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Section 2.1: Angles and Their Measure

1 1 1 ° 32. 29.411°=29°+0411°
50°14'20"= 50+14-—+20-— —
60 60 60 =29°+ 0.411(60")
= (50+0.2333+0.00556)° =29°424.66'
=~ 50.24° =29°424'+0.66'
| e =29°+0.66(60")
73°40'40"=| 73+40- —+40- — - — =29°424'+39.6"
60 60 60
=29°24'40"
= (73+0.6667+0.0111)°
=73.68° 33. 19.99°=19°+ 0.99°
. AN =19°+ 0.99(60")
9°9'9" =949 —4+9.—.— —1go |
( o0 50 60) =19°+59.4
= (9+0.15+0.0025)° =197459% 0.4
~9.15° =19°+59'+0.4(60")
=19°459'+24"
98022'45"=(98+22-i+45-i-ij =19%5924"
60 60 60
~ (98+0.3667+0.0125)° 34. 4401°=44°+0.01°
~98.38° =44°+ 0.01(60"
=44°+0.6'
40.32°=40°+ 0.32° 4040 0.6
= 400+ 032(60') — 440+0'+0.6(60")
:400+19.2' :440+0v+36n
:400+191+0.2v =4400|36u
=40°+19'+0.2(60")
=407+19 12 35. 30°=30-—— radian = radian
=40°19'12" 180 6
61.24°=61°+ 0.24° 36. 120°=120-—— radian = 2n radians
= 61°+0.24(60") 180 3
=61°+14.4" - 4
. 240°=240-— =—
61°4+14'40.4" 37 0 0- 180 radian 3 radians
=61°+14'+0.4(60") "
=61°+14'+24" 38. 330°=330-— T80 radian = ?n radians
=61°14'24"
v . T
18.255°=18°+ 0.255° 39. -60°= —60-@ radian = -3 radian
=18°+ 0.255(60")
=18°+15.3' 40. —30°=-30-—— radian =— = radian
=18°+15'+0.3' 180 6
=18°+15'+0.3(60") -
—18°415'+18" 41. 180°:180~@ radian = 7 radians
=18°15"18"

42. 270°=270-—— radian _3_7: radians
180 2
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59.

—135°=-135 T radian = _3_7: radians
180 4
b . 5w .
—225°=-225.-—— radian = —— radians
180 4
-90°=-90 T radian = _I radians
180 2
b4 . .
—180° = —180-—— radian = —m radians
180
r_ x 180 degrees = 60°
3 3 7
on = om 180 degrees =150°
6 6 w
_5_1[ = _Sl@ degrees = —225°
4 4 r
_2n__2n 180 degrees = —-120°
3 3 &
r_ x 130 degrees =90°
2 2T

4= 4n'@ degrees = 720°

T
£=£'@ degrees =15°
12 12 =
S—TC:S—TC@ degrees = 75°
12 12 =
_E: _E@ degrees =-90°
2 2 n
- = —n-@ degrees = —180°
T
L _n 180 degrees = —30°
6 6 w
_3_n:_3_n_@ degrees = —135°
4 4 T

17° =17 I radian = 17_7t radian = 0.30 radian

180
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65.

66.

67.

68.

69.

70.

73°=173 T radian
180

R .
=—— radians
180

~1.27 radians
—-40°=-40 L radian
180

= —E radian
9

~—0.70 radian

-51°= —SI-L radian
180
= _17_75 radian
60
=~ —0.89 radian
125°=125-— radian
180

257w .
=—— radians
36

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

= 35_75 radians
18

=~ 6.11 radians

3.14 radians = 3.14 180 degrees =179.91°
T

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

3 radians =3 % degrees =171.89°

6.32 radians = 6.32 180 degrees = 362.11°

T

V2 radians =2 180 degrees = 81.03°
T
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75.

76.

77.

78.

79.

80.

r =10 meters; 8 =% radian;
1
K =r9=103=5 meters

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

0 =§ radian; s = 2 feet;

s=rf
s 2
0 (1/3)
1 .
6=Z radian; s =6 cm;

s=rf
:L:24 cm

% (1/4)

=

7 =5 miles; s =23 miles;

s=r6@

9=£=%=0.6 radian

r

r = 6 meters; s =8 meters;
s=rf

g=3—
r

=~1.333 radians

| oo
[SSRINN

r=2inches; 8=30°= 30-1L _I radian;

s=r@=2- =~1.047 inches

o a3
w3

r =3 meters; 6= 120°=120-i=2—7t radians
180 3

s=rf@=3 2?75 =27 = 6.283 meters

r =10 meters; € =% radian
A:lrzezl(lo)2 D100 o5 0
2 2 2 4

r =6 feet; € =2 radians

1 1 2
A==r*60==(6) (2)=36 ft*
Leo=Lio )

129

81.

82.

83.

84.

85.

Section 2.1: Angles and Their Measure

o =§ radian; A =2 ft*

=12 =23 ~3.464 feet

6 =% radian; 4 =6 cm’

48 =7’
r=+/48 =44/3 = 6.928 cm

r =35 miles; A=3mi’

Azlrze
2
3—1(5)2 6
2

3=—0

25
2
6 .

0 =—=0.24 radian

25

r =6 meters; 4=8m’

Azlrzé?

8=186

0= ﬁ = i =~ (0.444 radian
18 9

r =2 inches; 8=30°= 30-L _I radian
180 6
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Chapter 2: Trigonometric Functions

86. r =3 meters; #=120°=120 LI 2_1: radians
180 3

A=2ra=Lay (2” =37 ~9.425 m’
2 723

87. r=2feet; 6 zg radians

s=rf=2. §=%~2094feet

A=Lrg=L(oy [f} =27 9094 12
27 273 3

88. =4 meters; € =% radian

s=rO=4. g=2?“~2094meters

A=Lrg=Liay [fj=4—”~4 189 m
2 277 \6) 3

89. r=12yards; 8 =70°=70- —=E radians
180 18

s = r¢9=12~z—gz 14.661 yards

1

Azlrﬁ
2 2

~(12) Ug‘] 287 ~ 87.965 yd*

90. =9 cm; 0:50°=50.L=5—nradian
180 18

s=r0=9~?—gz7.854 cm

A:lr29:l(9)2 STN_BT 35343 em?
2 27 \18) 4

91. r =6 inches
In 15 minutes,

0= E rev = l -360°=90°= radlans
60 4

s=rf= 6-§:3nz 9.42 inches

In 25 minutes,
ﬁ—é rev—— 360°=
60 12

150°=— radlans
6

K =r0=6-5?n=5nz15.71 inches
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92.

93.

94.

95.

96.

97.

r =40 inches; € =20°= radlan

s=r6=40. §=%"~13 96 inches

r=4m; 0=45=45—— =" radian
180

A=L,2g- 1(4)2 (fj =27 ~6.28m’
2 2 4

F=3cm; 6=60°= 60—=5radians
180 3

A=tro=Lep(Z)232 c4g1em?
2 7 27 \5)

r =30 feet; §=135°=135- _=3_n radians
180 4

A=Lr20=L 307 [ 3712857 106029 12
2 2 4 2
r=15yards; 4=100 yd’
Azlrze
2
1 2
100=—(15)" 8
2
100=112.50
=100 _8 089 radian
1125 9
§.@:(@j ~ 50.93°
9 & T
a=Lrg- L go1200=22
21770 3
| w1, 21
=—(34) = -=(9° =
2( ) 3 2() 3

1 21 27
=—(1156) == ——@81) ==
2( ) 3 2( ) 3

T T
=(11560) S =61 3

_ 11s6z _ 8ix
3 3
017 119574 in?
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98.

99.

100.

101.

102.

103.

257

a=Lr9-Lo2g  goipse BT
272 36

1 2 257m
oo 22 Je 2F

2 2
112507 4507
36 36

_ 108007
36

=3007 =~ 942.48 in’

r=5cm; t=20seconds; & =§ radian

o0 _(3)

Wo)_1
t 20 3
s re 5-(1/ 5
v:—:—: = —
t 3

t 20

i =— radian/sec
20 60
3.5 1
20

=L cm/sec
12

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

/ 5/2
:QZ—(S r) :—( ):EL_l radian/sec
t t 20 220 8
y=1= S 1 m/sec
t 20 4
r =25 feet; @ =13 rev/min = 267 rad/min
v=rw=25-267 ft./min = 6507 = 2042.0 ft/min
V= 650nf—-ﬂ-60ﬂ =~ 23.2 mi/hr

min 5280ft 1hr

r=6.5m; =22 rev/min = 44x rad/min
v=rw=(6.5) 441 m/min = 2867 = 8§98.5 m/min
m lkm 60min

y=2860—— —— ——— = 53.9 km/hr
min 1000m  lhr

r=4m; o=8000 rev/min = 160007 rad/min
v=rw=(4)-16000t m/min = 640007 cm/min

v—64000n— 1m lkm 60m1n

min 100cm lOOOm lhr
~120.6 km/hr

104.

105.

106.

107.

108.

109.

Section 2.1: Angles and Their Measure

r=5m; @= 5400 rev/min = 108007 rad/min
v=rw=(5)-10800r m/min = 540007 cm/min
Im lkm 60 min

V= 5400075—
min IOOCm 1000m lhr
~101.8 km/hr
d =26 inches; r =13 inches; v =35 mi/hr

_35mi 5280ft 12in. 1lhr
" hr omi ft
=36,960 in./min

v 36,960 in./min
r 13in.

=~ 2843.08 radians/min
2843.08 rad. 1 rev

min 27 rad
=~ 452.5 rev/min

60 min

r =15 inches; @ =3 rev/sec = 6T rad/sec
v=rw=15-67 in./sec =901 = 282.7 in/sec
b=09 On— 1ft Imi 3600 sec

sec 12in. 5280ft lhr

~16.1 mi/hr

r =3960 miles
6 =35°9'-29°57"
=5°12"
=52°
T
180
= (0.09076 radian
s =rf8=3960(0.09076) =~ 359 miles

7 =3960 miles
0 =38°21'-30°20'

— 801'

~8.017°

8017~
180

=~ (0.1399 radian
s =718 =3960(0.1399) = 554 miles

7 =3429.5 miles

o =1 rev/day = 27 radians/day = % radians/hr

v=ro=34295 % ~ 898 miles/hr
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Chapter 2: Trigonometric Functions

110. »=3033.5 miles
o =1 rev/day = 2x radians/day = % radians/hr
y=ro=3033.5 % ~ 794 miles/hr
111. »=2.39x10’ miles
w=1rev/27.3 days
= 2n radians/27.3 days
-_T radians/hr
12-27.3
v=ro=(2.39x10° ). ——— = 2292 miles/hr
327.6
112. »=9.29x10" miles
o =1rev/365 days
= 21 radians/365 days
-_T radians/hr
12-365
v=ro=(9.29x10")- —— ~ 66,633 miles/hr
4380
113. 7 =2 inches; r, =8 inches;
@, =3 rev/min = 67 radians/min
Find w, :
V=V,
hay =na,
2(6m) = 8w,
121
'y
= 1.5 radians/min
1.5w .
=—— rev/min
2n
3 .
== rev/min
4
114. r =30 feet
= drev. = _2n LS 0.09 radian/sec
70sec 70 sec 35

nrad 6w ft
35 sec

v=rw =30 feet- = 2.69 feet/sec

7 sec

132

115.

116.

117.

118.

r=4 feet; @=10 rev/min = 20n radians/min
V=rw
=4.20m
=80m i
min
_80nft. 1 mi .60min
min 5280 ft hr

= 2.86 mi/hr

d =26 inches;

@ = 480 rev/min = 9607 radians/min
V=re

=13-960m

r =13 inches;

= 124801
min

_12480min 1ft Imi 60 min

min 12in 5280 ft  hr
~37.13 mi/hr
%
w=—
-
_80mi/hr 12in 5280ft 1hr Trev
~ 13in Ift 1mi 60min 2mrad
~1034.26 rev/min
d =8.5feet; r=4.25"feet; v=9.55mi/hr
_ v _9.55 mi/hr
425
5280 ft 1hr Ilrev

_9.55mi . 1
hr 425 ft mi
=~ 31.47 rev/min

60 min 27

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

L2

90  2m(3559)
_ 0@ 0.0966 hours = 5.8 minutes

21(3559)
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119.

120.

121.

122.

A=’
= 7r(9)2
=81z

. 3 243
We need % of this area. Z 8l = Tir Now

we calculate the small area.

A= rmr?
= r(3)
=9r
1 9
We need Y of the small area. Z o= Z”
. 24 252
So the total area 1s:T37z+%ﬂ'= %72': 637

square feet.

First we find the radius of the circle.

C=2nr
8 =2nr
4=r

The area of the circle is 4= 7zr’ = 7(4)* =167.

The area of the sector of the circle is 47. Now
we calculate the area of the rectangle.

A=Iw
A=4)4+7)
A=44

So the area of the rectangle that is outside of the
circle is 44 -4z u’.

The earth makes one full rotation in 24 hours.

The distance traveled in 24 hours is the

circumference of the earth. At the equator the

circumference is 2m(3960) miles. Therefore,

the linear velocity a person must travel to keep

up with the sun is:
_5_ 271(3960)

t 24

=~1037 miles/hr

Find s, when » = 3960 miles and 6 =1".

. 1 degree  m radians

=1 =~ 0.00029 radian

60 min 180 degrees

s =r6=3960(0.00029) =1.15 miles

Thus, 1 nautical mile is approximately 1.15
statute miles.

Section 2.1: Angles and Their Measure

123. 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

V4

180°

7.2°=7.2°- - radian . Therefore,

s=rf
500=r 2
25

r=£-500= 12,500
T V3

C=2nr= ZE-M =25,000 miles.

V4
The radius of Earth is approximately 3979 miles,
and the circumference is approximately 25,000
miles.

=~ 3979 miles

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

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

s=r-6=200-96°-—"— ~335.10 feet
180°

The outfield fence is approximately 335.1
feet long.

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

A= lRZH—erG = Q(Rz —rz)
2 2 2
_96° &
© 2 180°

(200" -190°)

:%(3900) ~3267.26

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

125.

126.

127.

128.

129.

130.

131 -

134.

7, rotates at @ rev/min , so v, = K@, .
r, rotates at @, rev/min, so v, =r,@, .

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

=0
hay =na,
no_no,
he,  Hho

h_o

L@

Answers will vary.

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

1 radian = 180 degrees .
V4

1 .
1°=—— revolution
360

Note that 1° = IO'(MJ =~ 0.017 radian
180
and 1 radian( 189 ]: 57.296° .
7 radians

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

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@ = %rﬁ .

133. Answers will vary.

f(x)=3x+7
0=3x+7

3x=—7—>x=—Z
3

134

135.

136.

137.

x* —9 cannot be zero so the domain is:
{x | x # i3}

Shift to the left 3 units would give y = |x + 3| .

Reflecting about the x-axis would give
y=—|x+3|. Shifting down 4 units would result

in y=—|x+3|—4.

B

2 2
_ 3+4(-4) 6+2
2 72
I
2 2

Section 2.2

1.

10.

11.

12.

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

equal; proportional

13
272
1
2
b
(0.1)
V2 V2
272
a
ry.x
V’I"
False
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13.

14.

Section 2.2: Trigonometric Functions: Unit Circle Approach

B 3 1 2 21 2 21
P=|—, - |=>x=—,y=— 15. P=|——,— [=Dx=—=,y=——
2 2 2 2 5 5 5 5
- 1 ins V21
int=y=— —p=a=
S y 5 y 5
COS[ZJCZ£ cos[:x:_g
2 5
g &
angero\2) 12 13 V3 ang= L5 @(zj Vat
x 3) 243 V343 3 x (_2) 502 2
2 5
1 1 2 1 5 5 \/ﬁ 5\/5
csct=—=——=1.-=2 csel=—= = = : =
y 1 y

2
cotr=XoA2) V32 g R
E 5
2 2 2l 2
V21 21 21
(1 3} 1 NE)
P: —, :}x:—’y:__
27 2 2 2
s1nt—y———3 NG NG
2 16. P:(—l,ﬁjjx:—l’y:ﬁ
| 55 5 5
COS[—X—E . 2\/8
smt=y=—-—
-2) 5
2 |
anr=2=t 2/ V325 cost = %= —1
OIS s
2 &
Csctzl: 1 :_i:_i.ﬁz_& tant:X: b =£(_§)=_2\/6
y ((B) VB OBAB3 x (_1) 5 U1
2 5
1 2 1 1 5 5 J6 56
sect=—=——=1-—=2 csct=—= —
X ( 1 Yy

[z@jzl'm:m%‘ﬁ

135
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Chapter 2: Trigonometric Functions

K
SIE
2___ﬁ
~ _ﬁ

7

SIE

ol
T

Il

csct =

T e T

l_x x_y
[ [
~ ~
[&] ~—
3 3
ﬁ_z
I
— =
© .
Vo) ﬁ
(q\l
N——
o I
— _J_u I
_ =
__ 0
\J
1,5 _J_,J 1 '
I ﬁ_2
,J
_ ﬁ_2
RN
I N
m Il
) L
~
-

<[

sint

VR [a\HIKe\l I 7N\
a1l SIS S ks
Re !
1_3 T(\__ 1iﬁ I _ __2 - __/|\
I I N
EN = LR S — = =]~
I [ [ I I I I
5 2 E 3 5 b
B 8 8 8 2 3
l
|
I
NN
o g
[ s
|
; I
Z_ﬁ A/ Il
[ Z_ﬁ =
N
T - S
I n [ [ F
|7 N
N VR N
e SIS _fge -] Sy T
_ ~— ﬁ_
Il Il Il Il Il N
= AR =~ — = =~ 2_
I I I I I <
2 e S S =
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sintzy—

sint=y
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y_x

costzx—
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tant = —( \/gJ__E E
3
_2 5 2
NN

3
__ 3 5 35
IRV

21. sin (ﬁJ =sin (3_Tc+8_nj
2 2

2

=sin (3—75 + 4nj
2

=sin (3_75 +2 215)
2

: (3n)

=sin| —

2

22. cos(7m)=cos(m+67)

=cos(m+3-27) = cos (1) =—1

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

24. cot (7_15) =cot (E + 6—“]
2 2 2
= cot(E+3nj = cot(Ej =0
2 2

Section 2.2: Trigonometric Functions: Unit Circle Approach

26.

28.

29.

30.

31.

32.

33.

34.

3s.

137

+
w|?_|°
N—

+
N
3

N———

7N /77 N /77 N /77N
+
[\
[\
Bl
——

N|§_’,’ M|‘§,’ N|§,’ w|‘§,’

N—

=1

sec(81) =sec(0+87)
=sec(0+4-27)=sec(0)=1

sin(-3m) = —sin(3m)

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

tan (-31) = —tan(3m)
=—tan(0+37)=—tan(0)=0
\/5 1 _ 1+\/§

sin45° + cos60°= —+—
2 2 2

1 N2_1-V2

sin30° — cos45°=—

2 2 2
sin90° + tan45°=1+1=2
cos180° —sin180°=-1-0=-1

sin 45° cos45":—2-—:%:

[\S)
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Chapter 2: Trigonometric Functions

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

tan 45° cos 30° =1-£:£

2 2
csc45° tan 60° =2 -+/3 =6
sec30° cot45° = i 1= i

4s5in90° -3tan180°=4-1-3-0=4

5¢c0890° —8sin270°=5-0—-8(-1) =8

n_, 3 .3

2sin£—3tan—:2-—— -—=\/§—\/§=0
3 6 2 3

2

2sinE4+3tan~=2.Y2 43.1=42 43
4 4 2

\/_—Zf 4\/—

2secZ+4cot§—2 \/§+4

23

305c—+cot—=3 —+1—2f+1
3 4 3
cscE+cotE:l+0:l
2 2

secn—cscgz—l—l =-2

The point on the unit circle that corresponds to

9:2—n=120" is [—l,ﬁl
3 22
. 2m \/3
sin— =—
3 2
21 1
CoOS— = ——
3 2
3
)
2
1 2 BB 23
cSC—=———=—F7+—F7=——
3 3

48.

