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Chapter 1

TRIGONOMETRIC FUNCTIONS

Section 1.1
1.

10.

11.

12.

13.

14.

72

Angles

One degree, written 1°, represents 5 of a

complete rotation.

. If the measure of an angle is x°, its

complement can be expressed as 90° — x°.

If the measure of an angle is x°, its supplement

(o)

can be expressed as 180° — x°.

The measure of an angle that is its own
complement is 45°.

The measure of an angle that is its own
supplement is 90°.

One minute, written 1’ is % of a degree.

One second, written 1”, is % of a minute.

12°30" written in decimal degrees is 12.5°.
55.25° written in degrees and minutes is
55°15".

If n represents any integer, then an expression
representing all angles coterminal with 45° is
45°+n-360°.

30°
(a) 90°—30°=60°
(b) 180°—30°=150°

60°
(a) 90°-60°=30°

(b) 180°—60°=120°

45°
(a) 90°-—45°=45°

(b) 180°—45°=135°

90°
(a) 90°-90°=0°

(b) 180°—90° = 90°

15.

16.

17.

18.

19.

20.

21.

22.

540
(a) 90°—54°=36°

(b) 180°—54°=126°

10°
(a) 90°—10°=80°

(b) 180°—10°=170°

10

(a) 90°—1°=89°
(b) 180°—1°=179°
89°

(a) 90°—89°=1°
(b) 180°-89°=91°

14°20/

(a) 90°—14°20" = 89°60" — 14°20" = 75°40’

(b) 180°—14°20" =179°60" —14°20’
=165°40"

39°50’
(a) 90°-39°50" =89°60"—39°50" = 50°10"
(b) 180°-39°50" =179°60" —39°50"

=140°10'
20°10'30”
(a) 90°—20°10'30" =89°59'60" - 20°10'30”
= 69°49'30”

(b) 180°—20°10"30"
=179°59’60” — 20°1030”
= 159°49'30”
50°40°50”
(a) 90°—50°40"50” = 89°59/60” — 50°4050”
=39°19'10”
(b) 180°—50°4050"
=179°59'60” — 50°40’50”
=129°19'10”
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23. The two angles form a straight angle.

Tx+11x=180=18x=180= x =10
The measures of the two angles are

)°=[7(10)]°=70° and

(11x)° =[11(10) |°=110°.

24. The two angles form a straight angle.
(20x+10)+(3x+9) =180
23x+19=180
23x=16l=x=7
The measures of the two angles are

(20x+10)° =[20(7)+10]°=150° and
=[3(7)+9]°=30°.

The two angles form a right angle.
4x+2x=90=6x=90= x =15
The two angles have measures of

=[4(15)]°=60° and
(2x)°=[2(15)]° =30°.
The two angles form a right angle.
(5x+5)+(3x+5)=90=8x+10=90 =

8x=80=x=10
The measures of the two angles are

(5x+5)°=[5(10)+5]°=(50+5)°
(3x+5)°=[3(10)+5]°=(30+5)°=

31.

3x+9

25.

26.

=55° and
35°.

27. The two angles form a straight angle.
(—4x)+(-14x) =180 = -18x =180 =
x=-10

The measures of the two angles are

(—4x)°=[-4(~10)]°=40° and
(-14x)° =[-14(-10) ]° = 140°.

34.

28. The two angles form a straight angle.
9x+9x =180
18x =180
x=10
The measure of each of the angles is
9-10°=90°.

29. The sum of the measures of two
supplementary angles is 180°.
(10x+7)+(7x+3) =180
17x+10=180
17x=170=x=10

The measures of the two angles are
(10x+7)°=[10(10)+7]°= (100 +7)°=107°

and (7x+3)°=[7(10)+3]°=(70+3)° =73,

30.

32.

33.

Section 1.1 Angles 73

The sum of the measures of two

supplementary angles is 180°.

(6x—4)+(8x—12)=180 = 14x-16 =180 =
14x=196 = x =14

The measures of the two angles are

(6x-4)° [6 (14)- 4] (84-4)°
and (8x—12)°=[8(14)-12]°
=(112-12)°=100°.

=80°

The sum of the measures of two
complementary angles is 90°.
(9x+6)+3x=90=12x+6=90 =
2x=84=x=7
The measures of the two angles are
(9x+6)°=[9(7)+6]°=(63+6)°

)°=[3(7)]°=21".

The sum of the measures of two

complementary angles is 90°.

(3x=5)+(6x—40)=90 = 9x-45=90 =
Ix=135=x=15

The measures of the two angles are

(3x=5)°=[3(15)-5]°=(45-5)°
(6x—40)°=[6(15)-40]°

=69° and

=40° and

=(90-40)° = 50°.

25minutes  x
360°

2(5) (360)=25(6) =150°

60 minutes

The minute hand is % the way around, so the

hour hand is % of the way between the 1 and

2. Thus, the hour hand is located 8.75 minutes
past 12. The minute hand is 15 minutes before
the 12. The smaller angle formed by the hands
of the clock can be found by solving the

(15 + 8.75)minutes X

roportion = .
Prop 60 minutes 360°
(15+8.75)minutes  x 2375 _ x
60minutes  360° 60 360
_ 2375 . s
=== (360) =23.75(6) =142.5° =142°30
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3s.

36.

37.

38.

Chapter 1 Trigonometric Functions

At 15 minutes after the hour, the minute hand
is % the way around, so the hour hand is % of

the way between the 3 and 4. Thus, the hour
hand is located 16.25 minutes past 12. The
minute hand is 15 minutes after the 12. The
smaller angle formed by the hands of the clock
can be found by solving the proportion

(16.25-15)minutes  x

60minutes  360°
(16.25—15)minutes  x 125 x

60 minutes 360° 60 360
x=12 (360) =1.25(6)=7.5°=7°30

At 45 minutes after the hour, the minute hand
is % the way around, so the hour hand is % of

the way between the 9 and 10. Thus, the hour
hand is located 48.75 minutes past 12. The
minute hand is 45 minutes after the 12. The
smaller angle formed by the hands of the clock
can be found by solving the proportion

(48.75 - 45) minutes X

60minutes  360°
(48.75—45)minutes  x 375 _ x|
60minutes  360° 60 360
_373 —=(360) =3.75(6) = 22.5° = 22°30’

At 20 minutes after the hour, the minute hand
is 1+ the way around, so the hour hand is + of
the way between the 8 and 9. Thus, the hour
hand is located 41% minutes past 12. The

minute hand is 20 minutes after the 12. The
smaller angle formed by the hands of the clock
can be found by solving the proportion

(41% - 20) minutes  y
60 minutes 360°
(412-20)minutes 212
= = = 1
60 minutes 360° 60 360

— 21% _ 2 _ o
x—5(360)—(215)(6)—130

At 6:10, the minute hand is % the way around,
so the hour hand is % of the way between the

6 and 7. Thus, the hour hand is located 30%

minutes past 12.

39.

41.
42,
43.

44.

45.
46.
47.
48.

49.

50.

51.

52.

53.

54.

5S.

56.

The smaller angle formed by the hands of the
clock can be found by solving the proportion

(302 -10)minutes
60minutes  360°

(302-10)minutes 203

= =
60 minutes 360° 60 360
5

202
x= 6—06(360) =202(6)=125°

62° 18 40. 75°1%
+21° 41 +83° 32
83° 59’ 158° 47
97°42" +81°37" = 178°79” = 179°19’

110°25" +32°55" =142°80" = 143°20’

47°29' - 71°18" = —(71°18' — 47°29")
—(70° 78" - 47°29)

=-23°49’

47°23' —73° 48’ = —(73° 48’ — 47° 23’)

73° 48’ - 47° 23" =26° 25, so

47°23' - 73°48 = —(73° 48’ - 47°23’)
=-26°25

90°—51°28" =89° 60’ — 51° 28 = 38°32’

90°—17°13" =89° 60" —17° 13’ = 72° 47’

180°—119°26" =179° 60" —119° 26" = 60° 34’

180°—124° 51" =179° 60’ —124° 51’ = 55°09’

90°—72°58" 11”7 =89° 59’ 60” — 72° 58" 11”
=17°01" 49”

90°—36°18"47” =89°59’ 60" —36°18" 47"
=53°41"13"

26°20” +18°17” —14°10’ = 44°37" —14°10’

=30°27"
559307 +12°44’ —8°15 = 67°74’ —8°15’
=59°59’
35°30" =35°+22°=35°+0.5°=35.5°

82°30" =82°+20°=82°40.5°=82.5°

112°15" =112°+ 150—112"+025°—112 25°

133°45" =133° + 45 °=133°+0.75°=133.75°
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57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

~60°12" == (60°+12°) = —(60°+0.2°)
=—60.2°
—~70°48" = - (70°+ £°)

=—(70°+ 0.8°) =-70.8°

o ” o 540 36 o
20°54'36” = 20° + o4 36

—20°+0 900°+0 01°=20.91°

o Q7 — o, 420 18 o
38°4218” = 38°+ 420 4 I8

= 38°+0 7° +0.005° = 38.705°

o ’ ” _ o4 350 54 o
91°35754” =91 + 3500

= 91°+O 5833°+0.0150°
= 91.598°

o ’ ” _ o 510 35 o
34° 51 35" =34°4 SLo g 35

=34°+ 0.8500° +0.0097°
= 34.860°

274°18'59” = 274° + 450 + 2-°
= 274+ 0.3000° + 0.0164°
~274.316°

o ’ ” _ o 510
165° 517097 =165 +e0 +W

=165°+ O 8500° +0.0025°
=165.853°

39.25° =39°+0.25° = 39°+0.25(60")
=39°+15"+0” = 39°15°00"

46.75° = 46° +0.75° = 46° + 0.75(60")
=46°+45 +0” = 46°45'00”
126.76° =126° +0.76° = 126° +0.76 (60")
=126°+45.6" =126°+45"+0.6’
=126°+45"+0.6(60")
=126°+45"+36” =126°45'36"
174.255° =174°+0.255° = 174° + 0.255(60")
=174°+153' =174°+15"+ 0.3’
=174°+15"+0.3(60")
=174°+15"+18” =174°15'18”
-18.515°=—(18°+0.515°)
=—(18°+0.515(60"))
=—(18°+30.9’ ) —(18°+30"+0.9")
= —(18°+30"+0.9(60"))
==(

18°+30 +54”) = —18°30"54”

70.

71.

72.

73.

74.

75.

76.

77.
78.

80.

81.

Section 1.1 Angles 75

—25.485° = —(25°+0.485°)

=
=—(25°+0.485(60"))
=—(25°+29.1")=—(25°+29"+0.1")
= —(25°+29"+0.1(60"))

= —(25°+29"+6”) = -25°29'06"

31.4296° =31°+0.4296° = 31° +0.4296 (60”)
=31°+25.776' =31°+ 25" +0.776'
=31°+25"40.776(60")
=31°25"46.56" = 31°25" 47"

59.0854° = 59°+0.0854° = 59° + 0.0854(60")
=59°+5.124" =59°+5" +0.124'
=59°+5"+0.124(60”)
=59°05"7.44” = 59°05"07"

89.9004° = 89° + 0.9004° = 89° + 0.9004(60)
=89°+54.024” = 89° + 54" +0.024"
=89°+54"+0.024(60”)
=89°5471.44” =~ 89°54’01”

102.3771°=102°+0.3771°
=102°+0.3771(60")
=102°+22.626
=102°+22+0.626’
=120°+22"+0.626(60")
=102°22"37.56” =102° 22’ 38"

178.5994° =178°+0.5994°
=178°+0.5994(60")
=178°+35.964’
=178°+35"+0.964’
=178°+35"+0.964(60”)
=178°35'57.84” ~178°35"58”

122.6853° =122°+0.6853°
=122°+0.6853(60)
=122°+41.118’
=122°+41"+0.118’
=122°+41"+0.118(60")
=122°41' 7.08” = 122° 41’ 07"

32° is coterminal with 360° +32° =392°,
86° is coterminal with 360° + 86° = 446°.

26°30" is coterminal with
360° +26°30" =386°30".

58°40’ is coterminal with
360° +58°40" = 418°40".

—40° is coterminal with 360° + (—40°) = 320°
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82.
83.

84.

8s.
86.
87.

88.

89.
90.
91.

92.

93.

94.

9s.

96.

Chapter 1 Trigonometric Functions

—98° is coterminal with 360° + (—98°) = 262°.

—125°30' is coterminal with 360° + (—125°30") =

359°60" — 125°30" = 234°30'".

—203°20’ is coterminal with 360° + (=203°20") =

359°60' —203°20' = 156°40".
361° is coterminal with 361° —360° = 1°.
541° is coterminal with 541° —360° = 181°.

—361° is coterminal with
—361° +2(360°) = 359°.

—541° is coterminal with
—541° +2(360°) = 179°.

539° is coterminal with 539° — 360° = 179°.
699° is coterminal with 699° — 360° = 339°,

850° is coterminal with
850° —2(360°) = 850° — 720° = 130°.

