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CHAPTER 2

Section 2.1 Solutions

1. QI | 2. QII | 3. QII

4. QII | 5. QIV | 6. QIV

7. y-axis

8. x-axis

9. Since —540° =-360°—-180°, and —360°
corresponds to one full revolution
clockwise about the circle, the terminal
side ends up on the x-axis.

10. Since —450° =-360°-90°, and —-360°
corresponds to one full revolution
clockwise about the circle, the terminal
side ends up on the y-axis.

11. QIII [ 12. QIV

13. QI | 14. QII

15. Since 595°=360°+235°, and 360°
corresponds to one full revolution
counterclockwise about the circle, the
terminal side ends up in QIII.

16. Since 620° =360°+260°, and 360°
corresponds to one full revolution
counterclockwise about the circle, the
terminal side ends up in QIII.

17. Since 525°=360°+165°, and 360°
corresponds to one full revolution
counterclockwise about the circle, the
terminal side ends up in QII.

18. Since1085°=3(360°)+5°, and
3(360°) corresponds to three full

revolutions counterclockwise about the
circle, the terminal side ends up in QI.

19. Since —905°=2(-360°)—-185°, and
2(-360°) corresponds to two full

revolutions clockwise about the circle,
the terminal side ends up in QII.

20. Since —640° =-360°-280°, and
—360° corresponds to one full revolution
clockwise about the circle, the terminal
side ends up in QI.

21. Sketch of 135°;

W,

22. Sketch of 225°:
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23. Sketch of —405°:

/

(D

24. Sketch of —450°:

I/

N

25. Sketch of —225°:

o

\1/

26. Sketch of —330°:

()

27. Sketch of 330°:

()

28. Sketch of —150°:

B

NN
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29. Sketch of 510°: 30. Sketch of —=720°:

N

(o)
N

N

31. Sketch of 840°: 32. Sketch of —380°:

N

Qw
N

33. Observe that —535°=-360°—-175°. Since |—175°| + |185°| =360°, the coterminal
angle corresponding to —535° is .

34. Observe that —690° = -360°—-330°. Since |—330°| + |30°| =360°, the coterminal
angle corresponding to —690° is @

35. Observe that 780° =2(360°)+60°. So, 780° and 60° are coterminal angles Thus,
the answer is @

36. Observe that [265°+|-95°|=360°. So, they are coterminal angles Thus, the
answer is

37. Observe that —645° =-360°—285°. Since|-285°|+|759 =360°, we know that
—645° and 75° are coterminal angles Thus, the answer is .
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38. Observe that —560° =—360°—200°. Since|-200°|+[160°| =360°, we know
that—560° and 160° are coterminal angles Thus, the answer is

39. Observe that 412°=360°+52°. So, the angle with the smallest positive measure
that is coterminal with 412° is @

40. Observe that 379°=360°+19°. So, the angle with the smallest positive measure
that is coterminal with 379° is [19°|.

41. Observe that 268°=360°—-92°. So, the angle with the smallest positive measure
that is coterminal with —92° is [268°|.

42. Observe that 173°=360°—-187°. So, the angle with the smallest positive measure
that is coterminal with —187° s {173°|.

43. Observe that —390° =-360°—30°. Since 330° and —30° are coterminal, the angle
with the smallest positive measure that is coterminal with —390° is |[330°|.

44. Observe that 945°=2(360°)+225°. So, the angle with the smallest positive
measure that is coterminal with 945° is |225°|.

45. Observe that 510°=360°+150°. So, the angle with the smallest positive measure
that is coterminal with 510° is [150°|.

46. Observe that 1395°=3(360°)+315°. So, the angle with the smallest positive
measure that is coterminal with 1395°1s{315°|.

47. Since the given angle is between 0° and 180°, the smallest angle coterminal with it
1s itself, namely 154°.

48. 360°-360°=0°

49. The terminal side of —1050° coincides with that of —330°. And, this is coterminal
with 30°.

50. The terminal side of 2631° corresponds to that of 111°. This is the angle with
smallest positive measure with which it is coterminal.

51. We seek the angle swept out by the second hand for a time duration of
3 min 20 sec. Note that 60 seconds corresponds to one complete revolution of the

second-hand clockwise, and 20 seconds corresponds to % of one complete revolution

clockwise. As such, we have
3 minutes corresponds to the angle 3(—-360°) =—-1080°,

20 seconds corresponds to the angle %(—360") =—120°.

Thus, we know that the result of such movement of the second-hand sweeps out the
angle |—1200°|, regardless of its actual starting point on the clockface.
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52. Note that the time span from Wednesday 3pm to Thursday 5 pm constitutes 26
hours. For each hour, the hour hand moves 1 ofa complete revolution clockwise

12
around the clockface. Hence, 26 hours corresponds to % = 2%

around the clockface. Since one such complete revolution corresponds to —360°, the

angle swept out during the given time period is %(—3600) =1-780°|.

complete revolutions

53. Alexandra’s serve corresponds to 3.5 x 360°, while Joe’s return is equivalent to
2% (-360°). The sum of these angles, namely 540° is the ball’s position.

54. Alexandra’s serve corresponds to 6 X 360° =2,160°, while Joe’s return is
equivalent to 6 X (—360°) =-2,160°.

55. Observe that

Don: 900°=2(360°)+180°, Ron: —900°=2(-360°)-180°.
Since 180° and —180° are coterminal, Don and Ron do end at the same place, namely
180° from their respective starting points.

56. Observe that

Dan: 3640°=10(360°)+40°, Stan: 1890°=5(360°)+90°.
Dan and Stan do not end at the same spot. Dan ends 40° counterclockwise from
where he started, while Stan ends 90° counterclockwise from where he started.

57. Note that each multiple of 5 cuts off a sector that corresponds to 1/8 of the entire

circular face. Follow these instructions to obtain the total angle sum that

corresponds to the total turning to unlock the lock with combination 35 -5 -20:
Step 1: 2 full clockwise turns:  2(360°)

Step 2: Going clockwise, stop at 35: %(3600)
Step 3: 1 full counterclockwise turn:  (360°)
Step 4: From 35, go to 5 counterclockwise: %(360")

Step 5: From 5, go to 20 clockwise: 3(3600)

Now, the resulting total angle sum is 3600[2+l+1+3+§} =[1440°].
8 8§ 8
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58. Note that each multiple of 5 cuts off a sector that corresponds to 1/8 of the entire

circular face. Follow these instructions to obtain the total angle sum that

corresponds to the total turning to unlock the lock with combination 20 - 15-5:
Step 1: 2 full clockwise turns:  2(360°)

Step 2: Going clockwise, stop at 20: 3(360")
Step 3: 1 full counterclockwise turn: (360°)
Step 4: From 20, go to 15 counterclockwise: %(360")

Step 5: From 15, go to 5 clockwise: %(3600)

Now, the resulting total angle sum is 360° [2+%+1+%+§-‘ =[1665°|.

59. Consider the following triangle: Since sin 60° = 108/ . we have
y=(100 ft.)sin 60° = 87 ft.
. . o x
— Similarly, since cos60° = 100 fro e have
y x =(100 ft.)cos 60° = 50 ft.
60° So, the horizontal distance is 50 ft. and

. the vertical distance is 87 ft.

. . o _ y
Since sin45° = TR we have

y=(75 ft.)sin45" = 53 ft.
Since the triangle is isosceles, x and y
have the same length.

60. Consider the following triangle:

751t

v So, the horizontal and vertical distances
are both 53 ft.

45°

61. QII | 62. On the y-axis
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63. Consider the following diagram: Note that 5 revolutions counter-
clockwise corresponds to 5x360°=1800°,
and that 3/4 revolution is equivalent to
3/4(360°)=270°. So, the angle made is

the sum of these two, namely 2070°.

(100,0) START

(0, -100) END
64. Consider the following diagram: Note that
_50 _1
cosf = 100=2
=503 _ B
sinf = T
Thus, € = ST”’ or equivalently 300°.
START Hence, the resulting angle is 300°.
(50,-5043)
(0, -100) END

65. Coterminal angles are NOT supplementary angles. For instance, 300° and —60°
are coterminal angles, but not supplementary (their sum does not add to180°).

66. All work except the last line is correct. Indeed, the terminal side of —150° is in
QIII, not QII.

67. True, by definition.

68. True. If o is an acute angle in standard position, then its terminal side is in QI
if positive, and QIV if negative. However, an obtuse angle must have terminal side
in QII if positive, and QIII if negative.

69. False. For example, when n =30, the angles 30° and —30° are not coterminal.”

70. Adding multiples of 360° yields coterminal angles. So, the desired angles are
30°+360°k, where k is an integer.
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71. All angles with positive measure coterminal with 30° are of the form
30°+n(360°), wheren =0, 1, 2, ...
All angles with negative measure coterminal with 30° are of the form
-330°-n(360°), wheren =0, 1, 2, ...

72. Let x = measure of the desired angle.
We are given that —360° < x < 0°. Since the supplement of 130° is 50°, the coterminal
angle satisfying the given inequality is|-310°|.

73. 30°-360°k, k=0,1,2,3,...

74. These angles are given by —60°+360°k, where k=0, 1, ..., £5. So, there are
10 other angles coterminal with «. Including angle « itself, there are 11.

75. Consider the following diagram: We are given (xl,yl) and (XzaJ’z)-
——_— Consider the new point (x,,,). Observe
that A+ B*> =d’ by the Pythagorean
d theorem. This is the distance formula.

d=V(x,—x)+ (- n)’

(x1,y1) a (x2,y1)

76. Since 8 =4.5x360°+45° = 4 x 360° + (%x360°+45°), the terminal side

=225°

Back to positive x-axis

of @ is in QIII.
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Section 2.2 Solutions
1. Consider the following diagram:

sing =P _ 2 _ 25
yo 5 5
(1,2) adj 1 5
cosf=——=—==—
hyp 5 5
hf |2
tan@ = ﬂ = 2 =2
0 adj 1
1
cot@ = ! = 1
tand 2
secl = L _ L = ﬁ
cos® _1_
J3
Using the Pythagorean Theorem, we cscl =— ! P = % = g
obtain h=1? +2% =+/5. sl ﬁ
2. Consider the following diagram: _ opp 3 313
Sin 0 = = =
hyp V13 13
2,3) adj 2 2413
cosf = = =
hyp Vi3 13
hf |3
tand = ﬂ = E
adj 2
a
cotfd = = g
tangd 3
1 1 Vi3
secl = = =
cos 2 2
J13
Using the Pythagorean Theorem, we cscl =— ! ; = ; = \/;_3
sinf@  _3
obtain #=+/3+2% =13. J3
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3. Consider the following diagram: opp 6 2 25
sinf=——=—==—="—"-+
yp 345 5 5
(3, 6) adi 3 1 A5
cos@ = =—==—=——
yp 35 55
"6 tan@ = % = g 2
AN ad
4 cotf = ! = 1
tan@ 2
secl = L1 J5
cos@ 1
5
11 45
. cscl=——=——=—
Using the Pythagorean Theorem, we sinf 2 2
obtain /=3 +6° =45 =35. Js
4. Consider the following diagram: ‘ opp 4 1 5
sinf=——=——==—==—
hyp 445 5 5
adi 8 2 25
cosf = ===
®4) hyp 45 5 5
I 4 tand = ﬁ = 4 = !
adj 8 2
8 1
cotf = =2
tané@
11 5
secld = ==
cosf 2 2
S5
: 1 1
Using the Pythagorean Theorem, we cscl =— P == J5
sing 1

obtain 4 =+/8> + 4> =+/80 = 4/5.

