Chapter 4
Trigonometric Functions

Section 4.1 4. a. Y
Check Point Exercises
1. The radian measure of a central angle is the length of 7 x
the intercepted arc, s, divided by the circle’s radius, 7. N_n
The length of the intercepted arc is 42 feet: s = 42 4
feet. The circle’s radius is 12 feet: » = 12 feet. Now
use the formula for radian measure to find the radian b YA
measure of 6. T 5
3n
:EZ4Zfeet:3_5 Aarygmn
r 12 feet A >
Thus, the radian measure of @ is 3.5 x
2. a 60°=goe. Zradians 60T ians
180° 180
T . (v y
=— radians
3 _In-*F
4 o
: /
b.  270°=270°-% radians _ 2707 radians NS5y
180° 180
kY4 .
=— radians
2
. d YA
c. -300° =-300°- 7 radians = —3007 radians ST T 31
s 180° 180 %
-2 radians A ,\(
3 X
V4 . 7 radians ~ 180°
3. a. — radians= . -
4 4 7 radians
0
= 180" =459 5. a. Fora400°angle, subtract 360° to find a positive
4 coterminal angle.
4 . 47 radians 180° 400° - 360° = 40°
b. —— radians=——-
3 3 7 b. Fora-135°angle, add 360° to find a positive
4 180° — 400 coterminal angle.
3 —135°+360° = 225°
| e 6. o DT _p, 1r 107 3
¢.  6radians =6 radians- ———— 5 5 5 5
7r radians
0
_6:180° o b, - Foiogp-_ % 307 _297
T 15 15 15 15
o
d. —4.7 radians =—4.7 radians L
7 radians
— . 0
_AT1807 -269.3°
T
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a. 855°-360°-2=855°-720°=135°

b 7 g0 -U7 4y
3 3
3 3 3
C. —25—7[+27Z-3=—25—”+6ﬂ'
6 6

_257[+367Z_E
6 6 6

d. 174~ 17.4(57") -991.8°

For a 991.8° angle, we need to subtract two
multiples of 360° to find a positive coterminal
angle less than 360°.

174-27-2=174—-4r =48

The formula s =r€ can only be used when @ is
expressed in radians. Thus, we begin by converting

. . radian
45° to radians. Multiply by 7 radians
180°
7z radians 45 .
45°=45°.———— = — 7 radians
180° 180
V.4 .
=— radians
4

Now we can use the formula s =76 to find the
length of the arc. The circle’s radius is 6 inches :
r= 6 inches. The measure of the central angle in

radians is % :0="The length of the arc

intercepted by this central angle is
s=r0

. V4
= (6 inches)| —
( inches){
= 6—7[ inches
4

= 37” inches
=~ 4.71 inches.

We are given @, the angular speed.

w =45 revolutions per minute

We use the formula v = rw to find v, the linear
speed. Before applying the formula, we must express
® in radians per minute.

o= 45 revolutions 27 radians

1 minute 1 revolution

_ 907 radians
1 minute

The angular speed of the propeller is 907 radians per
minute. The linear speed is
V=ro
=1.5 inches- 99”
) 1 minute
_ 1357 inches

minuteh

inches

=1357—
_minute

inches

~ 424

minute
The linear speed is 1357 inches per minute, which is
approximately 424 inches per minute.

Concept and Vocabulary Check 4.1

1.

2.

10.

origin; x-axis
counterclockwise; clockwise

acute; right; obtuse; straight
s
r

T
180°

180°
VA

coterminal; 360°; 27
ré
false

r; angular

Exercise Set 4.1

1.

obtuse
obtuse
acute
acute
straight

right
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10.

11.

12.

13.

14.

15.

16.

17.

s _ 40 inches

0 =—=——— =4 radians
r 10 inches
=5_ 30 feet = 6 radians
r 5 feet
g=3 _Byards 4 tians
r 6 yards
_5_ M =2.25 radians
r  8yards
_ s _ 400 centimeters
r 100 centimeters
s 600 centimeters
r 100 centimeters
450 = 450. 77 radians
180°
il radians
180
T radians
4
18° = 18°. 7 radians
180°
= radians
80
- radians
10
135° = 135°. 7r radians
180°
1357 .
= radians
=27 radians
4
150° = 150° - 7r radians
180°
1507 .
= radians
5180
=27 radians
6
7r radians
300°=300° —
180°
300z

= radians
180

T .
=— radians

18.

19.

=4 radians
20.

= 6 radians

21.

22.

23.

24,

25.

26.

Section 4.1 Angles and Radian Measure

330° =330°. F radians

180°
330z .
= radians
180

T .
=—— radians
6

7 radians

180°
2257 .
=— radians
180

—225°=-225°.

V4 .
=—"" radians
4

2700 = —270°. % radians
180°

270 .
=——— radians
180

= —3—” radians
2

T . 7 radians  180°
— radians = . -
2 2 7r radians
_180°
2
=90°
T . 7 radians  180°
— radians = . -
9 9 7r radians
0
_ 180 — 200
9

27 radians  180°

2 .
Tﬂ radians =

3 7 radians
~2:180°
3
=120°
3aradians  180° _3-180° _ o
4 7 radians 4
0 ) 77z radians  180°
— radians = : :
6 6 7 radians
_7-180°
6
=210°
117 radians 180.0 _ 11-180° ~330°
6 7 radians 6
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. . 180°
27. 37 radians = —37x radians- -
7 radians

=-3-180°
=-540°
(0]
28. —4r radians -& =-4-180° =-720°
7 radians
7r radians
180°
= radians
180

29. 18°=18°-

~ (.31 radians

¥4 radians
; 180°
A radians

30. 76°=76°

~1.33 radians

31, —40° = —400. - rodians

180°
407 .
= ——— radians
180

=~ —(.70 radians

7t radians
180°
T .
= ——— radians

=~ —(0.87 radians

32, -50°=-50°-

7 radians
180°
radians

33, 200°=200°-
2007

180
=~ 3.49 radians

34. 2500 = 2500. % radians

180°
250 .
= radians

=~ 4.36 radians

0
35. 2 radians = 2 radians &
7 radians
~2:180°
V4
~114.59°

180°  3-180°
7 radians V4

36. 3radians- ~171.89°

37.

38.

39.

40.

41.

42.

43.

44.

7 radians . 180°

z radians =
13

13 7t radians
_180°
13
~13.85°
0 0
7 radians-—20_ 1807 14 590
1 zrradians 17
00
—4.8 radians = —4.8 radians- -
7 radians
_ —4.8-180°
V4
~-275.02°
0 5~ .1e00
—5.2 radians - 189 = 52180
rrradians T
~-297.94°
YA
Tn 5
6
y AN
x
y
4n 5
3
/1YY ™
/ X
y »
yi
5 3n
- 4
X
X
Y
In 5
4
el ™\
x
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45.

46.

47.

48.

49.

50.

51.

Y
n
[T *
XN 21m
3
y
n)
a2 < g
TN S
6
y
»
<
\ X
Z
5
4
Yy
»
TN
/
i\ ¢
_In
4
y
[
[ w
16
ERRasvizN
\y X
YA
n
\4
D >
5 X
N
e 14n
3
YA
n
NEN120°+H
X
)

52.

53.

54.

5S.

56.

57.

58.

59.

60.

61.

62.

63.

Section 4.1 Angles and Radian Measure

Yi
51-+150°
X
YA
e
y x
-210°
YA
\
N x
11D
=240°
y
- A
420774
NP X
el /)
Yi
»
405/
NP X
»

395°-360° =35°

415°-360°=55°

—150°+360°=210°

—160°+360° =200°
—765°4+360°-3=-765°+1080°=315°
—760°+360°-3 = —760°+1080° =320°

197 197 127 I«
— 2T =———=—
6 6 6 6
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64 177 2ﬂ__177r 107 Iz 74. r=9 yards, 0 =315°
s 5 5 5 Begin by converting 315° to radians, in order to use
the formula s =76 .
23z 23z 2375 2071' 3 i
65. — -7 2=—-4r=—-———"— 315°=315°- ﬂLdmns L —— radians
5 5 5 5 5 180° 4
Now use the formula s =76 .
257 _ 257w _2r 24r _1m 1z _ 637
66. — —-2m2=——-dm=— o= § =76 =9-— === yards = 49.48 yards
V3 _m 100r 997 75. 6 revolutions per second
67. —+2mr=—"-~4+—=—+- . . .
50 50 50 50 _ 6 revolutions 27 radians _ 127 radians
I1second 1revolutions 1 seconds
T T 807 7971 =127 radians per second
68, ——+2r=—"~-+—=—+
40 40 40 40 )
76. 20 revolutions per second
3r 3 _ 20 revolutions 27 radians _ 407 radians
69. ——+27x-3=—"—"-+6r1
7 7 1 second Irevolution 1 second
=407 radians per second
__ 3 42m_llx
7 7 7
71. _4Tﬂ and ZT”
70. ——3§”+2 3———3Z”+6 ——33”+—5‘;” 167”
78. —7?7[ and 5?7[
71. r =12 inches, 8 = 45°
Begin by converting 45° to radians, in order to use 3 5
the formula s =76 . 9. 4 and 4
45° =45°. M Z radians
180° 4 80 T and r
Now use the formula s =76 . R an 4
V1
s =r@=12-— =37 inches = 9.42 inches
4 81. —g and 377[

72. r =16 inches, 8 = 60°

Begin by converting 60° to radians, in order to use 82. —rmand 7
the formula s =76 .

7 radians _ 7 83. 2 2T = M
60° = 60°- ———— = — radians 60 6
180° 3
Now use the formula s =r@ .
16 84 3_5 27 = 7_”
s=r9=16-§=7ﬂ- inches = 16.76 inches T 60 6

85. 3 minutes and 40 seconds equals 220 seconds.
73. r =28 feet, @ =225°

220 2r
Begin by converting 225° to radians, in order to use 2m=

60 3
the formula s =76 .

86. 4 minutes and 25 seconds equals 265 seconds.
225°=1225°. ﬂLdlfns 7 — radians 265 537 a
180 4 22 =222

Now use the formula s =76 . 60 6

s=rf= 8~57ﬂ-: 1077 feet = 31.42 feet
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87.

88.

89.

First, convert to degrees.
360°

1 . 1 .
— revolution = — revolution - —
6 6 1 revolution

= l-360O =60°
6

Now, convert 60° to radians.
7 radians _ 607

—— radians
180° 180

T .
= ? radians

60° =60°-

1 .o . V4
Therefore, s revolution is equivalent to 60° or 3
radians.

First, convert to degrees.

360°
; 1 revolution
=§-360° =120°

1 . 1 .
grevolutlons = E revolutions -

Now, convert 120° to radians.
7 radians 1207
180° 180

120°=120°-

. 2r .
radians = T radians

1 L . 2
Therefore, 3 revolution is equivalent to 120° or Tﬂ
radians.

The distance that the tip of the minute hand moves is
given by its arc length, 5. Since s =r8 , we begin by
finding r and 6. We are given that » = § inches. The

minute hand moves from 12 to 2 o'clock, or % ofa

complete revolution. The formula s =76 can only be
used when @ is expressed in radians. We must

1 . .
convert g revolution to radians.

1 . 1 . 27 radians
— revolution = — revolution - ——
6 6 1 revolution

T
=— radians
3
The distance the tip of the minute hand moves is

s=rf=(8 inches)(gj = 8% inches = 8.38 inches.

90.

91.

92,

Section 4.1 Angles and Radian Measure

The distance that the tip of the minute hand moves is
given by its arc length, 5. Since s =r6 , we begin by
finding » and . We are given that

r= 6 inches. The minute hand moves from 12 to 4

1 .
o’clock, or 3 of a complete revolution. The formula
s =r@ can only be used when @ is expressed in
. 1 . .
radians. We must convert — revolution to radians.

1 . 1 . 27 radians
— revolution = —revolution - ———
3 3 1 revolution

2 .
= TE radians

The distance the tip of the minute hand moves is
s =r@ = (6 inches) 277[ = IZT” inches

=47 inches = 12.57 inches.

The length of each arc is given by s =r8 . We are
given that » = 24 inches and

0 =90°. The formula s =76 can only be used when
@ is expressed in radians.

7z radians 907 .
—————— =——radians

180° 180
T .
=— radians

90° = 90°-

The length of each arc is
s =r6 = (24 inches) [%) =127 inches
= 37.70 inches.

The distance that the wheel moves is given by

s =r6 . We are given that » = 80 centimeters and &
= 60°. The formula s =76 can only be used when 8
is expressed in radians.

K4 radians 607

=—— radians
180° 180

V4 .
=§ radians

60° =60°

The length that the wheel moves is
s =r@ = (80 centimeters) (%) = 807” centimeters

~ 83.78 centimeters.
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93.

94.

95.

96.

97.

496

Recall that 6= . We are given that
r

s = 8000 miles and » = 4000 miles.
_ s 8000 miles

" r 4000 miles
Now, convert 2 radians to degrees.
180°

2 radians = 2 radians- -
7 radians

=2 radians

~114.59°

Recall that 8= . We are given that
r

s = 10,000 miles and » = 4000 miles.

=52 10,000 miles miles = 2.5 radians
r 4000 miles

Now, convert 2.5 radians to degrees.

o
2.5 radians- 180'
27 radians

~143.24°

Recall that s =76 . We are given that
r=4000 miles and @ =30°. The formula s =r@ can
only be used when @ is expressed in radians.
7z radians 30z .
————— =——radians
180°

30°=30°- =
180
_ radians

s=r6=(4000 miles) (%j = 2094 miles

To the nearest mile, the distance from 4 to B is
2094 miles.

Recall that s =76 . We are given that

r=4000 miles and @ =10°. We can only use the
formula s =r@ when 8 is expressed in radians.
7 radians _ 107

—— radians
180° 180

T .
=— radians

10°=10°-

s=r6=(4000 miles) (%) = 698 miles

To the nearest mile, the distance from 4 to B is
698 miles.

Linear speed is given by v =r@. We are given that
0= % radians per hour and

7 = 4000 miles. Therefore,

v =rw= (4000 miles)( ]

z
12

4000 .
= miles per hour

= 1047 miles per hour
The linear speed is about 1047 miles per hour.

98.

99.

100.

101.

113

114

115

116

117.

Linear speed is given by v =r@ . We are given that
r =25 feet and the wheel rotates at 2 revolutions per
minute. We need to convert 2 revolutions per minute
to radians per minute.

2 revolutions per minute

. . 27 radians
= 2 revolutions per minute - ——

1 revolution
=4 radians per minute

v =rw= (25 feet)(4r) = 314 feet per minute

The linear speed of the Ferris wheel is about
314 feet per minute.

Linear speed is given by v =r@. We are given that
= 12 feet and the wheel rotates at 20 revolutions per
minute.

20 revolutions per minute

. . 27 radians
= 20 revolutions per minute -

1 revolution
=407 radians per minute

v =rw= (2 feet)(40r)
= 1508 feet per minute

The linear speed of the wheel is about
1508 feet per minute.

Begin by converting 2.5 revolutions per minute to
radians per minute.

2.5 revolutions per minute

27 radians

= 2.5 revolutions per minute - -
1 revolution

=57 radians per minute

The linear speed of the animals in the outer rows is
v =rw=(20 feet)(57) =100 feet per minute

The linear speed of the animals in the inner rows is
v=rw= (0 feet)(57) = 50 feet per minute

The difference is 1007z — 507z =507z feet per minute
or about 157 feet per minute.

—112. Answers may vary.
. 30°15'10"=30.25°
. 65°45'20"=65.76°
. 30.42° =30°25'12"

. 50.42° =50°25'12"

does not make sense; Explanations will vary.
Sample explanation: Angles greater than 7 will
exceed a straight angle.
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118.

119.
120.

121.

122.

123.

124.

does not make sense; Explanations will vary.
Sample explanation: It is possible for 7 to be used
in an angle measured using degrees.

makes sense

does not make sense; Explanations will vary.
Sample explanation: That will not be possible if the
angle is a multiple of 27.

A right angle measures 90° and

90° =§ radians = 1.57 radians.

If 6 =% radians = 1.5 radians, @ is smaller than a

right angle.

s=r6
Begin by changing € = 20° to radians.
20°=20°- T _% radians

180° 9
100=2
800
r =——= 286 miles
V4

To the nearest mile, a radius of 286 miles should be
used.

s=r6
Begin by changing 6 =26° to radians.
26°=26° 2 =137 1 fians

180° 90

5s=4000 Lz

=~ 1815 miles

To the nearest mile, Miami, Florida is 1815 miles
north of the equator.

logz(x+5)=2
32 =x+5
9=x+5
4=x
Check:
logz(x+5)=2
logz(4+5)=2
log39=2
2=2
The solution set is {4}.

Section 4.1 Angles and Radian Measure

125. x> +4x+6=0
a=1,b=4,c=6
~b++/b* —4ac
2a
2(1)
—4+416-24

2
—4+-8
2
—4+2i\2
2
_2(-2+i2)

xX=

2
=2+i\2
The solution set is {—2 + l\/z}

X +2x—1 ifx>2
3x+1 if x<2

126. f(x) ={

F(3)-f(=5)=(5"+2-5-1)—(3(-5)+1)
=(25+10-1)—(~15+1)

=34-(-14)
=48

127. The point is indicated.

y
(_1 ﬁ)\
2’ 2 )l
™\
\ /25 x
Y+y =1

128. domain: {x|—l£x£l} or [—1,1]

range: {y|—l <y Sl} or [—1,1]

1 V3

129, x=——; y=-2
Y

2
i_i__L__Lﬁ__ﬁ
NN N IV

2
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Chapter 4 Trigonometric Functions

Section 4.2

Check Point Exercises

1.

498

272

13

sint = _1
Y 2
3
cost=x=——
2
tant=l=i=£
x B 3
2
1
csct=—=2
Yy
1 23
sect=—=—-—
X 3
COtt=£=\/§
y

The point P on the unit circle that corresponds to

t =z has coordinates (-1, 0). Use x =—1 and y =0 to
find the values of the trigonometric functions.
sint=y=0

cost=x=-1

tanﬂ=Z=£=0
x -1
1 1
secr=—=—=-1
x -
x -1
cot 7 = — = — = undefined
y 0
1 1
csexr = — = — =undefined
y 0
T 1 1
t=—,P| —,—
3 [JE ﬁJ
Cscle:ﬁ
4 vy
seczzlzﬁ
4 x
g 1
cotz=£=+=l
Y B

5.

2
tn@zsmg—i
cos® /5
3
_23_2
35 s
_2 525
5 V5 5
cscl = ! =l=§
sind 2 2
3
secld = =L=i
cos@ 5 5
3
_3 5 35
5 45 5
Cote— 1 :L:ﬁ
tand 2 2
J5
sint=l,0St<£
2 2

sin’t+cos’t=1

| 2
(—j +cos’t=1
2

coszt=1—l
4

[ B
cost =, |—=——
4 2

Because 0<t< > cost is positive.
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Section 4.2 Trigonometric Functions: The Unit Circle

S .4 .4 Exercise Set 4.2
7. a. cot— =cot| —+ 7 |=cot—=1
4 4 4

1. The point P on the unit circle has coordinates

15 8 15 8
——,—|. Use x=—— and y =— to find the
b. cos(—%{j=cos(—97”+4ﬂj ( 17 17] 17 7 17

values of the trigonometric functions.

=cos 'z
YT sintf=y=—
4 ST
2 15
= cost=x=——
2 17
8
Yy _ 7 8
. T tanf =—=——=——
Z 15
8. a. sin 2 0.7071 x - 15
117
b. csc 1.5~ 1.0025 Ser=TTY
1 17
sect=—=——
X 15
Concept and Vocabulary Check 4.2 X 15
cotf=—=——
1. intercepted are Y
2. cosine; sine 2.  The point P on the unit circle has coordinates
5 12 5 12
e e (—oo oo ——,—— | Use x=—— and y =—— to find the
3. sine; cosine; (—oo,o0) ( 3 13] 3 y 3
4. 1. —1; [-11] values of the trigonometric functions.
. 2 b & 12
st =y= —E
2 2
TR o
cost=x=——
13
6. cost sect; even -2
‘[antzlz—153 :%
7. —sint; —csct; —tant; —cott; odd o 13
1 13
) csct=—=——
8. sint; cost; tant % 12
1 13
9. tant; cott sect=—=——
X 5
10. 1; sec’t; csc’t cotr =2 ==
Y

11. periodic; period
12. sint; cost; periodic; 27

13. tant; cott; periodic; 7
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Chapter 4 Trigonometric Functions

3.

500

The point P on the unit circle that corresponds to

t=_Z has coordinates ﬁ,—ﬁ . Use xzﬂ
4 2 2 2
2 . .
and y = 5 to find the values of the trigonometric
functions.
sint = ——\/5
Y 2
V2
CoSt=x=——
2
v _2
tanf == =—2-=—1
TR
2
1
csct:—:—\/f
y
1
sect=—=\/§
X
cottziz—l
y

The point P on the unit circle that corresponds to

\/E \/E] Use

t= 37 has coordinates | ———,—
4 2

2
a0

x= 5 and y= - to find the values of the

trigonometric functions.

NG

sint=y=——
Y 2
V2
cCoSt=x=———
2
2
== 2 = —
tant—x 5 1
2
1
csct=—=x/5
y
1
sect=—=—\/§
X
cott="=-1
y
. T
sin—=—
6
.4 3
sin—=—
3 2

X

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

coOsS— =———
2
1
coOS— =——
2
tant=—=0
tan0=—=0
1
CSC— I
2
A _ 1
csc =7
2
Scclln_ 1
6 B
2
1
sec——=1=2
2
sin—=-1
3
cos—”zO
2

sec%r = undefined

tan%Z = undefined

3
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T
cos—=—
6 2
b. cos(—zjzcoszz
6 6
T 1
a. CcoS—=—
3 2
b. cos —Ej = cosz =
3 3



21.

22.

23.

24.

25.

26.

a sin— =—
. ( hY/4 1
b sin| —— |=—sin—=——
2r 3
a —_—=
2
2r 2r \/5
b sin| —— |=—-sin— =———
3 3 2
sy B
a tan—=—2=—\/§

a tan—llﬁ—j— —3
6 B 3
2
6 6 3
. 8 15
sSinf =—,CoSt =—
17 17
8
tant:%—i
7 15
17
csCt =—
8
17
sect =—
15
15
cott =—
8
. 3 4
sint =—,CoSt =—
5 5
3
s 3
tans == ==
3 4
5
csct=—
3
5
sect =—
4
4
cott=—
3

28.

29.

30.

Section 4.2 Trigonometric Functions: The Unit Circle

.1 22
sSinf =—,CcoS8t =——
3 3

1 2
tant:E:T

3
csct=3

32
sect =——

4
cott:2\/§
.2 NG
SInf =—,coSt =——

3 3

2
tant=i=ﬁ

S5

3

3
CcsCt =—

2

3J5
sect =——

5

NG
cott =—

2
sint=§,0S1<£

7 2

sin®¢+cos’t=1

2
(Ej +cos’t=1
7
36

cos’t=1-"—

49
13 13
cost =,|— =—
49 7
V4

Because 0<¢< > cost is positive.

sintzl,OSt<
8

NN

sin®f+cos’t=1

2
(lj +cos’r=1
8
49

cos’t=1-—

64
/15 15
cost=,|— =——
64 8

V4 . .
Because 0 <1< BX cost? is positive.
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39 T

sint=——,0<¢t<—
31. 3 5

sin®t+cos’t=1

2
(gj +cos’t=1

cosztzl—g
64
25 5

CoSt =, ,[— =—
64 8

V4 . ..
Because 0 <t < > cost 1s positive.

32. sint=@,0£t<%

sin’t+cos’t=1
2
@ +cos’t=1
5
21

cos’t=1-"
25

[4 2
cost=,[—=—
25 5

T . .
Because 0 <7< EX cos¢? 1s positive.

33. sinl.7cscl.7=sinl.7 _1 =1
sinl.7

1

34. cos2.3sec2.3=co0s2.3 =1
cos2.3
35. sin® %+ cos? % =1 by the Pythagorean identity.
36. sin® £+ cos’ z_ 1 because
3 3
sin?t+cos’t=1.

37. sec’ %— tan? % =1 because 1+ tan’ ¢ =sec’ 1.

2 T

38. csc? %— cot =1 because

1+cot?t =csc?¢.

39.

40.

41.

43.

44.

45.

46.

47.

50.

sin| =Z-10007 |=sin| - % + 27
4 4

=sin—

sin(—£—20007zj —sin| - Z 427
4 4

. VA
=Smn-—
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51.

52.

53.

54.

5S.

56.

57.

cos —1—100075 =Cos —£+2ﬂ'
4 4

V.4
=cos—
4
V2
2
cos(—l— 20007[] = cos(—£+ 27:)
4 4
r
=cos—
4
V2
2
3 _2
2
b sin—:sin(3—”+2ﬂj:sin_:%
kY4 \/5
a cos—=——=
4 2
b. cos——=cos 3—”+27z =cos—_—£
4 2
a cos—=0

.
a. sin—=1
2

b. sing—ﬂzsin £+47z :sinzzl
2 2 2

a. tanﬂz%zo

b. tanl7x =tan(xr +167)
=tan[z +8(27)]
=tanrzw
=0

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Section 4.2 Trigonometric Functions: The Unit Circle

V3 9:0
1

a. cot—=
2

b. cotls—ﬂzcot Z+771' =cot£=0
2 2 2

. Ir \/5
a. sin—=———
4 2
b. sin—47ﬂ-=sin 7—”+1075
4 4
=sin{7—7[+5(27z)}
4
. I
=sin—
4
__\2
2
r \/5
a cos— = —
4 2
b. cos47—”=cos 7—ﬂ-+107r =cos7—ﬂ-:£
4 4 4 2

sin0.8 = 0.7174
cos 0.6 = 0.8253
tan 3.4 = 0.2643
tan 3.7 = 0.6247
csc 1=1.1884

sec 1 =~ 1.8508

cos 2= ~0.9511
10

sin >~ = 0.8090
10

cotX ~3.7321
12

cotX ~5.6713
18

sin(—f)—sint = —sin¢ —sint = -2sin¢ = —2a

tan(—¢)—tant = —tan¢ —tan¢ = —2tant = —2¢
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73.

74.

75.

76.

77.

78.

79.

80.

81.

504

4cos(—t)—cost =4cost—cost =3cost =3b
3cos(—t)—cost =3cost—cost =2cost =2b

sin(f +27) —cos(t +4mr)+ tan(f + )
= sin(¢) — cos(t) + tan(¢)
=a-b+c

sin(z + 27) + cos(t +4x) —tan(t + )
= sin(¢) + cos(z) — tan(t)
=a+b-c

sin(—t —2m)—cos(—t —4x)—tan(—t — )
=—sin(t+27x)—cos(t +47x) + tan(t + )
= —sin(¢) —cos(?) + tan(¢)

=—a-b+c

sin(—¢ —27)+ cos(—t —4x) —tan(—t — )
=—sin(t+ 27x) + cos(t + 4x) + tan(t + )
= —sin(?) +cos(?) + tan(z)

=—a+b+c

cost+cos(t+1000x) —tan ¢ — tan(¢ +9997)
—sint +4sin(z —10007)

=cost+cost—tant—tant—sinz+4sint

=2cost—2tant+3sint

=3a+2b-2c

—cost+7cos(t+10007) + tan ¢ + tan(z +999)
+sint +sin(¢ —1000x)

=—cost+7cost+tant+tant+sint +sint

=6cost+2tant+2sint

=2a+6b+2c

a.  H=12+83sin| 2% (30-80)
365

=12+8.35in0=12+8.3(0)

=12
There are 12 hours of daylight in Fairbanks on
March 21.

b. H=12+83sin| 2% (172-80)
365

=~12+8.35in1.5837

=20.3
There are about 20.3 hours of daylight in
Fairbanks on June 21.

82.

83.

H =12+8 3sin| 2% (355—80)
365

=~12+8.35in4.7339
=3.7

There are about 3.7 hours of daylight in
Fairbanks on December 21.

H =12+ 24sin| 2 (80—80)
365

12+24sin0=12+24(0) =12
There are 12 hours of daylight in San Diego on

March 21.
.| 27
H =12+24sin| —(172-80)
365

=12+245sin1.5837
=~14.3998

There are about 14.4 hours of daylight in San
Diego on June 21.

H =12+24sin{2—7[(355—80)}
365

=12+245sin4.7339

=9.6
There are about 9.6 hours of daylight in San
Diego on December 21.

Fort=7,

E:sin£-7:sin—:1
14

Fort =14,

E=sin’--14=sinz =0
14

For ¢t =21,

E = sin£-21 = sin3—”:—1
14 2

For ¢t =28,

. T . .

E= smﬁ-28= sin2z =sin0=0

For ¢t =35,

E= sin£~35 = sins—ﬂ:sin—zl
14 2

2
Observations may vary.

Because E(35) = E(7) = 1, the period is
35 —7=28 or 28 days.
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84.

At6 AM., 1=0.
H=10+4sin%-0

=10+4sin0=10+4-0=10
The height is 10 feet.
At9 AM., t=3.

H:10+4sin%-3

=10+4sin§=10+4(1)=14

The height is 14 feet.
Atnoon, t = 6.

H:10+4sin%-6

=10+4sinr=10+4-0=10
The height is 10 feet.
At6PM, t=12.

H=10+4sin%-12

=10+4sin27=10+4-0=10
The height is 10 feet.
At midnight, = 18.

85. -

Section 4.2 Trigonometric Functions: The Unit Circle

. . . T
The sine function has a maximum at E Thus,

we find a high tide at %t =§ or t= 3. This

value of ¢ corresponds to 9 a.m. From part a, the
height at 9 A.M. is 14 feet. Because the sine has

a period of 2x we also find a maximum at 57” .

We find another high tide at %t = 57” ort=15.

This value of ¢ corresponds to 9 P.M. Thus, high
tide is at 9 AM. and 9 P.M.

c¢.  The period of the sine function is 27 or on the
interval [0, 27] . The cycle of the sine function

V.4 hY/4 T
starts at gt = EY or t =0, and ends at Et =2r

or t = 12. Thus, the period is 12 hours, which
means high and low tides occur every 12 hours.

96. Answers may vary.

97. makes sense
.
H=10+4sin—1 . .
0+4sin 6 8 98. does not make sense; Explanations will vary.
=10+4sin37 =10+4sin7x Sample explanation: sin# cannot be less than —1.
=10+4-0=10 V10 _
The height is 10 feet. Note that === =~1.58 <~1.
At3AM, t=21.
T 99.  does not make sense; Explanations will vary.
H=10+4 S 21 Sample explanation: Cosine is not an odd function.
=10+4sin77”:10+4sin37” 100. makes sense
=10+4(-1)=6 101. ¢ is in the third quadrant therefore sin¢ <0,
The height is 6 feet. tanz >0, and cotz > 0.

. . .. RV 4
The sine function has a minimum at 7 . Thus,

we find a low tide at %t = 37” or

t=9. This value of ¢ corresponds to 3 P.M. For ¢

:9’
h=10+4sin%.9

:lO+4sin377z:10+4(—1):6

102.

Thus, only choice (c) is true.

f(x)=sinx and f(a) =%

fla)+ fla+2m)+ f(a+4rm)+ f(a+67)
1
4

period of 27.

=4f(a)=4( jZI because sin x has a

The height is 6 feet. From part a, the height at 3
AM. is also 6 feet. Thus, low tide is at
3 AM. and 3 PM.
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103. f(x)=sinx and f(a) :%
f@)+2f(=a)= f(a)-2f(a)

_1 (1
4 4
__1
4
f(—a) =—f(a) because sin (—x) = —sin x.
Sine is an odd function.

104. The height is given by
h =45 + 40 sin(¢ — 90°)
h(765°) =45+ 40sin(765° —90°)
=16.7
You are about 16.7 feet above the ground.
105. f(x)=3x"—x+5
f(x+h)=3(x+h)’ —(x+h)+5
=3(x"+2xh+h)—x—h+5
=3x> +6xh+3h* —x—h+5

Sx+h)—f(x)
h

3% +6xh+30° —x—h+5-(3x" —x +5)

h
_ 3x2 +6xh+3h* —x—h+5-3x>+x-5
h

_ 6xh+3h% —h
B h
h(6x+3h-1)

h
=6x+3h—-1, h#0

106. x> —4x>-3

x> —4x+3>0
(x=1)(x=3)>0

x=lorx=3
T \ F \ T
1 3
Test 0: 0% —4(0) > -3
0>-3 True
Test 2: 2% —4(2) > -3
—4 > -3 False
Test 4: 42 —4(4)>-3
0> -3 True

The solution set is (—eo,1)U(3,0).

- AY
o~ 7

‘
T
1 3

Yy -

107. a. A4y =25.5. Since 2010 is 30 years after 1980,

108.

when =30, 4=40.3.

40.3 = 25.5¢530)
403 _ ok

425.
4033 _ | 30k
25.5
40.3

255

403
Inl 555
k=—23) 001526

30
Thus, the growth function is 4 = 25.5¢0015261

=30k

b. A = 25500015261

80 = 25.5¢0-01526¢
80 _ 001526
]
— I 0015261

25.5

In 80 =0.01526¢
25.5

( s )
In| —
__\255

0.01526

The elderly U.S. population will reach 80 million
approximately 75 years after 1980, or 2055.

In

First find the hypotenuse.
A =d®+b°
=5 +12?
¢? =25+144
? =169
c=13

Next write the ratio.
a 5

c 13
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109. First find the hypotenuse.

2 =a’>+b°
A =17+17
A =1+1
2=2

c=2

Next write the ratio and simplify.

2 2 2 42
110. (ﬂj +(2J =a—+b—2
C C c

02
_ a* +b?
02

Since ¢? =a” +b°, continue simplifying by

substituting ¢? for a® +b%.

ay (b)Y _a b
B B 22

_ a +b?

Section 4.3

Checkpoint Exercises

1.

Use the Pythagorean Theorem, ¢ =a” +b?, to find
c.

a=3,b=4
I =a"+b*=3"+4>=9+16=25

c= \/E =5

Referring to these lengths as opposite, adjacent, and
hypotenuse, we have

Section 4.3 Right Triangle Trigonometry

sind = opposite _ 3
hypotenuse 5
cosd = adjacent _ 4
hypotenuse 5
tan 6 = opposne _ 3
adjacent 4
e = hypoter%use _ 5
opposite 3
secf = hyp9tenuse _ 5
adjacent 4
cot @ = adjace.nt _ 4
opposite 3

Use the Pythagorean Theorem, ¢ =a” +5b%, to
find .

a*+b*=¢?
12 +p% =52
146> =25
b* =24

b=+24 =26

Note that side a is opposite @ and side b is adjacent
to 6.

sinf= opposite  _ 1
hypotenuse 5
adjacent 26
cosf = =
hypotenuse 5
tan @ = opposne _ 1 _ ﬁ
adjacent 2.6 12
csc = hypoten.use :é _s
opposite 1
hypotenuse 5 56
secl = - = =
adjacent 26 12
cot§ = adjacent _ 2\/3 _ 2\/6

opposite 1
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3. Apply the definitions of these three trigonometric functions.

cscd5° = length of hypotenuse

length of side opposite 45°

sec45° = length of hypotenuse

length of side adjacent to 45°

cot45° = length of side adjacent to 45

length of side opposite 45°
1

length of side opposite 60°

4. tan60° = - -
length of side adjacent to 60°

=$:ﬁ

tan 30° = length of side opposite 30

length of side adjacent to 30°

I N RERE)
BB 33

5. a. sin46° =cos(90° —46°) = cos 44°

T T

b. cot—=tan| ———
12 [2 12)

6r &
=tan| ———

12 12

hY/4
=tan—
12

6. Because we have a known angle, an unknown opposite side, and a known adjacent side, we select the
tangent function.

tan24° =L
750

a =750tan 24°
a =750(0.4452) = 333.9

The distance across the lake is approximately 333.9 yards.
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7 tanf = s%de opPos1te _ 14
side adjacent 10

Use a calculator in degree mode to find 6.

Many Scientific Calculators Many Graphing Calculators

TAN"' [[(]14[+]10[) ][ ENTER | TANJ[| 14 + 10)|[ENTER]

The display should show approximately 54. Thus, the angle of elevation of the sun is approximately 54°.

Concept and Vocabulary Check 4.3

1. sinﬁzﬁ; csc9=£; 0056’:2; sec =S tan9=£; c0t9=2
c a c b b a

2. opposite; adjacent to; hypotenuse

3. true

4. sin@; tan@; sec

Exercise Set 4.3

1. 2=92+122=225

c=+/225=15
sing = opposite _ i _
hypotenuse 15

3
5
adjacent 12 _4
5

cosf=———=—=
hypotenuse 15
tan 6 = opPosne :i: 3
adjacent 12 4
cscf = hypoter%use _ 15 _ 5
opposite 9 3
secf = hyp?tenuse _ 15 _ S
adjacent 12 4
cot 6 = adjace'nt :EZ 4
opposite 9 3
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510

2 =6>+82=100

c=~100=10
sing = opposite :izi
hypotenuse 10 5
cos = adjacent :ﬁ_i
hypotenuse 10 5
tan @ = opP051te =E =§
adjacent 8 4
cscf = hypoten.use _ 10 _ 5
opposite 6 3
sech = hyp(.)tenuse _ 10 _ 5
adjacent 8 4
cotf = adjace.nt :§ :i
opposite 6 3
a*+21* =29
a® =841-441= 400
a=+/400 =20
sing = opposite _ 20

hypotenuse 29

cos = adjacent 21

hypotenuse 29

tan @ = opP051te _ &
adjacent 21

cscf = hypotenuse 29

opposite 20

sech = hypotenuse _ 29

adjacent 21

adjacent 21
cot=———=—
opposite 20

a> +15% =17%

a’ =289-225=64

a= \/a =8
sind = opposite _ 8
hypotenuse 17
cosd = adjacent _ 15
hypotenuse 17
tan 6 = opposite _ 8
adjacent 15
cscf = hypotenuse _ 17
opposite 8
secf= hypotenuse _ 17
adjacent 15
cotf = adjacent :1_5
opposite 8
10> +5* =267
b* =676-100=576
b=+/576 =24
sind = opposite _ 10 _ 5
hypotenuse 26 13
cosd = adjacent _ 24 _ 12
hypotenuse 26 13
tan 6 = opposite :B :i
adjacent 24 12
cscf = hypotenuse _ 26 _ 13
opposite 10 5
secf = hypotenuse _ 26 _ 13
adjacent 24 12
cotf = adjacent _ 24 :E

opposite 10 s
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6.

a’ +40% =412
a® =1681-1600 = 81
a=x/87=9
e
adjacent _ 40

cosf=———m=
hypotenuse 41
tan 6 = opposite _ 9
adjacent 40
cscf = hypotenuse _ 41
opposite 9
secf = hypotenuse _ 41
adjacent 40
cot 6 = adjacent _ 40
opposite 9
217 +b* =357
b* =1225-441=784
b=+/784 =28
sinf= opposite :§ :i
hypotenuse 35 5
cosd = adjacent :g :é
hypotenuse 35 5
tan 0 = opposite :ﬁzi
adjacent 21 3
cscf = hypotenuse _ 35 _ 5
opposite 28 4
secf = hypotenuse _ 35 _ 5
adjacent 21 3
cotf = adjacent _ 21 _ 3

opposite 28 4

8.

10.

11.

12.

13.

Section 4.3 Right Triangle Trigonometry

a* +24* =25
a* =625-576=49
azx/E=7

sing = opposite  _ ﬁ
hypotenuse 25

adjacent 7
cosf=————=—
hypotenuse 25

tan 6 = opP051te _ 24
adjacent 7

cscf = hypotenuse _ 25

opposite 24

secf = hypotenuse _ 25

adjacent 7

adjacent 7
cotf=——-=—
opposite 24

c0s30° = length of side adjacent to 30

length of hypotenuse

3

2

tan 30° = _1cngth of side opposite 30

length of side adjacent to 30°

11 3. 43

B BB

length of hypotenuse

sec45° = - -
length of side adjacent to 45°

zgzﬁ

length of hypotenuse

csc45° = - -
length of side opposite 45°

=£=J§

tan% = tan 60°

length of side opposite 60°

" Tength of side adjacent to 60°

:@:ﬁ
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14, cot£=cot60°=length ofs@e ad]acen.tto 60 ’5. tanlzcot T T
3 length of side opposite 60° 9 2 9
_1 1B t(zz_ﬁ)
BB PB3 18 18
=cot—
15. sinz—coszzsin45°—cos45° 8
4 4
=L_L=0 26 tanz—cot rr =cot| —
NG ' 7 2 7
16. tan%+csc%=tan45°+csc30° 27. COSZZSin(Z_Z_’f]
2
1 1 =sin| ——-—
10 10
1
17. sinZcosZ—tanZ = ﬁ Q -1 BASETY
3 4 4 2 2
:ﬁ—l 28. cos3—7r:sin z_3z =sin
4 8 2 8
G-
4 29. tan37°=-2_
250
T V4 T \/3 3—\/5 a=250tan37°
18. cos—sec——cot—=1—-—=——
373 3 3 3 a ~250(0.7536) = 188 cm
T T, T V2B o4
19. 2tan—+cos—tan—=2(3 |+| — || — 30. tan61°=—
3 46 (I)[zJ[z.J 10
a=10tan61°
=2\/§+% a =~10(1.8040) =~ 18 cm
124/3 +~/6
_ 1293446 31, cos34o =2
6 220
b=220co0s34°
20, 6tanTsinFsec™ = 6(1y+| 3 | 23 b~220(0.8290) ~ 182 in.
4 3 6 2 3
o 4
=6+§ 32. sin34°= 3
—7 a =13sin 34°
a=13(0.5592)=7 m
21. sin7°=cos(90°—7°) =cos83°
. nno 16
22. sin19°=cos(90°-19°) =cos71° 33. sin23 T

16 16

] o= °_25%= ° c=——= =41 m
23. csc 25° =sec(90° — 25°) = sec 65 sn23° 03907

24. csc35° =sec(90°—-35°) =sec55°

512 Copyright © 2018 Pearson Education, Inc.



34.