1000° is coterminal with
1000° —2-360° =1000° —720° = 280°.

5280° is coterminal with
5280°—14-360° = 5280° — 5040° = 240°.

8440° is coterminal with
8440° —23-360° = 8440° — 8280° =160°.

—5280° is coterminal with
—5280°+15-360° = —5280° + 5400° =120°.

—8440° is coterminal with
—8440° + 24 -360° = —8440° + 8640° = 200°.

In exercises 97—-100, answers may vary.

97.

98.

99.

90° is coterminal with
90° +360° = 450°

90° +2(360°) =810°
90° —360° = —270°

90°-2(360°) = —630°

180° is coterminal with
180° +360° = 540°

180°+2(360°) = 900°
180°—360° = —180°

180° —2(360°) = —540°

0° is coterminal with
0°+360° = 360°

0°+2(360°) = 720°
0°-360° = -360°

0°-2(360°) = —720°

100.

101.

102.

103.

104.

10s.

106.

107.

108.

109.

110.

270° is coterminal with
270°+360° = 630°

270°+2(360°) = 990°
270°-360° = —90°

270°-2(360°) = —450°

30°

A coterminal angle can be obtained by adding
an integer multiple of 360°.

30°+n-360°

45°

A coterminal angle can be obtained by adding
an integer multiple of 360°.

45°+n-360°

135°
A coterminal angle can be obtained by adding

an integer multiple of 360°.
135°+n-360°

225°

A coterminal angle can be obtained by adding
an integer multiple of 360°.

225°+n-360°

-90°

A coterminal angle can be obtained by adding
an integer multiple of 360°.

-90°+n-360°

—-180°

A coterminal angle can be obtained by adding
integer multiple of 360°.

—180°+n-360°

OO
A coterminal angle can be obtained by adding

integer multiple of 360°.
0°+n-360°=n-360°

360°

A coterminal angle can be obtained by adding
integer multiple of 360°.

360°+n-360°, or n-360°

The answers to Exercises 107 and 108 give the
same set of angles because 0° is coterminal
with 360°.

A. 360°+r° is coterminal with #° because
you are adding an integer multiple of
360° to r°, r°+1-360°.

B. 7°-360° is coterminal with 7° because
you are adding an integer multiple of
360° to 7°, 7°+(—1)-360°.
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C. 360°-r°is not coterminal with r°
because you are not adding an integer
multiple of 360° to r°.
360°—r°#r°+n-360° for an integer
value n.

D. r°+180° is not coterminal with »°
because you are not adding an integer

multiple of 360° to r°.
r°+180° # r°+n-360° for an integer

value n. You are adding 1(360°).
Thus, choices C and D are not coterminal
with 7°.
For Exercises 111—122, angles other than those given
are possible.

111. Yy

75°

435°; -285°;
quadrant I
75° is coterminal with 75° + 360° = 435°
and 75° — 360° = —285°. These angles are in

quadrant I.

112. Yy
A

i

\89" >

449°; -271°;
quadrant I
89° is coterminal with 89° + 360° = 449°
and 89° — 360° = -271°. These angles are in
quadrant I.
113. y
A

174°

glﬁx

534°; -186°;

quadrant II
174° is coterminal with 174° + 360° = 534°
and 174° —360° =—186°. These angles are
in quadrant II.

Section 1.1 Angles 77

114. y

234°

594°; —-126°;

quadrant III
234° is coterminal with 234° + 360° = 594°
and 234° — 360° = —126°. These angles are in
quadrant III.

115.

300°

-

660°; —60°;

quadrant IV
300° is coterminal with 300° + 360° = 660°
and 300° — 360° = —60°. These angles are in
quadrant I'V.

116.

512°

s

152°; -208°;

quadrant II
512° is coterminal with 512°—-360° =152°
and 512°—2-360° = —208°. These angles are
in quadrant II.

117. y

299°; _421°;
quadrant IV
—61° is coterminal with —61°+360° = 299°
and —61°—-360° =—-421°. These angles are in
quadrant I'V.
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118.

119.

120.

121.

Chapter 1 Trigonometric Functions

-159°

201°; -519°;

quadrant IIT
—159° is coterminal with —159°+360° = 201°
and —159°—-360° = -519°. These angles are
in quadrant II1.

y

90°

450°; -270°;

no quadrant
90° is coterminal with 90°+360° = 450° and
90° —360° = —270°. These angles are not in a
quadrant.

h
? o

i,

540°; -180°;
no quadrant

180° is coterminal with 180° +360° = 540°
and 180°—360° = —180°. These angles are
not in a quadrant.

y
A

o0

\ 4
270°; —450°;
no quadrant
—90° is coterminal with —90° +360° = 270°
and —90°—360° = -450°. These angles are
not in a quadrant.

122.

123.

124.

125.

126.

127.

128.

%\j_> X

-180°

180°; —540°;

no quadrant
—180° is coterminal with —180° +360° =180°
and —180°—360° = —540°. These angles are
not in a quadrant.

45 revolutions per min = = revolution per sec

60

= % revolution per sec

A turntable will make % revolution in 1 sec.
90
60

min = 1.5 revolutions per sec
A windmill will make 1.5 revolutions in 1 sec.

90 revolutions per min === revolutions per

600
60

= 10 rotations per sec
=5 rotations per 5 sec

=5(360°) per 1 sec
=1800° per % sec

600 rotations per min ==+ rotations per sec

A point on the edge of the tire will move
1800° in % sec.

If the propeller rotates 1000 times per minute,

1000 — 16

then it rotates 2 times per sec. Each

rotation is 3600, so the total number of degrees
a point rotates in 1 sec is

(360°) (16%) =6000°. So the propeller rotates
12,000° in 2 sec.

75° per min = 75° (60) per hr = 4500° per hr
_ 4500° :
= g rotations per hr

=12.5 rotations per hr
The pulley makes 12.5 rotations in 1 hour.

First, convert 74.25° to degrees and minutes.
Find the difference between this measurement
and 74°20'.

74.25° =74°+0.25(60") = 74°15’, so

74° 20" —74°15" =5’

Next, convert 74°20" to decimal degrees. Find
the difference between this measurement and
74.25° rounded to the nearest hundredth of a

degree.
(continued on next page)
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(continued)

129.

130.

Section 1.2

74°20" = 74°+ 2° = 74.333° , 50

74.333°—-74.250° = 0.083° = 0.08°

The difference in measurements is 5’ to the
nearest minute or 0.08° to the nearest
hundredth of a degree.

Earth rotates 360° in 24 hr. 360° is equal to
360(60") = 21,600

24 hr X

—_— ==
21,600" 1’
x= 24 hr = 24 (60 min)
21,600 21,600
1. 1
=— min = —(60 sec) =4 sec
15 15

It should take the motor 4 sec to rotate the
telescope through an angle of 1 min.

Because we have five central angles that
comprise a full circle, we have

5(20) =360°= 106 =360° = 6 =36°
The angle of each point of the five-pointed
star measures 36°.

Angle Relationships and
Similar Triangles

. The sum of the measures of the angles of any

triangle is 180°.

An isosceles right triangle has one right angle
and two equal sides.

An equilateral triangle has three equal sides.

If two triangles are similar, then their
corresponding sides are proportional and their
corresponding angles have equal measure.

In the figure, there are two parallel lines and a
transversal, so the measures of angles 1, 2, 5
and 6 are all the same. Also, the measures of
the angle marked 131° and angles 3, 4, and 7
are the same. Angle 1 is supplementary to the
angle marked 131°, so the measure of angle 1

is 49°, as are the measures of angles 2, 5, and
6.

m/1=180°-120° = 60°

m/2 =120°

mZ3 =mLl =60°

mZ4=m”L3=60°

mZ5=180°-55°—-m/4
=180°-55°-60° = 65°

ms6=/4=60°

Section 1.2 Angle Relationships and Similar Triangles

10.

11.

12.

13.

14.

15.

79

mZL71 =m”5=65°
mZ8 =55% msL9 =55°
mZ10=msL9 =55°

Corresponding angles are A and P, B and O, C
and R. Corresponding sides are AC and PR,
BC and QR, 4B and PQ.

Corresponding angles are 4 and P, C and R, B
and Q. Corresponding sides are AC and PR,
CB and RQ, AB and PQ.

Corresponding angles are 4 and C, E and D,
ABE and CBD. Corresponding sides are EB
and DB, AB and CB, AE and CD

Corresponding angles are H and F, K and E,
HGK and FGE. Corresponding sides are HK
and FE, GK and GE, HG and FG.

The two indicated angles are vertical angles,
so their measures are equal.
5x-129=2x-21=3x=108= x =36
5(36)—129 =51 and 2(36)—21=>51, so both
angles measure 51°.

The two indicated angles are vertical angles,
so their measures are equal.
1Ix-37=7x+27=4x=64=x=16
11(16)—37 =139 and 7(16)+27 =139, so
both angles measure 139°.

The three angles are the interior angles of a
triangle, so the sum of their measures is 180°.
x+(x+20)+(210-3x)=180=
230-x=180=x=50

50 +20 =70 and 210 — 3(50) = 60, so the
three angles measure 50°, 60°, and 70°.

The three angles are the interior angles of a
triangle, so the sum of their measures is 180°.
(x+15)+(x+5)+(10x—-20) =180 =
12x=180=x=15
15+15=30,15+5=20, and

10(15) — 20 = 130, so the three angles measure
20°, 30°, and 130°.

The three angles are the interior angles of a
triangle, so the sum of their measures is 180°.

(2x—120)+ (3 x+15)+(x~30) =180

Ix-135=180
Ix=315
x=90

2(90)-120 = 60,%(90)+15 = 60, and

90 — 30 = 60, so the three angles each measure
60°.
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16.

17.

18.

19.

20.

21.

Chapter 1 Trigonometric Functions

The three angles are the interior angles of a
triangle, so the sum of their measures is 180°.

(2x +16)+(5x - 50) + (3x — 6) = 180

10x—-40=180
10x =220
x=22

2(22)+16 =60,5(22)- 50 = 60, and

3(22) — 6 =60, so the three angles each
measure 60°.

In a triangle, the measure of an exterior angle

equals the sum of the measures of the non-
adjacent interior angles. Thus,
(6x+3)+(4x—3)= 9x+12

10x=9x+12

x=12

6(12)+3=75,4(12)-3=45, and
9(12)+12 =120, so the three angles measure
45°,75°, and 120°.
In a triangle, the measure of an exterior angle

equals the sum of the measures of the non-
adjacent interior angles. Thus,

(—8x+3)+(-5x)=7-12x
—13x+3=7-12x
—4=x
—8(-4)+3=35,-5(-4) =20, and
7-12(-4) =55, so the three angles measure
20°, 35°, and 55°.
The two angles are alternate interior angles,

so their measures are equal.
2x=5=x+22=x=27

2(27)-5=49 and 27 +22 =49, so both
angles measure 49°.
The two angles are alternate exterior angles,

so their measures are equal.
2x+6l=6x-51=112=4x=28=x

2(28)+61=117 and 6(28)—-51=117, so
both angles measure 117°.
The two angles are interior angles on the same

side of the transversal, so the sum of their
measures is 180°.

(x+1)+(4x-56) =180 = 5x - 55=180 =
S5x=235=x=47
47+1=48 and 4(47)—56 =132, so the angles

measure 48° and 132°.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

The two angles are alternate exterior angles, so
their measures are equal.
15x-54=10x+11=5x=65=>x=13
15(13)- 54 =141and 10(13)+11=141, so
both angles measure 141°.

Let x = the measure of the third angle. Then
37+52+x=180= x =91
The third angle of the triangle measures 91°.

Let x = the measure of the third angle. Then
29+104+x=180=x=47

The third angle of the triangle measures 47°.

Let x = the measure of the third angle. Then
147°12" +30°19 + x =180°

177°31" + x =180°

177°31" + x =179°60" = x = 2°29’
The third angle of the triangle measures
2°29.

Let x = the measure of the third angle. Then
136°50" +41°38 + x =180°
177°88" + x =180°
178°28" + x =179°60" = x =1°32’
The third angle of the triangle measures
1°327.

Let x = the measure of the third angle. Then
74.2°+80.4°+ x =180° = x = 25.4°
The third angle of the triangle measures 25.4°.

Let x = the measure of the third angle. Then
29.6°+49.7° + x =180° = x =100.7°

The third angle of the triangle measures
100.7°.

Let x = the measure of the third angle. Then
51°20°14” +106°10"12” + x = 180°
157°3026” + x = 180°
157°30726” + x =179°5960"
x=22°29"34"
The third angle of the triangle
measures 22°29'34”

Let x = the measure of the third angle. Then
17°41"13” +96°12°10” + x =180°
113°53723” + x =180°
113°53723” + x =179°59°60”
x =66°06"37"
The third angle of the triangle measures
66°06"37" .

No, a triangle cannot have angles of measures
85° and 100°. The sum of the measures of
these two angles is 85° + 100°=185°, which
exceeds 180°.
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32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

No, a triangle cannot have two obtuse angles.
An obtuse angle measures between 90° and
180°, so the sum of two obtuse angles would
be between 180° and 360°, which exceeds
180°.