Solutions Manual for Trigonometry 5th Young



https://textbooktestbanks.com/products/9781119742623-solutions

Section 2.2

5. Consider the following diagram: 2
sing="PP__5__~y 10
hyp 41 5 41
10
(112, 2I5) _ 4 w4
h 41 41
2/5 . 1
cosf = ad) __2 —lx 10
172 hyp 41 2 V41
10
5 5v4l1
Jar o 41
2
tang="PP -5 _ 4
Using the Pythagorean Theorem, we adj % 5
obtain i s
SRR
> . 1 1 V4l
secl = = =
cos S 5
J41
1 1 41
csch=——= =
sin@ 4 4
a1
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6. Consider the following diagram:

s1n¢9—0pp— _%X 21
hyp 2485 3 2485
21
7 7485
(417, 2I3) —\/g 85
h 4
A 5 cosg_di _ 7 _4 21
a7 hyp 2J_ 785
_ 6 6\/%
85 85
2 7
tan@ = ﬂ =3_7
adj % 6
Using the Pythagorean Theorem, we 1 6
i cotd = =—
obtain ==
"= ; __ i secf= =1 _ 85
3 kS cos@ 6 6
J85
1 1 /85
cscl=——= =
sin@ 71 7
J35
7. Consider the following diagram: g opp 4 i E \/5
yp 245 5 5
v j 2 -1 45
cosf = == - - -_ Y7
hyp 245 5 5
i 0 4
) tan? :% =5
2 adj -
-2 COt(9 = 1 = —l
tan 2
secl = 1 _ 1 _ _J5
cosd —1
J3
) 1 1 5
Using the Pythagorean Theorem, we cscl = D =—-= >
obtain 1 =+/(=2)* +4% =+/20 = 24/5. ﬁ
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8. Consider the following diagram: . opp _ 3\/5
sinf =
hyp \/_
(-1, 3) adj -1 Jﬁ
cos@ =
hyp Vo 10
h
3 tang="PP -3 _ 3
adj -1
-1 cotf = ! = —l
tan 3
1 1
secld = =——=-J10
cos§ =L
J10
11 410
cscl =— =
sinf 3 3
Using the Pythagorean Theorem, we J10
obtain /1 =+/(=1)% +3% = 10.
9. Consider the following diagram: pp 7\/5
hyp J_ 65
_ady 4\/6
hyp \/— 65
_opp _ =7 7
adj 4 4
-4 | 4
, tan@ 7
1 /h 1 1 65
cos@ _—4_ 4
(_ 4‘ _7) \/ 65
1 1 e
: sing =7 7
Using the Pythagorean Theorem, we \/E
obtain 1 = J(=4)> +(=7)* =+/65.
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10. Consider the following diagram: sing— PP _ -5 5 106
hyp 106 106
adj -9 9106
cosf = = =—
hyp /106 106
tan@ = ﬂ = _—5 = é
adj -9 9
-9
.5 cotd= L2
h tan@ 5
(-9, 5) secl = 1 _ 1 :_\/106
cosd@ _—9 9
V106
1 1 V106
cscl=——= =—
, sinf =3 5
Using the Pythagorean Theorem, we 106
obtain /1 =+/(=5)> +(=9)% = V106.
11. Consider the following diagram: opp 3 35 15
sinf=—=—=—"—=—+
hyp 5 5 5
(—V2.43) adi 2 =25 1o
cosf = = = =—
hyp /5 5 5
h _
\/§ tanﬁ:Oppz 3 = ﬁﬁ:_ﬁ
adj —\2 2 2
- cotg= L -2 26 _ V6
tan @ J6 6 3
1 1 5 410
secl = = =- =—
cosé@ —\/m 10 2
5
11 5 55 15
cscld=——= = = =
Using the Pythagorean Theorem, we sinf 15 15 15 3
5
obtain h=[(~2) +(V3) =+5.
106
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12. Consider the following diagram: ing PP _ £ NG f \/_
hyp 5 5 5
cosg Al _ V3 _—3Y5 IS
i e 55 s
A~ ang=22_ 2 _S__ s
. 5B 3 3
-5 cotg= L -3 _ 36_ 6
tand 6 6 2
sec = 1 1 > \/E
cos@ —\/— \/E 3
5
1 1 5 5J10 10
Using the Pythagorean Thzeorem, we cscl = sing Ji0 = 70 = \1/0_ = \/2_
obtain hz\/(—\/g +(\/§) =45. 5
13. Consider the following diagram: g — opp _\f -3 f f
hyp 242 4 4
cosg A =5 _—5v2 V10
hyp 242 4 4
NG tan@ = opp V3 \/_\/_ Jis
_J5 N 5
T ¢
B LA orgo L 5 sf _ f
(_ e \B) tan@ \/_
wege Lo L _ 4 __2\@
cosd _JE J10 5
. cscl= L1 —i
Using the Pythagorean Thezorem, we sing J‘ J6
obtain /1= (~V5) +(~3) =vB=2/2.
- 4\/— B 2\/—
3
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14. Consider the following diagram: g OPP _ —J5 _ NN - N
hyp it 11 11
cos@ = adj _ —/6 = —Jovil :_\/%
hyp Vi1 11 11
tang = PP _ 5 - V546 _ V30
6 adi 6 6 6
_\/3 h Cote — 1 — 6 — 6\/% — \/%
(_\@ —\B) tand 30 30 5
| secH = b _ __\/%
cosd  —/66 66 6
11
1 1 11 J55
Using the Pythagorean Theorem, we cscld =

- - siné?:ﬂ:_\/g:_ 5
obtain = [(~5) +(~6) =1L I
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15. Consider the following diagram: P % 3
sin@ = = =—X
yp 229 3229
3
2 229
(1073, 4/3) J29 29
h 10
i adi  ~3 _-10_ 3
. cosf = = =
103 hyp 2429 3 2V29
3
_ -5 5J29
J29 29
4
tang=2PP_ 3 __2
adj _10 5
3
Using the Pythagorean Theorem, we cotd = 15
L __10)2 (i)z _ [100, 16 tangd 2
obtain A ,/( 3 + 3 ,/ 9 +9 . L __\/E
:_\'116:@. YT se =5 s
3 3 V29
1 1 V29
cscld=——= =
sin@ 2 2
V29
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16. Consider the following diagram: _1
. opp 3 —-1_9
sin@ = = =—X
hyp 13 V13
9
I I NI E)
Jizo 13
dj -2 2 9
) -2/9 cos@ = ad) = 9 = “x
PPN hyp V13 9 V13
h 9
28,119 2B
Jizoo13
_1
tan@ = pp:_3_§
g -2 2

Using the Pythagorean Theorem, we 1 29
obtain cotf = ==
; S tand 3
he /(—_2) H5) - [4,1_13 g L1 B
9 3 81 9 9 cosd =2 >
13
1 1 Ji3
cscl=——= =—
sin@ =3 3
13
17. Consider the following diagram: g OPP 2 25
sin@ = ==
yp 5 5
(1‘2) Cosezﬁzlzﬁ
yp N5 5
hf |2 tand = p?_g_z
adj 1
2 I
1 cotld = =—
tan@d 2
secl = L J5
cos§ _1_
/5
cscl =— 1 = L = L]
Using the Pythagorean Theorem, we sing 2 2
obtain h=v1I>+2% =/5. Js
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18. Consider the following diagram: sing = PP _ 3 3410
hyp 10 10
(1,3) cosgo i _ 1 :\/ﬁ
hyp 10 10
hf |3 tan@ = ﬂ = 3 =3
o] aclij 11
1 cotd = =—
tand 3
secl = ! = L =410
cosd _1_
J10
1 1 410
cscld=——= 3=
Using the Pythagorean Theorem, we sing N 3
obtain & = /1> +3* =/10.
19. Consider the following diagram: 9= °PP 1 5
sinf=——=—==—
yp V5 5
e adi 2 245
cosf=—-=—=—-
ol hyp 5 5
” tang = 2PP _ 1
adj 2
2
cotld = ! =2
tan @
1 15
secl = = =—
cos@ 2 2
- Js
Note that we can use ANY point on the
line y= Ly (x=0)to form the triangle. cscl =— ! = R =5
2 sin@ _1_
In order to avoid the use of fractions, we ﬁ

use the point (2, 1). Using the
Pythagorean Theorem, we obtain

h=+1%+2% =4/5.
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20. Consider the following diagram: g _ PP -1 J5
sinf=——=—==——
yp 5 5
yp 5 5
tan@ = % = __1 = l
2 adj -2 2
-1 h cotf = ! =2
tan @
(-2, -1) (N 5
secl = = =——
cosf@ =2 2
/3
1 1
Note that we can use ANY point on the cscl = sing =1 " -5
line y = %x (x £0)to form the triangle. 5
In order to avoid the use of fractions, we
use the point (-2,—1). Using the
Pythagorean Theorem yields
h=(=1) +(=2)> =+/5.
21. Consider the following diagram: 0 opp -1 \/ﬁ
sin@ = =—
hyp 10 10
cosgAdi _ 3 3410
hyp 10 10
tan@ = ﬂ = —l
3 adj 3
€ H1
- 1
h cotl = =3
3, -1) tand
1 J10
secl = = =
cosé 3

Note that we can use ANY point on the
line y= —%x (x 2 0)to form the triangle.
In order to avoid the use of fractions, we
use the point (3,—1). Using the
Pythagorean Theorem yields

h=4(-1)* +3> =/10.