49.

The point on the unit circle that corresponds to

o5 v [0.1]
6 2

2

6 1) 1
2
1 [2]\6 23
sec— = =l|——|—==——
g e
2
2]
2 32
t— = ==
CO > 1 \/_

The point on the unit circle that corresponds to

6=210°= 76“ is (—ﬁ,—l)

2 2
. 1
sin210°=——
coleO":—ﬁ

2
)

@n210°= 2 :_1.(_3]£:£

20 )33
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Section 2.2: Trigonometric Functions: Unit Circle Approach

sec210°= ] :1.[_Lj£ B wEo_L 22 02 g5
3 3)A33 [zj 2 V2 2
2 2
S m__ L (L2 22
N2 sec4 NG 1 > > 2 2
s &3
£210°= S L e BN -
co (_lj ’ ( lj NE] 2
2 -3)
s U 2) V22
50. The point on the unit circle that corresponds to cot—=——F—=-—--—==-1
4r 1 3 ) (\5) 2z
0 =240°=— is (——,——j. 2
3 2 2
2400 3 52. The point on the unit circle that corresponds to
sin =——
1 o= 1T _ 4050 i (_ﬁ,ﬁj
c0s240°= —— 4 2 2
2 sin 11T _ 32
[_x/?j 4 2
tan 240°=~ 2/ _ ﬁ.(_zj—ﬁ tn_ V2
1 2 U1 cos
& -
g V2
2
csc240°= ! =1 (—lJﬁ —& tanﬁ: (2) —ﬁ 2 =_
EIRSIE EORERE:
2 2
s 1 2
sec240=—1=1-(—Tj= 2 w12 V2 22 5
(—J (2) 2 2 2
2
) 2
(— lin 1 22 22
cot 240° = 2 =_l. _~ £=_3 SCCT— > _1[ _ZJ_Z — 5 _\/E
V) 20 V3) 453 N2
N2
51. The point on the unit circle that corresponds to cotM— 2 N2 2 -1
6=>C =135 is (—ﬁ,ﬁj. 4 (\5} 2 V2
4 2 2
.3t 2 . o
HIT = B3 53. The point on the unit circle that corresponds to
w2 6= —480° is [—l,ﬁ)
COST__T 3 2
Q Sin8_n:£
n 3T _ L2 _ﬁ.(_ij__l >
4 (_ﬁj 2 U2 cosSF__1
2
139
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Chapter 2: Trigonometric Functions

( 3 j 55. The point on the unit circle that corresponds to
sm_\o) V3( 2) _ 6=405=2" i [ﬁ ﬁ]
an _(1)_2(1j_ﬁ 4 272
2
sin405°=£
1 2 3 243 2
csc—=——=1-———=="+ N
(3] P ’ c0s405°=—
2 2
2
secg—n:Lzl.(_gj:—z (Zj 2 o
3 (_lj 1 tan405°=~ 22 =N2. 2 _j
2 ( 2) 2 2
-3) 2
2 1 2 3 3
cot—=—2=——-—£=—— csc405°= 1 =1i.£=\/§
(3} 2 V3 43 3 N NG
2 2
sec405°=L:1 %%:\/5
54. The point on the unit circle that corresponds to (;J
o - 13T 3000 S(ﬁ,ij .
’ ? 2
. 13m 1 cot405°=—-—""%=1
sin— =—
6 2 (ﬁj
1303 2
cos— =—
2 56. The point on the unit circle that corresponds to
| 1)
5 6=390°= is
@l3m_12) 12 3 6“2
3] 24343 3 . 1
— sin390°=—
2 2
CSCB_TCZLZI.EZZ 0053900:£
6 1 1 2
2 lj
6 3 33 3 (3) 3 V3
2 12 2
( 3J CSC3900_T:1'T—2
z )
) wre Loy 2 6526

140
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57. The point on the unit circle that corresponds to

58.

6 2
cos(—%):?
1
(455
2
A S S
ey
sec[_gj:;:%_ii:¥

Section 2.2: Trigonometric Functions: Unit Circle Approach

59. The point on the unit circle that corresponds to

60.

141

¢9=—135°=—%’t is [-%_%J

sin(~135°) :-%

cos(~135°) L%

tan (~135°) = (_fj - _ﬁ.[_ij 1

-3

2

ose(~135°) = (_\lﬁj =1 (_%).%;\5
2

sec(—l35°)=(_\1/§J :1.[_%)%:ﬁ
2

cot (~135°) = (_fJ =1

The point on the unit circle that corresponds to

0=—240°= —%” is (—% ?j ,
sin (~240°) :?
cos(—240°)=—%
tan (—240°) =@ :i.(_gj -8
(et
2

csc(~240°) =ﬁ - 1(%)% :?

2
sec(—240°) = @ _ 1,(_3 _
cot (~240°) = Q - J(%} ii - _73
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Chapter 2: Trigonometric Functions

61. The point on the unit circle that corresponds to

9:%”:450" is (0,1).

. Sx 5z 1
sin—=1 csc—=-=1
2 2 1
coss—” =0 secs—7Z = l = undefined
2 2 0
tans—ﬂ- = l = undefined cots—” = 9 =0
2 0 2 1

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

| —

sin57 =0 cscor = 0 = undefined
1
cosdSm=-1 se057z=—l=—l
0 -1
tan Sz = —1 =0 cotsSm = F = undefined

63. The point on the unit circle that corresponds to

o1 i [;%
sin[—m_”j:_ﬁ c (_14_”):_1
3 2 2
_laz :(_fj:_j. 2)_f
tan( 3) (_;j 2(1) .
%)
() ()
_1
33
2

64. The point on the unit circle that corresponds to

9= _ 3900 is (ﬁ,—l]
6
( 131 ( lnj NG
sinf —— |=——  cos| —— |=—
6 2

65. Set the calculator to degree mode:
sin28°~ 0.47 .

EinCZE2
LAE94 71 5E2E

66. Set the calculator to degree mode:
cosl4°=0.97 .

fpostId4%
AFBAZASFIET

67. Set the calculator to degree mode:
1
cos21°

AEEEEN Sci Eng
R 123456 75D

sec21°= =1.07.

I costZ1
1.871144994
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Section 2.2: Trigonometric Functions: Unit Circle Approach

68. Set the calculator to degree mode: 74. Set the calculator to radian mode: tan1=1.56.

1 fanti?
cot70°=——=0.36. 1.557487725
tan 70"
Tantras
L 3EIOTEZIAT
75. Set the calculator to degree mode: sin1°=0.02.
Eintiz
. B174524064
Set the calculator to radian mode: tan— = 0.32
fLanim 1@
L 3ZA1EET
76. Set the calculator to degree mode: tan1°=0.02.
fEanils
. 8174558649
70. Set the calculator to radian mode: sm— 0.38 .
intm-g2 .
- JE26834324 77. Forthe point (-3, 4), x=-3, y=4,
=1/x2 +y2 =49+16 =\/E=5
sin@ = i cscl = E
5 4
. 3 5
71. Set the calculator to radian mode: cosfd =—— secld=——
cot£ = =3.73. 3
12 t T tan@ =—— cotd=——
an - 3 4
12
En I -tanins127
913%&%2;99 - PIZH5050S 78. For the point (5,-12), x=5, y=—-12,
a1 (=] =
Een =x? +y? =425+144 =169 =13
+bi e
G-T . 12 1
sinf =—— cscé?z——3
72. Set the calculator to radian mode: 513 ;3
ese o107 cosf=— sec¢9=?
tan@ =—— cotd =——
T =in(on 17 12
1,855588137
79. For the point (2,-3), x=2, y=-3,
=1/x2 +y2 =/4+9 =\/§
Set the calculator to radian mode: sin1=0.84. sin @ = —3 \/_ 3\/E cscl = — Vi3
Elh(1?8414?99848 \/7 \/— 13 3
cosgo 2B _ A3 13
JI3 V1313 2
tan9——§ coté’z—g
2 3

143
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Chapter 2: Trigonometric Functions

80. For the point (-1,-2), x=-1, y=-2,

r=yx’+y’ =J1+4=15

-2 \5_ 25 NN
sinf=—-—=——— cscf=—=———
NEING 5 2 2
cos¢9—_—1-£:——5 secg:ﬁz_\/g
NERNCE -1
tane——2:2 Cot@:__lzl
-1 -2 2

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

r=«/x2+y2 —\/F—«/g=2\/§

Sln@—_—ziz—£ csc@:ﬂz_\/}
w2 V22 -2
COSé’—_—2£=—£ sec&:ﬁz_\/&
w2 V2 2 -2
_2 _2

tand =—=1 cot9=—2=1

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

g L2 V2 o 25
2 V2 2 1
2 J2 2 -1
tanezilz—l cotd=—=—1

11 1 1

83. Forthepoint | —,— |, x=—, y=—,

P [3 4) 377,

— [t 1 [25 5

FEAX+Y =, —+—=,]—=—

9 16 144 12

1 S
sinl9=i=l-£=é cscezﬁzi-i=§
5 45 5 1121 3

12 4

1 S
COS@:i:l.Q:i Sec@_ﬁzi-ézé
5 35 5 1 121 4

12 3

1 1
ang A L33 g 3 144
1 41 4 1 31 3

3 4

144

84.

85.

86.

87.

88.

89.

90.

91.

92.

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

=x*+)* =0.09+0.16 =4/0.25 = 0.5

04 4 05 5
sinf=—= sc=—=—
S5 04 4
COS@:%:E SGCHZEZE
05 5 03 3
tane:%:i Cot@:% i
3 3 4 4

sin45°+sin135°+sin 225°+sin 315°

AN
)
=0

tan 60°+tan150°= \/g (—g]

_3W3-43_243
33

sin40°+sin130°+sin 220°+sin310°
=sin40°+sin130°+sin (40°+180°) +
sin (130°+180°)
=sin40°+sin130°—sin 40°—sin130°
=0

tan 40°+tan 140° = tan 40° + tan (1 80° 40°)
= tan 40° —tan 40°
=0

If /(6)=sinf=0.1, then
f(0+7)=sin(@+m)=—0.1.

If /(6)=cos®=0.3, then
f(0+7)=cos(6+m)=—-03.

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

If f(6)=cotd=-2, then
f(6+7m)=cot(f+m)=-2.
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Section 2.2: Trigonometric Functions: Unit Circle Approach

93. If sin@ =1 then cscf=——=1.2=5 107. f hZ =sin2?Z
5 1] 1 6 6
: =sin z :ﬁ
3 2
94, Ifcos@zg,then sec¢9=L=1-§=§.
3 108. g(p(60°))= cos
. 3 =00530°:£
95. 1 (60°)=sin (60°) ==~ 2
cos315°
109. 315°)) = ——
96. & (60°) = cos (60°)= - P(gG15)
=%cos315°
60° . [ 60° . o 1
97. f(zjzsm(zj:sm(%)zz 12 2
2 2 4
60° 60° V3
98. = = 30°) = ——
g[zj Cos(zj cos(30°) =3 1mo. n r % —2sin 22 2.1
6 6 2
2
AT — (singooy < 3| _3
99 [£(60°)] =(sin60°) _[ 2} "4 11. a. f(£)=sin(£):_2
4 4) 2
1y 1 The point (E —2j is on the graph of f.
100. [g(60°)]2=(cos60°)2=(5j = p R grap
NG b. The point (ﬁ,z] is on the graph of f
101 /(2:60°)=sin(2-60°) =sin (120°) == 2 4
1 o A5i()
102. g(2-60°)=cos(2-60°)=cos(120°) =—= . (ﬂ_)
=sin| — (-3
2
103. 2£(60°)=2sin(60°) = 2£:ﬁ -

-2
The point (— - 2) is on the graph of

y= f[x+—j—3 .
NE) 4
105. f(-60°)=sin(—60°)=sin(300°) =

104. 2g(60°)=2cos(60°)=2-—=1

1
2

106. g(-60°)=cos(—60°)=cos(300°) = 1

145
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Chapter 2: Trigonometric Functions

112. a. g(zjzcos(zjz—3
6 6 2

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

b. The point [?, %J is on the graph of g~'.

c. 24%—%) =24(0)

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

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

T
=2g| x——|.
4 g( 6)

113. Answers will vary. One set of possible answers
_llz 5z z 7z 131

37 3737373
114. Answers will vary. One ser of possible answers
37 St 3r lir 197

1§ ——,— B 5 5
47 47474 4

sin @
7]
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

115. g sin @

f(0)= 20 approaches 1 as & approaches 0.

cosfd—1

0
0.5 -0.1224 | -0.2448

0.4 -0.0789 | -0.1973
0.2 -0.0199 | -0.0997
0.1 —-0.0050 | -0.0050
0.01 |-0.00005| -0.0050
0.001 0.0000 —-0.0005
0.0001 | 0.0000 | —0.00005
0.00001 | 0.0000 | —0.000005

116. o cosf—-1

g(0)= cosg—l approaches 0 as 6

approaches 0.

_ v’ sin(26)

= T

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

(100 sin(2-45°)
322

117. Use the formula R(6) with

R(45°) =~310.56 feet

v, (sin @)’
2g

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

_100%(sin45°)’
2(32.2)

Use the formula H (6) = with

H (45°) = 77.64 feet

v, sin(26) .
118. Use the formula R () =———= with
g
g=9.8 m/sec’; #=30°; v, =150 m/sec :

1507 sin(2-30°)

R(30°) ~1988.32 m
2 . 2
v, (sin@)” .
Use the formula H (6) = . with
g
g2=9.8 m/sec’; =30°; v, =150 m/sec :
2 . 02
H (30°) _ 1507Gsin 30°)” 286.99 m
209.8)
v, sin(26)
119. Use the formula R(6)=——— with
g

g=9.8 m/sec’; =25"; v, =500 m/sec:

500 sin(2-25°)

R(25°) ~19,541.95 m
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120.

121.

122.

v, (sin @)
2g
g=9.8 m/sec’; 6=25"; v, =500 m/sec:
5007 (sin 25°)°
29.8)

Use the formula H (8) = with

H(25°) = =2278.14 m

v, sin(260) .
Use the formula R(6)=———= with
g
g =32.2ft/sec’; §=50°; v, =200 fi/sec :
2007 sin(2-50°)
322

R(50°) ~1223.36 fi

v, (sin 6)’°
2g

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

200 (sin 50°)?
2(32.2)

Use the formula H (8) = with

H (50°) ~364.49 fi

Use the formula ¢(8) = .2—a with
gsinfcosl
g =32 ft/sec’ and a =10 feet :

a. t(30)=\/ 2(19)

32sin30°-cos30°

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

32sin45°-cos45°

c. t(60)=\/&

32sin 60°-cos 60°

=~1.20 seconds

~1.12 seconds

=~1.20 seconds

Use the formula

x(8)= cosﬁ+m )

x(30) =cos(30°) ++/16+0.5cos(2-30°)
=¢05(30°)+ /16 +0.5cos(60°)
=490 cm

x(45) = cos(45°) +4/16+0.5cos(2-45°)

=c0s(45°) +4/16+0.5cos (90°)

=471 cm

123. Note: time on road =

Section 2.2: Trigonometric Functions: Unit Circle Approach

distance on road
rate on road

_8-2x
8
=1-x
4
1
l_tané’
4
4tan @
a. T(30°)=1+ .2 - !
3sin30° 4tan30°
3.1, L
2 B
:l+i—£zl.9hr
3 4

Sally is on the paved road for
1

1- ~0.57 hr.
4tan30°
b. T@45°)=1+ .2 - !
3sin45° 4tan45°
a2 1
5L 4
V2
—1+¥—1z1.69h
Sally is on the paved road for
1—;=0.75 hr .
4tan 45°
c. T(60°)=1+ ,2 - !
3sin60° 4tan60°
=1+ 2___ 1
i
2
_1+i_L
33 43
=~1.63 hr

Sally is on the paved road for
1

]|-——=0.86 hr.
4tan 60°
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Chapter 2: Trigonometric Functions

1

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

d. T(90°)=1+

time would be: §+1 =§ ~1.67 hours. The

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

124. When 8 =30°:
1 (1+sec30°)’

v (30°) == 7(2) ~251.42 cm®
(30°) 3 (tan30")2
When 6 =45°:
1+sec45°)’
v (45°) =17Z(2)3M ~117.88 cm’
3 (tan45°)
When 6 =60°:
1+sec60°)’
v (60°) =L z(2)’ M ~75.40 cm’
3 (tan 60°)
125. tang = i
2 2D
2° 6
tan =—
2 2D
2Dtanll°=6
D=—> _1i54
tan11°

Arletha is 15.4 feet from the car.

126. tang = i

2 2D
8° 555
tan—=——
2 2D
2Dtan4° =555
= 553 =3968
2tan4°

The tourist is 3968 feet from the monument.

127. tang = i
20° H
n =
2 2(200)
H =400tan10°
H=171

The tree is approximately 71 feet tall.

128. tang = i

052° H
2 2(384400)
H = 768800 tan 0.26°
H =3488

The moon has a radius of 1744 km.

. 41 .
129. cos@+sin’ 6= E;COSZ f+sin* =1

Substitute x =cosé;y=sinfd and solve these
simultaneous equations for y.

Using the quadratic formula:
8

a=1b=-l,c=——
49

DR -4
2

RN R EN T

2 2 2

=—or ——

7 7

. S 1
Since the point is in quadrant III then x = —

2

and y* =1- LU
7 49 49

__[8_ 4B
Y 49 7
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Section 2.2: Trigonometric Functions: Unit Circle Approach

5 ) 1 5 - c¢. Using the MAXIMUM feature, we find:
130. cos 9—sm6’=—§;cos f+sin- 6=1 20

Substitute x =cos#;y =sinf and solve these
simultaneous equations for y.

x2 = =_l~x2+ 21 naxiraurs
Y 9’ y 450 =R E o __w=1p.7uEEE | Q()°
xZ — 1_y2 0
R is largest when 8 = 67.5°.
) 1
(I=y)-y= ) . .

10 132. Slope of M = sin6-0 = sin & =tand.
Y +y-——=0 cos@—-0 cos@

9 Since L is parallel to M, the slope of L is equal to
91> +9y-10=0 the slope of M. Thus, the slope of L =tané.
Using the quadratic formula: ) o
a=9,b=9,c=-10 133. a. When 7 =1, the coordinate on the unit circle

is approximately (0.5, 0.8). Thus,
_=(9)£(9)’ —4(9)(-10) !
I 18 sinl~0.8 esel===13
_ 9+81+360  —9++441 -9+21 L
- 18 - 18 T 18 cosl=0.5 Seclzﬁ=2.0
Since the point is in quadrant II then 0.8 O. 5
-3+21 12 2 tanl=—=1.6 cotl=——=0.6
Y= "3 3 and 0.5 0.8
) Set the calculator on RADIAN mode:
) 2 4 5 intis T =intiy
x=1- = =l-==— » B4 147E9345 1, 158395106
3 9 9 os(12 l-costll
« FHEZAZIESS 1, 558215718
anil? l-tancll
5 J5 1.5574m7725 CE4ZBIZE15Y
X=—,|—=——
9 3
32242 b. When ¢ =5.1, the coordinate on the unit
131. a. R(60)= 2 [sin(2-60°) ~cos(2-60°) 1] circle is approximately (0.4,—0.9) . Thus,
2 . 1
— 3232/5 [Sin(lzoo)_cos(lzoo)_l] Sln5.1z—0.9 CSCS.I:E:—I.I
1
- ﬁ_[_l)_l c0s5.1=0.4 secs. = =25
2 2 0.9 0.4
- tan5.l=——=-23 cot5.1=——=-04
16.56 ft 04 00
2
b. Let ¥, = 323;5 [sin(Zx)—cos(zx) _q Set the calculator on RADIAN mode:
20 Einta.12 I 2inio.12
-. 9255146827 -1. 65812977
cosC3.12 lrcosg3. 10
CIPTITETART 2. E45658426
tancS, 13 Lotani(S, 17
-2, 449359415 - ah52658123
45° 90°
0

149
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Chapter 2: Trigonometric Functions

134. a. When ¢ =2, the coordinate on the unit

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

sin2=0.9

cos2=-04

tan2 = ﬂ =-2.3
4

cchsz 1.1
0.9

sec2 = L =-2.5
4

cot2 = —04 =-0.4
0.9

Set the calculator on RADIAN mode:

1 CED
AB9Z2ATAZ2E8

1.89975a17

= l<cosC2
- 4161468365 -2, 4BZIITIEZ

an 1l<tancZ
-2. 185839363 - 457VESTS544

I =intEy

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

sin4 = —0.8 csc4d zLS ~-1.3
1
cos4d =-0.7 secd=——=-14
-0.7
tan4 =08 _1 cotd==27 _09
-0.7 -0.8

Set the calculator on RADIAN mode:

inCda IESRTEY

-, FOGEEZ495F -1.321348789
os 1.<cos

-, 6336435289 -1.529385655
anid 1l<tanid?

