.67 hours. The Sally’s time on the paved road is
1 1
path would be to leave the first house 1- 1tano ~1- 4tan67.98° 0.90 hour.
walking 1 mile in the sand straight to the '
road. Then turn and walk 8 miles on the 54. a. We label the diagram as follows:

road. Finally, turn and walk 1 mile in the
sand to the second house.

f. tanc9=l , SO X=L=i=4. Thus,
4 tang 1/4
the Pythagorean Theorem yields:

52 = x% +1?

s=~/x>+1=+42+1=17

Total time = time on sand + time on road

2s 8-2x
T=2-+ h h
3 8 Note that tand =—,so r=——=hcotd.
217 8-2.4 _ rootang
= T+ 3 Consider the smaller triangle in the figure.
217 8-8 From this, sin(90° —6) R Since
AT h-R
sin(90° —0) = cos @, we have that:
217
=220 40 R
3 cos 6 =t TR
= 217 ~ 2.75 hrs R
3 h—-R=——
The path would be to leave the first house cosd
and walk in the sand directly to the bridge. he R _gp_R+Rcosd
Then cross the bridge (approximately 0 cosd cosd

miles on the road), and then walk in the sand
directly to the second house.
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55.

© 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

Then r =hcot@

_(R+Rcos@ \( cosd
_( cosé j(sinﬁ
_ R+Rcosd
~ sing

Thus, V = %ﬂ'l’zh

1 [R+Rcosejz(
=—7T -

3 sing
_;z(R+Rcos€)3
~ 3sin?@cosd

b. When 6=30°:
2+2c0s30°)°
v (300) - ZL2 1 200550)
3sin“ 30°-cos30°
When 6 =45°:
2+ 2c0s45°)°
V() - ST
3sin“ 45°.cos 45°
When 6 =60°:
2+2c0s60°)°
v (6or) - L1 200007
3sin“ 60°-cos 60°
7r(2+2cosx)3
c. LetY=——r1—".
3(sin x)“ cos x
500

Hinirur
Q°|H=r0.52B7B7 _¥=67.020643 4| 90°

0

Using a slant angle of approximately 70.53°
will yield the minimum volume 67.02 cm?.

c=8, 6=35°
8
a
[ ]
b
. a b
sin(35°%)=— c0s(35°%) =—
(35°) =< (35°) =3
a=8sin(35°) b =8cos(35°)
~ 8(0.5736) ~ 8(0.8192)
~4.59in. ~ 6.55in.

~251.4 cm®

~117.9 cm®

~75.4 cm®

56.

57.

58.

Chapter 2: Trigonometric Functions

c=10, 6=40°

10

b
sin(40°)=%

a=10sin(40°)

~10(0.6428) ~10(0.7660)
~ 6.43 cm. ~ 7.66 cm.
Casel: §=25° a=5
‘5
[ ]
b
. 5
sin(25%)=—
(259 =
C=— S ~ S ~11.83in.
sin(25°)  0.4226
Case 2: §=25° b=5
‘a
[ ]
5
cos(25°) ==
c= > N ~5.52in
cos(25°) 0.9063
Casel: d=—, a=3
¢ 3
[ ]
b
. [nj 3
sin| = |=—
8 c
c= 3 3 ~7.84m.
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59.

60.

61.

62.

63.

Case 2: 6=

, b=3

tan(35°) = %

|AC| =100tan (35°) ~100(0.7002) ~ 70.02 feet

tan (40°) = %

|AC| =100tan (40°) ~100(0.8391) ~ 83.91 feet
Let x = the height of the Eiffel Tower.
tan (85.361°) = —

80

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

Let x = the distance to the shore.

100 feet

| ]
X

tan (25°) = 100
X
100 100

X = ~ ~ 214.45 feet
tan (250) 0.4663

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

50 meters

X

50
tan (20°) ==
an(20°) .

50 50

X = x
tan (20°)  0.3640

~137.37 meters

64.

65.

66.

ISM: Trigonometry EGU

Let x = the distance to the base of the statue.

305 feet

[ ]
X
tan (20°) _30
X

305 305

X = ~ ~ 837.98 feet
tan (200) 0.3640

Let x = the distance up the building

22 feet X

L]
. X
sin(70°)=—
X = 22sin (70°) ~ 22(0.9397) ~ 20.67 feet

Let h = the height of the building and let x = the
distance from the building to the first sighting.

320 40°
50 feet X

tan (40°) :;

wo_ N
tan (40°)

h
X+50
h = (x+50) tan(32°)

tan(32°) =

+ 50} tan (32°)

h:( h +50j0.6249
0.8391

h=0.7447h +31.245
0.2553h =31.245
h ~122.37 feet
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67. We construct the figure below:

tan(32°) = % tan (23°) =%O
500 500
X=——— y = —
tan(32°) tan (23°)

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

68. Let h =the height of the balloon.

619

a 54¢°
100 ft  x—100

>

tan (54°) = g

o
tan (54°)

h
x—100
h = (x—100) tan (61°)

h= [th‘lo)—loojtan(mc’)

h~[— " 100180405
1.37638

h ~1.31072h —180.405
—0.31072h ~ —180.405
h ~ 580.62

tan(61°) =

Thus, the height of the balloon is approximately

580.62 feet.

Chapter 2: Trigonometric Functions

69. Let h represent the height of Lincoln's face.

h
b
%0 |35
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

70. Let h represent the height of tower above the
Sky Pod.

h
b
20.10
4000 feet
tan(20.1°) = b
4000
b = 4000tan (20.1°) ~ 1463.79

tan (24.4°) = 21
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

71. Letx = the length of the guy wire.

10 ft
y 190 ft
L]
sin(21°):@
X
190 190

X =— ~ ~530.18 ft.
sin(21°)  0.3584
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72.

73.

74. The elevation change is 11200 —9000 = 2200 ft .

75.

Let h = the height of the tower.

80 ft

. h
25%) = —
sin(25°) 20
h = 80sin (25°) ~ 80(0.4226) ~ 33.81 ft.

Let h = the height of the monument.

h
[ ]
789 ft
tan (35.1°) = -
789

h =789tan (35.10) ~ 789(0.7028) ~ 554.52 ft

Let x = the length of the trail.

2200 ft

sinl17°= @
X

2200 2200

- ~ ~ 7524.67 ft.
sin(17°)  0.2924

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

The length of the highway = x+y+z

. 1
400) ==
sin(40°) 2
1 .
X=————~15557 mi
sin(40°)

76.

77.

ISM: Trigonometry EGU

~1.3054 mi

—————~1.1918 mi

b=————~0.8391 mi
n

y=3-a-b
~3-1.1918-0.8391=0.9691 mi
The length of the highway is about:
1.5557 +0.9691+1.3054 ~ 3.83 miles.

Let x = the distance from George at which the
camera must be set in order to see his head and

feet.
X

4 ft
4
tan (20°) = =
an(20°) .
4
X=—+——~10.99 feet
tan (20°)

If the camera is set at a distance of 10 feet from
George, his feet will not be seen by the lens.
The camera would need to be moved back about
1 additional foot (11 feet total).

o sing ﬂ
0
0.5 0.4794 | 0.9589
0.4 0.3894 | 0.9735
0.2 0.1987 | 0.9933
0.1 0.0998 | 0.9983
0.01 0.0100 | 1.0000
0.001 | 0.0010 | 1.0000
0.0001 | 0.0001 |1.0000
0.00001 | 0.00001 | 1.0000

% approaches 1 as & approaches 0.

© 2006 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.



ISM: Trigonometry EGU Chapter 2: Trigonometric Functions

78. cosf—1 Now each set of parentheses contains a pair of
0 cosd -1 P complementary angles. For example, using
cofunction properties, we have:
0.5 -0.1224 | -0.2448

04 | -0.0789 | -0.1973 (cot1° -cot89® ) = cot1® - cot (90° ~1°))

0.2 -0.0199 | -0.0997
0.1 —0.0050 | -0.0050 =

1

0.01 |-0.00005| -0.0050 (cot2°~cot88°) (cot2°.cot(90°—2°))
=
1

(cot1° -tan 1")

0.001 0.0000 —0.0005
0.0001 | 0.0000 | —0.00005

0.00001 | 0.0000 | -0.000005 =
and so on.

cosf-1 approaches 0 as @ approaches 0. This result holds for each pair in our product.
Since we know that cot45° =1, our product can

o be rewritten as: 1-1-1-...-1=1. Therefore,
79. We rearrange the order of the terms in this o . . .
product as follows: cotl’-cot2”-cot3’-...-cot89° =1.

tanl’-tan2°-tan3’-...-tan89° 81. We can rearrange the order of the terms in this
=(tan1°-tan89° )-(tan 2° -tan 88° ). product as follows:

0 0 0 0 0
~<tan44°~tan46°)-(tan45°) cos1’ -cos2”-...-cos45° -csc46” -...-csc89

_ o 0 0 0
Now each set of parentheses contains a pair of - (COSl Csc89 )-(cosz -Csc88 )
complementary angles. For example, using ~(cos44° .CSC 46°)~(cos 450)

cofunction properties, we have: ) i
Now each set of parentheses contains a pair of

0 o) _ o, 0 _10 .
(tanl tan 89 )_(tanl tan(90 1 )) complementary angles. For example, using
tan 1. cot1°) cofunction properties, we have:

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

cot2° -tan 2° )

tan1° -
( tan1° j cos 1° -secl® )

[cosl°

(tan 2°-tan8g’ ) cos1° )

tan 2° - tan 900 2°))

1

(tan 2°.cot2° )
= (tan 2°.

1

1
and so on. = (cos 20, )
1

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

tan 2° ] (cos 2° -sec2° )

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° -...- tan 89° =1.

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

Since we know that cos45° = ﬁ our product
80. We can rearrange the order of the terms in this 2

product as follows: 2 \/—
can be rewrittenas 1-1-1---1.— = . Thus,
cot1’-cot2°-cot3°-...-cot89° 2 92

_ 0 0 0 0
_(COtl ~cot89 )'(COtZ ~cot8s ) c0s1°-cos2°-...-cos45° -csc46° -...-csc89° = —

-(cot 44° -cot 46° ) : (cot 45° )

175

© 2006 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 ISM: Trigonometry EGU

82. We can rearrange the order of the terms in this T 3
. 9. — and —
product as follows: 2 2

sin1® -sin2°-...-sin45° -sec46° - ...-sec 89°

:(sinl"-sec89°)~(sin2°~56088°)-... 10. Bz 12z _x
3 3 3
: (sin 44° -sec46° ) . (sin 45° )
Now each set of parentheses contains a pair of 11. (—3,4) ca=-3,b=4
complementary angles. For example, using > 7
cofunction properties, we have: r=va +b” = \/(_3) +4 =\9+16=+25=5
(sin 1° -sec89°)= (sin 1° -sec(90° -1° )) YA
5 [
= (sin 1° -cscl") (-3.4) —
1 r -
=|sin1° =
[sm sml") [ O N\ I
-5 4 ‘x
sin2° -sec88° ) =(sin 2° -sec(90° —2° —
( )= (52 sesfow -2 )
=(sin2° ~csc2°) —
=|sin2°- ! sm6’=9:i 0089222;3:__
sin2° r 5 r 5
=1 ‘[ané?:B:i=—i cot¢9=2=—3=—é
and so on. a -3 3 b
This result holds for each pair in our product. And r 5 5 r 5
sec=—=—=—= cscl=—==
. . 2 a -3 3 b 4
since we know that sin45° = - our product can
N 12. (5,-12): a=5,b=-12

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

© &

= - Thus, r=+Ja>+b? =52 +122 =25+ 144 = /169 =13

sin1® -sin2°-...-sin45° -sec46° -...-sec89° —ﬁ :
B ’ |(h_“l | I I | -
\‘ 5 v
83 — 85. Answers will vary. —
s
- B 4
Section 2.4 -
1. tangent, cotangent 1 {):
2. coterminal B (5.-12)
3. 240°-180°=60° —
4. False Singzgz__lz:_g Cosg=i=i
. r 13 3 r 13
. True _
ong_p_-12_ 12, a_ 5 5
6. True a 5 5 b -12 12
secc9—L E cscH—L— 13 ——13
7. 600°-360°=240°; 240°-180°= 60 a 5 b _12 12

8. quadrant I and quadrant IV
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13. (2,-3):a=2,b=-3 15. (-3,-3): a=-3,b=-3

r=va’+b® =2 +(-3)’ r=va’+b? =J(-3) +(-3) =18 =32

Y
5

IIIII(

W

lk&‘
I
i
+
O
I
B
W

%
45
IIIIIEyIIIII’

- 1
= e — >
et 4
—  w(2,-3) (-3.-3)
= -4
sn’lg—b—__:;@:_@ s1n6’—b—_—3£——£
SN EINEINNE roa2Vz 2
COSQ_E_LEZE COSHZE: _3 ﬁ__ﬁ
r V13413 13 ro3242 2
tan6?=9=_—3:—E cotﬂzgziz—— tan6’=2=—3: 0t9=—=—3=1
a 2 2 b -3 a -3 -3
r 3v2 r 3v2
a 2 b -3 3 a -3 b -3
14. (-1,-2): a=-1,b=-2 16. (2,-2):a=2,b=-2

r= /a2+b2 _ l(_1)2+(_2)2 =m=\/§ r=+Jaz+b? = l22+(_2)2 =\/§=2\/§
v ¥,

Ry

||||'|:?||||’
-/

I -
- - - NI R
1-2)8" C N\a(2.-2)
-4 -
b —25_ 25 o D22 2
siné = — = sin
r J5+5 5 W22 2
cospd_ 15 5 cosg_d_ 2 V2 2
r J545 5 r 2242 2
_2 a _1 1 _b_—2_ _a_Z_
tanf=—=—= tg="=__—-_ tanfd=—=—=— cotd=—="—"—=-1
TR O a 2 b
SCCQ—L=£7—\/E CSCQ=£=_5:__5 S609=L=&= 2 CSCQ:L:&=_\/E
a -1 b -2 2 a b -
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V31 301 3
17 P __7b:_ b A 3
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
- [é%J tanG:—:Ll:—\/g
- 2
I I I I | 1)1 II ’_ r 1 ) \/g 2\/5
-1 L A cscl=—=—F=="F—7="—
- NN
1 2
L 1
sec:9:—:—1:—2
1 PR
- 2
sin¢9:9:l:l cscH:L:%:2 1
' 1 2 b 5 Cote—_—__Ez__lﬁz_ﬁ
b 3 33 3
h 2
N
1 19. ﬁ_ﬁ La=¥2 oo 2
5 143 3 27 2 2 2
tanf=—=—4==——=—
BN BY () 22
’ - (?J [7} ={ara=V=
col o L 23 23
a 3 BB3 AV
2 I:
V3 =
_a_2 _ =
COte___T_\/g L1 |( I WEVE
~ -1 LS X
2 NN
_|_
g, (L) o 1, N
22 2 2
——— . e A
r=+a*+b*= (——J +[73J = —+§:\/I=1 sinf=—=-_2_ __\/E Cosg__:LZQ
r 1 2 1 2

Ay _72 ﬂ
B tanf=—=—2 =_] cot@=2=—2_—_
LN & o\
272/ ) ﬁ B 5
Lt Nl - 1 2 \/5
" secf=—=—=2N2_0
-1 N 1 Q >
N 2
- 1 22
B csclh=—= —_2N“__~
NN
2
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20 ( 2 \/EJ ) ] 2 25. csc450°=csc(360°+90°) = csc90°=1
S| ——=,—=|a=—"F,b=-—
2 2 2 2
26. sec540°=sec(360°+180°) =sec180°=—1
2 2
2 2 2 2
r= - +| —— = _+_:\/I:1 27 o __ o o 0y _ o __
2 4 4 . cot390°= cot(180°+ 180°+ 30°) = cot 30 =3

28. sec420°=sec(360°+ 60°) =sec60°=2

29. 00533—7E =cos £+32_7t
4 4 4

=cos (E + 87:)
4

-‘_I\

Illﬁll’
FA
Y

[_£_£‘J ’
B =cos(£+4~2nj
4
V2 B T
: b ~ 5 2 = cos
sinf=—=—=%_ —_%
r 1 2 NG
2 ==
COSH:—:—Q’:__Z 8
: s 30. sin— =sin (E + _nj
2 4 4
tan9=—=—2:1 in E+2n
a2 J
2 . T
=sin—
cscc9=—=;=_i£:_\/§ 4
2 22 2
2 )
roo1 2 \2
secl=—m=——=—N2_ D _ _ _
a _Q 22 31. tan2lm=tan(0+2In)=tan0=0
2
2 32. csc9—n=csc £+8_n
a 9 2 2 2
cotf=2-_—2 -
b _~v2 =csc(5+4n)
2
b
=csc| —+2-2m
i | naso= V2 (2 j
21. sin405°=sin(360°+ 45°) =sin45°= -
= csc ™
22 COS420°=COS(360°+60°)=cos60°=% i

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

23. tan405°=tan(180°+ 180°+ 45°) = tan45°=1

24. sin390°=sin(360°+30°) =sin30°= %
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34.