Solutions Manual for
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22. Consider the following diagram: 0 opp 1 \/ﬁ
sin@ = = =
hyp 1o 10
3,1 .
(3.1) adj -3 3410
cosf = = =—
N hyp Jio 10
1
tan@ = @ = !
adj 3
-3
cotd = =-3
tan@
1 1 V1o
secld = = =—
cos@ =3 3
J10
Note that we can use ANY point on the csc = _l _ b J10
i 1 <0)to form the trianel sing@ _1_
ine y=-zx (x £0)to form the triangle. J1o
In order to avoid the use of fractions, we
use the point (-3,1). Using the
Pythagorean Theorem, we obtain
h=A1> +(=3)* =/10.
23. Consider the following diagram: ingoOPP_ 2 _ 2413
.2 yp V13 13
‘ adj -3 313
cosf = =—
L1\ hyp i3 13
tang = PP _ 2
3 adj 3
cotfd = ! = 3
tané@ 2
1 113
secld = = =—
cos§ =3 3
The equation of the lineis y = —%x 13
(x<0). Note that we can use ANY cscl = .1 = ; = J13
point on the line to form the triangle. In sng ﬁ 2
order to avoid the use of fractions, we use
the point (-3,2). Using the Pythagorean
Theorem, we obtain
h=1(=3)>+2> =/13.
113
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24. Consider the following diagram:

(3,-2)

The equation of the line is y = —%x
(x=0). Note that we can use ANY

point on the line to form the triangle. In
order to avoid the use of fractions, we use
the point (3,-2). Using the Pythagorean

Theorem, we obtain

h=43"+(=2)* =+/13.

sing=PP _ - :—2\/5
hyp 13 13
adj 3 313
cos@ = = =
hyp 13 13
tané?:ﬂ:—2
adj 3
cotd = ! :—é
tané@ 2
1 1 V13
secld = = =
cosd 3 3
J13
1 1 J13
cscf=——= =—
sin@ =2 2

25. Since 8 =450°=360°+90°, the
standard position of & is 90°. So,

sinf=1

cosd=0

tan @ is undefined
cotd=0

sec @ is undefined

cscd=1

26. Since 8 =540°=360°+180°, the
standard position of 8 is180°. So,

sin@=0
cosf=-1

tand =0

cot @ is undefined
secl =-1

csc @ is undefined

27. Since 8 =630°=360°+270°, the
standard position of & is 270°. So,

sinf= -1
cosd=0

tan @ is undefined
cotd=0

sec @ 1s undefined
cscd=-1

28. Since 8 =720°=2(360°), the
standard position of 8 is 0°. So,

sinfd=0

cosf=1

tan@ =0

cot @ is undefined
secld =1

csc @ 1s undefined
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29. Since 8 =-270°=-360°+90°, the
standard position of 8 is 90°. So,

sinf=1

cos@=0

tan @ is undefined
cotd=0

sec @ is undefined

cscO=1

30. Since 8 =-180°=-360°+180°, the
standard position of 8 1s180°. So,

sin@=0

cos@=-1

tand =0

cot @ is undefined
secd =—1

csc @ is undefined.

31. Since 8 =-90°=-360°+270°, the
standard position of & is 270°. So,

sinf=-1
cos@=0

tan @ is undefined
cotéd=0

sec @ is undefined
cscfd=-1

32. Since the standard position of
0 =-360°1s 0°, we have

sinfd=0

cosf =1

tan@ =0

cot @ is undefined
secd =1

csc @ is undefined.

33. Since 8 =-450°=-2(360°)+270°, the
standard position of 8 is 270°. So,

sinf=—1
cosd=0

tan @ is undefined
cotd=0

sec @ is undefined
cscd=-1

34. Since 8 =-540°=-2(360°)+180°, the
standard position of 8 is180°. So,

sind=0
cosf=-1

tanéd =0

cot @ is undefined
secld =-1

csc @ is undefined

35. Since 8 =-630° =-2(360°)+90°, the
standard position of & is 90°. So,

sinf=1

cos@=0

tan @ is undefined
cotd=0

sec @ is undefined

cscd=1

36. Since the standard position of
6 =-720°=-2(360°) is 0°, we have

sin@=0

cos@=1

tan@d =0

cot @ is undefined
secl =1

csc @ is undefined
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37. Since 8 =810°=2(360°)+90°, the
standard position of & is 90°. So,

sin 810° =1
cos 810°=0
tan 810° is undefined
csc 810° =1
sec 810° is undefined
cot 810° =0

38. Since 8 =900° =2(360°)+180°, the
standard position of & is180°. So,

sin 900° = 0

cos 900° = -1

tan 900° =0

csc 900° 1s undefined
sec 900° = -1

cot 900° is undefined

39. Since 8 =-810°=-2(360°)—-90°, the
standard position of & is —90°, which is
coterminal with 270°. So,

sin (—=810°) = -1

cos (—810°) =0

tan (-810°) is undefined
csc (—-810°) = -1

sec (—810°) is undefined
cot (=810°) =0

40. Since 8 =-900° =-2(360°)—180°, the
standard position of & is —180°, which is
coterminal with 180°. So,

sin (=900°) = 0
cos(—=900°) = -1

tan (-900°) =0

csc (-900°) = undefined
sec (—900°) = -1

cot (-900°) = undefined

41. Consider the following diagram:

(x,7)
25

First, find x using the Pythagorean
Theorem:

X' +7 =25

x=~576 =24

opp _ |7

Hence, tanf=—— .
adj |24
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42. Consider the following diagram:

(13,84)

84

First, find y using the Pythagorean
Theorem:

y* =842 +137
y=+/7225=85

Hence, cos@= a—dJ = 13

hyp 85|

43. Consider the following diagram:

122|ft.
TreeT

22 ft.

We need to determine 7.

Observe that cos@= E = 2 .
61 122

Hence, using the Pythagorean Theorem
yields:

(22 ft.)" + 7% = (122 ft.)’
T = /14,400 ft> =120 ft.

So, the tree is 120 ft.| high.

44. Consider the following diagram:

41/2 ft
20 ft.

We need to determine B, the distance
between the base of the tree and point on
the ground.

Observe that sin@ = ﬂ = E
41 41
2

Hence, using the Pythagorean Theorem
yields:

20 ft.)> + B2 = (A fr.)?
2

T:@ft.:
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45. Consider this triangle: ingo PP _ 4 _ 417
hyp 17 17
adj 1 17
cosf@= = =
hyp V17 17
7 4 tan@= ﬂ =4
0 adj
1

46. Consider this triangle:

5 cosH:h :—\/g =— 5
5
[ v
-1 tan6’=—0pp=—l
adj 2
47. Since we are given that cos@=0.9, The picture for our current situation is

we have the triangle

|
|
—_— -

/
@

’
= o o o
N
/
4

By similar triangles, we see that

V19 10 9087 fi.
9.1 X
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48. Since we are given that sec 6 = %, and The picture for our current situation is
5

By similar triangles, we see that

S0 cosé = & we have the triangle: '
|
: R ——
| N
I | \
e e i e il | \
| \\<---- Angle of Depression 8.9 | \\x
(RN | %
| N | -
sqrt(11) | W !
i L H 0Ny
I X T
| \\ I
s 2 '
T
[
|

MIL_6 1611
89 «x

49. Since sind = %, we have the following triangle (where the length of the remaining

leg was computed using the Pythagorean theorem):

10 Revenue 8
2 [
Cost6
Hence,
tand = Revenue = 8 >1.
‘ Cost 6
Since tan @ > 1, this represents a profit.
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50. Using the Pythagorean theorem in the following triangle yields
Revenue’ +3% =47 = Revenue =/7.

Revenue

Cost3

Hence,

tanq = Revenue _ ﬂ <1

Cost 3
Since tan@ <1, this represents a loss.

51. Since cosf= ;1;3, we have the following triangle:

5.0

48

Now, using the Pythagorean theorem yields
4.8 +d>=50" = d=+1.96 =1.4cm.
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52. Since sec8= >

9
triangle:

5.0

——, we know that cos@= % and so, we have the following

49

Now, using the Pythagorean theorem yields
49°+d*=5.0> = d=+0.99 =~1.0cm.

53. Here, r=+1>+2% =/5 , not 5.

54. % does NOT equal 0, it is

undefined.

55. False. Observe that
sin30° = %, sin60° = ?’ sin90° =1.

1 3

But, —+—=#1.
2 2

56. False. Even though tan0°=0,
thereby resulting in the statement
tan90° =tan 90°, this statement is not a
truth since tan90° is undefined.

57. True. The angles 8 and 8+360°n
(where n 1s an integer) are coterminal, so
that cos @ = cos(6+360°n).

58. True. This is true since sine is
periodic with period 2z (which
corresponds to 360°).
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59. First, note that it is not possible for a = 0 since in such case there would be no
triangle. Thus, there are only two cases to consider.

Casel: a>0
Consider the following diagram:

(-3a, 4a)

z
4a

14
-3a

Case2: a<0

Consider the following diagram:

(-3a, 4a)

From the Pythagorean Theorem, it

follows that z =/(4a)* +(=3a)’ =5a.

So, cos0=_—3a= —E.
Sa 5

From the Pythagorean Theorem, it

follows that z =/(4a)* +(=3a)’ =5a.

So, cos@= 4 —g, which is the
S5a 5

same conclusion of Case 1.

60. Referring to the diagram in Exercise 59, we observe that in both cases,

sin0:4—a=i.
Sa 5
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61. Casel: m=0
In such case, tan0=0=m.
Case 2: m>(0 Consider the following diagram:

(1, m)

Observe that tan@= ? =m.

Case 3: m< (0 Consider the following diagram:

(-1, -m)
YEmx
-m
0
-1
Similarly, tan &= sind = .
cosd -1
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62. First, note that cscd= _@, so that sing= _i.
2 V29
Consider the following diagram:
Case 1 Case 2
x1 X2
| 652
(x1, -2) (x2, -2)

Using the Pythagorean Theorem, we see that
2
X +(=2)" = (\/E) and  x? +(-2) =(@)2.
Hence, we have x, = x, =£5. Thus, the two possible x values are .

63. Consider the following diagram:

0

/Ya,. 0)

Suppose the form of the equation of the line is given by y=mx+b. We need to
determine m and b to find the equation of this line.

First, substitute the point (a,0) into the equation: 0=ma+b so that b=-ma. So,
the equation of the line thus far is y = mx —ma = m(x —a).

Next, note that this line is parallel to the corresponding line translate to pass through
the origin—the slope of that line is tan & (by Exercise 61). Since parallel lines have
the same slope, we know that m=tan@.