1. 157821282 CBE35911545

135 - 137. Answers will vary.

150

138.
V4 Angle: T
Angle: ET'" ) Angle:%
Angle: QT“
Angle: =T
V3 1

(59

Anglezw | p=(-1.0)

Ang]e:'%r Angie _’\T-r Angle: Sw
Answers will vary
2
139. =
Y x—=7
2
xX=—
y=7
x(y=7)=2
xy=Tx=2
xy=Tx+2
:7x+2:7+2
X X
Fl=7+2
X
-1
140. 180 % — _780° is
-1
141. f(x+3)=%
(x+3)"+2
_ x+2
2 +6x+9+2
_ x+2
x> +6x+11
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142.

d = \J(1-3) +(0—(-6))’
= J2y +(6)

=J4+36 =40 = 2410

Section 2.3

1.

2.
3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

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

even
False
True

2r, 7w

. All real number, except odd multiples of %

False; sec@ =
cos@

sin 405°=sin(360°+ 45°) =sin45°=

|6

c0s420°=cos(360°+ 60°) = cos 60°= %

tan 405°= tan(180°+ 180°+ 45°) = tan 45°=1
sin390°=sin(360°+ 30°) =sin30°= %
csc450°=csc(360°+90°) = csc90°=1
sec540°=sec(360°+180°) =sec180°=—1
cot390°= cot(180°+180°+ 30°) = cot 30°= NE)

sec420°=sec(360°+ 60°) =sec 60°= 2

Section 2.3: Properties of the Trigonometric Functions

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

151

cos33—n:cos E+81t =COS(E+4~2TI:
4 4 4

. 9m . (n j . T
sin— =sin| —+27 |=sin— =
4 4 4
tan (21m) = tan(0+217m) = tan (0) = 0
on T B
csc—=csc| —+4mn | =csc| —+2-27
2 2 2

e
=csc—
2

=1
sec”—nzsec E+411: =sec E+2~27£
4 4 4

=sec—
4

)

cot”—n=cot E+41'c =cot E+2-2n
4 4 4

_n3

3

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

Since sin@ < 0 for points in quadrants I1I and
IV, and cos@ >0 for points in quadrants I and
IV, the angle @ lies in quadrant IV.
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29.

30.

31.

32.

33.

34.

3s.

36.

Since sin@ <0 for points in quadrants I1I and
IV, and tan8 < 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 1.

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

Since cos@ < 0 for points in quadrants II and III,

and tan & >0 for points in quadrants I and II1,
the angle @ lies in quadrant II1.

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

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

sin0=—§, cos9=i
5 5

353
cos @ [4) 54 4
5
cscl = ! =;=——
sin@ (_3) 3
5
secd = =L=§
cos @ (4) 4
5
cotf = ! =—i
tan 3

4
sind =—, cost—3
5 5

152

37.

secld = ! =L=—§
cos @ _3) 3
5
cot@ = ! =—3
tan & 4
sinf=——, cos¢9=g
5
tanﬁ_smez :2\/g.i:2
cos @ J5 5 5
5
1 1 5 5 45
cscfd=——= =1- —_—=—
sin @ 2./5 205 5 2
5
oo L 55 g
cos® (5 5 5
5
cotf = ! =l
tand 2
sinﬁz—ﬁ, cost—ﬂ
5 5
s
sin @ 5 NG ( j 1
tne— == _ —_— ==
cos@ 25 5 25) 2
5
csch = _1 _— =1 [_ijﬁ -5
sin@ (JEJ 5) 5
5
1 ( 5 jﬁ 5
secld = = =] - A
cos 8 ( 2\/§j 235 ) 5 2
5
cotd = :L:lZ:Z
tan 1
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40.

41.

Section 2.3: Properties of the Trigonometric Functions

1 1 3 V2 32
Secaz = = —_— s ——
cosf (22) 242 2 4
\/_ 3
1 2 3 3
12 B N 1 1 4 2
2 J3 43 3 cotd = = - X2 _
tan 6 2 V2 2
4
,%=2
42. sin@z#, cos@z—%
23 2B 22
\/g \/g 3 sin@ 3 2\/5 3
tan @ = - —2\/5
cos @ [_1) 3 1
3
385
NG 1 3 V2 32
cscl = =1- —=
sind (22 22 2 4
3
secld = ;zl-(—gjz 3
cos @ (_lj 1
3
B2 5 gL 1 122
2 1 wnd —242 22 N2 4
2 3 243
1'—'£=— 43. sinHzE, 6 in quadrant IT
3 V3 3 13
Solve for cos@: sin’ @+cos’ =1
2_2 cos’@=1-sin’ @
1 cosf@ =+1-sin’* @
Since @ is in quadrant II, cos@ <0 .
£:_3 cos¢9—— 1—sin?
3

3 3
__i- E Y L PSR
22 13 169~ \169

tan 8 sind (13) _12 [_2) 12
13 2 2 cos 6 (_5) 130 5 5
322 V2 4 13

153
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secl = = ! =—E cscl = .1 :;:_2
cos @ (_5] 5 sin @ (_3) 3
13 5
cotd = = ! =—i secl = :;:_2
tan @ _E 12 cosé (_4) 4
5 5
3 cotd = :L:—
44, cosﬁzg, € in quadrant IV tan & (3j 3
4

Solve for sin@ : sin* @+cos* & =1 s
sin’@=1-cos’ @ 46. sin@= BT 6 in quadrant III

sin @ = +/1—cos” 8 Solve for cos@: sin’@+cos’ =1
Since @ is in quadrant IV, sin6 < 0. cos2@=1-sin’ @

2
— 12
sinf=-—1—cos 6 = — _(gj __ /Ez_i cos@ =+\1-sin’ @
\I 5 25 5 Since 6 is in quadrant ITI, cos& <0 .

L L e ]

ang=m6 _US)_ 45 4 ;
cos @ 3 53 3 - _ EZ_E
5 169 13
11 . (_5j
SO=no [ 4) 4 ang=300 1 13735 (—Ej—i
(—SJ cosé (_12) 13\ 12) 12
secd = LI 1 11 13
cos@ 3 3 cscl = = =—
5 sin @ (_5) 5
13
cotd 19 14 ——% secd 11 13
tan ( 3) _cosﬁ_(_n)_ 12
1
4 . 1 1 12
45. cos@=-—, 6 in quadrant III cotf=——=—— =2
5 tan @ (5) 5
Solve for sin@: sin” @+cos* =1 12

sin?@=1-cos* @

sin@ = ++/1—cos* 8

Since @ is in quadrant III, sin@<0. Solve for cos@: sin’ @+cos’ @=1

47. sin€=%, 90°< 8 <180°, & in quadrant II

sin@ = —J1—cos? 6 cos’@=1-sin’0

cosf =+\1-sin’* @
— 1= —— ,f ,/ Since @ is in quadrant II, cos@ <0 .
_é cos @ = —1—sin?
M_i__i.(_ij_i R
sé 5 4) 4 / 144
16

tan@ =
_4
;)
Copyright © 2016 Pearson Education, Inc.
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Section 2.3: Properties of the Trigonometric Functions

(5) sin@=+/1—cos* @
sin @ 13 5 13 5
tan @ = = -2 | 2= 3
cos@ [ 12 13( 12) 12 o S A )
RE] 9 Vo 3
1 1 13 242
SO= e [5) ne |3 ) 242 ( 3
sin ] ang =1 _ _ ——J=—2\/5
13 cos 6 (_1] 3 1
secd L 2 3
cosé (12) 12 9 1 3 V2 32
0 cscl = = = — ="
13 sin @ (2\/5} 22 2 4
coté _ 1 ——2 3
tan @ (_5) 5 1 1
12 secd = =——=-3
12 cos @ [_lj
4 3
48. cosf@=—, 270°< 6 <360°; @ in quadrant [V 1 1 \/E \/E
5 cotf=——=—— —=——
Solve for sin@ : sin> @+cos’ 6 =1 tand -242 2 4
sin@ =++/1—cos* 6 50. sin@z—%, TC<9<377[, 6 in quadrant IIT

Since @ is in quadrant IV, sin6 <0.
Solve for cos@: sin* @+cos’ 9 =1

. / 4\’ 9 3
sin@=—J/1-cos* @ =- —(gj =—\/;=—g cos@ = ++/1—sin’ @

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

J e
J—— 2
tang=ﬂ=(_5=_§.§=_é cos@ =—/1-sin’ § = — —(—Ej
cosé 4) 54 4 3
5 __ o5
cscld = ! =;——§ ? 3
sin @ [_3) 3 (_2)
5 tnezsmH: 3
1 5 cos @ 5
secl = === —
cosé 4) 4 [ 3 ]
U, -2(3) 525
cotd : 0_—3_—3 3 5 5 5
an
( 4) cscl = 1 :_1 :_E
sin@ (_2) 2
49. cost—l, Z<9<1t, @ in quadrant IT 3
302 g 1 _ 1 35 3
Solve for sin@ : sin’ @+cos* @ =1 seCv = sd NG ___S.E__T
sin’ @ =1-cos’ 6 BEY
. N s.in¢9=i\/1—coszo9 o 1 s ﬁ__5
Since & is in quadrant I, sin@>0. ano (Z\BJ 5 5 2
5

155
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51. sin@= %, tan@ < 0, so @ is in quadrant II

Solve for cos@: sin* @+cos’ 9 =1
cos’@=1-sin’ 6

cos @ = ++/1—sin’ @

Since € is in quadrant I, cos@ <0 .

cosH—— 1—sin’* @

A

2
siné (3] 2( 3 25
tan @ = = == ——=|=—-—
cosd 5 3 J5 5
3
cscl = ! =L=§
siné (2) 2
3
1 1 335
secd == =——
cos @ ( ﬁj NG 5
3
cotd = ! ! 0 ——ﬁ
tan @ (zﬁj 205 2
5

52. cos@= —%, tand >0

. sin @
Since tan @ =

>0 and cos@<0, sind<0.
cos @

Solve for sin @ : sin’ @+cos* 8 =1
sin@ = ++/1—-cos* @

s1n¢9—— 1—cos®

RO

-7
w2 (8
L 14 4 15 _ 4is
sinﬁ_(_\/gj \/E J15 15

4

156

53.

54.

11 15 s
tan @ \/_\/— 15

secld =2, sin@<0,so @ 1isin quadrant IV
1

sec 2

Solve for sin@ : sin’ @+cos* @ =1

cotd =

Solve for cos@: cosf =

sin*@=1-cos* 8

sin@ =++1—cos’ @

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

i e

woune 3] 52

1 2 243
cscl = ==
sin@ [ﬁj NG} 3
2
cotg=— 1 __3
tand —./3 3

cscd =3, cotd<0,s0 @is in quadrant II
1

csch 5

Solve for cos@ : sin® @+cos* 8 =1

Solve for sin@ : sinf =

cos@==*1-sin’* @
Since @ is in quadrant II, cos@ <0 .

cos&—— 1—sin?

er o

cos @ ( 2\5]
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SS.

56.

3
cot@ —;—_i.ﬁz 2\/5
tan 6 (\/EJ 2 2
4

3 . ..
tan@ = 7 sin@ < 0, so @ is in quadrant III

Solve for sec@: sec’ @ =1+tan> @

sec@ =++1+tan’ 0

Since @ is in quadrant III, sec < 0.

sec@—— 1+tan’ @
=- ’1+ / /
cosd = =——
secd 5
sm9—— 1—cos’

g

csc¢9—— — =
sin @ (_3) 3
5

cotHszin
3

tan @ (3)
4
4 .
cotf = 3’ cos@ <0, so @ is in quadrant IIT

1 1
tanf@ = =—=

cotd (4j
3

Solve for sec@: sec’ @ =1+tan’ @

secd =+1+tan’ @

Since @ is in quadrant III, secd < 0.

3
4

secH—— 1+tan’ @
=— /1+ { /
cosf = ——
secB 5

57.

58.

Section 2.3: Properties of the Trigonometric Functions

s1n9—— 1—cos?

NEE R
E @"5

1 . ..
tan@ = —g, sin@ > 0, so @ is in quadrant II

cscl =

Solve for sec@: sec’ @ =1+ tan> 6

secO =++y/1+tan’ 6

Since @ is in quadrant II, sec@ <0 .

secld =— 1+tan

NenRR

cosf = - -3
socd \/E \/ﬁ 10
3
sin @ = /1—cos>
__£ _ -9
100
- ﬁ: 10
cscl = ! _;_\/E
sin@ (/10
10
cotd = ! = L _ 3

secfd=—-2, tan@ >0, so @ is in quadrant III
Solve for tan @ : sec’ @ =1+tan’ @

tan & = ++/sec’ 6—1
tan @ =/sec* 6—1=/(=2)* =1 =/4—1=+/3

cosf = ! =—l
sect 2
tan 6 33 3
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sin@ = —/1—cos’ 6 75 ( ch_ n_ 23
- sec| —f=see ===
_ / _ __ _l 3 3
* 4 2 76 csc(—z)——cscE —2\/3
cscl = 2 \/3 ZI . 3) R
sin @ NE) BB 3 L, i
Y 77. sin® (40°)+cos” (40°) =1
78. sec’(18°)—tan’ (18°) =1
59. sin(—60°)=—sin60°= —g
1
79. sin(80° 80°) =sin(80°)- =1
A sin(80°) csc(80°) =sin (80°) Sin (80
60. cos(—30°)=cos30°=7
1
80. tan(10°)cot(10°)=tan(10°)- =1
A an (10°)cot (10°) = tan (10°) n (107
61. tan(-30°)=-tan30°=——
: in (40°)
81, tan(40°)—S24%) _ o (40°) - an (40°) = 0
2 cos (40°)
62. sin(—135°)=-sin135°=——
o €08(20°) S N
63. sec(—60°) =sec60°=2 82. cot(20%)~ sin(20°) = cot(20°) —cot(20°) = 0
64. csc(=30) =—csc30%=-2 83. cos(400°)-sec(40°) = cos (40°+360°)-sec (40°)
65. sin(—90°)=—sin90°=— = cos(40°)-sec(40°)
= 0s(40")-;_
66. cos(—270°)=c0s270°=0 cos(40°)
67. tan(—Ejz—tanE:—l 84. tan(200°)-cot(20°) = tan(20°+180°)- cot (20°)
4 4 = tan (20°)- cot (20°)
68. sin(—m)=-sint=0 =tan(20°)~ 1 -1
tan (20°)
69 cos(—Ej—cosE——2 25 25
) 4 4 2 8S. sin(—l)csc(—”j=—sin l)csc(—”
12 12 1 12
([ m B :_'lj (£+_
70. sm(—;j:—mng:—? sm(12 csc D
=—sin (lj csc (£+ 27[)
71. tan(-m)=—tanmw=0 B 12 12
V4 V4
3n =—sin (—j csc(—)
72. sin[——)——sm—z—( D=1 12 12
2 | (ﬂj I
=—sin| — |-
T n 12 sin[”j
73. csc(—zjz—csczz—x/i 12

74. sec(—m)=secm=—1
158
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T 3 .4 3 92.
86. sec| —— |cos| —— |=sec| — |cos| ——
18 1 1 18

(ﬂ' 367[)
cos| —+—
18 18

g7. 020 (200)
. ——Z+tan
cos(380°) 94.
—sin(20°
= &+ tan (20°+18()°)
cos(20°+360°)
—sin (20°
= m +tan (20°)
cos(20°)
=—tan(20°)+tan(20°) =0
in(70°
gg. n(70) | tan (~70°)
cos (—430°)
in(70°
= M —tan (700)
cos (430°)
in(70°
= & —tan (700)
cos(70°+360°)
70°
Sm( ) ———tan(70°)
cos(70°) 0
= tan (70°)—tan(70°) =0
89. If sin@=0.3, then 96.

sin @ +sin (6 +2m) +sin (6 +4m)

=03+0.3+0.3=0.9 97.

90. If cos@=0.2, then
cos 6+ cos (6 +2m)+ cos (6 +4m)

=-0.2+0.2+02=0.6 98.

91. If tan@ =3, then
tan @+ tan (6 + 1) + tan (6 + 27)

=3+3+3=9

99.

159

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

sin1°+sin 2°+sin 3°+...+sin 357°
+sin 358°+sin 359°
=sin1°+sin 2°+sin 3°+--- +sin(360°—-3°)
+5in(360°—2°) +sin(360°—-1°)
=sin1°+sin 2°+sin 3°+ - - - +sin(—3°)
+sin(—2°)+sin(-1°)
=sin1°+sin 2°+sin3°+--- —sin 3°—sin 2°—sin 1°
=sin(180°)=0

cos1°+cos2°+cos3°+---+cos357°

+c0s358°+cos359°
=¢0s1°4+c0s2°+cos3°+...4+ cos(360°-3°)

+c0s(360°—2°) +cos(360°—1°)
=c0s1°4+c0s2°+cos3°+...4+ cos(—3°)
+cos(—2°%)+cos(—1°)
=c0s1°+cos2°+cos3°+... +cos 3°
+cos2°+cos1°®
=2c0s1°4+2c0s2°4+2c0s3°+...+2cos178°
+2cos179°+cos180°
=2c0s1°4+2¢c0s2°4+2c0s3°+...+ 2 cos(180°—-2°)
+2c0s(180°—1°) +cos (180°)
=2c0s1°4+2c0s2°+2c0s3°+...—2co0s 2°
—2cos1°+cos180°
=c0s180°=-1

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

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

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

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

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

odd multiples of g .
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100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

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

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

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

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

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

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

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

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

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

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

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

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

respect to the y-axis.

The cosecant function is odd because
csc(—6) = —csc @ . Its graph is symmetric with
respect to the origin.

A f(-a)=—/(a)= —%
b. f(a)+ f(a+2m)+ f(a+4m)

=fa)+ f(a)+ f(a)
1 1 1
=—+—+—-=1

33 3

114.

115.

116.

117.

118.

119.

160

a f(-a)=f(a) =%

b.  f(a)+ f(a+2m)+ f(a—2m)
=f(a)+ f(a)+ f(a)

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

b. f(a)+ f(a+m)+ f(a+2m)
=f(a)+ f(a)+ f(a)
=2+2+42=6

a. f(-a)=-f(a)=-(-3)=3

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

a. f(-a)=f(a)=—4

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

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

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

= f(a)+ f(a)+ f(a)
=24+2+2
=6
Since tané’zﬂ:lzl,then
1500 3 «x

rP=x’+y"=9+1=10

r=+10

sin@ = ! —L
149 10~
T=5-—2 42

() (%)
=5-5+510

= 5@ ~15.8 minutes
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120.