35.

36.

37.

38.

39.

40.

41,

42,

Since sinf < 0 for points in quadrants III and
IV, and cos@ >0 for points in quadrants I and
IV, the angle @ lies in quadrant IV.

Since sin@ <0 for points in quadrants I1I and
IV, and tan@ < 0 for points in quadrants II and
IV, the angle @ lies in quadrant IV.

Since cos@ >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 II and IV,
the angle @ lies in quadrant I'V.

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

Since secd <0 for points in quadrants II and III,
and tané >0 for points in quadrants I and III,
the angle @ lies in quadrant I11.

Since cscd >0 for points in quadrants I and II,
and cotd < 0 for points in quadrants Il and IV,
the angle @ lies in quadrant II.

6 =-30° is in quadrant IV, so the reference
angle is a =30°.

8) )

6 =60° is in quadrant I, so the reference angle is
a=60°.

43.

ISM: Trigonometry EGU

6 =120° is in quadrant II, so the reference angle
is ¢ =180°-120° =60°.

a‘m

44. 6 =300°1is in quadrant IV, so the reference angle

45.

46.

47,

48.

49.

50.

180

is ¢ =360°-300° =60°.

yan
N

6 =210°1s in quadrant III, so the reference angle
is ¢ =210°-180° =30°.

6 =330° is in quadrant IV, so the reference
angle is a =360° —330° =30°.

Sz, .
0= Tﬁ is in quadrant III, so the reference angle
V4
sa=—-7r=—.
4
6 =— 1is in quadrant II, so the reference angle
S«
isa=nr-——=—
6 6
87 . .
0= EY is in quadrant II. Note that
8?” —2r = 2?”, so the reference angle is
2r &
a=r—-——=—.
3 3
T . .
0= e is in quadrant I'V, so the reference angle

. T
sSa=2r——=—.
4 4
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51.

52.

53.

54.

55.

56.

57.

58.

59.

: Trigonometry EGU

6 =-135° is in quadrant III. Note that
—135° +360° =225°, so the reference angle is
a =225 -180° =45°.

6 =-240° is in quadrant II. Note that
—240° +360° =120°, so the reference angle is
a =180° —120° = 60°.

2r . .
0= —?ﬂ is in quadrant III. Note that

2 4 .
_Tﬂ +or =2 , so the reference angle is

o=——T=

3
i
3 3

0= —7?” is in quadrant II. Note that

—7?7[ +27 = 5?7[ , so the reference angle is

60 =440° is in quadrant I. Note that
440° —360° =80°, so the reference angle is
a=80°.

0 =490° is in quadrant II. Note that
490° —360° =130°, so the reference angle is
a =180°—130° =50°.

0= —37” is in quadrant ITII. Note that

3 5 .
—Tﬂ +27 = Tﬂ , so the reference angle is
hY/4 V4
=——7==.
4 4

0= 19?7[ is in quadrant ITII. Note that

1977[— 27 = 7?” , so the reference angle is
1 T
o=—-1=—.
6

sin150° =sin30° =%, since @ =150° has

reference angle & =30° in quadrant II.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
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c0s210° = —co0s30° = —73, since € =210° has

reference angle « =30° in quadrant III.

c0s315° = cos45° :%, since & =315° has

reference angle « =45° in quadrant IV.

sin120° =sin 60° :g’ since & =120° has

reference angle o = 60° in quadrant II.

sin510° =sin30° :%, since @ =510° has

reference angel « =30° in quadrant II.

€0s600° = —cos60° = —% , since @ =600° has

reference angel « = 60° in quadrant II1.

cos(—45° ) =s8in45° = %, since @ =-45° has

reference angel « =45° in quadrant IV.

sin(—240° ) =sin60° = ?, since 6 =-240°
has reference angel « = 60° in quadrant II.

sec240° = —sec60° =2, since @ =240° has

reference angle & = 60° in quadrant II1.

23

¢s¢300° = —csc60° = 3 since & =300°

has reference angle « = 60° in quadrant IV.

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

reference angle & =30° in quadrant IV.

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

reference angle « =45° in quadrant II1.

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

reference angle « :% in quadrant II.

2r T 1 . 2r
coS— =—cos— = ——, since & =— has
3 3 2 3

reference angle o =% in quadrant II.
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73. cot%[ = cot% =3 , since 0 = 7?” has 8. sm(8n) =sin(0-+38m) = sm(O) =0

84. cos(—2m)=cos(0—2m)=cos(0)=1
reference angle o :% in quadrant III. ( ) ( ) ( )

85. tan(7n)= tan(z +6m) = tan(z)=0

74 csc7—7[——csc£—— 2, since 9—7—” has
' 4 4 ’ 4 86. cot(5m)=cot(r +4n)=cot(r), which is

reference angle a =% in quadrant I'V. undefined

87. sec(-3n)=sec(z—4n)=sec(z)=-1

75. cosB—”:—coszz—ﬁ, since t9=13—” has Sz .
4 4 2 4 88. csc(—Tj:csc(T—Mrj:—l

reference angle o =% in quadrant III.

g g 89. sinfd= 2, 6 in quadrant 11
76. tan-X = —tanZ = — 3, since 9=—” has . 1% . .
3 3 3 Since & is in quadrant I, sin@ >0 and

cscl >0, while cosd <0, secd<0, tanfd <0,

reference angle o =§ in quadrant I1. and cotd <0 .
If o is the reference angle for 8, then
77. sin 2z =—sin£:—£,since 9:—2—ﬁ sing = — .
3 302 3 13
. Now draw the appropriate triangle and use the
has reference angle o =— in quadrant III. Pythagorean Theorem to find the values of the
3 other trigonometric functions of « .
Al
78. cot(—zjz—cotzz— 3, since 0:—2 has \ N
6 6 6 (-5.12) B
reference angle o =% in quadrant I'V. 10
13 B
79. tanm—”:—tanzz—\/g,since t9=14—” has - sl
3 3 3 L
reference angle « = 7 in quadrant II. : o
3 =
[ N N
_3 5 B (e
4

80. secll—ﬂ=—sec—=— 2, since 9=M has
4 4 4

5 12 13
cosa =— tang = — seca = —
T 13 5 5
reference angle @ =— in quadrant II. 13 5
4 csca =— cota =—
12 12
81. csc(—3 15° ) =csc45° =+/2 , since 6 =-315° Finally, assign the appropriate signs to the values

has reference angle & = 45° in quadrant . of the other trigonometric functions of 6.

5 12 13
cosfd=—— tanfd=-—  secld=——
13 5

82. sec(—225° ) = —secd5° = /2, since O = —225°

3
has reference angle o =45° in quadrant II. cscl = T cotfd = BD
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v
90. cosf = %, 6 in quadrant IV ‘ Jk_
4 —
Since @ is in quadrant IV, cos& >0 and C
secd > 0, while sin@ <0, csc <0, tan6 <0 L /x .
and cotd < 0. - T T
. 3 ' *or
If « is the reference angle for @, then cosa = . (-4.-3) e
Now draw the appropriate triangle and use the B
Pythagorean Theorem to find the values of the
other trigonometric functions of « . sing = tang == secq =2
5 4 4
5 4
csco =— cota =—
3
Finally, assign the appropriate signs to the values
e of the other trigonometric functions of 6.
I sin6:—E tané’:i secez—i
5 4 4
csc6’:—é cotc9:i
3 3
sing = 4 4 seca = > 92. sinf= —i, 6 in quadrant III
5 3 3 13
5 3 Since & is in quadrant III, cos @ <0, secd <0,
Csca:Z COta:Z sin@ < 0 and cscd < 0, while tand >0 and
Finally, assign the appropriate signs to the values cotd > 0.
of the other trigonometric functions of 4. 5
4 4 5 If o is the reference angle for @, then sina =—.
sinf =—-— tanf = —— secld =— 13
3 Now draw the appropriate triangle and use the
0 - 5 0— 3 Pythagorean Theorem to find the values of the
esev= 4 coto = 4 other trigonometric functions of « .
4 .
91. cosf= ey 6 in quadrant IIT

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

. 4
If « is the reference angle for 4, then cosa = 3

12 5
) ) == tano = — =
Now draw the appropriate triangle and use the cose 13 e 12 s
Pythagorean Theorem to find the values of the 13 12
other trigonometric functions of « . ea=s cota =-~

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

cosG:—2 tanG:i csc0:—E
13 12 5
sec9:—E c0t9:2
12 5
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93.

94.

sin @ =%, 90°< 6 <180°, so @ in quadrant II

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

If a is the reference angle for @, then sina = % .

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

vA
(-12.5) SC
13
X -
=
L5 2 - x>
12 5 13
cosa =— tano =-— csca =—
13 12 5
3 12
seca =— cota =—
12 5

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

cosé?:—2 tanH:—i cscé?:E
13 12 5

secE’:—E cot6’=—E
12 5

cosd = ?, 270°< 8 <360° (quadrant IV)

Since @ is in quadrant IV, siné <0, cscd <0,
tan @ < 0 and cot @ <0, while 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 « .

¥

4

yllll’

Y

4
-

184
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. 5
sina = tana = secazz

3
5
5

CSCca = cota =

WA Nlw

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

sint9=—E tan¢9:—3 sect9:é
5 4 4

cscc9=—é cot6?=—i
3 3

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

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

If a 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 « .

.\‘

2

H

]

II!IIIIII:yIIII
Y

242
3
(-1.-2v2)F 3
g 22 cseqo 3 V2 _312
3 W22 4
tana:—zﬁ:%/z cota:_l ﬁzﬁ
1 22242 4

3
seca=T=3

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

sinﬁz—& cscﬁz—ﬂ

3 4
tan6’:2\/§ cotH:g
secd =-3
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.
96. sind = —%, 180° < 6 < 270° (quadrant I1I) .
. .. —4/5 2
Since @ is in quadrant III, cosd < 0, secé <0, ( V5. 2) A
sin@ < 0 and csc @ < 0, while tand > 0 and . ﬂ
| o |
cotd > 0. _é NS 2 x >
If « is the reference angle for @, then sin« =% . ™
Now draw the appropriate triangle and use the cosa =— seca = iﬁ = ﬁ
Pythagorean Theorem to find the values of the 3 NERRVER
other trigonometric functions of « . 2 5 245 J5
v tang =—= - —=—-— cota =—
~ NN 2
2r 3
csca =—
3 2

5}
L5 /- -\ | Finally, assign the appropriate signs to the values
2 / of the other trigonometric functions of 4.

{ | 5 45

5. - B cosf=——— secd =———
(-+5.2) = 3 5
B 25 5
tanf = ——— cotd =———
3 \/g \/5 5 cscH:2
tana—i.ﬁ—z_s Cota—ﬁ 2
NCENCE- 2 1
3 98. cosfd=——, tanf >0 (quadrant III)
csca =— 4
2 Since @ is in quadrant III, cosd < 0, secé <0,

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

\/g 3\/5 cotd > 0.

sind < 0 and cscd <0, while tan& > 0 and

cos ¢ 3 secd 5 If « is the reference angle for 8, then cosa = 7
tan @ = 25 cotd = ﬁ Now draw the appropriate triangle and use the
5 Pythagorean Theorem to find the values of the
3 other trigonometric functions of « .
cscl =—— v
2 - A
2 2r
97. sinf= 3 tan & < 0 (quadrant II) o L
Since @ is in quadrant II, cos@ <0, secd <0, ! (x ; ——
— X
tand < 0 and cot @ < 0, while sin@ > 0 and B
cscd > 0. Vis L
If « is the reference angle for @, then sina = % . _3:
Now draw the appropriate triangle and use the (' , "JE) _
Pythagorean Theorem to find the values of the }

other trigonometric functions of « .

185
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) J15 4 15 415 100. cscf =3, cotd <0, (quadrant IT)
sma= 4 eea= J15 ' J15 TS Since @ is in quadrant II, cosd <0, secd <0,
J15 JI5 15 tan& < 0 and cotd <0, while sin& >0 and
tang == =15 cota———:_
1 J15 15 15 cscd > 0.

4
seca=T=4

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

If a is the reference angle for 8, then csca =3.
Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .

v
. Jis 415 A
sinf =——— sch=——"
4 15 2
-242.1
tan @ = \/E cotd = ﬁ ( ) -
15 | 3 0
secd =—4 | o |
3 242 1 & -
99. secd=2, sind<0 (quadrantIV) _1
Since @ is in quadrant IV, siné <0, cscd <0,

tan @ < 0 and cotd <0, while cos@ >0 and P
sech >0 sina =— cosa—T
If « is the reference angle for &, then seca =2 .
Now draw the appropriate triangle and use the tana = —— ﬁ = ﬁ cota = ﬁ =22
Pythagorean Theorem to find the values of the \/7 V24
other trigonometric functions of « . seco — £ 32
EN R
4 B Finally, assign the appropriate signs to the values
n of the other trigonometric functions of 6.
o . 212
N, Y . sinf =— cos@——T
-1 \i - X \/_
B e tant9:——2 cotd =242
i ‘ !
- 3f
B (1 ﬁ] secd =———
3
101. tan@=—, sind <0 (quadrant III)
B 1 3 4
sma = B3 cosa = 9 tana = e 3 Since @ is in quadrant III, cosé < 0, sec8 < 0,
cseg = 2 N NE) cotar— L ﬁ_ﬁ sin@ < 0 and csc@ < 0, while tan& > 0 and

BB3 NN

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

tan @ = —\/g
23 3

csc@——— cot =———
3

sin¢9:——3 cosé?:l
2

cotd > 0.
. 3
If a is the reference angle for 8, then tana = 7

Now draw the appropriate triangle and use the
Pythagorean Theorem to find the values of the
other trigonometric functions of « .
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102.

YA
4_
o
L1 f_l L
4 L | 4 V\,’. >
3 .
A E
(74573) —
44_
. 3 4
sina =— CoSax =— cota =—
5 5
5 5
CSCa =— seCa = —
3 4

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

sinf =—— cosf =—— cot9=§

csc«9:—é secl=——

cotf = %, cos@ <0 (quadrant III)

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

. 4
If « is the reference angle for 8, then cota = 3

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

-\‘J\
4_
_H
1 1| /_jx| ] -
j I B 4 x Lol
3 z L
(—4.-3) -
__'_'I__
. 3 4 3
sin@ =— cosa =— tana =—
5 5 4
5 5
seca =— csca =—
4 3

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

103.

104.

187
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sin6’=—3 cos6=—i tan6?=E
5 4

cscld =—— secld =——

tand = —%, sin@ >0 (quadrant II)

Since @ is in quadrant II, cos@ <0, secd <0,
tan@ < 0 and cot@ <0, while sin@ > 0 and
cscl > 0.