Thus, the equation of the line is |y = (tan )(x —a)|.
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64. First, note that we need to find a relationship between the slope the line and @
(the angle the line makes with the negative x-axis). This is done in cases, as in
Exercise 61.

Casel: m=0

In such case, tan0=0=m.

Case 2: m>0 Consider the following diagram:

(-1, m)

Observe that tan@= ﬂl =-m.

Case 3: m< (0 Consider the following diagram:

(1,-m)

sinf _-m _

cosd 1

Now, to find the equation of a line with negative slope passing through the point
(a,0), we proceed as in Exercise 63. Suppose the form of the equation of the line is

given by y=mx+b. We need to determine m and b to find the equation of this line.

Similarly, tan @ =

First, substitute the point (a,0) into the equation: 0=ma+b so that b=-ma. So,
the equation of the line thus far is y = mx—ma =m(x—a).

Next, note that this line is parallel to the corresponding line translate to pass through
the origin—the slope of that line is —tan @ (by the above discussion). Since parallel
lines have the same slope, we know that m=—tan@.

Thus, the equation of the line is y = (—tan8)(x —a) = |(tan 8)(a — x)|.
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65. secx = 1
COS X

for any integer k.

is undefined when cosx =0. This occurs when x = 90° + (180k)°

66. Ifcscx = .1
sin x

is undefined, then sinx=0.

67. sin270°=-1

68. c0s270°=0

69. tan270° = S1270% ;
c0s270

70. cot270°=93270" _

sin 270°

is undefined.
71. cos(—270°)=0

72. sin(-270°) =1

73. sec(—-270°) is undefined.

74. sec(270°) is undefined.

75. csc(270°) =-1

76. csc(-270°) =1

Section 2.3 Solutions

1. QIV

QII

3. QII (Need cos@<0 and sin€>0.)

QIII (Need cos@<0 and sin8<0.)

5. QI (Need cos#>0 and sin€>0.)

QIII (Need cos@<0 and sinf<0.)

7. Consider the following diagram:

Observe that sin@=|——|.

PN

Consider the following diagram:

13

-12

12

Observe that cos@= Bl
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9. Consider the following diagram:

61
60

N

Using the Pythagorean Theorem, we

obtain z=—-61>-60* =-11. So,

60
Tl

tan@ =

10. Consider the following diagram:

40

41

Using the Pythagorean Theorem, we

obtain z = —/41> —40° =—9. So,
2
40|

tan@ =

11. Consider the following diagram:

Observe that sec@ = L _ —_— =

cosﬁ_ﬁ 7

12. There is no solution here since there
does not exist a value of @ for which

cos@>1.
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13. Consider the following diagram:

-13

-84

Using the Pythagorean Theorem, we
obtain z =+/(~13)* +(~84)’ =85. So,

84
55|

sin@=

14. Consider the following diagram:

25

Using the Pythagorean Theorem, we

obtain z =4/25" —(=7)* =24. So,
24
25|

cos@=

15. Consider the following diagram:

Observe that cot@ =

16. Consider the following diagram:

5

\N_\@

95

Observe that sin@= _W'
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17. Since sec@= = -2, we see that

cosé
cos@= —% . Consider the following

diagram:

Using the Pythagorean Theorem, we

obtain z=—/2> —(-1)> =—/3. So,
tan¢9=£=-

-1

18. Consider the following diagram:

Using the Pythagorean Theorem, we

obtain z=~/1>+1> =2 So,
_|¥2

2

sin@=

ol

19. Consider the following diagram:

Using the Pythagorean Theorem, we

20. Consider the following diagram:

Using the Pythagorean Theorem, we

obtain 7 =— 62—(\/ﬁ)2 =-5. So,

Jit | i
tan6=—5= —?

obtain z=«/12+(—2)2 =5. So,
cosﬁ—_—z— —&
J5 51
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21. First, cos(—270°) = cos(90°) =0.
Also, since 450° =360°+90°, we have
s1n(450°)-sm(90°) 1. Therefore,

cos (=270°) +sin (450°) = [1.

22. First, sin(-270°) =sin(90°) =1.
Also, since 450° =360°+90°, we have
c0s(450°) =cos(90°) =0. Therefore,

sin (—270°) +cos (450°) = 1.

23. Since 630° =360°+270°, we have

sin(630°) =sin(270°) =—1. Further,

since —540° =-360°-180°, we have
sin(—180°)

tan (—540°) =tan(-180°) =————==0.

cos(—180°)
So, sin (630°) + tan (—540°) = |-1].

24. Since —720° =2(-360°), we have
cos(—720°) =cos(0°) =1. Further, since
720°=2(360°), we have
sin(0°)
cos(0°)
cos (=720°) +tan (720°) =[1].

tan(720°) =tan(0°) = =0. So,

25. Since 540°=360°+180°, we have

cos(540°) =cos(180°) =—1. Further,

since —540° = -360°-180°, we have

cos (—540°) = cos(—180°) = -1, so that
1 1

sec(—540°) = = -1

cos(—540°) cos(—180°)
So,
cos(540°) —sec (~540°) = —1— (1) =|0].

26. Since —450°=-360°-90°, we have
sin(—450°) =sin(-90°) =sin(270°) =—1.

Further, csc(270°) = ﬁ =-1. So,
sin

sin (—450°) +csc (270°) = —1+(~1) =[=2].

27. Since —630° = —36()° 270°, we have
csc(—630°) = csc(—270°) = csc(90°) = 1.
Further, since 630° =360°+270°, we

have

o €0s(630°) cos( 70°)
cot(630°) = n (630°) =— n(270°) =0.

28. Since —540° =-360°—-180°, we have
cos(—540°) = cos(—180°) = -1, so that
1 1
-540°) = - —_1
sec( ) cos(—540°)  cos(—180°)
Further, tan (540°) =tan(180°)=0. So,

sec(—540°) + tan (540°) =[1],

So, csc(—630°) - cot 630°):I
)

29. Since tan(720°) =tan(0°)=0 and
1

720°) = = =1,
sec( ) cos(720°) cos(O") we

have tan (720°)+sec(720°) =[1].

30. Since 450° =360°+90°, we have
cos(450°) = cos(90°) =0. Further, since
—450° =-360°-90°, we have

cos(—450°) =cos(—90°)=0. So,

cos (450°) —cos (—450°) =[0].

31. [Possible| since the range of sine is

[-11].

32. [Not possible since the range of cosine

is [-L1].
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3. since # ~1. and

hence out of the range of cosine (which

is [-L1]).

34, [Possibid since _1<lf_§<1.

35. [Possible| since the range of tangent

is R.

36. |Possible| since the range of cotangent
is R.

37. since _T‘; < -1, and hence in

the range of secant (which is

38. |Possible| since the range of cosecant is
(—eo, = 1] UL e0).

(=, 1]U[1)).
39. 40.
2407 60° .- °
120
/N SAAA
60",

The given angle is shown in bold, while
the reference angle is dotted.

cos(240°) = —cos(60°) = |——

The given angle is shown in bold, while
the reference angle is dotted.

c0s(120°) = —cos(60°) =|-—=
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41. 42.

o

300 E

The given angle is shown in bold, while
the reference angle is dotted.

315° /'

-

The given angle is shown in bold, while

\/§ the reference angle is dotted.
sin(300°) = —sin(60°) =|-—— 7
2 sin(315°) = —sin(45°) = -
o V3 . N
43. cot(~150°) = 22210 é:\/g 44.sin(-135°) ==
sin(-150°) - 12
\/§ 46 oy 1 1 7
45. cos(—30°)=— - sec(—135 )_COS T v >
2 ( ) é
47. 48.
7 15 X3S

30° %

The given angle is shown in bold, while the reference angle is dozed.

the reference angle is dotted.
1

tan(210°) = tan (30°) = 2030 _ 2 _ V3
cos30°

N‘&l
(U]

-1

sec(135°) =—sec(45°) =

cos(45°) B

The given angle is shown in bold, while

2 [

N
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49. 50.

-315°

The given angle is shown in bold, while

) ) . . the reference angle is dotted.
The given angle is shown in bold, while 1

the reference angle is dotted. sec(-330°) =sec(30°) = cos(30°)
tan(135°) =tan(45°) =

an

51. 52.

A

A
330° ;30

(a

The given angle is shown in bold, while | The given angle is shown in bold, while

the reference angle is dotted. the reference angle is dotted.
-1 1
°)=- °)= =|-2 -240°) = 60°) =
csc(330°) =—csc(30°) T (30°) cse( ) =csc(60°) S (60°)
_ 2283
V313
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53. cosf= ? when |6 =30° or 330°|.

(Note: Since the right side of the
equation corresponds to standard
angles, we refer the reader to the
diagram in the text for a visual of the
solutions to this equation.)

54, sinﬁzg when |6 = 60° or 120°|.

(Note: Since the right side of the
equation corresponds to standard angles,
we refer the reader to the diagram in the
text for a visual of the solutions to this
equation.)

55. sin6?=—% when |8 =210° or 330°).

(Note: Since the right side of the
equation corresponds to standard
angles, we refer the reader to the
diagram in the text for a visual of the
solutions to this equation.)

56. cos0=—% when |8 =120° or 240°|.

(Note: Since the right side of the
equation corresponds to standard angles,
we refer the reader to the diagram in the
text for a visual of the solutions to this
equation.)

57. cos@=0 when |8 =90° or 270°|.
(Note: Since the right side of the
equation corresponds to standard
angles, we refer the reader to the
diagram in the text for a visual of the
solutions to this equation.)

58. sin@=0 when |8 =0°, 180°, or 360°|.

(Note: Since the right side of the
equation corresponds to standard angles,
we refer the reader to the diagram in the
text for a visual of the solutions to this
equation.)

59. sin@=-1 when .

(Note: Since the right side of the
equation corresponds to standard
angles, we refer the reader to the
diagram in the text for a visual of the

60. cos@=-1 when |8 =180°|.

(Note: Since the right side of the
equation corresponds to standard angles,
we refer the reader to the diagram in the
text for a visual of the solutions to this

solutions to this equation.) equation.)
61. —0.8387 62. 0.7314
63. — 11.4301 64. 7.1154
1 1
65. 421°) = ————=|2.0627 66. —222°) = ———— ~|-1.3456]
sec(421°) cos(421°) see ) cos(—222°)
1 1
67. ~111°)=————=|-1.0711] | 68. 211°)=———=~[-1.9416]
ese(=11) = G ey ese(211%) = o)
1 1
69. cot(159°)=———=|-2.6051 70. cot(—-82°)=——  =~|—-0.1405
( ) tan(159o) ( ) tan(—82°)
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71. Since sin@=0.9397, it follows that
@ =sin"'(0.9397) = 70°. This angle has
terminal side in QI. Since the desired
angle has terminal side in QII, we have
the following diagram.