121.

122.

a. tanﬁzl:Z for O<0<E.
4 x 2

rP=x"+y’=16+1=17

-

1
Thus, sinf =—.
V17
TO)=1+ 2 !

)
217 217

=]l+————-1=——=2.75 hours
3 3

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

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

¢. @ must be larger than 14°, or the road will

not be reached and she cannot get across the
river.

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

tant=2=q. Then y=ax. Now x* +y° =1,
x

1

1+a

so x*+a’x* =1. Thus, x=1%

a
y==
V1+ad®

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

. That is, for any real number «,

which tant =a . In other words,
—oo < 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 . Consider the equation

cott="=q. Then x=ay. Now x> +)> =1,
y

1

1+a

so a’y*+y*=1. Thus, y=+

2

x== a4
Vi+d?

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

. That is, for any real number a,

which cot? =a. In other words, —eo < cot?t <o,
and the range of the tangent function is the set of
all real numbers.

Section 2.3: Properties of the Trigonometric Functions

123.

124.

125.

126.

127.

161

Suppose there is a number p, 0 < p < 27w for
which sin(@+ p)=sin@ forall €. If =0,
then sin(0+ p)=sin p =sin0 =0 so that

.4 T T
=mn. If @& =— then sin| —+ p |=sin| — |.
P 2 (2 p) (2)

But p=m. Thus, sin(%)z—lzsin(gjzl,

or —1=1. This is impossible. The smallest
positive number p for which sin(€+ p) =siné

for all @ mustthenbe p=2mw.

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

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

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

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

—1=1. This is impossible. The smallest
positive number p for which cos(@+ p)=cosé

for all & mustthenbe p=2m.

secld = : Since cos@ has period 2w, so
cos@

does secé.

csc@ =——: Since sin @ has period 27, so
sin

does csc 6.

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+ 1.

Thus, tan(@+n) = —2 = % =tan@ . If there
exists a number p, 0< p <, for which
tan(@+ p)=tan@ forall @, thenif =0,
tan(p)=tan(0)=0. But this means that p is a
multiple of m. Since no multiple of T exists in
the interval (0,7), this is impossible. Therefore,

the fundamental period of f(8)=tan® is 7.

Copyright © 2016 Pearson Education, Inc.
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The graph would be shifted horizontally to the

128. cotd = and Since tan@ has period 7, so right 3 units, stretched by a factor of 2, reflected
does cot about the x-axis and then shifted vertically up by
) 5 units. So the graph would be:
129. Let P =(a,b) be the point on the unit circle ~A y
J
. 11 {3 5
corresponding to 8. Then cscd = ’ =— P A {, | )
sin
C 2, 3)HH%(4,3)
secd=—= | [
a cos6 ’l \
-6 6 X
cotf=2= 1t P
b ( b J tan &
a
6
130. Let P =(a,b) be the point on the unit circle
corresponding to 8. Then 139. f(25)=3 J25-9+6
b sin@
tan@ = —= =3J16+6=12+6=18
@ cosd So the point (25,18) is on the graph
4 cosd o the poin ,18) is on the graph.
cotl =—=—
b sin@

140. y = (0)° —9(0)? +3(0)— 27
131. (sin@cos@)’ +(sin @sin @)’ +cos’ & =-27
— sin® @cos’ ¢ +sin® Bsin’ ¢+ cos’ 6 Thus the y-intercept is (0,-27) .
=sin’ @(cos’ ¢ +sin’ @) +cos’ @

=sin”> @+cos’ 0

=1
132 - 136. Answers will vary. Section 2.4
Y 4
137, f(en=C0 X +2 = f(x). Thus, 1 y=3x

(=x) =5 . 2 .
£(x) is even. Using the graph of y = x~, vertically stretch the

138. We need to use completing the square to put the graph by a factor of 3.
function in the form 5 A_
f(x)=a(x—h)+k L

L3N [ fad
f(x)=-2x>+12x-13 RN
=-2(x* —6x)—13 2 (0,0 2

=-2 x*—6x+ L‘b —13+42 —1442 B
4( 2) 4( 2) s

=-2(x* —6x+9)—13+18
=-2(x* —6x+9)+5
=-2(x-3)+5

162
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10.

11.

y=+2x

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

Y
3

Wy

True

False; The period is 2z =2.
V4

True

d

d

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

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

d. sinx=0whenx=0,m, 2.

e. sinlewhenx:—3—n,£;
2 2
. T 3w
sinx=—-1whenx=—-——,—.
22
f. sinxz—lwhcenacz—S—Tc,—E,7—,M
2 6 6 6 6

Section 2.4: Graphs of the Sine and Cosine Functions

163

12.

13.

14.

15.

16.

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

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

&

O<x<m.
¢. The smallest value of y =cosx is —1.
T 3w

d. cosx=0whenx=—,—
22

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

cosx =—1 when x = -T, 7.

f. cosxz—3 Whenx:—_’_E,E’
2 6 6

g. The x-intercepts of cosx are

{x |x= w, k an integer}

y=2sinx

This is in the form y = Asin(wx) where 4 =2

and w=1. Thus, the amplitude is | 4|=|2|=2
2 _2m _

and the period is 7'=—= 27
o 1

y=3cosx
This is in the form y = Acos(wx) where 4=3
and w=1. Thus, the amplitude is |A | =|3 | =3
and the period is 7 = 2n = 2n =2n
o 1

y =—4cos(2x)
This is in the form y = A4 cos(wx) where
A=-4 and w=2. Thus, the amplitude is
|A|=|—4|=4 and the period is

2n 2w

=—=—=T7
o 2

(1
=—-—S1m| —x
d (2 J

This is in the form y = Asin(wx) where 4 =-1

and w:%' Thus, the amplitude is |A|=|—1|=1

and the period is T = =4m.

2|y
N\~|;J
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17.

18.

19.

20.

21.

y = 6sin(mtx)

This is in the form y = Asin(wx) where 4 =06
and w=r . Thus, the amplitude is | A | = | 6 | =6
2 2¢;
PRER

and the period is 7 = 2.

y=-3cos(3x)
This is in the form y = Acos(wx) where 4=-3
and @=3. Thus, the amplitude is | A | = | -3 | =3

and the period is 7' = 2n = 2n .

@ 3
= —lCOS[EXJ
Y 2 2

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

A= L and @ =% . Thus, the amplitude is

|A|: L :l and the period is
21 2
po2r_2m_4n
o 3 3

This is in the form y = Asin(wx) where 4 :g

and a)=g. Thus, the amplitude is |A|= 4 =£
3 31 3
and the period is T=2—n=27n=3n.
@ 3
5. ( 2 j 5. (27[ j
y==sin| ——x |=—=sin| —x
3 3 3 3
This is in the form y = A4sin(wx) where Az—g
2 . .
and o= 5 Thus, the amplitude is
5 L
|A|: —5‘:— and the period is
o 27
3

164

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

9 RY/4 9 kY4
Y=—=C0S§| ———X |=—COS| —X
5 2 5 2

This is in the form y = Acos(wx) where 4 =%
kY1 . .
and = - Thus, the amplitude is

|4]=

5

2 ‘ :% and the period is

[\

T
()

Q o w == — » o ™

—

D

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

. o2
is |4| =4 and the period is Tﬂ- =27 . Because

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

. . 2
into four subintervals, each of length Tﬂ- =% by

finding the following values:
0, z, T, 3—”, and 27

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

five key points for y =cosx by 4=4. The five
key points are

Copyright © 2016 Pearson Education, Inc.



34.

(0,4), (%’Oj’ (7.-4), (37”,0), (27.4)

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

(_L'TF-. _4) 21, 4)

=2

(—m, —4)¥—4 (mw, —4)

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

range is [—4,4].

Comparing y =3sinx to y = A4sin(@x), we
find 4=3 and w=1. Therefore, the amplitude

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

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

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

finding the following values:
0, z, T, 3—”,and 27
2 2

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

we multiply the y-coordinates of the five key
points for y =sinx by 4=3. The five key

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

(27,0)

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

Section 2.4: Graphs of the Sine and Cosine Functions

direction to obtain the graph shown below.

(=2, 0)
—2m (2. 0)

(-3.-3° [

From the graph we can determine that the
domain is all real numbers, (—eo,o0) and the

range is [-3,3].

. Comparing y =—4sinx to y = 4sin(wx), we

find 4=—-4 and w=1. Therefore, the amplitude
. .. 2
is |-4/ =4 and the period is Tﬂ- =27 . Because

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

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

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

into four subintervals, each of length 277[ =% by

finding the following values: 0, %, T, 37”, 2
These values of x determine the x-coordinates of
the five key points on the graph. To obtain the y-
coordinates of the five key points for

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

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

(0,0), (g,—4j, (7.0), (37”,4), (27,0)

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

=
l
—_—
(%]
P
'S
e
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36.

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [—4,4].

Comparing y =-3cosx to y=Acos(wx), we
find 4=-3 and @w=1. Therefore, the amplitude

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

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

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

finding the following values:
0, z, T, 3—7[,and 27

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

y =-3cosx, we multiply the y-coordinates of
the five key points for y =cosx by 4=-3. The
five key points are

(0,-3), (g,oj, (7.3), [%”,oj, (27,-3)

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

y

(—’TT, 3)

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [-3,3].

37.

Comparing y = cos(4x) to y = Acos(wx), we
find 4=1 and @w=4. Therefore, the amplitude

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

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

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

period isg , one cycle will begin at x =0 and

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

into four subintervals, each of length ET/Z =%

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

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

. (£} (51 () 50

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

: 2 .
31 (L3 o)L | 1)

(§- u_)

From the graph we can determine that the
domain is all real numbers, (—eo,o0) and the

range is [-1,1].

Copyright © 2016 Pearson Education, Inc.



38. Comparing y =sin(3x) to y = 4sin(awx), we

39.

find 4=1 and @=3. Therefore, the amplitude

. L2
is |l| =1 and the period is Tﬂ- . Because the

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

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

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

end at x = 2771' . We divide the interval {0,27”}

into four subintervals, each of length 2”7/3 :%

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

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

(21 (o) (5}

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

Vi
-2 2 o
=5 (0,0) (7D

1)

™
5N @, )

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [-1,1].
Since sine is an odd function, we can plot the
equivalent form y =—sin (Zx) .
Comparing y =—sin(2x) to y = Asin(wx), we
find 4=-1 and @w=2. Therefore, the

. . L2
amplitude is |—l| =1 and the period is 77[ =r.

Because the amplitude is 1, the graph of
y =—sin(2x) will lie between —1 and 1 on the

Section 2.4: Graphs of the Sine and Cosine Functions

40.

167

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

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

length % by finding the following values:

0, E, Z, 3—E,and .4

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

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

the five key points for y =sinx by 4=-1.The
five key points are

(0,0), (%,—1], (g,oj, (%,1), (7.,0)

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

T 1) [CE1) (m.0)

g
(7’0)
G-

From the graph we can determine that the
domain is all real numbers, (—oo,o0) and the

range is [—1,1] .

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

Comparing y =cos(2x) to y = Acos(wx), we
find 4=1 and @=2. Therefore, the amplitude

. L2
is |1| =1 and the period is 77[ =7 . Because the

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

four subintervals, each of length % by finding

the following values:
0, z, z, 3—7[,and .4
4 2 4
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41.

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

y =cos(2x), we multiply the y-coordinates of
the five key points for y =cosx by 4=1.The
five key points are

(0,1), (%,oj, (%,—1), (37”,0), (z.1)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.
VA
2 —

(—m, l)(_%‘“} (().. 1) | (m, 1)

From the graph we can determine that the
domain is all real numbers, (—eo,o0) and the

range is [—1,1].

. (1 .
Comparing y = 2sin [5 x] to y = Asin(wx),
we find A=2 and @ =% . Therefore, the

amplitude is |2| =2 and the period is 12/—7; =4r
Because the amplitude is 2, the graph of
y=2sin [%xj will lie between —2 and 2 on the

y-axis. Because the period is 47, one cycle will
beginat x=0 and end at x =47 . We divide
the interval [0,47] into four subintervals, each

of length % =7 by finding the following

values:

0, 7, 2z, 37w ,and 47

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

. (1 . .
y =2sin [5 xj , we multiply the y-coordinates of

42.

the five key points for y =sinx by 4=2. The
five key points are
(0,0), (7,2), (27,0), (37,-2), (47,0)

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

y

21 (m,2)

L (Gm-2)

From the graph we can determine that the
domain is all real numbers, (—eo,o0) and the

range is [-2,2].

Comparing y = 2cos [%xj to y = Acos(wx),
we find 4=2 and @ :% . Therefore, the

amplitude is |2| =2 and the period is 12/—72 =8r
Because the amplitude is 2, the graph of
y=2cos [%x) will lie between —2 and 2 on

the y-axis. Because the period is87 , one cycle
will begin at x=0 and end at x =87 . We

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

each of length 877[ =27 by finding the following

values:

0, 2z, 4, 67, and 87

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

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

of the five key points for y =cosx by
A =2 .The five key points are
(0,2), (27,0), (47,-2), (67,0), (87,2)

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

(—4w, =2)

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [-2,2].

Comparing y = —%cos(2x) to y = Acos(wx),
we find 4= —% and w =2 . Therefore, the

amplitude is

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

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

the y-axis. Because the period is 7z, one cycle
will beginat x=0 and end at x =7 . We divide
the interval [0,7] into four subintervals, each of

length % by finding the following values:

0, z, z, 3—7[,and .4

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

coordinates of the five key points for
1 . .
y=—cos (2x), we multiply the y-coordinates

of the five key points for y =cosx by
A= —% .The five key points are

(o3 (F9)-(52) () (-3

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

44.

Section 2.4: Graphs of the Sine and Cosine Functions

direction to obtain the graph shown below.
V)
2

[an)

(T _(% ’

T
I/\I

=2 —TM

-m H o3\

- (0

2+

l) A
27 (3£.0)

)

>

—_—

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

range is [—l l}
s 22
. (1 .
Comparing y=—4sm[§xj to y = Asin(wx),

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

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

2z =167 . Because the amplitude is 4, the

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

and 4 on the y-axis. Because the period is167,
one cycle will begin at x =0 and end at
x =167 . We divide the interval [0,167] into

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

finding the following values:

0, 4z, 87, 127, and 167

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

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

of the five key points for y =sinx by 4=—-4.
The five key points are
(0,0), (47,—4), (87,0), (127,4), (167,0)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
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45.

direction to obtain the graph shown below.

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [—4,4].

We begin by considering y = 2sin x . Comparing
y=2sinx to y=Asin(@x), we find 4=2
and w=1. Therefore, the amplitude is |2| =2

and the period is 2T” =2x . Because the

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

into four subintervals, each of length %Tﬁ =% by

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

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

y =2sinx+ 3, we multiply the y-coordinates of
the five key points for y =sinx by 4=2 and
then add 3 units. Thus, the graph of
y=2sinx+3 will lie between 1 and 5 on the y-

axis. The five key points are
(0,3), (%5} (7.3), (%”1] (27.3)

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

direction to obtain the graph shown below.

From the graph we can determine that the
domain is all real numbers, (—co,o0) and the

range is [1,5].

. We begin by considering y =3cos x . Comparing

y=3cosx to y=Acos(wx),wefind 4=3
and @ =1. Therefore, the amplitude is |3| =3

and the period is 2T” =27 . Because the

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

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

finding the following values:
0, z, T, 3—ﬂ,and 2
2 2

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

y =3cosx+2, we multiply the y-coordinates of
the five key points for y =cosx by 4=3 and
then add 2 units. Thus, the graph of
y=3cosx+2 will lie between —1 and 5 on the

y-axis. The five key points are

(0,5), [%Zj (7.-1), (%”2] (27.5)

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

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

range is [-1,5].

We begin by considering y =5cos (ﬂ'x) .
Comparing y =5cos(7zx) to y = Acos(wx), we
find 4=5 and w=r . Therefore, the amplitude

. L. 2
is |5| =5 and the period is % —2 . Because the
V3

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

by

four subintervals, each of length % =%

finding the following values:

0, l, 1, é,and 2
2 2

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

y =5cos(7x) -3, we multiply the y-coordinates
of the five key points for y =cosx by 4=5

and then subtract 3 units. Thus, the graph of

y= 5COS(ﬂ'x) —3 will lie between —8 and 2 on

the y-axis. The five key points are

(0.2), G,-zj, (1L-8), (%’_3J’ (2.2)

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

48.

Section 2.4: Graphs of the Sine and Cosine Functions

direction to obtain the graph shown below.

y_
3C0.2) (29
RATSNL Y AR
-3.-9% [ [ PG -3
AWACES
—9L  (1,-8)

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

range is [-8,2].
We begin by considering y = 4sin (Exj .
Comparing y = 4sin (Exj to y = Asin(wx),

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

amplitude is |4| =4 and the period is 27 =4,
/2

Because the amplitude is 4, the graph of

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

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

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

length % =1 by finding the following values:

0,1,2,3,and 4

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

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

and 2 on the y-axis. The five key points are
(0,-2), (L,2), (2,-2), (3,-6), (4,-2)

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
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49.

direction to obtain the graph shown below.

(0.-2) 21

\ - (1,2)
A Al I
j 3 40X

(4, =2)
_ -0

(=L=6)F 3

—gL

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [—6,2].

. S . (7
We begin by considering y = —6sin (? xj .

. (7 .
Comparing y = —6sin (?x] to y = Asin(wx),
we find 4=-6 and = % . Therefore, the

. . Lo 2
amplitude is |—6| =6 and the period is % =6.
T
Because the amplitude is 6, the graph of
y=6sin (%xj will lie between —6 and 6 on the

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

interval [0,6] into four subintervals, each of

length g =% by finding the following values:

0, 3,3, 2,and6
2 2

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

y =—6sin (%x] + 4, we multiply the y-

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

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

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

172

(0,4), (%,—z), (3.4). @,10), (6.4)

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

From the graph we can determine that the
domain is all real numbers, (—oo,o0) and the

range is [-2,10].

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

Comparing y = -3 cos(%x] to y = Acos(wx),
we find 4=-3 and o= % Therefore, the

. . L2
amplitude is |-3| =3 and the period is e
/4
Because the amplitude is 3, the graph of

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

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

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

length % =2 by finding the following values:

0,2,4,6,and 8

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

y=-3 cos(%x} + 2, we multiply the y-

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

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

(0,-1), (2,2), (4,5), (6,2), (8,-1)

We plot these five points and fill in the graph of

the curve. We then extend the graph in either

direction to obtain the graph shown below.
(-5 Y (49

S

(—6.2)

(6,2)
(-2.2)

(2,2)

Ly IR T
—& 8

(8, —1)

(=8,-1) L (0.-1)

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [-1,5].

y= 5—3sin(2x) = —35in(2x)+5

We begin by considering y = -3 sin(2x) .
Comparing y =-3sin(2x) to y = Asin(wx),
we find 4 =-3 and w= 2. Therefore, the

amplitude is |—3| =3 and the period is 27” =r.

Because the amplitude is 3, the graph of

y=-3 sin(2x) will lie between —3 and 3 on the
y-axis. Because the period is 7, one cycle will
begin at x =0 and end at x =7z . We divide the
interval [0, 7] into four subintervals, each of

length % by finding the following values:
, E’ Z’ 3—”, and 7
4 2 4
These values of x determine the x-coordinates of

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

y =-3sin(2x)+5, we multiply the y-
coordinates of the five key points for y =sinx
by 4=-3 and then add 5 units. Thus, the graph
of y=-3sin(2x)+5 will lie between 2 and 8

Section 2.4: Graphs of the Sine and Cosine Functions

52.

