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CHAPTER 1
Trigonometry

Section 1.1 Radian and Degree Measure

1. coterminal
2. radian

3. linear, angular

12
4.A—%r9

5. Two complementary angles sum to %
Two supplementary angles sum to 7.

6. You can add or subtract 27 or a multiple of 2.

The angle shown is approximately 1 radian.

The angle shown is approximately 5.5 radians.

A

The angle shown is approximately —3 radians.

The angle shown is approximately 6.5 radians.

11. (a) Because 0 < < lies in Quadrant 1.

s

ENSRY
SRR
ENJE

(b) Because —57” is coterminal with 377[ and

< 3z <, —Sllies in Quadrant II.
2 4 4

12.

13.

(a) Because —% is coterminal with H?” and

3z < 1z < 2rm, ~Z liesin Quadrant IV.
2 6 6
(b) Because 7 < 1z < 3—”, 1z lies in Quadrant III.
9 279
V4
) ~
(a) 3

The angle is not quadrantal. It lies in Quadrant I.

2
(b) 5

The angle is not quadrantal. It lies in Quadrant III.
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128 Chapter 1 Trigonometry

Sr
14. (a) — y
(a) 5

s

.
N

The angle is quadrantal.

(b) 4

an il

The angle is not quadrantal. It lies in Quadrant III.

15. Sample answers:

(a) E + 27[ = Bl
6 6
z_ 2w = _M
(b) —Si + 27 = 7£
6 6
T 2T = _”l
6
16. Sample answers:
(a) Zi + 27[ = 81
3 3
21 -2z —4i
3 3
4
b) —— + 27 = -=—
(b) 2
—91 + 4 = 7l
4
17. (a) Complement: r_r_5T
2 12 12
Supplement: 7 — 7 _ 1z
pp : 2 5

(b) Complement: Not possible, % is greater than %

117z T
Supplement: 7 — — = —
PP 12 12

T T 7

18. (a) Complement: 273" %
Supplement: 7 — . 2z

3 3

T T T

(b) Complement: e
Supplement: 7 — z_ 3z

4 4

19. (a) Complement: %—1 = 0.57
Supplement: 7 — 1 = 2.14
(b) Complement: Not possible, 2 is greater than %

Supplement: 7 — 2 = 1.14

20. (a) Complement: Not possible, 3 is greater than %
Supplement: 7 — 3 = 0.14
(b) Complement: % -1.5 = 0.07
Supplement: 7 — 1.5 = 1.64

21.

ki

The angle shown is approximately 210°.

22.

(

The angle shown is approximately 120°.

23.

%l

The angle shown is approximately —60°.

24,

\

The angle shown is approximately —330°.

25. (a) Because 90° < 130° < 180°,130° lies in
Quadrant II.
(b) Because —8.3°1is coterminal with 351.7° and
270° < 351.7° < 360°, —8.3° lies in Quadrant I'V.
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Section 1.1 Radian and Degree Measure

26. (a) Because —132° 50’ is coterminal with 227° 10" and 30. (a) Coterminal angles for 45°
180° < 227°10" < 270°, —132°50 45° + 360° = 405°
lies in Quadrant III. 45° — 360° = —315°
(b) Because 0° < 3.4° < 90°, 3.4° lies in Quadrant L.

(b) Coterminal angles for —420°
27. (a) —270° —420° + 720° = 300°
y —420° + 360° = —60°

31. (a) Complement: 90° — 18° = 72°
/' Supplement: 180° — 18° = 162°
\J . (b) Complement: 90° — 85° = 5°

~270° Supplement: 180° — 85° = 95°

32. (a) Complement: 90° — 46° = 44°

(b) -120° Supplement: 180° — 46° = 134°
v (b) Complement: Not possible. 93° is greater
than 90°.

Supplement: 180° — 93° = 87°

33. (a) Complement: 90° — 24° = 66°

J Supplement: 180° — 24° = 156°
~—"-120°

(b) Complement: Not possible. 126°

than 90°.
28. (a) 135° Supplement: 180° — 126° = 54
: 34. (a) Complement: Not possible, 130°

than 90°.
1350 Supplement: 180° — 130° = 50°
\ . (b) Complement: Not possible, 170°

' than 90°.

Supplement: 180° — 170° = 10°

35. (a) 120° = 1200[ ud j __ Iz
180° 3

y o _ V.4 _ _E
(b) —20 20(1800j 5

(b) —750°

@R} " 36. (a) —60°

Il
|
(o))
S
VR
—
EIR
°

(b) 144° = 144°[ il j _

180° 5
29. (a) Coterminal angles for 120° 37. (a) 377[ = 32”(180 j = 270°
120° + 360° = 480°
120° — 360° = —240° ) —F - _7”[180 j - 210°
6 6\ 7w

(b) Coterminal angles for —210°
—210° + 360° = 150°
—210° — 360° = —570°

129
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38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

Chapter 1 Trigonometry

(@ 2% = T80T} ose
12 12\ 7z

o 55 S g
4 4\

45° = 45| | ~ 0.785 radian
180°
T .
~4827° = —48279 % | ~ —0.842 radian
180°

—0.54° = —0.549 —_| ~ —0.009 radian
180°

345° = 3459 % | ~ 6.021 radians
180°

5w 575(180"

— = — =~ 81.818°
11 11\ =

t5n _ 155180

) = 337.5°
8 8 T

427 = —4.27{180 j = —756°
T

-0.57 = —0.57(1 80
T

j = —32.659°

(a) 54°45 = 54° + (£) = 5475°

;o o (30\° _
(b) —128°30" = —128" — () = -128.5°

(@

~135°10°36" = 135° + (12)° + (%)

= 135°+0.1667° + 0.01° = 135.177°

o 16\° 20 \°
0w+ (5" + (%)
—(408° + 0.2667° + 0.0056°)
-408.272°

(b) —408°16' 20"

0

0

(a) 240.6° = 240° + 0.6(60)’ = 240°36'

(b) —145.8° = {145° + 0.8(60') | = —145°48’

50. (2) 345.12° = 345° + (0.12)(60')

51.

52.

53.

54.

5S.

56.

57.

= 345° + 7.2
= 345° + 7 + 0.2(60")
= 34527127

(b) —3.58°

—(3° + (0.58)(60"))
—(3° + 34"+ 0.8(60"))
-3°34'48"

r = 15 inches, 8 = 120°
s =rf

s = 15(120°)( d )

180°

107 inches

u

31.42 inches

r =9 feet, & = 150°

s =r6

s = 3(150")( id ] =7 meters
180° 2

7.85 meters

N

r = 80 kilometers, s = 150 kilometers

s =rf
150 = 806
0= % = % radians

r = 14 feet, s = 8 feet
s =rf
146

8 _ 4 i
6 14—7rad1an

s =10
28 =176

6 = 4 radians

s =rf
60 = 7560

6 = % = %radian

Because the angle represented is clockwise, this angle
is —% radian.

= 6 inches, 6 =

\
|

z
3

A ==r6 = %(6)2(9 = 67 in? ~ 18.85in?
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58.

61.

62.

63.

64.

65.

66.

Section 1.1 Radian and Degree Measure 131

1 . i
A4 = 57'29 59. The angle in degrees should be multiplied by l;)f"
1 2 T
A = —(2.5)7(225)| — o _ (opoy(Zrad) 7w .
2( ) ( )[ISOJ 20° = (20 )[ 1800) =5 radians.
= 12.27 square feet
60. The central angle should be converted to radians first to
be used in the calculations.
s =160
s=(6 mm)(72° il ]
180°
_1r
= 7.54 mm
6 = 41°15 50" — 32°47°9” = 8.47806° = 0.14797 radian

s = r6 = 4000(0.14782) = 592 miles

0 = 47°37°18" — 37°47°36” = 9°49" 42" = 9.82833° = 0.17154 radian
r = 4000 miles
s =rf = 4000(0.17154) =~ 686 miles

9=5=25_2 35 Ldian ~ 2387°
r 6 60 12
_ (5200)(27) radians . . B . .
(a) Angular speed = ~——————— = 10,4007 radians per minute = 32,672.56 radians/minute
1 minute
(% in)[lift j(5200)(27r) foet
(b) Linear speed = m: = 7 foet per minute = 9869.84 feet/minute
1 minute

(a) 4rpm = 4(27) radians/minute = 87 ~ 25 radians/minute
(b) r =251t

L 2007 ft/minute
t

Linear speed ~ 25(25.13) ft/minute ~ 628.3 ft/minute

(G0 ey 7 s

~ 35.70 mi/h

(a) Road speed (linear speed) =

. [ 1 hour j
1 minute | ——
60 minutes
55mi 5280 ft 12 in. 1h 58,080 in.
(b) X — X X — = -
1h 1 mi 1ft 60 min 1 min

The circumference of the machine is C = 271'(?) = 257 inches.

The number of revolutions per minute is
r = 58,080/257x = 739.50 revolutions/min.
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132 Chapter 1 Trigonometry

67. 4= L9
2
- %(15)2(150°)(18’;Oj
.
= 93.75z7 m? s
~ 294.52 m?

68. (a) Arc length of larger sprocket in feet:
s =r@

s =-(27) = 27” feet

. 2
Therefore, the chain moves Y feet as does the smaller rear sprocket.

Thus, the angle & of the smaller sprocket is

2
s Tﬂ- fi 2
@ =—=—=— =4 |r = 2inches = — feet
r 2 f 12
— ft
12
and the arc length of the tire in feet is:
s = 06r
= (47) 14 = 14z feet
12 3
l4x
Speed = So3 2 14z feet per second
t lsec

147 feet v 3600 seconds y 1 mile
3 seconds 1 hour 5280 feet

= 10 miles per hour

14
(b) Since the arc length of the tire is ?ﬂ feet and the cyclist is pedaling at a rate of one revolution per second, we have:

147 feet 1 mile .
— : (n revolutions)
3 revolutions )\ 5280 feet

Distance

r .
= n miles
920

(c) Distance = Rate - Time

_(1az feet/second I mile (¢ seconds)
3 5280 feet

E4 .
= ——¢ miles
7920

The functions are both linear.

o

609. False. 180

is in degree measure.

70. False. A measurement of 47 radians corresponds to two complete revolutions from the initial to the terminal side of an angle.

71. True. If & and S are coterminal angles, then & = 8 + n(360°) or & = B + n(27), where n is an integer. The difference

between ¢ and S is & — B = n(360°), or o — = n(27) if expressed in radians.
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Section 1.2 Trigonometric Functions: The Unit Circle 133

180°
V4

72. lradian = ( ] = 57.3° so one radian is much

larger than one degree.

73. Area of circle = 772

Area of sector  Measure of central angle of sector

Area of circle  Measure of central angle of circle

Area of sector 6

r? 27

26

Area of sector = (mfz)[zij -
T

.

1
2

74. Angles B and C are coterminal with Angle 4, since

they have the same initial and terminal side as Angle 4.

75. x2 = 7% + 24?2
x? = 625
x =25

76.

77.

78.

79.

80.

81.

82.

W= 67+ 42

x2 =52
x =~/52 = 2+/13
x? =132 - 52
x? = 144
x =12
x? =16* - 132
x? =87
x =87
¥ -9 _(x+3)(x-3) x+3

x2—2x—3_(x—3)(x+1) x+ 1

Section 1.2 Trigonometric Functions: The Unit Circle

1. unit circle
2. periodic
3. odd; even

4. The period is the smallest positive number ¢ for which
St +¢) = f(¢) forall¢in the domain of /.

12 5
S5.x=—,y=—
13y 13
. 1 13
smt =y =— csct = — = —
y
1 13
cost =x = — sect = — = —
13 x 12
tant:X:i cott:fzg
x 12 y 5

x #3

2_ a— a—
X 4 :(x+2)(x 2):x 2,x¢—2
2 -x-6 (x-3)(x+2) x -3
X+ 11x + 30 (x + 5)(x + 6)
x2 4+ x =30 (x +6)(x = 95)
:x+5,x¢—6
x -5
23 =3x -9 (x - 3)(2x +3)
2% = 5x =12 (2x + 3)(x — 4)
x—3 3
= , X #E —=
x—4 2
8 15
X = -, = —
17 17
. 15 1 17
sint =y =— csct = — = —
17 y 15
8 1 17
CoSt = Xx - sect = — = —
17 X 8
tant:X=—E cottzfz_i
X 8 y 15
=4, .3
557775
. 1 5
smt =y =-—— csct = — = ——
y 3
4 1 5
CoSt = x = —— seCt = — = —
5 X 4
tant:X:E cott:ﬁ:i
x 4 y 3
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134 Chapter 1 Trigonometry

12 5 301
8 x = 3 y = 13 15. ¢t = —% corresponds to ({, —2}
. 5 1 13
sint =y = —— csct = — = — . T 1
13 b% 5 sin —g =y = —E
cost:ng sectzl:E T \/§
13 X 12 cos —g =X = 7
y 5 X 12
tant = — = — cott = = = ——-— ju y | \/5
X 12 y 5 tan —— =+ = ——— = ———
6 x /3 3
V4
9. t = — corresponds to the point (x, = (0, 1). .
2 P P (x») = (0.1) 16. t = z corresponds to the point
z 2 \2 _(x2 N2
10. ¢ = — correspondsto | —, —|. (x, ) = > -
4 22 2 2
Sin(—ﬁj =y= —ﬁ
11. ¢t = 5?” corresponds to the point 4 2
2
J31 cos[—ﬁj =x = £
(x, J/) = —T,E - 4 2
tan[——j =Y = —~/2/2 -
4r ) x \/5/2
12. ¢t = Y corresponds to the point
( ) ( 1 \/5] 17. t = —%[ corresponds to the point
x’ y = _75 - |
202
(ny) = [M2 22
. ’ 27 2
13. ¢t = 7 corresponds to the point ' ( 77[} 2
sinf —— | =y = —
V2 V2 4 2
(%) ==~}
27 2 ( 77r] 2
COS _T =X = 7
sin— =y = ﬁ 7
2 tan(—%] A
X
V3 \/E
COS— = X = T 4
x 18. 1 = -~ corresponds to the point
tanz =2 3
X
(v3) = |52
N 22
V4 .
14. t = = corresponds to the point (x, y) = | =, ——|. ( an J3
3 2.2 sinf——| =y =—
3 2
sin— =y = /3 ( 47rj 1
2 COS —T =X = —5
V4 1
Cos — = x = —
3 2 tan(—%j = X = \/15/22 = _\/5
X _
r _y 32
tan — = = = —— = /3
3 12 V3
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Section 1.2 Trigonometric Functions: The Unit Circle 135

19. ¢ = % corresponds to the point 21. ¢t = —37” corresponds to the point (x, y) = (0, 1).
N . ( 37:]
=|——= sinf—| =y =1
(%, ) ( R 5 y
sinM . cos(—ﬁj =x=0
6 T2 2
COS —— = x = ﬁ tan(—ﬁj = 2 is undefined.
2 2 X
1z y 1 V3
tan o NG =3 22. t = 27 corresponds to the point (x, y) = (I, 0).
sin(-27) =y =0
20. ¢t = 5?” corresponds to the point cos(2x) =x =1
) = [! J3 tan(—zfr)zlzgzo
,y) == ——| x
A P
5 3
sin— =y = —=
2
1
cos— =x = —
2
tans—” =2 = _\/5/2 = /3
3 x 1/2
23. ¢t = 2z corresponds to the point (x, y) = —l, £ .
3 2 2
2 3 123
sin— =y = csc— = — = ——
2 y 3
2r 1 2r 1
COS— =X = —— sec— = — = 2
3 2 3 X
V3 1
a2 Y _ 2 __ [ o _r__2_ A3
3 x 1 3y /3 3
2 2
. 31
24, t = 7 corresponds to the point (x, y) = —i, -1
6 2 2
. 5r 1 S 1
sin— =y = — csc— = — =2
6 2 6
NE) 1 2/3
COS — = = —-—— seC— = — = ——
2 X 3
tan =2= /2 :—\/g cot—:iz—\/g
6 x /32 3 y
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136 Chapter 1 Trigonometry

4 . 1 3
25. t = il corresponds to the point (x, y) =|-= —i .
3 2 2
4 V3 1 /3
sm—=y = — cSC— = — = ——
2 y 3
4r 1 4 1
COS— = X = —— sec— = — = -2
3 2 3 X
tan4—”=1=\/§ cot4—ﬂ-=£=£
3 b 3 y 3
. 2 2
26. t = i corresponds to the point (x, y) = £, —=
4 2 2
sin — = =—£ csc—:lz—\/z
2 y
cos7—”=x=£ seclz:l:\/z
4 2 4 X
tanzzzz_ﬁ/zz—l c0t7—”=£=—1
4 x 22 4y
27. t = 3z corresponds to the point l,ﬁ .
3 22
“in (51] INVE] [51) _1_ 2
3)° 77 3) 3 3
5z 1 ( 57;) 1
cos|— | =x=— sec|— | =—=2
2 3 X
tan [—5—”) =2 = \/5 cot (—5—”) == £
3 X 3 y 3

28. t = 377[ corresponds to the point (x, y) = (0, 1).

. 3 kY4 1
sin— =y =1 csc— =—=1
2 2 y
3 1.
cos— =x=0 sec—” = — is undefined.
x
tan3—” =2 is undefined. c0t3—” =X 9 =0
X 2 y 1
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)
©

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

1l
|
IS

=y = —1

)

sin(—
COS(—

N~
I
=
I
S

= = is undefined.

DN oy N

=
I
=]
TN
|
~

N——

NN NN Ny

Section 1.2 Trigonometric Functions: The Unit Circle

corresponds to the point (x, y) = (0, —1).

csc(—
sec(—
L cot(—
b

t = —r corresponds to the point (x, y) = (-1, 0).

sin(-7) =y =0
cos(-7) = x = -1 sec(-7) =
tan(-7) = = =0 cot(-7x) =

sin4zr =sin0 =0

cos3m =cosm = —1
T
COS — = CO0S — = —
3
. T \/5
sin — = sin — = ——
4 2
. E4 1
sin — = = —=
6 2
. ( 87rj . ( 27:) ) (27[
sin| —— | = sin| ——— | = —sin| —
3 3
: _ 1
sint = 3

(a) sin(-f) = —sinz = —1

(b) csc(—t) = —csct = -2

. 3
sin(—t) = =
(1) =2
. . 3
(a) sint = —sm(—t) = _g
(b) csct = L = —§
sin ¢ 3
1
cos(—t) = ——
(-1) s

(a) cost = cos(—t) = _é

1 j—
cos(—t) B

(b) sec(—t) =

csc(—x) =

l is undefined.

R == <

Il
|
—_

is undefined.

40.

41.

43.

44.

45.

46.

47.

48.

. Cost =

cost = —

3
(a) cos(—t) = cost = -2

(b) sec(~r) = sect = L
cos ¢

W

int =4
sint = <

(a) sin(w —¢) =sint =

(S

(b) sin(r + 7) = —sint = —

(SRS

4
5

(a) cos(m — 1) = —cost = —

(TR

(b) cos(t + 7) = —cos ¢ = —%
sin 0.6 = 0.5646

cos(—2.8) = —0.9422

tan% ~ 04142

tan(STEJ =~ —1.2540

1
cos 3.1

sec 3.1 = = —1.0009

cot(~1.1) = ~ ~0.5090

tan(—1.1)

137
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138 Chapter 1 Trigonometry

49. y(t) = 1 cos 6t 56. cos & = x = cos(—0)
(@) ¥(0) = 1 cos0 = 0.5 foot sec 6 = i = sec(—0)
(b) ¥(§) = % cos 3 = 0.04 foot So, sec & and cos € are even.
©) y(%) = 1 cos 3 = —0.49 foot sin@ =y

sin(—0) = —y = —sin 0

/14
50. () = 3sin 2 1
(1) s cscf = —
(@) g
a 1 3
L1015 1 2 2 cse(-6) = L —csc 6
ylo| 11481 | 2.1213 | 2.7716 | 3 7

So, sin @ and csc @ are odd.
(b) From the table feature of a graphing utility, you

estimate that the displacement is maximum when tan @ = 2
t = 2 seconds. X
(¢) The weight does not reach equilibrium because the tan(—6) = =~ _tane
displacement oscillates as ¢ increases. *
cotd ==
51. False. sin(—#) = —sin ¢ means the function is odd, not y
that the sine of a negative angle is a negative number. cot(-6) = X ot
( 3z (37 R4
For example: sm[—7J = —s1n(7j =—(-1) =1 So. tan @ and v
Even though the angle is negative, the sine value is cot § are odd. )
positive. S e ‘ ’
52. False. The real number 0 corresponds to the point ) 3
(1, 0) on the unit circle. o
53. True. tan a = tan(a — 677) because the period of the N | ‘
tangent function is 7. )
54. True.
1 ju 57. The calculator was in degree mode instead of radian
Y is coterminal with 7 mode. tan(77/2)is undefined.
COS(_EJ —esZ — o 58. sin(0.25) + sin(0.75) = 0.2474 + 0.6816 = 0.9290
2 2
sinl = 0.8415
AN r)
COS| T+ — | = coS| — | = 0 So, sin f; + sint, # sin(f; + 5).
21 T 59 (a)
So,cos—j =c0s7r+5. .