Note: The desired terminal side is the
dashed segment.

Hence, @ = 70°+40°=(110°|.

72. Since cos@=0.7071, it follows that
6 =cos™' (0.7071) = 45°. This angle has
terminal side in QI. Since the desired
angle has terminal side in QIV, we have
the following diagram.

Note: The desired terminal side is the
dashed segment.

Hence, 8 =~ 360°—45° =[315°|.

73. Since cos@=-0.7986, it follows that
6 =cos™ (=0.7986) = [143°|. This angle
has terminal side in QII. Since the
desired angle has terminal side also in
QII, no adjustment is necessary—this is
pictured in the following diagram.

Note: The desired terminal side is the
dashed segment.

74. Since sin &= -0.1746, it follows that
@ =sin"' (=0.1746) =~ —10°. This angle has
terminal side in QIV. Since the desired
angle has terminal side in QIII, we have
the following diagram.

Note: The desired terminal side is the
dashed segment.

=10

Hence, 6 =180°+10° ={190°].
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75. Since tan@= —0.7813, it follows that
@=tan"' (-0.7813) = —38°. This angle
has terminal side in QIV. Since the
desired angle has terminal side also in
QIV, we need only a corresponding
angle with positive measure — this is
pictured in the following diagram.

Note: The desired terminal side is the
dashed segment.

Hence, 6 ~ 360°—38° =(322°|.

76. Since cos @ =—0.3420, it follows that
6 =cos™' (=0.3420) = [110°]. This angle
has terminal side in QII. Since the
desired angle has terminal side in QIII,
we have the following diagram.

Note: The desired terminal side is the
dashed segment.

110°

-110°

Hence, 6 =~ 360°—110° =[250°|.

77. Since tan 8= -0.8391, it follows that
@=tan"' (-0.8391) =~ —40°. This angle
has terminal side in QIV. Since the
desired angle has terminal side also in
QII, we have the following diagram.
Note: The desired terminal side is the
dashed segment.

Hence, 6 ~ 180°—40° = [140°).

78. Since tan@=11.4301, it follows that
@ =tan"' (11.4301) = 85°. This angle has
terminal side in QI. Since the desired
angle has terminal side also in QIII, we
have the following diagram.

Note: The desired terminal side is the
dashed segment.

-
haadt
o

Hence, 8 =~ 360° —85° =|265°|.
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79. Since sin &= —0.3420, it follows that
@ =sin"' (—0.3420) = —20°. This angle has
terminal side in QIV. Since the desired
angle has terminal side also in QIV, we
need only a corresponding angle with
positive measure—this is pictured in the
following diagram.

Note: The desired terminal side is the
dashed segment.

340°

Hence, 8 =360°—20° =|340°|.

80. Since sin@=—0.4226, it follows that
@ =sin"' (—0.4226) =~ —25°. This angle has
terminal side in QIV. Since the desired
angle has terminal side in QIII, we have
the following diagram.

Note: The desired terminal side is the
dashed segment.

Hence, 8 =~ 180° +25° ={205°|.

81. Use n,sin(6,) = n, sin(6,) with
n, =1, 6,=30° 6, =22° to obtain
(1)sin(30°) = n, sin (22°)

sin(30°)
T 3]
2 sin(22°) L3

82. Use n,sin(6,) = n, sin(6,)with
n, =1, 6,=30° 6, =18° to obtain
(1)sin(30°) = n, sin (18°)

1y = sin(30°) _[i4]

sin(18°)

83. Use n,sin(6,) = n, sin(6,) with
n, =1,n,=24, 6 =30 to obtain
(1)sin(30°) =(2.4)sin(6,)
sin (30°)
24

in(30°

sin(6, ) =

84. Use n,sin(6,) = n, sin(6,) with
n =1,n,=109, 6 =30 to obtain
(1)sin(30°) = (1.9)sin(6;)

) sin(30°
sin(6, ) = 1(9 )
o :sin_l[sml(zo )}z

85. Observe that 8=30°+3.25(360°) =30°+3(360°)+0.25(360°) =3(360°)+120°.

Thus, sin @ =sin(120°) = g
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86. Observe that 8 =120° +;(—360°) +i(360°) =150°. Thus,

3 4
cos@=cos(150°) = —g.
87. Sincetana =0 = a=0° or 180°, the minute hand is on the 3 or the 9.

88. First, note thatsin :% = a=30°0r 150°. Since the angle between consecutive

hours on the face of the clock is 30°, the minute hand is on either the 2 or the 10.

89. The measure of the reference angle is 180°—165° =15°. Physically, this means that
the lower leg is bent at the knee in a backward direction at an angle of 15 degrees.

90. The measure of the reference angle is 180°—160° =20°. Physically, an angle
whose measure is greater than 180 degrees represents a hyperextended knee.

91. The diagram is as follows: 92. Observe that
cos(104.5°) = —cos(75.5°) = —0.2504

Hydrogdn
a=755\60=104.5 X
Oxyigen Hj/drogen '

The reference angle is 180°—104.5° =75.5°

93. The reference angle is measured between the terminal side and the x-axis, not the
: S : : 1
y-axis. So, in this case, the reference angle is 60°. Since cos60° = D and

cos120° = —%, we see that sec120° = L =-2.

2
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94. Consider the following diagram:

The cosine of angles with terminal
sides in QII and QIII is negative. The
calculator correctly produces the angle
104°, but since we want the terminal
side to lie in QIII, we need to use the

correct reference angle. In this case, we
angle would be 360°—104° =256°.

95. True. For any 0°<8<90°, sin@ and cos@ are both positive. Since all of the
trigonometric functions are defined as quotients of sine, cosine, and 1, they are also

positive for such values of 6.

96. False. This requires both sin@ and cosé to be negative. But, in such case,

tan @ and cot @ are both positive.

N

97. False. For instance,cos(—45°):7.

98. False. For instance, cos(120°):—%.

99. Assume that ¢ >0, 5>0. Consider
the following diagram:

-b

(-b.-a)

Observe that sin@=|—

100. Assume that ¢ >0, 5>0. Consider
the following diagram:

(-b. a)

-b

Observe that cos@=|—

Ja +0*|
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10L. Ifcosd = -3 then 102. tan (45°+180°k) = tan (45°) = 1, for

2 any integer k.
6 =150° or 210°. The reference angle for

both is 30°.

103. If the reference angle for £ is 60°, then # could be any of 60°, 120°, 240°, 300°.

The cosine of these angles is either Lol

2 2
104. Observe that
cse(3(—210°)+30°) -

1 1 243

=csc(—600°)—%=csc(—240°)—l— = _

N [—

1
2 sin(-240°) 2 3 2 6

105. Observe that

sin80° = (0.9848 = sin100°.
Also, sin™'(0.9848) = 80°. So, the
calculator is assuming that the terminal
side of the angle lies in QI.

106. Observe that

sin 260° = —0.9848 = sin 280°.
Also, sin™'(—0.9848) = —80°, which
corresponds to the angle 280°. So, the
calculator is assuming that the terminal
side of the angle lies in QIV.

107. Observe that

c0s75° = (.2588 = cos(—75°).
Also, cos™(0.2588) = 75°. So, the
calculator is assuming that the terminal
side of the angle lies in QI.

108. Observe that

c0s105° = —0.2588 = cos(255°).
Also, cos™'(—0.2588) = 105°. So, the
calculator is assuming that the terminal
side of the angle lies in QII.

109. Observe that

tan65° = 2.1445 = tan 245°.
Also, tan™'(2.1445) = 65°. So, the
calculator is assuming that the terminal
side of the angle lies in QI.

110. Using a calculator yields:
tan(136°) = —0.9657 = tan (316°)

tan™’ (—0.9657) =~ —44°
So, the calculator assumes the terminal

side is in QIV when calculating inverse
tangent of a negative quantity.

Section 2.4 Solutions

1. sec@d= = 8 2 CSCQZ.L: =
cosd |7 sin @ 3
3.cscl= 1 :L:L: —é 4. secl = 1 :L:izz
sin@ —0.6 _% 3 cos@ 0.8 % 4
1 1 1
1 1 6. cotd = :—:—:
5. t9: = |
0 tand -5 5 tang 0.5 %
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7. Since —5=CSC9=;, we see that 8. Since ﬂ: secld= , We see
2 sin & cos
siné’:i: & that cos&zi: 2—m
Js L5 N TR
9. tanf = I =L=_i=_ﬂ 10. tan@ = ! :L:lzg
cotd 7 7 7 cotd 3.5 % 7
5
) _1 NE)
sin@ 2 1 V3 NS
11. tan@ = = = == cosé o [
w00 BB 3 12 cotf=——" == = V3
2 2
13. tang=10 _|_4 14. cotg=S20_| 3
cos @ 3 sin @ 4
6 -08 -2 4 ind -0.6 -3 3
15. COtHZC(‘)S =0 5:— 16.tn9:SIH - 5:_
sin@ —0.6 _% 3 cosd —0.8 _% 4
17. 18. Using Exercise 17, observe that
Vit
_vli 1 15 |51
i COtl9= = = =
tanH:Slnez 6 _—\/HX—§=£ tan @ \/ﬁ \/ﬁ 11
cos® S 6 5 |5 —
3 5
L5 (Y T 20. cos’ §=(cosd)’ =(0.1)" =[0.001
19. sin’ @=(sin6) :L?) =l

21. csc’ 6=(csc 6’)3 = (—2)3 =

22. tan® 0= (tand)’ =(-5)" =

23. Solving the equation sin” 8+ cos* @=1 for cos @ yields cos@=+/1-sin’ 4.
Since the terminal side of @ is in QIII, we use cos@= —+/1-sin” . Hence,

3

24. Solving the equation sin” @+cos’ =1 for cos @ yields cos@=*+/1-sin’ 4.

Since the terminal side of @ is in QIII, we use cos = —+/1—sin* . Hence,

__ie _;)Zz_/mz_&
cos@ 1 ( 5 75 5|
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25. Solving the equation sin* @+cos’ =1 for siné yields sin &= ++/1-cos’ 6.
Since the terminal side of @ is in QIV, we use sin@=—+/1—cos’ 8. Hence,

26. Solving the equation sin* @+cos’ =1 for sin@ yields sin &= ++/1-cos’ 6.
Since the terminal side of @ is in QIV, we use sin@= —+/1—cos* # . Hence,

sin9:—1/ —(%)2 :_\/%: —#.