173

on the y-axis. The five key points are

(0.5), [%,2), [gsj (37”,8), (7.5)

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

(0.5)

-T

From the graph we can determine that the
domain is all real numbers, (—eo,o0) and the

range is [2,8].
y= 2—4cos(3x) = —4cos(3x)+2
We begin by considering y =—4cos (3x) .

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

amplitude is |—4| =4 and the period is 2?7[

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

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

divide the interval {O,ZTE} into four

subintervals, each of length 27[7/3 =% by
finding the following values:
0.7 E T g2

6 3 2 3

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

y=—4cos (3x) + 2, we multiply the y-
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53.

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

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

. (£ () (23] (59

We plot these five points and fill in the graph of
the curve. We then extend the graph in either
direction to obtain the graph shown below.
VA
(-3-6) 7} (%.6)

3

-/ \[E2)
-3-2) ARG
I)" /I | *| X
_?_E 2 \ U._z) ?
-%-2)-3F

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [-2,6].

Since sine is an odd function, we can plot the

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

. 5. (2x
Comparing y=—§s1n Tx to

y= Asin(a)x) , we find 4 :—g and (1):2?7[_
. .| 5 5
Therefore, the amplitude is -3 = 3 and the

s v4 . .
period is = 3. Because the amplitude is

% , the graph of y = —gsin (ZTE x] will lie

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

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

four subintervals, each of length % by finding

the following values:

54.

0, é, 3, g,and3

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

5. (2& .
y= _Esm Tx , we multiply the y-

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

@0(3-2) (30} (33) 00

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

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

range is [—2 2}
373

Since cosine is an even function, we consider the

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

22 and the period is ——— = 4 . Because
515 3

3/2

the amplitude is %, the graph of

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

divide the interval {0,%} into four subintervals,

each of length 47/3 :é by finding the following

values:
0, l, 2, l,andi
3°3 3

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

9 RY/4 . .
y= gcos Tx , we multiply the y-coordinates

of the five key points for y =cosx by 4= % .
Thus, the graph of y = %cos (—%xj will lie

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

points are

o) (1) (2-2) v (£2)

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

v

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is {—2 2}
& 55"

Section 2.4: Graphs of the Sine and Cosine Functions

55. We begin by considering y = —%cos [% xj .

. 3 V4
Comparing yz—Ecos Zx to

y =Acos(wx), we find 4 =—% and a):%.
. 33
Therefore, the amplitude is = = 3 and the

period is 27 =8 . Because the amplitude is 3 s
/4 2
3 T o
the graph of y = _ECOS Zx will lie between

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

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

subintervals, each of length % =2 by finding the

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

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

= —écos Zx +l we multiply the
y 5 4 7 ply Y
coordinates of the five key points for y =cosx

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

graph of y = —%cos (%xj +% will lie between

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

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

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

1
V4 2, 7)
(4.2)

- \6D)
1 1 1 [

SlVER"

(-8.-1) _[0.-1) (5,-1)

(_4’ 2)
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56.

From the graph we can determine that the
domain is all real numbers, (—eo,0) and the

range is [-1,2].
. S 1 . (7
We begin by considering y = —Esm Ex .
. 1 . [« .
Comparing y = —5sin (ng to y = Asin(wx),
1 T
we find 4= 3 and o= i Therefore, the

amplitude is

L and the period is
21 2

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

graph of y = —%sin [%x} will lie between —%

1 . Lo
and 5 on the y-axis. Because the period is 16,

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

subintervals, each of length % =4 by finding

the following values:

0,4,8,12,and 16

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

= —lsin Ty +g we multiply the y-
y > 3 ok y ey
coordinates of the five key points for y =sinx

by 4= —% and then add % units. Thus, the

graph of y = —%sin (%xj +% will lie between

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

(0%) (4.1), (s%} (12,2), (1@%}

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

57.

58.

59.

60.

61.

62.

176

y
25+
(~4.2) (12.2)
3
(077
N_/&5 .
@1 163
AN N T T T Y O O
—-16—12-8 —4 4 8 12 16
—0.5

From the graph we can determine that the
domain is all real numbers, (—co,o0) and the

range is [1,2].

2 2
|A|=3;T=1t;a)=—n=—n=2
T T
y =13sin(2x)
2 2 1
|A|=2;T=4n;w=—n=—n=—
T 4m 2

(1
=12sin| —x
g (2 j

|A|=3;T=2;w=2—=—=n
r 2

y = 23sin(mx)

| 4|=4; T=lo=22=2"_on
T 1

y =14sin(2mx)

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

Find w: 8=2—1E
[0
8w=2m
2n T
8 4

The equation is: y =5cos (% xj .

The graph is a sine graph with amplitude 4 and
period 8m.
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63.

64.

65.

66.

Find w: 81t=2—1E
w
Stw=2n

_2n 1

T8n 4

Lo . (1
The equation is: y =4sin (Z xj .

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

Find w: 4Tt=2—TE
0]
dnw =21

2 1

D=—=—

4t 2

L 1
The equation is: y =-3cos [Exj .

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

Find w: 4=2—1E
10}
4w=2mn
2n n
T4 2

The equation is: y =—2sin (ng .

L . . 3
The graph is a sine graph with amplitude 2 and

period 1.
. 2n
Find w: 1=—
w
W=271

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

The graph is a reflected cosine graph with

amplitude % and period 2.

Find w: 2=2—7t
0
2w0=21

_7_

L 5
The equation is: y =—=cos(mx).

Section 2.4: Graphs of the Sine and Cosine Functions

177

67.

68.

69.

70.

The graph is a reflected sine graph with

amplitude 1 and period 47”

. 4 2
Find w: ar_ZR
0]
dnw = 6T
6m 3
=—=—
Tt 2

The equation is: y =—sin (%xj .

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

(0]

2n@w =27
2
w= T 1
2n

The equation is: y =—mcosx.

The graph is a reflected cosine graph, shifted up

o . . .3
1 unit, with amplitude 1 and period 3

Find w: E:E
2 o
3w=4n

47
w=—
3

L 4
The equation is: y =—cos [?nxj +1.

The graph is a reflected sine graph, shifted down

L . . 4
1 unit, with amplitude % and period Tﬂ

. 4 2
Find w: an_<n
0]
4w = 6T
6m 3
=—=—
Tt 2

L 1. (3
The equation is: y = —Esm (Ex]—l .
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71. The graph is a sine graph with amplitude 3 and f(7/2)=f(0) cos(m/2)—cos(0)
riod 4 76. =
periog = 5 7/2-0 72
Find @: 4=2" _0-1_ 2
@ /2 V4
4 =2m 2
a_n The average rate of change is -
4 2
. . (T l = !
The equation is: y =3sin (—xj . sin(-)—sm(-O)
! 2 . LE2)-10) 22 )G
. . , ’ 7/2-0 7/2
72. The graph is a reflected cosine graph with sin(7/4) —sin (0)
amplitude 2 and period 2. =
o /2
Find : 2=— 2
@ o 22 2
20=2mn =2 _N& £_N<Z
5 r/2 2 & =z
w="S-x .2
2 The average rate of change is —.
The equation is: y =—2cos(nx). d
73. The graph is a reflected cosine graph with 1.7 2.
grap . grap s f(7r/2)—f(0)_cos( ) cos(2-0)
amplitude 4 and period e : r/2—0 /2
. o om _ cos(r) —cos(0) _ -1-1
Find w: —=— /2 /2
o 2 4
2nw =67 =n.Z_-_=
T

_orm_
2n
The equation is: y =—4cos(3x).

.4
3 The average rate of change is —— .
V3

79. f(g (x)) =sin (4x)

74. The graph is a sine graph with amplitude 4 and y

period .

1_
2
Find w: nz—n
0]
fo
=21 - - =
2 2
wzz_n:z v \/
T V1l

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

g(f(x))=4(sinx)=4sinx
f(7l'/2)—f(0)_sin(ﬂ'/z)—sin(o) y
7/2-0 z/2 4

S \ /
/2 & X

b - T 2
The average rate of change is — .
T
_4 |-

178

75.
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80. f(g(x))=cos %x

N/
\7“

%\ N,

I
—\-‘rr/ ks 2
1

81. f(g(x)=

—2(cos x) = —2cosx

)\

/\

g(/(x)) = cos(-2x)

Q.

@_

82. f(g(x))=-3(sinx)=-3sinx
v
°f /\
X
-3k

Section 2.4: Graphs of the Sine and Cosine Functions

g(f(x) = sin(—3x)

83.

84.

85. 1(r)=220sin(60m¢), t>0

Period: T = _m_2m 1 second
®  60m 30
Amplitude: | 4|=|220| =220 amperes
I
220

—220

179
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86.

87.

88.

I(¢) =120sin(307¢), >0

275 21t

1
Period: T = =— second

o 30m 15
Amplitude: | A | = | 120 | =120 amperes
1

120

SV \/

V(1) = 220sin(1207¢)
a.  Amplitude: | 4|=|220]=220 volts

Period: T =— n_ = 215

5
J.\u

= L second

o 120m 60

—220

c. V=IR
220sin(1207¢) =101
22sin(1207zt) =1
1(t) =22sin(1207t)

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

Period: T=2—n— 2 =L second
@ 120 60
V(t) =120sin(1207¢)

a. Amplitude:| 4| =|120| =120 volts

Period: T _21t_ 2n 1 second

w 120n 60

89.

90.

V =IR
120sin(1207¢) = 201
6sin(120wt) =17
1(¢) = 65sin(120m¢)

Amplitude: |A|=|6|=6amperes
2n _ 2nm

Period: T = — second
w 1207[ 60
V(f)
B [VO sin(2nft) |
R
¥y sin® (2mft)
B R

2

Vo w2
=D in? (2nft
Rsm(nf)

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

. T
amplitude. The period is 7 so w=4nf .
NS I A 7
The amplitude is L .
2 R 2R

The equation is:
2 2

P(t) =—%COS(4Rﬁ)+L

= VLZ[I - cos(47|:ft)]
R .
Comparing the formulas:

sin® (2mft) = 2(1 cos(4mft))

Since the tunnel is in the shape of one-half a
sine cycle, the width of the tunnel at its base
is one-half the period. Thus,
=2 -2028)=56 or ="

w 28
The tunnel has a maximum height of 15 feet
so we have 4 =15 . Using the form
y = Asin(wx) , the equation for the sine

curve that fits the opening is

. [ mx
=15sin| — |.
7 (28)

Since the shoulders are 7 feet wide and the
road is 14 feet wide, the edges of the road
correspondto x=7 and x=21.
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92. =|cosx|, —2m<x<2rx
ssin 25 ) Z15sin( £ )= 152 106 =[oos ,
28 4 2 ’
15sin 21z =15sin 3z =& =10.6
28 4 2 B
The tunnel is approximately 10.6 feet high | ! | [ X
at the edge of the road. 27 —-m 0 ™ 2w
Physical potential: @ = 2n ;
23 1k
. . 2w
Emotional potential: w=—=—; )
28 14 93. y=lsinx|, —27<x<2x
)/
Intellectual potential: @ = i—;t 1
110
X
=27 —-m 0 T 2w
_1 —

94. Answers may vary.
Tz L)z 1) (57 1) (13 1
6 2)(6°2)06°2) 6 2

95. Answers may vary.

SHIERICIEY
37200 372)\372)0 372

96. 2sinx=-2
sinx =—1
Answers may vary.

eI

97. Answers may vary.

7335

Physical potential peaks at 15 days after the iz T sz or
20th birthday, with minimums at the 3rd and [——,lj,(—,lj,(—,lj,(—,lj
26th days. Emotional potential is 50% at the 4 4 4 4
17th day, with a maximum at the 10th day
and a minimum at the 24th day. Intellectual
potential starts fairly high, drops to a
minimum at the 13th day, and rises to a
maximum at the 29th day.

98 — 102. Answers will vary.

181
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103, L0/
_ (x+h)? =5(x+h)+1-(x*=5x+1)
h

_ (x> +2xh+h*)=(Sx+5h)+1—x> +5x—1

h
_ X2 +2xh+h’ —5x—5h+1-x" +5x—1

h
_ 2xh+h’ =5h _ h(Q2x+h-Y5)

2
105. The y-intercept is:
y=3/0+2|-1
y=6-1=5

(0,5)

The x-interecpts are:
0=3|x+2|-1

1=3|x+2|—>§=|x+2|

1 1
—=x+2 or ——=x+2
3 3

5 7
X=—— or x=-——
3 3
_éao ) _190
3
106. 40 = =%
9
A—lrzé?
2
1 2
O
2 9
—is units
9 %

Section 2.5
1. x=4

2. True

=2x+h-5

10.

11.

12.

13.

14.

15.

16.

17.

182

origin; x = odd multiples of g

y-axis; x = odd multiples of g

b
True

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

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

secx=—1whenx=-m,

3

a
o a

cscx=1whenx=—

> >

> |

cscx =—1 whenx=—

B

SR
N|‘§’

y =secx has vertical asymptotes when
e 3n ©m m 3n

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

y =tanx has vertical asymptotes when

y =cotx has vertical asymptotes when
x=-2n,-71,0, 21,

y=3tanx ; The graph of y=tanx is stretched
vertically by a factor of 3.
YA

6

/
13
oY)
~—

~
|
ENE
|
(9%)
N
;ﬁq
(@)
|
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18.

19.

20.

Section 2.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

The domain is {x The domain is {x|x #km, k is an 1nteger} . The

kx| . .
x #—, k is an odd integer ;.
2 range is the set of all real number or (—eo, o).
The range is the set of all real number or (—oo, o0).

V3 .
y =—2tanx ; The graph of y =tanx is stretched 21. y=tan {Exj ; The graph of y =tanx is
vertically by a factor of 2 and reflected about the )
X-axis. horizontally compressed by a factor of — .
b4
y
4 |

1)

L\ DO =
=

[
(—%, —1) e

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

The domain is {x

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

=4cotx; Th h of y =cotx is stretched .
Y ) oL © BTapi ot = coLX 18 SHEehe 22. y=tan lx ; The graph of y =tanx is
vertically by a factor of 4. 2

y

: : : : horizontally stretched by a factor of 2.
I I

: : 16 : I(%" 4) | I
A [ L8 ! (E. 1)
i\ P\ ' - [P\2
L\ L\ | X S
| I n
| 7:r q{Ir I I - ! I gy X
| I — i T —
o I |(_Z* 4) 1y K q:f 3w
: =16 |l | 2 — [ 2
PN oo (_Ir _1) T

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

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

1 .
y =-=3cotx; The graph of y =cotx is stretched 23. y= cot[;x} ; The graph of y =cotx is
ertically by a factor of 3 and reflected about the
;—axis vy " horizontally stretched by a factor of 4.
’ y 1 y
Il :
| |
15 T 1
[P !
I

15

I
| I
I I
| I
| I
| I
| |
= 4=Tr
I |
| I
1_ I
| I
I
I I

%
Y S
A
|
w
~~—

~_L
T T
.
[
Naw)
T T T 11
|
N
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24, y=cot (%x] ; The graph of y =cotx is

25.

26.

The domain is {x|x #4kr, k is an integer} . The

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

horizontally stretched by a factor of 4 .
T

=5

The domain is {x|x # 4k, k is an integer} . The

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

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

vertically by a factor of 2.
©0.2) "

The domain is {x

The range is {y|y£—2 ory22}.

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

1 . .
y= Ecscx ; The graph of y =cscx is vertically

1
compressed by a factor of 3

y
2 i

184

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

. 1 1
range 1s <——ory=>—;.
g {J’y 2 y 2}

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

vertically stretched by a factor of 3 and reflected

about the x-axis.

| | )
| | |
| | |
| | |
| | |
| |
| |
| | |
1 | 1 1 1 1
I - 1T
| | |
| |
| | |
| | |
| | |
| | |
| | |

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

range is {y|y£—3 0ry23}.

y=—4secx; The graph of y =secx is

vertically stretched by a factor of 4 and reflected

about the x-axis.

(. 4)
I

(0, —4)

The domain is {x

The range is {y|y£—4 0ry24} .

(2m, —4)

X# k77z" k is an odd integer} .

y=4sec [%x} ; The graph of y =secx is

horizontally stretched by a factor of 2 and

Copyright © 2016 Pearson Education, Inc.



Section 2.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

vertically stretched by a factor of 4.
y
I

20

1 1
—47r

(—2m, —4)

1 11
—2m

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

I
The range is {y|y£—4 ory24}.

30. y= %csc(2x) ; The graph of y =cscx is
horizontally compressed by a factor of 1 and

. 1
vertically compressed by a factor of 3

y

The domain is {x

xX# Tﬂ-’ k is an integer} . The

. 1 1
range 1S <——ory=2—;.
g {J’y > Yy 2}

31. y= —ZCsc(ﬂ'x) ; The graph of y =cscx is

horizontally compressed by a factor of 1 ,
T

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

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

The range is {y|y£—2 0ry22} .

32. y=-3 sec[%x}; The graph of y =secx is

. 2
horizontally compressed by a factor of —,
/4

vertically stretched by a factor of 3, and reflected
about the x-axis.
|
|
|
|
|
|
(=2,3) (2.3)
|
2

I

I

I

I

I

I

I
L

I

I

[ 0, -3)

I

I

I

I

I

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

The range is {y|y£—3 0ry23}.
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Chapter 2: Trigonometric Functions

33. y=tan lx +1; The graph of y =tanx is 35. y=sec 2—”x +2; The graph of y =secx is
4 3
horizontally stretched by a factor of 4 and shifted . 3
up 1 unit. horizontally compressed by a factor of Py and
: shifted up 2 units.
| y
|
|
| | | 8F | |
I | | | |
(=3m.2) o | ! | N |
I I X : : L JL0.3) :
—dm : : |(_§,1)| | (3,1)|
| B | N R
! = ' L1\ LN |
: : 72\l I N x
| - | | | |
1 |
1 1 —4r

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

3 . .
] x#=k,k is an odd 1nteger} .
The range is the set of all real number or (—oo, o). 4
The range is <lory=3;.

34. y=2cotx—1; The graph of y =cotx is s {y|y g }

vertically stretched by a factor of 2 and shifted i

down 1 unit. 36. y=csc (ij ; The graph of y =cscx is

.y

10

horizontally compressed by a factor of 31 .
T

|
|
|
|
| y
|

I

(-1.1)

|
i
:
I
I
I
I
I

The domain is {x|x # km, k is an integer} . The (’% *1)

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

The domain is {x

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

range is {y|y£—1 oryzl}.

186
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Section 2.5: Graphs of the Tangent,

37. y :ltan lx —2; The graphof y=tanx is
2 \4 39.

horizontally stretched by a factor of 4, vertically

compressed by a factor of %, and shifted down 2

units.

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

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

38. y=3cot[%xj—2; The graph of y =cotx is

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

units.
| y |
| L |
= ey |
2 n (5’1) |
] ] | |
—Z:Tr B 2:11- X
| B | (m,-2)
(—m, ~2) | i |
3
| - | (%)
(_g’ _5) ! -7t !

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

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

41.

187
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y=2csc[%xj—l; The graph of y =cscx is

horizontally stretched by a factor of 3, vertically
stretched by a factor of 2, and shifted down 1 unit.

YA

(%)

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

The range is {y|y£—3 oryzl} .

yz356c(%xj+l; The graph of y =secx is

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

S

(—8m, 4) | | [ (0,4) | (8w, 4)
[ T T
—87 | | | [ 8m x
| | — |

(—4m, -2) : B : (4m, =2)
| |
| _ |
1 |

I
|
|
| 8

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

The range is {y|y£—2 ory24} .

V4
f[6)_f(0)_tan(ﬂ'/6)—tan(0)_\/33_0
T _o - /6 - 7l6
6
36 23
"3z T

.2
The average rate of change is 23 .
V4

ation, Inc.