If « is the reference angle for @, then tana = 1

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

YA

3 3 2 Ty >
sina—L @:ﬁ Csca:@:m
10 10 10 1
cosa = 3 \/E 3@ seca—@

Jio Jio 10 3
3
cota=—=3

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

@ CSC(9=\/E
J10

ecld =———
3

sin@ =

3410

10
cotld =—

0sf =

secf =—2, tanf >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 &, then seca =2.
Now draw the appropriate triangle and use the

Pythagorean Theorem to find the values of the
other trigonometric functions of « .
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YA
sin6’=—l cos¢9=—£
(\H 2 2
2
- f — tan&zﬁ sec6’=—£
X 3 3
5 A cotd = ﬁ
> L
106. cotf =-2, secd >0 (quadrant IV)
(—1, —Jg) Since @ is in quadrant IV, cosd >0 and
) . secd >0, while sin@ <0, cscd <0, tand <0
d cotd <0.
. 3 1 3 an
sina = £ cosa =— tana = £ =3 If « is the reference angle for &, then cota =2 .
2 2 1 . .
Now draw the appropriate triangle and use the
cscq = 2 ﬁ _ 243 cota = 1 ﬁ _N3 Pythagorean Theorem to find the values of the
B B3 33 3 other trigonometric functions of « .
Finally, assign the appropriate signs to the values YA
of the other trigonometric functions of 4. K \”
3 1 2
1 = —_— = —— = = |
sin @ 5 cosd 5 tan0 =3 K - > >
1
cscHz—ﬁ cot&zﬁ ¥5
3 3 1
(2,-1)
105. cscfd=-2, tand >0 = @ in quadrant III
. . : 1 V5 5 5
Since @ is in quadrant III, cosd < 0, secé <0, sing = —— = == csca =2 =./5
sin@ <0 and cscf <0, while tand > 0 and \/g \/g > !
cot> 0. cosa= LB S
If o is the reference angle for @, then csca =2. sAsos 2
Now draw the appropriate triangle and use the ¢ 1
Pythagorean Theorem to find the values of the ana = By
other trigonometric functions of o . Finally, assign the appropriate signs to the values
Yy of the other trigonometric functions of &.
G sin6’=—g csch=—/5
-
x 2
cosf = £ secH = RE]
5 2
tand = 1
2
: 3 107. sin45°+sin135°+sin225°+sin315°
sina =— cosa =— :
2 =sin45°+sin(45°+90°) + sin (45°+180°)
1 3 B 2 3 243 e
tang=—=-—==-— secq=——'—==—" +sin (45°+270°)
333 NERNEE
2 V2 (2 2
3 =t — | —— |+ ——
cota = ES =3 2 2 2 2
Finally, assign the appropriate signs to the values =0

of the other trigonometric functions of &.
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109.

110.

111.

112.

113.

114.

115.
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tan 60°+ tan 150° = tan 60°+ tan (180°~30°)

Since sin@ =0.2 is positive, & must lie either in
quadrant I or II. Therefore, &+ 7 must lie either

in quadrant Il or IV. Thus, sin(6+ ) =-0.2

Since cosd =0.4 is positive, & must lie either in
quadrant I or IV. Therefore, €+ must lie either
in quadrant IT or IIl. Thus, cos(6+7)=-0.4.

Since tan @ =3 is positive, § must lie either in
quadrant I or III. Therefore, 8+ m must also lie
either in quadrant I or III. Thus, tan (9 + ﬂ) =3.

Since cotd =-2 is negative, 8 must lie either
in quadrant II or IV. Therefore, 8+ n must also
lie either in quadrant IT or IV. Thus,

cot(@+7)=-2.
. . 1 1 1
Given sinf =—, then cscd=——=—=35
5 sing 1
5
Given cosé?:z,then secl = ! =l=2
3 cosf 2 2
3

sin1°+sin 2°+sin 3°+...+sin 357°
+5sin 358°+5sin359°
=sin1°+sin 2°+sin3°+--- +sin(360°-3°)
+5in(360°—2°) +sin(360°—-1°)
=sin1°+sin 2°+sin 3°+ - - - +sin(—3°)
+sin(—2°) +sin(—1°)
=sin1°+sin2°+sin3°+ --- —sin 3°—sin 2°—sin 1°
= sin(lSO")
=0

116.

117.

Chapter 2: Trigonometric Functions

cos1°+co0s2°+cos3°+---+cos357°

+¢0s8358°+cos359°
=c0s1°+c0s2°+cos3°+...+ cos(360°-3°)

+¢0s(360°—2°) + cos(360°—1°)
=c0s1°+c0s2°+cos3°+...+ cos(—3°)
+cos(—2°) + cos(—1°)
=c0s1°+cos2°+cos3°+... +cos 3°
+c0s2°+cos1°
=2c0s1°+2¢c0s2°+2c0s3°+...+2cos178°
+2¢0s179°+cos180°
=2c0s1°+2¢c0s2°+2¢c0s3°+...+ 2 cos(180°—2°)
+2cos(180°—1°) + cos(lSO")
=2c0s1°+2¢c0s2°+2c0s3°+...—2c0s 2°
—2c0s1°+cos180°
=co0s180°
=-1

2
. R V2
32

[ sin(2(60°)) - cos(2(60°))-1]
~324/2(0.866—(~0.5)—1)
~16.6 ft

3222

b. LetY, =T[sin(2x)—cos(2x)—l]

20

45° 90°
0

c. Using the MAXIMUM feature, we find:
20

axipur
=675 . V=18.745166 5| Q()°

45°

.H
"
0
R is largest when 8 = 67.5°.

118-119. Answers will vary.
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Section 2.5 csct :Ll:l(_%j:_z
1. xX*+y =1 2
sect——1 =1 ) ﬁ——%ﬁ
2 {xfx+4) T EUETTEE
2
3. even
N3
4. 27, w Cott:_zz[_ﬁJ(_gj:\B
1 2 U1

5. All real number, except odd multiples of %

N A
6. All real numbers between —1 and 1, inclusive. 11. P= _7’_7 ’a__T’ __7
7. —0.2,02 . 2 V2
sint=—— cost:—T
8. True
2 2
NS 3 1 tant = —2 =1 cott=—2 -1
? F’{?‘E sy 2 2
2 2
sint:—l costzﬁ 1 2 2 \/E
2 2 eset=——=1| —— |=— 22 __ N
| 2 2 22
) 1Y 2 13 3 2
tant=—%2=| — || = |=-——=—==—"= 1 ) 2 2
ﬁ 2\\3 33 3 sect:—:l(——j ==\
) 2 2 242
2
csctz%:l(—%jz—Z
2 12. p:[ﬁ’_ﬁ} a:ﬁ, b:__2
sect_L_{ij_iﬁ_Q 22 2 ’
NG) 3) 333 2 V2
- sint=—— cost=—
2 2 2
V3 ; N2 V2
cott=—2 = V3 (—EJ:—\E tant = —2 =1 cott=—2_=_]
Lz U V2 2
2 2 2
1 2 2 \2
YRR 3 1 csct:—zl(——j:———: 2
10, P=|-——,——|;a=——, b=——
( 5 > 5 5 _ 2 2 22
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13 P \/_ 2 a__5 b—g For the point (4, -3), x=4, y=-3,
. 373 3703 = +y? =1649=425=5
smt:g cost=£ sint9=—2 00519:i tan¢9:—3
3 3 5 5
2 5 5
= cscld=—= secd =— cotfd=——
tant:i{%)(ij:iﬁzﬁ 3 4
V5 BAVs) 545005 ‘
3 17. For the point (-2, 3), x=-2, y=3,
csct—l—l(ij_i =X’ +y’ =V4+9 =413
2 ? ? sind = 3 \/_ 3\/6 cscl 13
3 NENEREER N
1
Sed:f:{%J:%é:% cosf =— 2 \/_ ——2\/B secé?z_L3
3 J3 V13 13 2
NG tan49=—% cote:-%
2 3 N\2 2 18. For the point (2, 4), x=2, y=-4,
3
= +y? =J4+16 =420 =25
, po[ 5 A5 25 singo—4 N5 _ 25 Cscgzﬁz_ﬁ
575 5 5 255 5 - 2
25 5 2 V5 5 55
int =222 = cosH:——z— SCCH———Z\/g
sint s cost 5 2\/5\/5 5 \/—\/—
ﬁ 2\/5 5 tan0:%4:—2 cotﬁ—%z—%
ant——5_ _| 25 (__j—_z -
5 5 5 .
s 19. For the point (-1,-1), X=—-1, y=—
csct = —— _1( : jﬁ—ﬁ =¥ +y =A1+1=42
25 \25 )5 2 -1V2 V2 2
il sinf =— cscH————\/E
5 L2 2 -1
1 55 -1V2 2
sect=——==1| ——= | ==—5 0s=—"Z = 2 gech=""=-12
5 [ ﬁjﬁ 222 -
5 _
\/g tan@ = 1:1 cotd=—=1
cott—z— _ﬁ i _l
B 25 B 5 \ 245 2 20. Forthe point (-3, 1), x=-3, y=1,
5 _ Ay =TT =10
15. For the point (3,4), x=3, y=—4, Singzﬁ%:% csc9—£ Jio
r=yxt+y> =49+16 =~/25=5
4y 3 4 cosf = —3@ —@ ecé’—@——£
sinHz—g cosﬁzg tanf = —— J10 10 10 -3
1 1 -3
tanf=—=—— g=""=-3
cscl = —é sect zg cotd =—— an -3 3 cot 1
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17n i
21. sin405°=sin(360°+ 45°) =sin45°= % 34. COtT = cot (Z‘*‘ 47Tj
1 - cot(£+2 an
22. ¢c0s420°=cos(360°+ 60°) = cos 60°= 3 4
T
=cot—
23. tan405°=tan(180°+ 180°+ 45°) = tan45°=1 4
=1
24. sin390°=sin(360°+ 30°) =sin30°= 1
2 197 T T 3
35, tan—=tan| —+3n |=tan— =—
6 6 3
25. ¢sc450°=csc(360°+90°) = csc90°=1
251 b4
26. sec540°=sec(360°+180°) = sec180°=—1 36. sec— — =sec g+4“
27. ¢cot390°=cot(180°+ 180°+ 30°) = cot30°= NE) =sec (24_ 2.2nj
6
28. sec420°=sec(360°+ 60°) =sec60°=2 — ek
6
29. cos33—n = cos (£+8n] _ 23
4 4 R
T
2005(—+4~2nj
4 37. sin(-60°) = —sin60°= —ﬁ
T 2
=cos—
2 38. cos(~30°) = cos O]
=5 5
o o ‘\/§
20, sin?™ —sin[ T i on | <sin® = Y2 39. tan(-30%) =-tan30°=——=
4 4 4 2
31 tan(21n) = tan(0+ 21713) = tan(O) =0 40. Sil’l(—1350) = —sin135°= _%
on T
32. csc; =csc E+ 4n 41. sec(—60°)=sec60°=2
:csc(£+2~2nj 42. cse(~30°) = —csc30°=—2
2
43. sin(-90°) = —sin90°= -1
=csc—
=1 44. cos(—270°)=co0s270°=0
33. sec”—n:sec(£+4nj 45. tan| —=|= —tan X =1
4 4 4 4
=sec| 2422
e R 46. sin(-m)=—sinm=0
= sec ™
4 47. cos(—zj —cos =2
_ 4 4 2
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48.

49.

50.

51

52.

53.

54.

55.

56.

58

: Trigonometry EGU

3 2

. ( nj B
sin 3 =—-sin—=——

tan(—m) =—tann =0
sin[—3—n) = —sinzj—rE =—(-1)=1
2 2

csc(—ﬁj =—cset=-2
4 4

sec(—m) =secm =—1
( nj e 2\/§
sec| —— |=sec—=——
6 6 3
T b 2\/§
cse| —— |=—csc—=———
3 3 3
sin (- )+ cos(5m) = —sin(7) + cos (m +4m)
=0+cosx
=-1
( 575] Tr 57 [n
tan| —— |—cot— = —tan——cot| —+3x
6 2 6 2
5m b8
=—tan——cot—
6 2
:_(_EJ_O
3
_N3
3
) sec(—n)+csc(——j:secn—csc—
=-1-1
=-2

. tan(—6n) + COS%TTC = —tan(0+ 67) + cos [§+ 27[)

o
=—tan 0+ cos—
4

60.

61.

63.

64.

65.

66.

67.

193
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. 97 on
=—sin—+tan—
4 4

=—sin E+27: + tan E+2n
4 4

. T T
=—sin—+tan—
4 4

= cos[z+2~2nj+sin3—7t
4 2

n . 3n
=CcoS—+sin—
4 2

:%+(—l)

2

V2-2
=—--1, or
2 2

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

. The domain of the cosine function is the set of

all real numbers.

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

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

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

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

The range of the sine function is the set of all
real numbers between —1 and 1, inclusive.
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68.

69.

70.

71.

72.

73.

74,

75.

76.

77.

78.

79.

80.

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

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

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

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

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

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

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

respect to the y-axis.

The tangent function is odd because
tan(—6) = —tan @ . Its graph is symmetric with

respect to the origin.

The cotangent function is odd because
cot(—60) =—cot @ . Its graph is symmetric with

respect to the origin.

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

respect to the y-axis.

The cosecant function is odd because
csc(—60) = —cscf . Its graph is symmetric with

respect to the origin.

If sin@ =0.3, then

sin @ +sin (6 +2n) +sin (6 + 4m)
=03+0.3+0.3

=09

If cos@=0.2, then

cos @ +cos (6 +2m) + cos (6 + 4m)
=-02+0.2+0.2

=0.6

81.

82.

83.

84.

85.

86.

87.

ISM: Trigonometry EGU

If tan@ =3, then
tan 6 + tan (6 + m) + tan (6 + 27)

=3+3+3

=9

If cot@ =-2, then

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

-6

a. f(—a):—f(a):—%

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

I 1 1
=—+—+—

3 33
=1

a. f(-a)= f(a):%

b. f@+f(a+2n)+ f(a—2n)
=f@+f@)+f(a)

1 1 1
=—t—t—

4 4 4
_3

4

a f(-a)=-f(@)=-2

b. f@+f(a+n)+ f(a+2mn)
=f@+f@+f(a)
=2+2+2
=6

a. f(-a)=—f(@)=-(-3)=3

b. f@+f(a+n)+ f(a+4n)
=f@+f@)+f(a)
=-3+(-3)+(-3)
=-9

a f(-a)=f@=-4
b. f@+f(a+2n)+ f(a+4n)
=f@+f@)+f(a)

=—4+(=4)+(-4)
=-12
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88. a. f(-a)=-f(@)=-2 90. a. When t =2, the coordinate on the unit

ircle i imately (<0.4, 0.9). Thus,
b. f(a)+f(a+2n)+ f(a+4n) circle is approximately ( ) us

. 1
=f@)+f@+f(a) sin2~= 0.9 csc2:ﬁ:1.l
=2+2+2 '1
=6 cos2~-04 sec2 = ny =-2.5

89. a. When t =1, the coordinate on the unit circle tan 2 ~ 09 _ 23  cot2~ _() '94 ~—04

is approximately (0.5, 0.8). Thus,
Set the calculator on RADIAN mode:

. 1
~ ~— = T T )]
sinl ~0.8 csel 3 1.3 512259@929?4268 1;5m(55899?581?
1 i05i2-54161468365 1;05-%5;@299?962
cosl~0.5 secl~ 5 2.0 R T R N d5resresas
0.8 0.5 . .
tanl =~ s =1.6 cotl~ 08 ~ 0.6 b. When t =4, the coordinate on the unit
) ) circle is approximately (—0.6,—0.8). Thus,
Set the calculator on RADIAN mode:
Eintl? I-=int17 . 1
L 54147E9545 1. 188395186 sind ~—0.8 cscdr——~—13
Loscla 1l cosil2 -0.8
. S4AZEZIASS 1,656515718 .
franc1 i SST4ETTZS Vtan(éiz-a*azema 1
’ ’ cos4 ~—-0.6 secd~——~-1.7
-0.6
b. When t =5.1, the coordinate on the unit circle -0.8 -0.6
, o " tand ~ —— ~1.3 cotd ~ —2~0.8
is approximately (0.4,—0.9) . Thus, -0.6 -0.8
) 1 Set the calculator on RADIAN mode:
sin5.1~-0.9 cseS.lr——=~-1.1 Eincds IEES T
-0.9 q;5?568824953 ¥ -%£21348?a9
1 z05q456536436299 ljzn%%a?z-aaaﬁeﬁe
c0s5.1~ 0.4 secS.lzﬁ=2.5 N 1s7ezizez N Eezea11545
-0.9 04
tan3.1~ 04 =23 cot5.lx 209 —0.4 C. When t=5.9, the coordinate on the unit

circle is approximately (0.9,-0.3). Thus,
Set the calculator on RADIAN mode:

1
inta. 12 I =into. 17 3 ~ | ~—
S aPES146923 1 .B5e12977 sin5.9 ~ 0.3 csc5.9~ 3~ 33
os0T. 12 locosia.1 -
(5.?579???42? . %56??658426 )
an . =g} .
-Z. 449389416 - dB5ZESE123 c0s5.9~09 sec5.9 z0—9z1.1
. . -0.3 0.9
C. When t =2.4, the coordinate on the unit tan5.9~——~-03 cot59~——=-3.0
circle is approximately (—0.7, 0.7). Thus, 0.9 —0.3
! Set the calculator on RADIAN mode:
3 ~ ~o Einda. 52 Ir,2into,. 30
sin2.4~0.7 csc2.4~ ~1.4 - I73oTEEE4E -3 EPA57EEZ
0.7 boscS. 9 1rcos (5. 9
) N c5.3§?4?s439? " (%.8'5‘819219
=1y . =1y .
cos2.4=-0.7 sec24~——=~—-14 - 4631183999 -z . 45ETAR92T
-0.7
0.7 -0.7
tan24~——=-1.0 cot24~——=-1.0
-0.7 0.7
Set the calculator on RADIAN mode:
intZ. 42 I =intZ. 47
. GTS463 1506 1, 450465596
os(2.4 locosiZ2.4)
- TITIAITLSS -1, 356127641
antZ.g lotaniz.d
- alcal4z897 -1, 51 cacnze
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91. a. When t=1.5, the coordinate on the unit
circle is approximately (0.1, 1.0) . Thus,

1
1.0

sinl.5~1.0 cscl.5S~ =1.0
1

cosl.5~0.1 secl.5~—=10.0
0.1

tanl.5 zQ:IO.O cotl.5 zE:O.l
0.1 1.0

Set the calculator on RADIAN mode:

intI. 5% I =int1.5%
2374949356 1.8682511384

osC1. l<cosc1l.50
HFEFIFZELT 14. 1368329

anil. l<tantl.52
14.18141995 BFE9145447F

b. When t=4.3, the coordinate on the unit circle
is approximately (—0.4,—0.9). Thus,

sin4.3~-0.9 csc4.3 z%z—l.l
cos4.3~-04 sec4.3 ~ L =-25
-0.4
an43~"22 <23 cot43~ 22 204
-0.4 -0.9
Set the calculator on RADIAN mode:
intd. 30 I =intd. 37
- 2161659367 -1. 621585327

os(d. 30 1-cosid. 30

- dEEraairzl 2. 495815134
anid. 50 1l-tantd. 3
2. 285847877 LAIFAT44E12

Cc. When t =5.3, the coordinate on the unit circle
is approximately (0.6,—0.8). Thus,

. 1
sin5.3 ~-0.8 cseS53~r——=-1.3
-0.8
1
c0s5.3~0.6 sec5.3~—~=1.7
0.6
—0.8 0.6
tan5.3~——~-1.3 cot53r——~—-0.8
0.6 -0.8
Set the calculator on RADIAN mode:
into. 52 IEES TS
- BIEEETI4ZZ -1, PR1536549
o503, 1 cos05.32
.5543743362 1.883335305
anto,. 3 lotani3.32
-1.581273396 S BEG181193
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When t =2.7, the coordinate on the unit circle
is approximately (—0.9, 0.4). Thus,

sin2.7 ~ 0.4 csc2.7 :L:ZS
0.4
cos2.7~-09 sec2.7 z%z—l.l
0.4 -0.9

tan2.7~r——=~-04 cot2.7~x——=-23
9 04

Set the calculator on RADIAN mode:

EintZ. 72 lrsintE, ¥

4 2FIFIREE2 2. 5339838739
LosC2.F2 lscosC2. 72

- 9A4E7FZ2142 -1. 16518542
tLancz. 7 l<tant2,va

R iy vl | -2.115383821

When t =3.9 , the coordinate on the unit
circle is approximately (—0.7,—0.7) . Thus,

. 1
sin3.9~-0.7 csc3.9 z—7z—1.4
1
c0s3.9~-0.7 sec39~——~-14
-0.7
-0.7 -0.7
tan3.9~——=1.0 cot39~——=1.0
-0.7 -0.7
Set the calculator on RADIAN mode:
EintE. %2 I z2int3. 32
- BETTEE1S9Z -1. 453982559
ostE.B2 locosi3. 92
- FES9EII04Z 1. STrSEE9LT
tant3. 9y 1-tani3. 32
L HAT4z4E49T 1. 655492989

When t = 6.1, the coordinate on the unit
circle is approximately (1.0,—0.1). Thus,

sin6.1=-0.1 csc6.1 zL:—IO.O
0.1

cos6.1=1.0 sec6.lzl=l.0
1.0

tan6.lzﬂ:—0.l c0t6.1=L:—10.0
1.0 0.1

Set the calculator on RADIAN mode:

Einte. 12 I 2inf&. 12

-, 1821625843 -5, 489683934
oSGl 12 lscosiE. ]

9832684384 1.817a16Z7
tance. 12 l-tanic. 1

-. 1852622367 -5, 397 FS42ET
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93.

94.

95.

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

tant=> =a. Then y=ax. Now x> +y’ =1,
X

1

1+a

so x> +a’x* =1. Thus, x==

a
y=1+
Vi+a’

there is a point P = (X, ¥) on the unit circle for

; that is, for any real number a,

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

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=+

2

a
X=+
Vi+a?

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

; that is, for any real number a,

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

Suppose there is a number

p, 0< p <2m, for which sin(6+ p)=siné for all 6.

If =0, then sin(0+p)=sinp=sin0=0;so

that p=r. If&z% then

sin(EJr p] = sin(ﬁj . But p=mn. Thus,
2 2

sin(ﬁJ:—I:sin(Ejzl, or —1=1. This is
2 2

impossible. The smallest positive number p for
which sin(@ + p) =siné for all 8 is therefore
p=2m.

197

96.

97.

98.

99.

100.

101.
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Suppose there is a number p, 0 < p <27, for

which cos(@+ p)=cosé forall 8. If = g,

then cos(g+ pj=cos£g)=0 ;sothat p=m.

If 6=0, then cos(0+ p)=cos(0). But p=r.
Thus cos(n)=—1=cos(0)=1, or —1=1. This
is impossible. The smallest positive number p
for which cos(€+ p) =cos@ for all @ is
therefore p=2n.

secl = : since cos@ has period 27, so
cos

does secf.

cscd =——: since sin@ has period 27, so
sin

does cscé.

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(@+m)=—= g =tan @ . If there

exists a number p, 0 < p <z, for which
tan(@+ p)=tan@ forall 4, thenif =0,
tan(p)=tan(0)=0. But this means that p is a
multiple of 7. Since no multiple of 7 exists in

the interval (0,7), this is impossible. Therefore,

the fundamental period of f (0)=tané is 7.

cotd = Since tan# has period 7, so
tan

does cotf .

Slope of L* = sin6-0 _ sin0 =tand . Since L

cos#—0 cosf
is parallel to L*, the slope of L =tan@.

102-105. Answers will vary.
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Section 2.6 11. The graph of y =sinX is increasing for
1. y:3x2 —E<X<E.
2 2

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

graph by a factor of 3. 12. The graph of y =cosX is decreasing for
Vi 0<X<m.
5 —
- 13. The largest value of y =sinX is I.
L3\ [ J03)
AN 14. The smallest value of y =cosXx is —1.
-2 0,0 2
- 15. sinXx=0whenx=0,mx,2n.
sl
16. cosX:OwhenX:E,3—n.
22
2. y=-x’
. ) . 3n ©
Using the graph of y = X", reflect the graph 17. sinx=1whenXx= 5 5;
across the X-axis.
. . T 37
A sinX=—-1whenx=—-—,—.
22
2 f—

18. cosx=1whenXx=-2m, 0, 2;

cos X =—1 when X = —-m, .

19. B,C,F

20. A,D,E

21. y=3sinx; The graph of y =sinXx is stretched
Verticaillly by a factor of 3.

3

WAWAY

2r
5. 3; ?:E - | 112\7 3%\
6. True Sy
7. False
22. y=4cosX; The graph of y =cosX is stretched
8. True

Vertic)a}lly by a factor of 4.
A
9. The graph of y =sin X crosses the y-axis at the

point (0, 0), so the y-intercept is 0.
10. The graph of y =cosX crosses the y-axis at the | i | | X
point (0, 1), so the y-intercept is 1. U \i/ 2 \3-7; .
2+~
4
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23. y=-—cosX ; The graph of y =cosx is reflected 27. y=sin(x—mn); The graph of y =sinXx is shifted
across the X-axis. right 7 units.
¥ YA

1+

24. y=-sinX; The graph of y =sinX is reflected
across the X-axis. 28. y= cos(x + 7Z') ; The graph of y =cosX is

i shifted left 7 units.
\‘ A

AW
VAAVA

25. y=sinx—1; The graph of y =sinX is shifted

down 1 %lit' 29. y =sin(nx); The graph of y =sinX is
7| compressed horizontally by a factor of % .
L Y)
| L X 2|
T 2
1 —
ANYS
VRV,
26. y=cosX+1; The graph of y =cosX is shifted 2
up 1 unit.
P Yi
2 30. y=cos (g X) ; The graph of y =cosX is
N 2
| X compressed horizontally by a factor of —.
- n  2n  3m y d
“1F s
2 -
\NWANA

_1--\%/4\\6/ g X
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31. y=2sinX+2; The graph of y =sinX is
stretched vertically by a factor of 2 and shifted

up 2 units.
Y4
4 —
l l L X
- T 2n
2

32.

33. y=4cos(2x); The graph of y =cosX is

. 1
compressed horizontally by a factor of > then

stretched vertically by a factor of 4.

A}

N AL/

7
4
-6

34. y=3sin (% Xj ; The graph of y =sinX is

stretched horizontally by a factor of 2, then
stretched vertically by a factor of 3.

Vi

200
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35. y=-2sinX+2; The graph of y =sinX is
stretched vertically by a factor of 2, reflected
across the y-axis, then shifted up 2 units.

Vi

36. y=-3cosx—2; The graph of y=cosX is
stretched vertically by a factor of 3, reflected
across the y-axis, then shifted down 2 units.

.‘I

6

X

Mm\ M x

2
N M
=3m\-27 f-=
—4
-0

37. y=2sinXx

AVa

This is in the form Yy = Asin(@wX) where A=2
and w =1. Thus, the amplitude is | A| = | 2 | =2

and the periodis T =— =

38. y=3cosx

2n 2:275.
® 1

This is in the form y = Acos(@wX) where A=3
and o =1. Thus, the amplitude is | A| = | 3 | =3

and the periodis T =—=

39. y=-4cos(2x)

Zn—Z—TE:ZTc
w 1

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

po2m 2
® 2

T.
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40. y=—sin lx 45, yzgsin —z—ﬂx :—gsin 2—”X
2 3 3 3 3

This is in the form y = Asin(@x) where A=—1
is is in the form y = Asin(wx) where This is in the form y = Asin(wX) where A:—g

and a)=l. Thus, the amplitude is | A|=|—1|=1 -
2 and o = e Thus, the amplitude is

andtheperiodistz—nzzl—n=4n. s| s
1) o
2 |A|— —g‘—g and the period is
41. y=6sin(nx) Tzﬂzj—zzs.

This is in the form y = Asin(wX) where A=6 and @ 3

o =7 . Thus, the amplitude is | A| =|6|= 6 and

9 RY/2 9 3z
the period is T =28 =2 — 5 46. V:gcos(—jx}gco{jxj

(4] T

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

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

and o = 377[ . Thus, the amplitude is

91 9 Lo
andtheperiodisT=2—n=2—n. |Al= g‘:§andtheper10dls
o 3
T_2m_2r_4
43 y——lcos EX w 37 3
' 22 2
This is in the form y = Acos(wX) where 47 F
1 3 o '
A:_E and @ == . Thus, the amplitude is 48 E
1| 1 Lo
|A|= _E‘ZE and the period is 49. A
T _2n_2mn _4n 50. 1
o 3 3 51. H
7 .
4 5 52. B
44, y=—sin| =X
y 35“1(3 j 53. C
This is in the form y = Asin(@Xx) where Az% 54. G
55. ]
and a):g. Thus, the amplitude is |A| :‘§‘2§
e o 56. D
and the periodis T L
o 2 57. A
3
58. C
59. B
60. D
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. ] T 65. y=-2cos(2nX)+1 A=-2;T =1
61. y=>5sin(4x) AZS’T:E y
YA 3T
5
2__
14+
l 1 1
= F A L SVAEEAVES
24 2 2
5 66. y=-5cos(2nx)-2 A=-5T=1
y
3
62. y = 4cos(6%) A:4;T:§ \ /\ /'
) i TV
2 / 2 2
/\ / : A
l l l L X
_n \_m L\ T .
S L A S Y 67. y:—4sin[5xj A=—4T =4x
-4 YA
4_
63. y=5cos(nx) A=5T=2 B
YA L
5 l l l L X
/—n T 3n Sn
| B | X Ar
-1 | 1 2 3
- 1
L 68 y——2cos[—j A=-2;T =4n
5L 2
\y
64. y=2sin(nx) A=2;T=2 21
Y L
2 | | | | X
—4n (27 21 \4n | 61
\ [ [ [ fz
-1 1 2 -2
e
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3 . 2 3. (2 75. The graph is a cosine graph with amplitude 5 and
69. y=—sin| ——X |=—=sin Ex period 8.
. 2n
A:—%;T:3n Find w: 8—;
by 8w=2mn
3L _n_m
N 8 4
| L 37 X The equation is: Yy = 5cos (% Xj .
-7 n [ 2n 4n
76. The graph is a sine graph with amplitude 4 and
_3L period 8.
2 2n
Find w: 8n=—
1)
4 1 4 1 8nw=2n
70. y=—cos| ——X |=—cos| =X
3 3 3 3 2 1
A=Z;T=6n E |
y) The equation is: Yy =4sin (Z Xj .
4
3 77. The graph is a reflected cosine graph with
%— amplitude 3 and period 4.
Lo P\ afi g X Find @  4n=2T
—3n L\ 3n 6m e
2
T3 4nw=2n
41
T3 = 2n_1
4n 2
1
The equation is: y =-3cos| —X |.
71. |A|=3;T=n;a)=2—n=2—n=2 1 Y (2 j
T i
y = £3sin(2X) 78. The graph is a reflected sine graph with
amplitude 2 and period 4.
. 2
72. |A|=2;T=47t;a)=2—7t=2—7t=l Find 0: 4=2"
T 4n 2 10}
. (1 4w =21
y =+2sin| —X
2 _n_m
4 2
2 2m;
73. |A|=3T =2 == =T The equation is: Y :—2sin[§xj )

y = £3sin(nX)

m on 79. The graph is a sine graph with amplitude 3 and
74. |Al=4 T=Lo="-="-=2rn . 4
T 1 period 1.
= + 1
y = #4sin2mx) Find w: 1= 2n
1)

The equation is: y = %sin (2nXx).
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80. The graph is a reflected cosine graph with . 4 2n
5 Find w: —=—
amplitude = and period 2. 3 o
2 dnw =67
Find w: 2=2% pim_3
@ dn 2
o The equation is: y = —Esin (5 Xj—l .
Ww=—=m
2
The equation is: Y =— 5 cos (nx) . 85. The? graph is a sine graph with amplitude 3 and
2 period 4.
Find o: 4=2"
81. The graph is a reflected sine graph with nd @ T o
amplitude 1 and period i . 40 =2
’ _2m_n
Find o: in = 2n 4 2
3 o . (=
dnw =61 The equation is: Y =3sin [5 Xj .
_om_3
2 86. The graph is a reflected cosine graph with
3 amplitude 2 and period 2.
The equation is: y = —sin (— Xj . o
2 Find w: 2=
1)
82. The graph is a reflected cosine graph with 2o=2n
amplitude © and period 2. on
27 w=—=r
Find w: 2n=— 2
0 The equation is: Yy =—2cos(mX).
2nw =21
o . 87. The graph is a reflected cosine graph with
2n amplitude 4 and period 2% .
The equation is: Yy =-—mcosX. 3
Find @: 2520
83. The graph is a reflected cosine graph, shifted up né @ T W
1 unit, with amplitude 1 and period % 2ne = 6n
om
=—2=3
Find w: 3_2m 2n
2 o The equation is: Y =—4cos(3X).
3w=4n
o= 4n 88. The graph is a sine graph with amplitude 4 and
3 period 7.
. 2n
The equation is: Yy = —005(4?7t XJ +1. Find w: =n= —
o =27
84. The graph is a reflected sine graph, shifted down o 5
w=—=
T

1 unit, with amplitude % and period 4%

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

204

© 2006 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.