The triangle has a right angle, but each side
has a different measure. The triangle is a right
triangle and a scalene triangle.

The triangle has one obtuse angle and three
unequal sides, so it is obtuse and scalene.

The triangle has three acute angles and three
equal sides, so it is acute and equilateral.

The triangle has two equal sides and all angles
are acute, so it is acute and isosceles.

The triangle has a right angle and three
unequal sides, so it is right and scalene.

The triangle has one obtuse angle and two
equal sides, so it is obtuse and isosceles.

The triangle has a right angle and two equal
sides, so it is right and isosceles.

The triangle has a right angle with three
unequal sides, so it is right and scalene.

The triangle has one obtuse angle and three
unequal sides, so it is obtuse and scalene.

This triangle has three equal sides and all
angles are acute, so it is acute and equilateral.

The triangle has three acute angles and two
equal sides, so it is acute and isosceles.

This triangle has a right angle with three
unequal sides, so it is right and scalene.

Angles 1, 2, and 3 form a straight angle on line

m and, therefore, sum to 180°. It follows that
the sum of the measures of the angles of
triangle POR is 180°, because the angles
marked 1 are alternate interior angles whose
measures are equal, as are the angles marked
2.

Connect the right end of the semicircle to the

point where the arc crosses the semicircle. The

setting of the compass has never changed, so
the triangle is equilateral. Therefore, each of
its angles measures 60°.

Section 1.2 Angle Relationships and Similar Triangles

47.

48.

49.

50.

51.
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Angle O corresponds to angle 4, so the
measure of angle Q is 42°. Angles 4, B, and C
are interior angles of a triangle, so the sum of
their measures is 180°.
mZLA+mLB+mZC =180°

42°+mZB+90° =180°

132°+m4£B =180°
m4B = 48°

Angle R corresponds to angle B, so the
measure of angle R is 48°.

Angle M corresponds to angle B, so the
measure of angle M is 46°. Angle P
corresponds to angle C, so the measure of
angle P is 78°. Angles 4, B, and C are interior
angles of a triangle, so the sum of their
measures is 180°.
mZA+msLB+mZC =180°

mZA+46°+78° =180°

mZA+124° =180° = m~LA = 56°

Angle N corresponds to angle 4, so the
measure of angle N is 56°.

Angle B corresponds to angle K, so the
measure of angle B is 106°. Angles 4, B, and
C are interior angles of a triangle, so the sum
of their measures is 180°.
mLA+msLB+mZC =180°
mZA+106°+30° =180°
mZA+136°=180°
mZA = 44°
Angle M corresponds to angle 4, so the
measure of angle M is 44°.

Angle Y corresponds to angle ¥, so the
measure of angle Y is 28°. Angle T'
corresponds to angle X, so the measure of
angle 7'is 74°. Angles X, Y, and Z are interior
angles of a triangle, so the sum of their
measures is 180°.
mLX + mZLY + mZZ =180°

74°+28°+ mLZ =180°

102°+mZ£Z =180°
msLZ =78°

Angle W corresponds to angle Z, so the
measure of angle W is 78°.

Angles X, Y, and Z are interior angles of a
triangle, so the sum of their measures is 180°.
msZX +mZY + m£LZ =180°

mZX +90°+38°=180°

mZ/X +128°=180°
m/X =52°

Angle M corresponds to angle X, so the
measure of angle M is 52°.
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52. Angle T corresponds to angle P, so the

measure of angle 7 is 20°. Angle V'
corresponds to angle O, so the measure of
angle V'is 64°. Angles P, O, and R are interior
angles of a triangle, so the sum of their
measures is 180°.
mZP+mZQ+mZR =180°

20°+64°+mZR =180°

84°+ m/R =180° = m~LR = 96°

Because angle U corresponds to angle R, the
measure of angle U is 96°.

In Exercises 53—58, corresponding sides of similar
triangles are proportional. Other proportions are
possible in solving these exercises.

53.

54.

55. —=

56.

57.

58.

59.

f—(s)=%:>8(25)=10a:>200=10a:>20=a
2:2:6(25):1Ob=>150:10b=>15:b
10 6

2D 950=75(10) = a =30

10 25
i:E:25b=75(20):b=60

20 25

6—ﬁ:>a=6

12 12

6 _b _1_b_ ., 15 __1

12 15 "2 15 2

a 3 a
—=—=—=—>=3a=6=>a=2

6 9 6

4

g:—:6x—36:x—6
ﬁ=2:>14m=252:>m=18

21 14

Let x = the height of the tree.

The triangle formed by the tree and its shadow
is similar to the triangle formed by the stick
and its shadow.

A2m [

3m 45 m
not drawn to scale

£=£=>£=E=>x=30
2 3 2 1

The tree is 30 m high.

Aot O

60. Let x = the height of the tower.

The triangle formed by the lookout tower and
its shadow is similar to the triangle formed by
the truck and its shadow.

I5m 180 ft
not drawn to scale

X X 3 sy o540 x=108
180 15 180 5

The tower is 108 ft tall.

. Let x = the middle side of the actual triangle

(in meters); y = the longest side of the actual
triangle (in meters).

The triangles in the photograph and the piece
of land are similar. The shortest side on the
land corresponds to the shortest side on the
photograph.

400m _ x ﬂ:?:}x:SOO and

4em Scm 1
40m __y :@:Z:}y:mo
4cm  7cm 1 7

The other two sides are 500 m and 700 m
long.

. Let x = the height of the lighthouse.

B 3se=175(28)
175 35
35x=49=x=14

The lighthouse is 14 m tall.

. Let x = the height of the building.

The triangle formed by the house and its
shadow is similar to the triangle formed by the
building and its shadow.

—dste

40 ft

300 ft

B X 40x=4500= x=112.5
40 300
The building is 112.5 ft tall.
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64.

65.

66.

67.

68.

69.

Let x = length of the entire body carved into
the mountain.
3 1

4 _ 3 _ 3 . _enf19 3.
5—7@2)&'—60(?):?)(—380:}

_ 1520 _ 2
X—T— 506?

Abraham Lincoln’s body would be 506% ft
tall.

x 1004120  x 220 x 11

5—="—= =
50 100 50 5

50 100

5x=550=x=110

y__ 40 _y_40 vy _1_
60 160+40 60 200 60 5
5y=60=y=12

c 10490 ¢ 100 ¢ 10
—_— - e, — =— = —— = —
100 90 100 90 100 9

9c=1000:c=$z111.1

n =H=>ﬂ=%=>75m=6400=>

80 75 80
m=2000 250 g5
753

(a) Let D, = the distance from the Earth to
the sun; d, = the diameter of the sun,
D,, = the distance from the Earth to the
moon; and d,, = the diameter of the
moon.

Sun
D, d,
Dﬂ‘t _d_m
94,500,000 _ 865,000
D 2159

m

865,000D,, = 94,500,000-2159
_ 94,500,000 2159
" 865,000
= 236,000 mi

(b) No, a total solar eclipse cannot occur
every time. The moon must be less than
236,000 miles away from Earth for an
eclipse to occur, and sometimes it is
farther than this.

Section 1.2 Angle Relationships and Similar Triangles 83

70. (a) Let D, = the distance from Neptune to
the sun; d, = the diameter of the sun,
D,, = the distance from Neptune to

Triton; and d,, = the diameter of Triton.

DS — dS
D, d,
2,800,000,000 _ 865,000
D, 1680

865,000D,, = 2,800,000,000-1680
~2,800,000,000-1680
" 865,000
= 5,438,000 mi

(b) Triton is approximately 220,000 miles

from Neptune, so it is possible for Triton
to cause a total eclipse on Neptune.
71. (a) Let D, = the distance from Mars to the
sun; d, = the diameter of the sun,
D,, = the distance from Mars to Phobos;

and d,, = the diameter of Phobos.

DS — dS
D, d,
142,000,000 _ 865,000
D 174

m

865,000D,, =142,000,000-17.4
_142,000,000-17.4

" 865,000
= 2900 mi

(b) No, Phobos does not come close enough
to the surface of Mars.

72. (a) Let D, = the distance from Jupiter to the
sun; d, = the diameter of the sun,
D,, = the distance from Jupiter to

Ganymede; and d,, = the diameter of

Ganymede.
DS — dS
D, d,
484,000,000 865,000
D 3270

m

865,000D,, = 484,000,000-3270
_484,000,000-3270

" 865,000
= 1,830,000 mi

(b) Yes, Ganymede can cause a total eclipse
on Jupiter.
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73. (a) The thumb covers about 2 arc degrees or 5. The two marked angles are supplements, so

about 120 arc minutes. This is 132—10 or their sum is 180°.

) (—14x+18)+(-6x+2) =180
approximately % of the thumb would 20x+20=180
cover the moon. —20x=160= x =-8
(b) 20°+ 10° =30° The measures of the angles are

The stars are 30 arc degrees apart. _14(_8) +18=130° and _6(_8) +2=50°.
74. (a) The ratios of corresponding sides of 6. (a) 77°12/09” =77°+1204 9 o

similar triangles CAG and HAD are equal — 770 (6)020 36’0802 50

and HD = 1 : 77 2-1(-)250 i

(b) The ratios of corresponding sides of
similar triangles AGE and ADB are equal.

(¢) EF=BD =1 pace
(d) From parts (a)—(c),

(b) 22.0250° = 22°+0.0250(60")
=22°+1.5"=22°+01"+0.5(60")
=22°401"+30” =22°01"30”

7. (a) 410° is coterminal with

CG:£:E:E:EG. 4100_3600:500.
AD BD 1
] i . (b) —60° is coterminal with
(e) The height of the tree (in feet) is —60° + 360° = 300°.

(approximately) the number of paces.
(¢) 890° is coterminal with

Chapter 1 Quiz 890° — 2(360°) = 890° — 720° = 170°.
Secti 1.1-1.2
(Sections ) (d) 57°is coterminal with 57° + 360° = 417°.
1. 19°
(a) complement: 90° — 19° = 71° 8. 300 rotations per min = % =5 rotations per

sec = 5(360°) per sec = 1800° per sec
The edge of the flywheel will move 1800° in 1
2. The two angles form a straight angle. second.
(3x+5)+(5x+15) =180 = 8x+20 =180 = 9.
8x=160= x=20
The measures of the two angles are
(3x+5)°=[3(20)+5]°=65° and st

(5x+15)°=[5(20)+15]°=115°. 301

(b) supplement: 180° — 19°=161°

3. The two angles form a right angle. L]

(5x—1)+ 2x=90=7x-1=90= Uslisnft similar t;ian les, we have
Tx=91=x=13 8 e

The measures of the two angles are 45 _30 = 3 = 30 =3x=30=x=10.
(5x-1)°=[5(13)-1]=64° and

Ez X 1 x
2x=2(13)=26°.

The pole’s shadow is 10 ft.

10. (a) E:§:2:§:2x:24zx:12
4. The three angles are the interior angles of a 9 x 3 «x
triangle, so the sum of their measures is 180°. 6 Y 2 -V 30= 3y= y=10
(3x+3)+(13x+45)+(4x—8) =180 9 15 3 15
20x +40 =180 (b) The two triangles are similar, so the
20x =140 corresponding angles have the same
x=17 measure. Note that the angle with
The measures of the three angles are measure (10x + 8)° and the angle with
3(7) +3=24°13 (7) +45=136° and measure 58° are vertical angles, and thus,
are equal.

4(7)-8=120°. 10x+8=58=10x=50= x=5.
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Section 1.3  Trigonometric Functions ang=Y_—12__12
1. The Pythagorean theorem for right triangles x 5 5
states that the sum of the squares of the coth = xX_ 9 __ i
lengths of the legs is equal to the square of the y —12 12
hypotenuse. r 13
. . . secld =—=—; csc=—= =-
2. In the definitions of the sine, cosine, secant, X y -12

and cosecant functions, r is interpreted
geometrically as the distance from a given 12. Y
point (x, y) on the terminal side of an angle &
in standard position to the origin.

3. For any nonquadrantal angle @, sin& and
-12

csc@ will have the same sign.