55. (a) The points have y-axis symmetry.

VL
_/

1
-15 C
(b) sin# = sin(7z — 1) because they have the same =

-value.
yvatue Circle of radius 1 centered at (0, 0)

(c) cos(7 — 1) = —cos f; because the x-values have
(b) The t-values represent the central angle in radians.

The x- and y-values represent the location in the
coordinate plane.

() -1<x<L-1<y<1

the opposite signs.
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Section 1.2 Trigonometric Functions: The Unit Circle 139

60. (a) Yes: the functions sin ¢ and cos ¢ are the y and x 65. y> =6 —x
coordinates, respectively, of the point. Because Let y = 0
these coordinates are nonzero, the functions

1 1 y X 0> =6-x
csct = —,sect = —, tant = =, and cot t = —
y X X y x=6

all exist as well. x-intercept: (6, 0)

(b) The functions sint = y,cost = x,

1 1 . Let x = 0.
csct = —, and sect = — are all negative
y X ¥ =6-(0)
because (x, y) is in the third quadrant, which =6
means that both x and y (and their reciprocals) are y= NG
. . y X
negative. The functions tan # = — and cot t = —
X y y-intercepts: (0, i\/g)
are both positive because x and y are both negative,
and the ratio of two negative numbers is positive. 66. y = x* — 25
61. Center: (17,7), Radius: 6 Let y = 0.
_ 4
(x—17)2+(y—7)2:62:36 0=x"-25
0= (xz - 5)(x2 + 5)
62. Center: (12, -12), Radius: 7 = /5

2 2 _ A2
(-12) +(y+12) =7 =49 x-intercepts: (i—\/g, 0)

63. Endpoints of diameter: (-4, -7), (-3, -5)

Let x = 0.
Center is midpoint of diameter: o
~4-3 =7-5) (=1 y=(0) -25
> T, =7 y=-25
Radius is one-half length of diameter: y-intercept: (0, —25)
1 2 2 1
r :5\/(‘4”) (T8 =5 67. y = 4x® — 6x — 4 = 2(x — 2)(2x + 1)

’ -int ts: (2,0), (-2, 0
Circle: (x+%) +(;V+6)2 :% x-intercepts: (2, ),( L )

y-intercept: (0, —4)
64. Endpoints of diameter: (10, 20), (16, -3)

2 -
Center is midpoint of diameter: 68. y° = Z‘x 4‘

—10+l6,20—3 :3’H y
2 2 2

x:03y2:82y=i2\/5

y-intercepts: (0, 2\/5), (0, —2\/5)

0=>0=2x-4=x=4

Radius is one-half length of diameter:
1

1 2 2
= —/(16 + 10)” + (-3 — 20)" = 1205
r = s+ 10 + (-3 - 207 = 2V

Circle: (x — 3)2 + (y - ﬂ)2 =
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Section 1.3 Right Triangle Trigonometry

1.

(a) The side opposite & has length 5.
(b) The side adjacent to € has length 12.
(c) The hypotenuse has length 13.

2. (a) sine = < (d) cot
C

S| o

(e) seca =

(b) cos B =

) cscf =

(¢) tanf =

Q> NS

3. Complementary

4. elevation; depression

5. hyp = /62 + 8% = /36 + 64 = /100 = 10

sin@:ﬂzizé cscgzhiypzmzé
hyp 10 5 opp 6 3
6 C()S@:aidjzizﬂ Secazhiyr'):mzé
hyp 10 5 adj 8 4
0 .
tan@:ﬂ:gzé COt@ZLdjzgzﬂ
8 adj 8 4 opp 6 3
6. adj = /132 — 52 = /169 — 25 =12
SinHIEZ— cscazhiyng
13 s hyp 1 opp
o cost9=a—djzE secgzng
b hyp 13 adj
tanﬁzﬂ:— cotazaidjzf
adj 12 opp 5
7. hyp = /4> + 4% =32 = 42
ng-OP _ 4 _ 1 _~2 R NN
hyp 42 2 2 opp 4
4 .
cost9=a—dj=i=i=£ secezhfszL\/E:\/E
A hyp 42 V20 2 adj 4
! tanezﬂ:ﬂzl Cotﬁ:ﬂ:ﬂzl
ad] 4 opp 4
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Section 1.3 Right Triangle Trigonometry 141

8. opp = \/(7V2) - 72 = /B - 49 = /49 = 7

sinﬂ:ﬂzizﬁ CSC&=h7yp=@=\/5
hyp 742 2 opp 7
W2 .
COSH:L@:L:Q sec@:hiyr_)zﬁz,\/z
hyp 2 2 adj 7
‘ . .
7 tan&zo—pr.)zzzl cotﬁza—djzzzl
adj 7 opp 7
9. adj = /41> — 92 = /1681 — 81 = /1600 = 40
Sil’lgz@zz Cscezhﬂ:ﬂ
hyp 41 opp
600 ]
200 cos9=a—djz— sec6’=h—yP=ﬂ
* hyp 41 adj
tanﬁ:m:— coté’za—djzi
adj 40 opp 9
10. hyp = ~/7% + 24% = /49 + 576 = /625 = 25
sin0=%=l cscezhﬂzé
7 hyp 25 opp 7
0 .
24 ¢:0s¢9:a—djzg secé’zh—yl?zz—5
hyp 25 adj
tanQ:E:l cotﬁ:ﬂ:ﬁ
adj 24 opp 7
11. hyp = ~/15% + 82 = /289 =17
sin¢9:@zi cscezmzﬂ
hyp 17 opp 8
8 .
COSQZaidJ:f secQ:hiyl?zg
0 hyp 17 adj 15
15 .
tan&:m:— COtezLd']:E
adj 15 opp 8
> 2 17
hyp= 7.52-|'4-2 ZE
17/2
sng=PP __4 _ 8 o = e _(1772) 17
4 hyp  (17/2) 17 opp 4 8
= - dj h 17/2
7S cosg o i _ 75 15 seco = _ (1772) 17
hyp (17/2) 17 adj 7.5 15
tane:wzi:E COtezLd']:E:E
adj 75 15 opp 4 8

The function values are the same because the triangles are similar, and corresponding sides are proportional.
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142 Chapter 1 Trigonometry

12. opp = /5% — 4% =3

Sin@:ﬂ:é CSC@Zthzé
hyp 5 opp 3
5
cosé’za—djzi secezmzé
hyp 5 adj 4
. tana:iP:E cotg = 2 _ 4
4 adi 4 opp 3
Opp=m:0,75
1.25 sint9—@—ﬂ—é csca—hiyp—g_ﬁ
hyp 125 5 opp 075 3
1 .
cos¢9=a—dJ=L=ﬂ secH:h—szil'zszé
hyp 5 adj 1 4
tant9=m=%:é cot&:aidJ:L:ﬂ
adj 1 4 opp 075 3

The function values are the same since the triangles are similar and the corresponding sides are proportional.

13. adj = /32 - 17 = /8 = 242

g 3 siné’zﬂzl csc&zh—yp=3
A' hyp 3 opp
cosﬂza—djzﬂ Secﬁ:hiyr.):i:&
hyp 3 adj N2 4
tanazﬂ:Lzﬁ Cotgzﬂzzﬁ
adj 242 4 opp
adj = /62 - 22 = /32 = 4/2
sin49=m=g=l cscﬂzh—yp=§=3
/%lz s e
0 adj 42 22 hyp 6 3 32
cosf=—=——=—— secd = — = = =
hyp 6 3 adj 42 22 4
tan@:ﬂ:ﬂ:#:ﬁ COt9=a7d']=M=2\/§
adj 4 22 4 opp 2

The function values are the same since the triangles are similar and the corresponding sides are proportional.
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Section 1.3 Right Triangle Trigonometry 143

14. hyp = V17 + 22 = /5

6 Sina:ﬂzizﬁ cscezhﬂzﬁzﬁ
Ml hyp /5 5 opp 1
2 .
cosgzﬂ:i:& Secgzmzﬁ
hyp /5 5 adj 2
tané’zo—pl?:l cotH:LdJZEZ2
adj 2 opp 1
hyp = /32 + 62 = 3/5
Gnp= P - 3 _ L _ N5, w35 g
hyp 35 /5 5 opp 3
3
adj 6 2 25 vy 35 5
0 cosf=—=——=—"=="-= sec=—"—="—"=-=
3 hyp 35 /5 5 adj 6 2
tana:mzézl cot&:ﬂ:ﬁ_z
adj 6 2 opp

The function values are the same because the triangles are similar, and corresponding sides are proportional.

15 adj . 3 o
15. Given: cosld =— = 7‘] 16. Given: SIn 0 === ﬂ
17 hyp 5  hyp
(opp)2 +15%2 = 172 adj? + 3% = 5?
opp = /289 — 225 hyp = /25-9 =4
opp = V64 =8 cosﬁzsﬂz%
yp
sin¢9—@—ﬁ o 3
_hyp_17 tanﬁzaidg):z
opp 8
tan @ = -~ = = h 5
o adj 15 csc @ = ﬁ =3
csc¢9=h—yp:H hyp 5
opp 8 secd = — = —
adj 4
h 17 .
Secaziyr.)zi CotezLdJZi
ad_] 15 opp 3
i 1
cottS’:a—dJ:—5
opp 8
> 3
17
’ ) ]
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144 Chapter 1 Trigonometry

hyp

. 6
17. Given: sec 8 = — =
5 adj

(opp)2 +5 =6

opp =36 -2 =J11

sing = 22 - ML
hyp 6
cos @ = ad_ 3 0
hyp 6
tan 8 = @ = 1L
adj 5
csc @ = hyp 611
opp 11
cot@ = ady Vi1
opp 11
4 0
18. Given: tan @ = — = ﬂ
5 adj

4 + 5 = (hyp)

hyp = /41 a3

sin@ = PP _ hakll )
hyp 41 5
adj 54l

cosf = — =
hyp 41

cscg = P _ N4l
opp 4

sec 8§ = h—yp - v4
adj 5

cot & = a3
opp

. 1
19. Given: sin @ = — = opp
5 hyp
e+ (o) = 5 )
adj = /24 = 2./6 2v6
cos 8 = Ld] = &
hyp 5
tan @ = ﬂ = ﬁ
adj 12
cscf = hyp =5
opp
sec O = hﬂ = M
adj 12
cot O = adi _ 2./6
opp
17 h
20. Given: secd = — = 7}’[)
7 adj
(opp)” + 7> = 172
opp = V240 = 4/15
17 4\/1?
sin @ = opp _ @
hyp 17
; 0
cos @ = Ldj = l -
hyp 17
tan @ = ﬂ = 47V15
adj 7
cscf = hﬂ = 1715
opp 60
cot 8 = Ldj = VIS
opp 60
3 dj
21. Given: cot@ =3 = > = 29
1  opp
2+32= (hyp)2
hyp = /10
SiIl 6 = @ = ﬁ V1o 1
hyp 10 0
3
adj 310
cosf = — = "—~——
hyp 10
tan 0 = % = l
adj 3
csc @ = hyp _ J10
opp
sec @ = hﬂ = 7AO
adj 3
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Section 1.3 Right Triangle Trigonometry 145

22 Given: csc @ = 9 < 2 = Iy 27. (a) sin20° = 0.3420
opp (b) cos 70° = 0.3420
N2
I + (adj)” = 9? 28. () tan 23.5° ~ 0.4348
adj = \/80 = 4/5 |
(b) cot 66.50 = m =~ (0.4348
an .
sin @ = Eﬂ = é P
yp
. 45 29. (a) sin 14.21° = 0.2455
cos 0 = a—dj = —4\/5 1
hyp 9 (b) csc1421° = ———— =~ 4.0737
\/_ sin 14.21°
tan 6 = %P - 75 1
% 30. (@) oot 79.56° = —— - = 0.1843
h 5 an .
adj (b) SecC 79.560 = W =~ 5.5186
ot = 2L = a/5 cos 17
opp
31. (a) cos4°50'15” = cos| 4 + 50 + SLEER 0.9964
60 3600
(b) sec 4°50'15" = % ~ 1.0036
cos 4°50°15
o 4 o 1
32. (a) sec42°12 =sec42.2° = ——— = 1.3499
cos 42.2°
(b) csc48°7 = % ~ 1.3432

sin(48 + i)
60
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146 Chapter 1 Trigonometry

33. (a) cot 17°15 = cot| 17 + Ly__ 1 3.2205
60 tan 17.25°

(b) tan17°15" = tan(17 + 2—2) = tan 17.25° = 0.3105

o 1Y — 8 _ _10\° _
34. (a) sec56°8'10" = sec(56 + & = s-) " ~ 1.7946
o1/ — 8 10\ _
(b) cos 56°8'10” = cos(56 + & + 10)" ~ 0.5572
38. secd =5
35. sin60° = 3 cos 60° = |
2 2 1 1
| (a) cos@ = 2 = 3
(a) sin 30° = cos 60° = 5 see
NG (b) 1+ tan? @ = sec? @
(b) cos 30° = sin 60° = 73 1+ tan”> @ = 52
sin 60° tan® @ = 24
(©) tan 60° =~ = V3 an 6 = 25
cos 60° 1 3 1 1 NG
d) cot 60° = = — = — cot @ = = ==
@ sin60° /3 3 tan @ 26 12
. NG (¢) cot(90° — 6) = tan 6 = 2:/6
36. sin 30° = —, tan 30° = — . )
2 3 (d) sin“ @ + cos“ 8 =1
1 2
a) csc30° = =2 2 1y _
( ) sin 30° sin® @ + (gj =1
b) cot 60° = tan(90° — 60°) = tan 30° = ﬁ sin? @ = 24
3 25
1 . 2/6
(c) cosSOO:Sinsoo:i:izﬁ in 6= 5
an30° 3 2/3 2
3 39. cotax =3
1 3 3/3 1 1
d) cot30° = =——=202=-/3 ¢ _ _1
@ tan 30° \/E 3 (@) tano cotax 3
37 0 1 (b) csc’ @ =1+ cot’>
. cosf = —
3 escla=1+3
(a) sin’ @ + cos* @ =1 csc? o = 10
2
sin @ + [lj -1 csca = ~/10
3 1
c) cot(90° — ) = tanx = —
sin’ 6 = g (@) e ) 3
(d) csca = /10
. 22
sin @ = S . 1 1 m
sin o = = =
22 csca /10 10
® o= _ 3 o/
cos 6 1
3
(c) secd = L 3
cos @

(d) csc(90° - 6) =secd =3
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40

41.

42.

43.

44.

45

46

47.

48.

. cosﬂ:?

1 NG

cos,B_ 7

(a) sec f =

(b) sin? B+ cos? B =1
2
sin® S + (\/7} =1

4
sin2 =2
16
npol
s1nﬂ_4
NG
_cosﬁ_izi
(c) COt'B_sinﬁ_ 3 3
4
(d) sin(90°—ﬁ)=cosﬁ=g

tan @ cot & = tan 6 ! =1
tan @

cos @sec @ = cos 0 =1

cos 6

sin o .
tan o cos o = cosa = sin o
cos o

cos @

cot o sin @ = sin @ = cos &

sin o
. (1+sin6)(1 —sin @) =1 —sin* = cos® @

. (1 + cosB)(1 —cos @) =1— cos’ @
( ) )

= (sin2 6 + cos? 9) — cos? @

sin? @

(sec @ + tan 6)(sec 6 — tan 6) = sec” 6 — tan”

= (1 + tan? 9) —tan’ @

=1

sin? @ — cos®> @ = sin’® @ — (1 — sin? 49)

=sin> @ — 1 + sin® @

=2sin’ 0 -1

49.

50.

51.

52.

53.

54.

55.

56.

Section 1.3 Right Triangle Trigonometry 147

sin@ cos@ _ sin? @ + cos’ O
cosd siné sin @ cos 6
_ 1
sin € cos &
1
sin @ cos @
= csc O sec 6
tanﬂ+cotﬁ=tan,8+cotﬁ
tan S tan §  tan S
cot
=1+—1_
cot
=1+cot? f =csc’ B
. 1 V4
(@) sinf = - = 6 =30°=—
2 6
(b) csc0=239=30°=%
(a) cos9=£:9:45°:£
2 4
(b) tan6=1:>9=45°=%
(a) sec6’:2:>49:60°:§
(b) cot9=136’=45°=%
(a) tan0=\/§29=60°=§
(b) cscHzx/E39=45°=%
(a) CSCO=&30=60°=£
3 3
(b) ino=Y2 gy
2 4
(a) cotﬁzﬁ
3
3 V4
tanf = —— =3 = 0 = 60° = =
3 3
(b) secd =2
costL:£39:45°:§
V22 4
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148 Chapter 1

57. cos 60°

sin 60°

58. tan 30°

. Sl-

sin 30°

59. tan 60°

60. tan 45°

sin 45°

Trigonometry
~ 61. tan 82° = ——
18 45
1 x = 45 tan 82°
18 cos 60° =18 —| =9
2 Height of the building:
v " 123 + 45 tan 82° = 443.2 meters
18
\/3 Distance between friends:
18 5in 60° = 18== = 9/3
30 45m cos 82° = ) =y = 45
oY y cos 82°
* ~ 323.34 meters
30
X 62. (a) 68° 2 y km
10 km
30/3
V3 -
30 xkm
r
30 30 (b) cos 68° = 10
- == =60 ¥
sin30° 1
2 tan 68° = x
10
32 () x =10 tan 68° = 24.75 km
x
10
32 d y= = 26.69 km
— cos 68°
x
32
63. sin @ = 1250 = 1
32 324/3 2500 2 1250 ft
V303 6=30°="
2 6
-
3 64. tang = PP
adj
sin 60°
w
tan 54° = —
32 643 100
J3 3 w = 100 tan 54° = 137.6 feet
2
150
65. (a) si o - -
@ (@) sin 43 .
o v= -0 o904
20 sin 43°
tan 45°
150
b) tan 43° = —
? = 20 ®) Yy
150
20 y = = 160.9 ft
= tan 43°
,
20 20
== =202
sin 45° ﬁ
2

150
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Section 1.3 Right Triangle Trigonometry 149

66. Let

the height of the mountain. 67. Gy

Let x = the horizontal distance from where the 9°

angle of elevation is sighted to the point at that level
directly below the mountain peak.

