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Chapter 1

Angles and the Trigonometric Functions

Section 1.1

Check Point Exercises

1.

The radian measure of a central angle is the length of
the intercepted arc, s, divided by the circle’s radius, 7.
The length of the intercepted arc is 42 feet: s = 42
feet. The circle’s radius is 12 feet: » = 12 feet. Now
use the formula for radian measure to find the radian
measure of 6.

s 42 feet _35

r 12 feet
Thus, the radian measure of € is 3.5

7 radians 607 .
—————— =—— radians
180° 180

T .
= ? radians

a. 60°=60°-

x radians 2707
180° 180
T .

=— radians
2

b. 270°=270°- radians

7 radians _ —3007

c. -300° =-300°- radians
180° 180
hY/4 .
= —— radians
3
T . 7 radians ~ 180°
a. — radians = . -
4 4 7r radians
0
1807 _ 400
4
ar . 47 radians 180°
b. —— radilans=————-
3 3 T
0
:_4 180 — _040°
3
0
¢.  6radians = 6 radians &
7 radians
1900
_ 01807 44580
.4
0
d. —4.7 radians =—4.7 radians L
7 radians
—_— . 0
_ 471807 -269.3°
T
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For a 400° angle, subtract 360° to find a positive
coterminal angle.
400° —360° = 40°

For a —135° angle, add 360° to find a positive
coterminal angle.
—135°+360° = 225°

137 137 107 3«
— 2T =———=—
5 5 5 5

e 307 297
15 15 15 15
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Chapter 1 Angles and the Trigonometric Functions

a. 855°-360°-2=855°-720°=135°

b, 7 _9p0-U7 4y
3 3
3 3 3
c. —25—”+27Z-3=—25—”+6ﬂ'
6 6

257 36m llx

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 =438

The formula s =@ can only be used when 6 is
expressed in radians. Thus, we begin by converting

. . radian
45° to radians. Multiply by 7 radians
180°
xr radians 45 .
45°=45°.—————— = — 7 radians
180° 180
T .
= — radians
4

Now we can use the formula s =78 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 % 10 = % . The length of the arc

intercepted by this central angle is
s=r0

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

= 3—” inches
=~ 4.71 inches.

10.

The formula 4 = %rzﬁ can only be used when @ is

expressed in radians. Thus, we begin by converting

150° to radians. Multiply by # radians
180°
150° =150°. % radians
180°
150

=—— radians
180

= 5—” radians
6

The circle’s radius is 6 feet.

Now use the formula 4 =1720 to find the area of

2
the sector.:
_1.2
A—E}" 9
1 2 57[
=—~(6 feet)” | —
L6 e’ 37

=157 square feet

= 47.12 square feet

We are given @, the angular speed.

@ =45 revolutions per minute

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

o= 45 revolutions 27 radians

1 minute 1 revolution

_ 907 radians
1 minute

The angular speed of the propeller is 907z radians per

minute. The linear speed is
V=rao
=1.5 inches- 99”
minute
_ 1357 inches

minuteh
inches
=135x

_minute
404 1I%ches
minute
The linear speed is 1357 inches per minute, which is

approximately 424 inches per minute.

Copyright © 2022 Pearson Education, Inc.
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Concept and Vocabulary Check 1.1
C1. origin; x-axis
C2. counterclockwise; clockwise

C3. acute; right; obtuse; straight
c4. 2
r

T
180°

Cs.

180°
V4

Ceo.

C7. coterminal; 360°; 27

C8. r6

C9. —r<6

C10. false

C11. r@; angular

Exercise Set 1.1

1. obtuse
2. obtuse
3. acute
4. acute

5.  straight

6. right

7. 9:5:%:41‘3(113{15
r 10 inches

8. 0O= LA 30 feet = 6 radians
r 5 feet

9. 0= o 8 yards = i radians
r 6 yards

10. o="1=18Y39 5 55 radians
r  8yards

11.

12.

13.

14.

15.

16.

17.

18.

19.

Section 1.1 Angles and Trigonometric Utilities

s 400 centimeters

r 100 centimeters

s 600 centimeters
r 100 centimeters

7r radians
180°
T .
=—— radians

45° = 45°.

4 .
=— radians
4

7 radians
180°

_ o radians
180

18°=18°-

- radians
10

1350:1350.7r1rad1ans

180°
1357 .
= radians
180

T .
=— radians
4

150° = 150°. % radians
180°
150

= i radians
180

= 5—” radians
6

300° = 300°. % radians

180°
300z .
=—— radians

hY/4 .
=— radians
3
7 radians

180°
radians

330° = 330°-
3307

11
- radians
6

7 radians

180°

2257 .
=— radians
180

—225°=-225°.

= —S—ﬂ- radians
4

Copyright © 2022 Pearson Education, Inc.
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Chapter 1 Angles and the Trigonometric Functions

20.

21.

22,

23.

24.

25.

26.

27.

28.

5700 = —270°. % radians

180°
270 .
=— radians

180
-7 radians
2

7 radians . 180°

V4 .
— radians = -
2 2 7 radians

_180°

2
=90°

7 radians  180°

T .
— radians = -
9 9 7 radians

_180°
9

20°

27 radians  180°

2—” radians =
3

3 7 radians
~2-180°
3
=120°
3z radians 1807 3.180° _ 1350
4 7 radians 4
T . 77z radians  180°
— radians = . -
6 6 7 radians
_7-180°
6
=210°
. 0 0
117 radians 180. :11 180 —1330°
6 7 radians 6
0
—3 7 radians = —37 radians- ——
7 radians
=-3-180°
=-540°
0
—47 radians - 180, =-4.180° =-720°
7 radians

29.

30.

31.

32.

33.

34.

35.

36.

37.

7r radians
180°
187 .

=—— radians

18°=18°-

=~ (.31 radians

7 radians
180°

A radians
180

76°=76°-

~1.33 radians

K4 radians
180°
407 .

= ——— radians

=~ —(0.70 radians

—40° = —40°

7r radians
180°
-7 radians
180 ]
~ —0.87 radians

~50° = —50°-

7 radians
180°
radians

200° = 200°-
2007

1
= 3.49 radians

Z radians
180°

= il radians
180

=~ 4.36 radians

250°=250°-

0
2 radians = 2 radians L
7 radians
~2-180°
T
~114.59°
0 0

3 radians- 180. = 3-180 ~171.89°

7 radians 4

7 radians  180°

T .
— radians = -
13 13 7 radians

_180°

13
~13.85°

Copyright © 2022 Pearson Education, Inc.
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Section 1.1 Angles and Trigonometric Utilities

0 0 46. YA
38, Zradians —o0 1807 10,590 5
17 nwradians 17
, : 180° ~ >
39. —4.8 radians =—-4.8 radlans-g—q v R *
7 radians Atpd NN 51
_ —4.8-180° 6
/4
~-275.02° 47. Y
0 5 9.1e00
40. —5.2 radians- 189 = 52180
zrradians /4 X X
~—297.94° —%"
41. YA 48. y
In 5 5
6
Y ™ I/ﬂ P4
~ I
S _In
4
49. y
42. YA ? ; 5
4 -5 167
3 3 e/
TN \ x
/ x
yARNS
50. YA
43, y =
S 3 : \d
4 N
/] N < \d ,' }
x o 14n
51. YA
44, YA \ =4
In++5
4 ey 120°
AN v X
\ x
52. YA
45. YA 5 ]L$0°
oy N
\\
X
AA5x 5
N 21
3
Copyright © 2022 Pearson Education, Inc. 5
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Chapter 1 Angles and the Trigonometric Functions