4. If cot@ is undefined, then tan 8 = 0. 12, -5)

5. If the terminal side of an angle @ lies in x=-12,y=-5,and

quadrant II1, then the value of tan& and r=oxt = [(_5)2 +(-1 2)2

cot@ are positive, and all other trigonometric e o
function values are negative. 25+ 144 =169 =13

i i i inH—Z—_—S— S
6. If a quadrantal angle @ is coterminal with 0° S = =3T3
or 180° then the trigonometric functions cot 8 b 0
and csc@ are undefined. cosf =7=—13 =_E
y -5 5
= ’ ? = = tanf==-=—=—
7. r= (_3) +(_3) =18 =32 an =5
y_ 3 1 V2 cot9=£=—_12=£
8. sinf=2=——=———_ =_Y2 . 5
ro3x2 2 2
secH—L i _E
9 cose—ﬁ—_—?’—_L__ﬁ x -2 12
. ' 3\/5 \/5 2 csc@=1=£=_2
y =5 5
10. tan@:lz__szl .
x =3

11.

x=3,y=4and
rz\/x2+y2=\/32+42=x/E=5
=5,y=-12,and
x=5,y ,an : sinl9=l=i; cosﬁ=£=§
r=yxt+y? = (—12) +57 r i r z
=144+25 =169 =13 tan9=l=§; c(,m:i:Z
X
sinﬁ—l—_—lz——z 5 . 5
r 13 13 Secﬁzizg; CSC&:L:Z
X y
cos¢9=£=i
r 13
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14. 16.

x=-4,y=-3,and

r=yx? 3% =157 +(-8)°

_ [, 2 [ N2 2
=y 47 =4 +(3) =225+ 64 =+/289 =17
=J16+9=25=5 y -8 8
_3 3 sinf=—=—=—-—
Sil’lg=l=—=—— r 17 17
" > cos0=£=£
cos@=£=%4=—% r 178 .
; 303 tana:l:ls__ﬁ
tan6’=l=_—=— Y
X —4 4 COtH=£=£=_£
cott9=£=_—4=i y -3 8
y -3 3 sec@:ﬁ:ﬂ
secH—L—i——i x 19
x —54 . csc¢9=£=%=—%
cscﬁ=£=—=—— Yoo
y =3 3

17.
15.

x=-7,y=-24,and

x=-8,y=15,and reyxt+)? = (=7)° +(-24)’
=X’ )% =(-8) +15° =49+ 576 = /625 = 25
=J64+225 =289 =17 sing=roT24__24
. y 15 r 25 25
sinf==—=— _
ro 17 cos6=£:—7:_l
goX_8__8 ro25 25
T RNT) tangzl:__z;‘:%
[
tan&:lzls_ 15 - ;
x -8 8 cotg=2="L="
poX_8__8 y 24 24
CcCO = —=—=
y 15 15 el B__B
secH—L—ﬂ——ﬂ x _275 725
x -8 8 csch=l -2 2
ro 17 y 24 24
cscld=—=—
y 15
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18.

19.
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x=-24,y=-7,and

r=qlxt+ )7 =d(—24)2+(—7)2 r=\/x2+y2 =\/02+52 =J0+5=425=5
=/576+49 =625 =25

x=0,y=5,and

-7 7 sin6’=1=§=1

sing=2="L_-_" ro5

r 25 25 x 0

x =24 24 cosfd=—=—=0
cosf=—=——=—" - =3

r 25 25 5
tangzlzi:l tan = 2 = > undefined

x 24 24 x 0

x 24 24 Cowzﬁzgzo
cotf=—=——="— 5753

y =7 7
sec6=1=£=_§ SGCH=1=% undefined

x 24 24 X ’
CSCH:L:E:—E cscHzL:—:l

y -1 7 y 5

21.

x=0,y=2, and
r=yx? 437 =02 +2> =0+ 4 =4 =2
sin0=l=z=l
r 2 4
cost%z%zO rﬁ __4
4
_r_2 !
tanlﬁ?—x—0 undefined tan@:lzizo
0 x -4
X
cot6=;=5=0 cotd = =% undefined
y 0
secﬁzlzz undefined secg:izi:—l
x 0 x -4
csc0=i=g=1 cscé’:L:i undefined
y 2 y 0
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22.

23.

Chapter 1 Trigonometric Functions

sing=2-2-0¢

r 5
cos0=£=_—5=—1

r 5
tan6’=1=£=0

x -5

x -5
cot @ = — =— undefined

y 0
secezizi:—l

x -5
csc¢9=£=é undefined

y 0

y

sing =2 =
r
0059=£
P
tan&zl
X
c0t6?=1
Yy
sec¢9=£=
X
cscHzL
y

'[an6’=Z
X
c0t49=£
y
sec =
X
cscH=£
y
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28. "
')
0 1 *
(_‘lia_’\ji) —1
x=—\/§,y=—\/§,and
2
o - o - 55 - B (B
=Vi+3=V4=2 —2+2=+4=2
sm6’=1=£ sin0=l=£=—£
r 2 r 2 2
cosﬁ—fz_—lz—l 2
r 2 2
tan0—1=£=—\/§
x -1
cotg=X-L__ L B3__3
y B3 33 3
secﬁ—i—i=—2
x -1
ro2 2 3 23
cscl=—=—F7==—F7—F7%=——
y 3 B B3 29.
sm6’=l=—2;cosﬁ=£=—2
r 2 2
tan49=l=£=l, c0t0=1=£=1
X 2 y 2
wcg-lo 2 22 22 5
2 2 2 2
ol 2 22 202 g5
y 2 2 N2 2
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30.

Chapter 1 Trigonometric Functions

cot == 3=—\/§

y 2

ro 4 2 243
secl=—=—F—=——F==——"—

b —2\/5 JE 3
cscé’zizi:2

y 2

In Exercises 31-50, r = qlxz + y2 , which is positive.

31.

32.

33.

34.

3s.

36.

37.

. . X . .
In quadrant II, x is negative, so — is negative.
r

In quadrant 111, y is negative, so 2is
r

negative.

In quadrant IV, x is positive and y is negative,

so 2 is negative.
X

In quadrant IV, x is positive and y is negative,

X . .
so — is negative.
y
In quadrant II, y is positive, so 2 s positive.
r
. . X . .
In quadrant III, x is negative, so — is negative.
r

. . X . .
In quadrant IV, x is positive, so — is positive.
r

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

In quadrant IV, y is negative, so 2 s
r
negative.

In quadrant II, x is negative and y is positive,
X . .
SO — 1S negative.

In quadrant II, x is negative and y is positive,

so 2 is negative.
X

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

so 2 is positive.

X

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

X . iy
so — is positive.
y

. . ro. .
In quadrant III, x is negative, so — is negative.
X

. . v,
In quadrant III, y is negative, so — is
y
negative.
In quadrant I, x is positive and y is positive, so

X . ..
— 1S positive.
y

In quadrant I, x is positive and y is positive, so

Yis positive.
x

In quadrant I, y is positive, so Y s positive.
r
. o X . o
In quadrant I, x is positive, so — is positive.
r
. .. ro. o
In quadrant I, x is positive, so — is positive.
X

. o ro. ..
In quadrant I, y is positive, so — is positive.

Because x > 0, the graph of the line 2x+ y =0
is shown to the right of the y-axis. A point on
this line is (1, —2) because 2(1)+(-2)=0.

The corresponding value of r is

r=y12 +(=2)% =1+4 =+5.

(continued on next page)
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(continued) 53. Because x <0, the graph of the line
y —6x — y =0 is shown to the left of the y-axis.
A point on this graph is (—1,6) because
8 2x+y=0,x20 —6(~1)— 6 = 0. The corresponding value of r
N T is r=(=1)2 + 62 =/1+36 =37.
-2+ ¥(1,-2) y

ng=to 2.2 N5 _ V5

r 5 5 W5 5

1L _ 1 5 5
cosf=—=—==—-—==—
NERENCINC

tan@ =2 = =2 =-2

x 1

x 1 1
cotf=—=—=——

y 2 2 7

37

secf == ﬁ =5

x 1 s
csch=—= N —ﬁ °

4 _2 2 sec@ziz—\/?:—\/ﬁ; Csc@:i:—\/?

52. Because x > 0, the graph of the line T Y
3x+ Sy =0 iS ShOWIl to the rlght Of the y—aXiS. 54. Because x < 0’ the graph Of the line
A point on this graph is (5,-3) because —5x—3y =0 is shown to the left of the
3(5)+5(-3)=0. The corresponding value of y-axis. A point on this line is (=3,5) because
—5(-3)—-3(5)=0. The corresponding value
ris r=45% +(-3) =4/25+9 = /34, (=3)-30) poncing
y of ris r=4J(-3) +5% =0+ 25 =34,

Ix+5=0,x=>0

tan6’=l=_—3=—g
x 5 5
cot9=£=i=—é
y =3 3
N
secl =—=—
X 5
cscg= oM N34
y - 3
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55. Because x <0, the graph of the line
—4x+7y =0 is shown to the left of the
y-axis. A point on this line is (—7, —4) because
—4(=7)+7(—4) = 0. The corresponding value

of ris r=+/(=7)" +(-4)’ =/49+16 =/65 .
y

—-4x+7y=0,x<0

_ 465
65
7465
65
tan6?=l=_—4=i
x =7 7
cot@zizizl
y -4 4
r_J6s _ e
secld=—=—-=—-——
x =7 7
y -4 4

56. Because x = 0, the graph of the line
6x—5y =0 is shown to the right of the y-axis.
A point on this line is (5, 6) because
6(5)—5(6) = 0. The corresponding value of

is r=+52 +6° =25+36 =61 .
Yy

57. Because x =0, the graph of the line x+ y =0

is shown to the right of the y-axis. A point on
this line is (2, —2) because 2 +(-2) =0. The
corresponding value of r is

=22+ (2f =VAra =B =212
y

58. Because x =0, the graph of the line x—y =0

is shown to the right of the y-axis. A point on
this line is (2, 2) because 2—2 =0. The
corresponding value of r is

r=~22+22 =Ja+4=8=2\2.
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59. Because x <0, the graph of the line wng<d = ﬁ __f

—B3x+y =0 is shown to the left of the T -1

y-axis. A point on this line is (—1,—x/§) Cotgzﬁz_—lz—i-ﬁz—ﬁ

because —\/g(—l)—«/g=\/§—«/§=0 Y \f V33 3
,

The corresponding value of 7 is secd = S -2

r= O + (3] N3 =Va=2. gl 22 A3 2
y 3 B3

61.

Because x =0 and y > 0, the graph is the
positive portion of the y-axis. A point on this
line is (0, 1). The corresponding value of r is

r=y0) +(1)° =1=1.

y_—3
tanfd =—=——=1/3
x -1 \/— sin6’=1=%=1;cos0=£=%=0
cotH—x——_1 2! \/g— 3 ’;/ 1 '
Rk A A3 tan @ = = = —, undefined
y =3 B3B3 i
ro 2
secfd=—=_"r=-2 coto=2=2-0
y 1
osco=lo 2 2 N3 _ 23 r1
y -3 BB 3 sec@z;za,undeﬁned
60. Because x <0, the graph of the line csc¢9=i=l=1
x+ y =0 is shown to the left of the y-axis. y o1

A point on this line is (—l,«/g ) because

ﬁ(—1)+f:—ﬁ+ﬁ:0 The

corresponding value of r is

r= (—1)2+(\/§)2 =J1+3=4=2,
y

~ |
&}
[\

62.

Because y = 0 and x <0, the graph is the
negative portion of the x-axis. A point on this
line is (—1, 0). The corresponding value of r is

r=y(=1) +(0) =1 =1.

(continued on next page)
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(continued)

cotd = X _—1 , undefined
y

secf="1= 1 =-1
x -

1

cscl = r_ 0’ undefined

y

Use the figure below to help solve exercises 63—98.

y

x=0
o0,1Hey=1
x:—l r=1
y=0
r=1 1,0)
(-f:0) 0 ro1
y=0
x=0 r=1
y=-19(0,-1)
r=1
63. cos90°
cos90°=£=9=0
ro 1
64. sin90°
sin90°:l:l:1
r 1
65. tan180°
tan180°=2 =% — ¢
x -1
66. cot90°
o x 0
cot90°=—=—=0
y 1
67. secl80°
secl80°=£:L:—l
-1
68. csc270°
0sc270°= - = — =]
y -
69. sin(-270°)

The quadrantal angle 8 = -270° is coterminal
with —270°+360° =90°.

sin (~270°) =sin90 = £ = % =1
r

70.

71.

72.

73.

74.

75.

76.

77.

cos (—900)
The quadrantal angle 8 = —-90° is coterminal
with —90°+360° =270° .

cos (—90°) = cos 270° = 2o
r

0
1
cot 540°

The quadrantal angle 8 = 540° is coterminal
with 540°—-360°=180°.

cot 540° = cot 180° = > = -t undefined
y 0
tan 450°
The quadrantal angle 8 = 450° is coterminal
with 450°—360° =90°.

tan 450° = tan 90° = £ =
X

undefined

=N

csc(—450°)
The quadrantal angle 8 =—-450° is coterminal
with 720°—-450° =270°.

csc(—450°) =csc270°=

A
y -1
sec(—540°)
The quadrantal angle 8 = —540° is coterminal
with 720°—540°=180°.
sec (—5400) =secl80°=_ = 1 =-1

x -1
sin1800°
The quadrantal angle 8 =1800° is coterminal
with 1800° - 5(360°) = 1800° —1800° = 0°

sin1800° =sin0°=2 =~ = 0
r

cos1800°
The quadrantal angle 8 =1800° is coterminal
with 1800° - 5(360°) =1800° —1800° = 0°

1

coslSOO°=cosO°=£=—=l
r

csc1800°
The quadrantal angle 8 =1800° is coterminal

with 1800° - 5(360°) =1800° —1800° = 0°

csc1800° =csc0° = L % undefined
y
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78.