27. Solving the equation 1+tan® = sec” 8 for sec@ yields sec@=*++/1+tan’ 6.
Since the terminal side of @ is in QIII, cos@< 0 and so sec#< 0. So, we use

sec@=—+/1+tan” @. Hence, se<:t9:—\/l+tan26?:—\/1+(4)2 =|-17|.

28. Solving the equation 1+tan’ @=sec’ @ for sec@ yields sec @=++/1+tan’ 4.
Since the terminal side of @ is in QII, cos@< 0 and so secd< 0. So, we use

sec@=—+1+tan>@. Hence, secd=—+/1+tan’ :—\/1+(—5)2 =|—/26|.

29. Solving the equation 1+ cot® = csc” @ for csc@ yields csc@=++/1+cot’ 6.
Since the terminal side of @ is in QIII, sin@< 0 and so cscd<0. So, we use

cscO=—~/1+cot> . Hence, cscd=—+/1+cot> @ :—\/1+(2)2 =|-5|.

30. Solving the equation 1+ cot® @=csc” @ for cscé yields csc = ++/1+cot’ 9.
Since the terminal side of @ is in QII, sin@>0 and so cscd>0. So, we use

cscO=/1+cot’@. Hence, cscf=+1+cot> 6 =[1+(=3)* =[+/10|

31. Solving the equation sin” 8+cos* @=1 for cos @ yields cos@=+/1-sin’ 4.
Since the terminal side of @ is in QII, we use cos &= —+/1—-sin* § . Hence,

__ / _ 161 \/16
cosé@ 15 275 .
8

sin @ 15 Ji6l
Thus, tan@ = = = .
cos@ _\/16 \/16 161
15
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32. Solving the equation sin” 8+cos” =1 for cos @ yields cos@=*+/1-sin’ 4.
Since the terminal side of @ is in QIII, we use cos 8= —+/1—sin* . Hence,

_ / _ 176 \/17
cos@ = 15 775 .

sinf 15
Thus, tan@ = =
cos @ _\/176 J176 4\/1 44
15

33. Solving the equation sin* 8+cos’ =1 for siné yields sin &= ++/1-cos’ 6.
Since the terminal side of @ is in QIII, we use sin#=—+/1-cos’ # . Hence,

/ 176
sinf@=—,/1- _E 5

1 —15 =15 |=15J11
sind 176 4Vl | 44 |

Thus, csc@ =

34. Solving the equation sin” 8+cos*@=1 for sin & yields sin@=+/1-cos’ 6.
Since the terminal side of @ is in QII, we use sin@=+/1-cos* 8. Hence,

/ 161 «/16
sin@ =,[1— 15 5 )
115

sin® 161 161

Thus, csc8 =

35. Solving the equation sin* @+cos’ =1 for sin@ yields sin &= ++/1-cos’ 6.

Since the terminal side of 8 is in QIV, we use sin@=—+/1-cos* . From the given

3 . Hence, we obtain

information, observe that cos@=
sec 0

smt9——«/ - — \/7 \/_ 2\1/?1,_3.

36. Solving the equation sin* @+cos’ =1 for sin@ yields sin &= ++/1-cos’ 6.

Since the terminal side of @ is in QII, we use sin@=+/1-cos* #. From the given

information, observe that cosg= 1 = o . Hence, we obtain

secd 61

2
sin@ = 1—[—Lj _[36__6 _|6v61
6l |
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37. Consider the following diagram: Since tand— — g and the terminal side

of @ lies in QII, we conclude that
25 sinf= -2
4 V25 5
3 cosH:—i:—g.
\/ ) |

38. Consider the following diagram: Since tan d— _% and the terminal side

of @ lies in QII, we conclude that
sinB:E, cosﬁz—i.
5 5 5 5

,

39. Consider the following diagram: Since the terminal side of 8 lies in QIV,
we conclude that

1 J26

sinf=——=———
26 26

526
6

cos@= > =—

5 J26 26

< 1

dh
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40. Consider the following diagram:

dh
N

2

=] A

Since the terminal side of & lies in QIV,
we conclude that

. 2 2413
simf=——=———
13 13
3 3J13
cosf=—=——
13 13

41. Consider the following diagram:

)

_/

Since tan @=2 and the terminal side of
@ lies in QIII, we conclude that

. 2 25

sinf=—-——==-——
N
15

cosf=—-——==—-———.
N

42. Consider the following diagram:

(.

S
/

Since tan@=35 and the terminal side of
@ lies in QIII, we conclude that

. 5 526
sinf=— =—
V26 26
cos@= _1 __~36
V26 26
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43. Consider the following diagram:

side of @ lies in QIII, we conclude that
. 3 3434
sinf=——=———
34
. -5 J N | _@

£

34

3

44. Consider the following diagram:

side of @ lies in QIII, we conclude that
. 4 44l
sinf=—-———=-——
41 41
-5 5 541

5

Since tan@=0.6 = _—3 and the terminal

Since tan@=0.8 = _—4 and the terminal

45. secOcotf = ! X M: ,1
cos® sind |sinf

46. cscftanf = .1 X 4 = !
® cos@ |[cosl

t a2 c 2 _ 2
47. tan’ O—sec’ o= 1 sin"@-1_ —cos 9_

cos’@ cos’@ cos’O  coslO
Equivalently, you can compute as follows:

tanzﬁ—(1+tan20):M—l— 6=-1

cos’ @ 1 cos’@—1 —sin’@
sin@ sin’@  sin’ @ sin’ @ B

Equivalently, you can compute as follows: cot? 6—(1 +cot’ 6) = cot? D —1-

48. cot’ @—csc’ =
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2 2
49. cscO—-sinf=— —siné?:1 §1n o_ CO.S 0
sin @ sin & sin &
_ 2 .2
50. sec@—cos@= —cosl9:1 cos 0: sin” 6
cos@ cos @ cos@
1 1
secl  cos® 1 csch  surf 1
51. = B = N 52, = =
tan@ smé |sind cotd cosl |[cosd

cos?

sir@

53.

(sin @+ cos 19)2 =sin’ 6+ 2sin Bcos O+ cos’

= (sin2 6+ cos’ 19) +2sinOcos @

=|1+2sinfcos f

54.
(sin@-cos 0)2 =sin® 0—2sin Ocos O+ cos”
= (sin2 6+ cos? 0) —2sinfcos 8

=[1-2sinfcos b

55. Consider the following diagram:

10

V101

56. Consider the following diagram:

20

\409

Observe that

Observe that tan@ =L =0.1. So, 10%. —
10 secld = 409 , so that cosg=—20_
20 V409
Hence, tan8 = % =0.15. So, 15%.
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57. Consider the following triangle: 58. Consider the following triangle:

a

12 7

Observe that tan 6 = - Observe that

12 7

_25 -
secl = 7 so that cos@ 55"
Hence, tan8 = %.

7
59, Observe that r = 8sin &cos” &= 8sin 6(1 —sin® 49) =8sin@—8sin’ 4.
0 r
30° i tano) g3 200y (1) o1V _ 4 1
r=8sin(30°)~8sin® (30°) =8( 1) -8(1] =413
60° \/g \/g 3
r:85in(60°)—83in3(60°):8(TJ—8(TJ =43-3V3=13
90° r =8sin(90°) —8sin’ (90°) = 8(1)—8 (1) =8—8=0
60. Observe that r = 8sin fcos® 8= 8sin 9(1 —sin’ 9) =8sin #—8sin’ 6.
0 r
30 r=8sin(-30°) - 8sin® (~30°) =8(~1 )-8 l) = 4+1=-3
2 2
—600 \/— 3 3
r:SSin(—6O°)—85in3(—60°):8(—7]—8(—7j =—43+33=-3
-90° r =8sin(-90°) —8sin’ (<90°) =8(~1)-8(-1)' =—8+8=0
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61. Note that tan@ = sind L —=1.33. This means that each dollar spent on
cosd /
costs produces $1.33 in revenue
sin @ \/g |
62. Note that tan@ = = /35—~ —0.5. This means that each dollar spent on

cos@ 2\/_/ 2

costs produces $0.50 in revenue.

242

63. Cosine is negative in QIII, so that cos 8= ——

64. Must use the Pythagorean identity here, not the ratio identities. Further, note
that —4 is not a possible value for cosé (since the only tenable values are in the

interval [—1,1]). In this case, the correct values would be:

1 17 4 417

sinf=—=—— cosf=———=——

J17 17° J17 17

65. False. Since cscf= ,L, they have the same sign for a given value of 4.

sin @
66. False. Since secf= 5’ they have the same sign for a given value of 4.
cos
67. cot@= cosﬁzé so that a#0.
sin@ a’
sinf a
68. tanf=

=—,sothatb#0.
cos@ b

) 1 )
69. Observe that sin@=cscf= pwE so that sin” #=1. Hence, we seek those values
sin

of @ for which eithersin@=1 or sin@=—1. The only value of € such that
0° < @ <180° that satisfies either one of these equations is @ =90°. (Note: The
equation sin# = —1 has no solution when @ is restricted to this interval.)

1
70. Observe that cos@=secd= o5’ so that cos’ @=1. Hence, we seek those
cos

values of @ for which eithercos@=1 or cos@=—1. The only value of 8 such that

0° < @ <180° that satisfies either one of these equations is @ =180°. (Note: Even
though cos(0°) =1, 0° is not included in the interval and so, the equation cos@=1 has
no solution when @ is restricted to this interval.)

++/1—sin’
71. cot@=2 o_ - sin” 0 , where the sign is chosen appropriately depending on
sin@ sin @

the angle 6.
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72. cscf= ,1 = !
sin@  +./1-cos’ 6

, where the sign is chosen appropriately depending on

the angle 6.
73. \/64—(83in 6) = \/64(1 —sin’ §) = J64cos® 6 =|8|cos
74. 36 —(6c0s6)° = [36(1-cos 6) = \/36sin” 6 =[6sin 4
75. Consider the following diagram: Observe that cosd =L .
X
1 2
0 So, tan@ =— xl b__ X2 -1,
B -/ x -1
76. Observe that
cos @ cos @ cos’ @ 1-sin* 6

tan@(1-sin6) Sine(l—sin&) - sin (1
cos@

—sin6) ~sin 6(1-sinb)

(1+5sin6) (1=siT@ _1+sin6

sin & M sin @

77. a. sin(22°)=0.3746 b. cos(22°)=0.9272 «c.

d. tan(22°) =~ (0.4040 Yes, the values in parts c¢. and d. are the same.