35.

36.

37.

38.

39.

40.

41.

42.

Section 4.3 Right Triangle Trigonometry

tan 44° = 2
b
LB B
tan44°  0.9657
Lo . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
0.2974 | SN SIN™' [0.2974| ENTER 17
If sin@ =0.2974, then 8 =17°.
e . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
0.877COS"| [COS™'|0.877 |ENTER] 29
If cos@=0.877, then 8 = 29°.
Lo . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
4.6252| TAN™! TAN™' |4.6252| ENTER 78
If tan @ = 4.6252, then @ = 78°.
Lo . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
26.0307 [TAN"| [TAN']|26.0307 [ENTER] 88
If tan @ =26.0307, then @ = 88°.
e . Display
Scientific Calculator Graphing Calculator (rounded to three places)
0.4112| cOs™ COS™" |0.4112| ENTER 1.147
If cos@=0.4112, then 8 =1.147 radians.
e . Display
Scientific Calculator Graphing Calculator (rounded to three places)
0.9499 [SIN"'| [SIN'[0.9499 [ENTER] 1.253
If sin @ =0.9499, then @ =1.253 radians.
o, . Display
Scientific Calculator Graphing Calculator (rounded to three places)
0.4169| TAN™! TAN™' | 0.4169] ENTER 0.395
If tan @ =0.4169, then @ = 0.395 radians.
s . Display
Scientific Calculator Graphing Calculator (rounded to three places)
0.5117 | TAN™! TAN"' | 0.5117 0.473

If tan@=0.5117, then € =0.473
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45.

46.

47.

48.

514

tmkf_ 1 _Jg_ 1
2 2 1
sec— cos™
6
N3 1
T2 L
P
2
_N3 N3
2 2
=0
1 2 1 2
T T
cot— c¢sc— T g7
4 6 4 6
12
1L
Lok
_1 2
I 2
=1-1
=0

1+sin? 40°+sin? 50°
=1+sin?(90°—50°) +sin* 50°
=1+ cos® 50°+sin® 50°
=1+1
=2

1—tan?10°+ csc” 80°
=1-cot? 80°+csc? 80°
=1+csc? 80° — cot? 80°
=1+1
=2

csc37°sec53° —tan 53°cot37°
=sec53°sec53°—tan53°tan 53°
=sec” 53°—tan? 53°
=1

c0s12°sin 78°+ cos 78°sin12°
=sin 78°sin 78° + cos 78°cos 78°
= sin” 78°+cos” 78°
=1

49.

50.

51.

52.

53.

54.

f(@)=2cos@—cos26

(%)= 200s% -cos(2. 2]
3 (3

1) = 2sin¢9—sin§

T

/4 LTy

— |=2sin——sin—
f[3j 3

(5)ufs

231

2 2

_2\3-1

tan 40° = ——

630
a =630tan 40°
a = 630(0.8391) = 529

The distance across the lake is approximately 529
yards.

tan 40° = i
35

h =35tan40°
h =35(0.8391) =29

The tree’s height is approximately 29 feet.
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55. tan@= E

172
Use a calculator in degree mode to find 6.

Section 4.3 Right Triangle Trigonometry

Many Scientific Calculators

Many Graphing Calculators

125E|172E| TAN™!

TAN™! 125E|172

The display should show approximately 36. Thus, the angle of elevation of the sun is approximately 36°.

555
n_
1320
Use a calculator in degree mode to find 6.

56. ta

Many Scientific Calculators

Many Graphing Calculators

555 + 1320 H[TANT]

rANT[]555 1320 [J[ENTER]

The display should show approximately 23. Thus, the angle of elevation is approximately 23°.

57. sinlOO=ﬂ
c
_ .500 - 500 ~ 2880
sin10°  0.1736

The plane has flown approximately 2880 feet.

58. sin5°= 4
5000
a =5000sin5° = 5000(0.0872) = 436

The driver’s increase in altitude was approximately 436 feet.

59. cosd= @
75

Use a calculator in degree mode to find 6.

Many Scientific Calculators

Many Graphing Calculators

60E|75|E| cos™!

cos' [ e[ s ][exree]

The display should show approximately 37. Thus, the angle between the wire and the pole is approximately 37°.

60. cosf= E
80

Use a calculator in degree mode to find 6.

Many Scientific Calculators

Many Graphing Calculators

55 + 80 H[cos]

[cos T[] 55 + so[J[ENTER]

61.—67. Answers may vary.

The display should show approximately 47. Thus, the angle between the wire and the pole is approximately 47°.

68. 4 0.4 0.3 0.2 0.1 0.01 0.001 0.0001 0.00001
sin€ | 0.3894 | 0.2955 | 0.1987 | 0.0998 | 0.0099998 |9.999998x10™%|9.99999998%x107> | 1x10~>
5120 0.9736 | 0.9851 | 0.9933 | 0.9983 0.99998 0.9999998 0.999999998 1
sin @

approaches 1 as 8 approaches 0.
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69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

516

o 0.4 0.3 0.2 0.1 0.01 0.001 0.0001 0.00001

cos@ | 0.92106 | 0.95534 | 0.98007 | 0.99500 | 0.99995 [0.9999995]0.999999995 1

cos@—1| —0.19735 |-0.148878 | —0.099667 | —0.04996 | —0.005 —0.0005 —0.00005 0
g

cosd—1

approaches 0 as 8 approaches 0.
does not make sense; Explanations will vary. Sample explanation: An increase in the size of a triangle does not affect
the ratios of the sides.

does not make sense; Explanations will vary. Sample explanation: This value is irrational. Irrational numbers are
rounded on calculators.

does not make sense; Explanations will vary. Sample explanation: The sine and cosine functions are not reciprocal
functions of each other.

makes sense

false; Changes to make the statement true will vary. A sample change is: tan 4 * tan( 45 j

tan15° 15°
true
false; Changes to make the statement true will vary. A sample change is: sin45°+cos45° = L +L -z #1
’ ' ' 2 2 2
true
. . . . . it j t
In a right triangle, the hypotenuse is greater than either other side. Therefore both OPPOSTEC nd adjacen must be
hypotenuse hypotenuse

less than 1 for an acute angle in a right triangle.

Use a calculator in degree mode to generate the following table. Then use the table to describe what happens to the
tangent of an acute angle as the angle gets close to 90°.

o 60 70 80 89 89.9 89.99 89.999 89.9999

tan0 1.7321 2.7475 5.6713 57 573 5730 57,296 572,958

As 6 approaches 90°, tan increases without bound. At 90°, tan® is undefined.

a. Let a = distance of the ship from the lighthouse.

tan35° = @
a

250 250
tan35°  0.7002
The ship is approximately 357 feet from the

lighthouse.
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b. Let b =the plane’s height above the lighthouse.
tan 22° = b
357
b =357tan22° = 357(0.4040) = 144
144 +250 =394
The plane is approximately 394 feet above the water.

81. [2x-3[=7
2x-3=7 or 2x-3=-7
2x =10 2x=-4
x=5 x=-2

The solution set is {-2, 5}.

82. Write the equation in slope-intercept form:

x+10y-13=0
10y =—x+13
R SRt
10 10

The slope of this line is —% thus the slope of any line perpendicular to this line is 10.

Use m =10and the point (1, —1) to write the equation.
Y=y =m(x—x)
y=(-1)= IO(x—l)
y+1=10(x-1)
y+1=10x-10
y=10x-11

83. log, (x* ~9)-log, (x+3)=log, 64

log, (x2 —9)—10g4 (x+3)—log, 64=0

2

x“ =9
Io =log, 64
g4{ +3j 24

X

x2—9

x+3

X2 =9 =64(x+3)

x2 —9=64x+192
x*> —64x-201=0
(x—67)(x+3)=0

= 64

x—67=0 or x+3=0
x=67 x=-3

-3 isrejected. The solution set is {67}.
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84. a 2
B
b. Firstfindr: = \/m
=4/(-3)* +47
r=>5
- i, which is positive.
r 5
85. a =
r
b. Firstfindr: = m
(-3)* +5°
m
x_ -3 B4 334
N \F B4 34
which is negative.
86. a. O =360°-345° =15°
b. 0’:7‘[—5—7Z=6_7[_5_ﬂ-=£
6 6 6 6
Section 4.4

Checkpoint Exercises

518

r= X2+y2

r:m:\nw:\/ﬁ

Now that we know x, y, and 7, we can find the six
trigonometric functions of .

y -3 __3\/5

sinf==-=——=

r 10 10

o100 10
tan&-l—_—3=—3

x 1

r N0 o
cscl=—=—-=———

y =3 3
secﬁ—izﬁzm

X 1
cot¢9—£—L=—l

y -3 3

a.

6 =0°=0 radians

The terminal side of the angle is on the positive
x-axis. Select the point

P=(1,0: x=1,y=0,r=1

Apply the definitions of the cosine and cosecant
functions.

cos0°=cos0=

csc0°=csc0= , undefined

‘<:|\ \|><

0=90°= ? radians

The terminal side of the angle is on the positive
y-axis. Select the point

P=0,1): x=0,y=Lr=1

Apply the definitions of the cosine and cosecant
functions.

c0s90° = cos

¢sc90° =csc

6 =180° = z radians

The terminal side of the angle is on the negative
x-axis. Select the point

P=(-1,0): x=-1y=0,r=1

Apply the definitions of the cosine and cosecant
functions.

cos180°=cosx =

x
r
r

cscl80°=cscmr=—

y

6=270°= 377[ radians

The terminal side of the angle is on the negative
y-axis. Select the point

P=0,-1): x=0,y=—-1r=1

Apply the definitions of the cosine and cosecant
functions.

cos270° = cos3—ﬂ- =

x_0

r 1

cch70°=csc3—ﬂ-=£ !
2y
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Because sin@ < 0, @ cannot lie in quadrant [; all the
functions are positive in quadrant I. Furthermore, 6
cannot lie in quadrant II; sin @ is positive in quadrant
II. Thus, with sin@ <0, @ lies in quadrant III or
quadrant IV. We are also given that cos8 <0.
Because quadrant 111 is the only quadrant in which
cosine is negative and the sine is negative, we
conclude that @ lies in quadrant II1.

Because the tangent is negative and the cosine is
negative, @ lies in quadrant II. In quadrant I, x is
negative and y is positive. Thus,

ano= L L
3 x -3

x=-3,y=1

Furthermore,

r=yx? 432 =232 +17 =40+1 =410

Now that we know x, y, and r, we can find
sin @ and secé .

y 1 1 10 1o

sinf === = . =
r {10 10 10 10
10 10
secld=—=——=—

a. Because 210° lies between 180° and 270°, it is
in quadrant III. The reference angle is
6 =210°-180°=30°.

b. Because % lies between 377[ =% and

2z = 877[ , it is in quadrant IV. The reference

angle is 6":271'—7—7[:8—”—7—”:5.
4 4 4 4

c¢. Because —240° lies between —180° and —270°, it
is in quadrant II. The reference angle is
6=240-180=160°.

d. Because 3.6 lies between 7 =3.14 and
37” =4.71, it is in quadrant III. The reference

angleis @' =3.6—7=0.46.

Section 4.4 Trigonometric Functions of Any Angle

665°—-360° =305°
This angle is in quadrant IV, thus the reference
angle is 8" =360°—305°=55°.

157 157 8z Ix
— 2= =
4 4 4 4
This angle is in quadrant IV, thus the reference
angle is 8’ = 27[—7—” S Iz _x :
4 4 4 4

iz 127 =«

- =

3 3 3
This angle is in quadrant I, thus the reference

_11_7[+2.2ﬂ':
3

angle is 8’ = % :

300° lies in quadrant IV. The reference angle is

6’ =360°-300°=60°.

sin 60° = ﬁ

Because the sine is negative in quadrant IV,
3

sin 300° = —sin 60° = —7.

ST” lies in quadrant III. The reference angle is

_Sm__ 5w 4w

O="—-r .
4 4 4 4

/4
tan—=1
4
Because the tangent is positive in quadrant III,
S T
tan—=+tan—=1.
4 4

—% lies in quadrant IV. The reference angle is

==
6

Because the secant is positive in quadrant IV,

T T 2\/5
sec| —— |=+sec—=——.
6 6 3
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Chapter 4 Trigonometric Functions

177 1771' 127 5m .. .

—-2r ———=— lies in quadrant
6 6 6 6

II. The reference angle is 8" = 7[—5?7[ = %

The function value for the reference angle is

3

T
cos—=—.
6 2

Because the cosine is negative in quadrant II,

Sx T \/§

177
COS—— =COS— = —COS— = ——— .
6 6 2

=22 -2r 24r 2r
+87 = + =— liesin
3 3 3 3

quadrant II. The reference angle is
o=n-L-T

3 3
The function value for the reference angle is

B

. T
sin—=—.
2

Because the sine is positive in quadrant II,
2z . 2r . T \/_

=sin— =sin—=——
3

3

sin

Concept and Vocabulary Check 4.4

q e w

520

tan @ =

tan@ ;

. r X r
s1n¢9=l; cscd=—; cos@=—; secd=—"
r y r X
X
Z; cotd =—
X y

tan@; secd; cot@; cscH; tand; cotl

; csch;

coté;

cos@; secd
terminal; x

(a) 180°—6; (b) #—180°; (c) 360°—8

Exercise Set 4.4

1.

We need values for x, y, and . Because
P = (-4, 3) is a point on the terminal side of
6, x=—4 and y =3 . Furthermore,

r=yx? +1? =(-4) +32 =/16+9 =25 =5 No

w that we know x, y, and 7, we can find the six
trigonometric functions of 6.

sinf=2 = E

r 54 4
cosf=2="=_C2

;13
tan@==2=-"=_2>

X 54 4
cscf=L=2

y 3
secg=l -2 __3

Y 4G
cotg=2="=_2

y 3 3

We need values for x, y, and r, Because P = (-12, 5)
is a point on the terminal side of
6, x=—12 and y =5. Furthermore,

= (=122 +5% =144+ 25

r= \/ X+ y

J169 =13
Now that we know x, y, and r, we can find the six
trigonometric functions of 6.

s1n¢9=1=i
g 312 12
cosf=1=""1=_%
r 153 153
tang=2 =2 =2
x -12 12
cscﬁzizﬁ
y 5
secf="= B __B
x =12 12
x —12 12
cot=—=—-——
y 5 5
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We need values for x, y, and . Because P = (2, 3) is a
point on the terminal side of &, x=2 and y=3.
Furthermore,

ey 42 =N22 432 =419 =13
Now that we know x, y, and r, we can find the six
trigonometric functions of 6.

sing=ro 3 3 ¥13_313
roJ13 V13 V13 13
cosgoto 2 2 13 23
roJ13 V13 1313
tanﬁ—l—3
x 2
o 13
CSCB-—-T
y
ro A3
secf=—=——
X 22
cote—ﬁ——
y 3

We need values for x, y, and , Because
P=(3,7) is a point on the terminal side of
6, x=3 and y =7 . Furthermore,

Feyx? 42 =32 47 =9+ 49 =58
Now that we know x, y, and r, we can find the six
trigonometric functions of .

sin@ = 2 7 7 \/5 7\/_
r 58 58 J58 58
cosf === 3 .3 ﬁ 3\/_
r 58 <58 58 58
y 7
tan6’:—:§
x
r 58
cscf=—=——
y 7
r 58
secd=—=——
X 33
cotﬁ—iz—
y 7

Section 4.4 Trigonometric Functions of Any Angle

We need values for x, y, and ». Because P = (3, -3) is
a point on the terminal side of &, x=3 and y=-3.

Furthermore, » = \/xz + y2 = \/32 + (—3)2 =4/9+9
=18 =32

Now that we know x, y, and r, we can find the six

trigonometric functions of 6.

y_ 3 142 J_
sin@ =

r 3\/7 \/_\/3[7
cosf="= —

r 3\3/_ NN
tan@zl—_?——l

X
cscf="L= ﬂz—ﬁ

y 3
sec@-i—ﬂzﬁ

x 33
cot@=2="=_]

y =3

We need values for x, y, and r, Because P = (5, -5) is
a point on the terminal side of 8, x=5and y=-5.
Furthermore,
r=yx 412 =5+ (=5)% =25+ 25 =+/50

=52

Now that we know x, y, and r, we can find the six
trigonometric functions of 4.

y_ -5 _-1\2_ 2
sinf=—-=——=——. =" -7

ros2 2420 2
cosgXo S _ 1L N2 A2

ros2 242 2
tanH—Z:%Sz_l

X
cscH_izﬂ:_\/E

y =5
sec¢9=£_ﬂ=\/§

p 5
cotf=2="=_1|

y =5
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We need values for x, y, and . Because P = (-2, -5)
is a point on the terminal side of
6, x=-2 and y =-5. Furthermore,

r=\/x2 +y? =x/(—2)2 +(=5)% =4+25 =29 No

w that we know x, y, and », we can find the six
trigonometric functions of 6.

-5 -5 29 529

Y _
0= = -

sin PR TS \/7\/_ %
cosgo X2 2 V29 229

ro29 29 V29 29

y =5 5
tand=—=—=—

x -2 2

r N29 29
cscd=—=——=———

y =5 5

r_ 29 29
sec=—=——=———
cotf=2="2-2

y =5 5

We need values for x, y, and r, Because P = (-1, —3)
is a point on the terminal side of
6, x=-1 and y =-3. Furthermore,

r =\/x2 +° =\/(—1)2 +(=3)2 =149 =10

Now that we know x, y, and r, we can find the six
trigonometric functions of 6.

-3 _ =3 10 310

. )y
sin@ ===
r 10 V10 JiIo 10
cosé’—f— -1 _ -1 -\/E——\/E
r 10 Jﬁﬂ 10
y =3
tanf===—-=
X
_r_ @ Jio
y \/i 3
secﬁ—izﬂ:—\/ﬁ
O
cotf=2=""=—
y -3 3

@ = 7 radians
The terminal side of the angle is on the negative
x-axis. Select the point P = (-1, 0):
x=-1, y=0, r =1 Apply the definition of the
cosine function.

-1

X
cosT=—=—=-1
ro1

11.

12.

13.

14.

15.

16.

6 = & radians
The terminal side of the angle is on the negative x-axis.
Select the point P=(-1,0): x=—-1,y=0, r=1
Apply the definition of the tangent function.
tanz="2 = 9 =0

x -1
6 = 7 radians
The terminal side of the angle is on the negative x-axis.
Select the point P=(—1,0): x=-1, y=0, r =1 Apply
the definition of the secant function.

secr=—=—=-1

@ = 7 radians

The terminal side of the angle is on the negative x-axis.
Select the point P=(-1,0): x=-1,y=0, r=1

Apply the definition of the cosecant function.

cSCm = r_ l, undefined
y 0

0= 37” radians

The terminal side of the angle is on the negative
y-axis. Select the point P = (0, —1):
x=0, y=-1, r=1 Apply the definition of the

. -1
tangent function. tan 3z == o undefined

X

0= 37” radians

The terminal side of the angle is on the negative y-axis.
Select the point P=(0,-1): x=0,y=-1, r =1
Apply the definition of the cosine function.

3z x 0

COS—m—=—=—=
ro1

0= z radians
2

The terminal side of the angle is on the positive
y-axis. Select the point P = (0, 1):
x=0, y=1, r =1 Apply the definition of the

. 7z x 0
cotangent function. cot—=—=—=0

y 1
0= z radians
2
The terminal side of the angle is on the positive
y-axis. Select the point P=(0,1): x=0,y=1Lr=1
Apply the definition of the tangent function.
T_Y

tan—=== l, undefined
x 0
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17.

18.

19.

20.

21.

22,

Because sin@ >0, € cannot lie in quadrant III or

quadrant I'V; the sine function is negative in those
quadrants. Thus, with sin& > 0, & lies in quadrant I
or quadrant II. We are also given that cos@>0.
Because quadrant [ is the only quadrant in which the
cosine is positive and sine is positive, we conclude
that @ lies in quadrant I.

Because sin@ <0, € cannot lie in quadrant I or

quadrant II; the sine function is positive in those two
quadrants. Thus, with sin@ <0, @ lies in quadrant I1I

or quadrant IV. We are also given that cos& > 0.
Because quadrant IV is the only quadrant in which
the cosine is positive and the sine is negative, we
conclude that @ lies in quadrant IV.

Because sin@ <0, € cannot lie in quadrant I or
quadrant II; the sine function is positive in those two
quadrants. Thus, with sin& <0, @ lies in quadrant
IIT or quadrant IV. We are also given that cos@ < 0.
Because quadrant 111 is the only quadrant in which
the cosine is positive and the sine is negative, we
conclude that @ lies in quadrant III.

Because tan@ <0, € cannot lie in quadrant I or

quadrant III; the tangent function is positive in those
two quadrants. Thus, with tan@ <0, 8 lies in
quadrant II or quadrant IV. We are also given that
sin @ < 0 . Because quadrant IV is the only quadrant
in which the sine is negative and the tangent is
negative, we conclude that € lies in quadrant V.

Because tan@ <0, € cannot lie in quadrant I or

quadrant III; the tangent function is positive in those
quadrants. Thus, with tan@ <0, @ lies in quadrant II

or quadrant IV. We are also given that cos@ < 0.
Because quadrant II is the only quadrant in which the
cosine is negative and the tangent is negative, we
conclude that @ lies in quadrant II.

Because coté >0, € cannot lie in quadrant I or

quadrant I'V; the cotangent function is negative in
those two quadrants. Thus, with cot@ >0, 8 lies in

quadrant I or quadrant III. We are also given that
secd < 0. Because quadrant III is the only quadrant
in which the secant is negative and the cotangent is
positive, we conclude that @ lies in quadrant III.

23.

24.

Section 4.4 Trigonometric Functions of Any Angle

In quadrant III x is negative and y is negative. Thus,

cosé’:—§=£=_—3,x:—3,r:5. Furthermore,
5 r 5

2 :x2+y2

52 =(=3)2 +?

32 =25-9=16

y=-16=—-4
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 6.
—4 4

5 5
4 4

3 3
5

sin@ =

tan @ =

cscl =

secld =

(@)

Q

-

N

Il

e R I A e N N S

|
N
N

In quadrant III, x is negative and y is negative. Thus,

sing=—12-Y_712 15,13,
13 r 13
Furthermore,
2 +yz =2

X2 +(-12)? =132
X2 =169—144 =25
x=—/25=-5
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 4.

cost9=£=_—5=—i
;B B
tang=2 =222

=5 5
13 13

(¢}
17
O
)
Il

[72]

@

<}

)
|

(@)

Q

-

Ny

1l |

RN A

—
(U]
—_
W
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Chapter 4 Trigonometric Functions

25. In quadrant II x is negative and y is positive. Thus, 27.
sinf = i:Z, y =5, r=13. Furthermore,
13 r
24yt =i?
x2+52 =13
X2 =169-25=144
x=—144 =-12
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 4.
cosf=2= - B2
r 13 153
tan@=2=—"=_>
X 1—312 12
cscf=L=-—"2
y 5
secl = 1 = i = —E
x -12 12
x -12 12
cotf=—=—=——
y 5 5
26. In quadrant IV, x is positive and y is negative. Thus,

4
cosezng,x=4,r=5.

r 28.
Furthermore, x° + y2 =2
42 +y2 —52
32 =25-16=9

y= —J9=-3
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 6.

simg=2 =223
r 53 53
tanf=2="=_2>
N
cscf=l="=_2
y =3 3
sec¢9=£=é
X 44
cotg=2="=_2
y 3

524

Because 270° < 6 <360°, @ is in quadrant IV. In

quadrant IV x is positive and y is negative. Thus,
8

COS(9=—:£,X =3,
7 r

7= 17. Furthermore

24yt =i

82+y2 =17?
3% =289—64 =225
y=—/225=-15

Now that we know x, y, and r, we can find the
remaining trigonometric functions of 4.

simp=2-"2__1
Vo255
tanﬁzlz_—z——
R
escf=l=—t =1
y -15 15
sec¢9=£=H
X 88 g
cotf="="=_2
y -—15 15

Because 270° < 8 <360°, @ is in quadrant IV. In
quadrant IV, x is positive and y is negative. Thus,

0056:%=£, x =1, r =3 . Furthermore,
r

24yt =i
242 =32
y2=9-1=8

y=—/8=-22
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 6.

sin6=l_#=_¥
r
tanezl=ﬂ=_2\/§
X 1
r__3 3 V2 32
cscf=—=—"—=—" . Z —_
y 22 22 2 4
se09:£=§:3
x 1
x 1 1 2 2
cot="=—— =~ = __T=
y 242 22 2 4
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29.

30.

Because the tangent is negative and the sine is
positive, @ lies in quadrant II. In quadrant I, x is
negative and y is positive. Thus,

tant9=—g=1=i x =-3, y=2. Furthermore,
3 x 3
Fey 42 = (32 +22 =944 =413

Now that we know x, y, and r, we can find the
remaining trigonometric functions of 4.

dngo¥o 2 _ 2 13 213
o130 V13 Y13 13
P I NSV ERN NE)
rod13 V13 V13 13
o 13
cscf=—=—-—
y 2
r 13 13
secld=—=—7=——
cotf=2="=_2
y 2 2

Because the tangent is negative and the sine is
positive, @ lies in quadrant II. In quadrant I, x is
negative and y is positive. Thus,

tan@=—-=2= 13,y—1 x =-3 . Furthermore,
X
re=yx? 4% = (32 +12 =941 =410

Now that we know x, y, and », we can find the
remaining trigonometric functions of 4.

o y_ 1 _ 1 1o 4o

sinf ===

FNT RN TRV T,
cosf=2= S ~\/7——3\/E

roJ10 V1o Jio 10
cscﬁzizgzm

Yy

r 1o o
sec=—=——=———

X —33 3
cotf=2=""=_3

y 1

31.

32.

Section 4.4 Trigonometric Functions of Any Angle

Because the tangent is positive and the cosine is
negative, @ lies in quadrant III. In quadrant III, x is

. . . 4 —4
negative and y is negative. Thus, tan @ = EZZ =—

x =3

x =-3, y=—4. Furthermore,

r= \/x 37 =(=3)2 + (42
J25=5

Now that we know x, y, and r, we can find the

remaining trigonometric functions of 6.

=+9+16

simp=2-"2__2
r 53 %
cosf=2="=_"
r 5 5
cscﬁziziz—é
y -4 4
sec@zizi:—é
X —33 33
cotf=2="="2
y -4 4

Because the tangent is positive and the cosine is
negative, 6 lies in quadrant III. In quadrant III, x is
negative and y is negative. Thus,

tan@zizlz_—5 x =-12, y=-5. Furthermore,
2 x 12
r =y 4% =(-12)* +(=5)* =144+ 25

=+/169 =13
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 6.

sintﬁ’:Z:_—Sz—i
PR
cosé?:f:_—:
, 1133 1%3
cscﬁzi —
y 5 5
sec@:i_i—_g
x -12 12
x -12 12
cot=—=—=—
y =5 5
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33.

34.

35.

526

Because the secant is negative and the tangent is
positive, @ lies in quadrant III. In quadrant III, x is
negative and y is negative. Thus,

sec¢9=—3=£=i, x =-1, » =3 . Furthermore,
y —
P4yt =r?
(-1 +y2 =3
32 =9-1=8

y=—V8=-22

Now that we know x, y, and r, we can find the
remaining trigonometric functions of 4.

Singzlzﬂ:_ﬁ

r 13 3
cosé?:f:_—:——

r 3 3
tanHzZ:—\/_ 2\/5

X _

=Y f\f 4
Cote—i— _1 Q ﬁ

v 2 2\/_\/_ 4

Because the cosecant is negative and the tangent is
positive, @ lies in quadrant III. In quadrant III, x is
negative and y is negative. Thus,

csco9=—4=£=il, y =-1, r =4. Furthermore,
y -
x2+y2:r2
X2 +(=1)? =42
x> =16-1=15

x=—15

Now that we know x, y, and r, we can find the
remaining trigonometric functions of 6.

siné’:zz%——%
"
x 15 15
cosf=—=——=———
r 4 4
ang_—_—L __L 15 _Ji15
x 15 15 s 15
gl A 4 V15 45
x —JF Ji5 1515
Cmg_ﬁzl%inE
-

Because 160° lies between 90° and 180°, it is in
quadrant II. The reference angle is
6’ =180°—-160°=20°.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Because 170° lies between 90° and 180°, it is in
quadrant II. The reference angle is
6 =180°-170°=10°.

Because 205° lies between 180° and 270°, it is in
quadrant III. The reference angle is
6 =205°-180°=25°.

Because 210° lies between 180° and 270°, it is in
quadrant III. The reference angle is
6 =210°-180°=30°.

Because 355° lies between 270° and 360°, it is in
quadrant IV. The reference angle is
6’ =360°-355°=5°.

Because 351° lies between 270° and 360°, it is in
quadrant I'V. The reference angle is
6 =360°-351°=9°,

Because Iz lies between 3—7[ = 6—” and 27 = 8—”, it
4 2 4 4

is in quadrant I'V. The reference angle is

=g JE_87 _1r_7
4 4 4 4

Because 5—7[ lies between 7 = 4—7[ nd 3—” = 6—” , it
4 2 4

is in quadrant III. The reference angle is

g ST ST _dr_x

4 4 4 4

Because Sz lies between z_ 3—” and 7 = 6—7[ , 1t is

6 2 6 6

in quadrant II. The reference angle is
, Sw_6r Sk &
O=r——=—-—"—=—.
6 6 6 6

Because S—ﬂ- = 10—7[ lies between z_ 7—” and
7 14 2 14

14z . . . .
T= l—f , it is in quadrant II. The reference angle is

, ST Sm 2w
9 ==,
7 7 71 7
—150°+360°=210°
Because the angle is in quadrant III, the reference
angle is 6" =210°-180°=30°.

—250°+360°=110°
Because the angle is in quadrant II, the reference
angle is 8" =180°-110°=70°.

Copyright © 2018 Pearson Education, Inc.



47.

48.

49.

50.

51.

52.

53.

54.

5S.

56.

—335°+360° = 25°
Because the angle is in quadrant I, the reference
angle is 8’ =25°.

—359°+360°=1°
Because the angle is in quadrant I, the reference
angleis 6" =1°.

Because 4.7 lies between 7 = 3.14 and 37” =471, it

is in quadrant III. The reference angle is
0=47-7=1.56.

Because 5.5 lies between 37” =471 and 27 = 6.28,

it is in quadrant IV. The reference angle is
& =27r-55=0.78.

565°—360° =205°
Because the angle is in quadrant III, the reference
angle is 6" =205°-180° =25°.

553°-360° =193°
Because the angle is in quadrant III, the reference
angle is 8'=193°-180°=13°.

177 177 12m  Srx
— 2 T=———=—
6 6 6 6

Because the angle is in quadrant II, the reference
Smow

angle is 9'27[—?=g.

18V
—_— ﬂ' [ — —_

4 4 4 4
Because the angle is in quadrant II, the reference

C 3
angle is 6 :”_Tﬂ-:%'

Br_, 2 16 _Tx

—4r
4 4 4 4
Because the angle is in quadrant IV, the reference
angle is 8" = 27[—7—” -
4 4

177 177 12n 5«
——A4dr=——=—
3 3 3 3

Because the angle is in quadrant IV, the reference
S«

angle is 6"=27Z—T=€.

57.

58.

60.

61.

62.

63.

Section 4.4 Trigonometric Functions of Any Angle

117z Iz 16z 57
e
4 4 4
Because the angle is in quadrant III, the reference
angle is 6’ =5—ﬂ-—7r =z
4 4
177 177 24 Ix
—— A=t —=—
6 6 6 6
Because the angle is in quadrant III, the reference
angle is 6’ =7—ﬂ-—7r =Z
6 6
25z 6 _ 25z 36or _llx
6 6 6 6
Because the angle is in quadrant IV, the reference
. 11
angle is 8" = ) L
6 6
137 13z 187 S5«
— =t —=—
3 3 3 3
Because the angle is in quadrant IV, the reference
angle is 8’ = 27[—5—” =z
3 3

225° lies in quadrant III. The reference angle is
6’ =225°-180°=45°.

V2

cos45° =

Because the cosine is negative in quadrant III,

NG

c0s225°=—co0s45°= —7 .

300° lies in quadrant IV. The reference angle is
6 =360°-300°=60°.
sin 60° = ﬁ

Because the sine is negative in quadrant IV,

sin300° = —sin 60° = —%.

210° lies in quadrant III. The reference angle is
6 =210°-180°=30°.

B3

tan30° = —
3

Because the tangent is positive in quadrant III,

3

tan210°=tan30° = T .
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64. 240° lies in quadrant III. The reference angle is
6" =240°—-180°=60°.
sec60° =2
Because the secant is negative in quadrant III,
sec240° =—sec60°-2.

65. 420° lies in quadrant I. The reference angle is
6 =420°-360°=60°.
tan 60° =~/3
Because the tangent is positive in quadrant I,
tan 420°=tan 60°=+/3 .

66. 405° lies in quadrant I. The reference angle is
6’ =405°-360°=45°.
tan45°=1
Because the tangent is positive in quadrant I,
tan405° =tan45°=1.

2r . . .
67. Tﬂ lies in quadrant II. The reference angle is

L 3w 2 x

O=r )
3 3 3 3
oz 3
SIN— =——-
3 2

Because the sine is positive in quadrant II,

z_\3

.2 .
SiIN—=S1m—=—-.

2

68. 37” lies in quadrant II. The reference angle is

37 _4Ar 3m_ &

[ e

\75444.

T
COS—=——
4 2

Because the cosine is negative in quadrant II,

r_ 2

kY4
COS——COS—=——.
4 4 2

69. 7?” lies in quadrant III. The reference angle is

, I it 6 1«
0:——7[:———:—'
6 6 6 6

V4
csc—=2
6
Because the cosecant is negative in quadrant III,

r T
csc—=—csc—=-2.
6 6

70.

71.

72.

73.

74.

%Z lies in quadrant I'V. The reference angle is

o =g 1 87 _Tr_7
4 4 4 4

V4
cot—=1
4
Because the cotangent is negative in quadrant IV,

T T
cot—=—cot—=-1.
4 4

977[ lies in quadrant I. The reference angle is

tan£=1
4

Because the tangent is positive in quadrant I,

74 T
tan—=tan— =1
4 4

o . o . .
EX lies on the positive y-axis. The reference angle is

T . o .
Because tanE is undefined, tanT is also

undefined.

—240° lies in quadrant II. The reference angle is
6’ =240°-180°=60°.

V3

sin 60° = —
2

Because the sine is positive in quadrant II,

3

Sin(-240°)=sin 60°==~

—225° lies in quadrant II. The reference angle is
6’ =225°—-180° =45°.
sin45° = %

Because the sine is positive in quadrant II,

V2

sin(—225°) =sin45° = >
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75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

—% lies in quadrant IV. The reference angle is 87.

g=".
4

tanzzl
4

Because the tangent is negative in quadrant IV,
V3 V4

tan| —— |=—tan—=-1
4 4

—% lies in quadrant I'V. The reference angle is

7 _\3
n—=—
6

G:Z. ta
6 3

Because the tangent is negative in quadrant IV,

tm@g}_ﬁ;

88.

3

sec495° =secl135° = —\/5 89.

23

sec510°=sec150°=— 3

197 r
cot——= cot—=x/§
6 6

137 T 3
cot— =cot—=—
3 3

90.

91.

Section 4.4 Trigonometric Functions of Any Angle

. . 3x
SIN—COSZT —COS—SIn—
3 2

4 .
sin—cos 0 —sin—cos T
4 6

[ ZJo-(3)en

V21
Bl

2

. 1l S 11z . 5«
s1nTcos—+cos—s1n?

HEes

AL

:
Sm_tan(_lST”j_cos(_s_ﬂj
~(=00)-(3)
L

) 2
-}
=2
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92.

93.

94.

95.

96.

530

3

f@5+

r
=+
;)

. (4 & . 4 .
=sm| —+— |[+simn—+sin—
3 6 3 6

()

ar T

. 3r . .
=SIn—+Ssmnm—+Ssimn—

2
-

5,

4

T

Lol §)eld)

Sk & hY/4 T
= COS — |+ COS—+COS—
( 6 6} 6 6

hY/4 T
=COS/T+CcOoS—+Ccos—

o

6
ﬁ}{ﬁ

2 2

97. The average rate of change is the slope of the line
through the points (x;, f(x;)) and (x,, f(x5))

L _fo) =)

Xy =X

) (371') ) (57rj
sm| — (—Sin| —
2 4

z
ey

T

98. The average rate of change is the slope of the line
through the points (x;,g(x;)) and (x,,g(x,))

o 802)—8(x)
X2 =X

cos () —cos(sfj

RY/4
7[_7
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99. sinf= 72 when the reference angle is % and @ is 103.
in quadrants I or II.
Q Qn
== o=r-=
3
4
g7 37
4 4
1 . T ..
100. cos®& =— when the reference angle is — and @ is in
2 3 104.
quadrants I or IV.
QI Qv
=" 9=27-=
3
sz
3
T 5T
33
101. sinf = —g when the reference angle is % and 105.
@ is in quadrants III or I'V. 110.
Qum Qv
V4 V4
9=7Z'+Z 02277:—2 111.
st _In
4 4
sz 1x
4 4 112.
1 . .
102. cosé = Y when the reference angle is 3 and @ is
in quadrants II or III. 113
QI Qu '
V1 V4
O=r—-— O=r+—
3 3 114.
_2r _ar
3 3
g 2t 4n
3 3

Copyright © 2018 Pearson Education, Inc.

Section 4.4 Trigonometric Functions of Any Angle

tan @ = —/3 when the reference angle is % and

@ is in quadrants II or I'V.

Qu Qv
o=rn-2 o=27-2
3 3
o st
3 3
g 21 57
33
3 . T
tan @ = 3 when the reference angle is 3 and

@ is in quadrants II or I'V.

Qu Qv
o=w-2 o=21-2
6 6
_sz _liz
6 6
5t iz
6° 6

—109. Answers may vary.

does not make sense; Explanations will vary.
Sample explanation: Sine is defined for all values of
the angle.

does not make sense; Explanations will vary.
Sample explanation: Sine and cosecant have the
same sign within any quadrant because they are
reciprocals of each other.

does not make sense; Explanations will vary.
Sample explanation: It is also possible that y =-3

and x =-5.

makes sense

252
2

fx) =

x“ =1
2 2
2(—x 2x
f(_x)= ( 2) =7
(- -1 -
y-axis symmetry

=/ ()

2(0)

y-intercept: y = >
0

1

x-intercept:
2x% =0
x=0

531



Chapter 4 Trigonometric Functions

vertical asymptote:

X -1=0

x? =1

x==1

horizontal asymptote:

2
n:m,soy:T=2
(=3
2, = ¥
" 3) s 8
RN

5 x
0,0)
L1 1]
117

xr=-1

o 2x2
fo=5-

115. 592519 41og, 7% =1943=22

116. 93 —4=132

9¢3* =36

=4

Ine’ =In4
3x=1In4

x=1n—4z0.46
3

The solution set is {ln74}’ approximately 0.46.

117. y= %cos(4x+ﬂ')

T| 7 T\
X|-——|-—=] 0 |=|—
4 8 81 4

1 1 1

- 0 |-=]0|=

d 2 2 2

118. y= 4sin(2x—2§J

NEIEAE AR
3126|123
ylo[4alo| 4]0

119. y= 3sin L x

2
x|0 l 1 Bl 2 7 3 E 4
3 3 3 3
y03320—3—3—30
2 2 2 2
53
y 13 ’2
TTT1
(1 g) %7
3’2 1 1(4,0)
mm x
(05 0, (%1 l/) ! N 11 3
3,-3) ML _2
H’/I\(HH)' (3’ 2)
7 _3Vy= 3sin Ly
3° 2
Mid-Chapter 4 Check Point
1. 10o=qoe. Fradians 107 tians
180° 180
- radians
18
2. —105°=—jose. Fradians _ 105%  fions
180° 180
=—7—ﬂ- radians
12
. 0
3 Sm radians = hY/4 radlans' 180. — 750
12 12 7 radians
13z . 137 radians  180°
4., ——— radians =— . -
20 20 7r radians

=-117°
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Mid-Chapter 4 Check Point

Nz _,,_ Uz _6x_5% x* +y
3 3 3 3
__ __ / 16 [
y 25 25
1+ Now that we know x, ¥, and r, we can find the six
3 trigonometric functions of 6.
N X 4 A
\ sin9=1=—5=__
r 1 5
3
Since ST” is in quadrant IV, the reference angle cosf@=2= TS = —%
r
Sw_6r Sk« 4
82r——=——-——"=— -
3 3 3 3 tang=2-_2_2
x 3
197 197 24r  Srw 5
——t o=t —=—
4 4 4 _r_ 1 5
cscld=—=—=——
y _4 4
Ay 0 5
o LT
- 4 secH—£=L:—E
= x 3
/ x >
w. 3
cot9=—:—5=é
y _4 4
5

. St .
Since Tﬂ is in quadrant III, the reference angle

ol St An @ 9. Use the Pythagorean theorem to find b.
Y U
52 +b% =67
510°-360° =150°
25+b% =36
; b =11
h=A11
™ <510° .
. - <ing__opposite 5
B ! hypotenuse 6
cosf = adjacent NiT}
hypotenuse 6
Since 150° is in quadrant II, the reference .
angle is 180°—150° = 30° tan @ = opposite Jin

adjacent 11

h
e = ypoten.use _ 6
opposite 5

sec = hypotenuse _ 6 _ 611

adjacent NiT} 11

cotf = adjacent _ N

opposite 5
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10.

11.

534

r=\lx2+y2
r=+32+(=2)% =J9+4 =13

Now that we know x, y, and r, we can find the six
trigonometric functions of 6.

Sing:l:i:-@
ro 13 13
cos¢9————3 ——3JB
Jizo 13
tan¢9=l=_—2=—g
x 3 3
r 13 13
cscl=—=——=——"—
y 2 2
r 13
secd=—=——
X 3
cot¢9=£=i=—i
y =2 2

Because the tangent is negative and the cosine is
negative, 6 is in quadrant II. In quadrant II, x is

negative and y is positive. Thus,

tanHz—%zi, x =—4, y =3. Furthermore,
7'2 :)Cz +y2
P = (=3 +4°
P =9+16=25
r=>5

Now that we know x, y, and r, we can find the
remaining trigonometric functions of 6.

sing=2 =3
r 5
cos¢9=£=_—4=—i
r 5
cscl9=1=é
y 3
sec¢9=£=i=—i
x =3
cot¢9=£:_—3:—i
y 4 3

12.