79.

80.

81.

82.

83.

84.

85.

cot1800°
The quadrantal angle 8 =1800° is coterminal
with 1800° —5(360°) = 1800° —1800° = 0°

cot1800° = cot0° = X % undefined
y

sec1800°
The quadrantal angle 8 =1800° is coterminal
with 1800° - 5(360°) = 1800° —1800° = 0°

sec1800° =sec0° =£=—=1
x 1

tan1800°

The quadrantal angle 8 =1800° is coterminal
with 1800° - 5(360°) = 1800° —1800° = 0°

0 f—
1

tan1800° = tan 0° = 2. = =~ =
X

cos (—900°)
The quadrantal angle 8 =—-900° is coterminal

with —900° + 3(360°) = —900° + 1080° = 180°.

cos(~900°) = cos180° = = L = |
ro1
sin (—900°)
The quadrantal angle 8 = -900° is coterminal

with —900° + 3(360°) = —900° + 1080° = 180°.

sin (~900°) = sin180°= 2 = 2 = ¢
r 1
tan (—900°)
The quadrantal angle 8 = -900° is coterminal

with —900° + 3(360°) = —900° + 1080° = 180°.

tan (~900°) = tan180° =2 = 2 = ¢

x -
Answers will vary. Sample answer: Once
sin (-900°) and cos(—900°) are found,

sin(-900°) 0

tan (-900°)= ———— = =—=
( ) cos(—900°) -1

€0s890° +3sin 270°
cos90°=£=9=0

r 1
. y -1
sin270°==—=—=-1

r 1

c0s90°+3sin270°=0+3(-1)=-3

86.

87.

88.

89.

90.

91.
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tan 0° — 6sin 90°

tan0°:Z=9=0

x 1
. y 1
sin90°==—=-=1
r 1

tan 0°— 6sin90° = 0— 6(1) = —6
3sec 180°—5tan 360°

secl80°=£=iz —1 and

[
tan360° = tan 0° = £ = 2 = 0
x 1
3sec 180°—5tan 360°=3(-1)-5(0)
=-3-0=-3
4¢s¢270°+3cos180°
esc270°= " = —_1 and
y -1
x -1
cosl80°=—=—=-1
r 1
4¢sc270°+3cos180°=4(-1)+3(-1)
=—4+(-3)=-7

tan 360° + 4sin 180° + 5 cos” 180°

tan360° = tan0° = ¥ = 2 — 0,
x 1

sin180° =

9 =0, and
1
-1

cos180° = :T: -1

SRR

tan 360° + 4sin 180° + 5 cos? 180°
=0+4(0)+5(-1) =0+0+5(1)=5

5sin® 90° + 2 cos? 270° — tan 360°

sin90° =2 =11 cos2700= % =
r 1 v

and tan 360° = tan 0° =Z=9= 0
x 1
5sin? 90° + 2 cos? 270° — tan 360°

=501)°+2(0)-0=5
sin® 180° + cos” 180°

sin180°=2 =220 and
r o1
:__1:_1

1

sin 180° + cos? 180° = 0% +(-1)° =0 +1=1

cos180° =

N =
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92. sin®360°+ cos’ 360°

sin360°=sin0°=l=9=0 and
r 1
x 1
c0s360°=cos0°=—=-=1
r 1
sin® 360° + cos?360°=0% +12 = 0+1=1

93. sec? 180° —3sin’ 360° + cos 180°

secl80°=£:L:—l,

x =
. . y 0
sin360°=sin0°==—=—=0 and

r 1

x -1
cosl80°=—=—=-1

r

sec?180° — 3sin? 360° + cos 180°
= (-1’ =3(0)* +(-1)=1-1=0

94. 2sec0°+ 4 cot> 90° + cos 360°

secO°=£=l=1,cot90°=1=9=0, and

x 1 y 1
cosS60°=cosO°=£=l=l

r 1
2sec 0° + 4 cot? 90° + cos 360°
=2(1)+4(0)° +1=2+4(0)+1
=2+0+1=3
95. —2sin* 0°+3tan? 0°

.oy 0 o . ¥y O
sin0°==—=—=0;tan0°==—=—=0

r 1 x 1
—2sin* 0°+3tan? 0° = —2(0)* +3(0)* = 0

96. —3sin*90°+4cos’ 180°

sin90° =2 =X Z 1 cosigoo = X =T
r 1 r 1

—3sin* 90°+ 4 cos® 180°
=3(1)" +4(-1) =-3-4=7

97. sin” (~90°)+ cos® (=90°)
sin (=90°) =sin (-90° +360°)

—sin2700=2 ==L _ 4
r 1
cos (—90°) = cos (—90° +360°)
—eos2700=5222¢
r 1

sin® (—900) +cos? (—90°) = (—1)2 +0% =1

98.

99.

100.

101.

102.

sin® (—180°) + cos” (—180°)
sin (~180°) = sin (~180° +360°)
=sin180°=1=%=0

r
cos (~180°) = cos (—180°+360°)
= cos180°=£=_—1=—1
ro1

sin? (~180°) + cos? (~180°) = 0% + (1)’ =1

cos[ (2n+1)-90° ]

This angle is a quadrantal angle whose
terminal side lies on either the positive part of
the y-axis or the negative part of the y-axis.
Any point on these terminal sides would have

the form (0,k), where £ is any real number,
k+#0.

cos[ (2n+1)-90°] = ; - ﬁ

)

== :O

Ji ]
sin[n-180°]
This angle is a quadrantal angle whose
terminal side lies on either the positive part of
the x-axis or the negative part of the x-axis.
Any point on these terminal sides would have
the form (k,0), where £ is any real number,

k#0.

sin[n-180°]=2 =% - 0 _ 0

rJe e Je

=0

tan[n-180°]

The angle is a quadrantal angle whose
terminal side lies on either the positive part of
the x-axis or the negative part of the x-axis.
Any point on these terminal sides would have

the form (&, 0), where £ is any real number,
k+0.

tan[n-180°]=l=%=o
X

sin[270°+ n-360°]
This angle is a quadrantal angle that is
coterminal with @ =270°. sin270°=-1, so

sin[270°+n-360°] = -1.
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103.

104.

105.

106.

107.

tan [ (2n+1)-90° ]

This angle is a quadrantal angle whose
terminal side lies on either the positive part of
the y-axis or the negative part of the y-axis.
Any point on these terminal sides would have

the form (0,k), where £ is any real number,
k#0.

tan [(Zn +1)- 90°J =Y X undefined
X

o=

cot[n-180°]

The angle is a quadrantal angle whose
terminal side lies on either the positive part of
the x-axis or the negative part of the x-axis.
Any point on these terminal sides would have

the form (k, 0), where £ is any real number,
k#0.

undefined

cot[n-180°] = £ = &
y 0

cot[ (2n+1)-90°

This angle is a quadrantal angle whose
terminal side lies on either the positive part of
the y-axis or the negative part of the y-axis.
Any point on these terminal sides would have

the form (0,k), where £ is any real number,
k#0.

cot[ (2n+1)-90°] SR
vy k
cos [n '360"]
This angle is a quadrantal angle that is
coterminal with @ =0°. cos0° =1, so

cos[n~360°] =1.

sec [(2n +1) -900]

This angle is a quadrantal angle whose
terminal side lies on either the positive part of
the y-axis or the negative part of the y-axis.
Any point on these terminal sides would have

the form (O, k), where £ is any real number,
k+0.

2.2
sec [(211 +1)- 90°J _r_NOHET undefined

X

108.

109.

110.

111.

112.
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csc [n -1 80°]
This angle is a quadrantal angle whose
terminal side lies on either the positive part of
the x-axis or the negative part of the x-axis.
Any point on these terminal sides would have
the form (k, 0), where £ is any real number,
k#0.
2,2

+

csc[n-lSO"] =L=u
y

Using a calculator, sin 15° = 0.258819045 and
cos 75°=0.258819045. We can conjecture
that the sines and cosines of complementary
angles are equal. Trying another pair of
complementary angles, we obtain

sin 30° = cos 60° = 0.5. Therefore, our
conjecture appears to be true.

Using a calculator, tan 25° = 0.466307658 and
cot 65° =0.466307658. We can conjecture
that the tangent and cotangent of
complementary angles are equal. Trying
another pair of complementary angles, we
obtain tan 45° = cot45° =1. Therefore, our
conjecture appears to be true.

Using a calculator, sin 10° =0.173648178 and
sin(—10°) =—0.173648178. We can conjecture
that the sines of an angle and its negative are
opposites of each other. Using a circle, an
angle 6 having the point (x, y) on its terminal
side has a corresponding angle —6 with a
point (x, —y) on its terminal side. From the

Y Y

undefined

definition of sine, sin(—8) = — =—< and
r r
sin@ = 2. The sines are negatives of each
r

other.

Using a calculator, cos 20° = 0.93969262 and
cos (—20°) = 0.93969262. We can conjecture
that the cosines of an angle and its negative
are equal. Using a circle, and angle 8 having
the point (x, y) on its terminal side has a
corresponding angle —@ with point (x, —y) on
its terminal side. From the definition of

cosine, cos(-6) = X and cos@ =2 The
r r

cosines are equal.
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In Exercises 113—118, make sure your calculator is in

Chapter 1 Trigonometric Functions

the modes indicated in the instructions.

NORMAL FLOAT AUTO REAL DEGREE MP
RESET ALL Y= LINESTYLES

MATHPRINT IR {Y

NORMAL Ko g 3, 1]

NN 6123456789

RADIAN [Jaddad
FUNCTION [GIfN[HI3{4 POLAR SEQ

: OFF
RN J67/28/15 6:49PM|

n

113. Use the TRACE feature to move around the

114.

115.

circle in quadrant I to find 7=

cos 20° = 0. 940 and sin 20° =

T=20
X=.93969262 Y=.34202014

20. We see that
0.342.

Use the TRACE feature to move around
the circle in quadrant I. We see that

cos 40° = 0.766 so, T = 40°.

Xir=cos(T) Yir=sin(T)
T=46
X=.76604444 Y=.64278761

Use the TRACE feature to move around
the circle in quadrant I. We see that

sin 35° = 0.574, so T =35°.

Xir=cos(T) Yir=sin(T)

T=35
X=.81915204 Y=.57357644

116.

117.

118.

Use the TRACE feature to move around
the circle in quadrant I. We see that
cos 45° =sin 45°, so T =45°.

INORMAL FLOAT AUTO REAL DEGREE MP n
Xir=cos(T) Yar=sin(T)
T=45
X=.70710678 Y¥=.70710678

As T increases from 0° to 90°, the cosine
decreases and the sine increases.

As T increases from 90° to 180°, the cosine
decreases and the sine decreases.

Section 1.4 Using the Definitions of the

1.

Trigonometric Functions
Given cosf = L, two equivalent forms of

this identity are secd = and

cosH
cos@-secld=1.

Given tanf = —

t 5+ two equivalent forms of

this identity are cot@ = and

1
tan 8
tan@-cotfd =1.

For an angle & measuring 105°, the
trigonometric functions sin# and cscé are

positive, and the remaining trigonometric
functions are negative.

If sin@ >0 and tan@ >0, then € isin
quadrant L.

. 1. .
sind = > is possible because the range of
sin@ is [—1, 1]. Furthermore, when

sint9=%, csct9=%=2.Thus, sin€=%

2
and cscf =2 is possible.

tan @ =2 is possible because the range of
tan@ is (—oo,c0). However, when tan6 =2,

cotd =

=1.Thus, tan@ =2 and
tanfd 2

cotd = -2 is impossible.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
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sin@ > 0, csc@ < 0 is impossible because

1
sin@ ’

same sign.

cscl = so both functions must have the

cos @ =1.5 is impossible because the range of
cos@ is[—1, 1].

cotd =—1.5 is possible because the range of
cotf is (—oo, o).

sin? @ +cos’ 9 =2
impossible because sin? @ +cos? 0 =1
secld = ! :lzi
cos@ % 2
secd = ! =%=§
cos @ 2 5
cscl = _1 _ 7
sin @ —% 3
cscl = _1 =L8 8
sin @ - 8
cotd = =
tand 5
cotd = —L
tanfd 18
1 2
cosf = =—=-=
secld —2 5
2
cosf = —L:_l
secd —% 11
1 2 2 2 2
sinfd = - __= N&_N&
cscd B 22 2 2

4
1
tan @ = =——=-04
cotd 2.5
1
tan @ = =—=-100
cotd —0.01
sin@ = ! =L=08
cscd 1.25

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

cosd = =%=0.125

secd
The value of cos@ cannot exceed 1.

Because tan 90° is undefined, it does not have
a reciprocal.

A 74° angle in standard position lies in
quadrant I, so all its trigonometric functions
are positive.

An 84° angle in standard position lies in
quadrant I, so all its trigonometric functions
are positive.

A 218° angle in standard position lies in
quadrant III, so its sine, cosine, secant, and
cosecant are negative, while its tangent and
cotangent are positive.