53. Y4
6. __+27[:_£+1007r:997r
- 50 50 50 50
NmEy * 68. - iog-_r 80 _Dr
40 40 40 40
A0 31 31
69. -2 T 4or3=-2"16z
54, y 7 7
& _3lr 42x_lix
Y 7 7 7
N[ X
] 0. _387r+2 3__387z+6 _387[ S4rx 16_7r
_240'0 9 9 9 9
55, y 71. r =12 inches, 8 =45°
5 Begin by converting 45° to radians, in order to use
g the formula s =76 .
420774 i
NEEy X 45°=45°~$=% radians
= Now use the formula s =76 .
s=rf= 12-Z =37 inches = 9.42 inches
56. YA 4
i 72. r =16 inches, 8 = 60°
4057 . Begin by converting 60° to radians, in order to use
([ X the formula s =76 .
o
60° =60°- ”Ldlans il — radians
180° 3
57. 395°-360°=35° Now use the formula s =76 .
T lér . .
58. 415°—360° = 55° s=r0=16-§=Tlnchesz16.76 inches
59, -150°+360°=210° 73. r=38 feet, 0 =225°
60. —160°+360° = 200° Begin by converting 225° to radians, in order to use
the formula s =r6 .
61. —765°+360°-3=-765°+1080°=315° 2050 =250 % iz(gfns 5:' radians
62. -760°+360°-3=-760°+1080° =320° Now use the formula s = 76 .
63. 19_7[_2 197 1271':7_71' S=r9=8-57ﬂ=107z feet = 31.42 feet
6 6 6 6
74. r=9 yards, € =315°
64. iz _ 27 = 17z 107 _Iz Begin by converting 315° to radians, in order to use
5 5 5 5 the formula s =r6 .
/4 radians T
315°=315°-———— = — radians
65. 2371'_2 2_2372'_4 _23x 20 _3m 130° 4
> > > 505 Now use the formula s =76 .
257 25, 25w 24m _x 5=r=9-25 =87 ords = 4948 yards
66. — —27-2=——-4rx -——== 4 4
6 6 6 6 6
6 Copyright © 2022 Pearson Education, Inc.
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Section 1.1 Angles and Trigonometric Utilities

75. Begin by converting the angle to radians. 78. Begin by converting the angle to radians.
18° =180, 7 1AdIAS _ 7 fians 330° = 3300 . Tadians
180° 10 180°
Now use the formula 4 =126 to find the area of 11z ..
2 = —— radians
the sector.: 6
A= %rzﬁ Now use the formula 4 = %rzﬁ to find the area of
(7 the sector.:
1
=--(10 met — =1,2
2( eters) (IOJ A—2r49
= 57 square meters =1 (3 inch es)2 11z
=3 5

=15.71 square meters
337 .
76. Begin by converting the angle to radians. 4 square inches
7 radians

15°=15°——— =~ 25.92 square inches
180°

79. 6 revolutions per second

T
12 radians _ 6 revolutions 27 radians 127 radians

Now use the formula 4 = %rzé? to find the area of 12 7lz'sreacdoiglclls perl srgé/gllll(litions I seconds
the sector.:
A= % 20 80. 20 revolutions per second
_ 20 revolutions 27 radians _ 407 radians
_1 2( T "~ 1second 1 revolution 1 second
2 (6 yards) [1 2) =407 radians per second
3z 4r 2
=7 square yards 81. -2 and 2&
= 4.71 square yards
17 Sw
. . . 82. —— and —
77. Begin by converting the angle to radians. 6 an 6
240° = 240°. % radians
180° kY4 hY/4

83. —— and —
4 4

4
- radians
3

84 r and iz
Now use the formula 4 = %rze to find the area of ) 4 4
the sector.: 3
A4=1,2¢ 8S. r and il
2 2 2
1 . 2 4
=5 (4 inches) Y 86. —rand 7
kY . 55 117z
i i 87. —2r=—
3 square inches 60 6
=~ 33.51 square inches
60 6
Copyright © 2022 Pearson Education, Inc. 7
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Chapter 1 Angles and the Trigonometric Functions

89.

90.

91.

92.

93.

3 minutes and 40 seconds equals 220 seconds.

220 22r
- . 27'[ -

60 3
4 minutes and 25 seconds equals 265 seconds.
265 53z
. 27[ -

60 6

_1,2
A = EV 9

25 square feet = %(10 feet)2 [

25 square feet
110 feet)?

2_g

50

0= l radians
2

1.2
A=3r [
36 square yards = %(6 yards)2 [

36 square yards
— = 9
1(6 yards)

36 _g
18

6 = 2 radians

First, convert to degrees.

1 . 1 . 360°
— revolution = — revolution- ——
6 6 1 revolution
1
=—-360°=60°
6
Now, convert 60° to radians.
60° = 6o £ 1atans radians _ 607 radians
180° 180
_Z radians
3

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

radians.

94.

95s.

96.

First, convert to degrees.

1 . 1 . 360°

—revolutions = — revolutions: ———

3 % 1 revolution
=§~360° =120°

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

120°=120°-

. 2 .
radians = T radians

1 . . 2
Therefore, — revolution is equivalent to 120° or Tﬂ-

radians.

The distance that the tip of the minute hand moves is
given by its arc length, s. Since s =768, we begin by
finding » and & . We are given that » = 8 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=rf0=(8 inches)(%j = 8?” inches = 8.38 inches.

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 3 revolution to radians.

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

2 .
= ?ﬂ- radians

The distance the tip of the minute hand moves is

s =r@ = (6 inches) (27”) = 127” inches

=47 inches = 12.57 inches.

Copyright © 2022 Pearson Education, Inc.
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97.

98.

99.

100.

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

6 =90°. The formula s =76 can only be used when
0 is expressed in radians.

o 7 radians 907z

90°=90 =—— radians
180° 180
T .
=— radians
2

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 =r@ . We are given that » = 80 centimeters and 6
= 60°. The formula s =768 can only be used when 6
is expressed in radians.

7 radians _ 607

60° = 60°- ———— = —— radians
180° 180

=7 radians
3
The length that the wheel moves is
s =rf = (80 centimeters) (%j = 807” centimeters
= 83.78 centimeters.
Begin by converting the angle to radians.

7 radians
180°

135°=135°.

3 .
=27 radians
4

Now use the formula 4 = %r26 to find the area of

the sector.:
_1.2
A= 37 o

1 2 3r

= 3(40 feet) (Tj
= 6007 square feet

= 1884.96 square feet

Begin by converting the angle to radians.
7 radians
180°

120°=120°-

= ZTE radians

Section 1.1 Angles and Trigonometric Utilities

Now use the formula 4 = %rze to find the area of

the sector.:
_1,2
A= > 0

_1 2 27

=300x square feet

= 942 48 square feet

101. Recall that = . We are given that

,
s = 8000 miles and » = 4000 miles.

8000 mil .
_ s _SAUmies 2 radians

» 4000 miles
Now, convert 2 radians to degrees.

0
2 radians = 2 radians - 180,
7 radians

~114.59°

102. Recall that 6 =" . We are given that

’
s = 10,000 miles and » = 4000 miles.

_5_ M = 2.5 radians
r 4000 miles

Now, convert 2.5 radians to degrees.

0
2.5 radians - 180.
27 radians

~143.24°

103. Recall that s =768 . We are given that

7 =4000 miles and 8 =30°. The formula s =768 can
only be used when @ is expressed in radians.
7z radians 307 .
—————— =—radians
180° 180

T
== radians

30°=30°-

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

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

104. Recall that s =768 . We are given that

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

180° 180

V4 .
= — radians

10°=10°-

s=r6=(4000 miles) (%) =~ 698 miles
To the nearest mile, the distance from 4 to B is
698 miles.