Then tan 3.5° = and tan 9° = ﬁ
X + X 3
sin 30° = 2L
tan 9° = ﬁ = x = h 56
X tan 9°

1

= (sin 30°56) = 3 J56) = 28

Substitute x =

into the expression for

tan? cos 30° = X
tan 3.5°. 56
o 3
tan 3.5° = h# x; = cos 30°(56) = 7(56) = 283
+13
tan 9° (xi,0) = (28\/5, 28)
tan 3.5° = M
h + 13 tan 9°

h tan 3.5° + 13 tan 9° tan 3.5° = h tan 9°
13 tan 9° tan 3.5° = h(tan 9° — tan 3.5°)

13 tan 9° tan 3.5°
tan 9° — tan 3.5°
1.2953 = h

=h

The mountain is about 1.3 miles high. sin 60° = 22
56
v, = sin 60°(56) = [?J(%) - 283
cos 60° = X
56

1

x; = (cos 60°)(56) = (EJ(%) =28
(xz, W) = (28, 28\/5)

68. tan3° = =
15

x =15tan 3°
d =5+ 2x =5+ 2(15tan 3°) = 6.57 centimeters
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150 Chapter 1 Trigonometry

69. x = 9.397, y = 3.420 71. (a) !
sin20° = 2 = 034 wesl :
10 : X
c0s 20° = = ~ 0.94 C
LT -
tan 20° = £ = 036 . x
X ) sin 35.4° =
896.5
cot20° = = = 2.75 x = 896.5sin 35.4° = 519.33 feet
y
10 (b) Because the top of the incline is 1693.5 feet above
sec 20° = . ~ 1.06 sea level and the vertical rise of the inclined plane
10 is 519.33 feet, the elevation of the lower end of the
csc20° = — = 2.92 inclined plan is about
y 1693.5 — 519.33 = 1174.17 feet.
70. () 72. Ascent time: d=rt
896.5 = 300¢
3=t

It takes about 3 minutes for the cars to get from the
bottom to the top.

Vertical rate: d =rt
519.33 = (3
(b) sin 85° = - r(3)
20 r = 173.11 ft/min

h = 20 sin 85° = 19.9 meters
73. sin 60° csc 60° =1
(c) The side of the triangle labeled / will become

shorter. True.
(d) csc x = _1 = sin 60° csc 60° = sin 60°[ - ! O)
Angle, 6 Height (in meters) s x sin 60
80° 19.7 =1
70° 18.8 74. False.
60° 17.3 Because sec 30° = ! = 23
500 153 cos 30° 3
: and
40° 12.9 1
" sin 30° = 30 = 2, sec 30° # csc 30°.
° 10.0 csc 30°
20° 6.8
2 2
75.False,£+£=\/5 #1
10° 3.5 2 2
. 1 1
(e) The height of the balloon decreases. 76. True. cos 60° — sin 30° = 5 - 5 =0

As @ — 0°,h — 0.
sin 60° _ cos 30°
sin 30° sin 30°

sin 2° = 0.0349

77. False, = cot 30° = 1.7321

78. False.
tan 25° = 0.466

ES
g
—
—
V)]
o
—
8]
[
I

tan® 5° = (tan 5")2 = 0.008
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79

80

81.

82

83

84

85

86

87.

88.

89.

90

91

. Yes. Given tan 6, sec 6 can be found from the identity

1 + tan? 8 = sec? 6.

. (a) Side y is opposite 6.
(b) Side y is adjacent to 90° — 6.
(c) Because side y is the side opposite angle 6 and is

the same side that is adjacent to the
angle 90° — 6, sin 6 = cos(90° — 6).

cos 60° = a—dj = 1
hyp 2
. This is true because the corresponding sides of similar

triangles are proportional.

. The point (1, 3) lies in Quadrant I.

. The point (9, —2) lies in Quadrant IV.
. The point (=5, 4) lies in Quadrant II.

. The point (-6, —7) lies in Quadrant III.

y = —x lies in Quadrants II and IV.

Sample points: (-1,1), (1, -1)

y = %x lies in Quadrants I and III.

Sample points: (3, 1), (—3, —1)

2x — y = 0 & y = 2xlies in Quadrant I and III.
Sample points: (1, 2), (—1, —2)

4
L 4x+3y=0e y = _?x lies in Quadrant 1T

and IV.
Sample points: (-3, 4), (3, —4)

. (a) Coterminal angles for @ = 20°
20° + 360° = 380°
20° — 360° = -340°
(b) Coterminal angles for & = —30°
—30° + 360° = 330°
-30° — 360° = —-390°
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92. (a) Coterminal angles for 8 = %

T 257@
— + 27 = ——
12 12
T oy 27
12 12

(b) Coterminal angles for 8 = %

V4 137
T =—

T4
7
AN SR 02
7
1
93. f(x) = 3
X —x
1 1 -1
f(=x) = = =5

= /(%)

fis odd and symmetric with respect to the origin.

9. f(x) = ﬁ
= O

4-x)" +1 T
fis even and symmetric with respect to the y-axis.
95. f(x) = 124
f(=x) = 12(=x)° = 12 = f(x)

f is even and symmetric with respect to the y -axis.

96. f(x) = 5x + 4x*
f(=x) = 5(=x) + 4(=x)" = —5x + 4x*

f is neither even nor odd and has no symmetry.
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Section 1.4 Trigonometric Functions of Any Angle

1. 2
r

2. csc @

=<

= |~

9. (@ (x,y) =(43)

F=16+9 =5

sin 8 =

cos 8 =

|
Dlw LA n|w

tan 8 =

2= Ylx 3=

10. (a) x = =-5

L

N

<
|

sint9=X=—i
r 13
cost9=£=—E
r 13
tant9=1=_—5
b —12

®) (x,») = (1L-1)
r=~1+1=+2
. y 1
sinf = — = ——
r \/5

1
cosfd =—=— =
V2

tan @ = 2 = -1

X

11. (a) (x,y)z(—\/g,—l)
r=~3+1=2
sing =2 = 1
r 2
cos¢9=£=—£
r 2
tan¢9=1=£
X 3

cscé?:lzé
y 3
secl9=£=é
X 4
cotl9zizi
y 3
=13
csc6’=£=—E
y 5
sect9=1=—E
b 12
— cott9=£=_—12
y -5
_ V2 r
= - cscfd = —
2 y
ﬁ secﬂzi
2 X
cotﬁzi
y
cscf =L =2
y
r 2\/5
secld = — = ———
X 3
coté’:i:\/g
y

5. cos @
6. cot @

7. Reference angle

8. Sine and cosine are defined for all real numbers
because the denominator s = /x> + y* # 0.

®) (x») =(-815)
r =64+ 225 =17

sint9=X=E
ro 17
cosé’zfz—E
r 17
tané?zzz—E
X 8

-2

sin @ =

N =

X
cosfd == = =
B

tan @ =

= <

csc =

sec 8 =

cot @ =

v Ry <

csc @ =

sec @ =

cot @

<x o=

<y
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Section 1.4 Trigonometric Functions of Any Angle 153

sinﬁzzziz—lo

r V10 10
cost9—f——3 - V1o

r V10 10
tané?:X:l

X 3
cscezizﬁzvlo

y 1

r V10
secd = — = ——

X 3
cot9=£=§=3

y 1

) (x.y) = (-2,~/21)
r=yJ2 + (V2I) = VAT =25 =5

_ y /21 r 5 521
sinf = = = —— cscf = — = — = "
r 5 y 21 21
COSH=£=—E seceziz_é
r 5 x 2
tan@zlz—i cotf =~ = 2val
X 2 y 21
13. (x,y) = (5.12) 4. x =8,y =15
r=~/25+144 =13 r=~/8 +15 =17
r 17
sinB:X:E csct9=£=E sin49=Z=E cscf = — = —
ro 13 y 12 ro 17 y 15
cosazfzi secngzg cosl9zfzi se<:49=£=1—7
r 13 X 5 r 17 X 8
tan@:zzE (:()1;6=£=i tan0=X=E COt9=£=§
X 5 y 12 X 8 y 15
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154 Chapter 1 Trigonometry
15. x = -5,y =2 16. (x,y) = (-4,10)
r=J(=5) + (<2 = V29 r =16 + 100 = 24/29
, -2 23/29 sing = 2 = V2
sinf == = — = -—"—
7 /29 29 r 29
-5 5429 cosh = X o WD
cosf =~ = —F— = —— - 29
V29 29
y 5
y -2 2 tan @ = = = ——
tanf = = = — = —
x 5 5 x 2
r 29 <29 csch = = =7‘/29
csclfd = —=—- = ——— y 5
y -2 2
r 29 29 sec @ = £ = _ﬁ
secld = — = —— = —— X 2
X =5 5
X -5 5 cot@ = i = —z
cotfd =—=— =— y 5
y =2 2
17. (x,y) = (-5.4,7.2)
=/29.16 + 51.84 =9
Singzlzlzzf csc¢9=£=i=E
ro 9 5 y 72 4
cosd =~ = ﬁ=—E sect9=£=—i=—é
r 9 5 X 54 3
tan6=X=—7—'2=—f tané?:ﬁ:—ﬁ:—é
X 5.4 3 ¥y 7.2 4
1 7
18. x = 37 = E,y = -215
Z + 2\/— l49 /28 _
2 2
—2\/ 415 r 7 7~/15
Slll(9—*: cscf=—= —— = ——~"—
r 7 7 y 4/15 60
2
7
cosngzlzl secd = 7
ro 17 17 X
2
y 2415 4/15 7 715
tan @ = = = = - cot@ = = = _
X ! 7 —4~/15 60
2
19. sin @ > 0 = @ lies in Quadrant I or in Quadrant II. 21. sin @ > 0 = @ lies in Quadrant I or in Quadrant II.

cos @ > 0 = @ lies in Quadrant I or in Quadrant I'V. cos @ < 0 = @ lies in Quadrant II or in Quadrant III.

sin @ > 0 and cos & > 0 = @ lies in Quadrant I. sin @ > 0and cos @ < 0 = @ lies in Quadrant II.

20. sin § < 0 = @ lies in Quadrant III or in Quadrant IV. 22. sec @ > 0 = @ lies in Quadrant I or in Quadrant IV.

cos @ < 0 = @ lies in Quadrant II or in Quadrant III. cot @ < 0 = @ lies in Quadrant II or in Quadrant IV.

sin @ < 0 and cos @ < 0 = @ lies in Quadrant III. secd > 0 and cot @ < 0 = @ lies in Quadrant IV.
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Section 1.4 Trigonometric Functions of Any Angle 155

23. tan @ > 0and sin @ > 0 = fisin X 3 3
27. cotd = — = —= = —
Quadrant] = x > Oand y > 0. ¥y 1 -1
tan0=Z=E:>r=17 cos @ > 0 = @ isin Quadrant [IV= x is positive;
X 8 x=3,y=-r=+10
sint9—Z—E sec&—£—£ V10
r 7 x 8 sinf = = = -—— escd == = /10
10 y
cosé’—i—ﬁ cot49—£—i mn i
ro 17 y 15 cos49=£=ﬂ sect9=£=ﬁ
;17 r 10 X 3
cscld = — = — y 1
y 15 tan @ = = = —
X 3
24. cos§ > 0and tan § < 0 = Fisin 28. cot @ < 0and cos & > 0 = @ isin Quadrant IV
Quadrant [IV= x > Oand y < 0.
X 8 csct9=£=73x=—x/15
cosf===—=y=-15 y 1
r 17
cotd < 0= x =-+15
sint9—X—_—15——l—5 sec9—1—7 <
r 17 17 8 sing = 2 = % sec @ = —741515
- r
tanazzz%z—% cot49=—i Ji5
x 15 cos@ =2 = -2 cot & = —~/15
0 17 r 4
cscf = —
15 N/
tan9=1=—£
X 15

. 3
25. sin@ = 0.6 = gandein Quadrant IT

29. cos0=0:0=£+7m
2 2 2

X+ y =
Singzé x=—/r2—y2 csc0=1:>0=%+27m
55
x = /5 -32 =4 y=Lx=0r=1
cosezf:—ﬁ sec‘g:f:_é sing =2 =1
r 5 X 4 r
eng =2 =3 cotg = X = 4 tan 6 = 2 is undefined
X 4 y 3 X
” 5 sec @ is undefined
csc&:;zg cot@ = 0.
X _4 30. sinfd =0=6=0+7n
26. 00592;2—0.8:?3y=—3,49in secl@ =-1= 60 =71+ 2mn
Quadrant 111 y=0x=-Lr=1
sint9=1=—E sec6’=—é cosf =X = _1
r 5 4 ”
tan6’=1=i coté?zi tan@ = 2 = 0
X 4 3 X
csc 0 = 5 csc @ is undefined
3 cot @ is undefined.

31. cot @ isundeﬁned,%sﬁs%r: y=0=>0=nr
sin@ =0 csc @ is undefined.
cos @ = —1 secd = —1
tan @ = 0 cot @ is undefined.
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32. tan @ is undefined = 8 = nzr + %

ESH<27[:>9=7,x=O,y=—r
Sin9=l=i=—l cscH:L:_l
r r y
cosf = & = 0 _ 0 sec @ is undefined.
r r X 0
; cotd =—=—=0
tan @ is undefined. vy y
33. To find a point on the terminal side of &, use any point on the line y = —x
that lies in Quadrant I. (-1, 1) is one such point.
x:—l,yzl,r:\/a
siné?:iz—2 csc @ = 2
2 2
1 V2
cos @ = — = — sec 6 = —/2
V2 2
tan 6 = —1 cotd = -1
34, Let x > 0.
1
—X, —gx , Quadrant III
ro= x4 le = 10x
9 3
(_ljx J10x
sinf = = = 3 =—& escd =L =3 =_/10
r 10x 10 v (—l)x
3 3
~10x
X —X 310 r 3 V10
cosd = — = = - secld = — = = " -
r 10x 10 b —x 3
3
1
3 ~ 1 X —x
tané?:zz = — ot =2 =_———" =3
X -X 3 y ( lj
- |x
3
35. To find a point on the terminal side of 6, use any point on the line y = 2x that
lies in Quadrant 1. (1, 2) is one such point.
x=1lLy=2y=+/5
~ 2 _ /5 NEE
sinf = — = —— csch = — = =
N 2 2
cosﬁzizﬁ secﬁzﬁzx/g
N 1
tané’:z:Z cotﬁ:l
1 2
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36. Let x > 0.

37.

38.

39.

40.

41.

42.

43.

44.

4x+3y=0:>y=—§x

4
[x, —ng, Quadrant IV

r:,lx2+Ex2 zéx
9 3

_ijx
ioor o 3) 4
r 5 5
=x
3
X X 3
cosfd =—=_—==
r 5
=x
3
-
_gx A
tan @ = £ = = -
b X 3

(. y) = (-L0),r =1

sinz = 2 =9 =0
r 1
(x,») =(0,-1),r =1
iz 1
csc— = — = —1
2 -1

r 1
secqm = — = — = -1

X -1
(x,¥) =(0,1),r =1
sin—zlzlzl

r 1

(v.3) = (-1.0).r =1

cot 7w = %1 undefined.

(x,») = (-1,0),r =1
r 1
csc 1 = — = — = undefined
y 0
(x.») = (0.1)
wtf=2=-2-9
2 y 1

Section 1.4 Trigonometric Functions of Any Angle

45. (x,y) = (0,1)

cot9—”=£=9=0
2

y 1
46. (x,y) = (0,-1)

tan(—ﬁ) =2 _—1 is undefined.
2 0

X
47. 0 = 160°

5 g =180° — 160° = 20°
cscd = ——

4 y

5
sec @ = 3 160°
0, X

cotd = ——

48. 6 = 309°
& = 360° — 309° = 51°

y

309°

4
Sk

49. 0 = —125°
360° — 125° = 235° (coterminal angle)
& = 235° — 180° = 55°

y

157
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158 Chapter 1 Trigonometry

50. 9 = -215° 54. 6 =129
360° — 215° = 145° (coterminal angle) ¢ =129 — 4z = 0.3336
& =180° — 145° = 35° y

\J

v

-215°
55. 6 = 225°, 6 = 45°, Quadrant III
51 g = 2% sin 225° = —sin 45° = 2
. =3 5
0’:7[—2121 cos225°=—cos45°=—£
3 3 2
' tan 225° = tan 45° = 1
56. 6 = 300°, 8 = 360° — 300° = 60° in Quadrant IV.
2rn
3
0’ sin 300° = —sin 60° = —?
1
cos 300° = cos 60° = —
tan 300° = —tan 60° = —~/3
17 57. 6 = 750°, 6 = 30° Quadrant I
52. 8 = —
6 . . 1
1 T sin 750° = sin 30° = —
0’ = 6 - T = g 2
, cos 750° = cos 30° = ?
tan 750° = tan 30° = £
n 3
6
f\ P 58. 6 = 675° 6 = 45° Quadrant IV
o
sin 675° = sin 45° = —%
cos 675° = cos 45° = ﬁ
53. 0 =48 2
9122”_48z148 tan675°=tan45°=\/§

59. 6 = —120°, 6" = 60°, Quadrant III

sin(—120°) = —sin 60° = _é

cos(—120°) = —cos 60° = —%

)

tan(~120°) = tan 60° = /3
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60. & = —570°, 6 = 30° in Quadrant II.

sin(—570°) = sin 30° = %

cos(=570°) = —cos 30° = —

tan(—570°) = —tan 30° = —

61. 9 = — 6 = % in Quadrant IT

62. 0 =—,0 =

T
tan — = —tan — = -1

63. 0 = —

‘Q
Il
olN
o
=}
o
o
=
o
=
—
<

6 2
( ﬂ'j r 3
cos| —— | = cos — = —
6 6 2
. 5
tan| —— | = —tan — = ————
6 3
64. 6 = —2?”, g = %in Quadrant III
. 2 . 3
sin| —— | = —sin — = ———
3 3 2
[ 2;:) 1
cos| ——— | = —cos — = ——
3 2
2r
tan(—TJ = tan — = \/3

Section 1.4 Trigonometric Functions of Any Angle

65.

66.

67.

68.

69.

0= M, 6 = E, Quadrant IT
4 4
117z . \/5
sin — = sin — = —
4 2
11z T \/E
COS — = —C0S — = ———
4 4 2
18V/4 T
tan — = —tan — = —1
4
0= 13—”, ¢ ="in Quadrant I
6 6
. 137 . 1
sin — = sin — = —
6 6 2
137 T \/5
COS—— = coS — = —
6 6 2
137 T \/§
tan — = tan — = —
6 6 3
6= —1777[, ¢ =" Quadrant IT1
. 1 1
sin| ——— | = —sin — = ——
6 6 2
177 \/3
cos| —— | = —cos — = —
6 6 2
177 V.4 \/5
tan| —— | = tan — —_
6 6 3
0 = _Z?Tﬂ’ - in Quadrant I
237 .2
sin =sin — = —
4 4 2

sin @ = —=

sin? @ + cos? 6 =1

cos’ @ =1-sin’ @

2
cos?’ @ =1- (—E)
5

cos’@ =1- 9
25
cos’ 6 = 16
25

cos @ > 0 in Quadrant [V.

cos¢9:i
5

159
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160 Chapter 1 Trigonometry

70. cotd = -3 74, sec § — _2
1+ cot? & = csc? 6 4
1+ tan® @ = sec’ 6
1+ (—3)2 = csc? 6
tan? @ = sec’> @ — 1
10 = csc? @ )
9
csc @ > 0 in Quadrant IL. tan? @ = (_Zj -1
csc @ = /10 65
tan> § = —
3 16
71. tan 6 = 5 tan @ > 0 in Quadrant III.
sec’ @ =1+ tan’ 8 /65
tan @ = ——
3) 4
sec2 8 =1+ (fj 1
2 cot @ =
9 tan @
2
sec- @ =1+ — —
4 cot @ = ﬂ
13 65

sec2 @ = —

75. sin 10° = 0.1736
sec @ < 0 in Quadrant III.

76. tan 304° = —1.4826
/_13 an
secld = ——
2 77. cos(~110°) = —0.3420
72. cscf = -2
78. sin(-330°) = 0.5
1+ cot’ & = csc? 6
cot’ @ = csc’ 6 - 1 79. cot178° =~ —28.6363
cot’ 8 = (—2)2 -1 .
cot? 8 = 3 80. sec72° = ——_ ~ 32361
cot & < 0 in Quadrant IV.
= _ 81. csc 405° = = 1.4142
cot 0 = —/3 sin 405°
73 cos @ = é 1
) 8 82. cot(-560°) = ———— = —2.7475
) tan(—560°)
sin? @ + cos? 6 =1
5Y T
sin® 6 + (*J =1 83. tan(—] ~ 0.3640
8 9
sin? @ =1- 25 o
64 84 cos - = 0.6235
sin? @ = %
11z 1
sin @ > 0 in Quadrant L. 85. S T P -2.6131
cos ——
. V39 8
sin 8 = T
157 1
86. csc — = = —1.4142
csc f = .1 . 157
sin @ sin 4
PR NED
¥ =5 87. sin(=0.65) =~ —0.6052
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88.