78. a. sin(160°) = 0.3420 b. cos(16°)=0.9613 ¢

sin(22o)
——=0.4040
cos (22°)
sin(160°) 0.3558
cos(16°)

d. tan(10°)=0.1763  No, the values in parts c. and d. are not the same.

79. a. sin(35°) = 0.5736 b. 1-cos(35°) = 0.1808 c. \/1-cos*(35°) = 0.5736

The values in parts a and ¢ are the same.

80. a. tan(68°)=2.4751 b. 1+tan(68°)=3.4751 c. [1+tan’ (68°) =2.6695

None of the values are the same.
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Chapter 2 Review Solutions

2. QIV

4. x-axis (x<0)

% R
|/

L

6. Sketch of —30°:

5. Sketch of 120°:
7. Sketch of 450°:

L\

=3

\

8. Sketch of —185°:

/

9. Observe that 1000° =2(360°) +280°.
So, angle with smallest positive measure
that is coterminal with 1000° is [280°|.

10. Observe that —800°=2(-360°)-80°.

Since —80° and 280° are coterminal, the
angle with smallest positive measure
that is coterminal with —800° is [280°|.

11. Observe that 480°=360°+120°. So,
the angle with smallest positive measure
that is coterminal with 480° is [120°|.

12. Observe that —10°=-360°+350°.
So, angle with smallest positive measure
that is coterminal with —10° is [350°|.
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13. Consider the following diagram: sing= PP -8 —4
hyp 10 5
cosf@= adj =£=§
hyp 10 5
tan@= ﬂ = _—8 = _—4
6 adj 6 3
-8 _
" coto= =73
(6, 8) tand 4
secl= ! = >
cosfd 3
1 -5
. cscl=——=—
Using the Pythagorean Theorem, we sin@ 4
obtain 41 =4/6> +(-8)> =10.
14. Consider the following diagram: sing= PP _ =7
hyp 25
hyp 25
tan@= opp i
adj -24 24
= 1 24
7 cotf= ==
h tang 7
(24, 7) sec= =2
Ccos® 24
cscld= L _
sing 7
Using the Pythagorean Theorem, we
obtain i =/(=7)* +(-24)* =25.
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15. Consider the following diagram: . OPP o) J10
sin@= = =
hyp 2410 10
(6, 2) adi -6 -3J10
cosf= = =
' hyp 2410 10
1
2 tan@= ﬂ = 2 = -1
adj -6 3
-6
cot@= =-3
tan @
—J1o
secd= =—
cos@ 3
csch= %9 = \/E
Using the Pythagorean Theorem, we st
obtain /1 =+/(=6)* +2> =/40 = 24/10.
16. Consider the following diagram: sing= PP _ 9
hyp 41
hyp 41
h —
0 g2 OPP_ 9 _
adj —-40 40
40 cotf= 1 = =0
tand 9
1 —41
secl= =—
cosf 40
cscd= L = 4
sinf 9
Using the Pythagorean Theorem, we
obtain /1 =/(-40)’ +9* =41.
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17. Consider the following diagram:

Using the Pythagorean Theorem, we
2
obtain :«/(\/g) +17 =2.

18. Consider the following diagram:

h
(9, 9)

Using the Pythagorean Theorem, we

obtain /1 = /(-9)* +(-9)* =162 =92.
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19. Consider the following diagram: opp -l -2
sin@= ==
yp V2 2
CcoS 0 — a J — __1 — ﬁ
yp V2 2
tan@= ﬁ = -l =1
1 adj -1
1 h cotf= L _ 1
tan @
(-1, -1) 1
secf= =2
cos @
cscl= ,1 =2
sin @
Note that we can use ANY point on the
line y=x (x <0)to form the triangle.
For convenience, we use (—1,—1).
Using the Pythagorean Theorem, we
obtain /1 =+/(=1)> +(=1)> =+/2.
20. Consider the following diagram: g OPP 2 25
sin@= =—="—
yp 5 5
(-1,2) adj -1 —/5
cosf=——=—==——
) yp 5 5
2 tan§="PP _ 2 -2
adj -1
1
cot@= ! = -1
tan@ 2
secl= ! =-5
cos
15
cscl= —0 = 7
Note that we can use ANY point on the st
line y=-2x (x <0)to form the triangle.
For convenience, we use the point
(—1,2). Using the Pythagorean
Theorem, we obtain
h=\(=1) +2° =A/5.
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21. Consider the following diagram: sing=2PP =3
hyp 5
cosf@= adj _4
hyp 5
tanf@= ﬂ = _—3
4 adj 4
[% _
h 2 cot@= ! P = ?4
@, 3) tail .
secl= =—
cosfé 4
cscl= b = =)
Note that we can use ANY point on the sin@ 3
line y = —%x (x=0)to form the
triangle. In order to avoid the use of
fractions, we use (4,—3). Using the
Pythagorean Theorem, we obtain
h=\4"+(=3)" =5.
22. Consider the following diagram: sing= PP _ 5
hyp 13
(12, 5) cosg= 24 _12
hyp 13
h 5 tan@= p? = i
(7] adj 12
12 cotf= LI
tan 5
secd= 1 = 13
cos 12
cscld= L _B
sing 5

Note that we can use ANY point on the
line y = %x (x=0) to form the triangle.
In order to avoid the use of fractions,
we use the point (12,5). Using the

Pythagorean Theorem, we obtain

h=~12>+5" =13.
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23. For 8 =270°, we have:

sinf=-—1
cos@=0

tan @ is undefined
cotd=0

sec @ 1s undefined
cscd=-1

24. Since 8 =1080°=3(360°), the
standard position of 8 is 0°. So,
sin@=0

cosf=1

tand =0

cot @ is undefined
secld =1

csc @ is undefined

25. Since 8 =-1080°=3(-360°)+0°, we
know that —1080° is coterminal with 0°.
So,

sinf=0

cos@=1

tan@ =0

cot @ is undefined
secd =1

csc @ is undefined

26. Let n be an integer. Observe that
since @ = (—360n°), the standard
position of 8 is 0°. So,

sin@=0

cos@=1

tan@ =0

cot @ is undefined
secd =1

csc @ is undefined

sin @
cos@
sin@< 0 and tan@> 0, it follows that

cos@< 0. Hence, the terminal side of
6 must be in QIII.

27. Recall that tan@=

. So, if

28. Since cscf= L >0, it follows
sin

that sin@> 0. Since also we have
cos @< 0, the terminal side of @ isin

QIL.

29. Since sec@ =

> 0, it follows
cos@

that cos@> 0. Since also we have

sin &
tan@=

<0, it follows that
cos @

sin@< 0, so that the terminal side of @
isin QIV.

sin @
cosf@
sin@< 0 and tan@< 0, it follows that

cos@> 0. Hence, the terminal side of
€ must be in QIV.

30. Recall that tan@=

. So, if

Solutions Manual for
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31. Consider the following diagram: 32. Consider the following diagram:

(3.4)

h

15

17
(15. -8)

Using the Pythagorean Theorem, we

Using the Pythagorean Theorem, we ) 5 5
obtain h=4/17"—(-8)" =15. So, we

obtain h=4/(=3)’+4° =5. So, we have

) 4 have that cos 6= 5 :
that sinf= 3| 17
33. Consider the following diagram: 34. Consider the following diagram:

1 3
U,

h -1
3 h

)

Using the Pythagorean Theorem, we Using the Pythagorean Theorem, we

: _ 2 _12 _ _
obtain h=—3 ~1" = -2y2. So, we obtain h:\/(—\/g)2+(—1)2 =2. So, we

have that tan@= # = —2\/5 . 1

have that sin@= 7 )
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35. First, cos(270°)=0. Also,
sin(—270°) =sin(90°) =1. Therefore,
cos(270°) +sin (-270°) =]1].

36. Since 450°=360°+90°, we have
cos(450°) =cos(90°) =0. Therefore,

tan (450°) is undefined and hence, one
cannot compute tan (450°)—cot (540°).

37. First, since —720° =2(-360°), we
have cos(—720°) =cos(0°) =1, so that
sec(—720°) = % =1. Also, since

—450° =-360°-90°, we have
sin(—450°) =sin(-90°) =sin(270°) =—1,
so that csc(—450°) =

sin(270°)
sec(=720°)+csc(—450°) =1-1=[0].

1. So,

38. Since 8 =1080°=3(360°), we have

tan (1080°) = S1U080)
cos(1080°)

_ sin(0°)

" cos(0°)

Further, sin(—1080°) = —sin(1080°) =0

So, tan(1080°) —sin(~1080°) =[0].

=0

39. [Not possible| because the equation
sin = —/2 has no solution since the

range of sine is [—1,1].

40. |Possiblel since —1<0.0004 <1.

41. [Possible| since the tangent function
can attain any real value for the
appropriate choice of 6.

42. Observe that solutions to the

. 15
equation cscf=——=— need to
sin @

satisfy sin@= % . However, the latter

equation has no solutions since the

range of sine is [-1,1], and %> 1.
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/ ‘. )
Q

The given angle is shown in bold, while
the reference angle is dotted.

P

43. 44.

an
Al

The given angle is shown in bold, while
the reference angle is dotted.

o o) _ 1
Sil’l(3300):—8i1’1(300): _l COS(—3OO ):COS(60 )—

45. 46.

150° - C\

315° k 459

The given angle is shown in bold, while | The given angle is shown in bold, while

the reference angle (115 5(1)03 ted. the reference angle is dotted.
sin(150° sin30° o
tan(150°) = = . 005(315 ) cos45°
°y — o cot(315°)= = =|-1
cos(1507)  —cos30 ( ) sin(315°) —sin45° =
_ 2 |3
32 | 3
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47.

—-150°

The given angle is shown in bold, while
the reference angle is dotted.

48.