Copyright © 2022 Pearson Education, Inc. 9
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Chapter 1 Angles and the Trigonometric Functions

105.

106.

107.

108.

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

7 = 4000 miles. Therefore,

v =rw= (4000 miles)( j

z
12

40007 .
= miles per hour

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

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
=47 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
=40x radians per minute
v =rw= (12 feet)(40x)
=~ 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)(5x) = 50 feet per minute

The difference is 100z — 50z =507 feet per minute
or about 157 feet per minute.

109. — 121. Answers may vary.

122.

10

30°15'10"=30.25°

123

124

125

126.

127.

128.
129.

130.

131.

132.

. 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.

does not make sense; Explanations will vary.
Sample explanation: It is possible for 7z 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 8 =20° to radians.
20°=20°- T _% radians
180° 9
100=2
800
r =——= 286 miles
V3

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

_1.2
A= EI" 49
700 square feet = %(30 fee‘[)2 0

700 square feet 0
130 feet)?

700 _
450

0= % radians

Covvert radians to degrees:

14 180°
V4

The sprinkler should rotate about 89°.

% radians = 89°

Copyright © 2022 Pearson Education, Inc.
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Section 1.2 Right Triangle Trigonometry

133. s=r60 Section 1.2

Begin by changing 6 =26° to radians.
Check Point Exercises

1 .
26° = 26°~L0 = Bz radians
1183(,)” 90 1.  Use the Pythagorean Theorem, 2 =a®+b%, o find
5s=4000-—— c
~ 1815 miles a=3,b=4
2 2 2 2 2
To the nearest mile, Miami, Florida is 1815 miles " =a’+b"=3"+4"=9+16=25
north of the equator. c=+25=5
Referring to these lengths as opposite, adjacent, and
134. First find the hypotenuse. hypotenuse’ we have
A =a*+b° sing = opposite 3
c? =52 +12? hypotenuse 5
¢ =25+144 cosg - Adiacent 4
2 =169 hypotenuse 5
c=13 tan @ = opposite _ 3
Next write the ratio. adjacent 4
a_>s hypot 5
;:E e = ypoer%use__
opposite 3
_ hypotenuse _ 5
135. First find the hypotenuse. sect = W =2
2 =a®+b? adjacent 4
2 2 2 cot 9 ===
¢ =1"+1 opposite 3
¢ =1+1
2
¢ = 7 2.  Use the Pythagorean Theorem, 2 =a®+b? , to
c=~2 . o find b.
Next write the ratio and simplify. 2 .2 2
a 1 a2 + b2 = 02
c - \/5 1 +b2 =5
1 V2 1+b% =25
=55 b =24
5 b=+24=2V6
2 Note that side a is opposite 8 and side b is adjacent
D eV 2 to 4. .
136. (—j +[—J = —2+—2 sin0 — OppOSIte — l
¢ c c c
5 hypotenuse 5
=4 +b cosd adjacent 276
2 = =
¢ hypotenuse 5
Since ¢ =a” +b%, continue simplifying by tan 6 = opposite _ 1 _ ﬁ
substituting ¢? for a* +b* which gives 1. Edjacent 26 12
cscl = ypotenuse _ 3 _s
opposite 1
sec = hypotenuse 5 576
adjacent 26 12
cot g = Adiacent _ 26 o
opposite 1
Copyright © 2022 Pearson Education, Inc. 11
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3. Apply the definitions of these three trigonometric functions.
length of hypotenuse

csc45° = - -
length of side opposite 45°
secd5° = length .of hyI?otenuse
length of side adjacent to 45°
cot45° = length of s@e adjacen't to 45
length of side opposite 45°
1
4 tan60° = length of .51de opposne 60
length of side adjacent to 60°
tan 30° = length of .31de oPposne 30
length of side adjacent to 30°
_L_ 13
V3333
2
5 tan 6 = sin @ _3
cosd 5
3
23 _2
35 5
_2 52
5 /5 5
cscl = 1.3
sin@ 2
3
secd = L _ L = i
cosd 5 5
3
_3 53
5«5 5
cotf= ! = L = ALl
tand 2 2
5
12 Copyright © 2022 Pearson Education, Inc.
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6.

Section 1.2 Right Triangle Trigonometry

We can find the value of cos@ by using the Pythagorean identity.
sin? @+cos2 O =1
1 2
(—j +cos2@=1
2

lJrcoszé’:l
4 1
00520=1——
4

0052 0= %
cos@ = \/E = ﬁ
4 2
a. sin46° =cos(90° —46°) = cos 44°

T T T
b. cot—2 =tan ———j

2 12
6
=tan| ———
12 12
S
=tan—
12
Many Scientific Calculators
Function Mode Keystrokes Display
(rounded to four places)
a. sin 72.8° Degree 72.8 0.9553
b. csc 1.5 Radian 1.5 1.0025

Many Graphing Calculators

Display

Function Mode Keystrokes
(rounded to four places)

a. | sin72.8° | Degree 72.8 0.9553

b. csc 1.5 Radian L5 ﬂ 1.0025

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

tan 24° = —
750

a =750 tan 24°
a = 750(0.4452) = 333.9

The distance across the lake is approximately 333.9 yards.

Copyright © 2022 Pearson Education, Inc.
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Chapter 1 Angles and the Trigonometric Functions

10, tand = s%de opPosne _ 14
side adjacent 10

Use a calculator in degree mode to find 6.

Many Scientific Calculators Many Graphing Calculators

AN [(J14[=]10)][ENTER | TAN|[{ 14 + 10[][ENTER]

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

Concept and Vocabulary Check 1.2

Cl1. sinezﬂ; csc¢9=£; cosezé; sec<9=£' tanﬁzg; cotl9=é
c a c b b a

C2. opposite; adjacent to; hypotenuse

C3. true

C4. sinf; cos@; tand ;

C5. tané@; coté

co. 1; sec @ ; csc? @

C7. sinf; tan@; secd

Exercise Set 1.2

1. 2 =9>+122=225

c=+225=15
sin@ = _opposite  _ 9 - 3
hypotenuse 15 5
adjacent 12 4
cosf=——=—=—
hypotenuse 15 5
tan 6 = w = 2 — g
adjacent 12 4
cscf = hypoter%use _ 15 _ 5
opposite 9 3
sec = hyp?tenuse _ 15 5
adjacent 12 4
adjacent 12 4
cot=———=—=—
opposite 9 3
14 Copyright © 2022 Pearson Education, Inc.
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2.