ISM: Trigonometry EGU

89. | =220sin(60xt), t>0

Period: T Jam_2m 1
®  60m 30
Amplitude: | A|=]220]=220
I

220+
/\ [
1 1
—220 -

90. | =120sin(30xt), t>0

Period:  T-2t-2t_1

w 30 15

Amplitude: | A|=[120|=120
14
120 -
~120

91. V =220sin(120xt)
a.  Amplitude:| A| =] 220| =220
2n  2m 1

Period: T=—= =—
o 120 60

c. V=IR
220sin(120xt) =101

22sin(120xwt) = |
d.  Amplitude: |A|=|22|=22

Period: T= 2_7: = 2m

o 1207 :5

Chapter 2: Trigonometric Functions

92. V =120sin(120nt)
a.  Amplitude:| A|=]120| =120

Period: T :2_n:2_n:L
o 120 60
b, e
VA
120
—120
c. V=IR
120sin(1207t) = 201
6sin(1207t) = |

d. Amplitude: |A|=|6|=6
po2m_ 2 1

Period: = =
w 120 60
2
93. a. P= V—
R
B (V0 sin (2nf )t)2
B R
_V,?sin’ (2nf )t
- R

2

= V%sin2 (2nft)

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

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

(VASAVA
The amplitude is LY VYo .
2 R 2R
V2 V2
The equation is: P = ——-cos(4nf )t + =
R 2R

2

V
= ﬁ(l—cos(mﬁ )t)

c. Comparing the formulas:

sin® (2nft) = %(1 - cos(4rcft))
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=|si 27 <x<
94. a. Physical potential: o = 2n ; %y |sm X| , —2m<Xs<2m
23 Y
2n w u
Emotional potential: o =—=—;
28 14
. 2n
Intellectual potential: @ =— X
33 2 -n 0 n 2%
b. Graphing:
110 B
1k
/ 97. y=sinX
0 33 y
0 #1, #2,#3
1__
. [2m
#1: P=50sin| —t |+50 /
23 | |
0 % N\ o fox X
#2: P=50sin[£t +50 2 2
14 it
. [2¢m
#3: P =50sin| —t [+50
33 98-101. Answers will vary.
No.
d. 110
Section 2.7
- 1. x=4
7305 (‘) 7335 2. True
Physical potential peaks at 15 days after the
20th birthday, with minimums at the 3rd and 3. origin; x = odd multiples of T
2

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 4
potential starts fairly high, drops to a

minimum at the 13th day, and rises to a

. y-axis; X = odd multiples of %

maximum at the 29th day. 5. y=cosX
95, y:|cosx|, —2r <X<L27w 6. True
7
1 7. The y-intercept of y =tan X is 0.

- 8. y=cotx has no y-intercept.

X
_2:1 —rlr 0 n' 2|n > 9. The y-intercept of y =secX is 1.
B 10. y=cscx has no y-intercept.
- 11. secx=1whenXx=-2m, 0, 2m;

secX=—1whenXx=-m, 1t
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12.

13.

14.

15.

16.

17.
18.
19.
20.

21.

22.

: Trigonometry EGU

cscX:lwhenX:—3—n,E;
22
n 3n
cscX=—1whenx=——, —
2°2

y =csc X has vertical asymptotes when
X==-2n,—-m 0,7 27.

y =tan X has vertical asymptotes when

y =cot X has vertical asymptotes when
X==-2n,—-m 0,7 27.

w O U

A

across the x-axis.
Y

JITV U

|
-7

! I

| i :Zn
| | | |
|

I

M

across the x-axis.
Y4

—2

|
|
|
|
|
|
|
rlc 2n [ 3n
|
|
|

|
pep——]

-2

y =—secX ; The graph of y =secX is reflected

y =—cot X ; The graph of y =cotX is reflected

23.

24.

25.

26.

Chapter 2: Trigonometric Functions

y= sec(x—gj ; The graph of y =secX is

shifted right % units.
Y

VY
NN

y =csc(X—m) ; The graph of y =csc X is shifted

=

|
—_—— a4
a4
S}
-5 —

right 7 units.
Y

U U

|
|
- b 2n  3m

7

y = tan(X — m) ; The graph of y =tan X is shifted

.

right 7 units.

YA
| | |
P2 T |
| | |
Eva |
I | I X
x| .
/ AR |
| | |
| | |
2 |Z
| | |

y = cot(x— =) ; The graph of y =cotx is shifted

right 7 units.
Y

2

|

|

|

|

|

|

|

7}5 2n \3n

|

|
2\ |
|
|

|
|
|
|
|
|
]
T
|
|
|
|
|
I

© 2006 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 ISM: Trigonometry EGU

27. 'y =3tan(2x); The graph of y =tanX is Y)

|

I 2t '

compressed horizontally by a factor of 5 and :
1+~ |

|

1

stretc)}led vertically by a factor of 3. | X
A

- n 2|7t 3n
| | | —1F
L3 | |
I | L |
i |
! ! ! RS
: L : 2 : T 31. y=cot(nx); The graph of y =cotX is
| | |
: N : : compressed horizontally by a factor of 1 .
Vs
| | | Y,
. ) | | |
28. y= 4tan(5 XJ ; The graph of y =tanX is : : :
B | | |
stretched horizontally by a factor of 2 and | | | x
stretcheyd vertically by a factor of 4. } 2| ?
4 Y L
et AT
N R 2 [ [ |
| L | | |
| | | |
JT Tlt - 3L X 32. y=cot(2X); The graph of y =cotX is
: B : : : compressed horizontally by a factor of % .
| | | |
| B | | | y
! 10 - ! | ! | | ) | |
]
29. y=sec(2X); The graph of y =secX is : : ] : :
| | | |
compressed horizontally by a factor of l 1 1 L L X
2 T\ > \T
| AR
I | | I
Ul M R
I | Ly I | I | | I I
T
Ly : | : - : L X 33. y=-3tan(4x); The graph of y =tanX is
=Tl o 2wy .
: A: B L[\: : ﬂ: : compressed horizontally by a factor of k
I gy !
yyrmy vy ol stretched vertically by a factor of 3 and reflected
across the X-axis.

YA
30. y=csc (% XJ ; The graph of y =cscX is : 3L : :
| = | |
stretched horizontally by a factor of 2. : | : :
! ! ! X
| I o\ | =
| I 4 2
| L\ | |
| | |
I 3FY 1 |
[ [ [
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34. y=-3tan(2x); Th hof y=tanX i )
y an(2x) © graph ot y =fan X Is 37. y:—3csc[x+%);Thegraphof y =cscX is

compressed horizontally by a factor of %,

. T .
stretched vertically by a factor of 3 and reflected shifted left 4 units, stretched vertically by a

across the X-a;/xAis. factor of 3 and reflected across the x-axis.
y
- 1 | 1
| nlo | | I 15 1
| I 7! | : : :
1 A T ! ! !
e \E e | R ET
PN NN Y ST N
| | | | -t _m | 1 X
| | | | I 2 1 2|
oo\ | | | :
| Il | | I 1
| [ || | I I 1
100 I I 1
] I ]

1 ) 38. y:—Ztan(x+£);The graph of y =tanXx is
35. y:2sec(Exj;The graph of y =secX is 4

stretched horizontally by a factor of 2, and shifted left = units, stretched vertically by a
stretched vertically by a factor of 2. 4 .
y) factor of 2 and reflected across the x-axis.
y
| | | | 1A 1A 1
jl |‘<;| |‘\> ! ST |
| | | | 1 I 1
| | | | I | 1
| [ | I 1 1
S L P i ,
—4n:—2n|_:2n:4ﬂ | x P\ 1 X
YaVAE [\I P2 P2 |
| I | I 1 1
I YHE YN b s H |
I ~ 1 * I

36. y=2sec(3x); The graph of y =secX is 39. y:lcot(x—z)' The graph of y = cot X is
2 4)

compressed horizontally by a factor of % , and

. shifted right Z \nits and compressed vertically
stretched vertically by a factor of 2. 4

: | by a factor of L
| | 2

| | LV

| .

N

X

— __oPEe—
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40. y:3sec(x+%j;The graph of y =secX is 44, y:csc(x—%)+l; The graph of y =cscX is
shifted left % units and stretched vertically by a shifted to the right % units and up 1 unit.
factor of 3. y \

| YA | i i
I I
:‘\j N :‘\] \ )
M A
| = | 1 1
| - |
| |3 : | | : 3| L X ! N X
] _On | _T T i
21 5 : 2 [ 2 : 2n : : :
| |
I ! 45. a. Consider the length of the line segment in

two sections, X, the portion across the hall

41. y=tanx+2; The graph of y = tan X is shifted that is 3 feet wide and y, the portion across

up 2 units.y that hall that is 4 feet wide. Then,
| fl 74+ ! 4 cosé’:é and sin6’=i
Y : y
: I _)I 1 3 4
1 T /1 1 X= y=
I . A I cosf sin @
| | | | Th
: } | /_ II | 1 % us,
| | |
:—37" Ty o L=x+y= +——=3secH+4csch.
! T ! cosf sind
\4 | ll 1
is shi b. LetY, = + 4
42, y=cotx —.l ; The graph of y =cotX is shifted : 1T cosx sinx
down 1 unit. 25
y
|
1 U
| I I
I I I
| . A
AN T N\ 21 X 0 z
i i l 0 ?
I
! | | c. Use MINIMUM to find the least value:
L6 | ' 25
|
43. y=sec X+2 —1; The graph of y =secX is
T e | B
shifted to the left 5 units and down 1 unit. 0 0' — 2
y L is least when 0 ~0.83.
d L= 3 + 4 ~ 9.86 feet .

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.
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46. a. d =10tan(xzt)

d

W
i

—

Y96 KD g

IIIIJIIII

|
93
T

== —— |t

b. d=10tan(xt) is undefined at

&

k is an odd integer} . At these

instances, the length of the beam of light

Chapter 2: Trigonometric Functions

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
light on the beacon to the other.

C. t | d =10tan(xt)
0 0
0.1 3.2492
02| 72654
03| 13.764
04 30777
g 40.D-d©O) _32492-0 . 0,
0.1-0 0.1-0
d(02)-d(0.) _ 7.2654-3.2492 _ .
02-0.1 02-0.1
d(03)-d(0.2) _13.764-7.2654 _ oo
0.3-0.2 03-02
d(04)-d(0.3) _30.777-13.764 -
0.4-0.3 04-0.3

4t o |
Coor N |
| B | |
| =/ |
L/ |
| ] L X
_ml I n 137
o | B
| B | |
| = |
| - | |
= |
1 1 1
y =tan X
Y
[ | [
CoAr |
| B | |
| — | |
A |
l 7 | X
_ x| | | T |13n
21 | 12
| B | |
| — | |
| — |
AU
- T
y cot(x+2j

Yes, the two functions are equivalent.

Section 2.8

1. phase shift
2. False

3. y=4sin(2x—m)
Amplitude: |A|=|4|=4

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.

. 2 2
Period: T =—n=—n=n
w
Phase Shift: & =~
o 2
Y] )
Period
4
\_ X
. 7 3
2 2
4
—|
Phase
shift
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4. y=3sin(3Xx—m)
Amplitude: |A|=|3]|=3

Period: T= 2_75 = 2_75
10 3
Phase Shift: 2 =%
o 3
YA
:Phasc
shift
X
_n b 2n >
'-% 3 3 \
_3 f—
Period

T
5 y= 2005(3X+EJ
Amplitude: |A|=|2|=2

Period: T=22=2Z22
3

_ﬂj
Phase Shift: ﬂ = 2 __r
w

3 6
Phase y A
shift
]
2 —
| 1 | _;I
. L x =
G 6 3 2
2+
A Period

6. vy =3cos(2x+n)
Amplitude: | A|=|3]=3

Period: T :Ezz—n:n
w 2
. ¢ - T
Phase Shift; —=—=——
o 2 2

ISM: Trigonometry EGU

Phase Vi
shift
=]

\

————

-

213

'\%‘

b
[ 241
(:
L

I
Perod

o
=-3sin| 2X+—
g ( 2]

Amplitude: |A|=]-3|=3

Period: T= E - E _
0] 2
_r
Phase Shift: £=_2- "
10} 2 4

Yi

Phase 3|~
shift [~ .
’ | 3n
4
\ A
"4 — 3 \

-3
Period

T
=-2 2X——
y cos( 2)

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

Period: T :E:z_n:n
w 2
n
Phase Shift: ﬁ _2_T
o 2 4
YA
2 —
Phase
I shift
et —| X

1
=
~2 A
2 H
=
|
Y

Period
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9. y=4sin(nx+2) "
Amplitude: |A|=|4|=4 | S—
Period: T=2_n=2_n=2 _W /\

T N\
— = 1 2 3
Phase Shift; 2 = —2-_2 N
@ T n ~ Phase
Yk 3|~ shift
2 \ = p—
o 1-2 12. y=2cos(2nx—4)
§ Amplitude: | A| = | 2| =2
DALSTEIN 12
e 2 Period: T-2F_2T 4
Shift 2—5 ~ o
T Phase Shift: 2 = i - g
o 2 =
d—b—'
Period ¥j Phase
shift

10. y=2cos(2nx+4) 2

Amplitude: |A[=|2|=2 i
LY I W
Period: Tzﬁzz_nzl l \ I T
o 2n i =
Phase Shift: $_-4__2 S
o 2rn T Sindl
Phase Period
shift "1

2_
13. y=35in(—2x+£):3sin —(2X—Ej
L 2 2
1 Lfg* s
—1f _2 - =-3sin| 2X——
1 _ \/Z \/ sm( 2]
Amplitude: |A|=[-3|=3
L, plitude: | A|=[-3|

ERN

Period| Period: T= 2n = 2n =T
o 2
11. y=3cos(nx—-2) n
Amplitude: | A| = | 3 | =3 Phase Shift: ﬂ _2_T
) ) o 2 4
Period: T=-2==C_» K
®w T eriod
b
Phase Shift: (2 = 2 3 /\
w T L
n
_\4
| =
T & -
=3 R
Phase
shift
213
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Chapter 2: Trigonometric Functions

14, y= 3cos[—2x+zj = 3cos(—(2x—£D
2 2
= 3cos(2x—£)
2

Amplitude: |A|=|3|:3

Period: T :2_7t:2_n:n
0 2
r
Phase Shift: ﬂzlzﬁ
o 2 4
Yi
Period
3 e
n 3n Snt -
— 4 4 4
e
=3[ Phase
shift
15. [A]=2; T=m; 2-1
o 2
T = o 2 2
p=1

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

ol

16. |A]=3; T=1; ?_;
2w

T K o 4
2 $=8

Assuming A is positive, we have that
y = Asin(@wX — @) = 3sin(4x—8)

= 3sin[ 4(x-2)]

17. |A|=3; T=3m 4.1
o 3

2 2nm 2
w=—= =

T 31 3

18.

19.

20.

ISM: Trigonometry EGU

Assuming A is positive, we have that

y = Asin(wX — @) :3sin(§x+§j

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

= 2sin[2(x+2)]

| =120sin(30nt—§j, t>0

2n 2n 1

Period: T=

® 30m 15
Amplitude: | A|=[120]=120

T
Phase Shift: £ =3 = L
o 30m 90

Iy

120
/\ |/\ Lt
0 15 15
—120+

| = 2205in[60nt—§j, t>0

2n_2m 1
®  60m 30
Amplitude: | A|=]220]=220
T

Phase Shift: ﬂ -6 _ L
o 60n 360

Period: T=

—220
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21. a. 60

ol . ... ... .. 13

56.0-242 318

b. Amplitude: A= =159
2 2
+
Vertical Shift: 200242 _ % —40.1
2 0w
O=—=—
12 6

Phase shift (usey =24.2, x =1):

242 = 15.9sin(%~l—¢j+40.l

—15.9=15.9sin(%—¢j

-1= sin(%—¢)

Thus, Y =15.9sin(gx—2?nJ+4O.l or

y= 15.9sin{%(x—4)}+40.1.