Chapter 2: Trigonometric Functions

z_ 23 g(f(x)) =4(tanx) = 4tan x
o (670 wetrrg)oseeiey 30 y
' Z_o - /6 /6 : :
° oAb
23-3 6 WB(2-43) | |
3 oz r I | v
il m
24/3(2-+3) 2 2
The average rate of change is ' L
V4 : ——4 :
LS
/4
3 f(6j_f(0)_tan(2-ﬂ/6)—tan(2-0)
) Z_o - /6 1
6 46. f(g(x))=2sec Ex
:\/5_0:_6\/3 YA
e L IAalAl
4_
The average rate of change isﬂ. j : : J : :k
i | | | |
I [ | I
E — | | | | I | | | -
44 f(6j f(o)_sec(2~ﬂ'/6)—sec(2-0) —4r I—2q-r I B : 2 : dm X
Ty w/6 | Lok |
6 ALEIN!
S Y I =4[ | I
/6 &

The average rate of change is ﬁ .

7 1
g(f(x)= E(2secx) =secx
45. f(g(x))=tan(4x)

Y

5 4L
f | | | | | |
R R
AN R e
“x T T AR AN
8 8 | Y :
: S— : I | | |
| | l 47. f(g(x))=—2(cotx)=—2cotx
=
R )
| /| L /1,
=27 [ —1r mf 27 X
ool
b

188
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Section 2.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions

g(f(x)) = cot(-2x) 50.
I Al YA Al
B R I Gf’é)
I 1]
AR IRTARA ST
L /| | /| (’ﬂ' 1) i UI |
—1T T T a x =, i i
| 2 2 | 2 . | i
I NI ZF ,
X
I Iy —2 | I (7, 0) ] i :
EEEE. EE

48. f(g(x) = %(2 cscx) = escx

¥x=0 x=m x=2m%

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

c0s6?=é and sinl9:i
X Yy
x= 3 y= 4
cos@ sin@
Thus,
L=x+y= +——=3secH+4csch.
cosf@ sind
AU R N b, Let¥=— + *
| | | | cosx sinx
| | | | 25
| I 2 | |
IS
|—37 | 3 |
| I |
o o\ 0 x
| | | | 0 2
| | | ¢. Use MINIMUM to find the least value:
49 25
(E, 1) u
YA 4
2.5 I Hiniraurs
(1 0 Lt=.BEzeres _v=n.nasE6zs L| L
= 0 0 2
i\2
? > L is least when 6 = 0.83.
(0, 0) - “(T fl) 3 A
{ " d. L= +— ~9.86 feet .
X c0s(0.83) sin(0.83)

Note that rounding up will result in a ladder
that won’t fit around the corner. Answers
will vary.

=
Il
STk
S I
W
I
[\*]
b W
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Chapter 2: Trigonometric Functions

52.

a.

d () =|10 tan(z0)|

d(t) I 53. I z b I
60 | [ I
%“ 50 | | I [ |
2 | I L/ I
= 40 - I | /| I
2 a0k i ] | X
g I 7 | 37
-/ I o I
| ! | L |
1 2 N s | I
| = | |
Time (Seconds)
y =tanx
. 1 Yy
d(t)=10tan(7zt)| is undefined at ¢ = 5 and s | |
[ I
3 . | /] I
t= 3 or in general at | - /) |
i I /| I
B : . | | |
{t =7 k is an odd 1nteger} . At these —IQTI ] = e
2
instances, the length of the beam of light I B I I
approaches infinity. It is at these instances | ] |
in the rotation of the beacon when the beam I —5} ! I

of light being cast on the wall changes from
one side of the beacon to the other.

y = —cot(x +“§T)

d(0.1)~d(0) _3.2492-0
0.1-0 0.1-0
d(0.2)—d(0.1) _ 7.2654—3.2492

=~32.492

¢ [ d(1)=10tn(zr) Yes, the two functions are equivalent.

0 0 54. y’=x-4
0.1 3.2492 Test x-axis symmetry: Let y=—y
0.2 7.2654

(-y) =x-4
0.3 13.764 2
y” =x—4 same

0.4 30.777

Test y-axis symmetry: Let x = —x

y? = —x—4 different

Test origin symmetry: Let x=—-x and y=—y.

y° =—-x—4 different

Therefore, the graph will have x-axis symmetry.

~40.162 —y) =—x-
0.2-0.1 0.2-0.1 I y)2 o
d(0.3)-d(0.2) _13.764-72654 _ oo
0.3-0.2 0.3-0.2
d(04)-d(0.3) _30777-13.764 _ . 55,

04-0.3 04-03

The first differences represent the average
rate of change of the beam of light against
the wall, measured in feet per second. For
example, between ¢ =0 seconds and ¢ =0.1
seconds, the average rate of change of the
beam of light against the wall is 32.492 feet
per second.

190

(x=h)?+(y—k)Y?=r
(x=(3) + (-1 =)’
(x+3)2+(-1)*=9
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Section 2.6: Phase Shift; Sinusoidal Curve Fitting

_ 4. y=3sin(3x—m)
56. h(4)= ﬂ Y .
(4> +10 Amplitude: | 4|=]3]|=3
= 2-6 Period: T:E:2—Tc
16+10 o 3
A2 Phase Shift: £ =%
26 13 o 3
Interval defining one cycle:
57. The relation is a circle with center (0,4) and p ¢ T
radius 4 so it is not a function. { o } {g’” }
Subinterval width:
T _27/3 7@
4 4 6
Section 2.6 Key points:
V4 V4 2r hY/4
1. phase shift (?’Oj’ (E’3j’ (T’Oj’ (?’_3]’ (7.0)
Vi
2. False {_% 3) - (% 3)

-
ol

3. y=4sin(2x—m)
Amplitude: |A|:|4|:4
2n  2m

erio P _Eﬁ/ (0,0) (m.0)
Phase Shift: 2 zg _3 [% _3
: ‘ =)
Interval defining one cycle: 6
i
©w o 5. y=2005(3x+£)
Subinterval width: 2
T =z Amplitude: |4]=|2|=2
4 4 . 2n _2m
Key points: Period: T= -3
Z’O 5 3_7[’4 5 (ﬂ.ao)a 5_7[7_4 5 3_7[50 T
2 4 4 2 E K
Vi Phase Shift: - =
7
4 (Tﬂ ) 4) Interval deﬁnlng one cycle.
(.4
- T \ 06, .|| 77
I 2T 5 - )
s (—-, 0) o @ 6’2
—\2° 0 (m, 0) 2
’ ¢ Subinterval width:
Tow 3T 2 T 23 =«
2 2 =tz
L (E _4) 4 4 6
4+ 4° Key points:
(5—1T~ _4) T T T T
47 __32 5 (0,0)7 _,_2 5 _,0 s _,2
6 6 3 2

191
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Chapter 2: Trigonometric Functions

(_17 2) y (w ﬁ) Subinterval width:
627 \2:.%) T «
4 4
(0,0) ™ ZT:" 0) / Key points:

o E e

6. y=3cos(2x+m)
Amplitude: | 4|=]3|=3

. 2n 2m; . -3
Period: T= = =T (0, -3) (. —3)
Phase Shift: $_m__T

[0 2 2 3 -5 ) T
Interval defining one cycle: A Y
29 r|=|EF Amplitude: | 4]=|-2|=2
0 o 22 m o
Subinterval width: Period: = "5 T
r_z n
4 4 . ¢ 5 T
Key pOil’ltS: Phase Shift: 5 = E = Z
[_%)3] , [_%’0] , (0,-3), (%’0), (%3) Interval defining one cycle:
60, ][z 5
3 J o 4 4
' Subinterval width:
r_z
4 4
¥ Key points:

7.y =—3sin(2x+§j

Amplitude: | A4|=]-3|=3

Period: T=2_Tt=2_n=7t
o 2
_r
Phase Shift: ﬂ:—zz_f
o 2 4

Interval defining one cycle:
00, [ x5
0 o 4 4

192
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9. y=4sin(mx+2)-5
Amplitude: |A4|=|4|=4

Period: T:E:Z_nzz
[4] T
Phase Shift: £ = ~2-_2
[0} T T

Interval defining one cycle:

e
o ® o

Subinterval width:
r 2 1

4 4 2
Key points:

Section 2.6: Phase Shift; Sinusoidal Curve Fitting

11. y=3cos(mx—2)+5
Amplitude: | 4|=|3]=3

Period: T=E=2—n=2
W T
Phase Shift: 2 = 2
W T

Interval defining one cycle:

Cogi
a @ T T

10. y=2cos(2nx+4)+4
Amplitude: |A|:|2|:2

Period: T:z—nzz_nzl
@ 2n
Phase Shift: £ =—%-_2
o 2% e

Interval defining one cycle:
{ﬂ,zﬁH_z,l_z}
0 o T
T _1

4

Subinterval width: — = Z

Key points:

Subinterval width:
r_2_1
4 4 2
Key points:

358 2 l+£)5 > 1+£92 > E+£)5 2
T 2 T 2
2

_296 s 1_234 > 1_332 B 3_234 5
/4 4 2 & 4 &

3
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Chapter 2: Trigonometric Functions

12. y=2cos(2nx—-4)—-1 Key points:
Amplitude: | 4|=]2]=2
_2n_2m_
0 2n
Phase Shift: 2 = 4 = 2
o 2n T«
Interval defining one cycle:

TR
o © Tz

Subinterval width:
r_1

4 4
Key points:

2 1 2 1 2
(_’IJ’ (_+_’_1J’ (_+_’_3]’ Tc n
z 4 7 2z 14. y=-3 cos(—2x+—j =-3 cos(—(Zx——D
2 2
3 2 2
(—+—,—1], (1+—,1j .
4 T =-3 cos(2x—5j

Period: T 1

( 2 L \
.?_1 1} | [1 l] Amplitude: |A|:|—3|:3
L p
—1 ﬁ X Period: T=E=E=n
| L 5 o 2
B Phase Shift: 9_2_1
| o 2 4
(i_ 1 _;} Interval defining one cycle:
- X 200
-2 ﬂ’£+T = Z,S_”
o O 4 4
Subinterval width:
T =&
13. y=—3sin(—2x+gj:—3sin(—(2x—§j) Z=Z
Key points:

= 3sin(2x—£j
2

Amplitude: | 4|=|3|=3

Period: T:E:E:n
0] 2
n

Phase Shift: £ =2 -7

o 2 4
Interval defining one cycle:

22
0 o 4 4

Subinterval width:
r_r
4 4
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15, |4]|=2; T 2:%
w
oo _, ¢ 91
T = w 2 2
¢=1

Assuming 4 is positive, we have that
y = Asin(wx — @) = 2sin(2x —1)

—

16 |4|=3 7="; 2o
2w

o, 4,
T n w 4
2 9=8

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

= 35in[4(x—2)]

17. |A|=3; T=3m %:—%
2 2m 2 p_¢_ 1
T 3 e 2 3
3
=-35°

Assuming 4 is positive, we have that

y=Asin(wx—¢) = 3s1n[—x+ j
18. [4]|=2; T=m ?__5
10

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

=2sin[2(x+2)]

Section 2.6: Phase Shift; Sinusoidal Curve Fitting

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

1) Shift right 7z units [y = tan(x—ﬂ')}

2) Horizontally compress by a factor of %

[y = tan(4x—ﬂ')]

3) Vertically stretch by a factor of 2
[y = 2tan(4x—7z)]

Y S

st p(52) f!

| | \I

| | | (=
ARy sLy
ool /A1

| | |
sk TG

20. y= %cot(Zx—ﬂ')

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

1) Shiftright 7 units [ y = cot(x-7)]

2) Horizontally compress by a factor of %
[y = cot(2x—7z)]

3) Vertically compress by a factor of %

—_——— e e [ ————— =
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Chapter 2: Trigonometric Functions

21. y= 3csc(2x—%j

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

1) Shift right % units { y= csc[x -%H

2) Horizontally compress by a factor of %

o]

3) Vertically stretch by a factor of 3

T
=3csc| 2x——

w
]
Af—m————————

|
ek
|
oY)
N———
]
—_— —— — ]

1
s —

22, y =%sec(3x—ﬂ')

Begin with the graph of y =secx and apply the
following transformations:
1) Shiftright 7 units [y = sec(x —75)]

. 1
2) Horizontally compress by a factor of 3

[y = sec(3x—ﬂ')}

3) Vertically compress by a factor of %

{y=%sec(3x—ﬂ')}

196

R
w3
Do =
N—

NCTPE -
k‘

23. y=-—cot (Zx +§)

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

1) Shift left % units [ y= Cot(x+%J:|

2) Horizontally compress by a factor of %

.4
=cot| 2x+—

3) Reflect about the x-axis
V4
=—cot| 2x+—

Y

2 -

10.0)

- mF————=
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24. y=—tan (3x +§j

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

1) Shift left % units | y = tan(x +§H

. 1
2) Horizontally compress by a factor of 3

T
=tan| 3x+—
g ( 2)

3) Reflect about the x-axis

el

y

- r_,)|:i________

25. y=-sec(2zx+7)

Begin with the graph of y =secx and apply the

following transformations:
1) Shiftleft 7 units | y = sec(x+7)]

2) Horizontally compress by a factor of ZL
V4

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

[ | YA |
I | I |
I [ I |
| 3r
/I :\;/1 :A\<
I | I |
(=L 1 I ! I | (1, 1)
] ! (Oi b ! ! L X
S I ER
4 élt - 4|1 4 )
(*5*1) | I |(§’*1)
I | I |
_3_
I | I |

197

Section 2.6: Phase Shift; Sinusoidal Curve Fitting

26. y=-—csc —lﬂx+£
2 4

T
o]

27.

Begin with the graph of y =cscx and apply the

following transformations:

1) Shiftleft Z units | y =csc| x+2
4 4
. V4
2) Reflect about the y-axis { y =csc (—x +ZH

. 2
3) Horizontally compress by a factor of —

_ =csc —lﬂ'x+£
_y 2 4

3) Reflect about the x-axis

_ =-csc —lirx+E
_y 2 4

| o |
| M |
| L |
| L |
| L
| [ [ L |
-2 | | 2 lx
| ) o
(AT
L = |
| gl |
| S | |
. b4
I(t)leOSm(30nt—§j, t=20
Period: T= Zn = 2n =L second
o 30m 15

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

Phas

1
120

n

e Shift: ﬁ -3 - i second
90

o 30m

/\/\

—120

L,,|l\> -

VA
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Chapter 2: Trigonometric Functions

28. I(1)= 22OSin(6Om—g), 20

Period: T= an_2n
w 60m
Amplitude: | 4|=|220|=220 amperes

T

= i second
30

Phase Shift: ﬂ -6 _ L second
o 60m 360

14
220

—220

29. a. P

ol . . . . . . .. . ]10

33_16:£:8.5
2

+
Vertical Shift: 33216 = % =245

b. Amplitude: 4=

_n_2n
5 5
Phase Shift (use y =16, x = 6):

16=8.5sin(2?n'6—¢j+24.5
—8.5=8.5 sin[lz?n—¢)

127
—1—sm( 3 ¢j

Ilm

Thus, y=8.55in(ﬂx——j+24.5 or
5 10

y =8.5sin E(x—l—lj +24.5.
5 4

30.

40

0 410

]

¥ =9.46sin(1.247x+2.906) +24.088

[El [Deglfornd) (d7e)Rea)

SinReg
9.45984996
1.24728022
2.90682654
24.0884845
MSe=0.69559318
y=a-sin(bx+c)+d

[oNeRog R-vl

COPY

40

0 10
10
y
80
[ ]
50
20 X
5 10
Amplitude: 4= 79'8;36'0 B8 110
+
Vertical Shift: 2-5r300 _ “j 8 _579
_m_T
12 6

Phase Shift (use y =36.0, x =1):

36.0 = 21.9sin %1—;/) 1+57.9
~21.9=219sin %—(p

. T
—l=sin ——
; [

T T

276

21
$= 3

Thus, y = 21.9sin %x—%’t +57.9 or

y=219sin %(x—4) +57.9.
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31.

&

Section 2.6: Phase Shift; Sinusoidal Curve Fitting

y C. y
50 a
50 4
20 LA
20 X 5 10 X
5 10 d. y=24.25sin(0.493x-1.927)+51.61
_ : _ FinEeg
y—21.68sm(0.516x 2.124)+57.81 ;gaigin(bxh:)ﬁd
FinReg Boqasege5os
Zzgfsé?%?g%é+d c=-1. G2EEA4466
b=.515622467°3 d=51.68326978
c=-2.124194398
d=57. 8866651 o6
e.
90 //‘\\
)|l cocccooocoooo 13
14
0 — 13
32. a. y
y 80 >
80
50
50
20 X
20 5 10
5 10 X 77.0-32.9 44.1
154-281 473 b. Amplitude: 4= 2 = 2 =22.05
Amplitude: 4=— 5 —= 2' =23.65 7704329 109.9
7540981 103.5 Vertical Shift: — 5 — = 2' =54.95
Vertical Shift: — — = — =51.75
2 2n W
=—=—
= 2n_nm 12 6
12 6 Phase Shift (use y = 32.9, x =1):

Phase Shift (use y =28.1, x =1): 3.9 22.055in El b +5495
. - . 6. - .

28.1= 23.65sin %-1—¢ +51.75
—22.05=22.05sin g—¢
—23.65 = 23.65sin %—qﬁ

—1=sin E—¢
. T 6
~l=sin ——¢
6 T T
__=__¢
_£:£_¢ 2 6
2 6 ¢:2_n
o= ’
3 21

, Thus, y = 22.05sin %x—T +54.95 or
Thus, y =23.65sin gx—Tn +51.75 or

¥ =22.05sin %(x—4) +54.95.
y=23.65sin %(;:—4) +51.75.
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Chapter 2: Trigonometric Functions

33.

50

20

X
5 10

y =21.73sin(0.518x — 2.139) + 54.82

6.5+ 12.4167 = 18.9167 hours which is at
6:55 PM.

5.86—(-0.38) 6.24

Ampl: 4 = = =3.12
2 2
Vertical Shift: 200+~ (£0-38) _ 348 _, o,
2w T 24rx

“ 124167 620835 149

Phase Shift (use y = 5.86, x = 6.5):
247
149
247
149

5.86=3.12sin 6.5-¢ +2.74

3.12=13.12sin -6.5—¢

¢~1.7184

2
Thus, y=3.12sin —~x—1.7184 +2.74
149

2
or y=3.12sin o (x—3.3959) +2.74.
149
y=3.12sin 2 (15)-1.7184 +2.74
149
~1.49 feet

200

34.

3s.

0.10 +12.4167 = 12.5167 hours which is at
12:31 PM.

9.97-(0.59) 9.38

Ampl: 4 = 2 =4.69
Vertical Shift: 22 +2(0‘5 ) 1036 _ 5
2z T 247

w = = =
12.4167 6.20835 149
Phase Shift (use y =9.97, x = 0.10):

9.97 =4.69sin 24—”0.10—;7) +5.28
149

4.69 = 4.69sin 24—7[-0.10—¢
149

¢=~—1.5202

Thus, y =4.69sin ﬁ—;[x+l.5202 +5.28

24
or y=4.69sin F;’(x+3.0042) +528.

y = 4.69sin ?j—g(l8)+1.5202 +5.28

=~ (.90 feet

13.75-10.52

Amplitude: 4= =1.615

13.75+10.52

Vertical Shift: =12.135

o
365
Phase Shift (use y =13.75, x =172):
2n

13.75=1.615sin —-172—-¢ +12.135
365

1.615=1.615sin 2—n~172—¢
365
3447
365
T 344w
27365 ¢
#=~1.3900

1=sin

4
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Section 2.6: Phase Shift; Sinusoidal Curve Fitting

. 2m c. y
Thus, y=1.615sin —x—-1.39 +12.135 or 20+
365 B
. 2r —
y=1.615sin ——(x—80.75) +12.135. B
365 B
10
. 2n B
b. y=1.615sin —(91-80.75) +12.135
365 B
=12.42 hours |
1 T T T Y T I O
c. Yy 0 140 280 420
20

d. The actual hours of sunlight on April 1,
2014 were 12.75 hours. This is very close to
the predicted amount of 12.71 hours.