2 =6%+8% =100

c=+/100=10

sing = _oppOsite 6 _3
hypotenuse 10 5
adjacent 8 4
cos=———m—=—=—
hypotenuse 10 5

tan 6 = opP0s1te _ 6 _ 3

adjacent 8 4
cscf = hypoten'use _ 10 _ 5
opposite 6 3
sec = hyp?tenuse _ 10 _5
adjacent 8 4

adjacent 8 4

cotf=———=—=—

opposite 6 3

a* +21% = 29?
a® =841—441=400

a=+/400=20

opposite 20

sin@ = =
hypotenuse 29
adjacent 21
cosf=——=—
hypotenuse 29
tan 6 = opPosne _ 20
adjacent 21
cscg = fypotenuse _ 29
opposite 20
sec = hyp?tenuse _ 29
adjacent 21
cot@d = M = g
opposite 20
a* +152 =17
a* =289-225 = 64
a=+64=8
sing = _opposite 8
hypotenuse 17
adjacent 15
cosf=——m=—
hypotenuse 17
tan @ = opPosne _ 8
adjacent 15
csch = hypoter%use _ 17
opposite 8
sec = hyp?tenuse _ 17
adjacent 15
adjacent 15
cotf=——=—

opposite 8

Section 1.2 Right Triangle Trigonometry

102 +b° = 267
b* =676-100=576
b=+/576 =24

sinf = opposite _ 10 _ 5
hypotenuse 26 13
adjacent 24 12

hypotenuse 26 13
tan 6 = w = & = i
adjacent 24 12

e = hypoter%use _ 26 _ 13

opposite 10 5

secf = hyp9tenuse _ 26 _ 13

adjacent 24 12
adjacent 24 12
cot=———="—=—
opposite 10 5

cos@ =

a® +40% =417
a’> =1681-1600 =81
a=\/§=9

sinf = opposite 9

hypotenuse 41

cosd = adjacent 40

hypotenuse T 41
opposite 9

adjacent T 40
hypotenuse 41

tan@ =

cscl = -
opposite 9
sec = hypf)tenuse _ 41
adjacent 40
adjacent 40
cot=———=—
opposite 9

212 +b% =352
b? =1225-441="784

b=+784 =28

sing = opposite _ § _ i
hypotenuse 35 5
adjacent 21 3
cosf=——="—==
hypotenuse 35 5

tan @ = opposite _ 28 _

4
adjacent 21 3
cscf= hypoter%use _ 35 _ 5

opposite 28 4
sec = hyp?tenuse _ 35 _ 5
adjacent 21 3
adjacent 21 3
cotf=———=—==
opposite 28 4

Copyright © 2022 Pearson Education, Inc. 15
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8.

10.

11.

12.

13.

14.

16

a® +24% =25
a? =625-576 =49
a=+49=7
sing = _opposite  _ 24
hypotenuse 25
adjacent 7
cosf=——m"—" =
hypotenuse 25
tan @ = m = ﬁ
adjacent 7
csch = hypoter%use _ 25
opposite 24
sech = hyp9tenuse _ E
adjacent 7
cotd = M = A
opposite 24
c0s30° = length of side adjacent to 30
length of hypotenuse
B
2
tan 30° = length of '51de oPposne 30
length of side adjacent to 30°
_ L1 BB
V3B BO3
sec45e = tength f)f hypotenuse
length of side adjacent to 45°
V2
=X2_N
1
csc45° = length of hypotenuse

length of side opposite 45°

=£=¢5

.4
tan — = tan 60°

length of side opposite 60°

- length of side adjacent to 60°

length of side adjacent to 60°

cotg =cot60° =

11 43_43

BB 3

&

length of side opposite 60°

15. sinz— cosZ =sin45°—cos45°

L S
NCRNG
16. tanZ +csc’ = tan45°+csc30°
:1+£:1+2:3
1 1
8
17. tanl9:SIm9=1—7=ﬁ
cos@ 15 15
17
cscl = _1 =L=£
sing 8 8
1 1? 17
secld = =—=—
cos@ 15 15
17
15
oo =50 17 _15
sind 8 8
17

3
m.tm6=%=%
5
cscl = .1 =l=§
sind 3 3
1 51 5
secl = =—=—
cos@ 4 4
5
4
Cotﬁzcésezi:i
sind 3 3
5
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1
_sin@ 3 1

19. tanf= = =
cos® 22 242
3
_1 2
cscd=——=—==-=3
sing 1 1
3
secd = P _ 1 _3
cos® 242 242
3
_ 3 2 3
242 N2 4
22
Ow:@se: 3 zﬁzzﬁ
sing 1 1
3
6
2. wno-S"0_ 7 _ 6 _ 6 N13_6/13
cosd 13 V13 V13 V1313
7
cscl = ! :lzz
sin@ 6 6
7
1 1 7 V13 7413
secld = = = Y=Y
cos @ 13 13 13 13
13
0“9:0.059_ _ 13

21. sin2 6’+cos2 =1

2
(é] +0052 =1
7

—+00526’:
00526’:1—&
3 49
00529=—
4
13 V13
cosf=,[—=—
49 7

Copyright © 2022 Pearson Education, Inc.

22.

23.

24,

25.

26.

27.

28.

Section 1.2 Right Triangle Trigonometry

sinZ @+cos> 0 =1

2
(Zj +cos’ =1
8

£+cosz =1
64 49
cos?@=1--2
64

cos® 9=£
6

4

15 15
cosf=,—=——

64 8

sin2 o9+cos2 =1
2
(@ +00520=1
8
2+coszt9=1
64

0052 0= 1—2
64

0052 6’:2
6

sin’ 6+ cos> =1
2
[@ +cos’@=1

2+cos2 =1
25 21
cos?f=1-==
25

cos? O =—
2

cosf = i=z
25 5

1

sin37O csc370 = sin37O . 0=
sin37

1

c0s53% sec53° = cos 53° =1

cos52°

sin? 6?+cos2 f=1
sin2 L 0052 T
9 9
We can find the value of the expression by using the
Pythagorean identity sin? @+cos® =1
2 2 7

—+cos” —=1
10

sin

Solutions Manual for Trigonometry 3rd Blitzer
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29.

30.

31.

32.

33.
34.

3s.

36.

37.

38.

39.

40.

18

1+tan2 0= sec2 0
1+ tan2 230 = sec? 230

1=sec

2 230 —tan

We can find the value of the expression by using the Pythagorean identity 1+ cot? 6 =csc? @
cse? 63° —cot? 63° =1

sin 7° = co0s(90° —7°) = cos 83°

sin19° = cos(90°—19°) = cos 71°

csc 25° = sec(90° — 25°) = sec 65°

csc35° =sec(90°—35°) =sec55°

T T T
tan— =cot| ———
9 2 9)
or 2rx
=cot| ———
18 18
r
=cot—
18

T T
tan — =cot| ——— [=cot
o 55 J=eo

2r . (n 2«m
cos— =sin| ———
5 2 5
. (S 4rm
=sin| ——-——
10 10
.
=Ssin—
10

14 14

ot —
14

3z . (7m 3x . (4r 37z . T
cos— =sin| ——— |=sin| ——— | =sin—
8 2 8 8 8
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
sin 38° Degree 38 0.6157
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
sin 38° Degree 38 ENTER| 0.6157
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
cos 21° Degree 21 [cos| 0.9336
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
cos 21° Degree [COS| 21 [ENTER] 0.9336
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41.

42.

43.

44.

45.

Section 1.2 Right Triangle Trigonometry

Many Scientific Calculators

Function Mode Keystrokes Display (rounded to four places)
tan 32.7° | Degree 32.7 0.6420
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
tan 32.7° | Degree TAN| 32.7 ENTER| 0.6420
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
tan 52.6° | Degree 52.6 [TAN| 1.3079
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
tan 52.6° | Degree [TAN| 52.6 [ENTER] 1.3079
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
csc 17° Degree 17 3.4203
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
cscl7° Degree [([SIN 17 ][ l] ENTER] 3.4203
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
sec 55° Degree 55|COS| 1.7434
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
sec 55° Degree [[lcos] 55 ][] [ENTER] 1.7434
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
V4
COSE Radian @ + H 0.9511
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
V4
cos —- Radian (= = 10 )|[ENTER 0.9511
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46.

47.

48.

49.

50.

51.

52.