C. 60
ol . . .......... 13
20
d y=15.62 sin(0.517x - 2.096) +40.377
Finke3a
g=g*=inl bty +d
a=15.6139620%
b=.317364543
c=-2.H95883 306
d=4a. 3F&r3635
e 60
ol . ... 13
20

22.

d.

Chapter 2: Trigonometric Functions

90

ole .. ... ... . . 13

80.0-346 454

Amplitude: A= 5 5 =22.7
+
Vertical Shift: 80.0+34.6 = 113'6 =573
2t W
»n=—=—
12 6

Phase shift (use y =34.6, x =1):

34.6 = 22.7sin(g-1—¢J+57.3

~22.7=227 sin(%—¢)

e
-1 :sm(g—¢j

T T
2 6 ¢
_2n
3

Thus, y = 22.7sin(%x—23—n)+57.3 or

y= 22.7sin[%(x —4)} +57.3.

90

ot .. . ... ... ... . 13

y= 22.6lsin(0.503x -2.038)+57.17

FinFed
o=gks

............. 13

© 2006 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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23. a. 80

ot % .. ... .. ... . 13

75.4-255 499

b. Amplitude: A= 5 5 =24.95
+
Vertical Shift: 7544255 = 10;)'9 =50.45
2n W
o=—=—
12 6

Phase shift (use y =25.5, x =1):

25.5 = 24.95sin (%1 —¢j+50.45

~24.95 = 24.95sin (g— ¢j

. (m
-1= s1n[g—¢j

T T
2 6 ¢
_2n
3

Thus, y = 24.95sin(%x—23—nj+50.45 or

y = 24.95sin E(X —4) [+50.45 .
C. 80
ol . ... ....... 13
20
d. y=25.693sin(0.476x —1.814)+49.854
FinFea
g=gt=sinthx+ci+d
a=25.593440
b=. 4754311063
c=-1.8137°7E523
d=449. 35374426
e 80
17 13
20

24.

d.

ISM: Trigonometry EGU

80

ot .. . ... ... ... . 13

77.0-31.8 452

Amplitude: A= =22.6
2 2
+
Vertical Shift: 77.0+31.8 = 1038 =544
2n 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 !

21

4= 3

Thus, Y = 22.6sin (%x —%”j +54.4 or

y = 22.6sin E(x-4)} +54.4.

80
ol . . . . ......... 13
20
y = 22.465in(0.506X —2.060) + 54.35
Finke3a

g=gksintbxtca+d
a=27. 45868845
b=. SESFFd4 76
c=-2.BEE1FESET
d=54. 34517233

80
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ISM: Trigonometry EGU Chapter 2: Trigonometric Functions

25. a. 3.6333 +12.5=16.1333 hours which is at (4n
4:08 PM. 13.2=5.5sin E~8.1833—¢ +7.7
. 82-(-0.6) 88
b. Amplitude: A=#:—=4-4 5.5=5.5sin ﬂ~8.1833—¢
2 2 25
Vertical Shift: 527 (=06 _ 7.6 _ 5 . (32.733271 )
2 2 l=sin| ———¢
125 625 25 T _22000% 4
Phase shift (use y = 8.2, X = 3.6333): 2
¢ ~2.5426

. (4r
8'2‘4'4S‘n(3'3'6333_¢j+3'8 Thus, y:S.SSin(;—:x—2.5426)+7.7 or

. (4n
44= 4.4sm(2—5~3.6333—¢j y= 5.SSin|:i—7;(X—5.0583)} +7.7.

14.5332x
l=sin| ——— y
[ 25 ¢J ¢
T 40.5332n_¢ 12
2 25 10
$~0.2555 8
. (4= 6
Thus, y = 4.4s1n[—x—0.2555j+3.8 or
25 4
2
y:4.4sin{4—n(x—0.5083)}+3.8. L
25 17274 6 8 10 12X

C. y . [4m
9 d. y=35.5sin 2—5(20.6833)—2.5426 +7.7
7
~13.2 feet
5
3 _
| 27. a. Amplitude: A:M:LO%S
Vertical Shift: w =11.6665
d. y:4.4sin(ﬂ(l6.1333)—0.2555j+3.8 2n
25 w :%

~8.2 feet Phase shift (use y = 12.75, x = 172):

26. a. 8.1833+ 12.5=20.6833 hours which is at 1275 = 1_08355in(%.172_¢j+1 16665

8:41 PM.
b.  Amplitude: A=32=22_11_54 10835 =1.0835sin (2—“.172 - ¢j
2 2 365
Vertical Shift: % _ % _77 - Si11(34471 ) ¢j
P S n_
125 625 25 3= 3cs
Phase shift (use y =13.2, x =8.1833): $~1.3900
Thus,

217
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Chapter 2: Trigonometric Functions

y =1.0835 sin(%x—l._’@OOj—i—l 1.6665 or

y= 1.08355in{%(x—80.75)}+11.6665 :

b. y=1.ossssin(%(m)—l.woojﬂ1.6665

~11.86 hours
C. Vi
13-

12

11

ol 1 1 111
0 100 200 300 400

d. Answers will vary.

13.65-9.067

28. a. Amplitude: A= =2.2915
Vertical Shift: 13.65+9.067 =11.3585

2n

W=

365

Phase shift (use y =13.65, x =172):

13.65 = 2.29155in(%-172—¢}+11.3585

2.2915=2.2915sin 2—71-172—¢
365

1:sin(344n _¢j
365

n  344r
2 365 ¢
¢ ~1.3900

Thus,

y = 2.29155in(%x—1.3900)+11.3585 or

y= 2.2915sin[%(x —80.75)} +11.3585.,

b y= 2.2915sin(%(91)—1.3900)+11.3585

~11.76 hours

29.

ISM: Trigonometry EGU

C. Vi
14
13
12
11
10
9

Y

gl L1 1 1 1111
0 100 200 300 400

d. Answers will vary.

a. Amplitude: A=102337545 5595
Vertical Shift: 102337545 _ 16 6415

2z

0w=—"

365

Phase shift (use y =16.233, x =172):

16.233 = 5.39155in[32%-172 —¢J+10.8415

5.3915:5.39155in(2—n~172—¢j
365

1:Sm(344n_¢j

365
n  344n
2 —¢
2 365
¢ ~1.3900
Thus,

y = 5.39158in(%x —1.3900j+ 10.8415 or

y= 5.3915sin[%(x—80.75)} +10.8415 .

b. y= 5.39155in(%(91)—1.3900)+10.8415

~11.79 hours

C. ¥
17
15
13
11
0

hoo~l

L1 1 1 L r

0 100 200 300 400

d. Answers will vary.
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12.767-10.783

30. a. Amplitude: A= =0.992
Vertical Shift; 12707 +10.783 _ 1 775

27

w=—

365

Phase shift (usey =12.767, x =172):

12.767 = 0.992sin (% 172 - ¢j +11.775

0.992 = 0.992sin (2—“-172-;»)
365

- Si11(344n _¢)
365

y = 0.992sin(2—”x—1.3900j+1 1.775 .
365

b. y=0.992sin (%(91)-1.3900)+ 11.775

~11.95 hours

C. Vi
14+

[ R R R T -

10
0 100 200 300 400

d. Answers will vary.

31-32. Answers will vary.

Chapter 2 Review

1. 135°=135 L radian = 3—“ radians
180 4
T . T .
2. 210°=210-—— radian = — radians
180 6

3. 18° :18-i radian - radian
180 10

219

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chapter 2: Trigonometric Functions

15°=15 L radian = x radian
180 12

3n :3_75@ degrees =135°
4 4 =z

2n = 2n 180 degrees =120°
3 3 =

—= _n 180 degrees = —450°
T

—-——= _3n 180 degrees = —270°
2 2 n

T .7 I 1
tan——sin—=1-—=—
4 6 2 2

T .m 1 3
cos—+sin—=—+1=—
3 2 2

2
3sin45°—4tanE=3-£—4.£=£—ﬂ
6 2 3 2 3

4cos60°+3tan§:4%+3-\/§:2+3x/§

6cos:%n+2tan(—§]=6[—£J+2(—\/§)

2
=-3V2-243
3sin 2E 4 cosF =3 ﬁ —4(0)=£
3 2 2 2

sec I —cot —5—n =sec£+cot5—n=2+l:3
3 4 3 4

4csc3—n—cot Y - 4csc3—n+cotE:4\/§+l
4 4 4 4

tant+sint=0+0=0
cosz—csc I =cos£+csc£=0+l=l
2 2 2 2

cos540°—tan(—45°) =-1-(-1)=-1+1=0

sin270°+cos(—180°) = -1+ (-1) =-2
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Using the Pythagorean Theorem:

21. sin®20°+ =sin* 20°+cos* 20°=1

sec” 20° a’+4’ =5
1 a?=25-16=9
22. — =sec® 40°—tan® 40°=1 _ _
cos?40° cot® 40° a=+0=3

So the triangle is:

23. sec50°-cos50°= -cos50°=1

cos 50°

24. tanl10°-cot10°=tan10°- ! =1

tan10°
adj 3 h; 5
in 50° 90°-50° ° cosf=—== secl =——=—
25, sin 50 :COS( ):cos40 _1 hyp 5 adi 3
cos40° cos 40° cos40° 4 g 3
tan&-ﬂz— cotH:ﬂ:—
26 tan20°  tan20°  tan20° adj 3 opp 4
" cot70° tan(90°-70°) tan20° cscd = hyp 5
opp 4
»7 sin(—40°)  —sin40° —cos50° q
cos 50° c0s 50° c0s 50° 32. 6 isacute, so @ lies in quadrant [ and tan & :%
28. tan(—20°)cot 20°=—tan 20°-cot 20° corresponds to the right triangle:
=—tan20°-
tan 20° ¢
b=1
=-1
29. sin400°-sec(—50°) = sin(40°+360°)sec50° a=4
— sin40°-csc (900 _500) Using the Pythagorean Theorem:

¢ =I+4=1+16=17

c=+17

sin 40° So the triangle is:

=sin40°-csc40°

=sin40°-

=1

30. cot200°-cot(—70°) = cot (20°+180°)(—cot 70°)
= cot 20°-(—tan (90°~70°))
= cot 20°-(—tan 20°)

-1
cot20°

=cot20°-

=-1

31. @ isacute, so @ lies in quadrant [ and sin 8 =% csc = hyp _ 7
corresponds to the right triangle: opp
secd = h_yp = l
adj 4
cotd = a—dJ = 4 4
opp 1

220

© 2006 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.



ISM: Trigonometry EGU

33.

34.

tan @ = % and sin# <0, so @ lies in quadrant III.

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

2
secto=| 2| =184, 10
5 25 25

secld = i,/@ = iE
25 5

Note that secd must be negative since & lies in

quadrant ITII. Thus, secd = —% .

1 1 5
cosd = =—=——
secd -2 13
tan@ = sin ¢ , SO
cosd

sin 0 = (tan 0) (cos 0) = 2(_ij _2

50 13 13
cscl = .1 :L:—E
sinf -3 12
cotd = ! :i:i
tangd 12 12

5

cotd = % and cos@ <0, so @ lies in quadrant III.

Using the Pythagorean Identities:
csc’ @ =1+cot’ @

2
05029:1+(%j =1+

cscl = i,/@ = iE
25 5

Note that csc@ must be negative because € lies in

quadrant III. Thus, cscd = —% .

144169
25 25

sng——L L __3

cscd -2 13
cotﬁzcésg,so

sin

12 5 12

cos@ =(cotf)(sinf)=—| — |=——

(cot0)(sing) =12 5 | =13
tan@d = ! :l_i

cotd 2 12
secQ:L L: 13

cos@ ) 12

221

35.

36.

Chapter 2: Trigonometric Functions

secl = —% and tanf <0, so @ lies in quadrant II.

Using the Pythagorean Identities:
tan” @ =sec” -1

cosf = ! :L:_f

secd —3 5
tan @ = sin ¢ , SO

cos
sint9=(tan9)(cos9):—§(—i):§_

4\ 5

cscl = .1 _1.s

sing 2 3
cotd = ! —L:_i

tané?_—% 3

cscl = —% and cotd <0, so @ lies in quadrant

Iv.
Using the Pythagorean Identities:

cot’ @ =csc* 91

sinf = ! :L__E

cscld —3 5
te = ?Se,s

sin @
cosH:(cotH)(sinH):—i(—gj:i

5 5

tand = ! :L:_g

cotd —% 4
secl = 1 =l:é

cosd 1+ 4
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37.

38.

sin@ = % and @ lies in quadrant II.

Using the Pythagorean Identities:
cos’@=1-sin* @

2
cos?0=1-[ 2] o144 _ 25
13 169 169
cosf =+ ézii
169 13

Note that cos@ must be negative because & lies

in quadrant II. Thus, cos@ = —i.

13

: 12
tan&:smezLZE(_EJ:_E

cos@ -3 130 5 5
cscl = _1 :izg

sin@ 2 12
secld = :L:—E

cosl -3 5
cotd = L _ 1.5

tan @ 12 12

B

cosd = —% and @ lies in quadrant III.

Using the Pythagorean Identities:
sin’ @ =1-cos” @

2
sin® @ =1- 3 :l—i:E
5 25 25

sind =+ /E =J_ri
25 5

Note that sin # must be negative because 6 lies

. . 4
in quadrant III. Thus, siné = 5

cosf -3 50 3
cscl = :L:—i

sinf -1 4
secd = :L:—i

cos@ -3 3
cotfd = ! :l—i

tand 4 4

39.

40.

ISM: Trigonometry EGU

sin@ = —% and 37” <60 <2n (quadrant IV)

Using the Pythagorean Identities:
cos’ @ =1-sin’ @

5)2_ 25 144

00529:1—(—— =l-—=—
13 169 169

}144 12
cos@==,|—=%+—
169 13

Note that cos@ must be positive because € lies

in quadrant IV. Thus, cos@ = % .

g SN0 _ %5 i(l3j_ 5

cosf B 13li2) 12
cscl = ,1 :LS:—E

sind -3 5
secl = ! :l:E

cosd 2 12

cosf = % and 377[ <0 <2n (quadrant IV)

Using the Pythagorean Identities:
sin®@=1-cos’ @

2
sin29:1—(£j =1 144 £

13 T169 169
sind ==+ 2 :ii
169 13

Note that sin @ must be negative because 6 lies

in quadrant IV. Thus, sinf = —% .

tan @ = sin 0 —__153:—2(13j:—i

cos6 12 13\12) 12
csclh =— =L:—E

sind -5 5
secl = ! :l:E

cosd 1B 12
cotl = 1 :L__E

tand -3 5

© 2006 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.



ISM: Trigonometry EGU

Chapter 2: Trigonometric Functions

41, tan@=21 and 180°< @ <270° (quadrant I1I) wepgo Lo L 13 V13
3 sin@ 2413 2J13 2
Using the Pythagorean Identities: 13
sec’ @ =tan” 6 +1 1 1 3
cotd = =—=—

2
seczé’:(l) +1:l+1:2
3 9 9

tand -3 2

10 43. secf =3 and 3z <60 <2n (quadrant IV)
secl = i\/: = 2
9 Using the Pythagorean Identities:
Note that sec# must be negative since 8 lies in tan® @ =sec’ -1
2 2
quadrant ITI. Thus, secd = —@ ) tan” @ =3 -1=9-1=8
3 tan @ = +/8 = 22
cosf = 1 3 V10 __ 310 Note that tan & must be negative since € lies in
secd _ J10 J10 10 10 quadrant IV. Thus,.tan & = 22
: cosf = 1
tané’:smg , SO secd 3
cos p ng
tan b = s
sin@ = (tan 0)(cos @) = 3( 3\1/0_J— 1£00 cos & 5
sin@ = (tan 0)(cos 6) -2\2 1 —ﬁ.
cscl = 11 10 __J0 3 3
sind V1o io g L1 3 2 3h
10 Csing 22 22 2 4
cotf = L 3 1 ﬁ P
tand 1 cotfd=—-—= —=——
tan @ —2\/7 f 4
2
42. tan@=-= and 90°< 6 <180° drant I1
o 3 . (quadrant I 44, cscfd=-4 and n<O< 377[ (quadrant III)

Using the Pythagorean Identities:
sec’ @ =tan’ 6 +1

Using the Pythagorean Identities:
cot’ @ =csc’ -1

2
seczaz[—gj +1_g 1:% cot’ @ =(-4) ~1=16-1=15
3 \/E cotd = i\/ﬁ
secd = i\/; = iT Note that cot& must be positive since € lies in

Note that sec# must be negative since @ lies in

quadrant III. Thus, coté = Jis.