89.

90.

91.

92.

93.

Section 1.4 Trigonometric Functions of Any Angle

cos 1.35 = 0.2190

cse(—10) = . 1.8382

sin(-10)

1

sec(—4.6) = ———— = —8.9164

(@)

(b)

(@

(b)

(b)

cos(—4.6)

. 1 .
sin 6 = 5 = reference angle is 30° or %[ and 6

is in Quadrant I or Quadrant II.

Values in degrees: 30°, 150°
5

Values in radian: f’ il

6 6

. 1 . V4 .
sin @ = 5 = reference angle is 30° or 5 and @ is in Quadrant III or Quadrant IV.

Values in degrees: 210°, 330°

T 11
Values in radians: %, ?ﬂ

2 T
cos 0 = - => reference angle is 45° or 2 and
@ is in Quadrant I or I'V.

Values in degrees: 45°, 315°

7
Values in radians: E, 771'
4 4

2 V4
cos 8 = 5 = reference angle is 45° or — and @ is in Quadrant IT or IIL.

Values in degrees: 135°, 225°

3r Sw
Values in radians: 7, —

4

1 . ..
cos @ = 5 = reference angle is 60° or% and @ is in Quadrant [ or IV.

Values in degrees: 60°, 300°

. . T 5w
Values in radians: g, —

3
1 .
secd =2 = cos @ = 5 = reference angle is 60° or % and @ is in Quadrant I or IV.

Values in degrees: 60°, 300°

T 5w
Values in radians: g, ?

161
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162 Chapter 1 Trigonometry

94. (a) sind = ? = reference angle is 60° or % and @ is in Quadrant [ or Quadrant II.
@1is in Quadrant I or Quadrant II.
Values in degrees: 60°,120°

T 2r
Values in radians: g, ?

23

(b) csc @ = 5 = sinf = % reference angle is 60° or % and @ is in Quadrant I or Quadrant II.

Values in degrees: 60°,120°

. . T 2w
Values in radians: E, 7

T . 6 6
95. (a) tan @ = 1 = reference angle is 45° or — and 97. sinf = — = d = —
4 d sin @
@1is in Quadrant I or Quadrant III. (@) @ = 30°
Values in degrees: 45°, 225° 6
d =
in 30°

Values in radians: E, Si st

4 4 6 :

= — = 12 miles
z 12
(b) cotd = -3 = reference angle is 30° or —
6 (b) € =90°
and @ is in Quadrant IT or Quadrant IV. 6 6
. d = — = — = 6 miles

Values in degrees: 150°, 330° sin 90° 1

Sm 1z = o
Values in radians: —, — © 6 =120

6 6 6

d = —
. sin 120°
96. (a) cot® = 0 = tan @ is undefined = no reference 6

angle, so the solutions are quadrants angles. = \/_7 = 6.9 miles
Values in degrees: 90°, 270° 3/2

T 3w _
Values in radians: > 98. y(’) = 2 cos 6t

(@ »(0) = 2cos0 = 2 centimeters

(b) sec = 2 = cos 6 = —ﬁ reference | ; )
2 (b) y(z) =2 cos(i) = 0.14 centimeter

o T .
angle is 45 orz and @ is in Quadrant II or © y(%) — 2cos3 = —1.98 centimeters

Quadrant III.
Values in degrees: 135°, 225°

3r Sw
Values in radians: 7, —

4
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99.

100.

101.

102.

103.

Section 1.4 Trigonometric Functions of Any Angle 163

(a) Using a graphing utility, the equations are as
follows.

B = 21.865 Sin(0.540t - 2.343) + 60.438

F = 61.120 Sin(0.325t - 0.561) + 15.787
(b) February (f = 2): B = 39.6°F, F = 21.2°F

April (t = 4): B = 56.5°F, F = 57.0°F
May (t = 5 B = 68.1°F, F = 69.2°F
July (t = 7) B = 82.1°F, F = 76.3°F
September (# = 9): B = 73.2°F, F = 58.7°F
October (¢t = 10): B = 62.3°F, F = 42.5°F
December (1 = 12): B = 42.1°F, F = 3.8°F

(© s

1
]

Answers will vary.

S = 23.1 + 0442 + 43 cos%t

2
(@ t =28 =231+ 0442(2) + 43 cos%)

= 26,134 snowboards

() ¢ =145 = 23.1 + 0.442(14) + 4.3 cos#

0

31,438 snowboards

6
(¢) t =68 =231+ 0.442(6) + 4.3 cos %

=~ 21,452 snowboards

18
(d) £ =185 = 23.1 + 0.442(18) + 4.3 cos%)

=~ 26,756 snowboards

False. In each of the four quadrants, the sign of the
secant function and the cosine function will be the
same because they are reciprocals of each other.

False. The reference angle is always acute by
definition. For € in QuadrantII, & = 180° — 6. For
6 in Quadrant ITI, & = @ — 180°. For & in Quadrant
IV, & = 360° — 6.

Answers will vary.

104.

105.

106.

107.

108.

109.

110.

111.

As 6 increases from 0° to 90°, x decreases from

12 cm to 0 cm and y increases from 0 cm to 12 cm.

Therefore, sin 8 = % increases from 0 to 1,

cos 8 = % decreases from 1 to 0, and tan € = b

X
increases without bound (and is undefined at

6 = 90°).

gx) =~x+12+9

(a) Parent function: f(x) = x

(b) gis areflection in the x-axis, a left shift of 12 units,
and an upward shift of 9 units of the graph of f.

g(x) = 15(x +2)’ — 4

(a) Parent function: f(x) = x*

(b) gis a vertical stretch, a left shift of 2 units, and a
downward shift of 4 units of the graph of /.

(-4, 5) is a relative maximum.
(1, —3) is a relative minimum.

y=x>+x-132
0=x"+x-132

0 = (x + 12)(x - 11)

x =-12,11

x-intercepts: (—12, 0), (11, 0)

y=2x"—-x - x
0=x(2x* =5 - 1)
0= (22 + 1)(x* - 1)
x =0, %1

x-intercepts: (0, 0), (1, 0), (-1, 0)

y=27-4
0=2e"7-4
2=¢"°
In2=x-5
x=5+1n2

x-intercept: (5 + In 2, 0)
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164 Chapter 1 Trigonometry

2. y = Lin(x -3) + 3
0=1n(x-3)+3
-2 =1In(x - 3)
-2 =In(x - 3)
e =x-3
x =3+

x-intercept: (3 + e 2, 0)

Section 1.5 Graphs of Sine and Cosine Functions

1. cycle 7.y = ECOSQ
) 4 2
2. amplitude
. 2
. . . . Period: — = — =
3. The constant d of y =sinx + d is a vertical shift b /2
of d units. 3
Amplitude f‘ = 1
4. y=3 cos(Zx — %j
x 8. y = —5sin zx
2x — Z =0 5 3 )
- Period: =% = % =
2x = Z b 7[/3
Amplitude: ‘—5‘ =5
V4
X = g
Sx
9. y = ——sin —
2x - = =2rx 4
. 2 2 8
) _ Period: % = % = %
= 5/4 5
X = °x Amplitude: -
3 mplitude: |——| = E
. T 9
The interval | —, — | corresponds to one cycle of the 1 . x
8 8 10. y = —sin =
4 6
V4
raph of y = 3 cos| 2x — — |
grap Y ( 4) Period: 2—” = 2—” =12z
1/6
5. y = 2sin 5x
5 Amplitude: f‘ = -
Period: 2%
5
5 Tx
Ampli 2= 2 11. y = —=cos —
mplitude ‘ ‘ y 3 B
6. y = 3cos2x Period: 2z = 27
oz b /12
Period: — =7«
2 . 5
Amplitude: |——|= —
Amplitude: ‘3‘ =3 3
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12.

13.

14.

15.

16.

25.

Section 1.5 Graphs of Sine and Cosine Functions 165

y = 2 cos 107x 17. f(x) = sinx
5

g(x) = sin(x — 7)

. 2r 2r 1 . . . . .
Period: — = Tor "3 g is a horizontal shift to the right 77 units of the
) graph of f.
Amplitude: —f‘ = 5 18. f(x) = cosx
1) = cos g(x) = cos(x + 7)
g is a horizontal shift to the left 7 units of the graph of
g(x) = cos 5x r

The period of g is one-fifth the period of 1.

19. f(x) = sin 2x
f(x) = sinx f(x) = 3 + sin 2x
g(x) = 2sinx g is a vertical shift three units upward of the graph of /.

The amplitude of g is twice the amplitude of f. 20 ) 4
* X) = COS 4x

f(x) = cos 2x g(x) = =2 + cos 4x
g( x) = —cos 2x g is a vertical shift two units downward of the graph of
S
g is a reflection of the graph of fin the x-axis.
21. The graph of g has twice the amplitude as the graph
f(x) = sin 3x of /. The period is the same.

g(x) = sin(-3x)

g is a reflection of the graph of fin the y-axis.

22. The period of g is one-third the period of /.

23. The graph of g is a horizontal shift » units to the right
of the graph of 1.

24. The graph of g is a vertical shift two units upward of
the graph of /.
f(x) = sinx

Period: 2% _ 2% _ 5, :
b 1

Amplitude: 1
Symmetry: origin

Key points: Intercept ~ Maximum  Intercept =~ Minimum  Intercept
(0, 0) g 1) (. 0) [37” —1} (27,0)

Because g(x) = 4sin x = 4 f(x), the graph of g (x) is the graph of f(x), but stretched vertically by a factor of 4.

-5

The amplitude of g (x) is four times the amplitude of f(x).

Generate key points for the graph g (x) by multiplying the x-coordinate of each key point of f(x) by 4.
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166 Chapter 1 Trigonometry

26. f(x) = —sin x y

J
d:2i:2Tﬁ:2” 3

Perio

Amplitude: 1

Symmetry: origin \ * : iy ]
Key points: Intercept Minimum Intercept Maximum Intercept v . . \
-2
(0, 0) g —1] (7.0) (37” 1) (27, 0) -

Because g(x) = -3 sin x = 3 f(x), generate key points for the graph of g (x) by multiplying the y-coordinate of each key

point of £ (x) by 3.

27. f(x) = cos x ’

Period: 2z = 2z =27
b 1

Amplitude: ‘1‘ =1

Symmetry: y-axis

Key points: Maximum  Intercept Minimum Intercept Maximum i
(0,1) [g oj (7, -1) (37” oj (27, 1)

Because g(x) = 2 + cos x = f(x) + 2, the graph of g(x)is the graph of f(x), but translated upward by two units. Generate

key points of g(x) by adding 2 to the y-coordinate of each key point of f(x).

28. f(x) = cos x
Period: 2z = 2z =2r
b 1
Amplitude: 1
Symmetry: y-axis
Key points: Maximum Intercept Minimum Intercept Maximum

(0,1) g oj (7, -1) (37” oj (27, 1)

Because g(x) = cos[x + %) =f [x + %} the graph of g(x)is the graph of f(x), but with a phase shift (horizontal

translation) of —%. Generate key points for the graph of g(x) by shifting each key point of f/(x) % units to the left.

29. f(x) = —cosx

Period: 2z = 2z =2r 3
b 1
Amplitude: 1 3
Symmetry: y-axis \ | A
Key points: Minimum Intercept Maximum Intercept Minimum !
(0, -1) (Z, Oj (7.1) (3” J (27, -1) -1
2 2

Because g(x) = —cos(x — 7) = f(x — x), the graph of g (x) is the graph of f(x), but with a phase shift (horizontal
translation) of z . Generate key points for the graph of g (x) by shifting each key point of f(x) 7 units to the right.
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30. f(x) =sinx

Period: 2% _ 2%
1

Amplitude: 1

Symmetry: origin

Key points: Intercept

(0,0)

Because g(X) = sin(xj

= — =2

3

Generate key points for the graph of g(x) by multiplying the x-coordinate of each key point of f(x) by 3.

31. y =5sinx

Period: 27
Amplitude: 5
Key points:

(0, 0), [% 5], (7. 0),
[37” —5], (27, 0)

1
32. = —sin x
Y 4
Period: 27
Amplitude: i

Key points:

1
33. = —Cos X
773
Period: 27
Amplitude: é

Key points:

(SIGDIG
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Maximum

T
5 e

X
f [], the graph of g(x) is the graph of f(x), but stretched horizontally by a factor of 3.

Intercept

3

~—

ﬁv%c, v
=2n -z n 2n

Minimum

Intercept

- —lj (27, 0)

34, y = 4cosx
Period: 27
Amplitude: 4
Key points:

(0, 4), G oj, (7. -4),
(37” o], (27, 4)

X
35. = cos —
Y 2

Period 2—” =4r
/2

Amplitude: 1

Key points:

(0,1), (7, 0), (27, 1),
(37,0), (47, 1)

36. y = sin 4x
Period: 2 =Z

4 2

Amplitude: 1

Key points:

ol 5o
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168 Chapter 1 Trigonometry
37. y = cos 27x A T
21 41. y = cos| x — —
Period: 2% _ 4 2
R 1 Period: 277
Amplitude: 1 AT Amplitude: 1
K ints:
©y ponts T Shift: Set x — L. 0 and x — . 2
1,50l L -1][2 0 o ? ’
s 1)s 45 > 25 > 47 ‘= z ‘= 51
2 2
38. , = sin X z kY4 5w
yo=smey ) Key points: (—,1 ,(7,0),| —, -1}, (27,0), [—,1
2 2 2
) 2 2- v
Period: — = 8
7|4 1 ;
Amplitude: 1 /\ , , / : ll
Key points: / “\’/ \6/ /\ /
(0,0). (2.1). (4,0), 7=\ \&/
(6,-1), (8, 0) T
39, _ o 27x
y st = . 42. y = sin(x - 27)
2 od-
Period: L _3 3T Period: 272
27/3 2+ Amplitude: 1
Amplitude: 1 T Shift: Set x =27 =0 and x -2z =27
Key points: \ /-1 ﬁ'" x =27 and x = 4r
3 3 1 5 7
(0,0), [4, —lj, [2, 0} -2 Key points: (277, 0), [7”, 1} (37,0), (77[’ _1]9 (47, 0)
=g

[491’ 1), (3,0)

40. y = 10005%

-
1
“»
S

- 0w A
+ —t+—+—
.a%

2T
Period: — = 12

/6 . Sy
Amplitude: 10 =4
x 43.

Key points:
(0,10), (3, 0), (6, -10),
(9, 0), (12, 10)

y = 3sin(x + 7)
Period: 277
Amplitude: 3

Shift: Set x+ 7 =0 and X+ 7 =27

X =-7 X =7

Key points: (-7, 0), (—%, 3} (0,0), [§, —3} (7,0)
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V4
4. y = -4 cos(x + 4)

Period: 277
Amplitude: 4

Shift:Setx+£=0 andx+Z
4 4

45. y = 2 — sin 2zx

. 2r
Period: —— =3
27/

Amplitude: 1

Key points: \ﬂ
3 3 1

025152
[Z 3), (3.2)

46. y=—3+5005”—t
12

2
Period: L 24
712

Amplitude: 5

Key points:

(0, 2), (6, -3), (12, -8),
(18, -3), (24, 2)

Section 1.5 Graphs of Sine and Cosine Functions 169

47. y = 2 + 5cos 6zx

d: 27 _ 1
(¥4 3

Perio

Amplitude: 5

Shift: Set 67X = 0 and ¢, = 25

x=0
X =

1 5 1 7 1
Key points: | —, 7), — 20| = -3 [—, 2} =7
3 12 2 12 3

W | =

48. y =5+ 2sin3x
Period: 2%
3
Amplitude: 2

Shift: Set 3¥ = Oand 3, _ 5,

x=0 27
x ==

2
Key points: (0, 5), (%, 7), (%’ 5), [g, 3} [?ﬂ, 5}
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170 Chapter 1 Trigonometry

49. y =3sin(x + 7) -3 51.y=gcos[£—£j
Period: 27 2 4
: . . 2
Amphtude. 3 Period: — = 47
Shift: Set x + 7 = 0 and x + 7 = 27 2
X =-7 Y=z Amplitude: %
) T T
Key points: (-7, =3),| —=, 01, (0,-3),| =, -6,
P ( )(2 j( )(2 } shift >~ % =0 andZ-Z =2z
4 2 4
(7.-3) P 97
x== x ==
y 2 2

Key points:

D

y
A
4+

50. y = —-3sin(6x + 7) -1

Period: 2% = F :::
6 3

Amplitude: 3

'p 52.y=4cos7z'x+z -1
Shift: Set 6x + 7 = 0 and 6x + 7 = 27 2

x=-" x== Period: 27 _ »
6 6 V4

Key points: Amplitude: 4

V4 V4 T T T T

_7709 _79_3905097939750 ift: —_ = —_ =
[6 j(lz j( )(12 J(6 } Sh1ftSet7rx+2 0 andizx+2 2

© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Trigonometry 11th Larson


https://textbooktestbanks.com/products/9780357455210-solutions

53. g(x

(@)

(b)

(©

54. g(x

(@)

(b)

©

55. g(x

(@

(b)

) = sin(4x — 7)
g(x) is obtained by a horizontal shrink and a phase
shift of % One cycle of g(x) corresponds to the
. T 3x
interval | —, —|.
44

y

[SIETIS
—
—t—+—+

</
]

=
NIN/

g(x) = f(4x — 7) where f(x) = sin x.

) = sin(2x + 7)
g(x) is obtained by a horizontal shrink and a phase

shift of —%. One cycle of g(x) corresponds to the

. T
interval [——, —}
2 2

g(x) = f(2x + 7) where f(x) = sin x

)=cos(x—%)+2

g(x) is obtained by shifting f(x) two units upward
and a phase shift of % One cycle of g(x)

corresponds to the interval [7, 37].

Section 1.5 Graphs of Sine and Cosine Functions 171

56. g(x) =1+ cos(x + )

57.

58.

(@

(b)

(©)

g(x

(@

(b)

©

g(x

@

(b)

©

g(x) is obtained by shifting f(x) one unit upward
and a phase shift of —7. One cycle of g(x)

corresponds to the interval [-7, 7]

g(x) = f(x + ) + 1 where f(x) = cos x

) = 2sin(4x — 7) = 3

g(x) is obtained by a vertical stretch, a horizontal
shrink, a phase shift of %, and shifting f/(x) three

units downward. One cycle of g(x) corresponds to

the interval £,3—”.
4’ 4

B &
A
i
%IT —t—+— X

E
2

\

Y
[SIE

-6

g(x) = 2f(4x — ) — 3 where f(x) = sin x

)=4- sin(2x + E)
2
g(x) is obtained by a horizontal shrink, a phase

shift of — 7 reflecting s (x) over the x-axis and
4

shifting 1 (x) four units upward. One cycle of .