20

Many Scientific Calculators
. Display
Function Mode Keystrokes (rounded to four places)
. 3
sin" - Radian 3xn+ 10 0.8090
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
. 3 .
sin"- | Radian [{37 + 10])][ENTER 0.8090
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
cot% Radian T+ 12 H 3.7321
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
Cot% Radian (TAN[x + 12 )] )| [ENTER 3.7321
Many Scientific Calculators
Function Mode Keystrokes Display (rounded to four places)
T
cotﬁ Radian T+ ISH 5.6713
Many Graphing Calculators
Function Mode Keystrokes Display (rounded to four places)
V1
ot Radian [raN [z = 18[][] ] [ENTER 5.6713
tan37°=—2_
2

5
a=250tan37°
a =250(0.7536) =188 cm

tan 61° -4
10

a=10tan61°
a =10(1.8040) =18 cm

cos34° = b

220
b=220cos34°
b =220(0.8290) = 182 in.

sin34° =L

1
a =13sin34°
a=13(0.5592) =7 m
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53.

54.

55.

56.

57.

58.

59.

60.

61.

Section 1.2 Right Triangle Trigonometry

sin23° = 16
16 ° 16
c=———= =41 m
sin23°  0.3907
tan 44° = 23
e B B o
tan44°  0.9657
C . . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
0.2974 | SIN”! SIN"! {0.2974| ENTER 17
If sin@=10.2974, then € =17°.
C . . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
0.877 [cOs-| [COS']0.877 |ENTER] 29
If cos@=0.877, then @ = 29°.
C . . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
4.6252| TAN™! TAN™' [4.6252| ENTER 78
If tan @ = 4.6252, then @ = 78°.
S . Display
Scientific Calculator Graphing Calculator (rounded to the nearest degree)
26.0307 [TAN-| [TAN"'|26.0307 [ENTER| 88
If tan @ =26.0307, then @ = 88°.
Co. . 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.
S . Display
Scientific Calculator Graphing Calculator (rounded to three places)
0.9499 [SIN-| [SIN-'f 0.9499 [ENTER] 1.253
If sin@ =0.9499, then & =1.253 radians.
C . . 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.
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62.

63.

65.

66.

67.

68.

22

C . . Display
Scientific Calculator Graphing Calculator (rounded to three places)
0.5117 | TAN™! TAN™! | 0.5117 [ENTER 0.473

If tan@=0.5117, then € =0.473

tanz
3.1 31
2 T2 1
sec— COSz
6 6
_3o1
=T
3
AL
2 2
=0
1 21 2
T 1T
cot— csc— V.4 4
tan— sin—
4 6
12
1
[
12
1 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

cos12°sin 78°+ cos 78°sin12°

=sin78°sin 78° + cos 78° cos 78°
= sin® 78° + cos® 78°

=1
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69.

70.

71.

72.

73.

74.

75.

Section 1.2 Right Triangle Trigonometry

f(6@)=2cos@—cos26

f(gjzzcosg_cos(z.gj
{5 (3

_2B 1
2 2
_243-1

2

1(6)= 2sine—sin§

23 1

tan40° = -2

630
a=630tan40°
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.
125

tanfd =—
172

Use a calculator in degree mode to find 6.

Many Scientific Calculators Many Graphing Calculators

125|E|172|E| TAN"! TAN"! 125|E|172

The display should show approximately 36. Thus, the angle of elevation of the sun is approximately 36°.
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76.

77.

78.

79.

80.

555
1320

tan

Use a calculator in degree mode to find 6.

Many Scientific Calculators

Many Graphing Calculators

555 + 1320 HrAN]]

[TAN-!

[{ 555 + 1320 | [ENTER]

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

sinl10° =

C
L. 500
sin10°  0.1736

500

00 2880

The plane has flown approximately 2880 feet.

a

sin5° =

00
a =5000sin5° = 5000(0.0872) = 436
The driver’s increase in altitude was approximately 436 feet.

cosf = @
75

Use a calculator in degree mode to find 6.

Many Scientific Calculators

Many Graphing Calculators

60E|75E| cos™!

cos' [ e[ Jrs[o [Exree]

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

cos@ = E
80

Use a calculator in degree mode to find 4.

Many Scientific Calculators

Many Graphing Calculators

55 + 80 H[cos|

lcos

{55 + 80 ]][ENTER]

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

81.-91. Answers may vary.

92.

24

7] 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™*19.99999998%x107°> | 1x10™>
sin & 0.9736 | 0.9851 | 0.9933 | 0.9983 0.99998 0.9999998 0.999999998 1

o

sin @

approaches 1 as 6 approaches 0.
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93. 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
o

cosf-1 approaches 0 as 8 approaches 0.
94.  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.
95.  does not make sense; Explanations will vary. Sample explanation: This value is irrational. Irrational numbers are

rounded on calculators.
96. makes sense
97. makes sense

. . tan45° 45°
98. false; Changes to make the statement true will vary. A sample change is: s # tan I5°
an
99. true
100. false; Changes to make the statement true will vary. A sample change is: sin45°+cos45° = 1 + 1.2 #1
' ’ ’ ' V22 2
101. true
102. In a right triangle, the hypotenuse is greater than either other side. Therefore both opposite and adjacent must be
hypotenuse hypotenuse

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

103. 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°.

1 60 70 80 &9 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°, tanf increases without bound. At 90°, tan6 is undefined.

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

tan35° = @

a
o= 250 B 250 ~357
tan35° 0.7002

The ship is approximately 357 feet from the lighthouse.

b. Let b =the plane’s height above the lighthouse.

tan22° = L

357
b =357tan22° = 357(0.4040) = 144
144 +250 =394
The plane is approximately 394 feet above the water.
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105. a. =
,
b. Firstfindr: r=+/x + )°
r=v(=3)% +4°
r=>5
A i, which is positive.
r 5
106. a. =
b. Firstfindr: r= m
r=y(=3)* +5
=34
x 3 3 34 -3Ba
o= = ‘ = , which is
roB4 B4 Ba 34
negative.
107. a. & =360°—-345° =15°
b, gegF_0F 7 _7
6 6 6 6
Section 1.3

Check Point Exercises

26

r=y12 +(=3)* =149 =410

Now that we know x, y, and 7, we can find the six
trigonometric functions of 4.

-3 3o

sing=2=—— ="

r 10 10
cos¢9—£——1 ——\/E

roJ10 10
tanﬁzlz_—3=—3

X

r 10 \/ﬁ
csc=—=—=——

y =3 3
sec@:i:@:m

x 1 )
cotf="=—=_=

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=—=-=1

csc0°=csc0= , undefined

OI*—"—‘|>—‘

<y~ =

b. 6=90°= % radians

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

Apply the definitions of the cosine and cosecant

functions.

cos90°=cos£=£=9=0
2 r 11

csc90°=csc£=£:—:l
2 y 1

c. 6=180°=r 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 definitions of the cosine and cosecant
functions.

cos180°=cosxw =

cscl180°=cscxr =

d 6=270°= 37” 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.

c0s270° = cos3—”=£=9= 0
32 r 11

csc270° =csc—”=£:—:—1
2y -1

Because sin@ <0, @ cannot lie in quadrant I; all the
functions are positive in quadrant I. Furthermore, 6
cannot lie in quadrant II; siné is positive in quadrant
II. Thus, with sin@ < 0, 8 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 III.
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Section 1.3 Trigonometric Functions of Any Angle