13.

14.

Since cos9=%:%,
2y =r?
324272
9+ > =49
2 =40

x =3, r =7 . Furthermore,

y =440 = +24/10

Because the cosine is positive and the sine is
negative, 6 is in quadrant IV. In quadrant IV, x is

positive and y is negative.

Therefore y = —2«/5

Use x, y, and r to find
functions of 4.

sinezlz_zm =
r 7
tanezlz_zm =
X 3
r 7
cscld=—= =
y 2410
secﬁzlzl
X
cotﬁzi— 3 _

y 2410

the remaining trigonometric

2410

7

_ 2410

3

7410

20

3410

20

_side opposite &

tan @ = — .
side adjacent &
tand1°=-2
6
a=060tan41°
a=52cm
056 = side adjacent &
hypotenuse
c0s72° = 250
c
250
cos72°
c=809 m
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15.

16.

17.

18.

19.

20.

21.

22.

23.

. 1
Since cos @ =g:£, x =1, r =6. Furthermore,
r
2 +y2 _ 2
12432 =62
1+y% =36
y2 =35

y=%35

Since @ is acute, y = +\/§ = \/E

cot(%—ﬁ}ztanezlzgzﬁ

X

tan30° =

3
3

cot120° = ! = ! = ! :——3
tan120° —tan60° —\/3 3

c0s240° = —cos 60° = _%

11z 1 1

1
sec—— = = ===
6 cosS—— cosE ﬁ \/5 3
6 2
sin2£+cos2—=1
( Zﬂj ‘ ( 2 j
sin| —— |=sin| —+27x
3
. 4r
=sin— =-sin—
3
__\B
2
(22z] (22 ]
csc| — |=csc| ——6m |=csc—
3
111
sin—— —smz _ﬁ

c0s495° = cos (495°—360°) = cos135°

V2

2

=—cos45°=—

25.

Mid-Chapter 4 Check Point

sinz%—cosz:(l)2 ~(-D)=1+1=2

26. cos (5?” + 27[;1) +tan (5?” + mrj

27.

28.

29.

30.

hY/4 hY/4 V4 T
=Ccos—+tan— =—cos——tan—
6 6 6 6

V3B 33 23

Begin by converting from degrees to radians.

mradians 7

36°=36°- — radians
180°

s=r9=40-%=87rz25.13 cm

Linear speed is given by v =r@. It is given that
r =10 feet and the merry-go-round rotates at 8
revolutions per minute. Convert 8 revolutions per
minute to radians per minute.

8 revolutions per minute

. . 27 radians
= 8 revolutions per minute- ——
1 revolution
=167 radians per minute

v=ro=10)16x)=160xr =502.7 feet per minute

The linear speed of the horse is about 502.7 feet per
minute.

sing = side opposite &
hypotenuse

sin6° = N
5280

h =5280sin 6°

h =551.9 feet
tan 6 = 51.de opPosne [
side adjacent &

tan@ = ﬂ
60

6 =tan! (2]
60

6 = 40°
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Chapter 4 Trigonometric Functions

Section 4.5
Check Point Exercises

1. The equation y =3sinx is of the form
y = Asin x with 4 = 3. Thus, the amplitude is
|4|=[3| =3 The period for both y =3sin x and
y=sinx is 27. We find the three x—intercepts, the
maximum point, and the minimum point on the
interval [0,27] by dividing the period, 27z, by 4,
period 27 7

= =—, then by adding quarter-periods to
4 13 y gq p

generate x-values for each of the key points. The five
x-values are

x=0
x=0+2=2%
2 2
T
x==+==rx
2 2
T 3z
x=r+=—===
3 2 2
:—E+£:27r
2 2
Evaluate the function at each value of x.
X |y=3sinx coordinates
0 |y=3sin0=3-0=0 0,0)
T |y=3sin%=3.1=3 Z 3
2 2 2
T |y=3sinx=3-0=0 (7, 0)
3—” y=3sin3—” 3—”,—3
2 2 2
=3(-1)=-3
2n |y =3sin27=3-0=0 (27,0)

Connect the five points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

5

/
/
/

‘= 3'sinx

H

[T

Oi’?) \ "5 (27, 0)
1

T

. . . .
The equation y = —Esmx is of the form y = Asinx

with 4= —%. Thus, the amplitude is

1

| 4|=|-= — L The period for both y = ~Linx
2] 2 2

and y=sinx is 27.

Find the x—values for the five key points by dividing

period _ 27
4

adding quarter- periods. The five x-values are

x=0

the period, 27, by 4,

V4
=—,thenb
B Yy

x=0+2="2
2 2
T T
x==+==r
2 2
T 3
X=r+=="=
3 2 2
:—”+£=2ﬂ'
2 2
Evaluate the function at each value of x.
1. .
X y:—Esm x coordinates
1.
0 y=—551n0 (0,0)
1
2
.4 1 T 1
= |y=—=sin— —, -
2 2 2 22
1
- ]l=—=
2 2
1.
4 yz—zsmﬂ (, 0)
:—l~0:o
2
RY/4 1. 3x 37 1
— |y=——sin— —_— -
2 2 2 . 22
=———(-1)==
2( ) 2
1.
2w y:—zstﬂ' (2x, 0)
=_l.0=0
2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sin x . Extend the pattern of each

graph to the left and right as desired.

536 Copyright © 2018 Pearson Education, Inc.



|
(7790) — /
H -2 0)
wrad
(0, 0) FNH 1 sinx
) Yo2
25 1

. N
The equation y = 251n5x is of the form

y = Asin Bx with 4 =2 and B:%,

The amplitude is | 4 |=| 2 |=2.

The period is 2m_27_ 4z
51
Find the x—values for the five key points by dividing
period 47

the period, 47z, by 4, e =1, then by
adding quarter-periods.

The five x-values are

x=0

x=0+mw=rx

X=rm+rn=2xw

x=2r+rw=3x7

x=3r+r=4r

Evaluate the function at each value of x.

X 1 coordinates
y=2sin—x
2
0 0,0
yzZsin[l-Oj ©.0)
2
=2sin0
=2-0=0
T 2
yzZsin(l-Jrj (7. 2)
2
=2sinZ=2-1=2
2
2r 27,0
J’=25in(%-27z (27, 0)
=2sinz=2-0=0
Iz 3z, -2
yzZsin(lG/rj (37, ~2)
2
=2$in3—”
:2.(_1):_2
(1
47 |y =2sin 5-47[ (47, 0)
=2sin27r=2-0=0

Section 4.5 Graphs of Sines and Cosine Functions

Connect the five key points with a smooth curve and
graph one complete cycle of the given function. Extend
the pattern of the graph another full period to the right.

y
Y. (™ D
Rt
@)
_|2,F7 X
@ 0) W
25T G, —-2)
y=2 sinlx
2

The equation y =3 sin(Zx —gj is of the form

y = Asin(Bx—C) with 4 =3, B=2, and c=§. The

amplitude is | 4 |=]3|=3.

The period is 2z = 2z =7
B 2

C T
The phase shift is — = 3=
B 2

rl_r
3 6

1
2
Find the x-values for the five key points by dividing

the period, 7, by 4, pejod = % , then by adding

quarter-periods to the value of x where the cycle
V4
begins, x =—.
g 6

The five x-values are

.4
X =—
6
nr 7 2n 3n Srm
6 4 12 12 12
nr nm Stz 37 87 2&w
12 4 12 12 12 3
2r 1 8rn 3xm 1lrx
X=—F—=—+—=—
3 4 12 12 12
. ll7z+7r 1z 3n 14rn Ir

12 4 12 12 12 6
Evaluate the function at each value of x.
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538

X |y=3sin (Zx - —j coordinates
z ¥ =3sin 2. 22 £,0
6 6 3 6
=3s5in0=3-0=0
R y=3sin 2-5—7[—Z 5—7[,3
12 12 3 12
:3s1n3—7[=3sm£
6 2
=3.1=3

2 y:3sin(2-2—ﬂ—zj [2—”, Oj
3 3 3

:3sin3—”=3sin7r

=3-0=0
Uz | sgnfp 07 7 (Lz
12 12 3 12
=3sin9—7[=3sin3—7[
=3(—1)=—3
7—” y =3sin 2-7—”—Z 7—”,0
6 6 3 6

=3sin6Tﬂ-=3sin27r
=3.0=0

Connect the five key points with a smooth curve
and graph one complete cycle of the given graph.

2w
5_77 _50)

y (1; ’3> <3
i P Im

JI 1\
SFE \12537_16
5 ‘111—;’,—3>
y=3sin(2x—%>

The equation y =—4coszx is of the form
y=AcosBx with A=—4,and B=r.
Thus, the amplitude is | 4 |=| 4 |=4.

The period is 2 = 2 =2.
B
Find the x-values for the five key points by dividing

the period, 2, by 4, per;od = % = % , then by adding

quarter periods to the value of x where the cycle
begins. The five x-values are

x=0
x=0+l=l
2 2
1 1
x=—+—=1
2 2
1 3
x=14+—==
3 21 2
x=—+—=2
2 2
Evaluate the function at each value of x.
x |y=-4cosmx coordinates
0 |y=—4cos(z-0) 0,-4)
=—4cos0=-4
1 y=-4cos 7[1 1,0
2 2 2
=—4cosZ =0
2
1 |y=—4cos(z-1) (1,4)
=—4cosr=4
3 y=-4cos 7[g E,O
2 2 2
=—4cos3—ﬂ-=0
2
2 |y=—4cos(r-2) (2,-4)
=—4cos2wr =—4

Connect the five key points with a smooth curve and
graph one complete cycle of the given function. Extend
the pattern of the graph another full period to the left.

g
—
=

L
—

; 2
©, —4) T3 Y

|

y=—4dcosmx

y= %cos(Zx +7)= %cos(Zx —(-nr))
The equation is of the form y = Acos(Bx—C) with

A:%,B:Z,and C=-rx.

Thus, the amplitude is | 4 |:‘ % ‘:%

Lo 2 2
The period is ATy
B 2

The phase shift is c_r_~7
B 2
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Find the x-values for the five key points by dividing

period 7

the period, 7, by 4, R then by adding

quarter-periods to the value of x where the cycle
V4
begins, x =——.
g 2

The five x-values are

T
x=—-—
2
T T
x=——4—=-=
2 4 4
x——£+£=0
4 4
x=0+2=2%
4 4
T T T
X =— _—
4 4 2
Evaluate the function at each value of x.
3 .
X yZECOS(2x+ ) coordinates
-z —écos(—ir+7z) z3
2 772 272
3 3
=~.1==
2 2
V.4 3 T T
—— |y=—cos| ——+7 -—,0
4 2 2 4
:E-OIO
2
3 3
0 =—cos(0+x 0, ——
y% ( 3) ( 2)
2. 1==-=
2 2
T 3 T T
— |y==cos| —+7 —,0
4 2 2 4
=§.o=0
2
V.4 —Ecos(ﬂ'+7r) z3
z ey 22
2 3 3
—2.1=2
2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given graph.

Section 4.5 Graphs of Sines and Cosine Functions

S 3
: (o, 2)

cos(2x + )

N|w P

y=

The graph of y =2cosx+1 is the graph of
y=2cosx shifted one unit upwards. The period for
both functions is 27 . The quarter-period is

2 .
Tﬂ or % . The cycle begins at x = 0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+—=Z
2 2
T T
x=—+==rx
2 2
T 3z
X=r+—=—
3 2
= oo
2 2
Evaluate the function at each value of x.
x |y=2cosx+1 coordinates
0 |y=2cos0+1 0, 3)
=2-1+1=3
z y=2005£+1 £,1
2 2 2
=2-0+1=1
T |y=2coszm+1 (z, -1)
=2-(-D+1=-1
3 y=20053—”+1 3—”,1
2 2 2
=2-0+1=1
27 |y=2cos2xm+1 (27, 3)
=2-1+1=3

By connecting the points with a smooth curve, we
obtain one period of the graph.

ko
(?’1) (32,1>
y \2
/

[
(0,3) - f 2=, 3)
N\ /I
a P4
LT DT X
) (m, —1)

y=2cosx+1

Copyright © 2018 Pearson Education, Inc. 539



Chapter 4 Trigonometric Functions

A, the amplitude, is the maximum value of y. The
graph shows that this maximum value is 4, Thus,

A=4.The period is %, and period = 2?7[ . Thus,

z_2%
2 B
nB=4r
B=4

Substitute these values into y = Asin Bx .
The graph is modeled by y =4sin4x .

Because the hours of daylight ranges from a
minimum of 10 hours to a maximum of 14 hours, the
curve oscillates about the middle value, 12 hours.
Thus, D = 12. The maximum number of hours is 2
hours above 12 hours. Thus, 4 = 2. The graph shows
that one complete cycle occurs in 12—-0, or 12
months. The period is 12. Thus,

=27
B
12B=2rx
_n_ 7
12 6

The graph shows that the starting point of the cycle is
shifted from 0 to 3. The phase shift, %, is 3.

3=C
4
3=—
A
6
T _c

Substitute these values into y = Asin(Bx—-C)+D.
The number of hours of daylight is modeled by

y=25in(£x—£)+l2.
6" 2

Concept and Vocabulary Check 4.5

540

2r
4] 5
3, 4rx
7; 0 Z; Z, 3—”; b4
4 2 4
—; right; left
2r
4] 3

10.

true

true

Exercise Set 4.5

1.

The equation y =4sinx is of the form y = A4sinx
with 4 = 4. Thus, the amplitude is | 4 |=| 4 |=4.

L )
The period is 27z . The quarter-period is Tﬂ- or %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T
x==+==rx
2 2
T 3r
X=m+—="—
3 2 2
=—£+£=2ﬂ
2 2
Evaluate the function at each value of x.
X |y=4sinx coordinates
0 |y=4sin0=4-0=0 0, 0)
T o ly=asinf=41=4 Z 4
2 2 2
7T |y=4sint=4-0=0 (, 0)
3z 3z kY4
— =4sin—=4(-1)=—+4 —, -4
> |1 2 (=D ( 5 j
2 |y=4sin27x=4-0=0 2z, 0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

y =4sinx
|
I
/ \ (217 0)
©.0) Snra
N\ x
AN Y = sinx
"""5(77’0) \ ‘[I
T
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The equation y =5sinx is of the form y = Asinx
with 4 = 5. Thus, the amplitude is | 4 |=| 5 |=5.

Lo L. 2
The period is 27 . The quarter-period is Tl

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2
T T
x==+==r1x
2 2
T 3
X=r+=="=
3 2 2
=—”+£=2ﬂ'
2 2
Evaluate the function at each value of x.
X |y=35sinx coordinates
0 |y=5sin0=5-0=0 (0,0)
T o y=ssinf=51=5 s
2 2 2
T |y=5sinr=5-0=0 (7, 0)
3z 3z kY4
— =5sin—=5(-1)=-5 —, -5
> | 2 (=D (2 j
27 |y=35sin27r=5-0=0 (27, 0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

ks
59
o

5 y =3Ssinx
¥ Zsine
0, 0 /2%
g3 N
/ (27,0)
24 /
(7, 0) 3
T g
3

Section 4.5 Graphs of Sine and Cosine Functions

. . . .
The equation y = gsm x is of the form y = A4sinx

. 1 . . 1] 1
with 4 =—. Thus, the amplitude is | 4 |=‘ = ‘=—.
3 313
The period is 27 . The quarter-period is 2z or % .
The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
T
x=0+—=—
2 2
T
x==+—=7x
2 2
T 3
X=r+—=—
3 2 2
T T
=—+—=27
2 2

Evaluate the function at each value of x.

x |y= 3 sin x coordinates
0 y=tsno=Lo=0| (00
Y73 3 ’
b4 . 1 1 (ﬂ' 1)
— |y=—sin—=—-1=— —, =
2 2 3 3 2°3

1. |
4 y——s1n7r=§-0=0 (7, 0)
Iz 1. 37 3z 1
— |y=—=sin— =, =
2 % 2 1 2 3

=—(-)=—=

3( ) 3

1. 1
2 y=§sm2ﬂ'=§-0=0 (2r, 0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

m 1) vy y=sinx
2 3) R T,
is y=3sinx
©, ) P\ /25 27 0)
NS *
TN
HH
(7, 0)
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. . . .
The equation y = Zsmx is of the form y = Asinx
. 1 . . 1
with 4= 1 Thus, the amplitude is | 4 |= ik

Lo L. 2
The period is 27 . The quarter-period is Tﬂ- or 2.

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x==+==r1x
2 2
T 3
X=r+=="=
3 2
=z £=2ﬂ'
2 2
Evaluate the function at each value of x.
X |y= " sin x coordinates
0 Lino=Lo=0 (0,0)
7Y 4 ’
T 1. 7 1 1 1
— |y=—sin—=—1=— -, =
2 4 2 4 4 2 4
. 1
4 y——smﬂ'=Z-0=O (7, 0)
kY4 1. 37 1 1 3 1
— =—sin—=—(-)=— | | —, ——
2 Y D 4 (2 4]
2r —lsinzﬂ'—l-O—O 2r, 0)
y=y 1 ,

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

y y=sinx

a 1 / 1
30 TN Ky = g sinx

0,0 LN /5
= \ x
\ 2

(70 2, 0)
(111

NG

The equation y =—3sinx is of the form y = Asinx
with 4 =—3. Thus, the amplitude is | 4 |=| -3 |=3.

Lo Lo 2
The period is 27 . The quarter-period is oor % .

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
.4
x=0+—=—
2 2
T T
x==—+==rx
2 2
T 3
X=r+=="=
3 2
T T
=—+—=27
2 2

Evaluate the function at each value of x.

X |y=-3sinx coordinates

0 |y=-3sinx 0, 0)
=-3.0=0

T T

— =-3sin— —, -3

2 (2 j
=-31=-3

7T |\y=-3sinx (7, 0)
=-3-0=0

3z y=-3sin— 3—”, 3

2 2
=-3(-1)=3

27 |y =-3sin2x (2r, 0)
=-3-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

Rizs
y ==
TTTTT (2’3>

Sy = sinxp
(0’0) li (277,0)
_H B x
y = —3sinx
(7, 0) TSy
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The equation y =—4sinx is of the form y = Asinx

with 4 =—4. Thus, the amplitude is | 4 |=| -4 |=4.

o L. 2
The period is 27 . The quarter-period is Tl

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x=—+Z=r
2 2
7T 3
X=r+=="=
3 2 2
=—”+£=2ﬂ'
2 2
Evaluate the function at each value of x.
X |y=-4sinx coordinates
0 |y=—4sin0=-4-0=0 0, 0)
T oly=—asinZ=—v1=-4 |[Z 4
2 2 2
T |\y=—4sint=-4-0=0 (7, 0)

37, :—4sin37”: —4(-1)=4 [37” 4}

2z |y=—4sin2r=-4-0=0 (27, 0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

y (3_"’4>
51y = sin x4 2

/
0, 0) s = (7, 0)
X
2T\ / 2 @m, 0)
sy = —4 sin x

Section 4.5 Graphs of Sine and Cosine Functions

The equation y =sin2x is of the form y = 4sin Bx
with 4 =1 and B = 2. The amplitude is

| 4|=|1|=1. The period is 2?”227”27[.The

quarter-period is % . The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
x=0+—
T T T
xX=— _——=
4 4 2
T T 37
x=—+—="=
2 4 4
3 &«
x="+"=rx
4 4
Evaluate the function at each value of x.
X |y=sin2x coordinates
0 |y=sin2-0=sin0=0 (0,0)
z y =sin Z-Z Z,l
4 4 4
:sinzzl
2
z y =sin 2~Z E,O
2 2 2
=sinz =0
3—” y=sin 23—”j 3—”,—1
4 4 4
:sin—”:—l
2
7T |y=sin(2-7x) (7, 0)
=sin27r =0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

a
_,1)
y Q

ko
& / (7’ 0)
0, 0) (7, 0),
- HPr
Sl (-1
TN 4
y = sin 2x
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544

The equation y =sin4x is of the form y = 4sin Bx
with 4 =1 and B = 4. Thus, the amplitude is

L2 2
| 4|=|1|=1. The period is T T The
B 4 2
2 11 =z
uarter-period is 2 = =-— == The cycle begins at
q P 4 2 4 8 Y g
x =0. Add quarter-periods to generate x-values for
the key points.
x=0
x=0+2="
8 8
T T T
x=—+===
8 8 4
T & 37
X=—+—=—
4 8 8
LN
8 8 2
Evaluate the function at each value of x.
X |y=sindx coordinates
0 |y=sin(4-0)=sin0=0 (0,0)

r y =sin 4.7 —sinZ o1 £,1
8 8 2 8
Z y:SiIl 4Z =sinz =0 1,0
4 4 4
K y=sin 43—”j 3—”’_1
8 8 8

=sinZ =1
2

y=sin2zx=0 (7[ Oj
2’

2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

y (%,1) <%’0>

i ]
o p) l 1
o
007\ "’>
T T X
2.5 3?779 _1>
y = sin 4x

. 1. .
The equation y = 3sm5x is of the form y = Asin Bx
. 1 . .
with 4 =3 and B =E.The amplitude is | 4 |=| 3 |=3.

.. 22
The period is ?’[ = T’[ =2x-2=4r . The quarter-
2

... 4 .
period is Tﬂ =7x. The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key points.
x=0

x=0+7w=rx

X=rn+rw=217

x=2r+r=3x

x=3r+rw=4rx

Evaluate the function at each value of x.

X ! .
y=3sin 5 X coordinates
0 (1
y =3sin 5-0 (0,0)
=3sin0=3-0=0
T (1
y =3sin (57[) (7, 3)
—3sinZ=3.1=3
2
2 (1
y=3sin E-Zﬂ' 27z, 0)
=3sinr=3-0=0
3z (1
y =3sin 3375 Bz, -3)
=3sin3—7z
2
=3(-1)=-3
4r (1
y=3sin 5-4% (47, 0)
=3sin27=3-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

y
5 TTTT __'_‘_l
(77’ 3)—(217’ 0)
0, 0) @, 0)
—+7 7w \3w7/ x
5 (133719 -3)
y = 3sin %x
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. N
The equation y = 2S1IIZX is of the form

y = Asin Bx with 4 =2 and B:% . Thus, the

amplitude is | 4 |=| 2 |=2. The period is

2 2 L

o Tﬂ =2x-4=8x . The quarter-period is
B

87

1 =27 . The cycle begins at x = 0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+27=2x

x=2r+2r=4r

x=4r+2r =61

xX=67w+2r =87

Evaluate the function at each value of x.

x y=25in%x coordinates
0 |y=2sin %-0 (0, 0)
=2sin0=2-0=0
2z y=2sinG-2;rJ 2, 2)
—2sinZ=2.1=2
2
4z |y=2sinr=2-0=0 (4r, 0)
67 y=25in377[=2(—1)=—2 (67, —2)
87 |y=2sin27=2-0=0 87, 0)

Connect the five key points with a smooth curve and

graph one complete cycle of the given function.
y

©,0) 16w 0

Pl

9
)

ar ./i' i x
/ (6775 _2)
81 (4w, 0) T

y = 2sin %x

11.

Section 4.5 Graphs of Sine and Cosine Functions

The equation y =4sinzx is of the form
y = Asin Bx with 4 =4 and B =z . The amplitude is
2r

... 27
= = . p —_— —= .
| 4|=|4|=4.The period is 2 . The
B T

quarter-period is % = % . The cycle begins at x = 0.

Add quarter-periods to generate x-values for the key
points.

x=0
x=0+l=l
21 2
x=—+—=1
2 2
1 3
x=14+—==
3 21 2
xX==—4+—=2
2 2
Evaluate the function at each value of x.
x |y=4sinzx coordinates
0 |y=4sin(z-0) (0,0)
=4sin0=4-0=0
1 y=4sin 7r~l 1,4
2 2 2
= 4sinZ =4(1) =4
2
1 |y=4sin(z-1) (1,0)
=4sinrt=4-0=0
3 y =4sin 7;-i é’_4
2 2 2
=4sin3—”
=4(-1)=-4
2 |y=4sin(r-2) (2,0)
=4sin27=4-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

—
—_—
=
>
e
11
I
—_
~e IV
)
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12.

546

The equation y =3sin27zx is of the form
y = Asin Bx with 4 =3 and B =2x . The amplitude
2r

is | 4|=|3|=3. The period is 2727 | The
B 2r

quarter-period is % The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
x= O+l 1
4 4
1 1 1
X=—+—=—
4 4 2
1 1 3
X=—+—==
2 4 4
31
x=—+4+—=1
4 4
Evaluate the function at each value of x.
x |y=3sin2zx coordinates
0 |y=3sinQ2z- 0) (0, 0)
=3sin0=3-0=0
1 1
— 3sin| 27 - -, 3
4 77 ( j (4 j
—3sm—= 1=
1 y =3sin 27Z'-l 1,0
2 2 2
=3sinzr=3-0=0
3 3
— 3sin| 27 - —, -3
ool J (4 )
—3sm—:( =
1 |y=3sin2z-1) (1,0)
=3sin27=3-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

NE

0,0)J\-(1,0)
| \/ | *
1 3

O o

y =3sin2zw x

13.

The equation y =—3sin27zx is of the form
y = Asin Bx with 4 =-3 and B =2x . The amplitude
2r

is | 4|=|-3|=3. The period is 2727 | The
B 2r

quarter-period is % The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key points.
x=0

x=0 +l = 1
4 4
1 1 1
X=—+—=—
4 4 2
1 1 3
X=—+—==
2 4 4
31
x==—4+-—=1
4 4
Evaluate the function at each value of x.
X |y=-3sin27x coordinates
0 |y=-3 sin(27-0) (0, 0)
=-3sin0
=-3-0=0

N | —
<
Il
|
w
w2
«.
=]
N\
[\®]
B
|
N—

-3(-1)=3

1 |y=-3sin2z-1)
=-3sin27
=-3.0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

; (%’391

(0, 0) / (.1.’ 0)

1 -
—, =3|5 1
(4 5 (2’0>

y = —=3sin27 x

(1,0)
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14.

15.

The equation y =-2sinzx is of the form
y = Asin Bx with 4 =-2 and B = . The amplitude
2r

is | 4|=|-2|=2. The period is 2 _2% ) The
B

quarter-period is 2_1
4 2

The cycle begins at x = 0. Add quarter-periods
to generate x-values for the key points.

x=0
x=0 +l = l
2 2
1 1
x=—+—=1
2 2
1 3
x=14+—=—
3 21 2
xX=—4+—=2
2 2
Evaluate the function at each value of x.
X |y=-2sinzx coordinates
0 |y=-2sin(z-0) (0,0)

=-2sin0=-2-0=0

. 1
=-2sin| 7-—
g ( 2)

=-2sinZ=-2.1=-2
2

N | —

1 |y=-2sin(z 1) (1,0)
=-2sinr=-2-0=0

3 y=-2sin ﬂ"i 2,2
2 2 2
= —2sin3—ﬂ- ==-2(-1)=2
2
2 ly=-2sin(xr-2) (2,0

=-2sin27r=-2-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

3
yﬂ 1,0 <3, 2)
I

(0, 0) 2,0

. L2 .
The equation y = —smgx is of the form y = Asin Bx

with 4 =—1 and B:%'

Section 4.5 Graphs of Sine and Cosine Functions

The amplitude is | 4 |=| -1 |=1.

The period is 2?71-22—71-2271'%2371'.

W

The quarter-period is 37” . The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key points.

:0+3_7[:3_ﬂ-
37 3n 3m
= 4+ =
4 4 2
2 4 4
97 3m
=—+—=37
4 4

Evaluate the function at each value of x.

X |y=- sin% x coordinates
. (2
0 |y=-sin (EOJ (0,0)
=—sin0=0
RY/3 . (2 37 3z
— |y=-smn| —-— —, -1
4 3 4 4
.
=—sin—=-1
3z . (2 37:) 3r
— |y=-sin| —— —. 0
2 3 2 2
=—sinz =0
97 . (2 97 [97r
— |y=-sin| —— —, 1
4 3 4 4
. 3
=—sin—
=—(-1)=1
. (2
37 |y=-sin (ESHJ 3z, 0)
=—sin2z =0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

()

|
[T
o | N
’ll(gllﬂ)
O, 0 ST
7 37 X
RIS 3=
7 Vs 2’
y=—sin%x
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. .4
16. The equation y = —smgx is of the form

y = Asin Bx with 4 =-1 and B=§.

The amplitude is | 4 |=| —-1|=1.
Theperiodisz—”=2—7z=27r.§=3_”
B 4 4 2
3
T 31 3z

The quarter-period is

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0

3. 3w

x=0+—=—

3. 3x 3w
x:—+_:_

8 8 4
3. 3x &
X=—+—=—
4 8 8
_om 3w _3n
8 8 2
Evaluate the function at each value of x.
.4 .
X |ly=-— smg X coordinates
. 4 .
0 |y=-sin §~0 =—-sin0=0 0, 0)
kY4 . 4 37 . T kY4
— |y=-sin —-— =-sin—=-1||—, -1
8 3 8 2 8
3_7[ y =—sin i?’—” =—sinr=0 3—”,0
4 3 4 4
9 . (4 97 o
— |y=—sin| —— —, 1
8 3 8 8
. 3
=-sin—=—(-1)=1
5 (-1
3_7[ y:—sin i3—7[ =—sin27=0 3—”,0
2 3 2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

548

)
8 o

-
S
N——
/o~
|
N———

3
=0
(0, 0) p. <2 )

1Y)
=

17. The equation y =sin(x—x) is of the form
y=A4sin(Bx—-C) with4=1,B=1,and C=rx.The
amplitude is | 4 |=|1|=1. The period is
2—”22—”2275. The phase shift is gzzzﬂ . The

B 1 B 1

L. 2 .
quarter-period is T’[ = % . The cycle begins at

x =7 . Add quarter-periods to generate x-values for

the key points.
X=7
T 3
X=r+=="=
3 2 2
x=—”+£=2
2 2
T St
X=2T+—=—
2 2
Sk«
xX=—+—=3
2 2
Evaluate the function at each value of x.
X |y=sin(x-7) coordinates
T \y=sin(r—-rx) (7, 0)
=sin0=0
kY4 . (37 3z
— |y=sm|—-7x —, 1
2 2 2
/4
=sin—=1
2
27 |y =sinQQw - 1) (2r, 0)
=sinz =0
Sr . (57 hY/4
— |y=sin| ——7x —, -1
2 2 2
. 3
=sin—=-1
2
3z |y=sinBz-r) (3r, 0)
=sin27x =0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

RIS )
2y
y (2

S 2, 0)
| 1]

-

1
(0 (37, 0)

r 7 Hx

)

y =sin (x — )

3 /N2
[N
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18.

The equation y =sin (x —gj is of the form

y=Asin(Bx—C) with 4=1, B=1, and c=%. The
amplitude is | 4 |=|1|=1. The period is

2m_27 27 . The phase shift is c.
B 1 B

—_— |I\)‘§

_ . The
2
L. 2 .
quarter-period is T’[ = % . The cycle begins at

X = g . Add quarter-periods to generate

x-values for the key points.

V4
x==
2
T T
x==+==r
2 2
T 3z
X=T+=—="—
3 2
:—7[+£:27c
2 5
x=27z’+£=—”
2
Evaluate the function at each value of x.
. T .
x y:sm(x_zj coordinates
T y=sin| Z-Z|=sin0=0 Z 0
2 2 2 2
4 y=s1n[7z—§j=sm—=1 (7, 1)
3
i y =sin Z_z =sinzr=0 [3—7[,0)
2 2
. T . 3w
27 |y=sin 2r——= =sin—=-1 | 2z, -1)
2 2
ST —sin XX _ginor=0 | [2Z 0
2 2 2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

(m, 1) (3_17 0)
yp| \27

b \
on) \
\

Section 4.5 Graphs of Sine and Cosine Functions

19. The equation y =sin(2x—x) is of the form

y=A4sin(Bx—-C) with4=1,B=2,and C=rx.The
amplitude is | 4 |=|1|=1. The period is
2_7[22_7[:”‘ The phase shift is ng . The
B 2 B 2
N 1 . V4
quarter-period is e The cycle begins at x = R Add

quarter-periods to generate x-values for the key points.

.4
xX=—
2
nr T 3x
x:—+_:_
2 4 4
3 &«
4 4
V)
X=m+—=—
St 3w
=t —=—
4 4 2

Evaluate the function at each value of x.

x |y=sin(2x-7) coordinates
z y=sin 2 Xz E,O
2 2 2
=sin(z —7)
=sin0=0
3z y=sin 2-3—”—7r 3—”,1
4 4 4
. (37 j
=sin| —-7x
2
:sinzzl
2
T \y=sin(2-w—x) (7, 0)
=sin(2z —7x)
=sinz=0
5—7[ y =sin 2~5—ﬂ-—ﬂ' 5—7[,—1
4 4 4
. (57 )
=sin| —-7x
2
:sin3—ﬂ:—1
2
3—” y =sin 2~3—ﬂ—7r 3—”,0
2 2 2
=sin(3z —rx)
=sin27 =0
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20.

550

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

o
H

Ia
=

2. g ‘1)

y =sin 2x — )

The equation y = sin(2x—§j is of the form

y = Asin(Bx—C) with 4 =1, B=2, and czg. The

amplitude is | 4 |[=|1]=1.

Lo 2 2
The period is T g
B 2

c Z
The phase shift is — = 2
B 2

P 4
The quarter-period is T

The cycle begins at x = % Add quarter-periods to

generate x-values for the key points.

V4
X =—
4
T T T
X=—+—==
4 4 2
T 3x
X=—+—=—
2 4 4
3 T
X=—+—=7
4 4
T S
X=m+—=—
4 4

Evaluate the function at each value of x.

X y:sin(zx—gj coordinates
z y=sin 2.2 T E,O
4 4 2 4
=sin r.r =sin0=0
2 2
Z y:sin ZE_Z z’l
2 2 2 2
. 4
=sin| 7r—— |=sin—=1
)
3_ﬂ- y:sin 23_7[_£ 3_7[,0
4 4 2 4
. T
=sin| ——-—
)
=sinz =0
7 |y=sin 2-;;—%) (7, - 1)
=sin 27[——)
=sin—7z=—1
5 .
7 y=sin 2-5—”—£ 5—”,0
4 4 2 4
5z Ej
=sin| ——-—
2
=sin2z =0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

(&

F1) (9
il

ik X
\
(7, —1)
111

y= sin(’.’x—%)
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21.

The equation y =3sin(2x—7) is of the form
y=Asin(Bx—C) with4=3,B=2,and C=x.The

amplitude is | 4 |=| 3 |=3. The period is

2 = 2 = xr . The phase shift is < -z . The quarter-
B 2 B 2

period is % . The cycle begins at x = % Add quarter-

periods to generate x-values for the key points.

/4
X=—
2
_r, m 3
2 4 4
I @
x="—+=—=r1x
4 4
T 5
X=r+—=—
St 3m
=t —=—
4 4 2
Evaluate the function at each value of x.
X |y=3sin(2x—7) coordinates
z y=3sin[2-£—7rj (Z,O
2 2 2
=3sin(r—7x)
=3sin0=3-0=0
3z y=3sin 2-3—ﬂ-—7r 3—”,3
4 4 4
=3sin 3—”—”)
2
—3sin T =3.1=3
2
7T |y=3sin(2-r—7x) (7, 0)
=3sin(2zr — 1)
=3sinr=3-0=0
R y =3sin 2-5—”—75 5—”,—3
4 4 4
=3sin 5—7[—75]
2
=3sin3—”
2
=3(-1)=-3
3z ¥ =3sin 2-3—”—75 3—”,0
2 2 2
=3sin(3r— 1)
=3sin27=3-0=0

22.

Section 4.5 Graphs of Sine and Cosine Functions

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

13

T

y =3sin 2x — )

The equation y =3 sin(2x —%j is of the form

y = Asin(Bx—C) with 4 =3, B=2, and ng.

The amplitude is | 4 |=|3 |=3.

The period is 2z = 27 _ V4
B 2

. C % 71
The phase shiftis —===—-—
B 2 22

The quarter-period is % .

The cycle begins at x = % . Add quarter-periods to

generate x-values for the key points.

T
xX=—
4
T T T
X=—+—==
4 4 2
r T 3x
x:—+_:_
2 4 4
3 &«
xX=—+—=7
4 4
T Sr
X=r+—=—
4 4

Evaluate the function at each value of x.
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23.

552

X y:3Sin(2x__j coordinates
z y=3sin 2.2 2 £,0
4 4 2 4
(T &
=sin| ———
5-3)
=3s5in0=3-0=0
z y=3sin 2.2 2,3
2 2 2 2
=3sin n—zj
—3sin 2 =3.1=3
2
3z y=3sin 2'3—”—Z 3—”,0
4 4 2 4
. (3r &
=3sin| ———
2
=3sinr=3-0=0
7T |y=3sin 2-72—%) (7, -3)
=3sin 272’—£j
2
=3sin3—”=3-(—1)=—3
2
2 |y =3sin[ 2222 ELAY)
4 4 2 4
_3in[ Z_7
2
=3sin27=3-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

L6 ()

/
/

a S5
w 3 _’0>
(?’0>~ i wax <4

T X

~

(775 _3)

N

y=3sin(2x—%)

1 . V.4 1 . V.4
y=—sm| x+—|[=—sm| x—| ——
2 2 2 2

The equation y = %sin(x—(—gn is of the form

y = Asin(Bx—C) with A=%,B= 1, and c=—%.

The amplitude is | 4 |=‘ % ‘z% The period is
_z
2—”:2—”:27I.Thephase shift is 92—2——2.
B 1 B 1 2

Lo 2 .
The quarter-period is sz = % . The cycle begins at

V4 .
X = 5 Add quarter-periods to generate x-values

for the key points.
V4
X=—-=
2
T T
x=——+—=0
2 2
T T
x=0+—=—
2 2
T T
x==+==r
2 2
T 3z
X=m+—="
2 2

Evaluate the function at each value of x.

X —lsin x+Z
Y 2 2

coordinates

=—sin0=—-0=0
2
0 y—ls1n(0+£) (0,lj
2 2 2
1.7 1 1
=—sin—=—-1=—
2 2 2 2

N
<

|

|

“

=]
7\
N
+

w N
N—
7\
(SR
o
Ne—

——sinzrzl-0=0
2
7 yzlsm(n-%zj (7[,—1]
2 2
1. 37
=—sin—
% 2
=— (=D ==—=
2()
kY4 1. (37 & 3z
— |y=—=sin| —+— —.,0
2 2 2 2
=lsm27r
i
=—.0=0
2
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24.

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

i

1. 1.
=—sin(x+7) =—sin(x— (-7
y=5 (x+7) 3 (x=(=m))
The equation y = %sin(x —(-=x)) is of the form

y = Asin(Bx—C) with A=%,B= l,and C=-7.

The amplitude is | 4 |= ‘ % ‘ = % . The period is
2—”:2—7[:275. The phase shift is gzi:—ﬂ.
B 1 B 1

The quarter-period is %T” = % . The cycle begins at

x =—r . Add quarter-periods to generate x-values for

the key points.
X=-7
V4
X=—T+—=——
2
x=-2+%-0
2 2
x=0+£=Z
2 2
f 4
x==+==r
2 2

Evaluate the function at each value of x.

x |y= %sin( xX+7) coordinates

T |y= %sin(—ﬂ' +77) (—m, 0)

~Lsino=1.0=0
2 2

.4 .4 1
—— |y==sin| ——+7x -, =
2 2 2°2
.o 1 1
=—sin—=—-1=—
2 2 2

0 |y :%Sin(0+7r)

:lsinﬂ':—-O:O
2 2

Section 4.5 Graphs of Sine and Cosine Functions

V.4 . (z T 1
— |y=—sin| —+7x —, ==
2 2 22
1 kY4 1
=—sin—=—-(-1)=——
2 2 D 2
1.
V4 y=5s1n(ﬂ+ﬂ') (7, 0)
:lsin2ﬂ=l-O=0
2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

(%3
2°2)

mam
S
(=m,0) (7, 0)

o

(78]
5]

y =—28in[2x+£J:—2sin 2x_(_£J
2 2

The equation y =-2 sin(Zx—(—%D is of the form
y=Asin(Bx—C) with 4 =-2,
B=2,and C= —% . The amplitude is

| 4|=|-2|=2. The period is %zz%zzﬂ.The

c -5 71 /4
phase shift is 3 = 72 55 = e The quarter-

period is % . The cycle begins at x = —% . Add

quarter-periods to generate x-values for the key
points.

T
xX=——
4
T T
x=——+—=0
4 4
T T
x=0+—=—
4 4
T T T
xX=—+=—==
4 4 2
nr T 3x
X=—+—="=
2 4 4

Evaluate the function at each value of x.
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J coordinates

(5r3) 5

T
3
-0
0 . x 0.-2)
_ . fj

:—ZSinz
=-2:1=-2

y=-2sin 2.2, Z,O
4 2 4

=-2sin £+£
2 2

&N

=2sin7w
-2-0=0

= 2sin| 2. 54+ Z L)
22 2

. T
=2sin| r+—
2

DN
<
1 |

-2 sin3—ﬂ
2
=2(-1)=2

3z y=-2sin 2-3—”+£
4 4 2

. (3«7 71')
—-2sin| —+—
2 2

=-2sin2x
=-2.0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

y(%’“) (7.2

2
2.5 e
3
5o N L
I /3. X
0, -2) 2] 2
:.Jl

y = —2sin (2x+%)

2. y=-3 sin(Zx +§j -3 sin[Zx—[—%D

The equation y =-3 sin[Zx - [—%D is of the form

y = Asin(Bx—C) with 4 =3, B=2, and C:—%

The amplitude is | 4 |=| =3 |=3. The period is

2;[ 27 _ = xr . The phase shift is

T
c__2
2

.
B 2

= —%. The quarter-period is % .