V13 sind = ! =L=_l
quadrant II. Thus, secd = ———. cscd  —4 4

3 ot = 0s6
cosfe_ L 3 NI3_ 3NI3 sing”’

secd 13 3 J13 13
T3 cos@ = (cotd)(sin0) = 15(—%j:_§
ing
tan@:z:;e,so g L1 Ez\/g
cotd 15 15 15
. 2 3J13) 2413
S‘”ez(t*‘“”(“’s‘g):‘5(‘7}7 R R B B Y
SeclU = NG

cosd 5 Ji5 15 15

223
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45, cot@=-2 and 2 <@ <n (quadrant IT)
2 The graph
Using the Pythagorean Identities:

csc” @ =1+cot’ @

csc?@=1+(-2)" =1+4=5
cscl =145

Note that cscd must be positive because 8 lies 2

in quadrant II. Thus, cscd = V5.

1 1J§=§

sin@=——=——.22

YA

ISM: Trigonometry EGU

47. 'y =2sin(4x)

of y =sinX is stretched vertically by

a factor of 2 and compressed horizontally by a

factor of l
4

, NG
cos@ =(cot#)(sind) = —2(?J -

1 1 48. y=-3cos

1
tand = =—=——
cotd o2 > The graph

/JC
cscd 55 5 n T
cosé — 2
cotd =——, so
sin @ L

(2x)
of y=cosx is stretched vertically by

a factor of 3, reflected across the X-axis, and
ecl = s —ﬁ 1
secld = wosd  _ é N compressed horizontally by a factor of 5
kY4 A
46. tan@d=-2 and > < 6@ <2n (quadrant IV)
3 —

Using the Pythagorean Identities:
sec’ @ =tan” 0 +1

sec@=(-2) +1=4+1=5 L
secO =5

Note that sec & must be positive since & lies in

quadrant IV. Thus, secd = J5.

1 1 5 5

S =

v

cosd = = —==—

secd 5 5 5 s

sin@ 49, y=—2COS(X+—)
tan@ = , SO

cos .

. J5 235 The graph of y =cosX is shifted > units to the
smHz(tanH)(cosH)z—Z — == .
5 5 left, stretched vertically by a factor of 2, and
reflected across the x-axis.
1 5 45 :

csc=——= =— =—— Yi

sin @ B 25 25 2

5 2
cotd = ! :L:—l
tand -2 2 x
2m 4
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50. y=3sin(x—m) 53. y=-2tan(3x)
The graph of y =sinx is shifted 7 units to the The graph of y =tan X is stretched vertically by
right, and stretched vertically by a factor of 3. a factor of 2, reflected across the X-axis, and
A compressed horizontally by a factor of % .
37 YA
L 1 8 1 |
X I = &
S \E I\ |
LN L
B _T N S N
= Yﬁ ENE ¢ \?
| - | |
(R S ¥ |
51. y=tan(X+m)
The graph of y = tan X is shifted 7 units to the 54. y=4tan(2x)
left. The graph of y =tan x is stretched vertically by
A a factor of 4 and compressed horizontally by a
| | |
| L4 A factor of 1 .
) 2
| | -/ YA
I L [
3n 11 n n | | |
) /T 2 107 7 |
| | B | - | |
| | I~ | - | |
| ly 4 | ! ! A x
L T | T
- /2
— | |
- L
52. y:—tan[x—z] -10 : :
The graph of y = tan X is shifted % units to the
T
right and reflected across the X-axis. 5. y= CO{X + Z)
YA 7z
| | The graph of y =cotX is shifted ry units to the
3
A 4 et
| | | YA
| - |
m 2 | NE
B [ | | nLC |
— I I [ 1\ % [
L ' ' | | T I S
3 | | ' . —>
|~ [ |
| I |
| L |
| L |
| I |
| e |
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56. y=-4cot(2x) 60. y=sin(2X)

The graph of y =cotX is stretched vertically by Amplitude = | 1121 Period = 27
a factor of 4, reflected across the x-axis and fprtuee = | | - reneds 2 g

compressed horizontally by a factor of l (n
2 61. y=-8sin| —X
YA
| N I o
: = : Amplitude = |—8| =8; Period = - 4
| ~ I x
| _= - I
| ~4 = | 2
|| ! L L1 ¥
: -/ : 62. y=-2cos(3nx)
| ~ I
| B [ Amplitude = |-2| =2 ; Period = 2m_2
| - I 3z 3
oy ospr !
63. y=4sin(3x)
57. y=sec(x—§) Amplitude: |A|=[4|=4
. Period: T= 2n_2n
The graph of y =secX is shifted ry units to the ® 3
right, Phase Shift: % = g =0
y
| . 5‘ i YA
B .
| "N\ i
| ! B
| ' v
I ! RS x
: - | B 7 2
| I 3 3
| ! _
| ' C
15 =
58. y=csc X+Ej 1
4 64. y=2cos 3 X
The graph of y =cscx is shifted % units to the Amplitude: | A| = | 2 | =2
left. Period: T= 2n = 2n =6m
o 1
3
Phase Shift: ﬂ = 0 =0
w 1
X 3

=2
\| ! 1K‘,{E
59. y=4cosx 3% 6n
Amplitude = | 4 | =4; Period =2n B
=2

226
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65. y=2sin(2x—7)
Amplitude: |A|=| 2]=2

Period: T:2_TE:2_TE:7Z'
0 2
. O T 7
Phase Shift: —=—=—
o 2 2
yll
3_

66. vy :—cos(lXJrzj
2 2

Amplitude: |A|=|-1]=1

Period: T =2—n:2—n:4ﬂ
o 1

2

_r
Phase Shift: [ = Tz =—7
2

w
Yi
2 -
-27
| 1 ] :)(
2
-2
67. y:lsin(éx—n)
2 2
. 1 1
Amplitude: |A|=|=|==
21 2
Period: T :2—7t :2—n :ﬂ
o 3 3
2
Phase Shift: ﬁ _T :E
o 3 3
2

68.

69.

Chapter 2: Trigonometric Functions

Yh

[

wiE =

b —

y= %cos(6x+3n)

Amplitude: |A|=

Period: T="S=2

Phase Shift: ﬂ = —_375 __T
w 6

Yi

=AEN =

y= —%cos(nx—6)

Amplitude: | A| = _2 —%
Period: T :Ezz—nzz
o N
Phase Shift: ﬂ = é
o T
YA
2
2
| | ’JC
6 12
i T
w2
3
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70. vy :—7sin(gx+§j

71.

72.

Amplitude: |A|=|—7|:7
2n  2m

Period: T=22-Z"_6
®
3
_4
Phase Shift:£:—3:_i
0] n T
3
YA
=
=/ EEAY [
: 3 (3}
O

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

Find w: 87:22—TE
w
8nw=2n

2n 1

ow=—=—

8t 4

. 1
The equation is: Y =5cos [Z XJ .

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

Find w: 87:22—TE
w
8nw=2n

2n 1

ow=—=—

8t 4

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

73.

74.

75.

76.

ISM: Trigonometry EGU

The graph is a reflected cosine graph with an
amplitude of 6 and a period of 8.

Find w: 8:2—7E
w
8w =2x
_275_7:
T8 4

The equation is: y = —6005(% X) .

The graph is a reflected sine graph with an
amplitude of 7 and a period of 8.

Find w: 8:2—7E
10
8w=2x

2n @

Q=—=—

8 4

The equation is: y =—7sin [% XJ .

hypotenuse = 13; adjacent =12
Find the opposite side:

12° +(opposite)2 =13’
(opposite)2 =169-144 =25
opposite = J25=5

sm6’:m:i Csc@:h_yng
hyp 13 opp

cos&-a—dj_z ecez_yp:£
hyp 13 ad)

ta Hzﬂ_i tgz_J 12
adj 12 opp

Set the calculator to degree mode:
secl0° =1.02.

igeEM Sci End
Ed 9123456 75D

I cosc1@y
1.815426612
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77.

78.

79.

80.

81.

82.

(3,4); a=3, b=—4;

r=val+b’ =3’ +(-4) =9+16 =425=5
y

SiIIH:E:—— cscﬁ:i:_i
r b
cos¢9:3:2 secg;i;é
r 5 a 3
tané’:gz—i cotgziz__
a 3 b

cos@ >0, tan@d<0; @ lies in quadrant IV.

O=——+2r1= 6?” , so @ lies in quadrant III.

|
oA

Reference angle: o = 67 _ r==
5 5
NEE
55
4
Sint:i cost=—z tantziz—i
5 5 3 3
5

The domain of y =secX is

{X| X is any real number except odd multiples of %} .

The range of y =secX is {y|y<—1 0ry>1}.

a. 32"20’35"=32+§+i
60 3600

~32.34°

b. 63.18°
0.18° =(0.18)(60") =10.8'
0.8'=(0.8)(60") = 48"
Thus, 63.18° = 63°10'48"

83.

84.

85.

86.

87.

Chapter 2: Trigonometric Functions

r=2feet, 6=30°or 9:%
s=r0=2-2 =2 £1.047 feet
6 3
A:L r’e :l-(Z)2 J T 1047 square feet
2 2 6 3
r=8inches, d=180°orf=m
S=rf=8-n=8n~25.13 inches in 30 minutes
. 21
r =8 inches, 6=120° or 4 =?
s=rf= 8~2?n :16% ~16.76 inches in 20
minutes
. |
v=180mi/hr; d :5 mile
1 .
r=—=0.25 mile
4
_V_ 180 mi/hr
r 025mi
=720 rad/hr
_ 720 rad' 1 rev
hr 27 rad
_ 360 rev
7 hr
~114.6 rev/hr
r =25 feet ;
1 rev lrev 2nradians =
= = . =— rad/sec
30sec 30 sec 1 rev
Verw=25"= on ft/sec = 5.24 ft/sec.
15 3
The linear speed is approximately 5.24 feet per
second; the angular speed is % revolutions per
second, or % radians per second.
Since there are two lights on opposite sides and

the light is seen every 5 seconds, the beacon
makes 1 revolution every 10 seconds:

lrev 2mradians = .
= . = — radians/second

10 sec 1 rev
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88. r=161nches; V=90 mi/hr

a) f—gpe—
r
_ 90 mi/hr ' 121in ) 5280 ft ) 1 hr
© 16in 1ft
~ 945.38 rev/min

1 rev

1mi 60 min . 27 rad

Yes, the setting will be different for a wheel of
radius 14 inches:

r =14 inches; Vv =90 mi/hr
\"
w=—
r
_90mi/hr.12in'5280ft' 1 hr 'lreV
" l4in 1ft 1mi 60min 2nrad

~1080.43 rev/min

89. 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°) :&XO
w200
tan(65°)
500
tan(25°) =
X+Yy
fy S0
tan (25°)
S0
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.

90. 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).

230
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200 ft

[ I
y X
y
tan(10°) = —
(10°) 200
y =200tan(10°)
tan(40°) = Xy
200

X+ Yy =200tan(40°)
X =200tan(40°) -y
=200 tan(40°)—200 tan(10°)

~167.82-35.27=132.55
The glider traveled 132.55 feet in 1 minute, so
the speed of the glider is 132.55 ft/min.

91. Let X = the distance across the river.
X
tan(25°) = —
(25°) 50

X =50tan(25°) ~ 23.32
Thus, the distance across the river is 23.32 feet.

92. Let h = the height of the building.
h
tan(25°) = —
(259 20

h =80tan(25°) ~ 37.30
Thus, the height of the building is 37.30 feet.

93. Let x = the distance the boat is from shore (see
figure). Note that 1 mile = 5280 feet.

1454 ft

50

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,

. 11,339.30

5280

tan(5°) =

X+5280 =

~ 2.15 miles, from shore.
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94, E(t)=12OSin(120nt), t>0

a. The maximum value of E is the amplitude,
which is 120.

27 1
=— second
120 60

b. Period =

C. Ei

120
/\ f
| 1
— 120

95. I(t):ZZOsin(30nt+gj, t>0

a. Pc1ri0d=2—n=i
30 15

b. The amplitude is 220.

C. The phase shift is:

_r
$__6_.n L 1
o 30¢ 6 30m 180
d. fi
220
T\ L
1 2
15 15
=220
96. a. 95
0 . n 13
45

Chapter 2: Trigonometric Functions

Amplitude: A= 90;51 :? =195

+
Vertical Shift: M = ﬂ =70.5
2 2
2n w
o=—=—
12 6

Phase shift (usey =51, x =1):

51= l9.5sin(%-l—¢j+70.5

-19.5 =19.5sin(§—¢]

-1= sin(%—¢}

276!
2n
)

Thus, y=19.5 sin(ﬁx—z—nj+70.5 , or
6 3
y= 19.Ssin[%(x—4)}+70.5 .

95

ol . . ... ... ... . 13

95
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97. a. Amplitude: A= w =1.85
Vertical Shift: w =11.517
2n
w=—
365

Phase shift (usey =13.367, X =172):

13.367 = 1.855in(2—n-172—¢ +11.517
365

1.85= 1.855in(2—n~172—¢j
365

1= sin[ﬂ—qﬁj
365
n 344n
27365 7
¢ ~1.3900
Thus,

y= 1.85sin(2—nx—1.3900j+11.517 , or
365

y= 1.85sin[2—n(x—80.75)}+11.517 :
365

b. y=185sin| 2= (91)~13900 |+11.517
365

~11.84 hours
c. v
14
13
12 -
11+~
10

C | | | | | | | |

00 1000 200 300 400

d. Answers will vary.

Chapter 2 Test

1. 260°=260-1degree
V4 .
= 260~@ radian

= 2607 radian
180

13z ..
=227 1ad
radian

ISM: Trigonometry EGU

—400° = —400-1 degree
=—400- 7% radian

4007 .
=— radian
180

207 .
— —— d
= radian

13°=13-1 degree

V4 .
= 13-@ radian

137 .
=180 radian

—% radian = —%1 radian

7 180
=——.—— degrees
8 &
=-22.5°
97” radian = 97”'1 radian
9 180
=—.—— degrees
2
=810°
37” radian = 3% -1 radian
3z 180
=——.— degrees
4
=135°
V4
— =30°
6

Form a right triangle with one angle measuring

=30°. The remaining angle must measure

=60° . Thus, we have a 30-60-90 triangle.

w|N oS

) 60°
1
30°
V3
opposite
hypotenuse

sinf =

LT . 1
—_= 300 = —
sm6 sin >

232
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10. The angle 330° terminates in quadrant [V and

St . .
8. The angle s is in quadrant I and is has a reference angle of 30°.