A 195° angle in standard position lies in
quadrant 111, so its sine, cosine, secant, and
cosecant are negative, while its tangent and
cotangent are positive.

A 178° angle in standard position lies in
quadrant II, so its sine and cosecant are
positive, while its cosine, secant, tangent and
cotangent are negative.

A 125° angle in standard position lies in
quadrant II, so its sine and cosecant are
positive, while its cosine, secant, tangent and
cotangent are negative.

A —80° angle in standard position lies in
quadrant IV, so its cosine and secant are
positive, while its sine, cosecant, tangent and
cotangent are negative.

A —15° angle in standard position lies in
quadrant IV, so its cosine and secant are
positive, while its sine, cosecant, tangent and
cotangent are negative.

An 855° angle in standard position is
coterminal with a 135° angle, and thus, lies in
quadrant II. So its sine and cosecant are
positive, while its cosine, secant, tangent and
cotangent are negative.

A 1005° angle in standard position is
coterminal with a 285° angle, and thus lies in
quadrant IV, so its sine, cosecant, tangent and
cotangent are negative, while its cosine and
secant are positive.

A —345° angle in standard position lies in
quadrant I, so all its trigonometric functions
are positive.
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38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Chapter 1 Trigonometric Functions

A —640° angle in standard position is
coterminal with an 80° angle, and thus lies in
quadrant I. So all its trigonometric functions
are positive.

sind >0, so cscd is also greater than 0. The
functions are greater than 0 (positive) in
quadrants I and II.

cosf >0, so secl is also greater than 0. The
functions are greater than 0 (positive) in
quadrants [ and I'V.

cosd >0 in quadrants I and IV, while
sin@ > 0 in quadrants I and II. Both
conditions are met only in quadrant L.

sin@ > 0 in quadrants I and II, while
tan @ > 0 in quadrants I and III. Both
conditions are met only in quadrant I.

tan @ < 0 in quadrants II and IV, while
cos @ < 0 in quadrants II and III. Both
conditions are met only in quadrant II.

cos# < 0 in quadrants II and 111, while
sin@ < 0 in quadrants IIT and IV. Both
conditions are met only in quadrant III.

secd > 0 in quadrants I and IV, while
cscd >0 in quadrants I and II. Both
conditions are met only in quadrant I.

cscd >0 in quadrants I and II, while
cotd >0 in quadrants I and III. Both
conditions are met only in quadrant L.

secd < 0 in quadrants II and III, while
cscd <0 in quadrants III and IV. Both
conditions are met only in quadrant III.

cotd <0 in quadrants II and IV, while
secd < 0 in quadrants II and III. Both
conditions are met only in quadrant I1.

sind <0, so csc@ is also less than 0. The
functions are less than 0 (negative) in
quadrants IIT and I'V.

tan@ <0, so cotd is also less than 0. The
functions are less that 0 (negative) in
quadrants II and IV.

The answers to exercises 41 and 45 are the
same because functions in exercise 45 are the
reciprocals of the functions in exercise 41.

Because tand = , if tan@ > 0, then

cotd
cotd>0.

53.

54.

5s.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Impossible because the range of siné is

[-1, 1].

Impossible because the range of siné is

[-1, 1].

Possible because the range of cosé is [-1, 1].
Possible because the range of cos 8 is [-1, 1].
Possible because the range of tan 8 is
Possible because the range of coté is
Impossible because the range of secé is

(=2, =1]U[1,e).

Impossible because the range of secé is
(=eo,=1JU[L, ).

Possible because the range of csc is

(=, =1]U[1,e).

Possible because the range of csc is

(=, =1]U[1,e).

Possible because the range of coté is
Possible because the range of coté is

(o222

Ifsin9=%,theny=3andr=5. So

P2 =xz+yz:>52 =x’+3¥=25=x*+9=>
16 = x> = +4=x. 0 is in quadrant II, so

x =—4. Therefore, cosd = —i.

Alternatively, use the identity

2
sin?@+cos’@=1: (%j +cos’h=1=

i'i‘(30529=1:>coszt9=E:>cos¢9:ii
25 25 5
@ is in quadrant II, so cos @ is negative.

Thus, cos@ = —% .
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66. If cos¢9=%,thenx:4andr:5. So 69. If sin9=%,theny: l and »=2. So
2 =x2+y2 = 5° =42+y2 = 2 =)c2+y2 =52=xX+’=4=x"+1>
25=16+1"=9=)"=>43=y 3=x!=>+3=x
6 isin quadrant IV, so y = —3. Therefore, 0 is in quadrant II, so x = —/3 . Therefore,
sin@ = 3 . Alternatively, use the identity 11 NG _ NG
5 tanf=——=—— ~—=———
2 NN AN
sin®@+cos’@=1: sin6+ (i) N Alternatively, use the identity
5 sin® @+ cos” @ =1 to obtain

.2, 16 .2, 9 o3 2
sin 9+E—1:>sm H—E:smﬁ—ig (l) +coszt9=1:>coszt9=§:>

3

cosf=+——.
2

@ is in quadrant IV, so sin @ is negative.

Thus, sin@ = —%.

1 o 6 is in quadrant II, so cosé = _N3 . Then,
67. If cotf = ) and @ is in quadrant IV, then 2

; 1

x=1landy=-2.So tan6=81n9= 2\f= 1
3

r=xt+yt =t :12+(_2)2 — cos NG)

r2=1+4=>r2=5:r=\/§ _ 1 \/g_ \/g

NG IR I

5 .
Therefore, cscf = Lo N2 Alternatively,
y 2 70. If cscd=-2,thenr=2andy=—1.So
use the identity 1+ cot® @ = csc® 0 Pext =28 =x+ (—1)2 =

4=x*+1=3=x’=+LB=x

2
1 1

1+(——) =csc’O=1+—=csc’ 0=
2 4 6 is in quadrant 111, so x = —3 . Therefore,

5 5 .. -
chsczﬁzigzcscﬁ. @ is in quadrant cotgz_*/f:\ﬁ_

) ) J5 Alternatively, using the identity
IV, so csc@ is negative. Thus, cscl = Y 14+ cot? 6 = csc2 6 gives

1+cot? @=(-2) = cot’ 6=3=

V7 .
68. If tan@ =3 and @ is in quadrant III, then cot0 = +43 . Because 6 is in quadrant I,

x=—3andy=—\/7.So r2=x2+y2=> cot¢9=«/§.
2
rt= (—3)2 + (—\ﬁ) =r=9+7= 71. Using the identity 1+ cot® 8 = csc® @ gives
, r4 1+cot’ 0 =(~1.45)" = cot? 6 =1.1025 =
r“ =16 = r = 4. Therefore, secHz;z—g. cotf = +1.05
Alternatively, use the identity Because @ is in quadrant I1I, cot& =1.05.
2 el .
tan 6; I=sec”6: 72. Using the identity sin? @+ cos? @ =1. gives
ﬁ +1256029:1+1236029:> (0.6)2 +cos’ 0 =1= cos’ 0 =0.64=
3 9 cosf =108

Because @ is in quadrant II, cos 8 < 0;

16 5 4
—_— = +—=
9 sect 0=+ 3 secd therefore, cos@ = —0.8.

tan @ = , so tan@d = —— =—0.75.
cos -0.8

@ is in quadrant III, so sec@ is negative. sin @ 0.6
0.

Thus sec@ = —%
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For Exercises 73—78, remember that r is always y -4 x =3 3
s tanf=-=—=—; cotfd=—=—=—
positive. x -3 y -4 4
73. tan0=—E=£, with € in quadrant II sec¢9=1=i=——, csc¢9=i=i=—é
8 -8 x =3 y - 4
tand =2 and @ is in quadrant II, so let J5
x 75. sin@=—, with € in quadrant I
y=15and x=-8. 7
2
x4y’ =”2:>(—8) +157 =" = sinf=2and 0 in quadrant I, so let
64+225=r> =289 =" = r=17 d
y y=5r=1.
\ 2
x2+y2=r2=>x2+(x/§) =7’ =
-8, 15) X +5=49=x? =44 = x =44 =
15| \Z_g x =211
\ _ 6 is in quadrant I, so x=2+/11.
-8 |0 X y
(2411 ,45)
sin6’=1=—,cos0=£=_—8=—i ?
r 17 17 ; 5
tan&:l:l_sz_l_s 0 2\/ﬁ )
x -8 8
cot0=£=_—8=—i
y 15 15 .
ro17 17 .17 Drawing not to scale
secld=—=—=—-—;cscl=—=— J5
X -8 8 y 15 sin0=l=—
r 7
74. cosé’z—iz_—3, with @ in quadrant III _x_2\/ﬁ
5 5 cosH———T
r
cos@=£ and 6 in quadrant III, so let y JE JE \/ﬁ \/E
r tanf === = . =
x=_3.r=5. RN TN TRN TR
Pyt s () 47 =5 o corg= X I _ 211 V5 _ 2J55
942 =25= )7 =16= y=£16 = N N N
y =14 wepol o1 _ 7 A1_
@ is in quadrant 111, so y = —4. X 2\/ﬁ 2\/ﬁ \/ﬁ 22
} scp_l oL _ 1 5 15
y 5 5 5s
6
_3/\ . 76. tan0=\/7=$
0 —_
- /s tan@=2 and @ is in quadrant III, so let
X
(-3,-49 y:—\/§ and x =-1.
.y _ 44 _x_-=3_ 3 2
sm0—7—?— —,Cosﬁ—r— 5 x2+y2=r2:>(—1)2+(—\/§) ==

1+3=r’=4=r"=r=2

(continued on next page)
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(continued)
y
0
e n
-3
2
(=1,-3)
singzlzﬁz_ﬁ
r 2 2
cosﬁzfz_—l:—l
ro 2 2
tan9=l=_\/§=\/§
x -1
cotp=Xo—L_L_ 1 V3 5
y -3 3 B3B3
sec6’=£=i=—2
x -1
csep=lo 2 2 3 _ 23
y -3 303
77. cotﬁzg,with @ in quadrant |
cotd == and @ isin quadrant I, so let
y
x=+/3 and y=8.

x2+y2=r2=>(\/§)2+(8)2=r2=>
3464=r2=67=r> =67 =r
’

(V3,8)

0 \3

r 61 o1 J61 67
cosﬁ—i—\/g—\/g-\/a

r 61 61 67

367 201
67 67

wnpot o8 8 V3_83

x 3B B3

78.

79.

cot&:i:ﬁ
y 8
seco= L2V _NET V3
x B3B3
6743 201
3 3
r 67
cscd=—=——
y 8

cscd =2, with 8 in quadrant I

103

cscf=_ and @ isin quadrant II, so let » = 2

y
and y=1.
x2+y2=r2:>x2+12=22:>
x2+l=4:>x2=3:>x=ix/§
@ is in quadrant II, so x=—3

Sin0=1=l;cosﬁ=£=—_ 3 =—_3
ro 2 r 2 2
tane:lsz—L.ﬁz_i
x 3 BB3
cot6=£=i=_\/§
y 1
roo2 2 B 23
sec=—=—-=—— YT —_ZN°
x =3 3 43 3
cscﬁ=1=g=2
y 1
sin6’=g, given that cosd <0

sin@ is positive and cos @ is negative when

6 is in quadrant II.

sin@=2and @ in quadrant II, so let

r
y=+2,r=6.
2
x2+y2=r2=>x2+(\/§) =6’ =
X +2=36=x=34=
x=i\/§

6 is in quadrant I, so x = —x/ﬁ.

(continued on next page)
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(continued)

80.

tanl9—l——\/5 —_\/5 .‘/g__\/&
x B4 B4 Ba 34
N ]
34 17
4 B4 2 68
cotf=—=—>" =" . = —_ Y
2 2 2 2
=_@__\/ﬁ
secld=—=-— 6 =— 6 .‘/g__&/ﬁ
x B4 B4 s 34
334
17
CSngizizi.£=ﬂ=3\/§
y N2 242 2
cos0=%, given that tan & <0

cos @ is positive and tan @ is negative when
@ is in quadrant I'V.

cos@=> and @ in quadrant IV, so let
r

x=+/5,r=8.
x2+y2=r2:>(\/§)2+y2=82:>
5+)2=64= )2 =59= y=+59
6 is in quadrant IV, so y=—\/§.

v

6

(18
\

59
8

(V5. +59)

81.

SinHZZZ—@;COngfzﬁ

r 8 r 8

y B9 59 5 295
tanf=2L=—""- =Y~ Y- V777

x5 55 5
cote—i——\/g—_\/g.@__ 295

y N5 V59 59 59

r 8 8 5 85
seccl=—=—==—-—=——

x 5 5500

8 8 59 859

cscl =

r

v 59 59 59 59
secd = —4, given that sing >0

sec@ is negative and sin@ is positive when
6 is in quadrant II.

secd=_and @ in quadrant II, so let
X

x=-1r=4.

x2+y2=r2:>(—1)2+y2=42:>
2 _ 2 _ —
1412 =16=y* =15= y=+J15

6 isin quadrant I, so y = J1s.

<

Copyright © 2021 Pearson Education, Inc.