N | —

The cycle begins at x = —% . Add quarter-periods to

generate x-values for the key points.

V.4
xX=—-=
4
==+
4
x=0+Z=2%
4 4
T T
X=—+—=—
4 4 2
T 1w 37
x=—+—="=
2 4 4
Evaluate the function at each value of x.
X ) V3 coordinates
y=-3sin| 2x+—
2
T T\ 7« V4
LA R PN Y I Lo
4 Y Sm(4)2j (4j
=-3sin .z
2
=-3sin0=-3-0=0
0 0,-3
y=-3sin 2-0+fj ©.-3)
2
=-3sin 0+£J
2
= 3sinZ=-3-1=-3
2
z y =-3sin 2.2 E,O
4 4 2 4
= —3sin 1+fj
2 2
=-3sinr=-3-0=0
z y =-3sin 2.2 E 2,3
2 2 2 2
=-3sin 7r+£]
2
—3sm3———3( =3
2
£ y=-3sin 2-3—7z-+Z 3—7[,0
4 4 2 4
. (3m &
=-3sin| —+—
2
=-3sin27x=-3-0=0
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27.

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

W5 (53

(e
4° 1\ J“

RIS
= 37 )
(e

y = —3sin (Zx +757)

X

(05 _3)‘

y=3sin(rx+2)

The equation y =3sin(zx —(-2)) is of the form
y=Asin(Bx—C) with4=3, B=x,and C=-2.
The amplitude is | 4 |=| 3 |=3. The period is
2r 2% c 2 2

=—=2. The phase shift is —=—=——_.The
B B V3

o201 )
quarter-period is 2 = 5 The cycle begins at

2 .
x =——_. Add quarter-periods to generate x-values
V4

for the key points.
2
xX=——
T
2 1 n-4
X=—+—=—
T 2r
-4 1 7-2
X =— _———_—
2 2 T
-2 1 3n-4
X=——+—=
.4 2 2
. 3r—4 l_27r—2
2r 2 T
Evaluate the function at each value of x.
X |y=3sin(rx+2) coordinate
S
2 2
- y:3sin(7r(—£)+2} (——,Oj
T T
=3sin(— 2+2)
=3sin0=3-0=0
-4 4 r—4
— |y =3si +2 —.3
2 y= s 27[) (275 j
=3sin
=3sin ——2+2
=3sinZ
=3.1=3

28.

Section 4.5 Graphs of Sine and Cosine Functions

-2 =2
— |y=3sin| & +2 —: 0
T T T

=3sin(r-2+2)
=3sinz=3-0=0
3r—-4 —4 hY/4
=3si —,-3
= y=3sin| & +2 (4 J
=3sin
=3sin ——2+2
—3s1n3—
=3(—1):—
2r-2 - 2r-2
y =3sin 71'(2” 2 +2J ( , 0
T V4 V4
=3sin(2r—-2+2)
=3sin27=3-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

2
<_;+1,3> (—;+1, 0)
I N
T N

/
= 2,3 _
) <_7T+2’ 3)

y = 3sin (wx + 2)

11/

vd

y =3sin(2zx+4) =3sin(2zx — (-4))

The equation y =3sin(2zx—(—4)) is of the form
y=Asin(Bx—C) with4 =3, B=2x,and

C=—4. The amplitude is | 4 |=| 3 |=3. The period is
2r _2m C -4 2

=—=1. The phase shiftis —=—=——.The
B B 2z V4

| . 2
quarter-period is 7 The cycle begins at x =——. Add
/4

quarter-periods to generate x-values for the key points.

2
xX=—-—
2 1 -
X=——+—=—
4 4rx
-8 1 n-4
X=——F—=—
4 4 27
-4 1 7—8
= +—=
2 4 ar
. 3z-8 1 #m-2

ar 4 .4
Evaluate the function at each value of x.
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X |y=3sin(2zrx+4)

coordinates

2 2
- y=3sin(27r(—gj+4] (——, Oj
T /4 T
=3sin(-4+4)
=3sin0=3-0=0
T—38

-3 -8
—— |y =3sin| 27| — |+4 —3
4 y=osim ”( 4r j+ j ( 4r j

_3sin ”_+4j
2
=3sin 1—4+4j
2

—3sinZ=3.1=3
2

T—4 T—4
= |y=3sin| 27| 2" 44| | | =00
o Sm[ ﬂ( 2 J J ( 2z j

=3sin(r—4+4)
=3sinz=3-0=0

3r-8 3-8
=3sin| 2 4 ,—3
"8y =3sin E(M}NM j

=3sin 378 4)
2

— 3sin 3—”—4+4j
2

= 3sin37” =3(-1)=-3

7=2 |y =asi( 22 2214 =

-2

=3sin(2r—-4+4)
=3sin27=3-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

G1+1

T 4’

3

2,1
e

y =3sin Cax + 4)

29. y=-2sin(2zrx+4r)=-2sin(2wrx —(-4r))
The equation y =-2sin(27xx —(—4rx)) is of the form
y=Asin(Bx—C) with4=-2, B=2x,and
C =—4r . The amplitude is | 4 |=| =2 |=2. The

2r

period is 2z =——=1. The phase shift is
B 2z

C Ar

B 2r

556

|
—2 . The quarter-period is 7 The cycle

begins at x =—2 . Add quarter-periods to generate x-
values for the key points.

x==-2
1 7
xX=-2+4+—=——
4 4
7 1 3
X=——+—=—=
4 4 2
31 5
X=——+—=-=
2 4 4
5 1
x=——+—=-1
4 4

Evaluate the function at each value of x.

X |y =-2sin(27wx+4r) coordinates

-2 |y =-2sin(2m(-2)+4r) (-2,0)
=-2sin(—4rx+4r)
—2sin0

-2-0=0

7 7 7
iy =g _ -, -2
4 y=-2sin 27[( 4J+47rj ( 4 J

=-2sin —777[+472'J

=2sinf=-2.1=-2
2

3 3 3
2y =94 =z -=,0
D) y 28111(2”( 2J+47rj ( 5 J

=-2sin(-37+4r)
=2sint=-2-0=0

5 5
7 y=-2sin 27[(—%)+47[J (—Z, 2)

=-2sin —57”+47r)

= —2sin3—ﬂ-

=-2(-1)=2

-1 |y==-2sin(2z(-1)+4r) (-1,0)
=-2sin(-2x+4x)
—2sin2x
-2-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

Py
2 y

\ [ ®
/

I
|
(_25 0) {I

Fre

7 =
<_Z’ _2>
y =

—2sin 2ax + 477)
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30.

y =-=3sin(2zx +4x) =-3sin(2wx — (—4r))
The equation y =-3sin(2zx —(—4x)) is of the form
y=Asin(Bx—C) with4=-3, B=2x, and
C =—4rx . The amplitude is | 4 |=| -3 |=3. The
period is 2z = 27 =1. The phase shift is

B 2z

—4 |
< =" _ 3 The quarter-period is —. The cycle
B 2r 4
begins at x =—2 . Add quarter-periods to generate x-

values for the key points.

x=-2
x=—2-+—l=—z
4 4
7 1 3
X=—+—=——
4 4 2
3.1 5
x=—"+4+—=-=
2 4 4
5.1
X=——+—-=-1
4 4

Evaluate the function at each value of x.

X |y=-3sin(2zx+4r) coordinates

-2 |y =-3sin(27(-2) +47)
= _3sin(—47 +477)
=-3s5in0=-3-0=0

7 7
1 y =-3sin 27[(—%)+47r] (—Z,—3J

=—3sin —77”+ 47[}

(=2, 0)

= 3sinZ=-31=-3
2

besnfof 2] (2

—3sin(-37+4r)
—3sinzr=-3-0=0

_2 3sin| 2 5 +4 —2 3
4 y=-3sin| 27 _Z T rk

—3sin —577[ + 47[]

|
[
<
I

-3 sin%[ =-3(-1)=3

=3sin(2z(-1)+4rx)
—3sin(-27 +47)
—3sin27=-3-0=0
Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

(-1,0)

31.

Section 4.5 Graphs of Sine and Cosine Functions

(—1 -3 F 5

y = =3 sin Q2ax + 47)

The equation y =2cosx is of the form y = Acosx
with 4 = 2. Thus, the amplitude is | 4 |=| 2 |=2.

The period is 27z . The quarter-period is %T” or %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
T
x=0+—=—
2 2
T
X=—+—=rx
2 2
T 3
X=r+—=—
3 2 2
T T
=—+—=2r
2 2

Evaluate the function at each value of x.

x |y=2cosx coordinates

0 |y=2cos0=2-1=2 0,2)

Z o ly=2c0s%=2.0=0 (f,o

2 2 2

T |y=2cosw (m,-2)
=2.(-1)=-2

3z y=2cos3—” [3—”,0J

2 2 2
=2-0=0

27 |y=2cos2rx

(27, 2)
=2-1=2

Connect the five points with a smooth curve and
graph one complete cycle of the given function with
the graph of y=2cosx.

vp (0,2)
s
2

T35l /1y =2cosx

\ 2m,2)
,0

/,>

/!

oY
Lar ar Y\ 2

z — (77’ _2)

157

251Y
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32.

558

The equation y =3cosx is of the form y = Acosx
with 4 = 3. Thus, the amplitude is | 4 |=| 3 |=3.

The period is 27 . The quarter-period is %Tﬂ- or % .

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x==+Z=r
2 2
T 3
X=r+—=—
3 2
:—E+£:27r
2 2
Evaluate the function at each value of x.
x |y=3cosx coordinates
0 |y=3cos0=3-1=3 0, 3)
Ty =3c0sZ=3.0=0 (f,o
2 2 2
7T |y=3cosr=3-(-1)=-3 (7, -3)
3z y=3c053—”=3-0=0 3—7[,0
2 2 2
2 |y=3cos2zr=3-1=3 (2rx, 3)

Connect the five key points with a smooth curve
and graph one complete cycle of the given function
with the graph of y =cosx .

y

TT T T TTT

(IBI"I;;Ey = 3cosx @ 3)

2
5y = cos ¥E i _3)

<%’ 0> Eran I % (3_,, ’ 0)

33. The equation y =—2cosx is of the form y = Acosx

with 4 = -2. Thus, the amplitude is
| 4|=|-2|=2.The period is 27 . The quarter-

period is %Tﬂ- or % . The cycle begins at x=0. Add

quarter-periods to generate x-values for the key

points.
x=0
x=0+2=2%
2 2
T T
x==+=—=1
2 2
T 3z
X=r+—=—
3 2
:—E+£:27r
2 2

Evaluate the function at each value of x.

x |y=-2cosx coordinates

0 |y=-2cos0 (0,-2)
=-2-1=-2

z y=—ZCos£ Z, 0

2 2 2
=-2-0=0

T |y=-2cosxw (7, 2)
=-2-(-)=2

3—” y=—20053—ﬂ- 3—”, 0

2 2 2
=-2-0=0

2 |y=-2cos2rxw 2m, -2)
=-2-1=-2

Connect the five points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =cosx.

Yy
S Iy|=‘ Ic(l)sl .;‘;/(775 2)

T R7
(2,0)\ L //(T"’)

,-2)
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34. The equation y =—3cosx is of the form y = Acosx
with 4 =-3. Thus, the amplitude is | 4 |=| -3 |=3.

The period is 27 . The quarter-period is 2z or 2.

The cycle begins at x = 0. Add quarter-periods to

generate x-values for the key points.

x=0
T
x=0+—=—
2 2
T T
X=—+==r
2 2
T 3
X=m+=—="—
3 2
T T
=—+—=2r
2 2

Evaluate the function at each value of x.

x |y=-3cosx coordinates
0 |y=-3cos0=-3:1=-3 (0,-3)
Z = 3c0sE=-3.0=0 Z 0

2 2 2

7T |y=-3cosw=-3-(-1)=3 (7, 3)
3z y=—3cos3—ﬂ-=—3'0=0 3—”,0

2 2 2

2 |y=-3cos2x=-3-1=-3 2, =3)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with

the graph of y =cosx.

(7, 3)

(5.9)z

(05 _3)

y
5ty = —3 cos x
iy
AL X
= 1y"= cos x (2, =3)
PITTTTTTI

Section 4.5 Graphs of Sine and Cosine Functions

35. The equation y =cos2x is of the form y = Acos Bx

with 4 =1 and B = 2. Thus, the amplitude is

| 4|=|1|=1. The period is 2?”=27”=E.The

quarter-period is % . The cycle begins at x=0. Add

quarter-periods to generate x-values for the key

points.
x=0
T T
x=0+—=—
4 4
T T T
x=—+=—==
4 4 2
nr T 3x
X=—+—=—
2 4 4
3 T
4 4

Evaluate the function at each value of x.

x |y=cos2x coordinates

0 |y=cos(2-0) 0, 1)
=cos0=1

z y =co0s 2~£ Z, 0

4 4 4
=cos£=0

z y =cos 2.z z, -1

2 2 2
=cosmw=-1

3_7[ y =cos 23_7[ 3_7[’ 0

4 4 4
=cos3—”=0

2

T |y=cos(2-7) (7, 1)

=cos2rw =1

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

y
FsH-H
1 (77, D] (32’0>

[
[
o, 1)

"\ 4
<E , 0)-__
4 - 3= x
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Chapter 4 Trigonometric Functions

36. The equation y =cos4x is of the form y = Acos Bx 37. The equation y =4cos2zx is of the form y = Acos Bx
with 4 =1 and B = 4. Thus, the amplitude is with 4 =4 and B =2x . Thus, the amplitude is
.. 2 2 7w
| 4[=]1]=1.The period is — ==—=—_The | 4|=|4|=4. The period is 2—”:2—”:l.Thequarter—
B 4 2 B 2z
z o1 .
quarter-period is % =%% = % . The cycle begins at period is 7 The cycle begins at x =0. Add quarter-
x = 0. Add quarter-periods to generate x-values for periods to generate x-values for the key points.
the key points. x=0 {1
x=0 x=0+—=—
x=0 +£ 0 1 41 41
8 8 X=—+—=—
e Nk
8 8 4 X=—t—==
T 7w 3x 2 4 4
x=—"+=—== 3.1
4 8 8 x=2+—=1
3r .z 4 4
g s 2 Evaluate the function at each value of x.
Evaluate the function at each value of x. ;
x |y=4cos2mx coordinates
=cos4 i
x |y=cosdx coordinates 0 |y=4cos(27-0) 0, 4)
- 0) = _ =4cos0
0 |y=cos(4-0)=cos0=1 0, 1) —d4 =4
z =cos| 4-Z |=cosZ =0 Zo L y=4005(2”'lj (la 0)
g g 2 g 4 4 4
V3
=4 COSE
z y =cos 4.2 | =cosm=-1 E,—l =4.0=0
4 4 4 ) 1 1
— y=4cos(2ﬂ'~—j (—,—4)
3z V4 3z 2 2 2
? Y =cos 4 ? ?,0 =4cosx
=4.(-1)=—4
=cos—=0
3 y =4cos 27[-E E,O
4 4 4
T V1 T kY1
— =cos| 4-— |=cos2x =1 —, 1 =4cos—
2 ( 2J (2 J 5
=4.-0=0
Connect the five key points with a smooth curve and 1 |y=4cos(2z-1) (1,4)
graph one complete cycle of the given function. = jC{)S 247[
y =4.| =
0.1 T3 (z 1)
2 <3>_7T, 0) Connect the five points with a smooth curve and
<%, 0) = -\ 8 graph one complete cycle of the given function.
3 X
ey T vy 09
25 - 5 a,4)
_ 1 1 \—f 3
y = cos 4x <4’ > ( ,0) ] =
4 == i 4° 0
\if

e

y =4 cos 2mx

560 Copyright © 2018 Pearson Education, Inc.



38. The equation y =5cos2zx is of the form

y=AcosBx with4=5and B=2x . Thus, the
amplitude is | 4 |=|5|=5. The period is
2 2
T 1. The quarter-period is —. The cycle
B 2r 4

begins at x = 0. Add quarter-periods to generate x-
values for the key points.

x=0
x=0+l=l
4 4
1 1 1
X=—t—=—
4 4 2
1 1 3
X=—+—=—
2 4 4
31
x=—+—=1
4 4
Evaluate the function at each value of x.
X |y=5cos2xx coordinates
0 |y=5cos(27-0) (0, 5)
=5cos0=51=5
1 y=5cos 27[-l 1,0
4 4 4
=5005£=5~0=0
1 1
— Scos| 2x- —, =5
2 7T ( j (2 j
=5cost=5-(-1)=-5
3 y= 5cos(27r —j (E,OJ
4 4
—SCos—=
2
I |y=5cos(2z-1) {,5)
=5cos2r=5-1=5

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

yp 09 1,5

1 \ 1 3
(7’0>\ /<4’0)

U

\

\

\
N
N | =

|
o

39.

Section 4.5 Graphs of Sine and Cosine Functions

. |
The equation y =—4 cosax is of the form

y = Acos Bx with A =—4 and B:% . Thus, the

amplitude is | 4 |=| —4 |=4 . The period is

2 2

- 17[ =2x-2=4r . The quarter-period is
B3

47r

2 =7 . The cycle begins at x =0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+7r=rx

X=r+r=21x

x=2r+r=3x

x=3r+r=4r

Evaluate the function at each value of x.

X 1 coordinates
y =—4cos 5 X

0 (0,-4)
y=—4cos(%-0j

=—4cos0
=—4.1=-4

d (1 ) (7, 0)
y=-4cos Eﬂ

—4cosz
—4-0=0

ad 4 ! 2
—4cos| —-2x
g (2 j
=—-4cosw
=—4.(-1)=4

3z 1
y=-—4 cos(z . 3”)

3
= —4cos—”

=-4.0=0

4z 1
y=-4 cos(z . 47[}

=—4cos2x
=—4.1=-4

2m, 4)

G, 0)

(4, —4)

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

y 2m, 4)
5 [ Q@m, 0)
(m,0)
[2m\Am
O -o N
T H (4m, —4)
y = —4cos % x
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Chapter 4 Trigonometric Functions

. 1 .
40. The equation y =-3 cos;x is of the form

y=AcosBx with4=-3 and B =% . Thus, the

amplitude is | 4 |=| =3 |=3. The period is

2z = 2T7[ =213 =6rx . The quarter-period is
B3
% = 37” . The cycle begins at x = 0. Add quarter-
periods to generate x-values for the key points.
x=0
=0 +3—” = 3z
2 2
3z 3z
=—+—=37
2
iz 9z
X=3r+—=—
o x
2 2
Evaluate the function at each value of x.
X 1 coordinates
y=-3cos—x
3
0 0,-3
y=—3cos(§-0) ( )
=-3cos0=-3-1=-3
3_7[ y:—3cos 13_7[ 3_7[’0
2 3 2 2
= _3cosZ=-3.0=0
2
3 3z, 3
J’=—3cos(§~3n’ (67, 3)
=-3cosrt=-3-(-1)=3
o y =-3cos 197 9—”,0
2 3 2 2
=—3cos3—ﬂ-=—3-0=0
2
(/4 1 6r, -3
y=—3c0s(;67z) ( )
=-3cos2r=-3-1=-3

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

y |||||
3 34 3779 3):
R 5
- 37 T X
(05 7.3).
5 G =3
y = —3cos % x

41.

. 1 .
The equation y = —Ecos%x is of the form

y = Acos Bx with A=—% and B=§. Thus, the

amplitude is | 4 |= ‘ —% ‘ = % . The period is
2 = 2z = 27r-2 =6 . The quarter-period is 6 =—
B % 4 4

The cycle begins at x =0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+§=3
3 32
xX=—+—=3
2 32 9
xX=3+=—=—
9 3 2
xX==—+==6
2
Evaluate the function at each value of x.
X |y=——cos—x coordinates
0 yz—lcos Z.0 0,—l
2 3 2
——lcoso
T
2 2
3 1 T 3
— |y=——=cos| —-— =, 0
2 2 32 2
1 T
=——cos—
% 2
=——.0=0
2
3 ly=—tcos| Z:3 3,1
2 3 2
:—lcosﬂ
i i
2( ) 2
9 79 9
— |y=——cos| —— —, 0
2 2 32 2
1 kY4
=——Cc0os—
2 2
=——.0=0
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42.

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

Ny s (3; 3 H

. 1 .
The equation y = —Ecos%x is of the form

y = Acos Bx with A=—% and B=%. Thus, the

. . 1| 1 o
amplitude is | 4 |:‘ - ‘:5 The period is
2 2 4 . g
T og. 2 -8 The quarter-period is £=2.
B Z r 4

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
x=2+2=4
x=44+2=6
x=6+2=8
Evaluate the function at each value of x.
x y:—lcoszx coordinates
24
T 1
0 |y=——=cos|—- 0, ——
g (4 j [ 2)
1
=——cosO0=——1=——
2 2
2 —_"lcos(ff. j 2, 0)
YT 4 ’
——lcos£=—l 0=0
2 2 2
T 1
4 |y=——cos| —-4 4, —
g (4 J ( 2)
1 1 1
=——cost=——-(-1)=—=
2 D 2

43.

Section 4.5 Graphs of Sine and Cosine Functions

1 V4
6 =——cos| —-6 6,0
S b j )
=——c0s 3—”jz—l-O:O
2 2
V4 1
8 |y=——cos| —-8 8, ——
g (4 j [ 2)
=—100527r=—l~1=—l
2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

oy 3

The equation y = cos(x —g] is of the form
y=Acos(Bx—C) with4A=1,and B=1, and

ng.Thus,theamplitudeis | 4|=|1]|=1.The

period is %[ = ZTE =27 . The phase shift is

= % . The quarter-period is %Tﬂ- =—.The

cycle begins at x = g Add quarter-periods to

generate x-values for the key points.

4
==
2
T T
X=—+—=71
2 2
T 3
X=m+—=—
3 2
T T
=—+—=2r
2 5
T Sr
X=2r+—=—
2

Evaluate the function at each value of x.
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44.

564

X coordinates

S ERSIR
VR
N
N

(7. 0)
()
2 27
27 (27, 0)
5 (5—” lj
— 2
2

Connect the five points with a smooth curve and
graph one complete cycle of the given function

y
5, 0) FHE™ D
Bl 57 4
)i
e Sa X
2
-
a
y= cos( _E)

The equation y = cos(x+§j is of the form
y=Acos(Bx—C) with4A=1,and B=1, and

Cz—%.Thus,theamplitudeis | A|=|1|=1.The

period is %[ = ZT” =27 . The phase shift is
/4
2 )
< =27 The quarter-period is 2% The
B 1 2 4 2

cycle begins at x = —% . Add quarter-periods to

generate x-values for the key points.

T
xX=—-—=
2
T
x=——+—=0
2 2
T T
x=0+—=—
2 2
T T
X=—+—=7
2 2
n 3z
X=r+—=—
2 2

Evaluate the function at each value of x.

45.

X coordinates

0 (0,0)
i 5
o (=)

3
- 2
2

Connect the five points with a smooth curve and
graph one complete cycle of the given function

y4 0,0) (7, 0)
3 RIS >
™ o7
(‘?’1> Jz (2 ’
s 4
LIz 7 3m | X
I~
(51
2
= L
y= c0s(x+ 2)

The equation y =3cos(2x—x) is of the form

y=Acos(Bx—C) with4=3,and B=2, and

C =7 . Thus, the amplitude is | 4 |=| 3 |=3. The

period is 2z = = = 7 . The phase shift is < oy
B 2 B 2

The quarter-period is % . The cycle begins at x = %

Add quarter-periods to generate x-values for the key
points.

.4
X=—
2
n T 3x
2 4 4
3 &«
X=—4+—=
4 4
hY/4
X=m+—=—
4 4
St 3m
X=— _——=—
4 4 2

Evaluate the function at each value of x.
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46.

X coordinates
z [z, 3j
2 2
| (3
4 4
g (ﬂ-s - 3)
s (2,0
4 4
3
3z (—”, 3)
— 2
2

Connect the five points with a smooth curve and
graph one complete cycle of the given function

gy
b

— L
AT T AN RE ] ¥
3 )
2
(@, =3)

y=3cos 2x — w)

]

'
I

nj

The equation y =4cos(2x—r) is of the form
y=Acos(Bx—C) with4=4,and B=2,and C=r.
Thus, the amplitude is | 4 |=| 4 |=4. The period is
2—”22—”27[. The phase shift is ng . The
B 2 B 2

quarter-period is % . The cycle begins at x = % Add

quarter-periods to generate x-values for the key
points.

.4
X=—
2
r T 3x
x:— —_— T —
2 4 4
3 T
=—ad—=7
4 4
7 5
X=m+—=—
4
St & 3w
X =— _—=—
4 4 2

Section 4.5 Graphs of Sine and Cosine Functions

Evaluate the function at each value of x.

x | coordinates
z (z, 4j
2
(2
4 4
z (7[3_4)
SIEN
4 4
()
2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

Sar
3w \HHf (T ) 0)
<T ’ 0> EEaN F
e 4 7| x
b \\/'D
) (77, —4)

y=4cos Qx — )

47. y= %cos(3x+%} = %cos [3x—(—%D

The equation y = %cos(3x —(—%D is of the form

y = Acos(Bx—C) with A=% ,and B=3, and

| —

C:—%,Thusa the amplitude is | A |:‘ % ‘:

The period is 2?” = 2?” The phase shift is

C —% 1 V.4 L
—=—==——.—=——_ The quarter-period is

B 3 23 6

z 2r 1 7« V4
iz—-—z—.Thecyclebeginsatx=——.Add
4 3 4 6 6

quarter-periods to generate x-values for the key
points.
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48.

566

b4
x:—_
6
T T
x=——+—==0
6 6
Tz
x=0+—=—
6 6
T T T
X=—4—==
6 6 3
A A 3
X=—+—==
3 6 2

Evaluate the function at each value of x.

x | coordinates

K]

VR
N
|

N | —

Ne—

z (z,oj
3 3
53)
3 i
— 2 2

2

Connect the five points with a smooth curve and
graph one complete cycle of the given function

y
T o
_m 1 <3’0>:::

6’ 2) { (rr 1)
0, 0)=2 22
T N\ ___%Ex

o _1\H ns
6’ 2
o

_1
y= 2cos(3yx+ 2)

y= %cos(Zx +7)= %cos(2x —(-nm))
The equation y = %cos(Zx— (—m)) is of the form

y = Acos(Bx—C) with A:% ,and B =2, and

C = -7 . Thus, the amplitude is | 4 |=‘ % ‘:% The

period is %r = 27” =7 . The phase shift is

c - .
LTE_T . The quarter-period is z . The cycle
B 2 2 4

begins at x = —%. Add quarter-periods to generate x-

values for the key points.

T
X=——
2
T T V4
X=—+—=——
2 4 4
V1
x=——+—=0
4 4
T T
x=0+—=—
4
T T T
Xx=—+=—==
4 4 2

Evaluate the function at each value of x.

x | coordinates

z (z, OJ
4 4

z z1
2 272
Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

_= @
< 4’ ) y (4’0>
/
/
1
1 A\ NS T =
(‘%’ 5)\ [ <2 2>

\ /

—
P
|
W=
~

y=%cos(2x+rr)
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49.

The equation y =-3 cos(Zx —%J is of the form
y=Acos(Bx—C) with 4 =-3, and
B=2,and C= % Thus, the amplitude is

| 4|=|-3|=3. The period is %[=277[=7[.The

SRINIEY

phase shift is g _2_7
B 2

&N

1
2
P 1 . /4

The quarter-period is T The cycle begins at x = e

Add quarter-periods to generate x-values for the key
points.

.4
X=—
4
T T T
X=—+—==
4 4 2
T 1 37
x:—-l,-_:_
2 4 4
3 &«
X=—+—=7r
4 4
w St
X="T+—=—
4 4

Evaluate the function at each value of x.

x | coordinates

z (z, _3j
4 4

£l [31 3
4 4

7| (z.0)
=HIE
4 4

Connect the five points with a smooth curve and
graph one complete cycle of the given function

R
y <7’ 3)

(59
~ I\ (77, 0

Section 4.5 Graphs of Sine and Cosine Functions

The equation y =—4 cos(Zx —%j is of the form
y=Acos(Bx—C) with 4 =—4, and B =2, and

ng. Thus, the amplitude is | 4 |=| —4 |=4. The

period is 2z = 2z =7t . The phase shift is
B 2
z
< -2 1 =7 The quarter-period is 7 The
B 2 22 4 4

cycle begins at x = % Add quarter-periods to

generate x-values for the key points.

T
X=—
4
T T T
X=—+—==
4 4 2
nr T 3x
x:—+_:_
2 4 4
3 &«
xX=—+—=7
4 4
T 5
X=r+—=—
4 4

Evaluate the function at each value of x.

coordinates

=

sz | (sz _,
4 4

Connect the five key points with a smooth curve

and graph one complete cycle of the given function.

(3_77,4>
vy \4

/
ks i~
Zo
<2 ) JAAY
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51.

568

y=2cos(2wx+8x)=2cos(2wx— (—8x))
The equation y =2cos(2zx —(—87x)) is of the form
y=Acos(Bx—C) with4=2, B=2x,and
C =—-87 . Thus, the amplitude is | 4 |=| 2 |=2. The
period is 2z = 2z =1. The phase shift is

B 2z

< = s =—4 . The quarter-period is 1 . The cycle
B 2r 4
begins at x =—4. Add quarter-periods to generate x-

values for the key points.

x=-4
x=—4+l:—1—5
4 4
__ L7
4 4 2
7 1 13
X=——t—=——
123 41 !
xX=——>+—=-3
4 4

Evaluate the function at each value of x.

x |coordinates

-4 | (4,2

/(8,0
4 4

3 (3,2

Connect the five points with a smooth curve and
graph one complete cycle of the given function

(-4,2) Y

(=3,2)

15
RN v
s ¢ & X

(5 i

y =2cos 2ax + 8m)

U
\
A}
/T\
N
N

y=3cos(2zx+4rx)=3cos(2wx—(—4r))
The equation y =3cos(27xx—(—4x)) is of the form
y=Acos(Bx—C) with4=3,and B=2x,and
C =—4r . Thus, the amplitude is | 4 |=| 3 |=3. The
period is 2z = 2z =1. The phase shift is

B 2r

< = —4r =-2. The quarter-period is 1 . The cycle
B 2r 4
begins at x =—2. Add quarter-periods to generate x-

values for the key points.

x==-2
1 7
xX=-2+4+—=——
4 4
7 1 3
X=——Ft—=—=
4 4 2
31 5
x=——t+—=-=
2 4 4
5 1
x=——+—=-1
4 4

Evaluate the function at each value of x.

x | coordinates

2 (2,3

2 (29
4 4

-1 -1,3)
Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

-L3)
(-2,3) \[B
[59)

_7 Y= 4
4’ =S
3 =
(3 -

y =3 cos Qmx + 4m)

Copyright © 2018 Pearson Education, Inc.



53.

The graph of y =sinx+2 is the graph of y =sinx

shifted up 2 units upward. The period for both

L ... 27 T
functions is 27 . The quarter-period is — or 7

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2="
2 2
T T
x=—+==rx
2 2
r 3x
X=m+—="—
3 2 2
:_ﬂ-+£:2ﬂ'
2 2
Evaluate the function at each value of x.
X |y=sinx+2 coordinates
0 |y=sin0+2 ©,2)
=0+2=2
z y:sin£+2 2,3
2 2
=1+2=3
T |\y=sinmw+2 (”,2)
=0+2=2
3z y=sin37”+2 (37[ lj
2 | =-1+2=1 2’
2 |y=sin27+2 (271',2)
=0+2=2

By connecting the points with a smooth curve we
obtain one period of the graph.

5

R
/ (7/75 2):

(27, 2)

~ o] '

pa pa X

»

y=sinx +2

Copyright © 2018 Pearson Education, Inc.

54.

Section 4.5 Graphs of Sine and Cosine Functions

The graph of y =sinx—2 is the graph of y =sinx
shifted 2 units downward. The period for both

L L2
functions is 27 . The quarter-period is Tﬂ or %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x==+—=rx
2 2
T 3z
X=m+—="—
3 2 2
=—£+£=2ﬂ
)
Evaluate the function at each value of x.
X |y=sinx-2 coordinates
0 |y=sin0-2=0-2=-2 (0,-2)
2 ly=sinZ-2=1-2=-1 5,—1)
2 2 4
T |y=sinr-2=0-2=-2 (m,-2)
3z y=sin3—ﬂ-—2:—1—2:—3 3—”,—3
2 2 2
27 |y=sin27-2=0-2=-2 2r, =2)

By connecting the points with a smooth curve we
obtain one period of the graph.

\ | ’
/
iz \ P X
~(Q2m, -2)

P Rz
=,-3
y=sinx —2 (2’ )
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Chapter 4 Trigonometric Functions

55. The graph of y =cosx—3 is the graph of y =cosx

56. The graph of y =cosx+3 is the graph of y =cosx
shifted 3 units downward. The period for both

5 shifted 3 units upward. The period for both functions
T T
ions i -period is =— or — . L2

functions is 27 . The quarter-period is 1 or 5 is 2. The quarter-period is ;T or % . The cycle
The cycle begins at x = 0. Add quarter-periods to

g begins at x = 0. Add quarter-periods t te x-
generate x-values for the key points. cgins at x quartel-periods to generate x

values for the key points.

x=0 7 x=0
X_O+5=5 x=0+£=£
T T P 2” 2
ELTRTR x="+==1x
3z 2 7% kY4
x_”+_:7 x=7r+—:7
3 &
X=—+—==27

Evaluate the function at each value of x.

Evaluate the function at each value of x.

x |y=cosx-3 coordinates
0 |y=cos0—3 0,-2) X |y=cosx+3 coordinates
=1-3=-2 0 |y=cos0+3=1+3=4 0, 4)
z —cos£—3 z -3 V4 V4 V4
2 T 2’ Z |y=cos=+3=0+3=3 Z3
=0-3=-3 2 2 2
T |y=cosm—3 (7;’_4) T |y=cosm+3=—-14+3=2 (7, 2)
=-1-3=-+4
Iz £ y=cos3—”+3=0+3=3 3—”,3
3z y=c057—3 (3_;; _3} 2 ) 2
2 | =0-3=3 2 21 |y=cos2z+3=1+3=4 | (27, 4)
27 |y=cos2x-3 (2;;7_2)
=1-3==-2 By connecting the points with a smooth curve we
obtain one period of the graph.
By connecting the points with a smooth curve we -
obtain one period of the graph. y (3, 3> (m2)
Im _3 TRl
y 2’ 0.9 TN
<E —3) :_E / (CL o))
o0-» P2 L
f 37 31
FN# 2w x 5 (2 ) >__
I~ (2779 _2) o
S y=cosx+3
24 ‘(77’ _4)

y=cosx—3
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57.

The graph of y = ZSin%x +1 is the graph

1
2

amplitude for both functions is | 2 |=2. The period

of y =2sin-x shifted one unit upward. The

for both functions is ZT” =2m-2=4r . The quarter-
2

period is % =7 . The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key
points.

x=0

x=0+7w=rx

X=rn+mr=217

x=2r+rw=3x

x=3r+rx=4rx

Evaluate the function at each value of x.

X 1 coordinates
y=2 smzx +1

0 25si (1 Oj 1
=2sin| —-0 |+
Y 2
=2sin0+1
=2-0+1=0+1=1

4 . (1
y =2sin E-Jz +1

zzsin£+1
=2-1+1=2+1=3

0, 1)

(7, 3)

2r (27, 1)

yzZsin[%-Zﬂ'j+l
=2sinz+1
=2-0+1=0+1=1

3 Bz, -1

y= 251n(%-3ﬂ')+1
:2sin3—”+l

2
=2-(-)+1
=—2+1=-1

ar (47, 1)

y= 251n(%-47zj+1
=2sin27+1
=2-0+1=0+1=1
By connecting the points with a smooth curve we
obtain one period of the graph.

y
St 3 07
. dm, 1)
0,1
F 257 mp
\
5 |(|31\T’ _1)

y=25in%x+1

58.

Section 4.5 Graphs of Sine and Cosine Functions

The graph of y = 2005%x+1 is the graph of

1 . . .
y=2 cosax shifted one unit upward. The amplitude

for both functions is | 2 |=2. The period for both

o2 L
functions is Tﬂ =2m-2=4r . The quarter-period is

2

%r =7 . The cycle begins at x = 0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+7m=rx

X=m+n=2r

x=2r+rn=37

x=3r+rw=4r

Evaluate the function at each value of x.

x |y=2 cos%x +1 coordinates

0 y=2cos[%-0j+1 (0,3)

=2cos0+1
=2-141=2+1=3

1
V4 y=200s[5-ﬂ']+1 (7, 1)
=2005£+1
=2-0+1=0+1=1

2r y=2005(%-27r)+1 2r, -1)

=2cosm+1
=2-(-D+1==2+1=-1

3z ychos(%Bﬂ'j-H
=2-0+1=0+1=1

(Brx, 1)

dr |y = 2cos(%- 4IZ'J+1 (4r, 3)

=2cos2rw+1
=2-141=2+1=3

By connecting the points with a smooth curve we
obtain one period of the graph.
y

-1(0,3) - (4m, 3)
\
@ DTN o/ Eﬁ’ D
7 4 x
5 Q2m, -1)
2 T

y=2cos%x+1

Copyright © 2018 Pearson Education, Inc. 571



Chapter 4 Trigonometric Functions

59.

The graph of y =-3cos2zx+2 is the graph of 60.

y=-3cos2xx shifted 2 units upward. The
amplitude for both functions is | =3 |=3 . The period

L2 C
for both functions is 2—” =1. The quarter-period is
T

%. The cycle begins at x = 0. Add quarter-periods to

generate x-values for the key points.

x=0
1 1
x=0+—=—
4 4
I 1 1
X=—+—=—
4 4 2
1 1 3
X=—+—==
2 4 4
3.1
x=—+4+—=1
4 4

Evaluate the function at each value of x.

X

y=-3cos2zx+2

coordinates

0

y=-3cos(2z-0)+2
—3cos0+2
=3-1+2
-3+2=-1

(0,-1)

N

y =—3c0s(27r%)+2

=—3cos£+2
2

=-3-0+2
=0+2=2

N | —

y =—3COS[27L’-%)+2

=-3cosm+2
=-3-(-)+2
=3+2=5

Blw

y =—3c0s(27r%)+2

=—3cos3—7[+2

y==3cos(2zr-1)+2
—3cos2mw+2
-3-1+2
-3+2=-1

(13 _1)

By connecting the points with a smooth curve we

obtain one period of the graph.

e

1 P 3
PR 33

Ji T\

T X
(0, —1) (1’ - 1)

Iz —H
P

()

i
y=-

572

cos 2mrx + 2

The graph of y =—3sin27zx+2 is the graph of
y=-3sin2zx shifted two units upward. The
amplitude for both functions is | 4 |=| =3 |=3. The

period for both functions is i—ﬂ =1. The quarter-
T

period is % The cycle begins at x = 0. Add quarter—

periods to generate x-values for the key points.
x=0

I 1
x=0+—=—
4 4
1 1 1
X=—t—=—
4 4 2
1 1 3
X=—+—==
2 4 4
3.1
x=—+—=1
4 4

Evaluate the function at each value of x.

X |y=-3sin2wx+2 coordinates

—3sin(277-0)+2 0,2)
—3sin0+2
-3-0+2=0+2=2

0 |y

<
I

—3sin(27c-lj+2
4

S

=—3sin%+2
-3 1+2=-3+2=-1

——3sin(27c~lj+2
2

—3sinz+2
-3.0+2=0+2=2

N | —
<
|

AW

y =—3sin(2ﬂ'~%j+2

=—3sin3—7r+2
=-3.(-)+2=3+2=5

1 |y=-3sinz-1)+2 1,2)
=-3sin27r+2
=-3.0+2=0+2=2

By connecting the points with a smooth curve we
obtain one period of the graph.

3

y 3.
T (4 )
S AT
EERER /W8
1(0,2) ?11,2)
H x
i
S 4

y = —=3sin2wx + 2
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61.

62.

63.

64.

65.

66.

Using y = Acos Bx the amplitude is 3 and 4 =3,
The period is 47 and thus

_ 2z 2z _1
period 4z 2
y = Acos Bx
=3cos—x
7 2

Using y = Asin Bx the amplitude is 3 and 4 =3, The
period is 47 and thus

o _m_1
period 4x 2
y = Asin Bx
1
=3sin—x
7 2

Using y = Asin Bx the amplitude is 2 and 4=-2,
The period is 7z and thus

period 7
y = Asin Bx
y=-2sin2x

Using y = Acos Bx the amplitude is2 and 4=-2,
The period is 47 and thus

period 7
y = Acos Bx
y=-2c0s2x

Using y = Asin Bx the amplitude is 2 and 4 =2, The
period is 4 and thus
2 _m_x

B: - =
period 4 2

y = Asin Bx
(7

=2sin| —x

7 2

Using y = Acos Bx the amplitude is2 and 4=2,
The period is 4 and thus
2 2 _1m

_period_ 4 2
y = Acos Bx

T
=2cos| —x
7 2

Section 4.5 Graphs of Sine and Cosine Functions

67. y
A s
(I [T (27, 2)
(0,2) ¢ 1
4
1= r x
= X
y—|2cos 2|
68. (3_77’0>
ya\ 4
= (3’_77,3>
HF | L\ 2
0,3 N
27 x
- 2x
y—|3cos 3
69. y
M, TTTT
0,0 % 1,0
/ x
) [\ /
(1
==, -3
L)
y = —|3sin x|
70. y
(0, 0) 2,0)T
\ 1/ x
251 —2)
—|5 gin X
y= |2sm >
71. 3
vyh=f+g \ 2~
T
2 TE
o, 0% \ 27, 0)
\ x
\ [
o) o I
(z, —2)— RN (0
2 f(x) = —2sinx
g(x) = sin 2x

Copyright © 2018 Pearson Education, Inc.
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Chapter 4 Trigonometric Functions

72.

73.

74.

75.
76.
77.
78.

79.

80.

81.
82.