. T
g(x) corresponds to the interval {—2, 2}

g(x) = 4 — f(2x + m) where f(x) = sin x
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172 Chapter 1 Trigonometry

59. y = —2sin(4x + 7) 65. f(x) =acosx+d
4 Amplitude: 3 - (-)] =2 = a =2
_61Lﬂﬁﬂnlﬂﬂ,lnl,6 3=2cos0+d
VTV VA d=3-2=1
a=2,d=1

66. f(x) =acosx+d

(-3)

60. y = —4 sin@x - gj

1 —
Amplitude: ——— =2 = a =2
s 2
1=2cos0+d
_121,\\-;‘!'- \jﬁkm d :1_2:_1
a=2d=-1
-8
67. f(x) =acosx+d
V.4
61. y = COS[Z”)‘ - Ej +1 Amplitude: 3[8 — 0] = 4
3 Reflected in the x-axis: @ = —4
0=-4cos0+d
AN ‘-
-3 3
a=-4,d =4

-1

68. f(x) =acosx+d
62. y = 3003(?+§j—2

(4 _,

-2 —
Amplitude: ET— =

2

Y AT Y S AV Reflected in the x-axis: a = -1
f\/ll'\/\/ —4 = —-1cos0 + d
d=-3
-6 a=-,d=-3
(T
63. y = —0.1 sm(l—g + ﬂ'] 69. y=a sin(bx — C)
042 Amplitude: |a| =|3|
/\ /\ Since the graph is reflected in the x-axis, we have

—20 20 a = -3.
\/ o

Period:7=7r:>b=2

-0.12
1 Phase shift: ¢ = 0
64. y = — cos 1207zt
100 a=-3,b=2,c=0

0.015

70. y = asin(bx - ¢)

—0.017 \ ’/ / 0.017 Amplitude: 2 = a =2
\j \/ Period: 47

-0.015 20 1
—_— T
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Section 1.5 Graphs of Sine and Cosine Functions 173

7Ly = asin(bx - ¢ 79. v = 1.75sin ”7’
Amplitude: a = 2
. . 2
Period: 27 = b =1 (a) Period = Ty seconds
/2
Phase shift: bx — ¢ = 0 when x = z 1 cycle 60 seconds
4 (b) . - = 15 cycles per minute
4 seconds 1 minute
V4 V4
)-——|-c=0=>c=-—— v
( )( 4] 2 ©

72. y = asin(bx — ¢)

Amplitude: 2 = a = 2

Period: 4
2r V4
o =4=b=2 80.y=0.855in%t
. c c z
Phase shift: b 1= 72 =l=c= 5 (a) Time for one cycle = % = 6 seconds
7
T T
a=2b= ¢TS5 (b) Cycles per min = 6—60 = 10 cycles per minute
73. y, = sin x 2 (c) Amplitude: 0.85; Period: 6
1 Key points:
peod Ao . 3 9
N (0, 0), [7, 0.85} (3, 0), [7, —0.85} (6,0)
In the interval [-27, 27], 2 2

Smom Im 1z
Yy =y, when x = —— —— —, —.

67 6 66
74. y, = cos x 2
7=l WP
In the interval [-27, 27], NN S
¥ =y, when x = 7z, —-7. 2

81. P = 100 - 20 c0553£

Answers for 75-78 are sample answers.
. 2 6
(a) Period: —— = 3 seconds

75. f(x) = 2sin(2x — 7) + 1 (57)/3
. b 1 heartbeat 60 seconds
76. f(x) =3 sin[z— + %j -1 ®) 6/5 seconds 1 minute
X
= 50 heartbeats per minute
77. f(x) = cos(2x + 27) - 2
() ( )3 82. y = 0.001 sin 8807t
1 = Y 1
78. f(x) =3cos|—x ——|+2 a) Period: =
f( ) [2 4j (@) 3807 240 seconds

by f= L 440 cycles per second
p
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174 Chapter 1 Trigonometry

83. (a) and (¢)

y

. 1 .
84. (a) Amplitude: a = 5 [max. temp. — min. temp]

%[77.8 ~154] = 312

B
: T Period:
= p = 2 [month of max. temp. — month of min. temp]
8 051
£ 27 -1]=12

55 30 35 40 45 50 55 60 65 _2r _2m _ 7

Day p 12 6

The model fits the data well. Because the maximum temperature occurs in the

seventh month,

(b) Amplitude: % [max. percent — min. percent]

c T
=—[1.0-0] =05
2 The average temperature is
Period: p = (2nd day of 1.0% — 1st day of 1%) 1[77.8 +15.4] = 46.6°, so d = 46.6.
=31-1=30
po2m _2m_ 7 So, I(t) = 46.6 + 312 cos(lt - 7—”)
p 30 15 6 6
110
Because the zero percent occurs at day 42, (b)
x = 42. ‘,’K““\
bx —c=nx
T 0 12
—(42)—c=n1x
54 0
L4 The model fits the data well.
= ~t=c (c) oo
or
2z _¢
5
The average percent of illumination is . ,
1 0

E(I.O —0) = 0.5. So, d = 0.5. So, the model is The model fits the data well

T or (d) The annual average maximum temperature is given
y =05 COS(E X = ?] +0.5. by the constant term in each model.

Las Vegas: 80.4°

=

(d) The periodis p = 30 days.
(e) Because March 28, 2021 is the 87th day of the

International Falls: 46.6°

year, x = 87. So, the percent of the moon’s face (e) The period of each model is 12 months. This is
illuminated is what you would expect because the time period is
T oz one year (12 months).

y =05 COS[E(S’U - ?) +0.5 = 1, or 100%. (f) The amplitude determines the variability. The
greater the amplitude, the greater the variability in
temperature. So, International Falls has the greater
temperature variability (31.2 > 23.8).

85. (a) Period = 2z = 20 seconds (©) 1o

(%)
10
The wheel takes 20 seconds to revolve once.

(b) Amplitude: 50 feet 0 20
The radius of the wheel is 50 feet.
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Section 1.5 Graphs of Sine and Cosine Functions 175

91. 1
86. C =303 + 21.6 sin[@ +109
365 21
. 2r
(a) Period= E = 365
365 '
Yes, this is what is expected because there are
365 days in a year.
(b) 30.3 gallons; the average daily fuel consumption is
given by the amount of the vertical shift (from 0) As the value of b increases, the period decreases.
which is given by the constant 30.3. b 1 1 |
= — — —cycle
(c) % 2 2 Y
b =2 — 2cycles
b =3 — 3cycles
0 o 365 92. (a) 2
The consumption exceeds 40 gallons per day when )/\\ /\J
124 < t < 252. -am '\\_/,r 2m
87. False. y = 1 cos 2x has an amplitude that is half that -2
2 The graphs are nearly the same for—ﬁ < x < x
of y = cos x. For y = a cos bx, the amplitude is|a|. gtap Y 2 2"

(®) :
\\ A /fzﬂ
AR

. . . V4
88. True. y = —cos x is areflection of y = s1n(x + E]

-2

. . . V4
in the x-axis. So, —cos x = —s1n(x + EJ

-2

The graphs are nearly the same for -~ < x < -
89. These are the key points for y = cos x, not grap Y 2 x 2’

y = sin x. I
(c) sinxzx—§+§—?
90. (a) For ¢ # 0, the value of c shifts the graph of 5 4' s
X x
f(x) = sin xc units to the left when ¢ < 0 and ¢ cosx = 1— 5 + iy
units to the right when ¢ > 0. , )

. T
(b) An intercept of the graph y = —cos(x + Zj . /—\ a o NN S

occurs at (%, 0} Because the graph of

-2 -2
= si " | also has an i Z0
Y = s x = o jaisohasan Intercept at i The graphs now agree over a wider range,
the green graph is equivalent to I 3x
<<

= —COS[X + E)
y )
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176 Chapter 1 Trigonometry

93.y=x2+4

@ | xlol1]|2]3 |4
yl4a|s|8]13]20

(b) y=(—x)2+43y=x2+4
= y-axis symmetry
y=x+4=y=-x'-4
= No x-axis symmetry
—y=(—x)2+42—y=x2+4
=y=-x'-4
= No origin symmetry
(©)

X
-5 =4=3~2 -] * 123 45

9. > =1-x

@ |x|1]0]|-3|-8]|-15
ylol1]2 |3 4

®) y¥=1-(=x)= )" =1l+x
= No y-axis symmetry
(—y)2 =l-x= )" =1-x

= x-axis symmetry

|
=
L]
Il

1—(—)c):>y2 =1+x
= No origin symmetry
(c) y

(©

96.

(©)

x|0]| 7 |1
ylo| =310

2
6

m‘: (Y[}

“(x)=2y=-=x"+x
= No y-axis symmetry
y=xX-x=>y=-x+x

= No x-axis symmetry

-y (—x)3 -(x)=>-y=-x+x

:>y=x3—x

= origin symmetry

>
|
—_
oL
as‘L

y| =5 | 32 | 2] -16|-128

2 2
y = —x)3 =2y = —;
= No y-axis symmetry
2
YEgDrETs
= No x-axis symmetry
— 2 — 2 —
—Y—(_x)3 3—)’——;3)’—;
= origin symmetry
5T
ol
3t
Al
Saow [12345 0
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Section 1.6 Graphs of Other Trigonometric Functions

97. y=3"andy = 4"

¥

24

__/1

> - I
=14

3)(

1

9

1

x 1
4 16

PNy PR
—_
S

16

(a) 4" < 3" whenx < 0.

(b) 4* > 3" when x > 0.

Section 1.6 Graphs of Other Trigonometric Functions

1.

2.

3.

odd; origin
reciprocal

damping

. X ZNxw

. The range of both y = csc x and y = sec x is

(=0, =1] U1, ).

. The functions y = sin x, y = cos x, y = csc x, and

y = sec x have a period of 27.

y = sec 2x

2
Period: — =7x

Matches graph (e).
= tan X
.y 2
Period: — = —— = 2z
b 12

Asymptotes: x = -7, x = 7T

Matches graph (c).

9.

10.

11.

12.

1
= —cot Tx
773

Period: z_ 1
V3
Matches graph (a).

y = —cscx

Period: 27

Matches graph (d).

—lsecE
7 2 2

2
Period: 2% = 2% _ 4
b 72

Asymptotes: x = -1, x =1
Matches graph (f).

X
= —2sec —
Y 2

Period: 27” = ;772 =
Asymptotes: x = -1, x =1
Reflected in x-axis

Matches graph (b).

177
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178 Chapter 1 Trigonometry

13. y =%tanx

Period: @

Two consecutive

asymptotes: : “
z )
x=—-—and x = z |
2 2
T s
x| — | 0| —
4 4
ERNE
3 3

1
14. y = _E tan x

Period:

Two consecutive
asymptotes:

15. y = tan %

]Z- |
Period: — = 4 :

/4

Two consecutive asymptotes: )
LA QN 3
4 2 [
Z_Z =2

4 2

x| -1]10]1
y|-1]0]1

16. y = tan 4x
T
Period: —

Two consecutive

asymptotes -
V4 V4
X =—-——XxX=—=
8 8
A PN
T 4
y 1|0 0|0

© 2022 Cengage Leaming. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
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Bk ]

17. y = -2 tan 3x
T
Period: —
3

Two consecutive

asymptotes:
/3 T
x = ,X = —
6
T V4
x| — 0| —
3 3
y |0 0|0

18. y = -3 tan zx
V4

Period: — =1
V4

Two consecutive

asymptotes:
1 1
X =—-——=2Xx==
2 2
ol
A 4

19. y = 3cot 2x

- L T

1)

et 1L T S

T |
Period: — |
2 :
Two consecutive i
asymptotes: -2
V4 V4 i
X = s X A |
>\
V4 V4 V4 V4
x| == L2 L
6 8 8 6
y | -3/3 | -3 3 33

20. y = 3cot?

Period: Z 2
/2

Two consecutive

asymptotes:
x=0,x=2
1 3
122
y 1|3 0] -3
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Section 1.6 Graphs of Other Trigonometric Functions 179

25. y = %sec X

1
21. y = =3 sec x . .1 ) : b
I 4Py Period: 2 ' A
Period: 27 ! - . | b
) i T . Two consecutive : : :
Two consecutive ¢ . o — r asymptotes: — ———
asymptotes: y & I | | =2, iy =1 L2
| | | X =—%,X == : : :
7[ ﬂ' | 1 i I 2 2 1 1 1
X = s X 5 : : : : : :
| ! | x| -1 {0 |1 I
T V4 1 1 1
X 3 0 3 Y1 72| 2| 2
1
y | -1 3 -1 26. y = 2sec3x "
o, 150 I W T
. y Period: 2% :\JI I\/: :
22, y = —secx i) 3 :]t ; : ! ;
4 ’ Two consecutive i i . i : i i i
Period: 27 . J asymptotes: : EEE N
Two consecutive ’ : , ) N y=r  -Z E i E : E
asymptotes: Y\ | 2 6 6 \ Y B Y B ¥
V3 V4
X =——XxX=— i _1 E
2 2 ] AN E
V4 0 T y | 2 2| 2
x| == z
3 3
y l l l 27. y =cscmx — 2
2 4 2 o
Period: — = 2
y T
¥ .
23. y = csc 9 6- Two consecutive
5 44 asymptotes:
. V4
Period: — = 47 24 x=0,x=1

1/2 ‘

Two consecutive
asymptotes:

x| 05] 15|25

y|-11]=31-1

x=0,x =271

NN VL

yl2 |1 |2 Ui J

|
-2
1
1
|
'
1
|
|
1
|
|
1

X
24, y = cscg o]
4+
Period: 2z = 6r 2
/3
n 2r

Two consecutive
asymptotes:

x=0,x =371

2 | 2
yl2 |1 |2

T R4 kY4
2

© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Trigonometry 11th Larson


https://textbooktestbanks.com/products/9780357455210-solutions

180 Chapter 1 Trigonometry

28. y =3csc4x +1 31. y:tan(x+7r)
Period: 2z - Period: 7@
4 2 Two consecutive asymptotes:
Two consecutive asymptotes: P T
X =—-——=Xx=—
x=0,x z 2 2
4
T 0 T
V4 RV 4 S X | 77 n
x| — — - 4 4
8 8 8
y | -1 011

ST mNENTT - o

SRR RO e S i
Eemo = BIE— - —— - S

V4
29. y = —secwx + 1 32. y=2 cot[x + 5)
Period: 7 2 Aw v oqop Period: 7
V.4 34! | 1 1 .
A Two consecutive
Two consecutive 21 :\j :U: asymptotes:
asymptotes: : : : : x .
1 1 U | | | X =—-——XxX=—
X =—7X = | | | | 2 2
2 2 X t ‘ ~ ! + ! o X
I | [\I 3 I/\ : 0 :
1 ! A I 2 "
- 0 - 1 I 1 1 4 4
I EE 3
vy |2 0| -2
y | -1 0|1

30. y = 2secdx + 2 Y

Period: 2z -z
4 2

ST |8 s s
—
-

I

I

I

I

I

. |
Two consecutive |
I

I

L

I

I

I

I

I

)
N

asymptotes: X 2
z r \ PRYAN
X =—-—Xx=— I 4 2
8 8 1
Tz
Yl 12

yl=2 |o]-=2
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33. y = 2sec(x + 7)

Period: 27

Two consecutive

asymptotes:
T V4
X =—-—x==
2 2
V4 V4
x| —— |0 —
3 3
y | 4 -2 | 4
34. y = 2cse(x — 7)
Period: 27
Two consecutive
asymptotes:
X=-T,X=71
T kY4
U LA A iid
2 2 2
y |2 2 | -2
35. y = 1 csc[x + E)
4 4
Period: 27
Two consecutive
asymptotes:
T 3
x = ,X = —
4
|z | Tz
1T 4|2
1 111
T2 4|2

—_ N W s
N
———

Section 1.6 Graphs of Other Trigonometric Functions

-

N+

2r

_______

36. y = %sec (2x — 7)

37.

38.

39.

40.

. 2
Period: 7” =7

Two consecutive

asymptotes:
7 3
4 4
T
X 0 — T
2
y|-15]15]|-15
| I S A
| V3T |
AdbELg
N R
1 2 i =l 1 2 1
A

-37

~®

-2
y = —2sec4x = p—m
4
VR,
noMh S
-4
Y = CcSC X =

sin 7rx

2

(VVERY

ANAIA

181
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182 Chapter 1 Trigonometry

41. y=tan(x—£j 46. yzlsec(ﬂ+zj3y S S
4 3 2 2 X |7

3cos| — + —

(2 2)

LI, U
[ L] TAna

-2

1 T
42. y = Z cot(x - Ej 47. tan x = 1
| Tr 3m 7w 5w
_ X = _7) _7) 79 -
( ”j 4 4 4 4
4 tan| x — —
2 3

QU 2”)/” f/z"

g

- 48. tan x = /3
43. y = —csc(4x — 7) Lo o7 2w An
1 37 37373
Y= 7=
sin(4x — 7) 3

2 i AR
Y Y i
A A B

-3 49, cot x = _\/5

LS
[NIE]

2sec(2x — ) = x:_l[_fslg

T T
2

4. y
6 6 6 6

3

4 LA,
T

VRV,

RN L 50

. cotx =1

45.y=0.1tan(%+%} 4° 474 4
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Section 1.6 Graphs of Other Trigonometric Functions 183

51. secx =2 56. f(x) = cot2x
__ 5t _zxsm f(=x) = cot(-2x)
3333 cos(—2x) cos(2x) 7(3)
= - _ = —f(x
W I,aj o sin(—2x) sin(2x)
Voo Thus, the function is odd.
=37 37
‘\ m m l( 57. f(x) = x + tanx
-3 N
52. cscx = /2 EZ E E
Tr St & 3w ]
X =—-—-——,— — 11 1 [
47 474 4 T .
yE Y L
S (NP E S
37 3 o A
-3 f(—x) = (—x) + tan(—x)
3 1 . = —x — tan x
53. f(x)—secx—cosx : by : — (x + tan %)
f(=x) = sec(-x) ! o = —f(%)
_ 1 i i i So, f(x) = x + tan x is an odd function and the
cols(—x) ; - ; z ! w graph has origin symmetry.
- coS X i 3 i 1

— f(X) . AN [ ’ COS x

So, f(x) = sec x is an even function and the graph

has y-axis symmetry.

54.  f(x) =tanx

At
tan(—x) = —tan x 52__ E
So, f(x) = tan x is an odd function and the graph is A E E S
symmetric about the origin. :F T\:
f S(=x) = (=) = sec (~)
A |
I LAY I | =x’ -
i i i i cos(—x)
WANAWARS e !
af = f 2 f cos x
i | | | = x* —secx
T - 09
55. The function So, f(x) = x> — sec x is an even function and the
1 graph has y-axis symmetry.
f(x) =csc2x =

sin 2x

has origin symmetry. Thus, the function is odd.
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184 Chapter 1 Trigonometry

62. f(x) = xsinx
Matches graph (a)
As x = 0, f(x) = 0.

63. g(x) = | sinx
x Matches graph (b).
As x = 0, g(x) — 0.

64. g(x) = |xf cos x

Matches graph (c).

=X Asx—)O,g(x) - 0.
sin(—x)

_ X 65. f(x) =sinx + cos{x + zj
—sin x 2

X g(x)=0
sin x S(x) = g(x)

= xcesex The functions are equal.

= g(x) "

So, g(x) = x csc x is an even function and the graph 31

has y-axis symmetry.

60. g(x) = x* cot x =
tan x 1
| 1 ) 1 1 -3
| | 8T 1 1
A I I S
| 1 1 1 . T
A B IE S S 66. f(x) = sinx - cos(x + —]
I B EE N 2
P = I g(x) = 2sinx
B A T f(x) = g(x)
A I B O
i R | ! The functions are equal.

= —x? cot x -4

= —g(x)

So, g(x) = x* cot x is an odd function and the graph

has origin symmetry.

61. f(x) = |xcos A
Matches graph (d).
As x = 0, f(x) = 0.
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67.

68.

69.

70.

71.

72.

f(x) = sin’x
g(x) = %(l - cos 2x)
f(x) = glx)

The functions are equal.

- T

X

f(x) = 00527
g(x) = %(1 + cos 7x)

S(x) = &(x)

The functions are equal.

y

g(x) = xcos 7x
Damping factor: x
As x —> oo, g(x) oscillates

and approaches —eo and co.
S(x) = x* cos x

Damping factor: x*

As x — oo, f(x) oscillates
and approaches —eo and oo,
S(x) = x*sinx

Damping factor: x°

As x — oo, f(x) oscillates
and approaches —eo and oo,
h(x) = x’ cos x

Damping factor: x°
As x — oo, h(x) oscillates

and approaches —eo and oo,
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73.

74.
x
As x -5 0,y — oo, AV
0 L TR Y Y
-2
sin x 2
75. g(x) =
x
As x = 0, g(x) - 1. -6 e
-1
1 —cosx :
76. f(x) =

77.

. h(x) = xsinl

79.

y=—+4cosx,x >0

6 6
X
As x -5 0,y — oo, . ﬂvﬂu’/

-2

6

y=i+sin2x,x>0

67

67

Sf(x) = sin 1

X

As x = 0, f(x) oscillates

between —1 and 1.