Solutions Manual for Trigonometry 12th Lial


https://textbooktestbanks.com/products/9780135924136-solutions

82.

83.

84.
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cscd = -3, given that cosf >0
csc @ is negative and cos@ is positive when
@ is in quadrant I'V.

cscO=-" and 0 in quadrant IV, so let
y=—Lr=3.
x2+y2=r2:>x2+(—1)2=32:>

x2+1=9:x2=8:x=i\/§212\/5
6 is in quadrant IV, so x=242.

y
CJ
A SR
K -1
3
(2V2,-1)
51n6’=—=—l
r 3
X 2\/5
cosf=—=——
r 3
tanﬁzlz—L=_L.£=__2
x 22 22 2 4
cot@ = :_ﬁz_zﬁ

cscH=L=—3

<

sin@ =1
sin?@+cos’0=1>=1+cos’O=1=
cos>0=0=>cosf=0

tan @ = sin 6 = 1 = tan @ is undefined
cosd
cotd = 0959 =9= 0
sind 1
1 1 .
secd = =— = secf is undefined
cosd O
cscl =— ! = I =1
sind 1
cosd =1

sin?@+cos’@=1>=sin’+1’=1=
sin?0=0=sinf =0

sind_0
cosf 1

tan@ = =0

8S.

86.

87.

88.

89.

90.

91.

92.

93.

94.

cosd 1

cotd = =— = cotd is undefined

sin @
cosd 1

secd =

= l = is undefined

cscl =—
sin @

2.2 2
RPN it
Yy = = 32

y
y? v\ y
( (J’j
Because cotf =— and csc O —L, we have

y y
+ (cot 0)2 = (csc 9)2 or 1+cot? 6 =csc? .

gg/qw

X
cosf
sind 2 r

r

=cotd

rr_x
ry vy
The statement is false. For example,

sin180°+cos180°=0+(-1)=—1#1.

The statement is false because 2 is not in the
range of the sine function.

90° < 8 <180° = 180° < 26 < 360°, so 20
lies in either quadrant III or IV. Thus, sin 26
is negative.

90° < 8 <180° = 180° < 26 < 360°, so 20
lies in either quadrant IIT or IV. Thus, csc26
is negative.

90°<9<180°:>45°<§<90°, so% lies in

o . .
quadrant I. Thus, tanE is positive.

90°< 8 <180°= 45°< g <90°, so % lies in
o . .
quadrant I. Thus, COtE is positive.

90° < 8 <180° = 270° < € +180° < 360°, so
6 +180° lies in quadrant I'V. Thus,
cot (6 +180°) is negative.

90° < 8 <180° = 270° < 6 +180° <360°, so
6 +180° lies in quadrant IV. Thus,
tan (6 +180°) is negative.
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95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Chapter 1 Trigonometric Functions

90°< @ <180°= —90°> -6 > -180°=
—180° <8 <-90°, so —@ lies in quadrant III
(—180° is coterminal with 180°, and —90° is
coterminal with 270°.) Thus, cos(-6) is
negative.

90°< 0 <180°= —90°> -0 > -180° =
—180° < 8 <—-90°, so —@ lies in quadrant I1I
(—180° is coterminal with 180°, and —90° is
coterminal with 270°.) Thus, sec(—é’) is

negative.

-90°< 0 <90°= -45°< g <45° so g lies
in either quadrant I or quadrant IV. Thus

0 . .
COSE is positive.

-90°< 0 <90°= —45°< g <45° so g lies
in either quadrant I or quadrant IV. Thus

o . .
secE is positive.

—90° < 0 <90° = 90° < 8 +180° < 270°, so
6 +180° lies in either quadrant II or quadrant
11 Thus sec (6 +180°) is negative.

—90° < 0 <90° = 90° < & +180° < 270°, so
6 +180° lies in either quadrant II or quadrant
I1I. Thus cos (6 +180°) is negative.

—90°< 0 <90°=90° > -6 >-90° =

-90° < -0 <90° so —@ lies in either
quadrant I or quadrant IV. Thus sec(-6) is
positive.

-90°<60<90°=90°> -0 >-90°=

-90° < -0 < 90°, so —@ lies in either
quadrant I or quadrant IV. Thus cos (—9) is
positive.

-90° < 0 <90° = —270° < @ —180° < -90°,
so € —180° lies in either quadrant II or
quadrant III. Thus cos (6@ —180°) is negative.

-90°< 0 <90° = -270° < € —180° < -90°,
so € —180° lies in either quadrant II or
quadrant III. Thus sec (6 —180°) is negative.

105.

106.

107.

108.

109.

110.

Chapter 1
1.

1
cot (560 —8°) -
tan (30 - 4°) = tan (50 - 8°)
The second equation is true if
360 —4° =560 —8°, so solving this equation
will give a value (but not the only value) for

which the given equation is true.
30-4°=50-8°=4°=20=60=2°

tan (30 - 4°) =

1
sec(460 +15°) -
cos (660 +5°) = cos (46 +15°)
The second equation is true if
60 +5° =460 +15°, so solving this equation
will give a value (but not the only value) for

which the given equation is true.
60 +5°=40+15°=20=10°=6=5°

cos (60 +5°) =

sin (46 +2°)esc(30+5°) =1=

sin (46 +2°) = S SN
csc(36 +5°)

sin (46’ + 2°) =sin (30 + 5°)
The third equation is true if 46 +2° =36 +5°,
so solving this equation will give a value (but
not the only value) for which the given
equation is true.
40+2°=30+5°= 6 =3°

sec (20 + 6°) cos (5(9 + 30) =l=
1
—_—
sec (20 + 6°)
cos(560 +3°) = cos(26 + 6°)
The third equation is true if 56 +3° =26 +6°,

so solving this equation will give a value (but
not the only value) for which the given
equation is true.
50+3°=20+6°=30=3°=0=1°

cos (5(9 + 3°) =

In quadrant II, the cosine is negative and the
sine is positive.

An angle of 1294° must lie in quadrant III
because the sine is negative and the tangent is
positive.

Review Exercises

The complement of 35° is 90° —35° = 55°.
The supplement of 35° is 180° —35° =145°.

—51° is coterminal with 360° + (—51°) =309°

—174°. is coterminal with
—174°+360° =186°
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4. 792° is coterminal with 792° —

5. 650 rotations per mi

10.

11.

12.

2(360°) = 72°.

n= 650 rotations per sec

_ 65 :
= ¢ rotations per sec

= 26 rotations per 2.4 sec
= 26(360°) per 2.4 sec = 9360° per 2.4 sec

A point of the edge of the propeller will move

9360° in 2.4 sec.
. 320 rotations per min = % rotations per sec
_ 16 :
= 3’ rotations per sec
= 18.2 -2 rotations per % sec

3
= 3—(360") per 5 2 sec=1280° per 5 2 sec
A point of the edge of the pulley will move
1280° in % sec.
1 1908/3” = 1 190 +— +mo
=119°+ 0 1333°+0.0008°
=119.134°

o 25 o4 _11 o
47°+ 3600

=47°+ O 4167O +0.0031°
= 47.420°

47°25"11" =

275.1005 = 275° +0.1005(60") = 275° + 6.03’
=275°06" +0.03’
= 275°06+0.03(60”)
=275°"1.8" = 275°06702”

~61.5034° = —[ 61°+0.5034(60") |
=—[61°+ 30.204']
—[61°+ 30" +0.204(60") |
=—[61°+ 30" +12.24"]
=-61°30"12.24" = —61°30"12"

The three angles are the interior angles of a
triangle, so the sum of their measures is 180°.
4x +(5x+5)+(4x—20) =180

13x-15=180

1B3x=195=x=15

4(15) =60, 5(15) + 5= 80, and
4(15) — 20 = 40, so the measures of the angles
are 40°, 60°, and 80°.

The two indicated angles are vertical angles.
Hence, their measures are equal.
Ix+4=12x-14=18=3x=x=6

9(6) +4 =58, and 12(6) — 14 = 58, so the
measure of each of the two angles is 58°.

13.

14.

15.

16.

17.

18.

19.

Chapter 1 Review Exercises 107

The two indicated angles are alternate exterior
angles, so their measures are equal.
4x4+5=6x-45=50=2x=25=x

4(25)+5=105
The measure of each indicated angle is 105°.

The sum of the measures of the interior angles
of a triangle is 180°.
60°+ y+90°=180°=150°+ y =180°=
y=30°
Substitute 30° for y, and solve for x:

30°+ (x + »)+90° =180°
30°+ (x +30°)+90° = 180°

150°+x =180°= x =30°

Thus, x =y =30°.

Assuming PQ and BA are parallel, APCQ is

similar to A ACB because the measure of
ZPCQ is equal to the measure of ZACB

(they are vertical angles). The corresponding
sides of similar triangles are proportional, so

PQ PC . Thus, we have Q PC
BA AC BA AC
1.25 mm_lSOmm:> _1.25-30

BA  30km 150
BA=0.25km

Because a line has 180°, the angle
supplementary to £ is 180 — £ . The sum of
the angles of a triangle is 180°, so
O+a+(180-B)=180°=0+a-L=0=
O=-a+pf=F-a

Angle R corresponds to angle P, so the
measure of angle R is 82°. Angle M
corresponds to angle S, so the measure of
angle M is 86°. Angle N corresponds to angle
0, so the measure of angle N is 12°. Note:
12°+82°+86° =180°.

Angle Z corresponds to angle 7, so the
measure of angle Z is 32°. Angle
corresponds to angle X, so the measure of
angle Vis 41°. Angles X, Y, and Z are interior
angles of a triangle, so the sum of their
measures is 180°.
msZX +mZLY + m£Z =180°

41°+m”LY +32°=180° = m«LY =107°
Angle U corresponds to angle Y, so the
measure of angle U is 107°.

The large triangle is equilateral, so the smaller
triangle is also equilateral, and p =g = 7.
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90, M5, 7530 4
30 50 50
n_ B,
40 50 50
. k_1249_ 621,
6 9 9
22. é: 7 :E:lz7r:108zr:15.4
r 11+7 r 18
23. Let x = the shadow of the 30-ft tree.

24,

s1n6—l=——=——.£=_£
r 342 2 2 2
-3 1 1 2 2
cosf=—=——=————=— .1 =
342 2 2 /2 2
tantgzl:_—?,:l;coté’:izizl
x =3 y =3
secH=L=£=—\/§
X -3
cscH—L=£_—\/§
y =3
25 x=1,y——\/§ and
2
reaxt+y% = 12+<—\/§)
=414+3=4/4=2
sm@:lzi:_i
r 2 2
cos¢9=£=l
r 2
tanﬁ:l:ﬁz_\/g
X 1
CotezizL:—L.ﬁz_i
y -3 33 3
secH:L:g:Z
x 1
r_ 2 2 3. 283
csch=—=—~—=—+ . Y= V-
y =3 3 3 3

%=£=>20 240 = x=12 ft
X

x=-3,y=-3and

Y B e Y TR

sin180°=2 =2 - ¢
r 2

cos180°—£——2:—1
r 2

an1g0°=2 =%~
X -

x =2
cot180° = —=— undefined
y 0

sec180° = L—i:—l
x -2

csc180° = L=—, undefined
y 0

27. x=3,y=—4and r =43 +(-4)’ =25 =5

sinezl:_—“_—i,c()sg:fzé

r 5 5 r 5
tan6’=l=_—4=—i

x 3 3
cotl9=£:i:—é

y -4 4
secﬁzlzé, CSCQ:L:i:—é

x 3 y -4 4

28. x=9,y=-2, and r =92 +(=2)> =+/85

singodo 2 __ 2 & _ 285

roA85 85 85 85
cosg X 9 _ 9 \B5_oy8s

ro\85 85 85 85
tanH:Z:_—Z:—E; cot@:ﬁzi:_g

x 9 9 y =2 2

r 85 85 85
secf=—=——; cscf=—=——-=——""

X 9 -2 2

29, x=-8,y=15,and

r=4(-8) +152 =/289 =17
sin6’=Z=—; cos¢9=£=_—8=_i

r 17 r 17 17
tan@:l—l—sz_l_5

x =8 8
cot9=£=_—8=—§

y 15 15
secl9=L:£:—H

x -8 8

1

csct9=L:—7

y
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30. x=1,y=-5,and r= 5)2 J26
ingoto_ 5 S V26 5426
r 26 26 26 26
cosd = x_ 1 1 V26 26
26 26 26 26
tanﬁzlz_—sz—S
x 1
cotH—i—_—l=—l
y 5 5
sec6’=£—@=\/%
X
J26 26
csc=—=—7-=———
y =5 5

31. x=6y3,y=-6,and

(6¥3) +(-6)" =108+36 = I44 =12

sin6’=1=__6= l

r 12 2

x 643 3
cosf=—=——=——

r 12 2
tanH:l:i:—L.ﬁz_ﬁ

x 63 B3B3
cot6=£=@=—\/§

y -6

ro12 2 A3 243
secl=—=——=—""——=="7

o BB 3
cscﬁzizl—:—z

y =6

32. x=-2/2, y=22,and

r= (23] +(2V2) = VB8 =G =4

o222 _ 2
r 4 2
x_ 22 2
cosf=—=——=——+
r 4 2
tan6—1—£=—1
X —2\/5
cotg= =2
22

33.