Because the tangent is negative and the cosine is 7. a. 300° lies in quadrant IV. The reference angle is
negative, @ lies in quadrant II. In quadrant II, x is 6 =360°-300°=60°.
negative and y is positive. Thus, NE)
1y 1 sin60° = —
tanf=——=—=—
_ 3_ x =3 Because the sine is negative in quadrant IV,
x==-3,y=1 i
Furthermore, sin300° = —sin 60° = —73 .
r=\/x2+y2=\/(—3)2+12=\/9+ =410 s
Now that we know x, y, and 7, we can find b. L lies in quadrant III. The reference angle is
sin@ and sec@ . 4 s sr 4
, Sm T 4r &
. y 1 1 10 1o ¢=""_g="C_TT_-"
sin@ === = . = 4 4 4 4
r N0 Vg V1o 10 .
r 10 10 tan— =1
secd=—=——-=——— 4
x 3 3 Because the tangent is positive in quadrant III,
a. Because 210° lies between 180° and 270°, it is tans—ﬂ = +tanz =1.
in quadrant III. The reference angle is 4
6 =210°-180°=30°.
e. —Z liesin quadrant IV. The reference angle is
r . 3z _6rx 6
b. Because — lies between — =— and
4 2 4 g="
&t . . . 6
27w =—, it is in quadrant IV. The reference
4 sec L = 2\/_
angle is 8" = 27[—7—”:8—7[—7”—7[. 6 3 . L
4 4 4 4 Because the secant is positive in quadrant IV,
c¢.  Because —240° lies between —180° and —270°, it _ 7 23
o ) sec| —— [=+sec—=——.
is in quadrant II. The reference angle is 6 3
6=240-180=160°.
d. Because 3.6 lies between 7 =3.14 and 8. a. ”T”— 27 = ”T”—UT” = S lies in quadrant II.
37 =4.71, it is in quadrant III. The reference 5T 7
2 The reference angle is ' =7r——"—="—.
angle is & =3.6—7 ~0.46. 6 6
The function value for the reference angle is
a.  665°-360°=305° r 3
This angle is in quadrant IV, thus the reference COSE = T
angle is " =360°-305°=55°. Because the cosine is negative in quadrant II,
157 157 8z I 177 S V4 NE)
b. —-27r=—-——=— COS—— = COS— = —CO0S — = ——— .
4 4 4 4 6 6 6 2
This angle is in quadrant IV, thus the reference _or - z, 2Ur o
b. +8r = =— liesin
angleis & = 27— 287 1% _7 3 3 0 3 3
4 4 4 4 quadrant II. The reference angle is
117 iz 127z o=n-E_T
c. —+22r=—"T-+—="— 3 3
3 3 3 3

The function value for the reference angle is

x B

angle is 9'2%. SIHEZT

This angle is in quadrant I, thus the reference

Because the sine is positive in quadrant II,

. 2 . 2z T \/_

sin =sin— =sin—
3 3 3 2
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Concept and Vocabulary Check 1.3 . y 5
sinf=—=—
P
Cl1. sin@zz; csc¢9=£; cosezf; secﬁzi' cosé’—ﬁz_—lzz—2
, v r X ro 13 153
y X tan @ = Z =— =
tanfd==; cotld=— x =12 12
X y
r 13
C2. tan@; secd; cotd; cscf; tanf; cotd csco9=—=?
y
C3. sinf; cscé; secO=" = 1132 B
x -
C4. tan@; cotd; Cotngz__lz_g
y 5 5
C5. cos@; secl
C6. terminal; x 3. We need values for x, y, and . Because P=(2,3) is a
point on the terminal side of 8, x=2 and y=3.
C7. (a) 180°-6; (b) 6-180°; (¢) 360°—4@ Furthermore,
rz\/xz 112 =22 432 =419 =13
Exercise Set 1.3 Now that we know x, y, and 7, we can find the six
trigonometric functions of 4.
1. WE need Va.lues fqr x, y, and r. B.ecaus.e y 3 3 J3 33
P = (-4, 3) is a point on the terminal side of sinf=-=——==—=—=——
6, x=—4 and y =3 . Furthermore, r \/53 \/;3 \/\/% 21/31»3
2 2 2 2 cosﬁ_iz_z_._=_
r=yx? +y% =y(-4)? +3% =V16+9 =425 =5No r 13 Ji3 13 13
w that we know x, y, and 7, we can find the six tan @ = Y_ 3
trigonometric functions of 4. x %/_
sing=2= E CSC&_Lzﬁ
r 5 4 4 y \/37
cose—fz%z—g sect?—iz—i3
r X
x =4 4 y 3
csch="= 3
y 3 4. We need values for x, y, and , Because
.5 5 P =(3,7)is apoint on the terminal side of
secH——=—4:—Z 6, x=3 and y =7 . Furthermore,
X -
cot9—£—%4=—g r=\/x2+y2=\/32+72=\/9+49=\/§
y

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

trigonometric functions of 4.
2.  We need values for x, y, and r, Because P = (12, 5)

is a point on the terminal side of sing=2 =/ 758 _ 7458
0, x=—12 and y = 5. Furthermore, r \/5 \/_ J58 58
— — poX_ 3 _ J58 3458
rz\/x +y =\/(—12) +5° =+/144+25 cos _7_\/§_\/§ @ 58
=+/169 =13 9_y_7
Now that we know x, y, and , we can find the six tan &= X 3
trigonometric functions of 6. r \/5
cscl=—=——
y 7
r 58
secl=—=——
X 33
cot=2=2>
y 7
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Section 1.3 Trigonometric Functions of Any Angle

We need values for x, y, and . Because P = (3, -3) is 7.  We need values for x, y, and r. Because P = (-2, -5)
a point on the terminal side of 8, x=3 and y=-3. is a point on the terminal side of
I 6, x=-2 and y =-5. Furthermore,

Furthermore, r = \/xz +y2 = \/32 +(—3)2 =

_JI8=32 r=yx? +2 =y(=2)2 +(=5)2 =4+25 =29 No
Now that we know x, y, and r, we can find the six w that we know x, y, and », we can find the six
trigonometric functions of . trigonometric functions of .

sng=t- 3 __ L2 2 sing=r_ =5 =5 N _ 59

ro32 22 2 r J29 29 29 29
cose—f—izL-—z— 2 cosf="= 2 _ 2 '@——2@

r 3? V2 202 roV29 V29 V29 29
tan@—z—%=—l tane:lz_—:g

X x -
Cscﬁzizﬂz—ﬁ Cscgzizﬁz_@

y =3 y =5 5
secH—Lzﬂzﬁ secngzﬂz_@

by 3 x =2 2

y - y =5 5
We need values for x, y, and r, Because P = (5, -5) is 8.  We need values for x, y, and r, Because P = (-1, -3)
a point on the terminal side of 8, x=5and y=-5. is a point on the terminal side of
Furthermore, 6, x=—1and y =-3. Furthermore,
r=\/x2+y2 :\/5+(—5)2 =25+25=1/50 r:\/x2+y2 :\/(_1)2+(_3)2 =J1+9 =410
=52

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

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

trigonometric functions of 4.

ingo o3 _ =3 Mo 3Vio
oy 5 12 2 0o Vi 1o
SIHHZ—ZT:T'T:—T Cose_f -1 _ -1 .\/E__\/E
roo542 2 2 r 10 V10 V10 10
cosg=to S L N2 V2 v Y
E RN an ;— -3
tane—lz_?s:—l _r_ \/{3 \/E
X
3
r 5«/5 Y
cscH—;— — SENG) Secg_iz_lloz_\/ﬁ
x -
sec@—£=ﬂ=\/§ Cotngz__:l
X y -3 3
cot9—£=i=—1
y =3 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
cosine function.
x -1
cosr=—=—=-1
r 1
Copyright © 2022 Pearson Education, Inc. 29

Solutions Manual for Trigonometry 3rd Blitzer


https://textbooktestbanks.com/products/9780136921738-solutions

Chapter 1 Angles and the Trigonometric Functions

10.