X
Asx — 0, h(x) = 0.

t 2
(a) Period of cos AT 12
6 /6
Period of sin 2% = 27~ 12
6 76

The period of H(¢) is 12 months.
The period of L(t) is 12 months.

(b) From the graph, it appears that the greatest

difference between high and low temperatures
occurs in the summer. The smallest difference

occurs in the winter.

(c) The highest high and low temperatures appear to

occur about half of a month after the time when the

sun is northernmost in the sky.
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186 Chapter 1 Trigonometry

80. (a) § 84. True.

y =secx =
cos x

If the reciprocal of y = sin x is translated /2 units
to the left, then

Sales
(in thousands of units)

1 1
1234567809101112 y = = :cosxzsecx.
Month (1 < January) sin(x + E)
6r
(b) S(6) = 74+ 3(6) — 40 cos o 85. f(x) = x —cosx
2
= 74 +18 — 40(~1) = 132 = 132,000 units @) /
-3 3
27
81. cosx = —
d ——
27 V4 V3 -2
d = =27 ——<x< =
cos X see 2 * 2 The zero between 0 and 1 occurs at x = 0.7391.
a () x, = cos(x,_;)
E 80 E Xo = 1
g\ @ x = cos1 = 0.5403
AN I x, = cos 0.5403 = 0.8576
: 20 : x; = cos 0.8576 = 0.6543
v o ¥ X, = c0s 0.6543 = 0.7935
2 4 4 2
Angle of camera X5 = COS 0.7935 = 0.7014
7 Xg = cos 0.7014 = 0.7640
82. tanx = — x; = cos 0.7640 = 0.7221
xg = cos 0.7221 = 0.7504
4= x| Ot* X, = cos 0.7504 = 0.7314
d :
4T 1 This sequence appears to be approaching the zero
LT 1 of f:x = 0.7391.
g 6T }
g - - 86. (a) (i) f(x) = tan 2x
RN ! . . )
_10] ! The period of the graph is By and the graph is
-uut l
Angle of elevation . . ( V4 7[}
increasing on | ——, — |
83. True. Because 4 4

(b) (i) f(x) = csc4x

y=cscx = —,
sin x x
for a given value of x, the y-coordinate of csc x is the The period of the graph D) and the graph has
reciprocal of the y-coordinate of sin x. P
vertical asymptotes at multiples of —.
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87.

88.

89.

90.

91.

f(x) = Ux, g(x) = x*
(a) (ng)(x) = f(XZ) — (x2)1/3 T
) (gof)(x) = g(x*) = (x1/3)2 _ s

Domains of f, g, fog, gof: all real numbers x

f(x) =x+4,g(x) = 1

=

@)05@@)=fG)=—+4

X

1
x+4

(b) (gos)(x) = g(x +4) =

Domain of f': all real numbers x

Domains of g and fog: all real numbers x such
thatx # 0

Domain of g o f: all real numbers x such

thatx # —4

fx) = x* g(x) = /x -1
@ (fog)x)=fVa-1=(x-1)x21
®) (go/)(x) = g(x*) = Vx* =1

Domain of f: all real numbers x

Section 1.6 Graphs of Other Trigonometric Functions 187

92. g(x) = 4x + 1 is one-to-one, so it has an inverse

function.
y=4x+1
x=4y +1
1
y= Z(x - 1)
4 1
() = 5 - 1)
93. h(x) =— is one-to-one, so it has an inverse function.
X
1
y = ;
ol
3
1
y3 = ;
1
y = %
1
i (x) = —
“ =7

94, h(x) = ‘x -

o8]

h is not one-to-one (h(O) = h(6) = 3),

No inverse function

Domains of g and fog: all real numbers x such 95.  f(x)
thatx = 1 y
Domain of g o f: all real numbers x such X
thatx > lorx < -1 )
X
x
f(x) == ,g(x) = 2x 3y
x -4

X . 2x 2x y

@ (fog)x) = f(2x) = -

(regle) = 0 = o = 13 )
o )
o)
9. f(x)
X 2x
b o = =

®) (g2/)() gﬁa4] —— v
Domains of f and g o f: all real numbers x such *
thatx # 12 —Jx
Domain of g: all real numbers x %
Domain of fog: all real numbers x such thatx # +1 S7(%)

f(x)=9-x?
fis not one-to-one ( /(1) = f(-1) = 8).

No inverse function
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188 Chapter 4 Trigonometry

97. y=x*—=2x-3=(x-3)(x +1)
y=(-x) =2(-x) =3 = y = x> + 2x — 3 = No y-axis symmetry
-y =x*-2x -3 =y =-x* + 2x + 3 = No x-axis symmetry

—y = (=x)" = 2(~x) =3 = -y =¥ +2x -3 = y = —x* — 2x + 3 = No origin symmetry

x-intercepts: (-1, 0)(3, 0)
y-intercept: (0, —3)

98. y= x> +2x+1=(x+1)

y = (—x)2 +2(-x)+ 1= y = x> - 2x + | = No y-axis symmetry

-y =x>+2x+1= y=—-x* — 2x — | = No x-axis symmetry

-y (—x)2 +2(-x)+1=> -y =x*-2x+1= y = —x* + 2x — 1 = No origin symmetry

y

(-1,0)
_é_Lé;é_T# 1203

x-intercept: (-1, 0)
y-intercept: (0, 1)

99. y = 64 — 4x*

y =64 - 4(—x)2 = y = 64 — 4x* = y-axis symmetry
-y = 64 — 4x> = y = —64 + 4x*> = No x-axis symmetry
-y = 64 — 4(—x)2 = -y = 64 — 4x> = y = —64 + 4x* = No origin symmetry

y

x-intercepts: (+4, 0)

y-intercept: (0, 64)
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100.

y=2x? - 18

x-intercepts: (+3, 0)

y-intercept: (0, —18)

Section 1.7 Inverse Trigonometric Functions 189

y = 2(-x)’ =18 = y = 2x* — 18 = y-axis symmetry
-y = 2x* — 18 = y = —2x* + 18 = No x-axis symmetry

Section 1.7 Inverse Trigonometric Functions

10.

. No. arccos x #

Function Alternative Notation
.y = arcsin x y =sin"' x

y = arccos x y =coslx
. y = arctan x y =tanx
. inverse

. The inverse cosecant function can be denoted as csc™

or arccsc x.

, arccos x = cos”! x.

COos x

= arcsin l = siny = l for
Y 2 773

.y =arcsin0 = sin y = 0 for

T T
-— < <—= =0
) SV T

. y =arccos 0 = cos y = 0 for

0<y<mT=y=—

= arccosl = cos y = l for
7 2 Y 2

OSySH:y:%

Domain
-1<x<1
-1<x<1

—o0 < X < o0

11

Ux

12.

13.

14.

15.

16.

—y =2(—x)’ =18 = —y = 2x> =18 = y = —2x* + 18 = No origin symmetry

I

\
<
IA

\

Y5

3
T for

3
.y = arctanT = tany =

2 7 2 7 6
y = arctan(l) = tan y =1 for

) SV STV,

It is not possible to evaluate arcsin 3. The domain of

the inverse sine function is [-1, 1].

It is not possible to evaluate arcsin /3. The domain of
the inverse sine function is [—1, 1].

y = arctan(—\/g) > tany = —\/5 for
2 SV TS

It is not possible to evaluate cos’l(—2). The domain of

the inverse cosine function is [—1, 1].
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190 Chapter 1 Trigonometry

1 1 29. It is not possible to evaluate sin™' 1.36. The domain of
17. y = arccos = = cosy = = for

the inverse sine function is [-1, 1].

2
0<y<rmr=>y-= =z
3 30. cos™ 0.26 = cos™ 0.26 ~ 1.31
18 v = arcsin Y2 N2 4
. Y = arcsin BN = smy = > or 31. It is not possible to evaluate arccos(—gj. The domain
Ty B, of the inverse cosine function is [-1, 1].
2 2 4
P ARy AN
. \/3 . 32. arcsin ¢ = sin (§) = 1.07
19. y = sin 5 = siny = ——— for
—1(_95\ _ _
A_ o _.x 33. tan”'(-%) ~ -1.50
2 o770 4 3
34. tan™!(-/372) = -1.52
20. y = tan‘l(—\ég] = tan y = —? for
35. arctan(—\/g) -z
T F % 3
2SS TV [ j V3
tan| —— | = ———
3
21. f(x) = cos x
tan[—j =1
g(x) = arccos x
y=x
36. arccos(-1) = 7
4
( lj 2
\f’\ arccos| —— | = —
2 3
2 7" cos(ﬁj = ﬁ
—1 6 2
22. f(x) = tan x x
37. tan @ = =
g(x) = arctan x 4
X
y=x 0 = arctanz
2
4
. /% . 38. cos @ = —
[, 2 X
4
i 6 = arccos —
> x
23. arccos 0.37 = cos™(0.37) = 1.19 39, sing = * 2
5
24. arcsin 0.65 = sin™(0.65) = 0.71 0 = arcsin[x + 2)
25. arcsin(—0.75) = sin”'(=0.75) = —0.85 43
40. cos 0 =
2x
26. arccos(—0.7) = cos™'(-0.7) = 2.35 43
6 = arccos
X

27. arctan(-3) = tan™'(-3) = —1.25
41. sin(arcsin 0.3) = 0.3

28. arctan 25 = tan™'(25) = 1.53
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Section 1.7 Inverse Trigonometric Functions 191

42. Tt is not possible to evaluate cos[arccos(—\/g)} The 47. Let u = tan™' 2,
domain of the inverse cosine function is [—1, 1]. tanu = 2 = % 0O<uc< % i
43. arcsin sin(g—”j = arcsin ﬁ = cos(tan’l 2) = cosu = 1 75
4 2 4 \/g 5

or . . . .
Note: e is not in the range of the arcsin function.

i T
44, arccos(cos 7) = arccos 0 = E e

1r . . . .
Note: EX is not in the range of the arccosine function. u

45. Let u = arctan 3 ] ) ) 5
4 48. It is not possible to evaluate sm(cos \/g) The

3 V4
tanu = —, 0 < u < —,
4 2

domain of the inverse cosine function is [-1, 1]

3 3 49. Let u = arcsin i,
sin[arctan Zj =sinu = 3 13

y

. 5 V.4
sinu = —,0<u<—,
13 2

sec| arcsin k) =secu = —.
( 13] 12

v

46. Let u = arcsin ?,

. 4 V4
sinu = —,0<u<—,
5 2

( ) 4) 3 50. Let u = arctan[—i],
cos| arcsin — | = cosu = —. 12
5 5
! 5
y tany = —, — < u <0,
120 2
5 13
5 csc|arctan| — || = cscu = ——.
)y 4 12 5

X y
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192 Chapter 1 Trigonometry

3 = 3

51. Let u = arctan[—g), 54. Let u = arctan 3
-5 z
tanu = 8,0<u <5

3
tanuy = —— —— < y <0,
5 2 cot(arctan %) =cotu = %

()]0
cot| arctan| —— || = cotu = ——. v
5 3

N

e
55. Let u = cos™ ﬁ
52. Let u = arccos(—éj.
4 3 T
cosu = —,0<u<—,
3 2 2
cosu = k) <u<mr,
csc| cos™! ﬁ =cscu = 2.
( 3] 4 2
sec| arccos| —= =
4 3 .
al N\ ~ |

53. Let u = arccos(—%}

2 r
cosSu = ——,— <u<r, 2
32
2 _
tan arccos( fj =tanu = —£ tanl sin™ =2 || = tanu = £ = —1
3 2 \/E
N AN V2 .
Y 2 7\/5
_2 %
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Section 1.7 Inverse Trigonometric Functions 193

57. Let u = arcsin(2x). 61. Let u = arccos x.
. 2 _ . _ X
smu=2x=—x, cosu—x—?
. . o 5
cos(arcsin 2x) = cosu = \/1 — 4x? sin(arccos x) = sinu = /1 - x
1 ! V1= x2
2x
u X
V1 —4x2
62. Let u = arccos(x — 1).
X
= = = -— - 1
58. Let u = arctan x, tanu = x T cosuzx—lle
in(arean ) = s = !
smiarctan xj = sinu = 2 41 csc[arccos(x - I)J =CcSCU = ———
X x(2 - x)

x Va2-x)
x=1
B x
59. Letu = arctan x. 63. Let u = arccos 3)
x
= x
tanu—x—? cosu = 2,
3
t(arct =cotu = 1 X 9 — x?
cot(arctan x) = cotu = ¥ tan| arccos 3)= tanuy = ———
X

V9-x2

60. Let u = arctan 3x. 64. Lot u = arctan l

3x:3—x,
1

tan u
tanuy = —,

X
sec(arctan 3x) = secu = /9x* + 1

1
cot(arctan fj =cotu = x
X

VoxZ +1 3x
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194 Chapter 1 Trigonometry

65. Let u = arctan f.

a
x
tanuy = —,
a
( xj X2+ a?
cscl arctan — | = cscy = ——
a a
66. Let u = arcsin — h
”
. - h
sinu = X
r g x—h
2 2
( x - hj P —(x—h)
cos| arcsin =cosu =
r r
u []
\/rzf(.\'fh)2
. 2x
67. f(x) = sin(arctan 2x), g(x) = 2
1+ 4x2
They are equal. Let u = arctan 2x, - A °
tanu = 2x = E, 2
. 2
and sinu = 7)(.
N1+ 4x?
2x

The graph has horizontal asymptotes at y = 1.

68. f(x) = tan[arccos gj \

These are equal because:

X
Let u = arccos 5

f(x) = tan[arccos g] =tanu = NaZx g(x) 4

The graph has a horizontal asymptote at x = 0.
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69. Letu = arctan 2
X

9
tan u —fandsmu =
x2 +81

So,

9
arctan — = arcsin —————
x>+ 81

V36 — x?
—
\/36 - x2 y

sinu =

\/7

. X
arcsin ——— = arccos g

70. Let u = arcsin

71. Let u = arccos ; Then,

_2,2<x<4

X
72. Let u = arccos

cosu = X

2<x<4

X
arccos

18]

4x—x

36 —x~

Section 1.7 Inverse Trigonometric Functions 195

73. g(x) = 2arcsin x

Domain: -1 < x <1

Range: -r < y <7«

This is the graph of

f(x) = arcsin(x) with a vertical stretch.

y

74. f(x) = arctan 2x

Domain: all real numbers

T T
Range: —— < y < —
& 2 Y 2

This is the graph of g(x) = arctan(x) with a horizontal

shrink.

T+
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196 Chapter 1 Trigonometry

75. f(x) = % + arctan x 78. f(x) = arcsin%
Domain: all real numbers Domain: —4 < x < 4
Range: 0 < y < 7w
. . Range:—ESySE
This is the graph of y = arctan x shifted upward 7z/2 2 2
units. This is the f(x) = arcsin x with a horizontal stretch.

v

/— i

4 2 2 4
i ol
76. g(r) = arccos(t + 2) 79. f(x) = 2 arccos(2x)
Domain: -3 < ¢ < -1 on
Range: 0 < y < 7@ \
This is the graph of y = arccos ¢ shifted two units to
the left. \
-1 1
" 0
-l 80. f(x) = 7 arcsin(4x)
1 2
| -0.5 0.5
+ 1 —2m
4 -3 2 -l

81. f(x) = arctan(2x — 3)
77. h(v) = arccos%

T

Domain: -2 < v £ 2
el

Range: 0 < y < 7@ - [
This is the graph of h(v) = arccos v with a horizontal —
stretch. 82. f(x) = -3 + arctan(7x)
-4 4
T+ F,o-'—'_

\ —

23 =2 =l 12 03 )
T 83. f(x) = 7 —sin™ ?x + cos™! ==
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84.

f(x) = % +cos X + sin!
T

N =

3z 3n
2 2

Section 1.7 Inverse Trigonometric Functions

85. f(f) = 3cos2t + 3sin 2t = /3% + 37 sin[2t + arctan gj

86.

87.

88.

89.

90.

91.

92.

93.

=3J2 sin(2¢ + arctan 1)

The graph implies that the identity is true.

/()

4 cos mt + 3 sin 7zt

4+ 3 sin(ﬂ't + arctan gj

. 4
5 sin| it + arctan 5

3\/5 sin(Zt + %)

o

LA

(i,

VY

VY

-6

o

LA

Y

. (2 . 2 o A
The graph implies that 4 cos @t + Bsin wt = \/ 4*> + B sm(a)l + arctan B] is true.

z
2
0
z
2
_z
2
T
_r
2
(a) sin @ = Bl
S
6 = arcsiné
s
(b) s = 40: & = arcsin— = 0.13
40
.5
s = 20: 8 = arcsin — = 0.25
20

94. (a) tan @

5
95. (a) tan @ = —
@) 8.5

S
750

6 = arctani
750
(b) When s = 300,
6 = arctan 300 =~ (038 = 21.8°.
750

When s = 1200,

6 = arctan 20(? = 1.01 = 58.0°.

5

6 = 32.9°
h

10
h =10 tan 32.9°

h = 6.49 meters
The height is about 6.5 meters.

(b) tan 32.9°

0

197
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96.

97.

98.

99.

100.

Chapter 1

Trigonometry

()

20

(b) tan @ = el
6 = 23.05°
The angle is about 23.1 degrees.
(©) tan 23.05° = 2
30
h = 30 tan 23.05°
h = 12.77 feet

The height is about 12.8 feet.

(a) sin@ = 6
x
6 = arcsin 6
x
(b) x = 12 miles
6 = arcsin ﬁ = 30.0°
12
x = 7 mile
.6
6 = arcsin ; = 59.0°

x
a) tand = —
(@) 20

@ = arctan =~

20

(b) x =5: 6 = arctan El = 14.0°
20

=
1l

12: 6 = arctan2 = 31.0°
20

False. The domain of arctan x is all real x, but the
domain of both arcsin x and arccos x are —1 < x < 1.

. 1
False. sin™! x # -—
sin x

1

The function sin™ x is equivalent to arcsin x, which

is

is the inverse sine function. The expression, —
sin x

the reciprocal of the sine function and is equivalent
to csc x.

101.

102.

103.

104.

105.

False.

S5t . .
i not in the range of arcsin(x).

1 T
arcsin — = —
2 6

T, . .
True. ) is in the range of the arctangent function.

tan(—gj = -1 & arctan(-1) = _r
4 4

5. . . .
— is not in the range of the arcsin function.

(a) Because the graph of y = arcsinx lies below the
graph of y = arccos x, when x is greater than or

equal to —1 and less than \/5/2,
arcsinx < arccosx for —1 < x < \/%

(b) The graphs intersect at the point (\/5 / 2,7/ 4), S0

2

arcsin x = arccos x when x = T

(c) Because the graph of y = arcsin x lies above the
graph of y = arccos x when x is greater than

72 and less than or equal to 1,
arcsin x > arccos x for \/5/2 <x <1

y = arccot x ifand only if cot y = x.
Domain: (—es, o)

Range: (0, )
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106.

107.

108.

109.

110.

111.

112.

113.

y = arcsec x if and only if sec y = x where
xS—luleandOSy<%and§<y§7z.

Domain: (—eo, — 1] U [1, =)

Range: [0, ﬁj U [E, 71':|
2 2

y

y = arcesc x if and only if csc y = x.