10

|

. 19.37-5.4
37. a. Amplitude: A=%=6.96
) Vertical Shif: 12277345 _ 15 4
N O B )
0 140 280 420 o
d. The actual hours of sunlight on April 1, “=365

2014 were 12.43 hours. This is very close to

the predicted amount of 12.42 hours. Phase Shift (use y = 19.37, x = 172):

. 2n
_ 19.37 = 6.96s5in —-172—¢ +12.41
36. a. Amplitude: A:w:&l 365 ¢
. 2n
Vertical Shift 15.272+9.07 1 6.96=6.96sin 172~
Y21 I=sin 2ot _g
365
Phase Shift (use y =15.27, x =172): T _ 344n_¢
. 2 2 365
15.27=3.Isin 221729 +12.17 6=139
31e31sin 217 Thus, ¥ = 6.96sin —"x—139 +12.41 or
.1=3.1sin 365 —-¢ 365
|y 344 = 6.96sin = (x—80.75) +12.41.
=sin E_¢ 365
344 2
T2, b. »=696sin —(91)-139 +12.41
2 365 365
$=139 ~13.63 hours

Thus, y=3.Isin —%x—139 +12.17 or
365

21
=3.1sin —(x—-80.75) +12.17.
y 265t )

b. y=3.Isin 2X(91)-1.39 +12.17
365

=12.71 hours

201
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Chapter 2: Trigonometric Functions

20

d. The actual hours of sunlight on April 1,
2014 were 12.38 hours. This is very close to

10 the predicted amount of 12.35 hours.

39 — 40. Answers will vary.

B L1 1111111111 X 41. f(x)=2x3 _3x2 _8x+14 on the
0 140 280 420 interval (_4’ 5)
d. The actual hours of sunlight on April 1, Use MAXIMUM and MINIMUM on the graph

2014 was 13.37 hours. This is close to the

03 a2
predicted amount of 13.63 hours. of yy =2x" -3x" —8x+14.

—_ 20
38. a. Amplitude: A=w=l.295
Vertical Shift: wzlll%
2
(1)=2—1t -3 (A ors d=t 3diz0z <[3
365 x)
Phase Shift (use y =13.42, x =172): 20
. 2n
13.42=1.295sin ——-172—-¢ +12.125
365
. 2n Hazirur
1.295=1.295sin %'172—¢ -3 [#="-.7EBZ0EE 1Y=17.46927 —| 3
Loy 3%4m
=sin — =9 local maximum: £(~0.76) = 17.47
n  344m
27 363 -9 local minimum: ~ f(1.76) =1.53
¢~139
Thus, y=1.295sin 20 139 412125 -16(2)* +5(2) — —16(=1)*+5(-1)
365 42.
2-(-D
b. y=1295sin —(91)~1.39 +12.125 _ [16(4)+10]-[-16-5]
365 = 3
~12.35 hours _[-54]-[21]  -s54+21
) 3 3
20 _
C. - =£=—11
- T~~~ 7 180
- 43. — — =105°
10_ 12
FEEEEEEE RN
0 140 280 420

202
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44.

¥’ -9=-5
x' =4
x=%2

But only the —2 is in the domain of the part of
the piecewise function.

-3x+7=-5
-3x=-12
x=4

Thus the values are {—2,4} .

Chapter 2 Review Exercises

1.

10.

135°=135 T radian = 3_11: radians
180 4

18°=18 T radian = T radian
180 10

3w _3m 180

degrees =135°
4 4 T

_om__>5m 180 degrees = —450°
2 2 n

T .7
tan——sin—=1-—
4 6

n_ .2

3sin45°— 4 tan— —
6 2 3 2 3

Il
w
|
N

6cos%+2tan(—§}=6(—%}+2(—\/§)

tanmt+sint=0+0=0

cos 540° —tan(—405°) = -1—-(-1)
=-1+1=0

11.

12.

13.

14.

15.

16.

17.

Chapter 2 Review Exercises

sin® 20° + =sin? 20°+cos* 20°=1

sec” 20

sec50°-cos50°= -cos50°=1

co0s 50°
cos(—40°) cos40° |

cos40°  cosd0°

sin(—40°)  —sin40°

sin40°  sin40°

sin 400°-sec (—50°) = sin 400°-sec 50°

=sin (40°+360°) -

cos50°
_ sin40° _ sin40°
" c0s50°  sin(90°—50°)
_ sin40°
sin40°

sin @ =% and 0< @< % , so @ lies in quadrant 1.

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

2
coso=1-[ 4] =216 _23
5 25 25

cosfd == /i :ié
25 5

Note that cos @ must be positive since & lies in

quadrant I. Thus, cos@=—.

5

: 4
tan&:sulezi:i.é:i
cosf 3 53 3
cscl = ,1 =l=1'§=§
sin@ ¢ 4 4
secl = ! =l=1'§=§
cos¢ I 3 3
cot@ = 1 _l:l.é:g
tan6 % 4 4

tan @ = % and sin@ <0, so @ lies in quadrant I11.

Using the Pythagorean Identities:

Copyright © 2016 Pearson Education, Inc.



Chapter 2: Trigonometric Functions

18.

sec’ @ =tan’ 6 +1

2
sec’ @ = 12 +1:ﬂ+l:@
5 25 25

secd =% f@ :ig
25 5

Note that sec & must be negative since 8 lies in

1
quadrant ITII. Thus, secd = —?3 .

cosf = ! =L=—i
secd -2 13
tan @ = sin 6 , SO
cos @

sin 6 = (tan 6) (cos 0) = 2(_ij __12

50U 13 13
cscl = .1 _ LB
sin@ -3 12
cotd = L 1.3
tand 12 12

5
5 L
secl = 3 and tan@ <0, so @ lies in quadrant II.

Using the Pythagorean Identities:
tan” @ =sec” 01

Note that tan@ < 0, so tan6=—%.

cosf = _L__4

secd -3 5
tan@ = sin , SO

cos@

3( 4) 3

sinf =(tan@)(cosf)=——| —— |=—.

(10) cos6) =3 1)
cscl = _l =l=§

sin@ ¥ 3
cotd = ! =L=—i

tand -3 3

204

19.

20.

sinf = % and @ lies in quadrant II.

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

2
cos’@=1— 12 =1—&=£
13 169 169

cos@ == /2—5 =ii
169 13

Note that cos@ must be negative because & lies

in quadrant II. Thus, cos@ = 3 .

13

: 12
tan&:sulazizg(_gj:_g

cos@ -3 130 5 5
cscl = _l =l=E

sin@ 13 12
secd = =L _E

cosf -3 5
cot@ = L:—i

tanl9:—12 12

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

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

2
cos’@=1- el :1_£:ﬂ
13 169 169

cosf == }ﬁ = iE
169 13
Note that cos@ must be positive because @ lies

. 12
in quadrant IV. Thus, cosé = ITH

tan@ = sin ¢ :__153:—3[13j:—i
cos® 12 13

12 12) 12
cscl = ,1 =L5=—E
sinf -3 5
secl = L 1. B
cos 3 12
1 12
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21.

22,

tan :% and 180°< 8 <270° (quadrant IIT)

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

2
se026=(lj fi=ty 210
3 9

9
sec9=i\/E =i—m
9 3

Note that sec & must be negative since 8 lies in

quadrant III. Thus, secf = —@ )
1 1 3 410 310
cos@ = = =— . - _
secd _@ J10 10 10
3
tan @ = sin@ s
cos @
sin(9=(tanl9)(cos¢9):l —@ :—@
3 10 10
1 1 10
cscl = = =— =10
sin6 V10 V10
10
cotf = ! :1:3
tand 1

secf =3 and 377[ <0 < 2mn (quadrant IV)
Using the Pythagorean Identities:
tan” @ =sec” 01
tan’@=3"-1=9-1=8
tan 6 = £/8 = 22
Note that tan @ must be negative since € lies in
quadrant IV. Thus,. tan8 = 242

cosf = ! =l
secd 3
tan@ = 9,
cos @
sin9:(tan9)(cosl9)=—2\/§(§j=—¥.
1 1 3 V2 32
cscld=——= - —_—=——
sin @ —% 22 2 4
1 V2 2
cotf = ==
tand 22 2 4

23.

24,

Chapter 2 Review Exercises

cotd =-2 and % < @ <7 (quadrant IT)
Using the Pythagorean Identities:

csc’ @=1+cot’ @

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

csch =15
Note that csc @ must be positive because € lies

in quadrant II. Thus, csc8 = V5.

. 1 1 5 5
sin@ = P A g S
cscd 5 5 5
otfd = ?Sg,s
sin @
cosBz(cotB)(sinB)Z—Z{QJ: &
5 5
tan @ = ! :i:_l
cotd -2 2
secld = P _1 =— 5 —_ﬁ
cosd 25 25 2
y =2sin(4x)

The graph of y =sinx is stretched vertically by
a factor of 2 and compressed horizontally by a

factor of l
4
YA

2+

[\ L
ITRVARY

Domain: (—eo,co)

Range: [-2,2]
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Chapter 2: Trigonometric Functions

25.

26.

y =-3cos(2x) 27.

The graph of y =cosx is stretched vertically by
a factor of 3, reflected across the x-axis, and

compressed horizontally by a factor of %

VA
4

| | -
—\’n’/ \_ ™ X
4+
Domain: (—e, )
Range: [-3,3]
» = tan(x + )
The graph of y =tanx is shifted 7 units to the 28.
left.
YA

| | |
!I I

| | B |

| | — |

| | — |

l L L
_3n Am  _= . =

2 : /L 2

| | |

| | B | f

| ly 4 |

Domain: {x | x # ]%r,k is an odd integer}

Range: (—oo,0)

206

y =—2tan(3x)
The graph of y =tanx is stretched vertically by
a factor of 2, reflected across the x-axis, and

. 1
compressed horizontally by a factor of 3

YA
| 8- | 1
| - | |
| — | |
| - | |
LNE | i
L - n g T
6 = 6 3 2
| =N i
| - | |
[~ | |

Domain: {x | x # %+ k -%,k is an integer}

Range: (—oo,0)

= Cot(x+£j
7 4

The graph of y =cotx is shifted % units to the

left.
¥

T

IIIIIZ’IIIII’
| nola

¥

Domain: {x | x # —Z+ kr,k is an mteger}

Range: (—eo,c0)
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29.

30.

y =4sec(2x)
The graph of y =secx is stretched vertically by
a factor of 4 and compressed horizontally by a

factor of l

-

—
|
A
~
N—'

g+——————-=
Ny
1

W

———

|

w2
|

S

=S
4
[N
-

Domain: {x | x # %,k is an odd integer}

Range: {y|y <-4 ory =4}

= CSC )C+E
Y 4

The graph of y =cscx is shifted % units to the
left.

=
>

—_— -
e
=Y

10y

. V4 . .
Domain: {x | x # _Z+ kz,k is an 1nteger}

Range: {y|y<-lory>1}

Chapter 2 Review Exercises

y=4sin(2x+4)-2
The graph of y =sinx is shifted left 4 units,

compressed horizontally by a factor of %,

stretched vertically by a factor of 4, and shifted
down 2 units.

EANSVAY

=
Y

-7+

Domain: (—eo, o)

Range: [-6,2]

X
=5cot| ———
sl i)

The graph of y =cotx is shifted right 7 units,

stretched horizontally by a factor of 3, and
stretched vertically by a factor of 5.

A
|
Mg
N
a

=

S———4——
|

E]

g_________

_—
.
—_———
T

Domain: {x | x # 37” +k-37,kis an integer}
Range: (—oo,c0)

y =sin(2x)

Amplitude = | 1 |:1 ; Period = 27”: V1
y=—2cos(3mx)

Amplitude = |-2| =2 ; Period = 2z _

2
3z 3
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Chapter 2: Trigonometric Functions

35. y=4sin(3x)
Amplitude: |A4|=|4|=4

Period: T:2—TE:2—TE
0] 3
Phase Shift: ﬁzgz 0
w 3
Y4
5L
_2mf _m aw 2 X
_5 -

36. y =—cos(%x+%)
Amplitude: | 4|=]-1|=1

_2r_2m_

Period: T ar

_r
Phase Shift: 2 = T2 -z
2

./\I II/
LAV IRV

37. y =%sin(%x—nj

Amplitude: | 4|= h_1
2 2
Period: T=E=E=ﬂ
o 3 3
2
Phase Shift: 2 =% = 2%
o 3 3
2

208

38.

39.

y =—§cos(ﬂx—6)

Amplitude: | 4|= 2 =§
Period: T=E=E=2
W T

Phase Shift: ﬂ = é

@O T
Yi
2
3

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

Find w: 8TI:=2—n
10}

Stw=21
_2n

1
8t 4

. The graph is a reflected sine graph with

amplitude 7 and period 8.
Find w: 8= 2n
8w=2m

_m

8

T
4

The equation is: y =—7sin (ng .
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41.

42,

43.

44.

45.

46.

Set the calculator to radian mode: s1n§ 0.38.

inim-g7
. SE2EE34324

Set the calculator to degree mode:

secl10° = =1.02.

1 -cosCI@y
1.815426612

cole

Terminal side of @ in quadrant III implies

sin@ <0 cscd <0
cos@<0 secd<0
tan@ >0 cotd >0

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

1 242
P:[_E’TJ

sintzu' csct = L _3 -ﬁ—%ﬁ
37 22) 242 2 4
3
cost=——, sect =———
S
)
tant = 3 =¥ (—%jz—%ﬁ;

1
cott=——=—==—

22 \2

The point P =(-2,5) is on a circle of radius

r=+/(=2)* +5% =/4+25 =+/29 with the center

at the origin. So, we have x=-2, y=5,and

y =35 Thus, sint =2 =5 -5V,
r

J29 29
cosr= o 2 WMy 5
r \/E 29 X

47.

48.

49.

51.

Chapter 2 Review Exercises

The domain of y =secx is

{x|x + odd multiple of %} :

The range of y =secx is {y|yS—1 ory 21}.
The period is 27 .

20 35

a. 32°20'35"=32+—+—=32.34°
60 3600

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

=2 feet, 6=30° orﬁzg
s=r0=2-2 =T 1047 feet
6 3
A:—-r2¢9:l(2)2-E T o 1.047 square feet
2 2 6 3
In 30 minutes: » =8 inches, =180° or 8=

s=rf@ =8 -m=8m=25.13 inches

In 20 minutes: » =8 inches, 8 =120° or 8 = 2%[

s=rfd=38- %zl‘%~l6 76 inches

y=180 mi/hr; d =— mile

=0.25 mile

-BI'—‘ I\JI'—

v _ 180 mi/hr

r 0.25mi
=720 rad/hr

_720rad 1rev
~ hr . 27 rad
_ 360 rev

~ mhr

=114.6 rev/hr

52. 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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Chapter 2: Trigonometric Functions

53. I(t)=2205in(30nt+%j, 20

54.

. 271 1
P d:—:_
o= 30n ~ 15

The amplitude is 220.

The phase shift is:
T

P__6__

o 30m

—220

90

70

50

5 10

Amplitude: 4=
2 2

Vertical Shift: 2

2n
A=——=

12
Phase shift (use y =55, x =1):

r
6

55 = 20sin %-1—¢> +75

20 = 20sin %—¢>

. T
—l=sin ——
5 ¢
T N
276!
27
=3

95-55 40 _

95+55 _ 150 _

Thus, y =20sin gx—zTn +75, or

y=20sin %(x—4) +75.

c. y
90 [FH1A N
70 \
50 [ 3
X

5 10
d. y=19.81sin(0.543x —2.296)+75.66

5S.

A

Angle: 2
ngle: <%

Angle: =% -
Anqle.F
V3
31 = =
p= [—: 1) &l }
Anglezw | p=(-1.0) p=1(L0)y ] Angle:0
X
P ={_'v% 3 _%}
- .i\ngl.e:nT“
Anl:!]e:? é]
=
T
"4
4x 5
Angle: =+ Al ;28
3 Angle: =T ngle: 73
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10.

11.

Chapter 2 Test

Chapter 2 Test
b 12. 2sin’ 60°—3cos45° = { j 3(%}
1.

260°=260-1 degree

= 2602 radian _2(j W2 _3 32 3(1 V2)
4

2 2 2 2

2607 . 137z .
=—— radian = —— radian
180 9 13. Set the calculator to degree mode: sinl17° =(.292
T aezri7aer

—400° =—400-1 degree

.4 .
= —400~@ radian
400~ 20 .
=~1%0 radian = _T radian

14. Set the calculator to radian mode: cosz?ﬂ- =0.309

o_ _ 12 7 . 13z .
13°=13-1degree =13 180 radian = 130 radian Fos(Encal  coaad
—% radian = —% -1 radian
& 180 d 2050
TTR Ty desrees= 5 15. Set the calculator to degree mode:
1
229°=—— ~—1.524
om . 9 . >ee 08 229°
—- radian = — -1 radian TN Sci Eng | [Lrcos(TTE
2 92 180 FEED 0123456789 -1.524253057
=222 degrees =810° el
2 BB Simul
a+bi et
AW foriz G-T
3—” radian = 3—7[-1 radian
4 4 16. Set the calculator to radian mode
3z 180 287 1
=—=.—d =135° 2or _ ~
4 egrees = cot 5 - o 287 2.747
9
7 1 T Lanizan 3,
smg 5 2L rarATT41Y

Cos

N\

o))l )
—— |—CO0S Cos —_— —CoS| —
4 4 4
( 3z ) ( ) o 17. To remember the sign of each trig function, we
4 primarily need to remember that siné is
positive in quadrants I and II, while cosé is
cos (~120°) = cos (120°) = _% positive in quadrants I and IV. The sign of the

other four trig functions can be determined
directly from sine and cosine by knowing

3

tan330°=tan(150°+180°)=tan(150°)=—T tanH:—SinZ, secf=—— 9 cscé’:—.le,and
cos cos sin

sm%—tan%—sm%—tan(%+4ﬂ'j cotg= sin@

—s1n§—tan(3f)— 1-(-1)=2

211
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Chapter 2: Trigonometric Functions

18.

19.

20.

sin@ | cos@ |[tan @ |secd | csc | cotd
6 in QI + + + + + +
&inQIl | + - - - + -
@inQII | - - + - - +
&dinQIV| - + - + - -

Because f(x)=sinx is an odd function and

since f(a)=sina= % , then

f(—a) =sin(—a) =—sina = —% .

siné@ =§ and @ in quadrant II.

Using the Pythagorean Identities:

2
cos20=1—sin2«9=1—(§j :1_£:ﬁ
7 49 49
cos@ =+ g:iﬁ
49 7
Note that cos@ must be negative because & lies
in quadrant II. Thus, cosé = ——2\7/8 .
ang=Sn0 _ 5 _5(_ 7 )6 _ 56
cosf —zf 70 246 ) 6 12
cscl = .1 :l:Z
sin@ 3 5
1 1 7 6 16
secl = 9: N \/,.T=_F
cos - 2+/6 /6
1 1 12 V6 26
cot@d = = =

tané’:—% _5«/5.%_ 5

cosé =§ and 377[ <@ <2rx (in quadrant IV).
Using the Pythagorean Identities:

2
sin29:l—cosz¢9:1_(gj zl_izé
3 9 9

sinezi\/§:i£
9 3

Note that sin & must be negative because 6 lies

in quadrant IV. Thus, sinf = —g .

. _\5
tan6281n6: 3 :_ﬁ.iz__s
cosfé 3 3 2 2

21.

22.

23.