11.

12.

13.

14.

15.

16.

30

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 tangent function.
y 0

tanr===—=0
x -1

0 = & 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.

ro 1
seecr=—=—=-1
x -1

0 = & 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

. 3 -1
tangent function. tan Y o undefined

X

6= 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—=—=—=

r 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=1 r=1 Apply the definition of the

. V4
cotangent function. cot—=—=—=0

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 tangent function.

‘[anZ =Y %, undefined

X

17.

18.

19.

20.

21.

22.

Because sin8 >0, € cannot lie in quadrant III or

quadrant IV; 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 I 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 sinf <0, @ lies in quadrant
III 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 tan8 <0, € cannot lie in quadrant I or

quadrant I1I; the tangent function is positive in those
two quadrants. Thus, with tan8 <0, @ lies in
quadrant IT 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 I'V.

Because tand <0, € cannot lie in quadrant I or

quadrant III; the tangent function is positive in those
quadrants. Thus, with tan8 <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 cot@ >0, 6 cannot lie in quadrant IT or

quadrant IV; 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
sec@ < 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.
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23.

24.

25.

Section 1.3 Trigonometric Functions of Any Angle

In quadrant III x is negative and y is negative. Thus, P x —12 12
cosf=—=——=——
cosé’:—§=£=_—3,x:—3,r:5. Furthermore, ; 153 153
5 r 5 tan6’=—=3——ﬁ
S S ) Y13
2 2 2 cscf=—=—
52 =(=312+y 5
y
y2:2f/_—9:16 g3 _ 13
y=—16=—4 x -120 12
Now that we know x, y, and », we can find the cotd = r_ __12 — _E
remaining trigonometric functions of 8. y 5 5
. -4 4
sing=2 = 5 = 3 26. In quadrant IV, x is positive and y is negative. Thus,
r
tang;Z:__“:i cos@=i=£,x=4,r=5.
x —53 3 5 S5or
cscf="L= ) = 3 Furthermore, x° + y2 =72
y 42 =5
r 5 5 )
secHz;z_—3=—§ y©=25-16=9
x 3 3 y==y9=-3
cot = ; T4 4 Now that we know x, y, and , we can find the
remaining trigonometric functions of 8.
In quadrant III, x is negative and y is negative. Thus, sing=2 = =_3
. 12 -12
sinfg=-—-=2 =2 =12, r=13. L3
13 r 13 tanf===—=—=
Furthermore, x g—‘ g
x2+y2=r2 CSCH:;:—_3:_§
X +(-12)* =132 wcgol S
X2 =169—144=25 Y 4
x=—/25=-5 cot¢9=£=i=—i
Now that we know Xx, y, and r, we can find the y -3 3
remaining trigonometric functions of 4. o
x -5 5 27. Because 270° < 8<360° 6 is in quadrant IV. In
cos = T3 quadrant IV x is positive and y is negative. Thus,
tan6’=z=_—12=2 cosﬁ=i=£,x=8,
x =5 5 17 r
csco9=£=£=—E r=17. Furthermore
y -12 12 2, 2_ 2
r 1313 oy,
secH=;—_—5——? 8 +y =17
goX_ 5 _5 v =289-64 =225
YT TR y=-225=-15
. . . . Now that we know x, y, and r, we can find the
In quadrant II x is negative and y is positive. Thus, g, . ; .
s remaining trigonometric functions of 6.
sinf=-=2 y =5, r=13. Furthermore, oy —15 15
13 r s1n9=—=7=—ﬁ
PRI y_-ls_ 15
T tanf===——=——
x“+5°=13 X 187 187
x? =169-25=144 csc@=L=—" "1
x=—/144 =-12 f 1—715 15
Now that we know x, y, and r, we can find the secd=—=—
remaining trigonometric functions of 6. x 8
x 8 8
cotf=—=——=——
y 15 15
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28.

29.

30.

32

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

cosﬁ=%=£, x =1, » =3 . Furthermore,
r

2yt =i
242 =32
32 =9-1=8

y=—y8=-22
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 6.

—2J_ 22

sin@ = =
r \/, 3
tan@zzzﬂ:—zﬁ
x
ro3 3 42 32
cscfl=—=——=—F —=—"—
v 2 2R 4
secH—£=% 3
X
cotd = o ! \F —£
y —N‘ 222 4

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,
y

tanef—g:— 2 , x=-3, y =2. Furthermore,
3 x =3

r=\/x2+y2 =\/(—3) +22 =J9+4=413

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

ng=? - 2 2 13 _2V13
roJ13 13 V3 13
roN13O V13 V1313
r 13
cscl=—=——
y 2
r N3 13
secf=—=—r=—"
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,

tan9=—l=X=L, y =1, x=-3. Furthermore,
3 x 3
Fey 42 = (32 +12 =91 =10

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

31.

32.

sin@ = 2 L _ 1 \/ﬁ—m

ro 10 V1o Vo 10
cosgoto 3 _ 3 N0 310

N TN TN TR
cscH—L—sz

Yy

r 1o Ao
secld=—=——=———

X —33 3
cotf=2="2=_3

y 1

Because the tangent is positive and the cosine is

negative, @ lies in quadrant III. In quadrant II1, x is

. . . 4
negative and y is negative. Thus, tan 8 = §=Z =—
X

x =-3,y=—4. Furthermore,

r=yxP 42 =(=3) + ()
=\25=5

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

remaining trigonometric functions of 4.

_4_ 4

5 5
33

5 5

=49+16

a.
=]
)
Il

cosf =

cscl =

secld =

3 3
-3 3

4 4

cotld =

< |><>< |\«<|\ ~ |><\|\<
|
n
o

Because the tangent is positive and the cosine is

negative, @ lies in quadrant III. In quadrant II1, x is

negative and y is negative. Thus,

tan9=i=l=_—5, x=-12, y=-5. Furthermore,
12 x =12
r=yx 42 =y(-12) +(=5)% =144+ 25

=+/169 =13
Now that we know x, y, and r, we can find the
remaining trigonometric functions of 4.

. —5 5
s1n¢9=Z -
r 13 13
x —12 12
cosf=—=—=——
r 1133 1%3
r
cscf=—=—=——
y =5 5
r 13 13
secfd=—= =——
x -12 12
x -12 12
cotfd=—=——=
y =5 5
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33.

34.

35.

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=£=il, x =-1, » =3 . Furthermore,
x -
x2+y2=r2
(=1)? +y7 =37
y?=9-1=8

y=—l8=-22

Now that we know x, y, and r, we can find the
remaining trigonometric functions of 8.

Singzlzﬂ:_ﬁ
r 13 | 3
cosf=2=""=_=
r 3
tan9—1=¥=2\5
X _
esco=l o3 ___ 3 N2 31
y 22 2J_J_ 4
Ty 22 2ff 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 », we can find the
remaining trigonometric functions of 6.

-1_ 1

&.
=}
N
Il

4 4
s Vis

4

cosf =

SRR
I

|
—_
—
W

P—AS‘
D

tan @ =

|
A&I

=

(9,

S‘»—a
A WD

415

‘<:|>< ><|\: ><|\<
|
=
N
=

secld =

—_
(V)]

cotld =

I‘Ié‘
2

|
—_

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.

Section 1.3 Trigonometric Functions of Any Angle

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
0 =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 I'V. The reference angle is
6’ =360°-355°=5°.