34.

Chapter 1 Review Exercises 109

_r_ 4 22 A2
e RS
4 2 2 2

N RN RN oA oA O

The terminal side of the angle is defined by
5x—=3y=0,x >0, so a point on this terminal
side is (3, 5).

Y 5x-3y=0,x=0

5T /a9
0
oL 3 *
=32 +5* =\9+25=1/34.
sm¢9—l— 5 _ 3 '@_5@
ro\34 B4 a4 34
cos @ -3 3 .‘/3—4_3\/3?
34 34 34 34
tanH—l=§; cot9=£=3
x 3 y 5
SCC&———ﬁ’ cscﬁ:i:@
X y 5

The terminal side of the angle is defined by
y=-5x, x <0, so apoint on this terminal
side is (-1, 5).

y

(_1’5) 5y=—5x,x$0

-
1
1

sngot o3 5 26 SJ%
726 26 6
cos¢9—z 1 ! \/_ \/_
PN TN AN AT
tanezl:i:—S;cotQ:—:__lz_l
x -1 y 5 5
sec@zizgfz— 26;0506’:1:@
- Y
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3s.

36.

37.

38.

Chapter 1 Trigonometric Functions

The terminal side of the angle is defined by

12x+5y=0,x 20, so a point on this terminal

side is (5, —12).
Y 12x+5y=0,x =0

r=y(-12)* +5% =144 125 = /169 =13 .

Sinﬁ:lz_—lzz—g; Cose=£=i
r 13 13 r 13

tan@ =2 = LE
X 5 5

cotd=2= o = 3
y -12 12

sect9=£=—; csct9=£=£=—2
X y 12 12

sin 180° =0

cos180°=-1

tan 180°=0

cot 180° is undefined

sec 180°=—1

csc 180° is undefined.

sin (—90)° =-1

cos (—90)°=0

tan (—90)° is undefined

cot (—90)°=0

sec (—90)° is undefined

csc (—90)° =-—

If the terminal side of a quadrantal angle lies
along the y-axis, a point on the terminal side
would be of the form (0, k), where & is a real
number, k£ #0 .

sin0=l=£
r r
cosﬁzﬁzgzo
ror
y k
tan @ = = = — undefined
x 0
cot9=£=9=0
v k
secd = r_r undefined
x 0
cscé’zizi
v k

The tangent and secant are undefined.

39.

40.

cosfd = —% and @ is in quadrant IIT

cosf =2 = _?5 and 6 in quadrant II1, so let
r

x=-5,r=8.
x2+y2=r2:>(—5)2+y2=82:
25+ 2 =64 = y> =39 = y =139
@ is in quadrant III, so y=—\/§.

. y =9 B9
sinf=-=—=——"7
r 8 8
cosg:f:__S:_é
r 8
tan6=l=£=_\/§
X =5 5
gt S S 39 539
y =39 39 39 39
sec6’=£=i=—§
x -5 5
cscé’—i—i———8
y =39 39
_ 8 39 839
J39 39 39
sin0=g and cosd <0
sinezl, so let yzx/g,r=5.
r
x2+y2=r2:>x2+(\/§)2=52:>
X 43=25=x7 =22 = x =122
cosd <0, so x=—\/ﬁ.
: Y 3 x 22 J22
sinf==~=—; cos=—=——=———
r 5 r 5 5
ang? - 3o B 22 Jes
x 22 22 Y2 22
x 2 V22 3 Jes
cotf="=—""T_—_ T2 YT VN
y 3 NERNE) 3
secH—i— > =— S .\/Z—_S‘/Z
x =22 22 V22 22
5 5 3 53
cscl=—=—f—+=—o.—XS=""2
y 3 BB3
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41.

42.

43.

secl = —\/g and @ is in quadrant II
6 in quadrant Il = x <0,y >0, so

sec6’=—\/7=£=£i=>x=_1,r=\/§

=

x2+y2=r2:>(—1)2+y2=(\/§)2:>
1+)y’=5=)"=4=y=2

sngoto 2 2 N5 25
NN TN
cosf = _-1__1 ﬁ___S
NN C
tan6?=l=i=—2, cot6=—=__1—_l
xo -l 2 2
SeCH——:ﬁz—\/g; CSCH=L=—5
x -1 y 2

tan@ =2 and @ is in quadrant III
6 inquadrant IIl = x<0,y <0, so

tanf=2=2 _—2:>x=—1,y=—2
X —

x? +y2 == (—1)2 +(—2)2 ==

PP =5=r= \/_ because r is positive.

. y =2 2 N5 25
sinf=~=—f4==-——F4-—
BN N AN
x -l 1 V5 5
cosf=—=—f4=——F7=-—==——
rs s
tan6’=l—_—2—2 cotd = iz__1=l
x -1 y 2 2
sect9=£=£=—\/§
x -1
r_\N5_ 5
cscl=—=—=——-
y =2 2
se06=% and @ is in quadrant [V

6 inquadrant IV = x>0,y <0, so
se00=£=£:>x=4,r=5

x 4
x2+y2=r2:>(4)2+y2=52:>
16412 =25=)"=9=y=-3

Sin0=l=_—3=—§; COSH=£=i
r 5 5 r 5
tan@ =2 = _—3:—é
x 4 4

44.

45.

46.

47.

Chapter 1 Review Exercises 111

cot6’—£=—=—i
y 3 3
sece—i—é
x 4
cscl9—£=—=—E
y - 3

sind = —% and @ is in quadrant IIT

@ in quadrant Il = x <0,y <0, so
2 =2

sinezl:——:—:y— -2,r=5
r 5 5

x2+y2=r2:x2+(—2)2=52:
X 44=25=x"=21= x=—21

sin0=l=—£; cosgziz;ﬂ:_@
r 5 r 5 5

onpoto "2 _ 2 W21 _ 2321
x =21 21 V210 21
cotH—i——_ 21——21
y -2 2
gl S _ S W21 51
x =21 21 V21 21
cscH—L=i=—i
y =2 2

(a) Impossible because the range of secd is

(=0, =1]U[L o).

(b) Possible because the range of tan 8 is

(¢) Impossible because the range of cos@ is
(-1, 1].

The sine is negative in quadrants III and IV.
The cosine is positive in quadrants [ and IV.
sin@ <0 and cosf >0, so 4 lies in quadrant

IV, tang = 500
cosd

cos @ >0, so the sign of tan @ is negative.

and sinf@ <0 and

The triangles are similar, so
20X 50(100- x)=30x =

30 100-x

2000-20x =30x = 2000=50x =40 =x
The lifeguard will enter the water 40 yards east
of his original position.
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112 Chapter 1 Trigonometric Functions
360° 9° _i( )min _ 54 min
26,000 yr 650 yr 650 yr 65 yr
54 (60) sec 648 sec

=— —= = 50 sec/
65y 13yr o

49. Let x = the depth of the crater Autolycus. Then
X 3 se=13(11000) =
11,000 1.5
1.5x =14,300 = x = 9500

Autoclycus is about 9500 feet deep.

50. Let x = the height of Bradley. Then
x 1.8

———=—"=28x=1.8(21,000)=
21,000 2.8

2.8x=37,800 = x =13,500
Bradley is 13,500 feet tall.

Chapter 1 Test

1. 67°
complement: 90° — 67° = 23°
supplement: 180° — 67° =113°

2. The two angles are supplements, so their sum
is 180°.
(7x+19)+(2x—1) =180 = 9x +18 =180 =
9x=162=x=18
7(18)+19 =145;2(18)—1=35
The measures of the angles are 145° and 35°.

3. The two angles are complements, so their sum
is 90°.
(—8x+30)+(-3x+5)=90
-11x+35=90
-llx=55=x=-5
—8(=5)+30=70; —3(-5)+5=20
The angles measure 20° and 70°.

4. The angles are vertical angles, so their
measures are equal.
4x-30=5x-70=40=x
4(40)-30=130; 5(40)—70 =130
The angles each measure 130°.

5. The angles are alternate interior angles, so
their measures are equal.
8x+14=10x-10=24=2x=12=x

8(12)+14=110;10(12)-10=110
The angles each measure 110°.

6.

10.

11.

12.

13.

The angles are interior angles of a triangle, so
the sum of the three angles is 180°.
(2x+18)+(20x +10)+(32 - 2x) =180
20x+ 60 =180
20x =120
x=06
2(6)+18=30;20(6)+10=130;32-2(6) = 20
The three angles measure 30°, 130°, and 20°.

Two of the angles are interior angles, but one
is an exterior angle. From geometry, we know
that the measure of an exterior angle is equal
to the sum of the two nonadjacent interior
angles.
12x+40=12x+8x

40 =8x

S5=x

12(5)+ 40 =100; 12(5) = 60; 8(5) = 40
The three angles measure 100°, 60°, and 40°.

010/ ” _ o, 180 36 o
74°18"36"” =74 +% +m

=74°+0.3°+0.01°=74.31°
45.2025° = 45°+0.2025°
=45°+0.2025(60")
=45°+12.15
=45°+12"+0.15’
=45°+12"+0.15(60")
=45°+12"+09” = 45°12°09”
(a) 390° is coterminal with
390° — 360° = 30°.
(b) —80° is coterminal with
—80° + 360° = 280°.
(c¢) 810° is coterminal with
810° —2(360°) = 810° — 720° = 90°.

450(360°) _ 450(360°) _ 450(6°)

1 min 60 sec sec
=2700°/sec

A point on the tire rotates 2700° in one
second.

i:i:}ﬂ:x:})C:lol
30 40 30 3
The shadow of the 40-ft pole is 10% ft, or

10 ft, 8 in.

10 x 10-20
== x=—=8
25720 25
10y 1015

6

—=—=
25 15 Y 25
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14.
x= 2y——
\/ Va5 39 =53
sm@— 7 \/5 7\/5
TS
cosf = 2 2 \/5 2\/_
NEGNGE
tanHz;z%z—%; cot&—%z%z—%

J53 )
7

secﬁziz—; cscaz___:_
2

15. Y

(09 _2)

x= Oy——

1/ +(2) =Jo+4=+a=2
sinf = 12_2:_1; cosfd =— ——=0
r 2 r 2
y =2
tan @ = — = — undefined
x 0

cotH—i—izO
y =2
r 2
secd = — =— undefined
x 0
cscﬁ—i=i=—1
y =2

16. Because x <0, the graph of the line
3x—4y =0 is shown to the left of the y-axis.

A point on this graph is (—4, —3). The

corresponding value of 7 is

= (-4 +(-3) =16 +9 =25 =5.

17.

18.

19.

Chapter 1 Test 113

sinH:l:—E; Cosngz_i

r 5 r 5
tanH:lzé; cotﬁ—i—i

x 4 y 3
sec6’=£=—§; csc¢9=1=—§

X 4 y 3
0 90° —360° 630°
sin & 1 0 —1
cos@ 0 1 0
tand | undefined 0 undefined
cotd 0 undefined 0
secd | undefined 1 undefined
cscl 1 undefined -1

If the terminal side of a quadrantal angle lies
on the negative part of the x-axis, any point on

the terminal side would have the form (k,0),

where k is any real number < 0.

sinf = ——9—0 cosf =— —ﬁ

ror ror
tan6’—1=9—0; cot6=£=£ undefined

x k y 0
sec@—izi; csc6=i=£ undefined

x k y 0

Thus, the cotangent and the cosecant are
undefined.

(a) cos@ >0 inquadrants [ and IV, while
tan @ > 0 in quadrants I and III. So, both
conditions are met only in quadrant I.

(b) sind <0 in quadrants III and IV. cscé
is the reciprocal of sind <0, so
cscd < 0 also in quadrants IIT and IV.

Thus, both conditions are met in
quadrants IIT and I'V.

Copyright © 2021 Pearson Education, Inc.

Solutions Manual for Trigonometry 12th Lial


https://textbooktestbanks.com/products/9780135924136-solutions

114 Chapter 1 Trigonometric Functions

(¢) cotéd >0 in quadrants I and III, while

. 3 . .
cos <0 in quadrants II and I1I. Both 22. sinf = E with 6 in quadrant IT

conditions are met only in quadrant III. 6 in quadrant Il = x <0,y >0
20. (a) Impossible because the range of siné is sing=? = 3 o y=3r=]
[-1, 1]. r 7
(b) Possible because the range of secd is =t yz =57 =x"+3=249=x*+9=>
(=o0,~1]U[1,0) . x* =40 = x = /40 =210
(c) Possible because the range of tan @ is cosf = X _2\7/5 = _@
r
(o). g b__ 3 __ 3 Ao 3o
21 cost—l:>secH=—£ X —2\/5 Zm \/E 20
12 7 x —2J10
cotf=—=
y 3
gl 1 7 Vo 7o
x 2410 2410 V1o 20
csch="1= 7
y
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