574

y 2m,3)

r
IFNEN

g T\ 2

! \3_77_1>
G D ( 27

f(x) =2cosx
g(x) = cos 2x

(32 (59

/

E|
=

9

/

ARLIEN

/

X
h=f-g
2w, —1)

A \

Eedl

L

-

|
(77’ - 1) [T

E

f(x) =sinx
g(x) = cos 2x

£

y
T 1‘ Qm, 1)
h |
’h

\ /

7 | X
/ ~g

VA
(7, =1)
f(x) =cosx
g(x) = sin 2x

3]

The period of the physical cycle is 33 days.
The period of the emotional cycle is 28 days.
The period of the intellectual cycle is 23 days.

In the month of February, the physical cycle is at a
minimum on February 18. Thus, the author should
not run in a marathon on February 18.

In the month of March, March 21 would be the best
day to meet an on-line friend for the first time,
because the emotional cycle is at a maximum.

In the month of February, the intellectual cycle is at a

maximum on February 11. Thus, the author should
begin writing the on February 11.

Answers may vary.

Answers may vary.

83.

84.

8s.

The information gives the five key point of the graph.
(0, 14) corresponds to June,

(3, 12) corresponds to September,

(6, 10) corresponds to December,

(9, 12) corresponds to March,

(12, 14) corresponds to June

By connecting the five key points with a smooth
curve we graph the information from June of one
year to June of the following year.

vy (Jun, 14) (Jup, 14)

16 (Mar, 12)
14

12
10—/
[Sept. 1)/ (Dec, 10) 1
2 o o o
JJASONDJ FMAM]J ¥

e

The information gives the five key points of the graph.
(0, 23) corresponds to Noon,

(3, 38) corresponds to 3 P.M.,

(6, 53) corresponds to 6 P.M.,

(9, 38) corresponds to 9 P.M.,

(12, 23) corresponds to Midnight.

By connecting the five key points with a smooth curve
we graph information from noon to midnight. Extend
the graph one cycle to the right to graph the information
for 0<x <24,

y (3738) (s, 38)
6,53)_ |
18,53
s i
3 I ]
§ B ATRCLIY)
8 530,39 (24,23)
12, 23)
gl (0:23)
[ T 1 [ 1T 1

6 12 18 24x
Hours after noon

The function y =3 sin%(x —79)+12 is of the form

y=AsinB x—g +D with4=3and B=2—”.
B 365

a. The amplitudeis | 4 |=] 3 |=3.

b. Theperiodisz—ﬂzz—”=2ft'ﬁ=365.
B 3% 2

c.  The longest day of the year will have the most
hours of daylight. This occurs when the sine
function equals 1.

. 2
=3sin—(x—=79)+12
y 365( )

y=31)+12
y=15
There will be 15 hours of daylight.
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Section 4.5 Graphs of Sine and Cosine Functions

d. The shortest day of the year will have the least The cycle begins at x = 4. Add quarter-periods to find
hours of daylight. This occurs when the sine the x-values for the key points.
function equals —1.
x=4
27T x=4+3=7

y=3sin—(x—79)+12 x=7+3=10

_3(_1){??2 x=10+3=13
Y= x=13+3=16
y=9
There will be 9 hours of daylight. Because we are graphing for 1<x <12, we will

evaluate the function for the three x-values between 1
and 12, along with x = 1 and x = 12. Using a
calculator we have the following points.

(1,24) (4,40) (7,56) (10,40) (12, 26.1)

e.  The amplitude is 3. The period is 365. The

n. C L
phase shift is 3 =79 . The quarter-period is

365 . By connecting the points with a smooth curve we
e =91.25. The cycle begins at x =79. Add obtain the graph for 1< x<12.
quarter-periods to find the x-values of the key 6{)
points. o 56 7,56)
=
=79 FpEEE AsE
x=79+91.25=170.25 £ u / \
x=170.25+91.25=261.5 20
x=261.5+91.25=352.75 % 361/ \
x=352.75+91.25=444 s R
< 285/ N (12, 26.1)
Because we are graphing for 0 < x <365, we 24e7(1, 24)
will evaluate the function for the first four x- 12345678910112 %
values along with x = 0 and x = 365. Using a Month of year
calculator we have the following points. The highest average monthly temperature is 56° in
(0,9.1) (79, 12) (170.25, 15) July.

(261.5, 12) (352.75,9) (365,9.1)
87. Because the depth of the water ranges from a

By connecting the points with a smooth curve minimum of 6 feet to a maximum of 12 feet, the
we obtain one period of the graph, starting on curve oscillates about the middle value, 9 feet. Thus,
January 1. D = 9. The maximum depth of the water is 3 feet
- above 9 feet. Thus, 4 = 3. The graph shows that one
= Y .
2 16| ©,9.0=070,15 corr.lple.te cycle occurs in 12-0, or 12 hours. The
g 14f // y (353,9) period is 12.
3 2p/— AN Thus,
z 10 N
E of (365,9.1) 1= 2r
0 73 146 219 292 365 * 2B ZB
Day of the ye: =
ay of the year _2_7[_£
2 12 6

86. The function y =16sin (%x _T] +40 is in the

Substitute these values into y = Acos Bx+ D . The

form y = Asin(Bx—C)+D with4=16, B=", ' x
6 depth of the water is modeled by y =3 cos?+ 9.

and C=2T7[.Theamplitudeis | 4|=]16|=16. The

L. 2 2 6 s
period is A or 2212 . The phase shift is
B % T

2
3.6, 4 . The quarter-period is 2_ 3.
£ 3z 4
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Chapter 4 Trigonometric Functions

88. Because the depth of the water ranges from a

minimum of 3 feet to a maximum of 5 feet, the curve
oscillates about the middle value, 4 feet. Thus, D = 4.

The maximum depth of the water is 1 foot above 4

feet. Thus, 4 = 1. The graph shows that one complete

cycle occurs in 120, or 12 hours. The period is 12.

Thus,
12=2%
B
12B=2x
2 _z
12 6

Substitute these values into y = Acos Bx+ D . The

depth of the water is modeled by y = cos% +4.

89.-100. Answers may vary.

101. The function y =3sin(2x+x) =3sin(2x—(-7x)) is of

the form y = Asin(Bx—C) with4 =3, B=2, and
C =-7x. The amplitude is | 4 |=| 3 |=3. The

Lo 2 2 .
period is ?ﬂ = 7” = . The cycle begins at
ngziz—z.Wechoose —ESxS3—”,and
B 2 2 2 2

—4 <y <4 for our graph.

NORMAL FLOAT AUTO REAL RADIAN' MP n

4

SVANA\
v,

102. The function y =-2 cos(27rx—§j is of the form

y = Acos(Bx—C) with A=-2, B=27x , and czg.

The amplitude is | 4 |=| =2 |=2. The period is

2 2 .
—”:—”zl.The cycle begins at
B 2
c_ 5 11 1
x=—=i=£~—=—.Wechoose—Sxﬁg,
B 2r 2 2n 4 4 4

and -3 < y <3 for our graph.

NORMAL FLOAT AUTO REAL RADIAN MP n

AN
Y

103. The function

104.

y=02sin| Zx+7x |=02sin| Zx—(-7) | is of the
10 10

form y = Asin(Bx—-C) with4=0.2, B :%, and

C =-x. The amplitude is | 4 |=| 0.2 |=0.2. The

period is 2—”=2—”=27r-1—0=20.The cycle begins
B T
10
at x=£=i=—7z-2=—10.Wechoose
V4

3
10
—-10<x<30,and —1< y <1 for our graph.

NORMAL FLOAT AUTO REAL RADIAN MP n

The function y =3sin(2x—x)+5 is of the form
y=Acos(Bx—C)+D with4=3,B=2, C=rx,and

D =5. The amplitude is | 4 |=| 3 |=3. The period is
2?” = 27” =7 . The cycle begins at x = < =” Because
D =5, the graph has a vertical shift 5 units upward. We

choose % <x< 57” ,and 0< y <10 for our graph.

NORMAL FLOAT AUTO REAL RADIAN MP n

10-

SIE!}
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105.
74
= l/\
\4 1
-2

The graphs appear to be the same from —% to

M NORMAL FLOAT AUTO REAL RADIAN' MP n

Y’\Y

The graphs appear to be the same from —% to

NORMAL FLOAT AUTO REAL RADIAN MP

AN

107.
2

2

1]

The graph is similar to y =sinx, except the

amplitude is greater and the curve is less smooth.

NORMAL FLOAT AUTO REAL RADIAN MP

108.

The graph is very similar to y =sinx, except not

smooth.

Section 4.5 Graphs of Sine and Cosine Functions

109. a. seepartec.
b. y=22.61sin(0.50x—-2.04)+57.17
c.  graph for parts a and c:
85
z
0 i
30 is
110. Answers may vary.
111. makes sense
112. does not make sense; Explanations will vary. Sample
T explanation: It may be easier to start at the highest
b3 point.
113. makes sense
114. makes sense
115. a. Since 4=3 and D =-2, the maximum will
occur at 3—2 =1 and the minimum will occur
at =3—2=-5. Thus the range is [-5,1]
Lo 2
Viewing rectangle: —Z,ﬁ,z by [-5,1,1]
6 6 6
b. Since A=1 and D = -2, the maximum will
occur at 1-2=—-1 and the minimum will occur
at —1—2=-3. Thus the range is [-3,-1]
T irrw
Viewing rectangle: | ——,—,— | by [-3,-1,1
g rectang [ Rl } v [ |
116. A=nx
2
= {T =ngz:= 27[
period 1
c_¢__
B 2z
C=-Ar

y=Acos(Bx—C)
y=mcos(2rx+4r)

or

y= ﬂcos[27r(x+ 2)]

Copyright © 2018 Pearson Education, Inc.
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Chapter 4 Trigonometric Functions

x+5 _ 4 x-1
117. y=sin2x=l—10052x 121. 87 =4
2 2 3 x+5 2 x-1
2 =(2
- ! 23x+15 :22x—2
ya \27 3x+15=2x-2
= 1 / 3w 1 x=-17
4’ 2/ 4’2 . :
-y The solution set is {-17}.
0,0 a7, 0)
sl 122. log, 2x+1)—log,(x—2) =1
2 2x+1
1 =1
y=sin2x ng 2x—21
1 1 X+ 1
ory==— = cos2x —_—=2
2 2 x—2
2x+1=2x-4
1=—4
2 11
118. y =cos x=5+50052x This is a false statement, thus the solution set is { }.
(77 0) 123. —§<x+£<Z
vpz’ /4 T T T
ey BTt I e
m 1 a(m, 1 (Tﬂ’ —) 2t 7 vy
$ T =sERR Ty,
2r RY/4 T
2 ——<x<=
2 4
y = cos’x {x ——<x<£} or (—3—” Ej
0ry=%+%cos2x 4 4’4
119. Answers may vary. drom 2 7
124, 4 4__ 4 _ 2_ 7
120. 2 | 2 7 - 2 2 2 4
4 —6 125. a. (7, 0)
24 \|||||{37750)
2 3 5 ‘\(277,3;
the equation of the slant asymptote is (=, 0) (5. 0)
y=2x-3. Ry &
0-9F -
= - X
y= 3cosz

b.  The reciprocal function is undefined.
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Section 4.6 Graphs of Other Trigonometric Functions

Section 4.6 .
y =tan [x - %] from 0 to 7. Continue the pattern

Check Point E i . .
eck Toint Exereses and extend the graph another full period to the right.

1.  Solve the equations 2x = —% and 2x=
V4
x=—= x=

. T
Thus, two consecutive asymptotes occur at x = —Z

T o .
and x = T Midway between these asymptotes is

x = 0. An x-intercept is 0 and the graph passes
through (0, 0). Because the coefficient of the tangent
is 3, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of
-3 and 3. Use the two asymptotes, the x-intercept,
and the points midway between to graph one period

of y=3tan2x from —% to % . In order to graph for

V4 3z .
. <x< 7 Continue the pattern and extend the

graph another full period to the right.

o (&9

O, 0y
s TFHERPFET X
41]
|
e
8 y =3 tan 2x
Solve the equations
T T T T
X—==-= and x——==
2 2 2
T 7 T T
= X=—+—
2 2 2 2
x=0 X=7r

Thus, two consecutive asymptotes occur at
x=0and x=7x.

. O+7 ~«
x-intercept =———=—
2 2

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the tangent is 1,

the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —1
and 1. Use the two consecutive asymptotes,
x=0and x =, to graph one full period of

Xy
s \d

\
\

\
\

13

—

[l
I

T
Z 1 ol
(&) e

y= tan(x— %)

TX

Solve the equations

£x=0 and Zxzfc
2 2

x=0 xX=

SRS

x=2
Two consecutive asymptotes occur at x =0 and x = 2.
Midway between x =0 and x =2 isx = 1. An x-
intercept is 1 and the graph passes through (1, 0).

Because the coefficient of the cotangent is %, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of —% and %
Use the two consecutive asymptotes, x = 0 and x = 2,
to graph one full period of y = %cot%x . The curve
is repeated along the x-axis one full period as shown.
e
272 2)

1, 0)—=

b4

1)
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Chapter 4 Trigonometric Functions

The x-intercepts of y = sin[x +%) correspond to

vertical asymptotes of y = csc [x +%) .

y
T A A A
_1> \[f \
R G e
INE
-z z N R x
S~ (57 )
ST _q
. <4
y=csc(x+z)

Graph the reciprocal cosine function, y =2cos2x.
The equation is of the form y = Acos Bx with 4 =2
and B=2.
amplitude: | 4 |=]2]=2

2r 2w

eriod: —=—=rx
P B 2

Use quarter-periods, % , to find x-values for the five

key points. Starting with x = 0, the x-values are
O,%,%, %, and 7z . Evaluating the function at each
value of x, the key points are

(0:2)7 (zaojy [Ea_zj, (3_”, Oj, (7[,2) . In order to
4 2 4

graph for —377[ <x< 37” , Use the first four points

and extend the graph —37” units to the left. Use the

graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =2sec2x.

73 (0,2)
b
ko
___ﬁ /
e
7 -
_3 4 7 Ax
1,_2>
FEEAT (3
y =2sec2x

Concept and Vocabulary Check 4.6

1 Trmy % %
) 4°4) 4’ 4

2. O,7); 0, &

3. (0,2); 0; 2

r3r), m 37
4)4 b b

3sin2x
y=2c0s7Tx

false

true

Exercise Set 4.6

1.

The graph has an asymptote at x = —%.

The phase shift, g, from z to z 1S —7 units.
B 2 2

Thus, £:£:—7Z'
B 1
C=-rx

The function with C=—-7x is y =tan(x+7x).

The graph has an asymptote at x =0.

.. C . .
The phase shift, rk from % to 0 is —g units. Thus,

c.c_.z
B 1 2
c=-Z

2

ﬂmﬁmamnwmlc:—gisy=m4}+%j.

The graph has an asymptote at x =7 .

ﬂ:£+C
2
c==
2

The function is y = —tan(x —%j .

The graph has an asymptote at z
. . C
There is no phase shift. Thus, = = T° 0
0

The function with C=01is y=—tanx.
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Solve the equations x-_z and 2=Z
4 2
x=[-Za x=|Z1a
2 2
x=-2r x=2r

Thus, two consecutive asymptotes occur at x =27

and x=2rx.

—27+2r 0 _ 0
2 2

An x-intercept is 0 and the graph passes through (0,

0). Because the coefficient of the tangent is 3, the

points on the graph midway between an x-intercept

and the asymptotes have y-coordinates of -3 and 3.

Use the two consecutive asymptotes, x = -2z and

x-intercept =

x =2 , to graph one full period of y =3 tan% from

=27 to 2rx.

Continue the pattern and extend the graph another
full period to the right.

9,

1
(7, 3}

©, O3

(_775 =3)

x T x

—=—— and —=—

4 2 4 2

A
2

x=-2r x=2r

Thus, two consecutive asymptotes occur at x =27
and x=2rx.

. 2r+2zr 0
x-intercept = ——=—=0

2 2
An x-intercept is 0 and the graph passes through
(0, 0). Because the coefficient of the tangent is 2, the
points on the graph midway between an
x-intercept and the asymptotes have
y-coordinates of —2 and 2. Use the two consecutive
asymptotes, x =—27 and x=2r,

to graph one full period of y =2 tan% from 27 to

2r.

Section 4.6 Graphs of Other Trigonometric Functions

Continue the pattern and extend the graph another
full period to the right.

y
=
(m,2) hf
(0, 0)
=2af| 27 - x
(== =2
) i 0
y=2mn%
Solve the equations o, — _ 7% 204 2x=%
2 2
_z T
2 2
r r
x=-= x==
4 4

. T
Thus, two consecutive asymptotes occur at x = _Z
T
and x=—.
4

/Ay 0
x-intercept = —+ 4 =~ =

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the tangent is %, the
points on the graph midway between an x-intercept

. 1 1
and the asymptotes have y-coordinates of =3 and 5

. V4
Use the two consecutive asymptotes, x = 1 and

. 1
X = %, to graph one full period of y = Etan 2x from

—% to % . Continue the pattern and extend the graph

another full period to the right.

y
e D
8§’ 2 \'i’
,0)
p 7 B
o _ 1\ EF A
8 2) il
Y A4
_1
y—ztaan
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Chapter 4 Trigonometric Functions

8.  Solve the equations graph another full period to the right.
y
2x=-% and 2x=2 T o) [TWRE[TIR
2 2 2 |/
_z T
x=_2 x=l (0,0)3 -
2 2 T \3m | X
- =
T T <2 s = )’ \ \|
XxX=—— X =— Y Y
4 4 1
ju y = —2tan 3%
Thus, two consecutive asymptotes occur at x = 2
10. Solve the equations
V1
=z 1
and x R Sx=-=Z and —x=2=
2 2
T,
x-intercept = —2 4:9:0 x=|-Z]2 =22
2 2 2 2
An x-intercept is 0 and the graph passes through (0, x=—1 =1

0). Because the coefficient of the tangent is 2, the

points on the graph midway between an x-intercept Thus, two consecutive asymptotes occur at x = -7

and the asymptotes have y-coordinates of —2 and 2. and x=7.
P . _—7+x 0 _ 0
Use the two consecutive asymptotes, x = - and x-intercept = 5 o
. An x-intercept is 0 and the graph passes through (0,
x =—, to graph one full period of y=2tan2x from 0). Because the coefficient of the tangent is —3, the
4 points on the graph midway between an x-intercept
T and the asymptotes have
4 4 y-coordinates of 3 and —3. Use the two consecutive
Continue the pattern and extend the graph another asymptotes, x =—z and x = 7, to graph one full
full period to the right. ) 1 )
<7T y period of y =-3 tanzx from -7 to 7. Continue the
z 2>
8 EH-— pattern and extend the graph another full period to the
. 0) right.
Ja B x ¥
T 27 T
52 53k
Yy
y =2tan2x (0, 0) 1N
3 X
\ d \J U
9. Solve the equations (%, —3>-~ |
1 V.4 1 V4
Exz—z and Ex=— y=—3tan%x
x= (—ZJ 2 X = Ej 2
2 2 11. Solve the equations
X=-7 X=7 x x
Thus, two consecutive asymptotes occur at x = —7 X-—7m= Y and x-7= 5
and x=r. V3 V3
x=—=+rx x==+rx
. -r+7x 0 2
x-intercept = =—=0 T 37
2 2 X =— X =—
2 2

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the tangent is —2, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of 2 and —2. T
Use the two consecutive asymptotes, x =—z and and x = 5

. T
Thus, two consecutive asymptotes occur at x = 5

ar
4

. 1
x =1, to graph one full period of y=-2tan—x ) % +
2 x-intercept = =

\S) |I\J‘§
N

from —7z to 7. Continue the pattern and extend the
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12.

An x-intercept is z and the graph passes through
(7, 0). Because the coefficient of the tangent is 1,

the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —1

and 1. Use the two consecutive asymptotes, x =%
KY/4 .
and x = > to graph one full period of

y=tan(x—7) from % to 37” Continue the pattern

and extend the graph another full period to the right.

(5
4

=
PN L
(7, 0) -
<3ﬂ' _1>——_ iy 2y | X
4 |
=230 o
y=tan (x — m)

V4 V4 T T
X——=—— and x——=—
4 2 2
2r 2r
X=——+4— =4
4 4 4 4
T kY4
X=—— xX=—
4 4

. V4
Thus, two consecutive asymptotes occur at x = 2

and x=3—ﬂ-.
4

n 3m 2x

_7+7 -

x-intercept= — 44 _ 4 _ 7

2 2 4

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the tangent is 1,

the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —1

and 1. Use the two consecutive asymptotes, x = —%
KY/4 .
and x = ik to graph one full period of

y:tan[x—%j fromOto 7.

Section 4.6 Graphs of Other Trigonometric Functions

Continue the pattern and extend the graph another
full period to the right.

T
©, —) I ,(Z’ 0)

There is no phase shift. Thus,
<
1

C_Cy
B

Cc=0
Because the points on the graph midway between an
x-intercept and the asymptotes have y-coordinates of
—1 and 1, 4 =—1. The function with C=0and 4 =-1
is y=—cotx.

The graph has an asymptote at % . The phase shift,

g, from 0 to z is z units.
B 2 2

Thus, gzczg

B 1
c==~
2

The function with C :g is y= —cot(x —%j .

The graph has an asymptote at —% . The phase shift,

g, from 0 to z is _z units. Thus, £:E: _r
B 2 2 B 1

c=-=
2

The function with C = —% is y= cot(x +%) .

The graph has an asymptote at —z . The phase shift,
%, from 0 to —z is — units.

Thus, < = < =-7
B 1
C=-rx
The function with C=—-7 is y =cot(x+ 7).
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Chapter 4 Trigonometric Functions

17. Solve the equations x =0 and x =7 . Two

18.

584

consecutive asymptotes occur at x=0and x=7.

. 0O+7 ~«
x-intercept =———=—
2 2

An x-intercept is % and the graph passes through

(%, O] . Because the coefficient of the cotangent is

2, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of 2
and —2. Use the two consecutive asymptotes, x = 0
and x = , to graph one full period of y =2cotx.

The curve is repeated along the x-axis one full period
as shown.

. (59)

/

o % \
s \ \
4 ) —— /

T | AT X
\ \
| |
o Y Y
y =2cotx (3 2
-
4

Solve the equations

x=0 and x=7x

Two consecutive asymptotes occur at x =0
and x =71 .

. O+7 «

x-intercept = —— =—
2

An x-intercept is % and the graph passes through
(%, O] . Because the coefficient of the cotangent is
1 . .
> the points on the graph midway between an x-
. . 1
intercept and the asymptotes have y-coordinates of 5

1 .
and 5 Use the two consecutive asymptotes, x =0

and x =7, to graph one full period of y = %cotx .

19.

The curve is repeated along the x-axis one full period
as shown.

/N
L E!
ST

SN—

I
=
=
—

[\
=

55)

o \<3£ _l>
| Wilz°72

=1
y= 3 cotx
Solve the equations 2x=0 and 2x=rx
x=0 o
2
Two consecutive asymptotes occur at x = 0 and
/4
xX=—.
2
o+ Z .
x-intercept = 2-2_2
2 2 4

An x-intercept is % and the graph passes through

(%, O] . Because the coefficient of the cotangent is

1 . .

5 the points on the graph midway between an x-

. . 1

intercept and the asymptotes have y-coordinates of —
2

1 .
and 5 Use the two consecutive asymptotes, x = 0

and x = %, to graph one full period of y = %cot 2x.

The curve is repeated along the x-axis one full period
as shown.

y
(E l) 4
’ T
82500
A(HA}
ks
—,0>“. H B2 X
s AT
]
3w L ;
8’ 2 y =5 cot 2x
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20. Solve the equations 2x =0 and

21.

2x =
x=0

oNN

X

. V4
Two consecutive asymptotes occur at x =0 and x = R

V.4
x-intercept = 5 z =

T
2_7
2 4

An x-intercept is % and the graph passes through

(%, 0] . Because the coefficient of the cotangent is 2,

the points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of 2 and —2. Use

. V4
the two consecutive asymptotes, x =0 and x = EX to

graph one full period of y =2cot2x. The curve is
repeated along the x-axis one full period as shown.

F2)
|
\
a
(4’0> X B2 ¥
: |
3w
T _o 5
i
y =2cot2x
Solve the equations Zy—0  and Lx=rx
2
x=0 T
xX=—
T
2
x=2

Two consecutive asymptotes occur at x =0 and x = 2.

. 0+2 2
x-intercept = ——=—=1

2 2

An x-intercept is 1 and the graph passes through (1, 0).
Because the coefficient of the cotangent is —3, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of -3 and 3.
Use the two consecutive asymptotes,
x =0 and x = 2, to graph one full period of

V4 . .
y=-3 cotEx . The curve is repeated along the x-axis

one full period as shown.

22.

23.

Section 4.6 Graphs of Other Trigonometric Functions

Solve the equations % x=0 and % X=7
x=0 T

xX=—

T

4

x=4

Two consecutive asymptotes occur at x =0 and
x=4.
. 0+4 4
x-intercept= ——=—=2
2 2

An x-intercept is 2 and the graph passes through
(2, 0) . Because the coefficient of the cotangent is

-2, the points on the graph midway between an
x-intercept and the asymptotes have y-coordinates of
—2 and 2. Use the two consecutive asymptotes, x =0
and x =4, to graph one full period of

y=-2 cot%x . The curve is repeated along the

x-axis one full period as shown.

Tz
SECE]
[
(2,0)
! 10 x©
1, -2)5
S
=y
Sy
y=—2c0t%x
Solve the equations
V4 V4
x+—=0 and x+—=7
2 2
T V4
x=0-— X=r——
2 2
V4 V4
xX=—-— xX=—
2 2

. T
Two consecutive asymptotes occur at x = _E and

x=—.
2

NN

+Z
x-intercept = 2 = 9 =0
2 2

An x-intercept is 0 and the graph passes through

(0, 0). Because the coefficient of the cotangent is 3,
the points on the graph midway between an
x-intercept and the asymptotes have y-coordinates of
3 and 3. Use the two consecutive asymptotes,

x= —% and x = %, to graph one full period of

=3cot x+£
y 5 )
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24.

586

The curve is repeated along the x-axis one full period
as shown.

_m 3 Y
R

0, 0) N\ \

=
1
| o
I
-

Tz 3|
FRNiEE

y=3c0t(x+%)

NES
|
[
=

Solve the equations

x+Z=0 and x+i=rx
4 4
x=0-2 x=n-=
V4 RY/4
X=—— X=—
4 4

. V4
Two consecutive asymptotes occur at x = 2 and

RY/4
x=".
4
x4 3t 2z T
x-intercept = —4 4 =4 =
2 2 4

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the cotangent is

3, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of 3

and —3. Use the two consecutive asymptotes, x = z
4
KY/4 .
and x = R to graph one full period of

y=3cot (x + %] . The curve is repeated along the x-

axis one full period as shown.
Y4 (0,3)

D

25.

26.

27.

. 1.
The x-intercepts of y = 3 sm% corresponds to

. 1 X
vertical asymptotes of y = —Ecscz. Draw the
vertical asymptotes, and use them as a guide to

sketch the graph of y = —%csc%.

=2
—47 Y4 27 4 (31,. l)
| )
(-3
> 2)B = —=gin X
A y 2sm2
= X
-
L 1
2
=L
)

The x-intercepts of y =3sin4x correspond to
vertical asymptotes of y =3csc4x . Draw the vertical

asymptotes, and use them as a guide to sketch the
graph of y=3csc4x.

w5

5]

_z s

4 / 2

o A TE '_".\ig X

<_z,_3>, ¥Ry = 3sin v
P
9
y =3 cscdx 8

. 1
The x-intercepts of y = ECOS 27x corresponds to

. 1
vertical asymptotes of y = ESCC 27x . Draw the
vertical asymptotes, and use them as a guide to

sketch the graph of y = %sec 27x.

o
L

sec 2ax

<
I
=
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28. The x-intercepts of y = -3 cos%x correspond to

29.

. V4
vertical asymptotes of y =-3 secEx . Draw the
vertical asymptotes, and use them as a guide to

sketch the graph of y =-3 sec%x .

y
TR iy EpY
_ \[PIRI2, 3)
=23 Ry = =3 cos T
O, =3) LI 2
SR 5] x
\
(~4,-3)7 j? /e
y=-3 sec Ty

2

Graph the reciprocal sine function, y =3sinx. The
equation is of the form y = 4sin Bx with 4 =3 and
B=1.
amplitude: | 4 |=]3|=3

2r 2w

eriod: —=—=21
P B 1

Use quarter-periods, % , to find x-values for the

five key points. Starting with x = 0, the x-values are
0, %, T, 37”, and 27 . Evaluating the function at

each value of x, the key points are (0, 0),
(%7 3)9 (”9 0)3 (377[, _3j, and (27[, O) . Use

these key points to graph y =3sinx from 0 to 2.

Extend the graph one cycle to the right.

Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph
y=3cscx.

y

/O~
[
#/

/

|
N
\

30.

31.

Section 4.6 Graphs of Other Trigonometric Functions

Graph the reciprocal sine function, y =2sinx . The
equation is of the form y = Asin Bx with 4 =2 and
B=1.
amplitude: | 4|=]2]=2

2

period: 2z =—=2r
B 1

Use quarter-periods, % , to find x-values for the five

key points. Starting with x = 0, the x-values are
0, %, T, 37”, and 27 . Evaluating the function at
each value of x, the key points are

(0, 0), (% 2), (7, 0), (37” —2} and (27, 0).

Use these key points to graph y =2sinx from 0 to

27 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y = 2cscx.

y
T 5w
RIS EE i e
T W LY i
2 4
—+7F A N x
<3)_77’_>—::127 L HANSy = 2 sinx
2

T _
y=2cscx 2

. . . 1.
Graph the reciprocal sine function, y = Esm% . The

L . . 1
equation is of the form y = Asin Bx with 4= 5 and

B=1.
2
. 1 1
amplitude: | 4 |=| = [==
2 2
period 2—7[22—”:27[ 2=4r

Use quarter-periods, 7z, to find x-values for the five
key points. Starting with x = 0, the x-values are 0,
7, 27, 37, and 47 . Evaluating the function at each

value of x, the key points are (0, 0),
(7[, %j, (2r, 0), (37[, —%j, and (47, 0) . Use these

. I .
key points to graph y = Esm% from 0 to 4r.
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32.

588

Extend the graph one cycle to the right. Use the graph
to obtain the graph of the reciprocal function. Draw
vertical asymptotes through the x-intercepts, and use

. 1
them as guides to graph y = Ecsc%.
y
1) [ <5m %)
T,y P) L] - -
(377, -%>/ 2:

1
=L X (777’_7>
YT

[\%]
=
1
= w

Graph the reciprocal sine function, y = %sin% . The

equation is of the form y = Asin Bx with 4 =% and

B=1.
4
amplitude: |A|:‘§‘:E
21 2
period: 2—”=2—7Z=27z-4=87z
5]

Use quarter-periods, 27, to find x-values for the five
key points. Starting with x = 0, the x-values are
0, 27z, 4z, 6, and 87 . Evaluating the function at

each value of x, the key points are

(0, 0), (27;, %j (47, 0), (m, —%j and (87, 0).

Use these key points to graph y = %sin% from 0 to

87 . Extend the graph one cycle to the right.

Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

—3cscx
YTy
Y (1017,%
2 S 2\\\1 A 3. x
Ty 2 T L ’y=751nz
\| Y 1 o
(677,—%)* SR
SSiviEROUE
2 Al ’;RF \<1477,—%>

33. Graph the reciprocal cosine function, y =2cosx .

34.

The equation is of the form y = Acos Bx with 4 =2
and B=1.
amplitude: | 4 |=]2]=2

2r 2w

eriod: —=—=2r1x
P B 1

Use quarter-periods, g , to find x-values for the five

key points. Starting with x = 0, the x-values are 0,
V4 3z

5, T, 7, 27 . Evaluating the function at each value

of x, the key points are (0, 2), (%, Oj, (z, -2),

(37”, Oj, and (27, 2) . Use these key points to

graph y =2cosx from 0 to 2z . Extend the graph

one cycle to the right. Use the graph to obtain the
graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as
guides to graph y =2secx.

yy Qm2)
s Wl (4m,2)
(0‘,|2)I " \ f—ﬁ‘% y=2cosx
E IRENY =i
(m, —‘2)|/ [y N G —2)
(I
y =2secx

Graph the reciprocal cosine function, y =3cosx.
The equation is of the form y = Acos Bx with 4=3
and B=1.
amplitude: | 4|=|3]=3

2r

period: 2z =—2=2r
B 1

Use quarter-periods, % , to find x-values for the five
key points. Starting with x = 0, the x-values are
0, %, T, 37”, and 27 . Evaluating the function at

each value of x, the key points are

T kY4
(0, 3), [5 Oj, (7, =3), [7 Oj, 2r, 3).

Use these key points to graph y =3cosx from 0 to

27 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
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35.

Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =3secx .

vy @2m,3)

H:ISI MR (4m, 3)
0,31 )‘( ; y=3cosx
MR e x

7
(mr, =3 AN A= (3, -3)
(BmisiN 4 B4
y =3secx

Graph the reciprocal cosine function, y = cosg . The

equation is of the form y = 4cos Bx with 4 =1 and
1

B=—.
3
amplitude: | 4 |=|1]=1
period: 2—”=2—”=27z-3=67z
57y

Use quarter-periods, %[ = 377[ , to find x-values for
the five key points. Starting with x = 0, the x-values

are 0, 37”, 3r, 977[, and 67 . Evaluating the function

at each value of x, the key points are (0, 1), [37”, Oj,
or
(3m, -1), (7, Oj, and (67, 1) . Use these key

points to graph y = cos% from 0 to 67 . Extend the

graph one cycle to the right. Use the graph to obtain
the graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as

guides to graph y = secg.

y (67‘1', 1
1 ] (12m, 1)
N | Wi 1
(0, D= LW Y = cos%
ier 1 e
(R —1)’//, 97, 1)
L5 |
T25
y =sec=
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36.

37.

Section 4.6 Graphs of Other Trigonometric Functions

Graph the reciprocal cosine function, y = cos% . The

equation is of the form y = Acos Bx with 4 =1 and

B=1.
2
amplitude: | 4| =|1]|=1
period: 2—”=2—ﬂ=27z-2:47r
1

Use quarter-periods, 7, to find x-values for the five
key points. Starting with x = 0, the x-values are

0, 7, 27z, 37, and 4z . Evaluating the function at
each value of x, the key points are

0,1), (7, 0), 27z, -1), (37, 0), and (47, 1).

Use these key points to graph y = cos% from 0 to

4r . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,

and use them as guides to graph y = sec%.

vy @m0

F2. / 8, 1)

NN [V X

, 1)< = X

0,1) / ﬁ&y cos >
B X

T (677, —1)

7 Ty

@, =D

T8

Graph the reciprocal sine function, y =-2sin7zx.
The equation is of the form y = Asin Bx with 4 =-2
and B=r.
amplitude: | 4 |=]| -2 |=2

2w

period: 2z ===
B

Use quarter-periods, % = % , to find

x-values for the five key points. Starting with x =0,
the x-values are 0, %, 1, %, and 2. Evaluating the
function at each value of x, the key points are (0, 0),

(%, —2j, {, 0), (%, 2}, and (2, 0) . Use these key

points to graph y =-2sinzx from 0 to 2. Extend the

graph one cycle to the right. Use the graph to obtain
the graph of the reciprocal function.

589
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38.

590

Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =—-2csczx.

2. ERY s b

—y y = —2sin 7x
\ ! L X
1 )———— Ty
=52 i) (i - >
(2 IR TA 2
y =—=2cscax

. . . 1.
Graph the reciprocal sine function, y = —Esm X .

The equation is of the form y = Asin Bx with

A:—l and B=rx.
2

amplitude: | 4| = R
2| 2
period: 2_7z=2_7z= 2
B

. 2 1
Use quarter-periods, 2 = 5 to find x-values for the
five key points. Starting with x = 0, the x-values are
0, %, 1, %, and 2 . Evaluating the function at each

value of x, the key points are

1 1 31
(0, 0), (E, —Ej, (1, 0), (5, Ej, and (2, O) .

. 1.
Use these key points to graph y = -3 sinzx from 0

to 2 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,

. 1
and use them as guides to graph y = _ECSC X .

y 7 1
272

y

X

3 1)\? 1
27 2) =
20034

=—?sm17x
1 1\ S (s 1
2’7 2) T2 273

39.

40.

. . . 1
Graph the reciprocal cosine function, y = > COSTTX .

The equation is of the form y = Acos Bx with

A:—l and B=rx.
2

amplitude: | 4 |=‘ L ‘=l
21 2
period: 2—7[=2—7[=2
B

. 2 1
Use quarter-periods, 2 = 5 to find x-values for the
five key points. Starting with x = 0, the x-values are

3

0, %, 1, > and 2. Evaluating the function at each

value of x, the key points are [0, —%j,

[l, OJ, (1, l}, (E, OJ, [2, —l) Use these key
2 2 2 2

. 1
points to graph y = —Ecos zx from 0 to 2. Extend

the graph one cycle to the right. Use the graph to
obtain the graph of the reciprocal function. Draw
vertical asymptotes through the

x-intercepts, and use them as guides to graph

1
=——secmx.
7 2

£ 2
1 i
(15 E>\\ s y = —=C0S 7TX
1l ‘5 > ¥ 1
- [+-3)
5_7 2

e (73]
y = =5 secax 2

. . . 3
Graph the reciprocal cosine function, y = > COSTTX .

The equation is of the form y = 4Acos Bx with
A= _3 and B=r.
2
amplitude: | 4|=|-=|= 3
2

period: 2z = 2z =2
B

Copyright © 2018 Pearson Education, Inc.



41.

Use quarter-periods, % = % , to find x-values for the
five key points. Starting with x = 0, the x-values are
0, %, 1, %, and 2. Evaluating the function at each
value of x, the key points are
DG

Use these key points to graph y = —%cos zx from 0

to 2 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,

. 3
and use them as guides to graph y = —Esec X .

y 3
J -3
3

Graph the reciprocal sine function, y =sin(x—7x).
The equation is of the form y = Asin(Bx—C) with 4
=1l,andB=1,and C=r.
amplitude: | 4 |=|1]=1

2

period: 2z =—2=2r
B 1

phase shift: < Ly
B 1

. 2
Use quarter-periods, Tﬂ = % , to find
x-values for the five key points. Starting with x =7,
the x-values are 7, 37”, 2, 577[, and 37 .

Evaluating the function at each value of x, the key

points are (7, 0), (37”, 1], 2x, 0),

(57”, —1], (37, 0) . Use these key points to graph

y=sin(x—) from 7z to 3z . Extend the graph one

cycle to the right. Use the graph to obtain the graph
of the reciprocal function.

Section 4.6 Graphs of Other Trigonometric Functions

Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =csc(x—7).

: 7

T I
(3777, ) 2\ \El \I; y =sin(x —m)
5 V|

S LI
(”',—1) 5] (AR HE A} <9_ﬂ' _1>
2 2 0

Graph the reciprocal sine function, y = sin(x —%} .
The equation is of the form y = 4sin(Bx—C) with
A=1, B=1,and C:%.

amplitude: | 4| =|1]|=1

period: 2z = 2z =2z
B 1

phase shift: < = z
B 2

Use quarter-periods, % , to find x-values for the five

. . . b4
key points. Starting with x = > the x-values are

%, T, 37”, 27, and 57” Evaluating the function at

each value of x, the key points are

(% oj, (.1), [37” oj, (27, -1), and (57” oj.

Use these key points to graph y = sin(x —%} from

% to 57” . Extend the graph one cycle to the right.

Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

=cse| x-Z
y 5

y

2 llil l\il PR ”')
Ly =sin(x — =

(m, 1) ::;Uw___‘*;,,ﬁ _: 2
-7 AN Sy
Q2m, —1)"’5— T\ ’I‘\‘(477, -1)
|
y= csc(x - 7)
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43. Graph the reciprocal cosine function,
y=2cos(x+ ). The equation is of the form
y=Acos(Bx+C) with4=2,B=1,and C=-x.
amplitude: | 4|=]2]=2
2r 2w

eriod: — =—"—=2r1x
P B 1

phase shift: ¢ =z -
B 1

. 2
Use quarter-periods, Tﬂ = % , to find x-values for the
five key points. Starting with x = -z, the x-values
are —, —%, 0, %, and 7z . Evaluating the function

at each value of x, the key points are (-7, 2),

(—%, OJ, (0,-2), (%, Oj, and (7, 2) . Use these

key points to graph y =2cos(x+7x) from -z to 7.
Extend the graph one cycle to the right. Use the graph
to obtain the graph of the reciprocal function. Draw
vertical asymptotes through the x-intercepts, and use
them as guides to graph y =2sec(x+ 7).

Yy (@,2)
}{ P { i\ Q3m,2)
LU A E R =2cos (x +m
(.2) \ y ( )
Jn— " — v x
K I_‘l_‘ 7
0, -2~ G -2
N |
|

y=2sec(x +m)

44. Graph the reciprocal cosine function,

y=2 cos(x +%j . The equation is of the form

y=Acos(Bx+C) with 4=2 and B=1, and

c=-Z.
2

amplitude: | 4|=|2]=2

. 2 2
period: iy
B 1

_
2__7
1 2

phase shift: < =
B

Use quarter-periods, % , to find x-values for the five

. . . V1
key points. Starting with x = 5 the x-values are

—Z, 0, z, 7, and 3—”
2 2 2

45.

Evaluating the function at each value of x, the key
points are

(2.2).0.0).(Z.-2) (m0),(L.2).

Use these key points to graph y =2 cos(x +%j from

3 .
—% to 7” Extend the graph one cycle to the right.

Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

T
=2sec| x+—|.
g ( 2]

I
T {l )
-—=,2 | [
<2’>\ /y=2cos<x+%)

LR Ny 477 X

N 55 A2
Z -2 ’7ﬁ AT (22, -2
N 2

2
- _T 2
X = — =L
3 r=3 x=517
57 3) o0 }
12 7)) s
1 =41 1
(’IT 1) : I lll
_’ — T T
6 2 R AR
4,/ 1f

T
W=
=

L
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47.