Because 351° lies between 270° and 360°, it is in
quadrant IV. 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

o = 77[ 87[ 77[ z '
4 4 4 4

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

is in quadrant III. The reference angle is

ST g T _4m_x

4 4 4 4
Because %[ lies between %: 3—” and 7 = 6?7[ ,1tis

in quadrant II. The reference angle is
, Sk _6rm Sk«
O=r—-—=—-"==—.
6 6 6 6

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

4z . . . .
T= 1—; , it is in quadrant II. The reference angle is

, Sw Ix Sm 2rx
9 ==,
7 7 7 7
—150°+360°=210°
Because the angle is in quadrant III, the reference
angle is 8 =210°-180°=30°.

—250°+360°=110°
Because the angle is in quadrant II, the reference
angle is 8’ =180°-110°=70°.
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47. -335°+360°=25° 1z _ 1z lérxr Sz
Because the angle is in quadrant I, the reference 5T. ———+4r= 4 +T T4
angle is 6"=25°. Because the angle is in quadrant III, the reference
48. —359°+360°=1° angleis 6’ =F 7"
Because the angle is in quadrant I, the reference 4 4
angleis 6" =1°. 17 e 24z 7
3 58. ——”+47r=—Tﬂ+—6ﬂ=?ﬂ
. V3 .
49. Because 4.7 lies between 7~ 3.14 and P 471, 1t Because the angle is in quadrant III, the reference
is in quadrant III. The reference angle is anele is @ = Ir . 3
¢ =47-1~156. s 6 6
50. Because 5.5 lies between 37” =~4.71 and 27 = 6.28, 59, _ 257 677 = — 25z 36z 11z
o . 6 6 6 6
it l,s in quadrant IV. The reference angle is Because the angle is in quadrant IV, the reference
0'=27r-55=0.78.
1z r«
angleis @' =27r———="—.
51. 565°-360° =205° 6 6
Because the angle is in quadrant III, the reference
angle is @ =205°—180° = 25° 60. 3% ¢y 13w 187 57
3 3 3 3
52. 553°-360°=193 Because the angle is in quadrant IV, the reference
Because the angle is in quadrant III, the reference 5T 7
angle is 8’ =193°-180°=13°. angle is 6’ = Zﬂ—T=§-
53. Yz _ 2z = Uiz _127 _37 61. 225° lies in quadrant III. The reference angle is
6 6 6 6 6’ =225°—180° = 45°.
Because the angle is in quadrant II, the reference
2
St w cos45°=—
angle is 6’ = ﬂ—?—g. 2
Because the cosine is negative in quadrant III,
54. Nz _ :11—”—8—”=3—” 005225°——cos45°——£.
4 4 4 4 2
Because the angle is in quadrant II, the reference
It x 62. 300° lies in quadrant V. The reference angle is
angleis ' =7r—-—="=—. 0’ =360°-300°=60°.
4 4 N
sin 60° = —
55 2371'_4 _ 23z 16z _ Tz
Ty Ty T T Because the sine is negative in quadrant IV,
Because the angle is in quadrant IV, the reference . . \/5
7 sin300° = —sin 60° = ——.
T T 2
angleis @' =27r——="-.
4 4
63. 210° lies in quadrant III. The reference angle is
56 17_7[_4 17z 127 5z 6 =210°-180°=30°.
T3 333 N
Because the angle is in quadrant IV, the reference tan30° = 3
angleis 8’ =27 _ST” = % . Because the tangent is positive in quadrant III,
tan 210°=tan30° = g .
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64.

65.

66.

67.

68.

69.

Section 1.3 Trigonometric Functions of Any Angle

240° lies in quadrant III. The reference angle is T .. . .
6’ = 240° —180° = 60° . 70. 2 lies in quadrant IV. The reference angle is
sec60° =2 T 8n Tm_ 7«

Because the secant is negative in quadrant III, O =2r——="-"==
sec240° =—sec60°—-2. g 4 4 4 4

cot—=1

420° lies in quadrant I. The reference angle is 4 . o

O = 420°—360° = 60° . Becz;use the cotangent is negative in quadrant [V,
V4 V4

tan 60° = /3 cotT=—cotZ=—l.

Because the tangent is positive in quadrant I,
tan 420°= tan 60°=+/3 . or .

71. T lies in quadrant 1. The reference angle is

405° lies in quadrant I. The reference angle is 9 or 8
0" =405°—360° = 45° . g="F _opg 2T _ % _T
tan45°=1 4 4 4 4

Because the tangent is positive in quadrant I, anZ =1
tan405° =tan45°=1. 4

Because the tangent is positive in quadrant I,
2r . . .
Tﬂ lies in quadrant II. The reference angle is ta 9_72:»[3{12 =1
4 4
, 2 37 2m &«

9:7[——:———:—' 971_

3 33 3 72. — lies on the positive y-axis. The reference angle is

sinZ _¥3 ’ 9 or 8

32 g =T g2 _SE_"
Because the sine is positive in quadrant II, 2 2 2 2 9
.2 . T 3 Because tanZ is undefined, tan—’Z is also
sin—=sin—=—. 2 2
32 undefined.
3z lies in quadrant II. The reference angle is 73. —2,40O lies in quadrant II. The reference angle is
4 6" =240°-180°=60°.
, 37 4r 37 &« [
O=n-"="2_2"=2 in60°= Y3
\7— 4 4 4 sin 60° = 7
cos% = 72 Because the sine is positive in quadrant II,
Because the cosine is negative in quadrant II, sin(—240°)=sin 60°=£ .
2
3z V3 2
COS—=—C0S— =———.
4 4 2 74. —225° lies in quadrant II. The reference angle is
6’ =225°—-180° =45°.
7?” lies in quadrant III. The reference angle is sin 45° = Q
2
o = r = Iz _6r _ 7 Because the sine is positive in quadrant II,
6 6 6 6 . . 2
7 sin(—225°) =sin45°=—.
csc—=2 2
6
Because the cosecant is negative in quadrant 11,
r V4
csc—=—csc—=-2.
6 6
Copyright © 2022 Pearson Education, Inc. 35

Solutions Manual for Trigonometry 3rd Blitzer


https://textbooktestbanks.com/products/9780136921738-solutions

Chapter 1 Angles and the Trigonometric Functions

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

36

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

g=".
4

tanzzl
4

Because the tangent is negative in quadrant IV,

V4 V4
tan| —— |[=—tan—=-1
ST

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

z_\3
n—=—
6

Bzz. ta
6 3

Because the tangent is negative in quadrant IV,

3

tan(_%j:_ﬁ

sec495° =secl135°= —\/E

23

sec510° =secl150°=— 3

197 r
cot—— = cot—=+/3
6 6

137 V1 3
cot——=cot—=—
3 3

237 T 2

COS——=COS—=——
4

4 2
357 1z 3
COS—— =C0S—— =—
6 6 2

l77zj 7 B

tan| -——— |=tan—=——

6 6 3

. 177 . 3
sm| ——— |=SiIn—=—-
3 3 2
. 357 7 1
S| —— |=SIN—=—
[ 6 j 6 2

87.

88.

89.

90.

91.

. . 3z
SIN—COSZZT —COS—SIn—
3 2

4 /4
sin—cos 0 —sin—cos T
4 6

(23

V21
Bl

2

. 1l S 11z . 5«
s1nTcos—+cos—s1n?

(D

_N6 N2
4
Sin ——Cos il +cos—sm5_”
3 3 4
{56
_V6 N2
4
sm—tan(—lST”j —CosS (_S_HJ
~(=00)-(3)
—-L
2
T2 2
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