1 1 3 5 35
cscl = = ——— =

sin @ —g 5 45 5
secld = 1 :l—i

cos@ 3 2

1 1 2 5 25
cotf = = =——— =

tand L 55 5

12 .
tan @ = -y and % < 6@ < 7 (in quadrant IT)
Using the Pythagorean Identities:

2
seczeztan29+1:(—%j +1:ﬁ+1:@

25 25
secd ==, fﬁ = iE
25 5

Note that sec & must be negative since € lies in

quadrant II. Thus, sec8 = —% .

cosf = :L:_i

secd —L 13
tan 6 = sin @ s

cos@
sinHz(tanH)(cosH):—E _S)12

50 13 13

cscl = ! =i 2

sin@ 3 12
cotd = ! :L:_i

The point (2,7) lies in quadrant I with x =2

and y=7. Since x* +y* =, we have
r=\/22+72=\/§. So,
y_ 7 7 53753

sinf ==

ro 53 53 53 53

The point (-5,11) lies in quadrant IT with

x=-5and y=11. Since x* +y* =+, we

have r=+/(=5)° +11% =+/146 . So,

-5 =5 146

X 5146
cosfd == = =— .

ro 146 146 a6 146
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24,

25.

The point (6,-3) lies in quadrant IV with x =6

2

and y=-3. Since x>+ y* =r?, we have

1/ (-3)° =45 =35 . So,

tan @ = 3.1
x

Comparing y =2sin Y
36
y=Asin(a)x—¢),we see that
1 T . .
A=2, a)=§,and ¢=E.Thegraphlsasme

curve with amplitude |A| =2, period

=2—7r=2—7r=6ﬂ,andphase shift
o 1/3
o6 £ . (x
= =——=—The graph of y =2sin| ———
o 1/3 2 grap 7 3 6

will lie between —2 and 2 on the y-axis. One

period will begin at x = 2 =§ and end at

2= 0 6x+ Z =BT we divide the
o0 o 2 2
interval {%,13—”} into four subintervals, each of
length — 67 3”
4 2

£,2ﬂ 2r, 7—7[ 7—” 57 |, 57z,13—7r
2 2 2 2
The five key points on the graph are

[2 OJ (27,2), [72” oj (57,-2), [132” oj

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

(—47,2) g: (2w, 2)

26.

27.

28.

Chapter 2 Test

y= tan(—x+£j+2
4

Begin with the graph of y = tanx, and shift it

% units to the left to obtain the graph of
y= tan(x + %) . Next, reflect this graph about

the y-axis to obtain the graph of y = tan(—x +%) .
Finally, shift the graph up 2 units to obtain the

graph of y = tan(—x+%j+2 .

= tan| —x+ %
yftan( x+4j+2 ¥

] I
] I
: :
i :
! 2
1 1
: :
i i
! !

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

|4], the period is given by %[ , and the phase

shift is given by % Therefore, we have 4 =-3,

kY4

V4
w=73, and ¢—3[—Zj———.

) The equation

for the graph is y =—3sin (3x +3Tﬂ-j .
The area of the walk is the difference between

the area of the larger sector and the area of the
smaller shaded sector.

3ft

The area of the walk is given by

1 2, 1,
A=~R60-~r%0
2 2"

Yi-r)

where R is the radius of the larger sector and r is

Copyright © 2016 Pearson Education, Inc.



Chapter 2: Trigonometric Functions

the radius of the smaller sector. The larger radius Chapter 2 Cumulative Review
is 3 feet longer than the smaller radius because
the walk is to be 3 feet wide. Therefore, 1. 222 +x—=1=0
R=r+3,and
0 , (2x—1)(x+l)=0
Azg((r+3) -7 ) |
0, , R x=— or x=-1
z—(r +6r+9—r ) 2
2 1
0 The solution setis {—1,—¢.
= 3(6}’ + 9) { 2}

The shaded sector has an arc length of 25 feet
ST 2. Slope =-3, containing (-2,5)
and a central angle of 50° === radians. The .
18 Using y—y, = m(x—x,)

radius of this sector is 7 =~ = § =20 feet | y=5=-3(x=(-2))
¢ ¥ y—5=-3(x+2)
y=5=-3x-6
Thus, the area of the walk is given by y=-3x-1
hY/4
I8 90 S5 (540
B M i
A= > [6( e )+9j Y ( e +9j 3. radius =4, center (0,-2)

Using (x—h)" +(y—k)" =72

—75+°F §2 ~78.93 2
4 (x=0) +(y—(-2)) =4’

29. To throw the hammer 83.19 meters, we need 4+ 2)2 =16
v’
ST 4. 2x-3y=12
v, This equation yields a line.
$3.19m=_L 2no3yeld
v,” =815.262 m* /s* —3y=-2x+12
vy =28.553 m/s 2
Linear speed and angular speed are related r= Ex -4

according to the formula v =r-@. The radius is 2
=190 cm =1.9 m. Thus, we have The slope is m = 3 and the y-intercept is —4.
28.553=r-w

28553~ (1.9)0 Let y=0: 2x—3(0)=12

@ =15.028 radians per second 2x=12
radians 60 sec 1 revolution x=6
w=15.028 : . . .
sec 1min 27 radians The x-intercept is 6.
=143.5 revolutions per minute (rpm) Yy
To throw the hammer 83.19 meters, Adrian must 41+

have been swinging it at a rate of 143.5 rpm
upon release.

214
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5.

Chapter 2 Cumulative Review

¥+ —2x+4y—-4=0 b.
X =2x+1+y +4y+4=4+1+4

(x=1)" +(y+2)" =9

(x=1)" +(y+2)" =3

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

©, 0

Yy B
2r (-2,-8) L
LT N X -10~
-3 5 .
c. y=sinx
y
2_ —
(3.1)
_6_ I~
y=(x=3)"+2

Using the graph of y = x*, horizontally shift to

the right 3 units, and vertically shift up 2 units.

=3 8 f(x)=3x-2
y=3x-2
a. y=x x=3y—-2 Inverse
YA x+2=3y
20: x+2
B 3
L " x+2 1
101~ fT(x)= 3 —g(x—i-Z)
(|_2|’4|)| B |(|27|4)| r 9. Since (sin9)2+(cost9)2:l,then
-5 0,0 5

(sin14°) +(cos14°) ~3=1-3=-2

215
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Chapter 2: Trigonometric Functions

10. y=3sin(2x) P P T NE)
11. —— = —=1-3| — [+2
Amplitude: | 4|=|3|=3 any micos e =
Period: T:2—n:n _ _3\/3
2 T2
Phase Shift: £ =20 6-33
2 =
2
12. The graph is a cosine graph with amplitude 3 and
period 12.
Find w: 12 :2_15
w
12w=2xn
2n @
=—=—
12 6
. V4
The equation is: y =3cos (ng .

Chapter 2 Projects
Project I — Internet Based Project
Project 11

1. November 15: High tide: 11:18 am and 11:15 pm
November 19: low tide: 7:17 am and 8:38 pm

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

3. Nov Low Tide Low Tide High Tide High Tide
Time Ht(ft) t Time Ht(ft) t Time Ht(ft) t Time Ht(ft) t
o 6:26a 2.0 643 438 14 1663 929 22 948 1l:l4p 2.8 2323
B 6:22a 1.6 3037 534p 18 4157  11:18a 24 353 11:15p 2.6 4725
. 6282 12 5447  625p 20 6642  12:37p 2.6 60.62 11:16p 2.6 7127
2 o6 6:40a 08 78.67 T:12p 24 912  138p 2.8 8563 I1l:06p 2.6 9527
b0 | G:S6a 04 10293 7:57p 2611595 227p 30 11045 1l14p 28 11923
Dotas | 7172 00 12728 838 2614063  310p 32 13517 11:05p 28 14308
N les | 743 02 15172 3:50p 34 159.87
216
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LT HOOL g
Amin=-16 a oy e g
AmaxE=1v3  p AT
Hecl=28 o2
Ymin=-1 o
“max=d4 o
Vecl=.2 o
Ares=1

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

Nov 14: 0.1, 0.7

Nov 15: 04,04

Nov 16: 0.7,0.3

Nov 17: 1.0, 0.1

Nov 18: 1.3,0.1

Nov 19: 1.6, 0.1

Nov 20: 1.8

. Average of the amplitudes: 0.66

Period : 12

Average of vertical shifts: 2.15 (approximately)
There is no phase shift. However, keeping in
mind the vertical shift, the amplitude

y =Asin(Bx)+D

A=066 12=2F D=215
B
B=2~052
6

Thus, y =0.66sin(0.52x)+2.15

(Answers may vary)

y=0.848sin (0.52x +1.25)+2.23

The two functions are not the same, but they are
similar.

(el sy T]
nmmnil
oo
[ ] SN
L N e e
] N b
Lot rnn e P
=LA
) e e Ty
PO+
CAEE AT
=TT e

. Find the high and low tides on November 21
which are the min and max that lie between
t=168 and ¢ =192. Looking at the graph of
the equation for part (5) and using MAX/MIN
for values between 1 =168 and ¢+ =192:

I T HOIC
Amin=-1A
Amax=2EA
necl=20
Ymin=-1
“az=d
VYeol=,2
Ares=1

Chapter 2 Projects

Low tides of 1.49 feet when t = 178.2 and
t=190.3.

Hinimum Hinirnurm
W=1i7B.2z488 Y=1.48 W=190.20801 ¥=i.43

High tides of 2.81 feet occur when t = 172.2 and
t=184.3.

Hazxiraur Haxiraur
W=172. 18345 Y=Z.B1 #=1B4.Z6R% 'Y=Z.B1

Looking at the graph for the equation in part (6)
and using MAX/MIN for values between t = 168
and t=192:

A low tide of 1.38 feet occurs when t =175.7
and t =187.8.

Hinirury o Hiniraur q
W=1rE.FeEEY Y=l ZAYY101 w=187.B019z Y=1.zA44101

A high tide of 3.08 feet occurs when t = 169.8
and r=181.9.

Hazxirura o Haxirur a
Ww=169.779E8 ¥=Z.07H n=1B1i.B6Z6Z 'Y= 078

. The low and high tides vary because of the moon

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

Project II1

1. s(t)=1sin(27f;t)

_ 2z _L
°onf, f,
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Chapter 2: Trigonometric Functions

1 1 1
tO——3

3. af, |2, | 4f | £,
s (o1 [0 =1 |o

4. Let f,=1=1. Let 0<x<12,with Ax=0.5.
Label the graph as 0 < x <127, and each tick

. 1
mark is at Ax =—.
0

2
0 12
127, =2
_2 .f()
1 5 9 45
5. t=—, t=—, t=—o ..., t=——
4/, 4/, 4/, 4/,

6. M=010 — P=0=n0

7. S,(t) =1sin27 £yt +0), S, () =1sin(27 fyt + )

8. [0,47,] S,
[4T,.8T,] S,
[87,.12,] S,

Project IV

1. Lanai:
Oahu Oahu

\
DN
\ Lanai

Lanai

Peak of
\ Lanaihale

“a
3,370 ft

s=rf
528 00164
r 3960
_3960 =co0s(0.164)
3960+ h

3960 = 0.9999(3960 + k)
h=0.396 miles
0.396x5280 =2090 feet

. Maui:

Oah
a \u Oahu Peak of
\ Haleakala

PN
\ Maui

%
10,023 ft

\
3960 A Maui

9:5:&:0_0278
r 3960

3960
3960+ h
3960 = 0.9996(3960 + &)

h =1.584 miles
h=1.584x5280 = 8364 feet

=¢0s(0.278)

Hawaii:
Oahu Oahu

““
13,796 ft

\Y
3960 © Hawaii

o=2=299 _ 0480
r 3960
3960
3960 + &
3960 = 0.9988(3960 + h)
h=4.752 miles

h=4.752x5280 = 25,091 feet

=¢0s(0.480)

Copyright © 2016 Pearson Education, Inc.



Molokai:
Oahu Oahu
\1 \ ]F;caﬂ(laokf(vu
\
) \ Molokai )
4,961 ft
Molokai
_5__40 _soto01
r 3960
3960 =c¢0s(0.0101)
3960+ 4

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

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

Project V

Answers will vary.

Copyright © 2016 Pearson Education, Inc.
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2. Why do you think there is a negative height for the low tide

0 Hour Forecast
' on November 207 What is the height measured against?

301 T T T T T T

23-Aug-2007 07:00 CDT
T - ‘o 3.

poak ' T wave

On your graphing utility, draw a scatter diagram for the
298 -

data in the table. Let ¢ (time, in hours) be the independent
variable, with 1 = 0 being 12:00 AM on November 14,
t = 24 being 12:00 AM on November 15, and so on. Let &
be the height in feet. Remember that there are 60 minutes
in an hour. Also, make sure your graphing utility is in ra-
dian mode.

4. What shape does the data take? What is the period of the
data? What is the amplitude? Is the amplitude constant?
Explain.

¥}
ok
@

Latitude (N)
)
@
-

29.2-

= -94.8 -94.6

Longitude (W) 5.

1 2 3 3 5 6 7 8
sec 6.

-95.2 -95

Find a sine curve that models the data. Is there a vertical
shift? Is there a phase shift?

Using your graphing utility, find the sinusoidal function of
best fit. How does this model compare to the model from
part 57

Tides The given table is a partial tide table for November

2006 for the Sabine Bank Lighthouse, a shoal located off- 7. Using the model found in part 5 and the sinusoidal equa-
shore from Texas where the Sabine River empties into the tion of best fit found in part 6, predict the high tides and
Gulf of Mexico. the low tides on November 21.

1. On November 15, when was the tide high? This is called 8. Looking at the times of day that the low tides occur, what

do you think causes the low tides to vary so much each
day? Explain. Does this seem to have the same type of ef-

high tide. On November 19, when was the tide low? This is
called low tide. Most days will have two high tides and two

low tides. fect on the high tides? Explain.
Low Tide Low Tide High Tide High Tide Sun/Moon Phase
Nov Time Ht (ft) Time Ht (ft) Time Ht (ft) Time Ht (ft) Sunrise/set Moonrise/set
14 6:26a 20 4:38p 14 9:29a 2.2 11:14p 2.8 6:40a/5:20p 1:05a/2:02p
15 6:22a 16 5:34p 1.8 11:18a 24 11:15p 26 6:41a/5:20p 1:58a/2:27p
16 6:28a 1.2 6:25p 2.0 12:37p 2.6 11:16p 2.6 6:41a/5:19p 2:50a/2:52p
17 6:40a 0.8 7:12p 24 1:38p 2.8 11:16p 26 6:42a/5:19p 3:43a/3:19p
18 6:56a 0.4 7:57p 2.6 2:27p 3.0 11:14p 2.8 6:43a/5:19p 4:38a/3:47p
19 7:17a 0.0 8:38p 26 3:10p 3.2 11:05p 2.8 6:44a/5:18p 5:35a/4:20p
20 7:43a -0.2 3:52p 34 6:45a/5:18p 6:34a/4:57p

[Note: a, AM: p, PM. ]

Sources: National Oceanic and Atmospheric Administration (http://tidesandcurrents.noaa.gov) and U.S. Naval Observatory (http://aa.usno.navy.mil)
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Motorola

at

Digital Transmission over the Air

Digital communications is a revolutionary technol-
ogy of the century. For many years, Motorola has
been one of the leading companies to employ digi-
tal communication in wireless devices, such as cell
phones.

Figure 1 shows a simplified overview of a digital
communication transmission over the air. The infor-
mation source to be transmitted can be audio, video,
or data. The information source may be formatted
into a digital sequence of symbols from a finite set
{a,} = {0, 1}.S0 0110100 is an example of a digital
sequence. The period of the symbols is denoted by 7'.

The principle of digital communication systems is
that, during the finite interval of time 7', the infor-
mation symbol is represented by one digital wave-
form from a finite set of digital waveforms before it
is sent. This technique is called modulation.

Modulation techniques use a carrier that is modu-
lated by the information to be transmitted. The modu-
lated carrier is transformed into an electromagnetic
field and propagated in the air through an antenna. The
unmodulated carrier can be represented in its general
form by a sinusoidal function s(t) = Asin(w,t + ¢),
where A is the amplitude, w, is the radian frequency,
and ¢ is the phase.

Let’s assume that A = 1, ¢ = 0, and w, = 27f;
radian, where f; is the frequency of the unmodulated
carrier.

1. Write s(¢) using these assumptions.
2. Whatis the period, 7}, of the unmodulated carrier?

3. Evaluate s(¢) for t = 0, 1/(4fy), 1/(2fy), 3/(4f,),
and 1/f;.

4. Graph s(¢) for 0 = ¢ = 127T,. That is, graph 12
cycles of the function.

5. For what values of ¢ does the function reach its
maximum value?
[Hint: Express ¢ in terms of f;].

Three modulation techniques are used for trans-
mission over the air: amplitude modulation, fre-
quency modulation and phase modulation. In this
project, we are interested in phase modulation.
Figure 2 illustrates this process. An information
symbol is mapped onto a phase that modulates
the carrier. The modulated carrier is expressed
by Si(t) = sin(2afyt + ;).

Let’s assume the following mapping scheme:

{a) = {v)

0 ¢0=0
1 l,[f1=7T

6. Map the binary sequence M = 010 into a phase
sequence P.

7. What is the expression of the modulated carrier
So(t) for ¢; = o and Sy(¢) for ¢; = 1, ?

8. Let’s assume that in the sequence M the period
of each symbol is T = 4T,. For each of the three
intervals [0, 4T, ], [4T), 8T, ], and [8T,, 12T, ], in-
dicate which of Sy(¢) or S;(¢) is the modulated
carrier. On the same graph, illustrate M, P, and
the modulated carrier for 0 = t = 127,

Carrier
l s(1)
Digital
Information Digital waveform .
Format Modulate Transmit
source symbols (Modulated
carrier) S;(t)
Figure 1 Simplified Overview of a Digital Communication Transmission
Carrier
is(t) = sin (2w fyt)
Digital i i
Digital waveforms
__symbols Mappin Phase Modulate ' .
@) ! PPing W) 5,(0) = sin (2nfyt + )
| |

Figure 2 Principle of Phase Modulation
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2. Identifying Mountain Peaks in Hawaii
Suppose that you are standing on the southeastern shore
of Oahu and you see three mountain peaks on the hori-
zon. You want to determine which mountains are visible
from Oahu. The possible mountain peaks that can be seen
from Oahu and the height (above sea level) of their peaks
are given in the table.

Distance Height
Island (miles) Mountain (feet)
Lanai 65 Lanaihale 3,370
Maui 110 Haleakala 10,023
Hawaii 190 Mauna Kea 13,796

Molokai 40 Kamakou 4,961

Copyright © 2013 Pearson Education, Inc.



(a) To determine which of these mountain peaks would
be visible from Oahu, consider that you are standing
on the shore and looking “straight out” so that your
line of sight 1s tangent to the surface of Earth at the
point where you are standing. Make a sketch of the
right triangle formed by your sight line, the radius
from the center of Earth to the point where you are
standing, and the line from the center of Earth
through Lanai.

(b) Assuming that the radius of Earth is 3960 miles,
determine the angle formed at the center of Earth.

(c) Determine the length of the hypotenuse of the trian-
gle. Is Lanaihale visible from Oahu?

(d) Repeat parts (a)—(c) for the other three islands.

(e) Which three mountains are visible from Oahu?
Copyright © 2013 Pearson Education, Inc.



sJa1deyos ||e 10} 910 |duoo 186 01 wod " |eagyueg 1Sa]l 1IS IA

10T yoeoiddy 921D 11un Vv Allauouob 11l

4. CBL Experiment Using a CBL, the microphone
probe, and a tuning fork, record the amplitude, frequen-=
cy, and period of the sound from the graph of the sound§
created by the tuning fork over time. Repeat the experi-¢
ment for different tuning forks.

Copyright © 2013 Pearson Education, Inc
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