48. RIS S T

49. xX=-m x=aa

50. =

(2w, 1) HYHAHHEEE- 0,1

(_77’ _1)’

13

(R (m, —1)

51.

y = sec |x|

52.

53.

54.

5S.

56.

57.

Section 4.6 Graphs of Other Trigonometric Functions

T
(‘E’l ] (77 1>
~ 1 2 b
0,0)-
=R uns 27 L x
land
y —|tan2 x|

y=(foh)(x)=f(h(x)) = ZSec(Zx—%j

A\l
Al

e (s

y=(goh)(x)=g(h(x)) = —2tan(2x—%j

y /<§’Z>

/

F)

N7
y 2

e
8 —Ztan( 11')

y = 2x—5

~T%

<}
3

L3

Use a graphing utility with y; =tanx and y, =—1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax=2.

St _x 3 Ix

4° 47 4° 4
x=-3.93 -0.79, 2.36, 5.50
Use a graphing utility with y; =1/tanx and y, =—1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax=2.
St _m 3 Ix

4° 47 4° 4
x=-3.93 -0.79, 2.36, 5.50
Use a graphing utility with y; =1/sinx and y, =1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax=2.

RY/ 2 4

- >

22
x=-4.71, 1.57
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58.

59.

60.

594

Use a graphing utility with y; =1/cosx and y, =1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax =2.

x=-2x, 0, 27
x=-6.28, 0, 6.28

d =12tan 27zt
a.  Solve the equations
rt=-%  and 2m=Z
2 2
-z T
f=—2 t=-2
2r 2r
1 1
t=—— t=—
4 4
Thus, two consecutive asymptotes occur at
1 1
x=——and x=—.
4 4
1.1
—_L + 4
x-intercept = —4—4 = 0 =0
2 2

An x-intercept is 0 and the graph passes through
(0, 0). Because the coefficient of the tangent is
12, the points on the graph midway between an
x-intercept and the asymptotes have y-
coordinates of —12 and 12. Use the two

. 1 1
consecutive asymptotes, x = I and x = 7 to

graph one full period of d =12tan27¢. To

graph on [0, 2], continue the pattern and extend

the graph to 2. (Do not use the left hand side of

the first period of the graph on [0, 2].)

1 3

4 1=7 1= %

d (= l

(l 12> 15 i
,0) 2,0)

t

3 [ Y I 15
2 121 i IR I\ I T
(8 ' ) 15y (8 12

d = 12 tan 277t

=

—

—
—
—

b. The function is undefined for ¢ = 0.25, 0.75,
1.25, and 1.75.
The beam is shining parallel to the wall at these
times.

In a right triangle the angle of elevation is one of the
acute angles, the adjacent leg is the distance d, and
the opposite leg is 2 mi. Use the cotangent function.

d
cotx =—
d=2cotx
Use the equations x=0and x = 7.

61.

Two consecutive asymptotes occur at x =0 and

. . b3
x =7 . Midway between x=0 and x=7 is x:E'

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the cotangent is

2, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —2
and 2. Use the two consecutive asymptotes, x =0
and x =7 ,to graph y=2cotx for O<x<r.

d

(F2=t

I}

d=2cotx

Use the function that relates the acute angle with the
hypotenuse and the adjacent leg, the secant function.

SECX =—

d =10secx
Graph the reciprocal cosine function, y =10cosx .
The equation is of the form y = Acos Bx with
A=10 and B=1.
amplitude: | 4 |=|10|=10
2r 2w

eriod: —=—=2r1x
P B 1

T V4 T T
For —5 <x< EX use the x-values —E, 0, and — to

find the key points (-% o), (0, 10), and [% oj .
Connect these points with a smooth curve, then draw
vertical asymptotes through the x-intercepts, and use

E

them as guides to graph d =10secx on {—% E]

y=-Z T
2 d x=E
H |
a a
10, 10)
B
d = 10secx
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Section 4.6 Graphs of Other Trigonometric Functions

62. Graphs will vary. 78 iod: ToT
. period: ===
Perot B4

: i
= 15 Graph y=tan4x for OSxSE.
2 10
‘5 NORMAL FLOAT AUTO REAL RADIAN MP D
Z 5
g 6
= 1T 2%
Number of Years
ko
0 : =
63. 1 2
(7’ 10) (%0>
©,0 Yy (1,0) .
= \/[10 I
g AN
£ WA’
s [ Tz
; 79. period: —=—
e b 2s B 2
= g VT (ﬁ , _10> Graph y=cot2x for 0<x<r.
6
64. Graphs will vary.
1)
(0,0) 8 0 )
=\
S N
: (2,0 i
s time (sec)
s [ [ [
2 i s
1 15 _ Y 1
o <8 ’ 12) 80. period: —=—=7-2=2x
(3 —12) B 1
8’ 2

Graph y=cot§ for 0<x<4r.

NORMAL FLOAT AUTO REAL RADIAN MP n

L

Graph y=tan§ for 0<x<8x. U .
-6

10

65.-76. Answers may vary.

77.  period:

SR
-y

>

-10
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81.

82.

83.

596

period: —=—=1

SRS
3N

Graph y:%tanlrx for 0<x<2.

NORMAL FLOAT AUTO REAL RADIAN MP ﬂ

D,

L

-6

Solve the equations

7rx+1=—Z and 7rx+1=Z
2 2
f[x:—z—l 7Z'x=£—l
2 2
- zT_q
x=-2 x=2—
.4 .4
-r-2 T-2
X = X=—-
2r 2r
~—0.82 x=0.18

R A
eriod: —=—=1
P B
Thus, we include —0.82 < x <1.18 in our graph of

y= %tan(ﬂ'x+l) , and graph for -0.85<x<1.2.

NORMAL FLOAT AUTO REAL RADIAN MP n

J)) ).
[l [

period:%[=2—”—2 2=4r

2
Graph the functions for 0 < x <87 .

NORMAL FLOAT AUTO REAL RADIAN MP n

L\ )
amA

84. period:z—ﬂzz—”:Zﬂ-2=6
B % V4

85.

86.

Graph the functions for 0 < x <12,

NORMAL FLOAT AUTO REAL RADIAN MP n

6

AN
AT

. 2r
period: —=—=7x
B 2

S |c\\>x

phase shift:

wlm
SN

Thus, we include % <x< 215—2” in our graph, and

graph for OSxSST”.

NORMAL FLOAT AUTO REAL RADIAN MP n

10

period: 2z = 2z _ =2
B
A
phase shift: C_ o_z1_1
B & 61x 6
1 25 .
Thus, we include s <x< v in our graph, and graph

for Ostg.
2

NORMAL FLOAT AUTO REAL RADIAN MP

)
-

Copyright © 2018 Pearson Education, Inc.



87.

88.

89.

90.

91.

92.

93.

NORMAL FLOAT AUTO REAL RADIAN MP n

420-

310:
30 48

The graph shows that carbon dioxide concentration
rises and falls each year, but over all the
concentration increased from 1990 to 2008.

1
y=sin—
X

NORMAL FLOAT AUTO REAL RADIAN' MP ﬂ

The graph is oscillating between 1 and —1.
The oscillation is faster as x gets closer to 0.
Explanations may vary.

makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: To obtain a cosecant graph,
you can use a sine graph.

does not make sense; Explanations will vary.
Sample explanation: To model a cyclical
temperature, use sine or cosine.

The graph has the shape of a cotangent function with
consecutive asymptotes at

x=0and x:%z.Theperiodis 2Tﬂ-—OzzT”.Thus,

z_2z
B 3
27xB =31
33
2r 2

The points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of 1
and —1. Thus, 4 = 1. There is no phase shift. Thus, C

. . . 3
= (. An equation for this graph is y = cotEx .

94.

95.

96.

97.

98.

Section 4.6 Graphs of Other Trigonometric Functions

The graph has the shape of a secant function.
The reciprocal function has amplitude | A|=1. The

period is 87” Thus, 2—71-:8?”
8nB=6rm
8t 4

There is no phase shift. Thus, C =0. An equation for

the reciprocal function is y = cos%x . Thus, an
. . . 3
equation for this graph is y = seczx .

The range shows that 4 =2.
Since the period is 37, the coefficient of x is given

by B where % =3z

2_”:37'[

B
3B =2rx
2

Thus, y = 2CSC%

The range shows that 4= 7.
Since the period is 2, the coefficient of x is given by

B where 2—” =2
B

27 _,
B

2B=2x
B=rx

Thus, y=mcsczx

a.  Since A=1, the range is (—eo,—1]U[1,)

Viewing rectangle: —%,7[,7?”:] by [-3,3,1]
b.  Since A=3, the range is (—eo,—3]U[3,0)

Viewing rectangle: —%,%,1} by [-6,6,1]

y=2""sinx

27* decreases the amplitude as x gets larger.
Examples may vary.
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99, i%, +1, 2 are possible rational zeros
12 s 1 2
2 -3 -2
2 -3 -2 0
1 is a zero.
232 —3x+2=0

2x+D)(x-2)=0
1

xX=—-— or x=2
2
1
The zeros are _E’ 1, and 2.

100. Let x = the number of bridge crossings at which the
costs of the two plans are the same.
Noiass Discount Pass

8 = 36+5x
8x—5x=36
3x=36
x=12

The two plans cost the same for 12 bridge crossings.
The cost will be 8(12) or $96.

_4-(2) _6 _
=3-(-1) -2
so the slope is —3.
Using the point (-1, —2), we get the following point-
slope equation:
Y=y, =m(x—x))
y=(=2)=-3[x-(-D]
y+2=-3(x+1)
Using the point (=3, 4), we get the following point-
slope equation:
Y=y =m(x—x)
y=4==3x-(3)]

101. m

B

y—4=-3(x+3)
Solve the equation for y:
y—4=-3(x+3)
y—4=-3x-9
y=-3x-5.

102. a. x|
y 2’
FF0, 0)Yf
EZAE 40 L AT Jmpct
_m
( 2’ 1> Tk

. T T
=sinx, —> =x=-=
y » 7 2

b. yes; Explanations will vary.

e

The angle is —%.

This is represented by the point (—%, —l]

2
103. a.
12510, 1)
i
\ ma <7’ 0)
L R S| X
2
T
125 (77’ _1)

y=cosx,0=x=m

b. yes; Explanations will vary.

c. The angle is 5?”

4)

This is represented by the point [5?”,——

2
104. a. y
T )
(0| (I))I g N 4 g
TR A x
_E’_1>_——’ n
Rl

E

2 2

b. yes; Explanations will vary.

c. The angle is —%.

This is represented by the point (—%,—\/5 j

598 Copyright © 2018 Pearson Education, Inc.



Section 4.7 Inverse Trigonometric Functions

Section 4.7

Check Point Exercises

1.

Let @ =sin~! g , then sin@ =

The only angle in the interval —E, 7 | that satisfies sin @ = ﬁ is Z Thus, 6 = z ,or sin”! ﬁ =z
22 2 3 3 2 3
Let @=sin"! —Q , then sin@ = —Q .
2 2
The only angle in the interval —E, 7 | that satisfies cos@ = —ﬁ is —” . Thus 0= i , Or sin”! —ﬁ -
22 2 4 4 2 4
-1 1 1 . . . 1. 27
Let 6 =cos —5 ) then cos@ = 5 The only angle in the interval [0, 7] that satisfies cos & = 3 is T
Thus, 6 = 2—” , or cos™! (—lj = 2—” .
3 2 3

Let 6 =tan!(-1 , then tan @ =—1. The only angle in the interval —Z, Z | that satisfies tan@=—1 is —Z.
yang 22 4

Thus Hz—z or tan_lez—z.
4 4

Scientific Calculator Solution

Function Mode Keystrokes Display
(rounded to four places)

a. (1 Radian -1 1.2310
cos (ﬂ 1535 Cos

b. tan~'(-35.85)| Radian 35.85[ 37 ][ TAN! ~1.5429

Graphing Calculator Solution

Function Mode Keystrokes Display
(rounded to four places)

a. cos“(%) Radian | | COS™ |[(]1[+]3[)][ ENTER | 12310

b. tan~'(-35.85)| Radian TAN"' |[-]35.85[ ENTER —1.5429
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6. a. cos(cos_1 0.7)

x=0.7,xisin [-1,1] so cos(cos_1 0.7)=0.7

b. sin”! (sin )

. . T . . . D1, .
X =7 ,x1snotin [—;,E]xls in the domain of sin x, so sin 1(51r17r)=s1n 1(0)=0

c. cos(cos_1 7[)

x=7m,xisnotin [-1,1] so cos(cos_1 7[) is not defined.

7. Let =tan”' [%), then tan @ = % Because tan @ is positive, € is in the first quadrant.
¥

r=5
(4.3)

f 3

4 X

Use the Pythagorean Theorem to find 7.
r?=321+47=9+16=25
r=+25=5

Use the right triangle to find the exact value.

sin(tan_l gj —sing= side opposite & _ 3
4 hypotenuse 5

. 1 . . ..
8. Let @=sin"! [—%J, then sin@ = - Because sin @ is negative, @ is in quadrant IV.

y

Use the Pythagorean Theorem to find x.
X2 4(-12 =22
X2+1=4

x* =3

x=+3

Use values for x and 7 to find the exact value.

CoS |:Sin_1 [—%j:| =cosé@ = 1 = ﬁ

r 2
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_ X
Let 6 =tan 1x, then tan6’=x=T.

Use the Pythagorean Theorem to find the third side, a.

a? =x>+1°
_J.2
a=\Nx"+1
Use the right triangle to write the algebraic expression.
2
- +1
sec(tan 1x):secﬁz xl =vx?+1

Concept and Vocabulary Check 4.7

10.

T T .-
——<x<—; sin Uy
2 2

St

false

Exercise Set 4.7

Section 4.7 Inverse Trigonometric Functions

.1 . 1 . . . . 1.
1. Let @=sin 15 , then sin@ = 5 . The only angle in the interval [—%, %} that satisfies sin@ = 5 is % . Thus, 6= % , or

.11
sinm —=—.
2 6
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602

Let @ =sin"' 0, then sin@=0. The only angle in the interval [—%, %} that satisfies sin@=0 is 0. Thus =0, or

sinT' 0=0.

Let 6 =sin™! g , then sin @ = g The only angle in the interval [—%, %} that satisfies sin@ = g is % . Thus

_1\/5 T

l9=£,or sinT —=-—.
4 2 4

3

Let 6 =sin~! g , then sin@ = - The only angle in the interval {—%, %} that satisfies sin @ =

a3z

or sin .
3

. 1 . . . . 1.
Let 6 =sin™! [—%), then sin@ = 5 The only angle in the interval [—%, %} that satisfies sin@ = 3 is —% . Thus

Let 6 =sin"! (—g} , then sin@ = —%.

The only angle in the interval [—%, %} that satisfies sin@ = —? is —% . Thus 9=-2

>

Let 6 =cos™! ? , then cos@ = g . The only angle in the interval [0, 7] that satisfies cosé = g % Thus € =

1frc

or cos —

6
Let 8 =cos 172 then cos@ = % . The only angle in the interval [0, 7] that satisfies cos@ = % % Thus 6= Z
N2z
or cos =—.
2 4

Let 6 =cos™! [—g] , then cos@ = —g. The only angle in the interval [0, 7] that satisfies cos@ = —% is 37” Thus

RV _1[ ﬁ] kY4
9=T,orcos -— =

2 4
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Ve

Let 8 =cos ™! (—g} , then cos@ = -

The only angle in the interval [0, 7] that

s ﬁjf_’f

satisfies cos@ =—— is d . Thus 6:5—” , or cos I - X2 .
6 6 2 6

Let @ =cos ' 0, then cos@=0. The only angle in the interval [0, 7] that satisfies cos@ =0 is % .
Thus sz, or cos™! Ozz.

2 2
Let @=cos ' 1, then cos@=1. The only angle in the interval [0, 7] that satisfies cos@=1 is 0.
Thus =0, 0r cos '1=0.

. The only angle in the interval (—%, %J that satisfies tan @ =

3
3

WPs

YK

Let 6 =tan"! g , then tan@ = is —. Thus

6=£,or tan‘lﬁ:
6 3

N

Let =tan ', then tan@=1. The only angle in the interval (—%, %) that satisfies tan@ =1 is % .
Thus Gzz, or tan'1 -z
4 4

Let =tan ' 0, then tan&=0. The only angle in the interval (—% %) that satisfies tan@=0 is 0. Thus #=0, or

tan~'0=0.

—1 . . T T . . T
Let @=tan  (-1), then tan@ =—1. The only angle in the interval [_E’ Ej that satisfies tan8 =-1 is e Thus
6= —% cor tan (=) =%

Let O =tan™' (—\/g ) , then tan 6 =—/3 . The only angle in the interval [—%, %j that satisfies tan@ =—/3 is —% .

Thus Hz—z, or tan”! (—\/5) = _f.
3 3

Let O=tan”! —ﬁ , then tan @ = —ﬁ. The only angle in the interval (—E, zj that satisfies tan @ = —ﬁ is - %
3 3 22 3 6
Thus 9=—£,or tan~! —ﬁ :—z.
6 3 6
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19.

20.

21.

22,

604

Scientific Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)
sin”'0.3 Radian 03| SIN"! 0.30

Graphing Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)
sin"10.3 Radian SIN"! | 0.3[ ENTER 0.30

Scientific Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)
sin"10.47 | Radian 0.47| SIN”! 0.49

Graphing Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)
sin'0.47 | Radian SIN"! | 0.47 | ENTER 0.49

Scientific Calculator Solution

. Display

Function Mode Keystrokes (rounded to two places)
sin”!(=0.32) | Radian 0.32[+/]| sIN"! -0.33
Graphing Calculator Solution

. Display

Function Mode Keystrokes (rounded to two places)
sin"!(=0.32) | Radian SIN™! E 0.32 | ENTER ~0.33
Scientific Calculator Solution

. Display

Function Mode Keystrokes (rounded to two places)
sin"'(=0.625)| Radian 0.625[ %/ ]| SIN”! —0.68
Graphing Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)

sin~!(=0.625)| Radian SIN™! E|0.625 ENTER ~0.68
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23.

24.

25.

26.

Section 4.7 Inverse Trigonometric Functions

Scientific Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)
~1(3
cos l(gj Radian 3 E SB cos™! 1.19
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
~1(3 :
cos l(gj Radian | | cos™ |[(]3[+]8]) ][ ENTER 1.19
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
_1( 4
cos 1(5} Radian 4E|9|E| cos™ 1.11
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
_1(4 .
cos!(2) | Radion | [cos | [(J4[=]o[7] [ENTER L
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 ﬁ . -1
cos ; Radian 504 EI 7 El COS 1.25
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
N | .
cos™ = Radian COS v 5E|7 ENTER 1.25
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
cos™! 1£g Radian 7|V |[+]10]=] cos™! 1.30
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
17 .
cos 1% Radian cos™ J 7 Ello ENTER 1.30
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Chapter 4 Trigonometric Functions

27.

28.

29.

30.

606

Scientific Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)
tan~!(-20) | Radian 204/ | TAN"! -1.52
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan~'(-20) | Radian TAN' |[=] 20 ENTER -1.52
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan"'(-30) | Radian 30[+/ || TAN"! ~1.54
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan~'(-30) | Radian TAN™' |[ = |30] ENTER ~1.54
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan”' (—v473) | Radian 473 |\ |[ /]| TN -1.52
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan”™' (—473) | Radian | | TAN"! |[(][=]| V" |473]) | ENTER “152
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 _
tan™! (—VS06T) - tian 5061 v |[ /]| AN -1.56
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1
tan "~ (—/5061 .
( | Radian TAN"' [[(][= ]|~ |s061]) ][ ENTER -1.56

Copyright © 2018 Pearson Education, Inc.




31.

32.

33.

34.

35.

36.

37.

38.

39.

sin(sin_1 0.9)
x=0.9, x is in [-1, 1], so sin(sin™! 0.9)=0.9

cos(cosf1 0.57)
x=0.57, xisin [-1, 1],

) cos(cos_l 0.57)=0.57

A | . T
sin sSin—
[5)
T .. T T -1 . T
X=—,x1sIn | ——, — |, SO SIn sin— | =
. wisin| -5, 3] o sl n)

-1 [ Zﬂ'j
Cos COS—
3

2 ..
x=—ﬂ,x1s in [0, 7],

_1[ Zizj 27
50 cos™ | cos == ===

3
. _1£. 571')
sin sin——-
6

x :5?”, x is not in {—%, %} , X is in the domain of

. . —1 ( . 5w . —1(1 T
Sm x, SO sin SiIn— | =S8in — ==
6 2) 6

-1 4
Ccos COS——
3

4 . .
x=7ﬂ-, x is not in [0, 7],

Wy

x is in the domain of cosux,

—1( 47[) _1( lj 2w
SO COS COS— [=COS —_ =
3 2 3

tan(tam_1 125)

x =125, x is a real number, so tan(tan_1 125) =125

tan(tan™! 380)
x =380, x is a real number,

so tan(tan™! 380) = 380

40.

41.

42,

44.

45.

46.

Section 4.7 Inverse Trigonometric Functions

(%)

tan tan| ——

[
V4

V4 .. T
X=——,xisin| ——, —|,
2 2

-1 T T
SO tan tan| —— | |=——
{ ( 3 H 3
-1 [ 27'[)
tan tan —
3

X =ZT”, x is not in (—%, %j , X 1s in the domain of

_ 2 _1 T
tan x, so tan”' | tan 2= | =t =2
an (an 3] an ( \/_) 3

-1 ( 37[)
tan tan—
4

3z . . T T
xX=—,x1snotn| ——, — |,
4 22

x 1s in the domain of tan x
T

_ 3 _
so tan"!| tan2Z | = tan l-p=-=
4 4
sin_l(sinﬂ)
. . T T
X=m,x1snotin | ——, — |,
[ 2 2}

x is in the domain of sin x, so

sin”!(sinz)=sin"'0=0

Cosfl(cos 27)
x=2x, x is not in[0, 7],

x is in the domain of cos x,

SO cos_l(cos 2r) = cos ' 1=0
. ( . | )
sin{sin” " 7

x =, xisnotin[-1, 1], so sin(sin_1 7[) is not
defined.
COS(COS_l 37)

x =37, x is not in [—1, 1]
SO cos(00571 37) is not defined.

Copyright © 2018 Pearson Education, Inc.

607



Chapter 4 Trigonometric Functions

47. Let =sin"! % , then sin @ =§ . Because sin @ is

positive, @ is in the first quadrant.

Y
r=5X(34)
4
0
3 X
x2+y2 —r2
¥? +4% =52
x?=25-16=9
x=3
cos[sin_ ij:cmaz_zg
5 5

48. Let O=tan”' 7 , then tan @ = l
24 24

Because tan @ is positive, € is in the first quadrant.

¥
r =125 (24.7)
L Aﬂ x
24
r2=x2+y2
r2 =77 4247
=625
r=25
sin| tan~ l =s]n9=l=l
4 r 25

49. Let 6=cos™" % , then cosé@ = % . Because cosé is

positive, @ is in the first quadrant.
y r=13

(5.12)

12

NS}

x2+y =2
5242 =132
3% =169-25
y? =144
y=12

NN N

tan cos_li =tan¢9=l=_
13

50. Let @=sin~' > then sin@=—-.
13 13

because sin @ is positive, € is in the first quadrant.

r=13
(12,5)
e | i
2
x2+y2 2
x*+5% =13
X’ =144
x=12
cot(sin_1 i):cotgzizﬁ
13 y 5

51. Let @=sin"! [—gj , then sin@ = —% . Because sin @

is negative, @ is in quadrant IV.

¥
94 *
3
(4, -3}
r=35
2y =s2
X2 +(-3)* =5
x> =16
x=4
3

52. Let @=sin"' (—%j , then sin@ = —%.

Because sin @ is negative, € is in quadrant [V.
¥
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53. Let, 0= cos™! 72 , then cos@ :% . Because cosé

54.

5S.

is positive, @ is in the first quadrant.

sin cos_l—2 =Sin6=1=£
2 2

.1 . 1

Let @ =sin"' = , then sin@ =—
2 2

Because sin @ is positive, @ is in the first quadrant.

x2+y2=r

¥ +1% =22
x> =3
x=4/3

NE)

cos(sin_l l] =cos@ = r_N
2 ro2

2

. 1 .
Let @ =sin™"' [—%) , then sin@ = —Z . Because sin @

is negative, @ is in quadrant I'V.

Copyright © 2018 Pearson Education, Inc.
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Section 4.7 Inverse Trigonometric Functions

56. Let 6 =sin"" [_%j , then sin@ = —% .

Because sin @ is negative, € is in quadrant IV.

Let @ =cos ™! (—éj , then cos@ = —% . Because

cos@ is negative, 6 is in quadrant II.

B y
(-1, 243}
ALY
[
X
1
24y =2
(-1 +y* =3
y? =8
y=18
y=22

Use the right triangle to find the exact value.

tan{cos_1 [—%ﬂ =tanf = Y & — _2\/5

X -1
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58.

59.

60.

610

Let 6’=cos_1[—1j , then cosﬁz—l.
4 4

Because cosé is negative, 6 is in quadrant I1.

4y
{—1,¥13)
V13
9
X
1
Piyt=s?
(1) +y2 =42
2
y° =15
y=+is

Let @ =cos™" {—g} , then cos@ = —g . Because

cos@ is negative, @ is in quadrant II.

¥
r=2
(AV’E,l)
1
9
3 -
Pyt =r?
2
(—\/5) +yz=22
=1
y=1
2
cs{cos 1(—£]:|=csc0_£=—=2
2 y

ﬁ} &

Let @=sin" || - 2= ,then sin@=———.
2 2

Because sin @ is negative, @ is in quadrant IV.

¥y
V2
/6 ¥
2
(2, —2)
r=2

61.

62.

24y =p?
2
x2+( 2) =22
x2=2
x=+/2

Let = tan™" (—%j , then tan@ = —%.

Because tan @ is negative, € is in quadrant IV.

Let = tan™" (—EJ ,then tan@ = —é.
4 4

Because tan @ is negative, € is in quadrant IV.
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63. Let 6’=cos_1x,then costxz?.

b =1 — &7

Use the Pythagorean Theorem to find the third side,
b.
x> +b% =12
b2 =1-x?
b=~1-x*
Use the right triangle to write the algebraic
expression.

NS}

_ 1—x
tan(cos ! x) =tand =
X

64. Let 6:tan_1x,then tan@zxz%.

c=Val + 1

/% O
1

Use the Pythagorean Theorem to find the third side, c.
2 2,42
c"=x"+1

c= x2+1

Use the right triangle to write the algebraic expression.

sin(tan_l) =sinf

X
x> +1
_ X .\/x2+1
X241 x?+1
_ x\/xz—i-l
x*+1

65. Let 6 =sin" ! 2x, then sin@ = 2x
y=2x,r=1
Use the Pythagorean Theorem to find x.
X2 +20)? =12
¥ =1-4x
x=v1- 4x2

cos(sin_1 2x)=+1- 4x2

Section 4.7 Inverse Trigonometric Functions

66. Let 6=cos ! 2x.
Use the Pythagorean Theorem to find the third side,

b.
1
opp
2x
2x)% +5% =12
b% =1-4x2

b=~1-4x
[ .2
) %:x/l—@cz

sin (cos_1 2x

67. Let 6’:sin_ll,then sinazl.

X x
x 1
¢
a= =T
Use the Pythagorean Theorem to find the third side,
a.
a? +1% =x?
a?=x*-1
a=+x*-1
Use the right triangle to write the algebraic
expression.
2
.11 -1
cos[sm ! —) =cosf =~
X X
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68.

69.

70.

71.

612

11 1
Let @=cos™' —, then cos@=—.

/A ]
1
Use the Pythagorean Theorem to find the third
side, b.

2 +b*=x*
p? =x* -1
b= x2—1

Use the right triangle to write the algebraic
expression.

1
sec(cos_1 —j =secH = Xo X
X 1

><|§|

cot (tan_

%)

><|§‘

cot (tan_1 ij =
V2

Let 6 =sin™" , then sin@ =

x> +4 x> +4

a=2
Use the Pythagorean Theorem to find the third side,
a.

2
a’ +x? 2( x2+4)
a>=x’+4-x* =4

a=2
Use the right triangle to write the algebraic

expression.
2
x“+4
J =secl =

[. aox
sec| sin
\/x2+4 2

. -1 x* -9 . x* -9
72. Let @=sin , then sin@ = .
X x
X Nxt -4

[]
a=3

Use the Pythagorean Theorem to find the third side,
a.

2
a? +( x? —9) = x?

a>=x?-x*+9=9
a=3
Use the right triangle to write the algebraic
expression.

cot| sin™! x2_9 = 3
X \lx2—9
_ 3 .\/x2—9=3\/x2—9
\/x2—9 \/x2—9 x* -9

a. y=secx is the reciprocal of y =cosx . The x-

values for the key points in the interval [0, 7]

are 0, z, Z, 3—”, and 7. The key points are
4 2 4

.0, (z, QJ, (z, Oj’ (3_” _ﬁ} ind
4 2 2 4 2

(7, —1), Draw a vertical asymptote at x = %
Now draw our graph from (0, 1) through
(%, \/Ej to o on the left side of the

asymptote. From —eo on the right side of the

asymptote through (37”, -2 ] to (7, -1).

x==
Yy 2
E
I
| I

H(0,1) ¢

L 79 37 x

\\_v"

-5 D
y =secx

b.  With this restricted domain, no horizontal line
intersects the graph of y =secx more than
once, so the function is one-to-one and has an
inverse function.
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c.  Reflecting the graph of the restricted secant
function about the line y = x, we get the graph

of y=sec_1 X.

y
Ees -
e _m
< sy = 3
\ 5 x
1,0
P
y=sec 'x

74. a.  Two consecutive asymptotes occur at x =0 and
x =7 . Midway between x =0 and x =7 is
x=0 and x =7 . An x-intercept for the graph

S (%, Oj . The graph goes through the points

(%, 1] and (37”, —1] . Now graph the function

through these points and using the asymptotes.

Y x=m
z 5
(&)

o)
N

—

\

ST <3_77,—1>
4
y =cotx

b.  With this restricted domain no horizontal line
intersects the graph of y =cotx more than
once, so the function is one-to-one and has an
inverse function. Reflecting the graph of the
restricted cotangent function about the line y =

x, we get the graph of y = cot ' x.

Section 4.7 Inverse Trigonometric Functions

75. Y

S
Ll

(-1

=

H+He
/
/
N~

)
[
[
[

T

fx) = sin'x + 2

domain: [-1, 1];
range: [0, 7]

77. y

domain: [-2, 0];
range: [0, 7]

78. Yy

T 7
-3

gx) =sint(x + 1)

domain: [-2, 0];

range: [—Z Z}
272
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79. y 83. y
T TTTT I_
; (-2,m) L <0 )
1, E)—** 0,0 S 1
( 2 il e = 2,0
- = -2 2x
i -3
Sfx) =-2 tan_lx gx) = COS_I %
domain: (—ce, co); domain: [-2,2];
range: (-7, 71) range: [0, 7]
80. Y 84. y
> 1]
<_1 3_77) b Tt (0, 0):—.<2, %)
! 0,0)- PEE
& 1 L X -2 T 2Xx
= 3
s (23t
h(x) = -3 tan Ly gx) = sin”~! %
domain: (—co, e); domain: [-2, 2];
3z 3r
range: TSy range: rr
272
81. Y . . -1
. | 85. The inner function, sin™ x, accepts values on the
G.0 interval [—1,1] . Since the inner and outer functions
/X . .
y ann] = are inverses of each other, the domain and range are
F y4 < ’ _E> as follows.
Y o7 domain: [-1,1]; range: [-11]
Jix) = sin”! (x=-2)— % |
86. The inner function, cos " x, accepts values on the
domain: (1, 3]; interval [—1,1] . Since the inner and outer functions
range: [-7, 0] are inverses of each other, the domain and range are
82 as follows.
’ y <1, %) domain: [-1,1]; range: [-11]
/
/
- 87. The inner function, cos x, accepts values on the
(2,0’ interval (—eo,o<). The outer function returns values
)(;) ,.,) on the interval [0, 7]
: 2 domain: (—co,c0); range: [0,7]
fx) = cos ! x=-2)— %
88. The inner function, sinx,accepts values on the
domain: [, 3]; interval (—eo,o0). The outer function returns values
. T
range. | =—-.— on the interval —E,Z
22 EaD)

. T T
domain: (—oo,0); range: | —= =
( ); rang [ > 2}
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89.

90.

91.

92.

93.

The inner function, cos x, accepts values on the
interval (—oo,oo) . The outer function returns values

on the interval _f,f
22

: T T
domain: —oo,00) ) range: | ——,—
(—oe,00) 5 rang [ > 2}

The inner function, sin x, accepts values on the

interval (—eo,o0). The outer function returns values
on the interval [0, 7]

domain: (—eo,c0); range: [0,7]

The functions sin™' x and cos™' x accept values on
the interval [—1,1]. The sum of these values is always

T

2
domain: [-1,1]; range: {%}

The functions sin™' x and cos™ x accept values on
the interval [—1,1] . The difference of these values

T 3z
range from —— to —
2 2

. 7 3rx
domain: [-1,1|; range: | —-=,=—
[-1,1]; rang [ > 2}

6 =tan"! 2— tan™! §
X X
X 0
5 tan”! 2— tan~! § =~ (.408 radians
5 5
10 tan ! 2— tan ™! i ~ 0.602 radians
10 0
15 | tan”! 2— tan”! i =~ 0.654 radians
15 1
20 | tan”! 2— tan ! i =~ (.645 radians
20 20
25 tan ! E—tan_1 i =~ 0.613 radians
25 25

94. The viewing angle increases rapidly up to about 16

feet, then it decreases less rapidly; about 16 feet;
when x =15, 8 =0.6542 radians; whenx =17,
6 =0.6553 radians.

Section 4.7 Inverse Trigonometric Functions

95. @=2tan"! 21.634 ~1.3157 radians;
1.3157(@j =75.4°
V4
96. 6=2tan"" 21.634 =~ (.1440 radians;
0.1440(@j ~8.2°
V4

97. tan 'b—tan'a=tan"' 2—tan"'0

=~1.1071 square units
'a=tan"1-tan™! (-2)
=~1.8925 square units

98. tan 'h—tan”

99. - 109. Answers may vary.

110. y = sin”! x
y= sinT!x+2

NORMAL FLOAT AUTO REAL RADIAN MP n

The graph of the second equation is the graph of the
first equation shifted up 2 units.

111. The domain of y = cos ! x is the interval
[-1, 1], and the range is the interval [0, 7z]. Because

the second equation is the first equation with 1
subtracted from the variable, we will move our x

T T
-, T, —

max to 7z, and graph in a [ 4} by [0, 4, 1]

viewing rectangle.

NORMAL FLOAT AUTO REAL RADIAN MP n

4

\
AN

2
The graph of the second equation is the graph of the
first equation shifted right 1 unit.
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. = s

-1
y=-2tan " x 3
4 —_—

-10 10 =7 2

1

. _ .4
It seems sin~! x +cos x:E for -1<x<1.

The graph of the second equation is the graph of the
first equation reversed and stretched. 116. does not make sense; Explanations will vary.
Sample explanation: The cosine’s inverse is not a

113. The domain of y =sin™' x is the interval function over that interval.

[-1, 1], and the range is [—%, %} . Because the

117. does not make sense; Explanations will vary.
Sample explanation: Though this restriction works
for tangent, it is not selected simply because it is

second equation is the first equation plus 1, and with
2 added to the variable, we will move our y max to 3,
and move our x min to — , and graph in a

r easier to remember. Rather the restrictions are based
Tz L ) .
-, 77 b on which intervals will have inverses.
[-2, 3, 1] viewing rectangle. 118. makes sense

5 119. does not make sense; Explanations will vary.
Sample explanation:

/ ._1(. Sn'j ._1( «/EJ b4

s Sin— | =S81n —_ =

=@ ; : . | 4 2 4
7

120. y=2sin"'(x=5)

Y _ -1
==sin (x—5
5 (x=5)

SIE]

-2

The graph of the second equation is the
graph of the first equation shifted left sin2 =x—5
2 units and up 1 unit.

) x=sinZ+5
114. y=tan" x 2
:
121. 2sin 1x=—
" 4
| T
Sin X =—
8
. T
—50 50 x=sm§

—

Observations may vary.
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122.

123.

124.

125.

126.

a1l
y+tan ' ==2
2

X

Prove: If x > 0, tan™

Since x > 0, there is an angle 8 with 0< & <§ as

shown in the figure.
i1
-9

2
x
L]
1
tan @ = x and tan [E—Hj =l thus
2 X
tan"! x = @ and tan™! (lj ZE—H SO
X 2
x+tan_ll=9+£—6’=£
X 2 2

tan~!

Let  equal the acute angle in the smaller right
triangle.

8
tana =—
X
18
so tan —=«o
Y33
tan(ax +6) =—
) tan_1£=0(+0
X
6’=0H—6’—0{=tan_lﬁ—tan_1§
X X

logy, (x%/;)

~log, (xy1/3)

=logy, x+logy y
=logy, x+§logb y

1/3

%10gx+610g(x—2)

=logx!? +log(x-2)°
=log Jx+ log(x— 2)6
- 1og(&(x —2)8 )

Sx+1
f(x)=
STD41 seel Siel
fen= S
—x—1 —x-1 x+1
no symmetry
50)+1 1
0 = :—:—1
f(0) 0_1 -1

The y-intercept is —1.

127.

128.

129.

Section 4.7 Inverse Trigonometric Functions

5x+1=0
S5x=-1
1
xX=——
5

The x-intercept is —é.

Vertical asymptote:
x—1=0
x=1

Horizontal asymptote:

5
y=1 5
74 (3,8)
“47
7,

cosA=2
c
1

c0s22.3° = 121

opposite
tan@ = L
adjacent

tan@ = E
25

f=tan"! (Ej
25

6=358°

IOCOS(EXJ
6

amplitude: [10/=10

period: 2—7[=271'-£=12
% V3
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Chapter 4 Trigonometric Functions

Section 4.8

Check Point Exercises

1.

618

We begin by finding the measure of angle B. Because
C =90° and the sum of a triangle’s angles is 180°, we
see that 4 + B =90°. Thus, B =90°— 4 =90° — 62.7°
=27.3°.
Now we find b. Because we have a known angle, a
known opposite side, and an unknown adjacent side,
use the tangent function.
tan 62.7° = 8.4

b

8.4

tan 62.7°
Finally, we need to find c. Because we have a known
angle, a known opposite side and an unknown
hypotenuse, use the sine function.

~434

sin 62.7° 2&
‘8.4
c=—— =9.45
sin 62.7

In summary, B =27.3°, b=~ 4.34, and ¢ = 9.45.

Using a right triangle, we have a known angle, an
unknown opposite side, a, and a known adjacent side.
Therefore, use the tangent function.

tan 85.4° = 4

0
a=80tan 85.4° = 994
The Eiffel tower is approximately 994 feet high.

Using a right triangle, we have an unknown angle, A4,
a known opposite side, and a known hypotenuse.
Therefore, use the sine function.

6.7

sind=——
13.8

A=sin' &7~ 29,00
13.8

The wire makes an angle of approximately 29.0° with
the ground.

Using two right triangles, a smaller right triangle
corresponding to the smaller angle of elevation drawn
inside a larger right triangle corresponding to the
larger angle of elevation, we have a known angle, an
unknown opposite side, a in the smaller triangle, b in
the larger triangle, and a known adjacent side in each
triangle. Therefore, use the tangent function.

tan 32° -4

800
a=800tan32° = 499.9

tan 35° =i

800
b=800tan35° = 560.2
The height of the sculpture of Lincoln’s face is
560.2 —499.9, or approximately 60.3 feet.

We need the acute angle between ray OD and
the north-south line through O.

The measurement of this angle is given to be
25°. The angle is measured from the south side
of the north-south line and lies east of the north-
south line. Thus, the bearing from O to D is

S 25°E.

We need the acute angle between ray OC and
the north-south line through O.

This angle measures 90°—75° =15°.

This angle is measured from the south side of
the north-south line and lies west of the north-
south line. Thus the bearing from O to Cis S
15°W.

Your distance from the entrance to the trail
system is represented by the hypotenuse, ¢, of a
right triangle. Because we know the length of
the two sides of the right triangle, we find ¢
using the Pythagorean Theorem.

We have

A =a?+b* =(23)? +(3.5)% =17.54
c=+1754=42

You are approximately 4.2 miles from the

entrance to the trail system.

To find your bearing from the entrance to the
trail system, consider a north-south line passing
through the entrance. The acute angle from this
line to the ray on which you lie is 31°+ 6.
Because we are measuring the angle from the
south side of the line and you are west of the
entrance, your bearing from the entrance is
S(31°+60) W. To find 8, Use aright triangle

and the tangent function.

tan9=3;5

135

fd=tan — =56.7°
2.3

Thus, 31°+6 =31°+56.7°=87.7°. Your
bearing from the entrance to the trail system is S
87.7°W.
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When the object is released (¢ =0), the ball’s

distance, d, from its rest position is

6 inches down. Because it is down, d is negative:
when ¢t = 0, d = —6. Notice the greatest distance from
rest position occurs at ¢ = 0. Thus, we will use the
equation with the cosine function, y = acosat, to

model the ball’s motion. Recall that |a| is the

maximum distance. Because the ball initially moves
down, a =—6. The value of @ can be found using the
formula for the period.

period:2—”:4
0]
2r=4w
iz
4 2

Substitute these values into d = acoswt. The
equation for the ball’s simple harmonic motion is

d= —6cos£t.

We begin by identifying values for a and .

d= IZCoszt, a=12 and a)=£.
4 4

a.  The maximum displacement from the rest
position is the amplitude. Because
a =12, the maximum displacement is 12
centimeters.

b.  The frequency, f, is

r 1 _
4 2rx

o =
_Y_4
4 2 2rx

0| —

The frequency is 3 cm per second.

c¢.  The time required for one cycle is the period.
. 2 2 4
period e ) S
w % V1

The time required for one cycle is 8 seconds.

Concept and Vocabulary Check 4.8

1.