21

The given angle is shown in bold, while

the reference angle is dotted.
1 -1

1 1 csc(210°) = — =— =[=2]
~150°) = — o o
sec(—150°) o3 (150°)  —oos (30°) sin(210°)  sin(30°)
_22_|=23
B 3
49. -0.2419 50. 0.0872
S1. 1.0355 52. cot(500°) = —~[1.1918
tan (500°)
53. sec(111°)=—— =~[2.7904] | 54. cse(215°) = —— ~[1.7434
cos(111°) sin(215°)
55. cot(—57°):;z —0.6494| | 56. csc(—59°):,;z —1.1666
tan(—57°) sin(—59°)
1 11
57. cscl=——=—%=|-— 58. Since cotf= =ﬁ,we see
sin @ _% 7 tand 5
that tanﬁzi:ﬁz ﬁ .
35 15 |3
no 17 8 o6 1 I3
_smeé 17 _ CcOS ﬁ
59. t 9— - = -— = = —=—
s =15 | 15 0. cotf= e~ =12 7|12
17 13
2
) _ . 2_ 2\/§ _ 4 62.
61. sin" 6=(sin6) —(_9 ) =137 cos” 9= (cos )’ =(-0.45)" =[0.2025

63.

tan’ 6= (tané’)3 = («/§)3 =33
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64. Solving the equation sin” @+cos” =1 for cos @ yields cos@==*+/1-sin’ 6.
Since the terminal side of @ is in QII, we use cos &= —+/1—sin’ 8. Hence,

_ u)zz_ [3600 _ _ 60
cos @ 1 (61 e ol

11
sinf g1 -1}
cos® 60 |60
61

Thus, tang=

65. Solving the equation sin” @+cos’ =1 for sin@ yields sin §=+/1—-cos’ 8.
Since the terminal side of @ is in QIV, we use sin@= —/1—cos* 8. Hence,

2
sing=—1-(L) - 18 -2t
25 252 25
7

Thus, cotﬁzcésezi_ 7.
sing 24 |24

25

66. Solving the equation 1+tan’ 8= sec’ @ for secd yields sec@=*+/1+tan’ 6.
Since the terminal side of @ isin QIV, cos@>0 and so secd>0. So, we use

secd=+/1+tan’ . Hence, secH:\/1+tan2¢9:\/1+(—1)2 =[v2].

67. Solving the equation 1+ cot> = csc’ @ for cot @ yields cot = ++/csc® 1.
Since the terminal side of @ is in QII, sin@>0and cos#<0,so cotd<0. So, we

2
use cot@=—csc’ #—1. Hence, cot@=—Jcsc’6—1= —‘/G—;) 1= >

3

68. Consider the following diagram: Since tand— — 27_4 and the terminal side

(7, 24) of @ lies in QII, we conclude that
. 24
Y sinfd=—
24|\ 25
0 cosf=— 7
) 25
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69. Consider the following diagram:

Using the Pythagorean Theorem, we
see that

h= \/(—3)2 +(—J§)2 =J12=23.

Since cot@= 73 and the terminal side

of @ lies in QIII, we conclude that

3 _33_ 3

sinf=—-——=-=
23 6 2
33 1

cosf=——==—>=——

23 6 2

70. Consider the following diagram:

Since cot@= \/§ and the terminal side
of @ lies in QIII, we conclude that

sin¢9:—l
2

0030:——3
2

71. . ) cosé
secOcot’ @ =1 X;@ﬁ: cos@| |7+ schot@:M[M =[cos 6]
cos® sin’6 |sin’é
sin@ 74.
2
73. Zzzzﬁz (cos 6+sec6)’ =(cos€+ cos&j
P@Sﬁ ~ (cos2 6+1)2
 cos’H
_cos’ 6+2cos’ 6+1
B cos’ @
=cos’ 0+2+ 12
cos” @
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75.
cot@(se(:0+sin¢9)=cose[ ! +sin0)=/c_%ﬁ( ! j+cosa(,sinﬁ)=L+cosH

sin@ \ cos @ cosB)  si@ sin@

sin6 _sin® 6 _

76. = =sin’ 4.
cscd 1
sin &
77. sec180°=-1 78. csc180° is undefined.
79. Using a calculator yields: 80. Using a calculator yields:
sin(218°) =-0.6157 cos(28°) = 0.8829
sin”' (—0.6157) = —38° cos™' (0.8829) =152°
So, the calculator assumes the terminal | So, the calculator assumes the terminal
side is in QIV. side is in QII.

81. a. cos(73°)=0.2924 b. 1-sin(73°)=0.4370 c. \/l—sinz (73°) =0.2924
The values in parts a and ¢ are the same.

82. a. cot(28°) ~1.8807 b. 1+cot(28°) =2.8807 c. \/1+cot2 (28°) =2.1301
None of the values are the same.

Chapter 2 Practice Test Solutions

1.
0° QI 90° QII 180° | QII | 270° | QIV | 360°
sin & 0 + 1 + 0 - -1 - 0
cos @ 1 + 0 - -1 - 0 + 1
2. Since secO= >0, it follows that | 3. Note that tan@= sin 0 1s undefined
cos @ cos @
cos@>0. Since also we have when cos &= 0, which occurs when
cotd= COS0<O, it follows that sin8<0, 6 =|90% 270°.

sin @
so that the terminal side of @ is in QIV|.

4. Observe that 890°=2(360°)+170°. This angle is not coterminal with —170°.
The angle with the smallest positive measure that is coterminal with 890° 1s [170°|.

5. Observe that —500° =-360°—-140°. So, the angle with the smallest positive
measure that is coterminal with —500° is |220°.
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6. Consider the following diagram: Using the Pythagorean Theorem, we

obtain /1=+/(=5) +(=2)> =+/29 .

So, we have that

2 |=2429

cosf= =

J29 | 29

D

h

7. Consider the following diagram:

1.1 1.1
(-1.1) \/5 \/5( )

Case 1: x>0 Consider the point (1,1) on y=x. Then, sinﬁz%:%.
. . . 1 V2
Case 2: x<0 Consider the point (-1,1) on y=x. Then, sm6:—:7.

2
Thus, we conclude that sin@= 72 if the terminal side of @ lies along the graph of

y=|x
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8. Consider the following diagram:

210°

e |

The given angle is shown in bold, while
the reference angle is dotted.

sin(210°) = —sin(30°) =|—=

N‘ﬁl

w|&

11.

st
=31 &—/

The given angle is shown in bold, while
the reference angle is dotted.

12.

135°

beeot

The given angle is shown in bold, while

the reference angle is dotted.
1 1

sin(-315°) _ sin45° sec(135°) = =
t _3150 = = = 1 o o
an( ) cos(—315°)  cos45° cos(135°) —cos(45°)
-2
== —\/E
-
13. COt(ZZZO)Z;z 1.1106 14. sec(—165°)=;z—1.0353
tan (222°) cos(—165°)
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15. First, we convert the angle to DD:
110°11’:110°+11’(
Hence, cos(110°11") = —0.3450.

! ,):110.1833

16. Consider the following diagram: Since tan @ = 4 and the terminal side of

@ lies in QIII, we conclude that
sinf = —
5
3 cosf= _?3
0
'4 5

17. Consider the following diagram: Since cos@= é and the terminal side of

@ lies in QIV, we see that sin@= # .
So,
35

tan@= s1n¢9: = _\/E .

cos@

|
O\H‘O\ﬁ

=sin @
18, (1-cos 8)(1+cos ) _1- cos’ @ ﬁiﬂ/(cos 6) _ cos?
tan’ @ sin” @ J

cos’ @

19. a. [Not possible since the range of cosine is [—1,1].
b. [Possible| since the range of tangentis R .

ﬁ/
20. Cow_cosﬂ_ 4 —\/E

1
sin @ 4
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21. cot20+1:csczt9 = cot@zi\/csczé?—lzi‘/%—lzig

2

22. cos ¢9+sin2

6=1 = cosbf= m ( ) ir \/77

23. Sincetand = g, we have the triangle, and the subsequent similar one:

2 100 yds

: : : . 5__h _
Since sides are in proportion, we have > =100 yd, = h=250yd.

24. cos@=0.1125 = @=cos™ (0.1125) = 83.54°. Since the terminal side is in
QIV, we use 8=360"—83.54" =276°.

o ° ° ! 1 \/g
) 1) s

26. a. undefined since dividing by zero.
b. defined and equals 0
c. undefined since dividing by zero.
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Chapter 2 Cumulative Review Solutions

1. a. 90°-37°=53° b. 180°-37°=143°

2. Using the Pythagorean theorem, we have 24° +b* =25 = b=17.

3. The central angle of the sector formed between consecutive minutes on the face of

a clock is 399° = 30°. Since there are 7 such sectors used in forming 35 minutes, the

12
corresponding central angle would be 7x30° =210°.

4. If x=15ft.is a leg of a 45°—45°—-90° triangle, then the hypotenuse is
1572 ft. = 21.21 ft.

5. Consider the following two triangles:

46/3 ft. 231t

Using similar triangles, we obtain
h 6 ft.

= = h=40 ft.
46
A ft. 2.3 ft.

6. Note that angles A and B are supplementary, so that 4 =95°. Since angles A and
E are corresponding angles, £ =95°.

7. tan60° = cot (90°—60°) = cot (30°)

8. cos(30°-x) =sin(90°—(30°-x)) =sin(60°+x)

o 3 10. 0.4695
"2

1. 17.525°=17°+0.525°(61—(Z)=17°+31.5’:17°+31’+0.5’(619”):17031’30”
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12. Consider the following triangle:

58.32° N
11.6 mi.

Observe that .
cos(58.32°) = 1.6 mi. , and so
c
co oML oo

Bl cos(58.32°)

13. Consider the following triangle: ~ Observe that
na=232 —sin~! (ﬁ) ~54°
sine=5¢ = a=sin |79 54°.
o
48 m
M
39m
14. Consider the following triangle: =~ Observe that
.o 4,200 f1. _ 4,200 ft.
sin63 == = d_—sin63° =4,713 ft.

4200 ft.

63

-

15. QIII

16. 360°+(-170°)=190°

170
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17. QIV

18. Consider the following triangle:

V29
zbﬁ\

opp_2\/5
hyp 29
adj 529
hyp__T
pp_ 2
adj 5
15
tand 2
1V
cosd 5
1 29
cscl=——=——
sin & 2

19. Since 8 =-1170°=-3(360°)—90°, the standard position of € is 270°. So,

tan @ is undefined

sec @ is undefined

20. Consider the following triangle:

North

J10

3 0

ng 0P _ W10
hyp 10
cosf= adj _ —@
hyp 10
opl? 3
adj
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21. Consider the following triangle: 1 25
secl = 9 = 4— = ﬂ
cos 25
24
(7
i
25
22. Not possible since —1<sin@#<1 and so, either 1 _>1or—L <1 Since2is
sin @ sin @
between —1 and 1, there is no value of @ for which 1 __2
sinfd &
3 24. (0.2)’ =0.008
23, ——
2
sin@d( 1 )
25. tan@(cscO+cosb) = —+cosf| = +sin@
cos@\sinf cosd
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