. . 37 Sm 3z
t I with = (-===-27+=-).
coterminal wi ) ( 1 T ) )
y 330°
3n
\4 30° X
St
T4
3 60° 1
Therefore, we have
Sr 3z 3z RY/4 30°
cos| ——— |—cos| — |=cos| — |—cos| — [=0
5ol (3) 7
opposite
9. The angle —120° is coterminal with 240° tan 6 = %
(—120° =-360°+240°) and has its terminal side !
in quadrant III. Thus, the reference angle is 60° . o_ 1 _ ﬁ
tan30° = =
y B3
240° Since tan @ is negative in quadrant [V, we have
tan330° = —ﬁ .
3
60° \-{1 200 X 11. The point (0,1) is on the terminal side of
0= % =90° and is a distance of r =1 from the
origin. Thus, sinZ = sin90° = 1. 1.
2 o 19 i 1 3
! The angle Tﬁ is coterminal with 2=
30°
NE) (1977[ =4z + 377[) and has its terminal side in
adjacent .
cosf = m quadrant II. Thus, the reference angle is
V4
= =45°.
c0s60° =~ 4
2 y
Since cosine is negative in quadrant III, we have
cos(—120°)=—%. 3771

-/

\y& X

233
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14. cos2Z ~0.309
45° 5
V2 1 Be sure to set your calculator to radian mode
first.
St Sci Eng CosCEn 22
R u t H1Z23456 789 - SESE1 69944
45 [] Dedree
1 F Far Fol Ses
it DE%mul
tan @ = M e atht reten,
adjacent )| Horiz G-T
tanZ = tan 45° = 1—1 1
4 1 15. sec229°=———~-1.524
Since tangent is negative in quadrant II, we have cos229
197 Be sure to set your calculator to degree mode
tan——= -1. first.
L T e o sear
Therefore, sm——tanlg—ﬂ:l—(—l) =2. )
2 4
12. 2sin” 60°-3cos45°
Here we can make use of the two special right
triangles.
16. cotzg—” S ~2.747
9 tan 287
45° o
N 9
) 60° 1 Be sure to set your calculator to radian mode
1 first.
I-LantZEm- 92
300 450 o 2 TATATT419
V3 1
sing= OPPOSite ., p_ adiacent
hypotenus hypotenuse
: o_\/g 005450_L_£ . . .
sin 60° = > L 2 17. To remember the sign of each trig function, we
2 primarily need to remember that sin@ is
25in2 60° —3cos45° = 2 ﬁ _3 ﬁ positive in quadrants I and II, while cos@ is
2 positive in quadrants I and IV. The sign of the
3) 32 other four trig functions can be determined
= (Zj R directly from sine and cosine by remembering
3 32 tan@zﬂ,secﬁzL,cscﬁz;,and
=37 cosé cosf sind
coséd
=3(1—\/§) COte_sinH'
2 sin@ | cos@ |tanf | secl | cscé | cotd
13. sin17°~0.292 OmQU| + | + | + |+ | + |+
Be sure to set your calculator to degree mode OmQll | + | - | - | = | + | -
first. OinQII | - - + - - +
intIv) 91 v _ + _ _ _
L E9ZITITE4T inQ +
234
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18. Because f(X)=sinX is an odd function and

19.

20.

since f(a)=sina= % , then
. . 3
f(—a)=sin(-a) =—sina = -3

Since @ is in quadrant II, it’s reference angle is
a =180- 6 ; further we have sina =sin @ :E .
Now we construct a right triangle containing o
with opposite side 5 and hypotenuse 7.

7
5
o

a
By the Pythagorean Theorem, the third side of
the triangle is 26

7

26
Thus,

cosf =—cosa =—
tanfd = —tana = —

cscl =csca =%

secd = —seca =_L=_7\/E
26 12
cotfd =—cota :_¥

Since @ is in quadrant IV, it’s reference angle is
a =360- 0 ; further we have cosa = cos@ =2 .
Now we construct a right triangle containing «

with adjacent side 2 and hypotenuse 3.
2

o

3

By the Pythagorean Theorem, the third side of

the triangle is V5.
2

o

21.

Chapter 2: Trigonometric Functions

Thus,
sinf =-sina =—

tand = —tana = —

35

5

cscld=—csca=—

ol ofteltn

3
6 = = —
sec =seca =

2 25

cotd=—cota =——F—==——"-

N

Since € is in quadrant II, it’s reference angle is
a =180 -6 ; further we have

tana = —tand :E.

Now we construct a right triangle containing «
with opposite side 12 and adjacent side 5.

12 ¢

a
5
From the Pythagorean Theorem, the hypotenuse
of the triangle is 13.

12 13
o
5
Thus,
. . 12
0= ==
sin sin o B
(:0549——00505——i
13
13
0: = —
csc csca 5
secé’:—secot:—E
5
5
t@=—cota =——
co cotar 0
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22.

23.

24,

The point (2,7) is on the terminal side of the

angle and also on the circle x* +y? =r? where

r=v22+7% =53,
y

@7

y 7 753

sing=Y =L N>

roJs3 53

The point (—5,1 1) is on the terminal side of the

angle and also on the circle x* + y* = r* where

r=y(=5) +112 =146 .
y

(-5, 11)

L
@

-5 5146

X
cosf=—=—==
r

J146 146

The point (6,-3) is on the terminal side of the

angle and also on the circle x* +y? =r? where

=6+ (-3 =35 =345
y

0
/4R
\ X
T
(6573)
_y_3_1
tanQ—X— =3

236
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25. Comparing y:2sin(x—%j to

y = Asin(wx—¢) wesee that A=2, w=1,

and ¢ = % . The graph is a sine curve with

amplitude |A| =2,period T = %T = 2Tﬂ =2,
-l _s_7
and phase shift ===~ The graph of
o 1 6

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

the y-axis. One period will begin at X = % :%
and end at X:Z—”+£:27z+£:13—ﬂ. We
0 6 6

divide the interval [%,BT”} into four

T

R

x 2| [2x 7 [7x 5x)[57 137
6’31361 6°3 )36

The five key points on the graph are

A ESIESITS

We plot these five points and fill in the graph of
the sine function. The graph can then be
extended in either direction.

subintervals, each of length %T” =
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26. To graph y = tan(—x +%j +2 we will start with

the graph of y =tan X and use transformations

/

1
1
1
1
1
1
1
i
1
| | )
T 1 T
i
1
1
I
1
1
I
1

to obtain the desired graph.
y

y =tan X

a

—Tt

Next we shift the graph % units to the left to

obtain the graph of y = tan(x +%j .

y
: : : y:tan(xij
/: I/ | 4
T T R
i i i
i -2 i i
| | |

Now we reflect the graph about the y-axis to

obtain the graph of y = tan (—X + %j .

y= tan(—x+£)
4

y

2

=N N

Vo

Lastly, we shift the graph up 2 units to obtain the

graph of y = tan(—x +%j +2.

T
y:tan(—x+1]+2 y

NS}

Chapter 2: Trigonometric Functions

27. For a sinusoidal graph of the form
y = Asin(wx—¢), the amplitude is given by

|A| , the period is given by 2z , and the phase
@

shift is given by % Therefore, we have A=-3,
w=3,and g=3|-Z -
’ 4 4

The equation for the graph would be
R4

y :—3sm(3x+7j .

28. The area of the walk is the difference between
the area of the larger sector and the area of the
smaller shaded sector.

3 ft

The area of the walk is given by
1.5 1,
A=—R0-=r"0
2 2 ’
052 2
=5(R*=r?)
where R is the radius of the larger sector and r is
the radius of the smaller sector. The larger radius
is 3 feet longer than the smaller radius because
the walk is to be 3 feet wide. Therefore,
R=r+3,and
0 2 2
A= —( r+3) —r )
S ((r+3)

:g(r2+6r+9—r2)

6
= §(6r +9)

The shaded sector has an arc length of 25 feet

and a central angle of 50° = % radians . The

radius of this sectoris r = % = % = 20 feet .
18

Thus, the area of the walk is given by
T ( (90

A= £(6 (—j + 9)
2 T

36\ &
- 75+%” 2 ~78.93 fi2
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29.

30.

To throw the hammer 83.19 meters, we need

2
V
s =0
g
2
Vv
83.19m=—2"—
9.8 m/s
V,® =815.262 m* /s’
Vo =28.553 s

Linear speed and angular speed are related
according to the formula v =r-®. The radius is
r=190 cm =1.9 m. Thus, we have
28.553=r-w
28.553 = (1.9)a)

o =15.028 radians per second

0 =15028 radians 60 s.ec 1 revolu.tion

sec 1 min 27 radians

=143.507 revolutions per minute (rpm)

To throw the hammer 83.19 meters, Adrian must
have been swinging it at a rate of 143.507 rpm
upon release.

Adding some lines to the diagram and labeling
special points, we obtain the following:

5

C
1
18 :
!

RN S G

H E
i 1.2

'.

_i _____________
i

ST

— —
1 3
If we let X = length of side BC, we see that, in

AABC, tana = % . Also, in AEDC ,

o

e — —-—— gL

tana = % . Therefore, we have

3_18
X 5-X
15-3x=1.8x
15=4.8x
15
X=—=3.125ft
4.8

1+3.125=4.125 ft
The player should hit the top cushion at a point
that is 4.125 feet from upper left corner.

ISM: Trigonometry EGU

31. a. The distance between the buildings is the
length of the side adjacent to the angle of
elevation in a right triangle.

1776

34°

X
opposite

. and we know the
adjacent

Since tan @ =

angle measure, we can use the tangent to
find the distance. Let x = the distance
between the buildings. This gives us

tan 34° = ﬂ
X
_ 1776
" tan34°
X~ 2633

The office building is about 2633 feet from
the base of the tower.

b. Lety = the difference in height between
Freedom Tower and the office building.
Together with the result from part (a), we
get the following diagram

y
20°
2633
tan 6 opPosne
adjacent
y
tan 20° =
T 2633
y= 958

The Freedom Tower is about 958 feet taller
than the office building. Therefore, the
office building is 1776 —958 =818 feet tall.

Chapter 2 Projects
Project 1

a. November 10: High tide: 12:06 am and 1:55 pm
November 13: low tide: 9:17 am and 10:29 pm

b. The low tide was below sea level. It is measured
against calm water at sea level.

238
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¢ | Nov High Tide High Tide Low Tide Low Tide
Time Ht(ft) t Time Ht(ft) t Time Ht(ft) t Time Ht(ft) t
1(;/_[25 11:36a 1.6 11.6 11:59p 1.7 23.98 06:48a 1.1 6.8 06:04p 0.9 18.07
"21"4_948 12:49p 1.7 36.82 06:57a 0.8 30.95 06:55p 1.1 42.92
X-;S 12:06a 1.7 48.1 01:55p 1.8 61.92 07:21a 0.5 55.35 07:46p 1.3 67.77
32-1916 12:10a 1.7 72.17 02:59p 2.1 86.98 07:54a 0.1 79.9 08:39p 1.5 92.65
56-11220 12:12a 1.7 96.2 04:04p 2.2 112.07 08:33a- 0.1 104.55 09:33p 1.7 117.55
?2(1)?144 12:12a 1.8 120.2 05:12p 2.2 137.2 09:17a- 0.3 129.28 10:29p 1.8 142.48
S 14 . .
144-168 12:06a 1.9 144.1 06.26p 2.2 162.43 10:07a- 0.5 154.12
Tidal 2 f. y=0219sin(0.32x-0.712)+1.30
height poonncp w & The two functions are not the same, but they are
a 8 °® similar.
0 (170 S PR
=. 21 9R4 38563
1 Hours since b=.2221041152
c=-.r 121958670
midnight 11/8 od=1.30EIZAR2]

d. The data seems to take on a sinusoidal shape.
The period is approximately 12 hours. The 9
amplitude varies each day:

Find the high and low tides on November 15
which are the min and max that lie between

Monday: 0.25, 0.4 t=168 and t=192. Looking at the graph of
Tuesday: 0_45: 0.15 the equation for part (e) and using MAX/MIN
Wednesday: 0.6, 0.25 for values between t =168 and t =192.
Thursday: 0.8, 0.3 .

Friday: 0.9, 0.25 Low tides of 0.62 feet when t=178.2 and
Saturday: 1.05,0.15 t :3 190.3.

Sunday: 1.2, 1.35

e. Average of the amplitudes: 0.58 WW\‘W
Period : 12

Average of vertical shifts: 1.2 (approximately) 0 S 200
There is no phase shift. However, keeping in
mind the vertical shift, the amplitude

y:Asin(BX)+D 2
A=0.58 12:%” D=12 WWW
x 0 . 200
B= rh 0.52 T T
-1

Thus, y = 0.58sin(0.52x)+1.2
(Answers may vary)
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Chapter 2: Trigonometric Functions ISM: Trigonometry EGU

High tides of 1.78 feet occur when t =172.2 and 1 1 3 |1
t=1843. LI AU el Bl el ey
3. 4f, | 2f, | 4, | f,

3 s(t)y |01 0 -1 |0

4. Let f,=1=I. Let 0<x<12,with Ax=0.5.

(]| m—r 200 Label the graph as 0 < x <12T, and each tick
A e v-ire” 1
-1 mark is at AX=——.
0
3 2

0 ey 200
Haxiraum % a 12
w=184.za648 Y=1.78 12 0 =—
) 2 0
Looking at the graph for the equation in part (f) 1 5 9 45
and using MAX/MIN for values between t = 168 S t= T t= T t= 250 t= TR
and t=192: 0 0 0 0
A low tide of 1.1 feet occurs when t = 172.4. 6. M=010 — P=0n0
3 7. S,(t)=1sin2z f,t+0), S, (t) =1sin2z f,t + 7)

W 8. [0,47T,] So
0 - 200 [4T,,8T,] S,

L. LI
BT vevoml [8T,,12T,1 S,
—1 2
A high tide of 1.5 feet occurs when t = 186.1. . .
[l [l
3 O EAAAO T

1] S VY N 200
Haxirum a
nW=1B6.14583 Y=i.5i9
-1 Project 3 (web)
h. The low and high tides vary because of the moon .
a. Lanai:

phase. The moon has a gravitational pull on the
water on Earth. \ \ Peak of

Lanaihale

“
3,370 ft

Project 2 (web)

Lanai

1 sit)= lsin(27r fot)

b. s=ré6
27 1
2. T, =" - s 65
=22 0164
2z, Ty 3960
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3960
3960+h
3960 = 0.9999(3960 + h)

h =0.396 miles
0.396x5280 = 2090 feet

=c0s(0.164)

d. Maui:
Oahu Oahu
\1 \ iz?le(a?(gla
\
‘ \Maui =
o T 10,023 ft
3969«\\ Maui
_S_ 10 0078
r 3960
3960 =¢0s(0.278)
3960+h

3960 = 0.9996(3960 + h)
h =1.584 miles
h=1.584x5280 =8364 feet
Hawaii:

\ Peak of
\ Mauna Kea

“%
13,796 ft

o
3960 ® Hawaii

0=3_199 _ 40450

r 3960
3960 =¢0s(0.480)
3960+h

3960 = 0.9988(3960 + h)
h =4.752 miles
h=4.752x5280 = 25,091 feet

Molokai:

Oahu

Peak of
Kamakou

“<
4,961 ft

\Y
39(‘0 © Molokai

Chapter 2: Trigonometric Functions

s 40

0=—=——-=0.0101

r 3960
3960 =¢0s(0.0101)
3960+ h

3960 = 0.9999(3960 + h)
h =0.346 miles
h =0.346x5280 = 2090 feet

e. Kamakou, Haleakala, and Lanaihale are all
visible from Oahu.

Project 4 (web)

Answers will vary.

Chapter 2 Cumulative Review

1. 2% +x-1=0
(2x=1)(x+1)=0
1

X=— or X=-1
2

2. radius =4, center (0,-2)
Using (X—h)2 +(y—k)2 =r’
(=07 +(y=(2) - #

x2+(y+2)2 =16

3. XP4+y —2x+4y-4=0
X =2X+1+y +4y+4=4+1+4
(x—l)2+(y+2)2 =9
(x—1)2+(y+2)2 =3’

This equation yields a circle with radius 3 and
center (1,-2).
y
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20

10

b. y=x
y
10
(2, 8)
L1 1 1 L1 1
-4 00 4
(_21_8)
-10
C. Yy=sinX

5.

ISM: Trigonometry EGU

f(x)=3x-2
y=3x-2
X=3y—-2 Inverse
X+2 =3y
X+2
3

f! :izzl 2
x) 3 3(x+ )

=y

6. (sinl4°)2 +(cos14°)2 3=1-3=22

7.y =3sin(2X)

Amplitude: |A|=]|3]|=3

Period: T= 2; =7

Phase Shift: ﬁ = 9 =
o 2

NA L

v

|.~|‘]
131

—4
tan - —3cosZ+cse L =1-3 ﬁ +2
4 6 6 2
_3 _i
~ 6—3«6
2
The graph is a cosine graph with amplitude 3 and
period 12.
Find o: 12 :2—n
@
120 =27
27T. oz
@ = z
12 6

The equation is: y =3cos [% X] .
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