2.

sides; angles

north; south

simple harmonic; |a ;

B >

Section 4.8 Applications of Trigonometric Functions

Exercise Set 4.8

Find the measure of angle B. Because

C=90°,4 + B=90°. Thus,

B =90°-4=90°-23.5°=66.5°.

Because we have a known angle, a known adjacent
side, and an unknown opposite side, use the tangent
function.

tan23.5° = 4

a= 1(())tan 23.5°=435
Because we have a known angle, a known adjacent
side, and an unknown hypotenuse, use the cosine
function.

cos23.5°= E

c
10

c=———
cos23.5°
In summary, B = 66.5°, a = 4.35, and ¢ = 10.90.

=~10.90

Find the measure of angle B. Because C = 90°,

A+ B=90°.

Thus, B=90°—-4=90°-41.5°=48.5°.

Because we have a known angle, a known adjacent
side, and an unknown opposite side, use the tangent
function.

tan41.5°= £

20
a=20tan41.5°=17.69
Because we have a known angle, a known adjacent
side, and an unknown hypotenuse, use the cosine
function.

cos41.5°= &

c
20

c=———
cos41.5°
In summary, B =48.5°,a=17.69, and ¢ = 26.70.

=26.70

Find the measure of angle B. Because

C=90° 4+ B=90°.

Thus, B=90°—-4=90°-52.6°=37.4°.

Because we have a known angle, a known
hypotenuse, and an unknown opposite side, use the
sine function.

sin52.6 = -

a= 24 sin 52.6° = 42.90
Because we have a known angle, a known
hypotenuse, and an unknown adjacent side, use the
cosine function.

€0s852.6° = i

4
b=54c0852.6°=32.80
In summary, B =37.4°, a =~ 42.90, and b = 32.80.
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Chapter 4 Trigonometric Functions

Find the measure of angle B. Because C = 90°,
A+ B=90°.
Thus, B=90°—4=90°-54.8°=35.2°.

Because we have a known angle, a known hypotenuse,

and an unknown opposite side, use the sine function.
. a
sin54.8° = —
80

a =80sin 54.8° = 65.37

Because we have a known angle, a known hypotenuse,
and an unknown adjacent side, use the cosine function.

c0s54.8 = i

b=80c0s54.8°=46.11
In summary, B=35.2° a=6537,and ¢ =46.11.

Find the measure of angle 4. Because
C=90° 4+ B=90°.
Thus, 4=90°-B=90°-16.8°=73.2°.

Because we have a known angle, a known opposite side
and an unknown adjacent side, use the tangent function.

tan16.8° = ﬂ
%05
a=——"-=101.02
tan16.8°

Because we have a known angle, a known opposite

side, and an unknown hypotenuse, use the sine function.

sin16.8° = ﬂ
30.5
c=————=105.52
sin16.8°

In summary, 4 =73.2°, a = 101.02, and
¢~ 105.52.

Find the measure of angle 4. Because C = 90°,

A+ B=90°.

Thus, 4=90°-B=90°-23.8°=66.2°.

Because we have a known angle, a known opposite
side, and an unknown adjacent side, use the tangent
function.

tan23.8° = ﬂ
a40 5
a=———=91.83
tan 23.8°

Because we have a known angle, a known opposite
side, and an unknown hypotenuse, use the sine
function.

sin23.8° =ﬂ
%0.5
Cc= — =~100.36
sin23.8°

In summary, 4 =66.2°, a=91.83,and ¢ =100.36.

Find the measure of angle 4. Because we have a
known hypotenuse, a known opposite side, and an
unknown angle, use the sine function.

sinA:ﬁ

50.2
A=sin”! [ﬁj ~37.3°
50.2
Find the measure of angle B. Because
C=90° A+ B=90° Thus,
B=90°-4=90°-37.3°=52.7°.

Use the Pythagorean Theorem.

a>+b*=c?

(30.4)* +b* = (50.2)°
b? =(50.2)* — (30.4)*> =1595.88
b =+/1595.88 =~ 39.95
In summary, 4 = 37.3°, B~ 52.7°, and
b~ 39.95.

Find the measure of angle 4. Because we have a
known hypotenuse, a known opposite side, and an
unknown angle, use the sine function.

. 11.2
sind=——

65.8
A=sin"! [E) ~9.8°
65.8
Find the measure of angle B. Because C = 90°,
A+ B=90°.
Thus, B=90°— 4 =90°-9.8°=280.2°.

Use the Pythagorean Theorem.

a>+b> =c?

(11.2)% +b? = (65.8)?
b =(65.8)%> —(11.2)> =4204.2
b=4204.2 ~ 64.84
In summary, 4 = 9.8°, B~ 80.2°, and
b~ 64.84.

Find the measure of angle 4. Because we have a
known opposite side, a known adjacent side, and an
unknown angle, use the tangent function.

10.8
tand=——

A=tan' [ 1082360
24.7

Find the measure of angle B. Because

C=90°4+B=90°.

Thus, B=90°—-A4 =90°—-23.6°=66.4°.

Use the Pythagorean Theorem.

2 =a? +b* =(10.8)> +(24.7)> =726.73
¢ =+726.73 =26.96

In summary, 4 ~23.6°, B = 66.4°, and

¢ =26.96.
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10. Find the measure of angle 4. Because we have a

known opposite side, a known adjacent side, and an

unknown angle, use the tangent function.
15.3
tan4d=——

A=tan"! [Ej ~41.0°
17.6

Find the measure of angle B. Because C = 90°,
A+ B=90°.

Thus, B=90°—-4=90°-41.0°=49.0°.

Use the Pythagorean Theorem.

2 =a? +b* =(15.3)> +(17.6)*> = 543.85

c=+/543.85 = 23.32

In summary, 4=41.0°, B=49.0°,and ¢ =23.32.

11. Find the measure of angle 4. Because we have a
known hypotenuse, a known adjacent side, and
unknown angle, use the cosine function.

cos A :z
A=cos™! Gj ~73.4°

Find the measure of angle B. Because
C=90° 4+ B=90°.

Thus, B=90°—A4=90°-73.4°=16.6°.
Use the Pythagorean Theorem.

a>+b*=c?

a*+(2)* =(7)°
a’ =(7)* -(2)* =45
a=+/45=6.71
In summary, 4 = 73.4°, B~ 16.6°, and
a~6.71.

12. Find the measure of angle 4. Because we have a
known hypotenuse, a known adjacent side, and an
unknown angle, use the cosine function.

cos 4 :i
A=cos! (gj ~ 63.6°

Find the measure of angle B. Because C = 90°,
A+ B=90°.
Thus, B=90°— 4 =90°—63.6°=26.4°.
Use the Pythagorean Theorem.
a’ +b> =c?
a +(#? =)
a? =(9)> - (4)* =65
a=+/65=8.06

In summary, 4 =63.6° B =26.4° and a =8.06.

13.

14.

15.

16.

17.

Section 4.8 Applications of Trigonometric Functions

We need the acute angle between ray OA and the
north-south line through O. This angle measure
90°—75°=15°. This angle is measured from the
north side of the north-south line and lies east of the
north-south line. Thus, the bearing from O and 4 is N
15° E.

We need the acute angle between ray OB and the
north-south line through O. This angle measures
90°—60° =30°. This angle is measured from the
north side of the north-south line and lies west of the
north-south line. Thus, the bearing from O to B is N
30°W.

The measurement of this angle is given to be 80°.
The angle is measured from the south side of the
north-south line and lies west of the north-south line.
Thus, the bearing from O to Cis S 80° W.

We need the acute angle between ray OD and the
north-south line through O. This angle measures
90°—35°=155°. This angle is measured from the
south side of the north-south line and lies east of the
north-south line. Thus, the bearing from O to D is S
55°E.

When the object is released (¢ =0), the object’s
distance, d, from its rest position is 6 centimeters
down. Because it is down, d is negative: When

t =0, d =—6. Notice the greatest distance from rest
position occurs at ¢ = 0. Thus, we will use the
equation with the cosine function, y =acoswt to

model the object’s motion. Recall that |a| is the

maximum distance. Because the object initially
moves down, a = —6. The value of @ can be found
using the formula for the period.

period=2—”=4
w
2r=4w
_2_x
4 2

Substitute these values into d = acos wt. The
equation for the object’s simple harmonic motion is

d= —6cos£t.
2
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18.

19.

20.

622

When the object is released (¢ = 0), the object’s 21.

distance, d, from its rest position is 8 inches down.
Because it is down, d, is negative: When

t =0, d =-8. Notice the greatest distance from rest
position occurs at ¢ = 0. Thus, we will use the
equation with the cosine function, y =acosaxt , to

model the object’s motion. Recall that | a| is the

maximum distance. Because the object initially
moves down, a =—8. The value of @ can be found
using the formula for the period.

. 2r
period= —=2
o)
2r=2w
2
=—=7
2

Substitute these values into d = acos art .

The equation for the object’s simple harmonic motion 22.

1s d =—8cosrt .

When =0, d = 0. Therefore, we will use the
equation with the sine function, y = asin wt, to
model the object’s motion. Recall that |a| is the

maximum distance. Because the object initially
moves down, and has an amplitude of 3 inches,
a =-3. The value of @ can be found using the
formula for the period.

period = 2z =1.5

w
2r=1.5w

2r  4rm
Q=—=——

1.5 3

Substitute these values into d = asin @t. The
equation for the object’s simple harmonic motion is

d=—3sin %+
3

When =0, d = 0. Therefore, we will use the
equation with the sine function, y = asin wt, to
model the object’s motion. Recall that |a| is the

maximum distance. Because the object initially
moves down, and has an amplitude of 5 centimeters,
a =-5. The value of @ can be found using the
formula for the period.

period = 2z =25

w
2r=2.5w
2n 4w
Q=—=—
25 5

Substitute these values into d = asin @t . The
equation for the object’s simple harmonic motion is

d= —55in4—ﬂ-t .
5

23.

We begin by identifying values for ¢ and .
d= SCOSEI, a=5and a)=Z
2 2

a.  The maximum displacement from the rest
position is the amplitude. Because a = 5, the
maximum displacement is 5 inches.

T
. w 5 7
b. The frequency, f;is f=—=-—2-==.
2 2w 2

EN e

1
2r
The frequency is % inch per second.

c.  The time required for one cycle is the period.

peri0d=2—ﬂ-:2—ﬂ-:27r-£:4
w % T

The time required for one cycle is 4 seconds.

We begin by identifying values for ¢ and @ .
d=10cos2xt, a=10 and w=2x

a. The maximum displacement from the rest
position is the amplitude.
Because a = 10, the maximum displacement is
10 inches.
b. The frequency, f, is f = @ _ 2z =
2r 2w
The frequency is 1 inch per second.
c.  The time required for one cycle is the period.
period = 2—71-:2—”:1
o 2r
The time required for one cycle is 1 second.

I.

We begin by identifying values for a and w.
d =-6c¢cos2rt,a=—6and w=2x

a. The maximum displacement from the rest
position is the amplitude.
Because a = -6, the maximum displacement is
6 inches.

b.  The frequency, f, is
o 2r
/ 2r 2w
The frequency is 1 inch per second.
c¢.  The time required for one cycle is the period.

2z

. 2
period = = 1
o 2r
The time required for one cycle is
1 second.
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24,

25.

26.

We begin by identifying values for ¢ and @.

d =—800s£t, a=-8and w:%

The maximum displacement from the rest
position is the amplitude.

Because a = -8, the maximum displacement is
8 inches.

. 1
The frequency, f, is f = @ _ —.
2r 4

N
The frequency is 7 inch per second.

The time required for one cycle is the period.

. 2r 2 2
period = e Yy
w % T

The time required for one cycle is 4 seconds.

We begin by identifying values for a and .

dzlsin2t, azland w=2
2 2

The maximum displacement from the rest
position is the amplitude.

1 . . .
Because a = > the maximum displacement is

1 inch.

2

The frequency, f, is
=221 435

2t 2r w
The frequency is approximately 0.32 cycle per
second.

The time required for one cycle is the period.
. 2

per10d=—7[=2—7[= r=3.14

o 2

The time required for one cycle is
approximately 3.14 seconds.

We begin by identifying values for a and w.

dzlsinZI, a:l and w=2
3 3

The maximum displacement from the rest
position is the amplitude.

1 . . .
Because a = 3 the maximum displacement is

l inch .
3

27.

28.

Section 4.8 Applications of Trigonometric Functions

. 2 1

b.  The frequency, £, is f = L _<_1. 0.32.
2r 2 7w

The frequency is approximately 0.32 cycle per

second.

c.  The time required for one cycle is the period.
. 2r 2
period = T =314
o 2
The time required for one cycle is
approximately 3.14 seconds.

We begin by identifying values for a and .

d =—55in27”t, a=-5and (0=2T”

a. The maximum displacement from the rest
position is the amplitude.
Because a = -5, the maximum displacement is
5 inches.

b.  The frequency, f, is
2r
o 73 2z 1
f=—=3 =22 =

1
ot 2 3 21 3

The frequency is % cycle per second.

c.  The time required for one cycle is the period.

. 2 2
perlod: _ﬂ-:_ﬂ.zzﬂ'i::;
o 2r 2z
3

The time required for one cycle is 3 seconds.

We begin by identifying values for ¢ and @ .

d =—4sin3—”t, a=-4 and a)=3—7[
2 2

a. The maximum displacement from the rest
position is the amplitude.
Because a = —4, the maximum displacement is
4 inches.

b.  The frequency, f, is

3z
w 5 3z
f:_—i— .

2 271'7

AW

1
2r
The frequency is 2 cycle per second.

c¢.  The time required for one cycle is the period.

period = 2—7[=2—7[=27[ 2
1) 37” 3z

24
3

. . .4
The required time for one cycle is 3 seconds.
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29. x=500tan40°+500tan25° T
X =653 38. d=3cos 7z't+5
30. x=100tan20°+100tan8° 1,3)
x=50 d 2
SEEEEEE;
A, 0+
31. x=600tan28°—600tan25° . 0)
x =39 0,0 g
> 1t
32. x=400tan40°—-400tan 28° —— <l, —3>
2
x =123 P
d=3c0s(wt+%’)
B 303040 Tt 306040
an an i
=208 a. 3in
500 500 b l i
4. x= : © 5 in. per sec
tan20° tan48°
x =924
c. 2sec
35 yo 400tan 40°tan 20 !
tan 40° —tan 20° d ——
x =257 2
36. x=1o0tand37tan38 39, d=—25in(ﬂ+£j
tan43°—tan 38° 4 2
x =482 d
[ (4,2) 1]
37. d=4cos m—z 2 g i
-4 2 @0 N6, 0
1 (09 _2) / \ t
L4
4 (59 : .
s/ ' -
(1,0)" d=—2sn(Zr+Z
t
N/ 3 a. 2in.
Sl
d = 4cos (rrt - ’%) b. %in. per sec
a. 4in. c. 8sec
b. %in. per sec d. -2
1. (nt &
c. 2 sec 40. d= —ESIH(T—EJ
a 1 ; © 0
. — 1 1 by UL L] l
2 <09 E>~\ A /,(8, 2)
QoL
i i 4’ __>
2

d= —%sin(ﬂ - E)
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41.

42,

43.

44.

[\

1.
b. —in. persec
3 p

c. 8sec
d 2

Using a right triangle, we have a known angle, an

unknown opposite side, a, and a known adjacent side.

Therefore, use tangent function.

tan21.3° = —2

5280
a=5280tan21.3° = 2059
The height of the tower is approximately 2059 feet.

ft
30yd EAL 90 ft
1yd
Using a right triangle, we have a known angle, an
unknown opposite side, a, and a known adjacent
side. Therefore, use the tangent function.

tan38.7° = 4
9

0
a=90tan38.7° =72
The height of the building is approximately 72 feet.

Using a right triangle, we have a known angle, a
known opposite side, and an unknown adjacent side,
a. Therefore, use the tangent function.

tan23.7° =ﬁ
“305
a=———=695
tan 23.7°

The ship is approximately 695 feet from the statue’s
base.

Using a right triangle, we have a known angle, a
known opposite side, and an unknown adjacent side,
a. Therefore, use the tangent function.

tan 22.3° =@
“200
a=————=488
tan 22.3°

The ship is about 488 feet offshore.

45.

46.

47.

48.

49.

Section 4.8 Applications of Trigonometric Functions

The angle of depression from the helicopter to point P
is equal to the angle of elevation from point P to the
helicopter. Using a right triangle, we have a known
angle, a known opposite side, and an unknown
adjacent side, d. Therefore, use the tangent function.

tan36° = m
1%00
d= =~1376
tan 36°

The island is approximately 1376 feet off the coast.

The angle of depression from the helicopter to the stolen
car is equal to the angle of elevation from the stolen car
to the helicopter. Using a right triangle, we have a known
angle, a known opposite side, and an unknown adjacent
side, d. Therefore, use the tangent function.

tan 72° = @
%OO
d= =260
tan 72°

The stolen car is approximately 260 feet from a point
directly below the helicopter.

Using a right triangle, we have an unknown angle, 4,
a known opposite side, and a known hypotenuse.
Therefore, use the sine function.

sinAzi

23
A:sin“(i]zls.r
23

The ramp makes an angle of approximately 15.1°
with the ground.

Using a right triangle, we have an unknown angle, A4,
a known opposite side, and a known adjacent side.
Therefore, use the tangent function.

tanA=@

A=tan! (@j ~80.9°
40

The angle of elevation of the sun is approximately
80.9°.

Using the two right triangles, we have a known angle,
an unknown opposite side, a in the smaller triangle, b
in the larger triangle, and a known adjacent side in
each triangle. Therefore, use the tangent function.

tan19.2° =4

125
a=125tan19.2°~ 435

tan31.7° = i

125
b=125tan31.7° = 77.2

The balloon rises approximately 77.2 — 43.5 or 33.7
feet.
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50.

51.

52.

53.

626

Using two right triangles, a smaller right triangle
corresponding to the smaller angle of elevation drawn
inside a larger right triangle corresponding to the
larger angle of elevation, we have a known angle, an
unknown opposite side, a in the smaller triangle, b in
the larger triangle, and a known adjacent side in each
triangle. Therefore, use the tangent function.

tan 53° -4

330
a=330tan53°=437.9

tan 63° =L

330
b=330tan 63° = 647.7
The height of the flagpole is approximately
647.7 —437.9, or 209.8 feet (or 209.7 feet).

Using a right triangle, we have a known angle, a
known hypotenuse, and unknown sides. To find the
opposite side, a, use the sine function.

sin53° =L

50 .
a=150sin53° =120
To find the adjacent side, b, use the cosine function.
b
c0s53°=—

50
b=150co0s53° =90
The boat has traveled approximately 90 miles north
and 120 miles east.

Using a right triangle, we have a known angle, a
known hypotenuse, and unknown sides. To find the
opposite side, a, use the sine function.

5in 64° = io
a=40sin64° = 36
To find the adjacent side, b, use the cosine function.
b
c0s 64° = —

b=40cos64°=17.5
The boat has traveled about 17.5 mi south and 36 mi
east.

The bearing from the fire to the second ranger is N
28° E. Using a right triangle, we have a known angle,
a known opposite side, and an unknown adjacent
side, b. Therefore, use the tangent function.

tan 28° = Z
b

7

- tan 28°
The first ranger is 13.2 miles from the fire, to the
nearest tenth of a mile.

=13.2

54.

55.

56.

The bearing from the lighthouse to the second ship is
N 34° E. Using a right triangle, we have a known
angle, a known opposite side, and an unknown
adjacent side, b. Therefore, use the tangent function.

tan34° = J
b

b= 2 ~13.3
tan 34°

The first ship is about 13.3 miles from the lighthouse,
to the nearest tenth of a mile.

Using a right triangle, we have a known adjacent
side, a known opposite side, and an unknown angle,
A. Therefore, use the tangent function.

tanA:E

2 1
A= tan(;sj =37°
2

We need the acute angle between the ray that runs
from your house through your location, and the
north-south line through your house. This angle
measures approximately 90°—37°=153°. This angle
is measured from the north side of the north-south
line and lies west of the north-south line. Thus, the
bearing from your house to you is N 53° W.

Using a right triangle, we have a known adjacent
side, a known opposite side, and an unknown angle,
A. Therefore, use the tangent function.

tanA:E

) 6
A=tan™! (—j ~34°
9

We need the acute angle between the ray that runs
from the ship through the harbor, and the north-south
line through the ship. This angle measures
90°—34°=56°. This angle is measured from the
north side of the north-south line and lies west of the
north-south line. Thus, the bearing from the ship to
the harbor is N 56° W. The ship should use a bearing
of N 56° W to sail directly to the harbor.

To find the jet’s bearing from the control tower, consider
a north-south line passing through the tower. The acute
angle from this line to the ray on which the jet lies is
35°+ 6. Because we are measuring the angle from the
north side of the line and the jet is east of the tower, the
jet’s bearing from the tower is N (35°+6) E. To find 6,

use a right triangle and the tangent function.
7
tand =—
6=tan"! (%] = 54.5°

Thus, 35°+6 =35°+54.5°=89.5°.
The jet’s bearing from the control tower is N 89.5° E.
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58.

59.

60.

61.

To find the ship’s bearing from the port, consider a

north-south line passing through the port. The acute 62.
angle from this line to the ray on which the ship lies
is 40°+ 6. Because we are measuring the angle from
the south side of the line and the ship is west of the
port, the ship’s bearing from the port is
S (40°+8) W . To find @, use a right triangle and
the tangent function.
tan@ = u
6 =tan"! [17—1j ~57.5° 70.
Thus, 40°+ 68 =40°+57.5=97.5°. Because this
angle is over 90° we subtract this angle from 180° to
find the bearing from the north side of the north-
south line. The bearing of the ship
from the port is N 82.5° W.
. w
The frequency, f,is f =—, so
2r
l1_o
2 2z
w=—"2r=1x 71.
2
Because the amplitude is 6 feet, @ = 6. Thus, the
equation for the object’s simple harmonic motion is
d = 6sinxt.
. (0]
The frequency, £, is f =—, so
2r
l_o
4 %ﬂ'
w=—27==
4 2 7
Because the amplitude is 8 feet, @ = 8. Thus, the )
equation for the object’s simple harmonic motion is 73.
d=8sinZt.
2
The frequency, f, is f = ﬂ, SO 74.
2r
264=2
Z 75
w=264-27r=5287 .

Thus, the equation for the tuning fork’s simple
harmonic motion is d =sin528x¢.

Copyright © 2018 Pearson Education, Inc.

63. —

Section 4.8 Applications of Trigonometric Functions

The frequency, f, is f = ﬂ, so
2z

98,100,000 = 22
T
®=98,100,000-27 =196,200,0007
Thus, the equation for the radio waves’ simple
harmonic motion is d =sin196,200,0007¢ .

69. Answers may vary.

y=4e %1% cos 2x

NORMAL FLOAT AUTO REAL RADIAN MP n
4
VAV

3 complete oscillations occur.

0
-4

y =—6e 0% cos 27x

NORMAL FLOAT AUTO' REAL RADIAN MP n

6

-6

10 complete oscillations occur.
makes sense

does not make sense; Explanations will vary.
Sample explanation: When using bearings, the angle

must be less than 90°.

does not make sense; Explanations will vary.
Sample explanation: When using bearings, north
and south are listed before east and west.

does not make sense; Explanations will vary.
Sample explanation: Frequency and Period are
inverses of each other. If the period is 10 seconds

1 S
then the frequency is m =0.1 oscillations per

second.
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76.

71.

78.
79.

80.

628

Using the right triangle, we have a known angle, an

unknown opposite side, 7, and an unknown hypotenuse,
r + 112. Because both sides are in terms of the variable r,

we can find » by using the sine function.
$in76.6° = —-
. r+112

sin76.6°(r+112)=r
rsin76.6°+112sin76.6° =r

r—rsin76.6°=112sin76.6°

r(1-sin76.6°) =112sin76.6°

e 1125in76.6°

1—-5sin76.6°

The Earth's radius is approximately 4002 miles.

= 4002

Let d be the adjacent side to the 40° angle. Using the
right triangles, we have a known angle and unknown
sides in both triangles. Use the tangent function.

tan 20° = L

75+d
h=(75+d)tan 20°
Also, tan40° = ﬁ

h = d tan 40°
Using the transitive property we have

(75+d)tan 20° = d tan 40°
75tan 20° + d tan 20° = d tan 40°
d tan40° —d tan 20° = 75 tan 20°
d(tan 40° —tan 20°) = 75 tan 20°
75tan 20°

- tan 40° —tan 20°

Thus, & =d tan 40°
75tan 20°

~ tan 40°— tan 20°
The height of the building is approximately 48 feet.

tan 40° = 48

Answers may vary.

Let x = the amount invested at 6%.
Let 3000 — x = the amount invested at 8%.
0.06x + 0.08(3000 — x) = 230

0.06x +240—-0.08x = 230
—-0.02x +240 =230

-0.02x=-10
-10
xX=—
-0.02
x =500
3000 — x =2500

$500 was invested at 6% and $2500 was invested
at 8%.
(x=17%=5
x—1=+/5
x=1x \/g
The solution set is {1 + \/g, 1- \/g}

81.

82.

83.

84.

.2 . .
The slope m is 3 and the y-intercept is —2, so one

point on the line is (0, —2). We can find a second

. . . 2 _Ri
point on the line by using the slope m = 37 =,

Run
starting at the point (0, —2), move 2 units up and 3
units to the right, to obtain the point (3, 0).

y
|
) I
(13’,0)
/'
A5 x
(=3, -4 2 H (0, -2)
21 TT1T
fo=2x -2
3
1 cosx 1
secxcotx = - — =— Oor cscx
cosx sinx sinx
sinx 1 cosx
tan xcscxcosx = —_ =1
cosx sinx 1
1 sinx l+sinx
secx+tanx = + =

COSX COSXx COS x

Chapter 4 Review Exercises

1.

The radian measure of a central angle is the length of
the intercepted arc divided by the circle’s radius.

0= 2—67 = 4.5 radians

7 radians 157

15°=15°-——— = —— radian
180° 180
=T radian
12
1200 = 1200 £ radians 1207 poons

180° 180

2 .
:Tﬂ- radians

7 radians _ 3157

315°=315°- radians
180° 180
=7—ﬂ- radians
4
Sr . hY/4 . 180°
— radians = — radians- ———
3 3 7 radians

_5180° o

Copyright © 2018 Pearson Education, Inc.



10.

11.

12.

13.

14.

1 . r . 180°
— radians = — radians- ————
5 5 7 radians
T80,
_sz radians = _z radians~18—q
6 6 7 radians
SIS0
6
y
551
N 6
X
YA
= }27t *
F3
y
S 8n
-3
\
X
Y
»
190°
Y AY
e X
YA
/ x
A3

400° -360° = 40°

—445° + (2)360° = 275°

15.

16.

17.

18.

19.

20.

21.

Chapter 4 Review Exercises

Br_,, 1Bz _8z_>57

4 4 4 4

1 Ir 24
3_”_(2)2;;:3_”__7[27_”
6 6 6 6

_8_7[4_(2)27[:—8_7[4.12_”:4_7[
3 3 3 3

mradians 135-7
180° 180

135°=135°- radians

3
27 radians
4

s=r@

s =(10 ft) %” =157” ft ~ 23.56 ft

10.3 revolutions 27 radians

1 minute 1 revolution
_ 20.67 radians
1 minute

Use v=rw where v is the linear speed

and @ is the angular speed in radians per minute.

P 2250 revolutions ) 27 radians
1 minute 1 revolution
= 45007 radians per minute
4500z 13,5007 feet

minute min
= 42,412 ft per min

v =73 feet

p 43
5 5
sint = ——g
Y 5
4
cost=x=——
5
_3
tantzlz—jzé
X -3 4
1 5
csCt=—=——
y 3
1 5
sect=—=——
X 4
x 4
cott=—=—
y 3

Copyright © 2018 Pearson Education, Inc.
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Chapter 4 Trigonometric Functions

n p2-B
17 17
sint = __b
T
8
cost=x=—
17
_1s
ne=2 =113
x 8
1 17
csCt=—=——
y 15
1 17
sect=—=—
x
x 8
cott=—=——
y 15
1 2
23. secs—ﬁz 3=—£
. 3
-5
24. tan‘%ﬂ: f=\/§
2

25. secg is undefined.
26. cot «is undefined.

27. sint:i,osmg

J7
sin’t+cos’ =1
2
2
— +cost=1

V7

4
cos’t=1-—

7
\F V21
cost=,|-=——
7 7
T

Because 0 <7< 2 cos? is positive.

2
tan __2
\ﬁ 3
7
J7
csCt=——
2
J21
sect =——
3
cottzﬁ
2

28.

29.

30.

31.

32.

33.

34.

3s.

tan4.7cot4.7 =tan4.7 =1

tan4.7

sin® 4 cos? == = 1 because
17 1
sin’t +cos® f = 1.
tan’ 1.4 —sec’ 1.4 = —(S602 1.4 — tan’ 1.4)
=-1

Use the Pythagorean Theorem to find the
hypotenuse, c.

F=d*+b
c=+8 +5° =/64+25=1/89
sin9=—5 :—5\/@
89 89
cosgo 3 _8V89
89 89
‘[an(9=§
8
V39
cscd=——
5
sec@zﬁ
8
cotd=—
sinz+tan2£—l+(\/§)2
6 3 2
=l+3
2
_7
2
\/5 2
cos —+tan2£= —_— —(1)2
4 2
2
_ 1
2
sec? T —tan? X =1
5
2 2w
cos?sec—=l
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36.

37.

38.

39.

40.

41.

42,

43.

sin 70° = cos (90° - 70°) = c0s20°

r . T .
cos—=sin ——— =sin0
2 2 2
tan23°=i
100

a =100tan23°
a =100(0.4245) = 42 mm

. 2
sin61° =—0

sin48° = -~
50

a =50sin48°
a =50(0.7431) = 37in.

sinﬁzlz

1
ro 4
x2+y2=r2
¥+ =4

x> =15

x=+15

tan g—& =cot6=£=g=x/g
y

l mi. = l'5280 ft = 2640 ft
2 2
sinl7° = a
2640

a =2640-sin17°
a =2640(0.2924) = 772
The hiker gains 772 feet of altitude.

tan32° = i
50

d =50tan32°
d = 50(0.6249) = 31

The distance across the lake is about 31 meters.

44.

45.

Chapter 4 Review Exercises

tan6’=E
4

Use a calculator in degree mode to find 6.

Scientific Calculator
s [+]4[=][1Ax"]

Graphing Calculator

[iAx | s [=]4D] [nren]

The display should show approximately 56. Thus, the
angle of elevation of the sun is approximately 56°.

We need values for x, y, and . Because
P =(-1,-5) is a point on the terminal side
of 6, x=-1 and y =-5. Furthermore,

r=(=1) +(-5)’
=1+25=126

Now that we know x, y, and r, we can find the six
trigonometric functions of 6.

P e BT o)

roN26 V26426 26
cosf=2= L —1y26 ——\/%

r 26 26426 0 26
tanﬁzlz_—sz5

x -

r 26 26
cscd=—=—7=———

y =5 5
5309212@:_\/%

x -1
cot@zﬁz_—lzl

y =5 5
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46.

47.

48.

49.

632

We need values for x, y, and . Because P = (0, —1) is
a point on the terminal side of 8, x=0and y =—1.
Furthermore,

r=x 437 =0 +(-1)
=Jo+1=+1=1

Now that we know x, y, and 7, we can find the six
trigonometric functions of 6.

s1n9:X:_—1:—l

r 1
cos¢9=£=9=0

r 1
tan@zzz_—l, undefined

X
cscﬁ—izlz—l

y -1

r 1
secd = —=—, undefined

x 0
c0t9—£—£=0

y -1

Because tan@> 0, @ cannot lie in quadrant II and
quadrant I'V; the tangent function is negative in those
two quadrants. Thus, with tan8> 0, @ lies in
quadrant I or quadrant III. We are also given that
sec@> 0. Because quadrant | is the only quadrant in
which the tangent is positive and the secant is
positive, we conclude that @ lies in quadrant I.

Because tan8> 0, 6 cannot lie in quadrant II and
quadrant I'V; the tangent function is negative in those
two quadrants. Thus, with tan@> 0, € lies in
quadrant I or quadrant III. We are also given that
cos @ < 0. Because quadrant III is the only quadrant
in which the tangent is positive and the cosine is
negative, we conclude that 8 lies in quadrant III.

Because the cosine is positive and the sine is

negative, @ lies in quadrant I'V. In quadrant IV, x is
x

=—, Xx=
B

positive and y is negative. Thus, cos8=—

2, r=>5. Furthermore,

x2+y2:r2
22+y2:52
Y2 =25-4=21

y=—ai

50.

51.

Now that we know x, y, and r, we can find the six
trigonometric functions of 6.

oy =21 21
sinf=~=———=———
r 5 5
angol Y21 21
X 2 2
copo o 5 521 osV21
y =21 V21421 21
sec@=L=2
x 2
g X 2 21 2
y 21 21421 21

Because the tangent is negative and the sine is
positive, & lies in quadrant II. In quadrant II x is
negative and y is positive. Thus,

ang=——=2-L 3,1
3 x -3

Furthermore,

r=xt+37 =37 +1> =o+1=410

Now that we know x, y, and r, we can find the six
trigonometric functions of 6.

sing=2 =_! L1010

r Y10 10410 10
cosgoto 3 30 310

ro N0 10410 10
cscﬁzizﬁzm

y 1

r 10 1o
secd=—=—+=———

x =3 3
cot9=£=_—3=—3

¥y 1

Because the cotangent is positive and the cosine is
negative, @ lies in quadrant III. In quadrant III x and
y are both negative. Thus,

cotﬁzézizi,x:—ly:—l.
1 y -1
Furthermore,
JX2 37 =3 +(-1) =o+1=410
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Now that we know x, y, and r, we can find the six 58.

trigonometric functions of 6.

J10

120° lies in quadrant II.
The reference angle is
6’ =180°—120° = 60°.

Chapter 4 Review Exercises

sin¢9—l——_1 =——
roNioo 10 tan 60° = \/3
x -3 310 In quadrant II, tan&< 0, so
cosf=—=—==——""— o_ o_ \/—
r 10 10 tan120° = —tan 60° = —/3 .
_ry_ A1
tan6 = x -3 3 59. iz lies in quadrant I'V.
4
cscgzizﬁz_m The reference angle is
y -1 , Tt 87 In =«
0 =2r——=—-——==—,
r 10 10 4 4 4 4
secl=—=——=——— x
x -3 3 seczzﬁ

Because 265° lies between 180° and 270°, it is in
quadrant II1.
The reference angle is 6" = 265° —180° = 85°.

In quadrant IV, sec€> 0, so
sec7—7[ =sec” = V2.
4 4

. 4 ..
Because 5—7[ lies between r_x and 7 = 8—7[, itis 60 liz lies in quadrant IV
8 2 8 8 " s d -

in quadrant I The reference angle is

S m_x Uz _1z liz_x

The reference angle is ' =7——= =

: 0 =2r =—,
8 8 8 8 6 6 6 6
Find the coterminal angle: —410" +(2)360" = 310" cosz = ﬁ
6 2

Find the reference angle: 360° —310° = 50°

In quadrant IV, cos@> 0, so cosll—” = cosz = —3 .
. . 177 57 6 6 2
Find the coterminal angle: o 2= r
5 61. —210° lies in quadrant II.
Find the reference angle: 27— L The reference angle is
6 6 ¢’ =210°-180° = 30°.
: , 8% i cot30° =3
Find the coterminal angle: —T+ 4r=— In quadrant I, cot@< 0, so
, e cot(—210°) = —cot 30° = —/3 .
Find the reference angle: 3
2 . .
240° lies in quadrant III. 62. Y lies in quadrant III.
The reference angle is The reference angle is
6" =240°-180° = 60°. , 27 3zx 2% &
O=n+—=—"7-——="—.
B 33 3 3
sin60° = —
2 T 23
In quadrant III, sin@< 0, so cse 3 3
sin 240° = —sin 60° = _ﬁ In quadrant III, csc8< 0, so
2 2z V4 23
CsC —— =-—-CSC — =———.
3 3
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63. —% lies in quadrant I'V.

The reference angle is

==
3
oz B3
sin — =—
32

In quadrant IV, sin€ <0, so

B3

. T .
sin —— =-sin — =——.
3 3 2

64. 495° lies in quadrant II.
495°—360° =135°
The reference angle is
6’ =180°—135°=45°,

N

sin45° =—
2
In quadrant I1, sin8> 0, so

2

sin495° =sin45° = 7

65. BT” lies in quadrant III.

Bz, 137 _8z_sz
4 4 4 4
The reference angle is
0,_571'_ _571'_4_75:71'
4 4 4 4
tan£=1
4

T

1
In quadrant III, tan@> 0, so tan% =tan—=1.

4

66. sinzzT” =sin 2277[ -6

68. The equation y =3sin4x is of the form

y = Asin Bx with 4 =3 and B = 4. The amplitude is
Al=pl=3.

Lo 2 2 .
The period is ;A z. The quarter-period is
B 4 2
2= zl =" The cycle begins at x = 0. Add
4 2 4 8
quarter-periods to generate x-values for the key
points.
x=0
x=0+2=2
8 8
T T 7
x==+===
8 8 4
r 7w 3w
x=—+===
4 8 8
3r &# &
X=—+—=—
8 8 2
Evaluate the function at each value of x.
x | coordinates
0 (0,0)
A
8 8
T oz,
4 4
LI
8 8
r (27, 0)
2

Connect the five key points with a smooth curve
and graph one complete cycle of the given function.

W& (29

\
\
=)
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69.

The equation y = —2cos2x is of the form
y = Acos Bx with A =-2 and B = 2. The amplitude

is |A| = |—2| = 2. The period is 2z = 2z =7 The
B 2

quarter-period is % The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
x=0+2=Z
4 4
T T T
X=—+—=—
4 4 2
T T 3z
x=—+—==
2 4 4
RY/ 2 4
X=—+4+—=
4 4
Evaluate the function at each value of x.
X coordinates
0 0,-2)
A
4 4
A
2 2
| g
4 4
V4 (ﬂ-a - 2)

Connect the five key points with a smooth curve
and graph one complete cycle of the given function.

y (37
<—>

o, -2

y = —2cos2x

/N
ENE]
=
-

3 / \°)
g
|

AREREAY

70.

Chapter 4 Review Exercises

. I .
The equation y = ZCOSEX is of the form
. 1 .
y=AcosBx with4=2and B = 3 The amplitude

=2r-2=4n.

is |A| = |2| = 2. The period is 2z _27
Bl

... 4 .
The quarter-period is Tﬂ = 7. The cycle begins at x

= 0. Add quarter-periods to generate x-values for the
key points.
x=0

x=0+7m=nm

x=r+rw=2x

x=2n+r=3w

x=3r+rw=4rx

Evaluate the function at each value of x.

x | coordinates
0 0,2)

s | (0
27 | 2w, —2)
kY4 3z, 0)
4r (4r, 2)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

740,2)

5 (4m,2)
(775 0) = \ / (311', 0)

[32)
—
(S
3
|
~
-
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71.

636

The equation y = %sin%x is of the form
. . 1 V4 .
y = AsinBx with4 = 5 and B = 3 The amplitude
is |A| = L = l The period is 2—7[: 2—”: 271'-2= 6.
2| 2 B % V4
... 6 3 .
The quarter-period is ) = 7 The cycle begins at x =
0. Add quarter-periods to generate x-values for the
key points.
x=0
x=0+ 3 = 3
2 2
x=é+§=3
2 2
x=3+ 3 = 2
2 2
x=2+§=6
2 2
Evaluate the function at each value of x.
x | coordinates
0 (0,0)
31 31
2 272
3 (3,0)
21 21
2 27 2
6 (6,0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

(i 1
yi\2’ 2
T
216,01
0, 0) - (6,0)

o X

=

132)

72. The equation y =—sinzx is of the form

y = Asin Bx with 4 =-1 and B = x . The amplitude

is |A|=|—l|= 1. The period is 2—”:2—7[:2. The
B T

quarter-period is % = % The cycle begins at x = 0.

Add quarter-periods to generate x-values for the key

points.
x=0
x=0+l=l
2 2
x=l+l:1
2 2
x=1+l=é
2 2
x—g+l:2
2 2

Evaluate the function at each value of x.

X coordinates
0 (0, 0)
L

2 2

1 (1,0)
33,

2 2

2 (2,0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

o (3

s ]
~

(0,0) 2.0

1

(1,0)

/N
| =
|
\:(
\
9\

y = —sin @x
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73.

The equation y = 3cos§ is of the form

y = AcosBx with4=3and B= % . The amplitude

is |4| =3 =3.

The period is %[ = 2Tﬂ =2m-3=6x. The quarter-
3

period is % = 37” The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
x=0+ 3w _3m
2 2
_ kY4 N 3 -
2 2
3 9&w
Xx=3r+—=—
2
x= oz + 3 =6
2 2
Evaluate the function at each value of x.
x | coordinates
0 (0, 3)
3_7z 37z’ 0
2 2
kY4 (3m, -3)
om | 9
2 2
6rx (67, 3)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

0,37 (677, 3)

R
ol L
20 T

T 3 X

~—

3]

2 L (37, —3)

74.

Chapter 4 Review Exercises

The equation y = 2sin(x — ) is of the form
y=Asin(Bx—-C) with4=2,B=1,and C= 7. The
amplitude is |A| = |2| = 2. The period is

2 2 o
% _ “% _ 1. The phase shift is C 7. The
B 1 B 1
quarter-period is 2z _Z
4 2

The cycle begins at x = 7. Add quarter-periods to
generate x-values for the key points.

xX=r
T _3r
X=Z+—="—
2 2
x=3—”+£=2ﬂ'
2 2
x=275+£:5—ﬂ-
2 2
x=5—”+£=37£
2 2

Evaluate the function at each value of x.

x | coordinates
V3 (7, 0)
| o,
2 2
2 (2rx, 0)
5_7r hY/4 2
2 2
iz 3z, 0)

Connect the five key points with a smooth curve
and graph one complete cycle of the given function.