Domain: (—oo, - l] ) [l, 00)

Range: [—Z, Oj v (0, ﬁ}
2 2

t +
-1 1 2

.
+

)

\ L

2

(S
4
t

Answers will vary.

y = arcsec /2 = sec y = V2 and

T T V4
0<y<—-—uU—<ysrmT=y=—
7 2 2 7 d 4

y = arcsecl = sec y =1 and
0< =0

T T
y<5u5<y£7r:y

y = arccot(-1) = cot y = —1 and

kY4
O<y<7r:>y=7

y = arccot(—\/g) = coty = —/3

and

S
0<y<7r:y:?

y = arccsc 2 = csc y = 2 and

T V4 V4
—<y<0ul<ys—=y=—
2 7 7 2 4 6

Section

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

1.7 Inverse Trigonometric Functions

y = arcese(—1) = csc y = -1 and

—%Sy<0u0<y£ =y =-

NN

i
2

[z\/ij /3

y = arccsc = cscy == and

V4 V3 V4

——<y<0ul<y<s—=y=—

27 TR TS
NE 23

y = sec T:secszand

—%Sy<0u0<y§§:>y=”

6
/3
3

y = cot™ (—\{f] = coty = and

2r
0<y<ﬂ':>y:7

( J 23

y = arcsec | ——— | = s =3 and
T S
0<y<—uU—<y<mr=>y=—
y 5 > y y 6

arcsec 2.54 = arccos L = 1.17
2.54

1
arcsec(—1.52) = arccos(—ﬁj = 2.29

arccsc —é = arcsin —i = —=0.12
3 25

arcese(—12) = arcsin(—%) = —0.08

arccot 5.25 = arctan L = 0.19
5.25

1
arccot(—10) = arctan(—Ej = 0.10

Because —0.10 is not in the domain (0, 7),

arccot(—10) = —0.10 + 7 = 3.04.

arccot(éj = arctan( é) = 0.54
3 5

arccot(—%) = arctan(—%) = —0.41

Because —0.41 is not in the domain (0, 7),

arccot(—18) ~ —0.41 + 7 ~ 2.73.

199
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200 Chapter 1 Trigonometry

127. f(x) = sin(x), f7'(x) = arcsin(x) 130. (a) Let y = arcsin(—x). Then,
(@ f o f7' = sin(arcsin x) R
2 —siny = x
sin(-y) = x

—y = arcsin x

- y = —arcsin x.
"o f = arcsin(sin x) So, arcsin(—x) = —arcsin x.
2 (b) Let y = arctan(—x). Then,
- tany=—)c,—£<y<z
! ' 2 2
—tan y = x

-2

b4 z
tan(—y) = x, - <-y< =

(b) The graphs coincide with the graph of y = x only 2
for certain values of x. arctan(tan(—y)) = arctan x
f o f7' = x over its entire domain, —y = arctan x
-1<x <1 y = —arctan x
f' o f = x over the region —% <x< %, So, arctan(—x) = —arctan(x).

corresponding to the region where sin x is

L oz
one-to-one and has an inverse. () Let y, = E -

12

1
arctan x + arctan —
X

128. f(x) = </x

g(x) = 6 arctan x

Nt »n

As x increases to infinity, g approaches 37, but f has

no maximum. Using the solve feature of the graphing
utility, you find a = 87.54.

129. Area = arctan b — arctan a

@ a=00b=1

Area = arctan 1 — arctan 0 = % -0 = %

(b) a=-Lb=1

Area = arctan 1 — arctan(—1)

SN B )
4 4) 2

(¢) a=0,b=3
Area = arctan 3 — arctan 0
=125-0=125
d a=-Lb=3

Area = arctan 3 — arctan(—1)

~ 125 - (—fj ~2.03
4
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(d) Let @ = arcsin x and f = arccos x, then

sin = x and cos f = x. So, sin @ = cos

which implies that & and £ are complementary

angles and you have

V4
a+ ==
2
. V4
arcsin x + arccos x = —.
2
. .X
(e) arcsin x = arcsin 1
= arctan
1 - x?

131. x* +

82

x2

X

122 = 144
144 — 64 = 80

/80 = 4/5

Section 1.8 Applications and Models

1. bearing

2. harmonic motion

3. No. N 20° E means a direction first of due north, then
20° east of north.

4. The frequency is the reciprocal of the period.

5. Given: 4 = 60°, ¢ =12

. a .
sin4d =— = a =csin 4

cos A

= 12sin 60° =

= 63 = 10.39

c

123

2

é:bzccosA

c
1

12 cos 60° = IZEfj =6
2

90° — 60° = 30°

132.

133.

134.

135.

136.

137.

138.

Section 1.8 Applications and Models

x? + 32 =52
x2 =25-9=16
x =4

x? + 2% = 6
¥ =36-4 =32

x =42

201
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X2 +9? =(x+1)2 =x>+2x+1
81 =2x+1
80 = 2x
x =40
cos 40° = g = ¢ = 5cos 40°
sin40°=§:>c= .5
c sin 40°
5
tan 40° = — = ¢ =
tan 40°
tan c® = —
. Given: B = 25°,b = 4
A =90°-B
= 90° — 25° = 65°
B
sin B = b =c= ,b
c sin B
= — 946 25°
sin 25° a
tan B = é = a = b
a tan B
4
= ~858 ¢
tan 25°
. Given: B = 72.8%,a = 44
cosBzgzc: a :74'4 =~ 14
c cos B cos 72.8°
tan B = é = b =atan B = 44 tan 72.8° = 14.21
a
A =90° - 72.8° =17.2°
B
acaa 28 ¢
C b A
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10.

11.

Chapter 1 Trigonometry

. Given: 4 = 84° a = 40.5

B =90°- 4
= 90° — 8.4° = 81.6°
tnd=2=p=-1
b tan A
= 405 = 27427
tan 8.4°
snd=% o=@ 2405 gy
c sin A sin 8.4°
B
a=1405 c__8&¥
c b A
. Given: a = 3,b = 4
a?+b* = = =(3)2+(4)2 =c=5
tnd=2L= 4= tan‘l(g] = tan'l(é) ~ 36.87°
b b 4
B = 90° — 36.87° = 53.13°
B
a=3
C b=4 A
Given: a = 25,¢ = 35 5

b =A~c? - d?
= /352 — 252
= /600 = 24.49
sin 4 = a = 4= arcsing = arcsing =~ 45.58°
c c 35
cos B = a = B = arccosE = arccosg = 44.42°
c c 35

Given: b = 15.70, ¢ = 55.16
/ 2 2 B
a = /55.16> —15.7* = 52.88

cos A =

—_ 0 |

5.7 a ¢=55.16

55.15

cos A

15.7

A = arccos = 73.46°
55.15 cll_\4
b=15.70

B =90° — 73.46° = 16.54°

12. Given: b = 1.32,¢c = 945
a =~ —b* =+/87.5601 = 9.36

cos 4 = é = A= arccosé = arccosﬁ =~ 81.97°
9.45

c c
sinBzészarcsiné it
c c
_ . 1.32
= arcsin 945 2045
= 8.03°
A
b=1.32

13. 8 = 45°,b = 6

tan @ = L = h = lbtané?
(1/2)b 2
h = %(6) tan 45° = 3.00 units
h
2] C ]

- %b — %b —

b

14. tan 6 = L = h = lbtan@
(1/2)b 2

h = %(14) tan 22° = 2.83 units

15. tan0 = —— = h =%btan6

(1/2)b

1
h = —(8) tan 32°
2()an

N

2.50 units

|-— —ib —_— %b —

b
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h

16. tan0 = —— = h =%btan9

0

(1/2)b

h = %(1 1) tan 27° = 2.80 units

h
r 0

[ %b—»u—%b —

17. tan 25° = m
X
100 100
x =
tan 25° 25° ]
= 214.45 feet '
18. tan 20° = 12
x
12
X = 20°
tan 20° X
=~ 32.97 feet
19. sin 80° = h
20
20sin 80° = K
h = 19.7 feet 201t |h
80°
20. tan 33° = L
125
h =125 tan 33 h
=~ 81.2 feet

b

125

21. Let the height of the castle = x and the height of the
castle and tower = y.

tan 35° = iand tan 48° = Y
50

50
x = 50 tan 35° = 35.01 and
y = 50 tan 48° = 55.53
h =y —x=5553-3501 = 20.52.
h = 20.5 feet

~

(=]

]
fe———— 5 ———

50

22.

23.

24,

Section 1.8 Applications and Models

tan 6.5° = 33—0 = d = 307191 ft
tan 4° = % = D = 5005.23 ft

Distance between ships: D — d = 1933.3 ft

Not drawn to scale

cot 55 = % = d = 7 kilometers

cot 28° = % = D = 18.8 kilometers

Distance between towns:
D —d =18.8 — 7 = 11.8 kilometers

10 km

te—d —>

tan 57° = a = x = acot57°

x
a

tan 16° = —2
o x + (55/6)

a
tan16° = ——————
o a cot 57° + (55/6)
cot160 = & cot 57° + (55/6)

a

acotl6®° — acot57° = % = a = 3.23 miles

=~ 17,054 feet
Py P,

203
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204 Chapter 1 Trigonometry

opp

hyp

h

30

15+/3 = 25.98 feet
25.981

d

(25.981}
6 = arctan T

(c) When 6 = 25°,

25. (a) siné@

sin 60°

h

(b) tan @

tan 25° = 25.981
25.981
tan 25°

d = 55.72 feet.

When 6 = 30°,

tan 30° = 25.981

d
d= 25.981
tan 30°
= 45.00

451t < d < 55.7 feet.

2. (a) I = (200)° + (150)°

[ = 250 feet
tan A = @ = arctan @ =~ 36.87°
200 200
tan B = @ = arctan @ =~ 53.13°
150 150

mile y hour y 3600 sec
5280 ft 35 miles hour
=~ 4.87 seconds

(b) 250 ft x

- 15
27. tan @ = 5

g = arctan% = 56.3°

751t

50 ft

28. 1200 feet + 120 feet — 400 feet = 920 feet

5280 feet

S5 miles = 5 miles(
1 mile

J = 26,400 feet

920
26,400

tan @ =

920 o
@ = arctan = 2.
26,400

Not drawn to scale

920
feet

0

5 miles

29. 12,500 + 4000 = 16,500

. 4000
sinf = ——
16,500
@ = arcsin 4000
16,500
6 = 14.03°

Angle of depression = & = 90° — 14.03° = 75.97°

16,500 mi

:

Not drawn to scale :

30. () 1> = (h+17)" + 1002

1= J(h+17)" +10,000

= Jh? + 34h + 10,289

(b) cos @ = #
0 = arccos(#}
(¢) cos@ = @
cos 35° = @
/
l = 122.077

P =100% + (h +17)
P = + 34h +10.289

0 = 1% + 34h — 4613.794
53.02 feet

n
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3. tan 0 = B = 9 = 56.3°

30
Bearing: N 56.31°
N
Port 45
M ES
w Ship E

S

32. Bearing = 180° + arctan(%)

= 208.0°

Airport | 85

35. (a) Because the airplane speed is

(260 i}(m ﬁj = 15,600
sec min min

after one minute its distance travelled is 15,600 feet.

a
15,600
a = 15,600 sin 18° = 4820.7 ft

sin 18°

(b) Let ¢ be the time for the plane to reach 10,000 ft.

10,000
2601
_ 10,000
~ 260(sin 18°)

sin 18°

Section 1.8 Applications and Models

205

33. (a) Renois 2472 sin 10° = 429.26 miles north of

Miami.

Reno is 2472 cos 10° = 2434.44 miles west of

Miami.
N

o
Reno .00
\

w

100/ Miami

(b) The return heading is 280°.

N

10°

ay
N

S

34. The plane has traveled 1.5(550) = 825 miles.

sin 38° = — = a = 508 miles north
825
b .
cos 38° = — = b = 650 miles east
825
N
825
520
a
w 3 : E
S
15.600
a
18°
2601 10,000

18°

feet

= 124.5 seconds
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206 Chapter I Trigonometry

88.6°

S Not drawn to scale

(@ t =48 = 21.4hours

(b) After 12 hours, the yacht will have traveled
240 nautical miles.

240 sin 1.4° = 5.86 miles east
240 cos 1.4° = 239.93 miles south

(c) Bearing from N is 178.6°.

37. 6 = 32° 4 = 68° N
(@) a=90°-32°=58 3

Bearing from
Ato C:N 5§ E d

by f=6=32
7 =90°— ¢ = 22°
C=f+y=54

tan C = i = tan 54°
50

= i = d = 68.82 meters
50
d
38. tan14° = — = x = d cot 14°
x
tan 34° = ﬁ = d
y 30-x
_ d
30 — d cot 14°
cot 34° = 30 — d cot 14
d
d cot 34° = 30 — d cot 14°
30

cot 34° + cot 14°
=~ 5.46 kilometers

39. sin 36° = 4 = d = 14.69
25

Length of side: 2d = 29.4 inches

/

sin 30° = =
25
a = 25sin 30° = 12.5

Length of side = 2a = 2(12.5)

= 25 inches

41. The diagonal of the base has a length of

Na® + a* = ~/2a. Now, you have

tan @ = 4 - L
V2 2
1 a
0 = arctan —
V2
6 ~ 35.3°. o

42. tan9=a 2=\/5
a

@ = arctan \/3 = 54.7°
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43.

44.

45.

46.

47.

48.

Section 1.8 Applications and Models

Use d = a sin wt because d = 0 when ¢t = 0. 49. d = 9 cos 6?72't

. 2
Perlod:—”:23w=ﬂ
w

So, d = 4sin(m). 61
(b) Frequency = L _ 5
2 2

Use d = asin wt because d = 0 when ¢ = 0.
Amplitude: ‘a‘ =3 = % cycle per unit of time

6
Period:z—”=6:a):£ (¢) d =9cos—(5) =9
w 3 5

Il
(e]

T
So,d =3 sin[?} (d) 9cos—t

o
]
w2

w‘g w|Q
~
Il
(e}

Use d = a cos wt because d = 3 when ¢t = 0.

6
Period: 2z =15=> w= 4z ?t = arccos 0
@ 3
4 Amt Sz, _Z
So,d=3cos—”t :30051. 5 2
3 3
5
t=—
12

Use d = a cos wt because d = 2 when ¢t = 0.

Amplitude: ‘a‘ =2 50. d = %cos 207t

Period:z—”:10:>a)=£ 1 1
w 5 (a) Maximum displacement: |a| = H =3
13
So, d = 2005(?} (b) Frequency:
@ _ 207 = 10 cycles per unit of time
d = asin ot 2r 27
w 1 1
Frequency = — c¢) d =—cosl007r = —
quency = —— © > >
w 1
262 = — ~ -
pye (d) 5 cos 20zt = 0
w = 27[(262) = 524r cos 20zt = 0

S . 20zt = arccos 0
At t = 0, buoy is at its high point = d = a cos wt.

207t = 2

Distance from high to low = Z‘a‘ =35 )
7 T 1 1
- § =% e T
4 2 20m 40

Returns to high point every 10 seconds:

Period: 2z =10 > w = z
0] 5
7 7t

d = —cos —
4 5

(a) Maximum displacement = amplitude = 9

207
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208 Chapter I Trigonometry

54. (a)

51. d = isin 67t .
4 'r“'“\\_‘

(a) Maximum displacement = amplitude = i

1 12
]

w 6
(b) Frequency = — = — it
r 2m (b) H(f) =12.13 + 2.77 sin[— - 1.60)
= 3 cycles per unit of time 6

() d = isin 307 = 0 period = 7” = 2?” = 12. Yes, the period is the
6
1 number of months in a year.
d) —sin 6zt =0
@ 4 (c) The amplitude is a =|2.77| = 2.77. The
sin 672t = 0 amplitude would represent the change in the
67t = arcsin 0 maximum number of hours of sunlight. Therefore,
6rt = 1 a maximum of 12.13 + 2.77 = 14.9 hours to a
1 minimum of 12.13 — 2.77 = 9.36 hours.
t ==
6 55. (a)

52. d = 1 sin 7927t
64

Average sales
(in millions of dollars)

1 1
(a) Maximum displacement: ‘a‘ == ==
64 64 .
(b) Frequency: Mjmh4 (l?—»imi&rﬁ
w 7927 . .
o g 396 cycles per unit of time ®) a-= %(14.3 ~17) = 63
1 .
() d = — sin(39607) = 0 2Z g p= T 5
b 6 Z s
) L in 7927 = 0 Shift: d =143 -63 £% n
64 =8 55 9
sin 7927t = 0 §5 ¢
) S =d + acosbt <Z
7927t = arcsin 0 £
7927” =z S = 8 + 63 COS[E] 2 4 6 8 1012
6 Month (1 « January)
V.2 1
t = 2907 = 792 Note: Another model is

| S =8+63 sin(ﬂ + f].
53. y = Jcosl6nr >0 6 2

The model is a good fit.
(@ 7 2z
(c) The period is = 12.Yes, sales of outwear
] (7/6)
are seasonal.
] . (d) The amplitude is the maximum displacement from
LAV RV AV average sales of $8 million.
8 4 8 2
-y 56. False. N 24° E means 24 degrees east of north.
(b) Period: 21 - 57. False. The tower isn’t vertical and so the triangle
1 8 formed is not a right triangle.
(©) Lcosi6r = 0 when 16t = % = t = %
4 2 32
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58.

Review Exercises for Chapter 1

(a) The maximum displacement from d = 0 is 4, so 66. csca =6
the amplitude is 4 centimeters.

(b) The period is the time for the graph to complete (a) sina = 1 - 1
one cycle is 3 seconds. cscar 6

(c) Because the spring is at maximum displacement

d = acos wt.

209

] 1 35
when ¢ = 0, the equation is of the form (b) cosar = +Jl —sin>a =, |1 - v = lg
1 635

_ N33 = seco = L. =
59. 61 — 2t + 106 = 21(3* + 5t — 1) 6 cosar 3535
1
60. d> +7d —18 = (d + 9)(d - 2) © tane = SN _ (Ej _ 13
cos 35 V35 35
61. 10y> — 13y —3 = (5y + 1)(2y — 3) 6
. 1
62. —3x? + 22x — 24 = —(3x - 2x + 24) (d) cos(90° — @) = siner = s
= —(x - 6)(3x — 4)
67. (x -0 +(y -3 =7
63. 25z — x* = (522 - x)(Sz2 + x) 24 (v - 3)2 — 49
3 3 _ 2 2
64. w + 125" = (w + SV)(W — Swy + 25v ) 68. (x _ 5)2 n (y _ (_2))2 - 92
s sing - L (x-57 +(r+2)7 =4
N 1s 69. (x+2 +(y+1) =4
) 2 — 2 =1-|=| ==
(a) sin> @ +cos’@ =1= cos’ 8 =1 [4} T (1+2)2+(3+1)2:r2
o - J15 9+16 =
— Cos U = T 5 5
(x+2) +(y+1) =25
4 70. Center = (111 1212} — (6 ¢
(b) cot¢9+C.059: . =15 (2 2) (6.0)
(3 (x- 6 + 37 =
1 (1,12) on circle = (1-6)* +12% = > = > = 169
(c) csc b = — =4
sin 6 (x — 6 + y? = 169
(d) tan(90° - 6) = cot 6 = /15
Review Exercises for Chapter 1
1. The angle is approximately 2 radians. 4. The angle shown is 225°.
2. The angle is approximately —4.5 radians.
3. The angle shown is 60°.
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210 Chapter 1 Trigonometry

(b) Quadrant IV (b) Quadrant I

237 T
157 T _2r .
© —--27 = © -5 8 =3
lz_zﬂ o _Bl+zﬂ:_”l
4 4 3 3
9. (a) € = 85° y
6. 6 = 2—”
9
@) ) .
2r
-()W X

(b) The angle lies in Quadrant I.

(¢) Coterminal angles: 85° + 360° = 445°
(b) Quadrant I 85° — 360° = —-275°
2 207
© = +27 === 10. (2) 6 = 310° y
2—” — 2 = _16l
9 9

i 31(?/\ )
7.0 = - \\

(b) The angle lies in Quadrant IV.

\J ! (c) Coterminal angles: 310° + 360° = 670°
_4n

310° - 360° = —50°
3

(b) Quadrant II

(c) Coterminal angles:

—4—”+27r:2—”
3
AT o107
3 3
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11. 6 = -110°

13.
1 .
335 (27) radians
14. (a) Angular speed = ~—~——
1 minute
= 66%7[ radians per minute
2 ).
6 66571' inches
(b) Linear speed = -
1 minute
= 4007 inches per minute
15. 150° = 1507 = 5—ﬂ-radians
180 6
A=Lg = l(20)2 S7) _ 307 536 square inches
2 2 6 3
1 1(2 5 -
16. 4= —or* = |~ (7,5)2 L 58.9 square millimeters
2 203
1
17. t = 2z corresponds to the point —f,ﬁ . 19.
3 22
r .
18. t = e corresponds to the point
20.