#)

y
/ TTrri
> 2m, 0)
' ‘ L
(=, )L (37, 0)
— - 7 X
\/
e

y=2sin(x — )
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75. y=-3cos(x+ x)=—-3cos(x —(-7x)) 3 T 3 T
The equation y = -3cos(x —(—x)) is of the form 76. y= ECOS 2x+ 4 - ECOS 2x = 4
y=Acos(Bx—C) with4=-3,B=1,and C= —r.

The equation y = 2cos 2x— —%  isof
The amplitude is |4] = |-3| = 3. ©cquation y=re08 s my B0

L. 2 2 .
The period is ?ﬁ = Tﬁ = 27. The phase shift is the form y = Acos(Bx—C) with A= é,
2
C -r& .. 2 7
21" —7z. The quarter-period is Ve The B=2,and C= _%_ The amplitude is
cycle begins at x = —z. Add quarter-periods to 3 3
generate x-values for the key points. |A| = ‘ Py ‘ = 7
X=-7x
Lo 2 2 o
V4 The period is KT 7. The phase shift is
U B 2
2 2 c F 71 V4 /4
T T —=-2=_".—_=-= The quarter-period is —.
x=——+—=0 B 2 4 2 8 4
2 2 .
0+ %7 The cycle begins at x = Y Add quarter-periods to
X = _—
2 2 generate x-values for the key points.
T T
X=—4+—=7 _ T
2 2 X = g
Evaluate the function at each value of x.
. T T
x | coordinates 8 4 8
I
x| (-7m-3) 8 4 8
_m,x_sn
T T 8 4 8
2 2 st m_ %
8 4 8
0 0, 3) Evaluate the function at each value of x.
r z x  |coordinates
2 2°
_EF| %3
7| 7-3 5 82
Tz
Connect the five key points with a smooth curve and 8
graph one comyplete cycle of the given function. 3r | a3
dilapy s | 8 2
= o
-z 0>~ (7, 0)
-3 \ sz | s
i h Bk x 5
T N 2F 8
Jrab\
(-, =3)d (7, =3) r T 3
y=—=3cos (x+ ) ? ?’E
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77.

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

ar X
P (3n 3
F 87 2
=3 E2a

y_2c0s<2x+4>

y=§sin 2w+ 2 =§sin - - Z
2 2 2 2
The equation yz%sin 2x — —g is of
the form y = Asin(Bx — C) with Azg,
V4 . .
B=2,and C= 7 The amplitude is
|A|:‘ s ‘:i
21 2

The period is 2?” = 22—” = 7. The phase shift is

=222 % The quarter-period is z
2 4 4

1
2
The cycle begins at x = —%. Add quarter-periods to

generate x-values for the key points.

.4
xX=——

4
x=-Z4" -9
4 4
x=0+2=2

4 4
T T T
X=—+—==—
4 4 2
nr n 3r
X=—+—=—
2 4 4

Evaluate the function at each value of x.

78.

Chapter 4 Review Exercises

x |coordinates
V4 V4
_x -Z.0
4 (4 )
0 0,2
2
T | o7
4 4
Tz |75
2 27 2
EL LN
4 4

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

&
(%9

w _ S
L T 2 b 2
5

= 2si s
y—2Sln(2x+2)

n
|

The equation y = —3sin %x -3z isof
the form y = Asin(Bx—C) with 4 =-3,
B= %, and C = 3. The amplitude is |A| = |—3| =3.

2

3

The period is %[ = =2r- 3 = 6. The phase shift
V4

18 < = 3z =3r- 3 =9. The quarter-period is
Bz V4
6 3 .
2 = 7 The cycle begins at x =9. Add quarter-
periods to generate x-values for the key points.
x=9
x=9+ 3.4
2 2

x= 21 + 3 =12

2 2
x=12+ 3 = 27

2

x= 27 + 3 =15

2 2

Evaluate the function at each value of x.
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79.

640

x |coordinates
©,0)

a2,

2 2

12 (12, 0)

27 | 27

2 2

15 (15,0)

Connect the five key points with a smooth curve and

graph one complete cycle of the given function.

27
; [F)
3 i(ilz, 0T
10,0 as, 0)
\1/ x
== (21 _
-5 7 3)

The graph of y =sin2x+1 is the graph of
y =sin2x shifted one unit upward. The period for

.2 L
both functions is 7” = 7. The quarter-period is %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
4 4
T T T
X=—+—=—
4 4 2
T n 3w
xX=—+—=—
2 4 4
3n &w
X=—+—=
4 4

Evaluate the function at each value of x.

x |coordinates
0 0, 1)
T oz,
4 4
T oz
2 2
| s
4 4
T (ﬂ-a 1)

By connecting the points with a smooth curve we
obtain one period of the graph.

|
. :
T2 (7, 1)
o, 1)

L X
A 3y N
"ol (37, o)
A Ve E

y=sin2x +1

80. The graph of y = 2coséx —2 is the graph of

1 . .
y=2 cos;x shifted two units downward. The
. . . 2z
period for both functions is — = 27-3 = 67. The
3
. .. 6 3 .
quarter-period is Tﬂ- = 7” The cycle begins at x =

0. Add quarter-periods to generate x-values for the

key points.
x=0
x=0+3—”=3—”
2 2
3z 3rw
X=—+—=37
2 2
3z 97
X=3r+—=—
2 2
x=9—”+3—ﬂ=67£
2 2

Evaluate the function at each value of x.
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x |coordinates
0 0, 0)

AT
2 2

3z | 3z, —4)
o | 9r _,
2 2

6 (67, 0)

By connecting the points with a smooth curve we
obtain one period of the graph.

(677, 0)

=)

X

13
L |
R

\ /
’ SN/ 2

1 -\(377, _4)
y=2coszx—2

3
At midnight x = 0. Thus,

y=98.6+0.3sin — 0—“—”
12 12

=98.6+0.3sin _lz
12

=~ 98.6+0.3(—0.2588) =~ 98.52
The body temperature is about 98.52°F.
2r 2w 12

period: — = — = 27— = 24 hours
Bz T

Solve the equation
V4 1z =&
L2z
12 12 2
x _m lx_6x llx_1ix
12 2 12 12 12 12
_17z 12

— =17
12

The body temperature is highest for x = 17.

117

y=98.6+03sin —-17——
12 12
=98.6+ 0.3sin§ =98.6+0.3=98.9

17 hours after midnight, which is
5 P.M., the body temperature is 98.9°F.

Copyright © 2018 Pearson Education, Inc.
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Solve the equation
i 1z 37z

2 "1 2
&, 3r 1z _18z Uz 29z
12 2 12 12 12 12

x_297z 12_29

12
The body temperature is lowest for x = 29.
1z

y=98.6+0.3sin —-29—
12 12

=98.6+0.3sin 377[

=98.6+0.3(-1) =98.3°
29 hours after midnight or 5 hours after
midnight, at 5 A.M., the body temperature is
98.3°F.

. 1z .
The graph of y =98.6+ 0.3sin %x —1—2” is

of the form y = D+ Asin(Bx — C) with

A=03, B=— C—ll—ﬂ-, and D =98.6. The
12° 12

amplitude is | 4 |=] 0.3 |=0.3. The period

from part (b) is 24. The quarter-period is

24 = 6. The phase shift is

4
1z

C_w Uz 2z 11. The cycle begins at x
B I 12 &
= 11. Add quarter-periods to generate x-values
for the key points.

x=11
x=11+6=17

x=17+6=23

x=234+6=29

x=29+6=35

Evaluate the function at each value of x. The
key points are (11, 98.6), (17, 98.9), (23, 98.6),
(29, 98.3), (35, 98.6). Extend the pattern to the
left, and graph the function for 0 < x < 24.

y 0
o 99.0° | (11,98.6°)-(17,989°)
£ 988°(0,98.5) 1] |
S e ¥ N2 986)
g A (24,98.5)
= 982 (5, 98.3%) 1

0¢ 11

0 4 8 12 16 20 24 ~
Hours after midnight
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82.

83.

642

Blue:
This is a sine wave with a period of 480.
Since the amplitude is 1, 4=1.
_ 2 2 _x
period 480 240

T
The equation is y = sin——x.
q Y 240

Red:
This is a sine wave with a period of 640.
Since the amplitude is 1, 4 =1.

2 2m 7w

" period 640 320

L .
The equation is y =sin—ux.

320

Solve the equations
2x = z and 2x= z
2 2
c=2 o2
2 2
b4 /4
X=—— X =—
4 4

Thus, two consecutive asymptotes occur at
V4
x=——andx=—.
4 4
. +4 0
x-intercept = L=—=0
2 2
An x-intercept is 0 and the graph passes through
(0, 0). Because the coefficient of the tangent is 4, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of —4 and 4.

1N

. b4
Use the two consecutive asymptotes. x = 1 and

x= %, to graph one full period of y =4tan2x from

T, T
—-— to —.
4 4
Continue the pattern and extend the graph another

full period to the right.

Kz T
xX= - X=— _3_77'
4, 4 x=%
m
(F 4
L]
(0,0)‘__: = "rx
= i
-l

y =4 tan 2x

84.

85.

Solve the equations

T T T T
—X=-— and —x=—
4 2 4 2
T 4 T 4
X=——-— X=— -—
2 2
x=-2 x=2

Thus, two consecutive asymptotes occur at
x=-2andx=2.

. -2+2 0
x-intercept = —— = 5=
An x-intercept is 0 and the graph passes through
(0, 0). Because the coefficient of the tangent is —2,
the points on the graph midway between an
x-intercept and the asymptotes have y-coordinates of
2 and 2.

0

Use the two consecutive asymptotes, x =—2 and
x =2, to graph one full period of y =-2 tan%x from

—2 to 2. Continue the pattern and extend the graph
another full period to the right.

xX=-2Y4x=2x=6
TSK
(=1, 2)i \ \
0,0)
} x
[ A
A, =2) LA \
I )
y=-2 tan%x
Solve the equations
V4 V4
x+r=—— and x+7w=—
2 2
V4 V4
X=——-7 X=——-7
2 2
3z V4
= —— X=——
2 2
Thus, two consecutive asymptotes occur at
3z V4
=——and x=——.
2 2
_3z_zr  or
x-intercept = —2—2=—""=—g

2 2
An x-intercept is —7 and the graph passes through
(=, 0) . Because the coefficient of the tangent is 1,

the points on the graph midway between an
x-intercept and the asymptotes have y-coordinates of
—1 and 1. Use the two consecutive asymptotes,

x= —37” and x = —g , to graph one full period of

y =tan(x+ ) from —37” to —%.
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86.

Continue the pattern and extend the graph another
full period to the right.

(=, 0) =
H - X
y =tan (x + 7)
Solve the equations
V4 V4 V4
X——=—= and x——=—
4 2 2
T T T T
X=——=+— xX=—+—
2 4 2 4
V4 RY/ 4
X=—-—— X =—
4 4
Thus, two consecutive asymptotes occur at
KY/4
x=——and x=——.
4
—z_3 z  n
x-intercept = ——* =2 ==
2 2 4

An x-intercept is % and the graph passes through

V.4 . .
e 0 . Because the coefficient of the tangent is —1,

the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of 1
and —1. Use the two consecutive asymptotes,

x= —% and x = % , to graph one full period of

3 .
y=—tan x-— z from _z to il . Continue the
4 4 4

pattern and extend the graph another full period to the
right.

xz_z x=3—Tr x=7_ﬂ-
4 y 4 4
o, 1)

==
—

(&

Chapter 4 Review Exercises

Solve the equations
3x=0 and 3x=7x
x=0 xX=—
3
Thus, two consecutive asymptotes occur at

x=0and x=£.

x-intercept = =
An x-intercept is % and the graph passes through
Zo.
6

Because the coefficient of the tangent is 2, the points
on the graph midway between an x-intercept and the
asymptotes have y-coordinates of 2 and —2. Use the

. V4
two consecutive asymptotes, x =0 and x = 3 to

graph one full period of y =2cot3x from 0 to % .

Continue the pattern and extend the graph another
full period to the right.

2
x ==

3

X =
y
5

23wl

|
A\l

5
4 y =2 cot 3x

Solve the equations

z>c=0 and zx=7[
2 2

x=0 X=m —
T

x=2
Thus, two consecutive asymptotes occur at
x=0and x=2.
. 0+2 2
x-intercept = ——=—=1
2 2

An x-intercept is 1 and the graph passes through
(1, 0). Because the coefficient of the cotangent is

1 . .
—5 the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of

1 1 .
Y and 5 Use the two consecutive asymptotes,
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Chapter 4 Trigonometric Functions

x =0 and x =2, to graph one full period of
1 .
y= —Ecotgx from O to 2. Continue the pattern and

extend the graph another full period to the right.

(i l) Ypy x=2 x=4

< | ]
] /

1,0)

—
| =
|
W=
N~——
")
==

= Ll.m
y= Zcotzx

89. Solve the equations

T V4
x+—=0 and x+5=7z

T
x=0——
2

T T
X=—-—— xX=—

2 2
Thus, two consecutive asymptotes occur at

x=-2 and x =
2

x-intercept = —2 2.0, 0
2 2

An x-intercept is 0 and the graph passes through (0,

0). Because the coefficient of the cotangent is 2, the

points on the graph midway between an x-intercept

and the asymptotes have y-coordinates of 2 and —2.

Use the two consecutive asymptotes, x = —g and
V3 . V3
xX= 7 to graph one full period of y =2cot x+ 7

T T .
from Y to 7 Continue the pattern and extend the

graph another full period to the right.

.!L‘_Z 3
__T ) _ o7
X =
2
y 2

=

90. Graph the reciprocal cosine function, y =3cos27x.
The equation is of the form y = Acos Bx with 4 =3

and B=2rx.
amplitude: | 4 |=|3]=3
period: 2—7[:2—”21

B 2z

. 1
Use quarter-periods, 7 to find x-values for the five

. . . 1
key points. Starting with x = 0, the x-values are 0, e

l, %, 1. Evaluating the function at each value of x,

2

the key points are (0, 3),
1 1
_’07 _’_3’ é:0’(173)
4 2 4

Use these key points to graph y =3cos2zx from 0

to 1. Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y = 3sec27zx.

=3 -]
T4 4
1 o \Ld/ T
YE4TTE ' - 4
4 Py W V]
(0,3) 41 ¥1-1»(2,3)
ARE L ERE
2| X
7 vy
1 AN (3 %
(2, 3,) sEEWR <2,

y=3sec2wx

91. Graph the reciprocal sine function, y = -2sin7zx .
The equation is of the form y = Asin Bx with
A=-2and B=rx.
amplitude: | 4 |=| -2 |=2

2r

. 2w
eriod: — =—
P B T

Use quarter-periods, % = % , to find

x-values for the five key points. Starting with

x =0, the x-values are 0, %, 1, %, 2 . Evaluating the
function at each value of x, the key points are (0, 0),
%, -2,(1,0), %, 2, (2,0) . Use these key

points to graph y = —2sinzx from 0 to 2. Extend the

graph one cycle to the right. Use the graph to obtain
the graph of the reciprocal function. Draw vertical
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92.

asymptotes through the x-intercepts, and use them as
guides to graph y = —2csczx.

%l
=

//
| =
|
L
\
=
=

SRR I (5,22
5 2

y=—-2cscmx

Graph the reciprocal cosine function,
y =3cos(x + x) . The equation is of the form
y=Acos(Bx—-C) with4=3,B=1,and C =-7.
amplitude: | 4 |=|3]=3

2r  2x

eriod: —=—=2r1x
P B 1

phase shift: < =7 -7
B 1

. 2
Use quarter-periods, Tﬂ = g, to find

x-values for the five key points. Starting with

V4 V4
x = —rm, the x-values are —r, —5 0, 2 V.4
Evaluating the function at each value of x, the key

points are (-7, 3), —g, 0,(0,-3),

g, 0 , (m, 3) . Use these key points to graph

y=3cos(x+x) from —x to 7. Extend the graph

one cycle to the right. Use the graph to obtain the
graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as
guides to graph y = 3sec(x + 7).

=T o om 3w
T2 T2 2
y / =
(_77’3)‘\1 MI f 2
LA A G, 3)
(77, 3)1
u B3| x
N '|——|"’\\\_
(0, _3) 3 ,H! ’}‘ (277’ _3)

y =3sec(x + )

93.

94.

9s.

Chapter 4 Review Exercises

Graph the reciprocal sine function, y = %sin(x -7).

The equation is of the form y = Asin(Bx — C) with

Azg, B=1l,and C=r.

amplitude: | 4 |=‘ > ‘=§
21 2
.2 2
period: Ay
B 1
phase shift: < T V4
B 1

. 2
Use quarter-periods, Tﬂ- = g, to find

x-values for the five key points. Starting with x = 7,
the x-values are 7, 37”, 2r, 57”, 37 . Evaluating the
function at each value of x, the key points

37 5 St 5
are(rz,0), —,— ,27, 0, —,—— , (3x, 0).
(7, 0) ) ( ) 273 ( )

Use these key points to graph y = gsin(x — ) from

7 to 37 . Extend the graph one cycle to the right.
Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

5
=—CSC(x—7).
y=3 ( )

x=2r x =4
x=yﬂ x = 3m x =57
' ' T 5
- i_i“m__m o ?>
272 EN
5w _ 5\ [
2’ 2 ”‘_4”‘\ dm _3
- I | 27 2

=3 _
y—zcsc(x )

Let #=sin"'1, then sin@=1.

The only angle in the interval —g, % that satisfies
sinf=1is = . Thus 6’=£,or sin1=2%.
2 2 2

Let @=cos™' 1, then cosf=1.
The only angle in the interval [O, 71'] that satisfies

cos@=1is 0.Thus 8=0,0r cos'1=0.
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96.

97.

98.

99.

100.

101.

646

Let @=tan'1,then tanf=1.

The only angle in the interval —g, that satisfies

SR

tan@=1 is = . Thus sz,or tan'1=2.
4 4 4

B3

Let 8=sin™ —ﬁ ,then sin@=———.
2 2
. . T .
The only angle in the interval 37 that satisfies
sin@ = —ﬁ is _z . Thus 6= —z, or
2 3 3

sin”™! —ﬁ =z

2 3

Let 8=cos™ 1 , then cosl9=—l
2 2

The only angle in the interval [O, 7[] that satisfies
cosf = 1 is 2z . Thus 6’:2—7[, or
2 3 3

2 1 2r
cos —— =—.
2 3

Let 6= tan™ —? , then tan¢9=——3.

The only angle in the interval —%, % that satisfies

3.z

tand=——— is ——.
3 6

Thus ¢9=—£,or tan™" _N3 -
3 6

% . The only angle in

Let 0 =sin g, then sin @ =

. . 2.
that satisfies sin@=— is —

4
v 2

=COS— =
4 2

. T
the interval 5

SYR

. -l
Thus, cos sin

SIS

Let &=cos™' 0, then cos@=0. The only angle in the

interval [0, 7] that satisfies cos@=0 is g . Thus,

sin(cos'] 0) = sing =1.

102.

103.

104.

105.

. 1 . 1
Let =sin™ -3 , then sin@ = - The only

. . T T .
angle in the interval 37 that satisfies

sino9=—l is —z.
2 6

B

. 1
Thus, tan sin™ -3

Let =cos™ —? , then cos@ = —g . The only
angle in the interval [0, 7] that satisfies

3. s
-

cosf@=———1s
2

Thus, tan cos™ -

a3
3

Let @ =tan , then tan@ = .

The only angle in the interval —

B

.
tan@d=——1s —.
6

Thus csc tan™ N3 cscZ =2,
3 6

3 3
Let @=tan' =, then tanf=—
4 4
Because tan @ is positive, @ is in the first quadrant.
y

r=>5 (4,3)

3

Vz =x2+y2

P =4 g3
=25
r=>5
3 4
cos tan”' 2 =cosf=2=_
4 r 5
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2 2 2
106. Let 0:cos’lg,then cosezg. xryo=r

L > (-4 +y* =5
Because cosé is positive, € is in the first quadrant. )
Y y =25-16=9
4 Use the right triangle to find the exact value.
4 3
0 N tan cos’ —-— =tanf=-—
3 5 4
2 2 _ 2 o 1
X +y =r 109. Let 6= tan —5 )
3¥+y’ =5 . . .
Because tan @ is negative, 6 is in quadrant IV and
y*=25-9=16 x=3andy=-1.
y=\/E=4 r=x"+y
2 _ 22 12
sin cos’lé =sin9=l=i r=3+(D
5 N =10
3 3 r=+10
107. Let 8=sin" —— ,then sinf=—-—.
’ . 4 . -1 1
5 > sin tan” —— :sme:l:_:__\/_o
Because sin @ is negative, 6 isin 5 r 10 10
quadrant I'V.
y
110. xzz,xisin —z,z ,s0 sin™ sinZ =Z
4 X 3 2°2 3 3
6
3 2 T T
111. x=— ,xisnotin ——, — .xis in the domain of
(4.-3) 3 2°2
r=>5 sinx , SO
x*+(=3)7 =5 sin™ sinz—ﬁ :Sinflﬁzf
Xyt = 23
2
x"=25-9=16
112, sin” cos2% —sin” -+
x=+16=4 2
.43 y 3 o1 |
tan sin- —— =tanf===-—— Let @=sin” —— ,then sin@=——.The only
5 b 4 2 2

angle in the interval — that satisfies

SR
SR

>

4 4
108. Let 6= cos™ -5 , then cosé = -5

. 1. =« V4
Because cos @ is negative, 6 is in sin 6= ) 18 6 Thus, §=——,or

quadrant II. O 2z |
y sin” cos— =sin” —— =-—.
3 2 6
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Chapter 4 Trigonometric Functions

113.

114.

115.

648

Let §=tan"' >, then tan@ =
2 2

r=\x+4
x
/N ]
2
rr=x?+2?
rz=x2+y2

r=+x*+4

Use the right triangle to write the algebraic
expression.

2 Wi +4

=cosf= =

VXt +4 X2 +4

cos tan™

N | =

.1 . 1
Let @=sin"' —, then sinf=—.
x X

[
b=V—1
Use the Pythagorean theorem to find the third side, b.
P +b =x
b =x*-1

b=+x*-1

Use the right triangle to write the algebraic
expression.

sec sin_ll =secl= =
X 2 X2 -1

Find the measure of angle B. Because C =90°,
A+ B =90°. Thus,
B=90°-4=90°-22.3°=67.7°
We have a known angle, a known hypotenuse, and an
unknown opposite side. Use the sine function.
§in22.3° = =

10

a =10sin22.3° = 3.79

We have a known angle, a known hypotenuse, and an
unknown adjacent side. Use the cosine function.

cos22.3°= i
10

b=10c0s22.3°=9.25
In summary, B =67.7°,a=3.79 ,and b =9.25.

116.

117.

118.

Find the measure of angle 4. Because C =90°,

A+ B =90°. Thus, 4=90°- B =90°—-37.4°=52.6°
We have a known angle, a known opposite side, and
an unknown adjacent side. Use the tangent function.

tan37.4° = é
a
a= L ~7.85
tan37.4°

We have a known angle, a known opposite side, and
an unknown hypotenuse. Use the sine function.

sin37.4° = ﬁ
c
c= L ~9.88
sin37.4°

In summary, 4=152.6° a=7.85,and ¢ =9.88.

Find the measure of angle 4. We have a known
hypotenuse, a known opposite side, and an unknown
angle. Use the sine function.

sinAZE
7

L2 66

A=sin"
Find the measure of angle B. Because C =90°,
A+ B =90°. Thus, B=90°- A4 =90°-16.6°=73.4°
We have a known hypotenuse, a known opposite side,
and an unknown adjacent side. Use the Pythagorean
theorem.

at+b*=c*
22+p =7
p* =7 -2 =45

b=+45=6.71

In summary, 4 =16.6°, B=73.4°, and b=6.71.

Find the measure of angle 4. We have a known
opposite side, a known adjacent side, and an
unknown angle. Use the tangent function.

tan A4 = ﬁ
3.6
A=tan™ ﬁ =~21.3°
3.6

Find the measure of angle B. Because C =90°,
A+ B =90°. Thus,
B=90°-A4=90°-21.3°=68.7°

We have a known opposite side, a known adjacent
side, and an unknown hypotenuse.

Use the Pythagorean theorem.

=a’+b =(1.4) +(3.6)" =14.92

c=+14.92 =3.86

In summary, 4 =21.3°, B=68.7°,and ¢ = 3.86.
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119.

120.

121.

122.

123.

Using a right triangle, we have a known angle, an
unknown opposite side, 4, and a known adjacent side.
Therefore, use the tangent function.

tan25.6° = l
80

h =80tan25.6°

=~38.3
The building is about 38 feet high.

Using a right triangle, we have a known angle, an
unknown opposite side, 4, and a known adjacent side.
Therefore, use the tangent function.

tan40° = i
60

h =60tan40° = 50 yd
The second building is 50 yds taller than the first.
Total height = 40+50=90 yd .

Using two right triangles, a smaller right triangle
corresponding to the smaller angle of elevation drawn
inside a larger right triangle corresponding to the
larger angle of elevation, we have a known angle, a
known opposite side, and an unknown adjacent side,
d, in the smaller triangle. Therefore, use the tangent
function.

tan 68° = E
d
d= 125 =50.5
tan 68°

We now have a known angle, a known adjacent side,
and an unknown opposite side, 4, in the larger
triangle. Again, use the tangent function.
tan71° = L

50.5

h=50.5tan71° = 146.7

The height of the antenna is 146.7 — 125, or 21.7 ft,
to the nearest tenth of a foot.

We need the acute angle between ray OA and the
north-south line through O. This angle measures

90° —55° = 35°. This angle measured from the north
side of the north-south line and lies east of the north-
south line. Thus the bearing from O to 4 is N35°E.

We need the acute angle between ray OA and the
north-south line through O. This angle measures

90° —55° = 35°. This angle measured from the south
side of the north-south line and lies west of the north-
south line. Thus the bearing from O to 4 is S35°W.

124.

126.

Chapter 4 Review Exercises

Using a right triangle, we have a known angle, a
known adjacent side, and an unknown opposite side,
d. Therefore, use the tangent function.

tan 64° = 4
12

d =12tan64° = 24.6
The ship is about 24.6 miles from the lighthouse.

a.  Using the figure,
B =58°+32°=90°
Thus, use the Pythagorean Theorem to find the
distance from city 4 to city C.
850° +960° = b’
b* = 722,500+ 921,600
b* =1,644,100

b=14/1,644,100 = 1282.2
The distance from city A to city B is about
1282.2 miles.

b.  Using the figure,
opposite _ 960 _; 15q4
adjacent 850

A= tan"'(1.1294) = 48°
180° —58° —48° = 74°
The bearing from city A to city C is S74°E.

tan A4 =

d=2000s£t
4

a=2021nda)=Z

a. maximum displacement:
| a|=]20|=20cm

frequency: 3 cm per second

.2 2 4
c.  period: Z2_ZE 2r-—=28
o 4 T

The time required for one cycle is 8 seconds.
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Chapter 4 Trigonometric Functions

127.

128.

129.

650

d=lsin4t
2
1

a=—and w=4
2

a. maximum displacement:

1 1
|al|= —‘z—cm
2 2
b f=2-2_2_ 064
2r 2w &

frequency: 0.64 cm per second

.2 2
¢. period: H_E_T 1.57
o 4 2
The time required for one cycle is about 1.57
seconds.

Because the distance of the object from the rest
position at £ =0 is a maximum, use the form

. .. 2
d = acoswt . The period is — so,
w

al=30.
because the object starts below its rest position
a =-30 . the equation for the object’s simple
harmonic motion is d = —-30cos 7zt .

Because the amplitude is 30 inches,

Because the distance of the object from the rest
position at £ =0 1is 0, use the form d = asinwt . The

.. 2
period is — so
(0]

5=2%
10}
27

w=—
5

. 1 |
Because the amplitude is 7 inch, | a | = 7 ais

negative since the object begins pulled down. The
equation for the object’s simple harmonic motion is

d= —lsinz—”t.
4 5

Chapter 4 Test
1350 =135°. % radians
180°
1357z

= radians
31 80
=27 radians
4

7 radians _ 757

75°="175°- =—— radians
180° 180
hY/4 .
=— radians
12
s=r6
5=20[ 27| =27 & 2618 1
12 3

167 l6r 127 4rx
— 4= =—
3 3 3 3

b. 1677[ is coterminal with 4?7[

P =(-2, 5) is a point on the terminal side of
6, x =-2 and y = 5. Furthermore,

r= \/xz +y2 =ij—2)2 +(5)2
=/4+25=+29

Use x, y, and r, to find the six trigonometric functions

of 6.
inpo¥ o S _ 329 59

ro29 V29429 29
P S 229 229

roN29 0 V29429 29
tan(9=lzi=—E

x - 2
csc@—izﬁ

y 5

r N29 0 29
secld=—=——=———
cotg=2="2=_2%

y 5 5

Because cosf <0, 8 cannot lie in quadrant [ and

quadrant I'V; the cosine function is positive in those
two quadrants. Thus, with cos@ <0, 8 lies in
quadrant IT or quadrant III. We are also given that
cotd > 0. Because quadrant III is the only quadrant
in which the cosine is negative and the cotangent is
positive, @ lies in quadrant III.
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Chapter 4 Test

6. Because the cosine is positive and the tangent is 8 4 7
negative, @ lies in quadrant IV. In quadrant IV x is 11. cot 3 = cot 3 = COtE
positive and y is negative. Thus, { L 5B
cos&:%:f,x:hr:& Furthermore, _tang_‘/g_ 3

r
x2 + y2 = }”3
2 2 _ 72
: +y2 =3 12. tan(7—7[+n7zj=tan7—”=tan£= 3
y - =9-1=8 3 3 3

y=—8=-22

Use x, y, and 7, to find the six trigonometric functions 13. a.  sin(=6)+cos(=0) = —sin(6) +cos(6)
of 6. =-ath
oy 22 22 ;
smH:—:T:—T b. tanH—secﬁzsme— !
r ) cos«? cosé
tanf=2=""=— /2 _a 1
X 1 b 1b
csch="= 3 __ W2 ——3\/5 :aT_
y 22 222 4
sec="= % =3 14. The equation y =3sin2x is of the form y = Asin Bx
x
X 1 1.2 2 with 4 =3 and B = 2. The amplitude is |4] =|3|=3.
cotf=—= \/_:— \/7\/7:—7 ) )
yo2 2V2 The period is ?7[ = 77[ = 7. The quarter-period is %
r 31 3 The cycle begins at x = 0. Add quarter-periods to
7. tangCOS? TSy =TT T 0= 6 generate x-values for the key points.
x=0
8.  300° lies in quadrant IV. x=0+2="
The reference angle is . 47[ ‘tz_
6 =360°—300° = 60° x=Z+ 22
tan 60° = /3 r T 3
In quadrant IV, tan@ <0, so x:E"'Z:T
tan 300° = —tan 60 = —/3 . (oEL T
4 4
T .. . Evaluate the function at each value of x.
9. e lies in quadrant IV.
The reference angle is x | coordinates
, r 8n Tm 7«
QZZE—TZT—T:Z 0 (O:O)
7 2
sin—=— V4 T
12 z [_, 3)
4 4

In quadrant IV, sin@ <0, so

4 2 2
kY4 kY4
10. seczz—ﬂ-=sec4—ﬂ-=—secz — (—, —3j
3 3 4 4
1 1
- =72 7 (7, 0)
—cos=  ——
3 2
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Chapter 4 Trigonometric Functions

Connect the five key points with a smooth curve

and graph one complete cycle of the given function.

5

/ a
SHHEEE ()
0, 0) (7, 0)
7 11 X
: =L (37 _
5 (T’ 3)
y =3sin2x

15. The equation y =-2 cos(x—%j is of the form
y=Acos(Bx—C) with4=-2, B=1, and
C= % The amplitude is |A| = |—2| =2

The period is %[ = ZT” =2x. The phase shift is

Lo 2
= E. The quarter-period is 2 Z.
2 4 2

c
B

The cycle begins at x = % Add quarter-periods to

generate x-values for the key points.

4
==
2
T T
X=—+—=7r
2 2
T 3
X=m+—=—
3 2
T T
=—+—=2r
2 5
T Sr
X=2r+—=—
2

Evaluate the function at each value of x.

x | coordinates

z (z,_zj
2 2

z (7, 0)
[ (o
2 2

2z | (27,0)

16.

17.

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

3
y (7’ 2)

25 A

Sa _
-25 \(T 2)

y=—2cos( -z

[
~—

Solve the equations

xX_ X 7
—=—= and —=—
2 2 2 2
x=—£~2 x:£~2
2 2
X=-7 X=r

Thus, two consecutive asymptotes occur at
x=-rmandx=7.

. -r+7x _ 0
x-intercept = =—=0

2 2

An x-intercept is 0 and the graph passes through (0, 0).
Because the coefficient of the tangent is 2, the points on
the graph midway between an x-intercept and the
asymptotes have y-coordinates of —2 and 2. Use the two
consecutive asymptotes, x = —z and x = 7, to graph one

full period of y = 2tan§ from -7 to 7.

x=-a Yy xX=m
(57
<—£ —2)’”7,7 ,(0):))
2 H
y=2tan%

. . . 1.
Graph the reciprocal sine function, y = —Esm TX.

The equation is of the form y = Asin Bx with

A:—landB .

amplitude: |A| ‘

t\)l»—

2r  2rx
period: —=—=
B

[V} Nl’_‘

. 2 1
Use quarter-periods, 2 = > to find x-values for the
five key points. Starting with x = 0, the

x-values are 0, %, 1, =, 2. Evaluating the function at
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18.

19.

20.

each value of x, the key points are

1 1 31
0,39 _3__’130’ _,_3230-
0.9, (3.3} 0.0 (3.5 ] 20

. 1.
Use these key points to graph y = —Esm 7 x from 0

to 2. Use the graph to obtain the graph of the
reciprocal function. Draw vertical asymptotes
through the x-intercepts, and use them as guides to

1
graph y = —Ecsc7zx.

y x=1 xr=2
2.5
33
HA\27 2
=
2 4 x
1 1\_=1]
272 T
25
y=—%cscnx

Let 6 =cos™! (—lj, then 0056’:—1.
2 2

Because cos@ is negative, @ is in quadrant II.

24yt =2
(-1 +y% =22
Y2 =4-1=3

y=13
tan {Cos_l (—%ﬂ —ang=2 -V —3

x -1

Let 0=cos_l(§], then cosé’:g.

Because cos@ is positive, € is in quadrant I.

x2+y2_r2
x2+y2_32
y =9-x2
y= 9—x2

Find the measure of angle B. Because
C=90°,4+B=90°.

Thus, B=90°—-4 =90°—-21°=69°.

We have a known angle, a known hypotenuse, and an
unknown opposite side. Use the sine function.

sin21°0=L
13
a=13sin21°~4.7

Cumulative Review

We have a known angle, a known hypotenuse, and an
unknown adjacent side. Use the cosine function.

cos21°=£

13
b=13co0s21°=12.1
In summary, B=69°, a=4.7, and b=12.1.

21. Using aright triangle, we have a known angle, an
unknown opposite side, 4, and a known adjacent side.
Therefore, use the tangent function.

tan37° = i
30

h=30tan37° = 23
The building is about 23 yards high.

22. Using aright triangle, we have a known hypotenuse,
a known opposite side, and an unknown angle.
Therefore, use the sine function.

sin@ = ﬁ
73

6 =sin"! (f) ~36.1°
73
The rope makes an angle of about 36.1° with the pole.

23. We need the acute angle between ray OP and the
north-south line through O. This angle measures
90° — 10°. This angle is measured from the north side
of the north-south line and lies west of the north-south
line. Thus the bearing from O to P is N§0°W.

24. d=-6cosnmt
a=—-6and w=r

a. maximum displacement: | a |=| =6 |=6 in.

10 1
b. =—= —
S 21 2

z

2r
1.

frequency: 5 in. per second

2

. 2
¢. period= T,
0w 7

The time required for one cycle is 2 seconds.

25. Trigonometric functions are periodic.

Cumulative Review Exercises (Chapters P-4)

1. x*=18+3«x
x*=3x-18=0
(x=6)(x+3)=0
x—6=0 or x+3=0

x=6 x=-3
The solution set is {-3,6 }.
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Chapter 4 Trigonometric Functions

2. ¥ +5x*—4x-20=0
X(x+5)-4x+5=0
(x> =4)(x+5)=0
(x=2)(x+2)(x+5)=0
x=2=0 or x+2=0 or
x=2 x=-2
The solution set is {-5,-2, 2}.

3. log, x+log,(x—2)=3

log, x(x—2)=3

x(x=2)=2°

xP=2x=2

x*—2x-8=0

(x—4)(x+2)=0

x—4=0 or x+2=0
x=4 x=-2

x =-2 is extraneous
The solution set is {4}

4. Jx-3+5=x

x=3=x-5

(Vi=3) =(x-5¢

x—3=x>-10x+25

¥ -11x+28=0

(x=4)(x-7)=0

x—4=0 or x-7=0
x=4 x=17

Ja-3+5=4
Ji+5=4

1+5=4 false
x =4 is not a solution

J1-3+5=7
Va+5=7

2+5=7 true
The solution set is {7}.

5. ¥ —4x*+x+6=0
X1, £2,£3 46
t+1

c21,£2,43 46

Qs R

I
&

654

x+5=0

x=-5

x3—4x2+x+6=(x—2)(x2—2x—3)
Thus,

X —4x" +x+6=0
(x=2)(x* —2x-3)=0
(x-2)(x-3)(x+1)=0
x—=2=0 or x-3=0 or x+1=0

x=2 x=3 x=-1
The solution set is {-1,2,3}
| 2x-5]<11
-11<2x-5<11
—-6<2x<16
-3<x<8
The solution set is {x | -3 < x <8}
/() =x=6
X=4y—-6
X=y-6
y=x>+6
f(x)=x>+6
4x2—ﬂx—£
5 25
5x+2420x —6x% —9x+10
20x° +8x°
—14x* = 9x
—14x2—§x
—-—x+10
17 34
5 25
284
25
The quotient is 4x’ —ﬂx —1—7+i.
25 125x+50

log25 +1og40 = log(25-40)

=1og1000
=1log10’
=3
il radians = 14—” radians - &
9 9 7 radians

14-180°

= 280°
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11. 3x* =2x*+5x* +x-9=0

The sign changes 3 times so the equation has at most

3 positive real roots;
f(=x)=3x"+2x’ +5x* —x-9

The sign changes 1 time, so the equation has at most

1 negative real root.

2. ()=

vertical asymptotes: x* —1=0, x=1and x = -1
horizontal asymptote: m=1landn=2som<n
and the x-axis is a horizontal asymptote.
x-intercept: (0,0)

1 2x=—]y x=1 i 2
23, a 2’5
(090)\—-— ——
5 25 ¥
3 _6\AT 12
2° 5 o 273
=X
f(x)_x2—1

13. (x-2)Y+y" =1
The graph is a circle with center (2,0) and »=1.

y
2.5 -
2,
1,012 ™N G, 0)
N/ X
2, -1
N | |
e T TTTT

x—=22+y’=1

14. y=(x-D(x+2)
x-intercepts: (1,0) and (-2,0)
y-intercept: y = (=1)(2)* = —4
(0,-4)

(=2,0) {, 0)-

i
(09 _4)

Ll

y=(x—1) (x +2)?

|2

Cumulative Review

y=sin 2x+E =sin 2x— z
2 2

The equation y =sin 2x— —g is of the form

y = Asin(Bx - C) with 4=1, B=2,and C=—§-

The amplitude is |A|:|1|:1

The period is %[ = 27” = 7. The phase shift is

= T2 7 The quarter-period is z
2 4 4

1
2
The cycle begins at x = —% . Add quarter-periods to

generate x-values for the key points.

3 T T T
x=——,x=—+—=0,x=0+—=—,
4 4 4 4 4
x:£+f:£’x:£+£:3—ﬂ-Tographfrom0to
4 4 2 2 4 4

7, evaluate the function at the last four key points
andat x =7.

x | coordinates

0 0, 1)
z Z 0

4 4

2N

2 2
|2

4 4

r (7, 1)

Connect the points with a smooth curve and extend the
graph one cycle to the right to graph from 0 to 27 .

\ 2w, 1)

X Huklt
1

b m\ 27 x

y L1 I~ \3”
T _ i =,-1
(7’ 1) 2.5 (2 )
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Chapter 4 Trigonometric Functions

16. Solve the equations

3x=—z and 3x—z
2 2
c=2 oz
3 3
V4 T
xX=—-= xX==
6 6

. V4
Thus, two consecutive asymptotes occur at x = 5

and x:E.
6

. 0
x-intercept = = ) =0

An x-intercept is 0 and the graph passes through
(0,0). Because the coefficient of the tangent is 2, the

points on the graph midway between an
x-intercept and the asymptotes have
y-coordinates of —2 and 2. Use the two consecutive

asymptotes, x = —% and x = % , to graph one full

period of y =2tan3x from —% to % .

Extend the pattern to the right to graph two complete

cycles.
y

T
<E’ 2) SHAH-H
[ [

N
0, 0)d
T i X
of 2
= (e
(—Ey _2> ‘ ; 1
y =2tan 3x

17. C(p)=30,000+2500p
R(p)=3125p
30,000 +2500p = 3125p
30,000 = 625p
p=48
48 performances must be played for you to break even.

18. a. Let ¢ be the number of years after 2000.

A — Aoekt
A=110¢"
303 =110
ﬁ: 2F10
110
lnﬁ =Ine*?
lnﬁ: 10k
110
303
In—
110 —k
10
k=0.1013
Thus, 4 =110
b. A — 1 1060,10131
400 = 110"
@:eo‘lom
110
1n@: 1n6041013t
110
ln@: 0.1013¢
110
400
In—
110 -t
0.1013
t=13

There will be 400 million cell phone subscribers
in the United States 13 years after 2000, or

2013,
19. 2200=-
3.5
k = 7700
n="79_ 1540

The rate of heat loss is 1540 Btu per hour.

20. Using aright triangle, we have a known opposite
side, a known adjacent side, and an unknown angle.
Therefore, use the tangent function.

tan9=@:4
50

6=tan™ (4) = 76°

The angle of elevation is about 76° .
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