(@)

‘—ZIIU(‘

(b) Quadrant III

(c) Coterminal angles:
—110° 4+ 360° = 250°
—110° — 360° = —470°

V2 2
a4

2 2
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12. 8 = -405°

(@) 'v

—405°

A
N

(b) Quadrant IV

(c) —405° + 720° = 315°
—405° + 360° = —45°
138° = @ = 23—” radians
180 30
s =10 = 20(2335[ ] ~ 48.17 inches

r .
t = o corresponds to the point

(x, y) N3
’ 27 2
4z .
t = Y corresponds to the point
(x.7) = 13
’ 22 )
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21.

22.

31.

32.

33.

34.

Chapter 1 Trigonometry

3 .
¢ =" corresponds to the point 23. sin —— = si 3z _ ﬁ
4 4 2
V2 2
(X, J’) Sl | 24. cosd4mr = cos0 =1
2 2
17 7 3
sin3—”:y:£ csc—:l:\/z 25. cos[—”j=cos”=—\/—
4 2 y 6 6 2
3z V2 3z 1
COS — = x = ——— sec X =2 =2
4 2 4 x 26. Sin[_l%’f] - 5?” - _?
tan = = £ = - cot3—”=£=—1
* vy 12 1
27. sec(—”j = ~ 3.2361
2z > COS| lzl
t = Y corresponds to the point 5
1 3
(v, ) = (_2’ —2} 28. sin(—zj = —0.3420
9
Sm(_i =3 CSC(_fj _lL_nA 29. tan 33 = —75.3130
3 y 3
O .2 IV SN .0 I 30. csc10.5 = — ~ —1.1368
3 X sin 10.5
tan—z—”:X:\/g cot—zi:i:ﬁ
3 x 3 3
opp = 4,adj = 5, hyp = /4> + 5% = /41
sng= PP _ 4 _ 4v4l o =y _ V4l
hyp /41 41 opp 4
cosé’za—djz—5 =75 4l sect9=h—yr,)=—41
hyp /41 41 adj 5
tan@:@:ﬂ COtg:LCl']:é
adj 5 opp 4
adj = 4,hyp = 8,0pp = /8% — 4> = /48 = 4/3
sin0=@=—4\/§=£ csc6’=h—yp=—8 =2\/§
hyp 8 2 opp 43 3
005923'7(1']=f=l secﬁ:ngzz
hyp 8 2 adj 4
tanezﬂzﬂzﬁ cotﬁza—djzizﬁ
adj 4 opp 43 3
tan 33° = 0.6494
. 35. cot 15°14' = ;14
1 tan(lS + —)
sec 79.3° = ———— = 5.3860 60
cos 79.3 = 3.6722

36. cos 78°11" 58"

1, 58\°
005(78 te T 3600)

0.2045

N
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Review Exercises for Chapter 1 213

37, sin@ =+ _ 13 3\
(c) sec@
3 cos @ 24/2 4
(a) cscl = — =3 .
sin & (d) tan9:smzz \l//_3 :2\1/52\{?
(b) sin? @ + cos? 6 =1 cos (2 2)/3
2
(éj +cos?O =1 38. cscd =5
! @ sing = —— =1
C0529_1_§ cscd 5
00520—§ (b) cot0=\/cs020—1=\/25—1=2\/g
9
8 (c) tan @ = ! =;=\/g
cos @ = 5 cot @ 26 12
3 (d) sec(90° — 6) = cscd =5
cos 0 =
3

39. sin1.2° = 35 /M‘
3.5

X sin 1.2° = 0.0733 kilometer or 73.3 meters

Not drawn to scale

40. tan 52° = é
x
x = 25 = 19.5 feet 25
tan 52°

A .

41. x =12,y =16,r = /144 + 256 = ~/400 = 20

. 4
Slnazlzg cseﬁ:lzg
r y
3 5
cos49:f:g secg:l:g
r X
tan49=X=ﬂ cotazfzé
X 3 y 4
42.x=3,y:_4
r=A3+ (-4 =5
. 4
SlnHzZ:—f csc@:iz_é
r 5 y 4
3
cosﬂ:f:f secezlzé
r 5 x 3
tan9=X=—ﬁ cotezfz_é
X 3 y 4
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214 Chapter 1 Trigonometry

43. x =03,y = 04

r=J(03)" + (04)° = 0.5

sing=2=0%_2_ sco =L =935
r 05 5 y 04 4
0059=£=E=§=0.6 sec9=£=E=§z1.67
r 05 5 x 03 3
ano=2=24_2_3 cotg=5=93_3_ 75
x 03 3 y 04 4
44 x——Q -2
) 37 3
10Y 2Y 2426
r=l-—— +|-=] ="~
3 3 3
_ / 2~/26)/3
sing =2 = 23 = 26 cs00=1=7( )/ = —/26
r (2v/20) /3 26 y -2/3
x -10/3 526 r (2Vz6)/3 V26
cosd = — = = — secld = — = = —
r (2~/26)/3 26 X -10/3 5
tan 6 = 2 = =23 -1 coté’ziz_lo/3 =
x -103 5 y =23
6 .. x 2 5
45. sec @ =§,tan6< 0 = @ isin Quadrant IV. 47. cos 0 = — =? =y =21
r
r=6x=5y=-—-/36-25=-/11 sin@ >0 = @ isinQuadrantll = y = ~/21
sng =2 = MU sing =2 = Y2
r 6 ¥ 5
cosé’:f:é tanazzz_i“ﬂ
r 6 X 2
tan9=lz—$ CSCG-K—L—H
x 5 y 21 21
CSC9=7=—u Secg:lzi:—é
y 11 x =2 2
COteZ—Q cot@:i:i: g
11 y V21 21

46. csc @ = %, cos § < 0 = @ isin Quadrant II.

sin 8 = ! =g

csc @ 3
cos0=—«/1—sin26’:—£
tan 6 = sin @ :_ﬁ

cos 0 5

1 35
sec @ = = ——

cos 0 5
cot @ = ! =—£

tan € 2
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48. sin @ = —g = —l,cosé? >0
4 2

6 is in Quadrant IV.

1
sin 6

csc = =2

cos @ = /1 —sin? @ = 1—[1J:\/§

4 2
1 23
sec 8 = = —
cos 8 3
tan @ = sin 6 _ —ﬁ
cos 6 3
cot @ = ! =3
tan @
49. 0 = 264°

= 264° — 180° = 84°

v

N

50. 6 = 635° = 720° — 85°
¢ = 85°

635°

51. 0 =—-—

52.

53.

54.

5S.

56.

57.

58.

59.

60.

61.

Review Exercises for Chapter 1 215

gLz _187 =«
3 3 3
= 6xr — z 17z
3 3
T
6/ = ? 0
sin(—150°) = L
2
cos(—150°) = —£
2
tan(-150°) = -2 _ 3
—~/3/2
sin 495° = sin 45° = %
cos 495° = —cos 45° = —%
tan 495° = —tan 45° = —1
.z 3
sin — = ——
3 2
T 1
Ccos — = —
3 2
tan = = /3
(5% Wz \/E
sin| —— — =
4 P
57r T \/E
cos| —— | = —cos — = ———
4 4 2
tan( —”j = —tan z_ 2
4 4 22
sin 106° = 0.9613
tan 37° = 0.7536
tan(—”—”] =~ —0.4452
15
cos(—zs—”j = (0.2225
7
y = sin 6x y
Amplitude: 1 2

Period: 2—” -z /\ /\ : /\
6 3 : : .
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216 Chapter I Trigonometry

62. y = —cos 3x

Amplitude: 1 37

2
Period: i 14
3

63. f(x)-5 sin%

Amplitude: 5

64. f(x) =8 cos(—zj

Amplitude: 8
2 _
1/4

v

Period: 87

65. y =5 + sin zx

Amplitude: 1

2
Period: o 2

66. y = —4 — cos zx y

Amplitude: 1 3 2 .

2
Period: =% = 2 Ll
T

67. g(1) = %sin(t -7

Amplitude: %

-
Period: 27 \ + + + /\ t

68. g(t) = 3 cos(t + 7)

Amplitude: 3

Period: 27 /\

—- W A
+—+—

J VN

69. y = asin bx

@ a=2,
7ol o ssr
b 2064

y = 25sin 5287x

1
b = —— = 264 cycles per second
o) f 1264 ycles p

70. (a) S(t) = 18.10 — 1.41 sin[’Z + 1.55)

22

AN

ol o - . . ... ... . ]2
14

2r
b) Period = — = (2)(6) = 12
(b) 6 - )
12 months = 1 year, so this is expected.

(c) Amplitude: 1.41

The amplitude represents the maximum change in
time of sunset from the average time (d = 18.10).
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Review Exercises for Chapter 1 217

) 77. arcsin(-1) = —%

NN

78. cos”'(1) = 0

79. arccot\/g = g

80. arcsec(—\/z) = 37”

e S e ST

——

81. tan”'(-1.3) = —0.92 radian

82. arccos 0.372 = 1.19 radians

83. arccot 15.5 = arctan L = 0.06
15.5

e S

X . 1
-z z 84. arccsc(—4.03) = arcsin| ——— | = —0.25
1 4.03
I 85. f(x) = arctan| = | = tan”!| =
2 2
1 X ™
73. X) = —csc — 2
) = esed :
A -4 4
4]
I 34 [
i L 24 I | r
| R\ | 2
E *_2!,, ! f zl,, ! 4!,, ! 86. f(x) = —arcsin 2x
N 5
-3F l'.
-4}
-15 15
V4
74. h(t) = sec(t - —j
4 ™
y 2
I ; ; 87. Let u = arctan% then tan u = %.
:k 3 E E cos(arctan %) = % .
1 ; 3
—_—— !
- V| '\ 12 13
| | | | 0
| | | | 4
88. Let u = arccos %
75. f(x) = x cos x >
tan(arccos %) = tanu = %
Damping factor: x " . 5 4
As x — oo, f(x) oscillates. \ \

76. g(x) = x* cos x \\ /{
Damping factor: x* —2n 2n
As x — +oo, f(x) oscillates. V Y
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218 Chapter 1 Trigonometry

89. Let u = arctan % 93. tan O = %
then tan u = 1? 13/ 1, 0 = arctan(%) = 66.8°
sec(arctan 12) = 13
( 5 ) 5 /N

5

. 1 70 m
90. Let u = arcsm(—ﬁ).
12\ = __5
C0t|:arcs1n(—ﬁ)} =cotu = -3 0 [ ]
SUm
- h
u 94. tan 21° = —
25
h = 25tan 21° = 9.6 feet
3 -12
h
21°
25
91. Let y = 21 Th ~ d
. Let y = arccos > ) en 95. sin48° = — = d, = 483
630 d +dy, = 1217
X 2
== cos25° = — =d 734
cos y 5 and 210 2
2
tan y = tan arccos(fj = u cos 48° = s = d; = 435
2 X 650
d d3 - d4 = 93
sin 25° = —% = d, =~ 342
810
tan 6 = 3 = 0 = 44°
1217
D
sec4.4° = —— = D = 1217 sec 4.4° = 1221
1217
x The distance is 1221 miles and the bearing is 85.6°.
N
92. sec(arcsin(x — 1)) A
49:arcsin(x—l):>—ﬁ SHSE
2 2 S

WE . E
sinf@ = x -1 f i/ ;48" 5° 2:}0 | @
@3 650 |
V2 S Ep—
cos 8 = 12 — (x - 1)? " Al 6|

1
sec @ = ———— 7

J1=(x = 1) s

96. Amplitude: % = 0.75 inches

x—1 Period: 3 seconds
d = acos bt
[)
a = 0.75
2
b =—
3
d =0.75 cos[?)
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97. False. For each @ there corresponds exactly one value

Problem Solving for Chapter 1

99. f(€) = sec @ isundefined at the zeros of

2(6) = cos @ because sec 6 =

of y.
98. False. The range of arctan is (—%, %j, )
T
arctan(—1) = ——.
(1) = -2
100. (a)
[ 0.1 0.4 0.7 1.0 1.3
tan[ﬁ - %j -9.9666 | —2.3652 | —1.1872 | —0.6421 | —0.2776
—cot @ -9.9666 | —2.3652 | —1.1872 | —0.6421 | —0.2776

(b) tan[@ - gj = —cot @

101. The ranges of the other four trigonometric functions are not bounded.
For y = tan x and y = cot x, the range is (—oo, e2). For y = sec x and y = csc x,

the range is (—eo, —1] U [L, o0).

102. 4 = %VZH,S =rf

() 4=1r7(0.8) = 047, r >0
s = r(0.8) =08r,r >0

The area function increases more rapidly for » >

4

0

0

103. Answers will vary.

Problem Solving for Chapter 1

1. (a) 8:57 — 6:45 = 2 hours 12 minutes = 132 minutes

132 _ 1
48

0 = (%j(zﬂ) = % radians or 990°

(b) s = rf = 47.25(5.57) = 816.42 feet

= X revolutions

1
cos 6

(b) 4 =1(10) 6 =500.6 >0
s =108,0 > 0

2. Gear 1:

Gear 2:

Gear 3:

Gear 4:

Gear 5:

— = 270° = — radians
24360°) = 270° = 2% radi
32 2

24(360°) = 332.3°
26

0

24w .
—— radians
13

24360°) = 392.7°
22

0

24n radians
11
29(360°) = 450° = 2 radians
32 2

§(360°) =~ 454.7° = 8z radians
19 19
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220 Chapter 1 Trigonometry

3. If you alter the model so that # = 1 when ¢ = 0, you . - _ 3000
. . . 5. (a) sin39° = ——
can use either a sine or a cosine model. d
1 il = no 0 d =22 4767 feet
a = E[max— min| = E[ 1-1=5 S 39°
d = Ymax + min] = J101 + 1] = 51 (b) tan 39° = 200
2 2 .
b =8r
. X = 3000 = 3705 feet
Cosine model: /1 = 51 — 50 cos(87¢) tan 39°
o W+3705
Sine model: # = 51 — 50 sin[Sm + lj (©) tan 63° = 3000
2

. . . 3000 tan 63° = w + 3705
Notice that you needed the horizontal shift so that the

sine value was one when ¢ = 0. w = 3000 tan 63° — 3705 ~ 2183 feet

Another model would be: 6. (a) AABC, AADE, and AAFG are all similar

h=51+50 sin(Sm + 37”) triangles because they all have the same angles.
2 ZA 1is part of all three triangles and

Z/C = ZE = £G = 90°.
So, /B = /D = /F.

Here you wanted the sine value to be 1 when ¢ = 0.

4. Given that f'is periodic with period (b) Because the triangles are similar, the ratios of
c— flt+c)= f(r) corresponding sides are equal.
BC DE FG
a t—2c+2c) = f(¢t 2 == _ Y
@ f( ) = 1) B D - ar
True. f(t - 2¢) = f(t) (c) Because the ratios:
1 . . 1 @:B—C:%:F—G:sinAitdoesnot
by flt+ Ec has a period of ¢, while f Et hasa hyp 4B AD AF
B matter which triangle is used to calculate sin 4.
period of + = 2c. Any triangle similar to these three triangles could
2 be used to find sin A. The value of sin 4 would not
1 1 change.
False. | (t + Ecj =/ (Etj (d) Because the values of all six trigonometric

functions can be found by taking the ratios of the

© f[ (t + C)} _ f[lt i 1 CJ and f(ltj both sides of a right triangle, similar triangles would
“\2 2 2 yield the same values.

have a period of — = 2¢, but

f[ t+c} Gtﬁtfc—zcj # /‘Gt) A A
False. f[ t+ c} ( j - = ’

| | h is even.
(d f [ (t + 4c)} =f [Et + zcj and f (Etj both (® h(x) = sin® x

3

7. (@) h(x) = cos® x

3

STE

have a period of % = 2c¢ and

fB(t + 4c):| = fGt +oe - zcj _ f(l J o /\\fé/\/\ .

True. f[ (r + 4c):l = f[%tj. h is even.
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8. Given: f'is an even function and g is an odd function.
@ () =[]
M=) = [/(=x)]
= [/(%)] since is even
= h(x)

So, & is an even function.

9. P =100 - 20 cos(%[tJ

(a) ' (b) Period = —2” ===
87/3 8
This is the time between
heartbeats.

Problem Solving for Chapter 1 221

= [—g(x)]2 since g is odd

2
= [s()]
= h(x)
So, & is an even function.

Conjecture: The square of either an even function or an odd
function is an even function.

— S€C

2 (c) Amplitude: 20

The blood pressure ranges between
100 — 20 = 80 and 100 + 20 = 120.

i ; 60 15
(d) Pulse rate = M = 80 beats/min (¢) Period - 168
2 sec/beat 6 ” 1
64 = —— — 2t =—r
27/b 60 15
10. Physical (23 days): p = sin %L ¢ > 0
Emotional (28 days): £ = sin m’t >0
28
Intellectual (33 days): 7 = sin @’t >0
33
(@) 2
E_P _I
=2

(b) Number of days since birth until September 1, 2020:

t = 365x20 + 5 + 11 + 31 + 1

- —— —— —— -
20 years + leapyear + remaining + Augustdays +  daysin
July days September
t =7348
2 All three drop early in the month, then peak toward the
middle of the month, and drop again toward the latter part
7348 L 7877 of the month.
E P

-2

(c) For September 22, 2020, use ¢ = 7369.

P = 0.631
E = 0901
I = 0.945
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222  Chapter 1 Trigonometry

11. f(x) = 2 cos 2x + 3 sin 3x

g(x) = 2 cos 2x + 3sin 4x

(@
()

P A,
\J(/W

i)
W/

(b) The period of f(x) is 27.
The period of g(x) is 7.

(¢) h(x) = 4 cos ax + B sinfx is periodic because the sine and cosine functions are periodic.

12. (a) Both graphs have a period of 2 and intersect when x = 5.35. They should also intersect when x = 5.35 — 2 = 3.35
and x = 535+ 2 = 7.35.

(b) The graphs intersect when x = 5.35 — 3(2) = —0.65.
(c) Because 13.35 = 5.35 + 4(2) and —4.65 = 5.35 — 5(2) the graphs will intersect again at these values.
So, f(13.35) = g(-4.65).

13.
e x >t d >
=y —3|
@ S9 _ 333
sin 6,
sin g, = SO _ sn60° ) c197
1.333 1.333
6, = 40.5°
(b) tan &, = — = x = 2 tan 40.52° = 1.71 feet

x
2
tan 6, = % = y = 2tan 60° = 3.46 feet

(c) d =y—x=346-1.71 = 1.75 feet
(d) As you move closer to the rock, & decreases, which causes y to decrease, which in turn causes d to decrease.
¥ X X
14. acctan x = x —— + — — —
3 5 7
(a) 2

\ Y
\

[SIE]
LSIE]

-2
The graphs are nearly the same for -1 < x < 1.

(b) 2

-
Ed

The accuracy of the approximation improved slightly by adding the next term (x9 / 9).

(SIS
LNIE]
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Practice Test for Chapter 1 223

Practice Test for Chapter 1

1. Express 350° in radian measure.

2. Express (57)/9 in degree measure.
3. Convert 135°14’12” to decimal form.

4. Convert —22.569° to D°M’S” form.
5. If cos 6 = %, use the trigonometric identities to find tan 6.

6. Find & given sin & = 0.9063.

7. Solve for x in the figure below.

35

8. Find the magnitude of the reference angle for 8 = (67) / 5.
9. Evaluate csc 3.92.

10. Find sec @ given that @ lies in Quadrant III and tan 8 = 6.
X
11. Graph y = 3sin >

12. Graph y = -2 cos(x — 7).

tan 2x.

13. Graph y
T
14. Graph y = —csc(x + Z)

15. Graph y = 2x + sin x, using a graphing calculator.
16. Graph y = 3x cos x, using a graphing calculator.
17. Evaluate arcsin 1.

18. Evaluate arctan (—3).

. 4
19. Evaluate sin| arccos .
[ ~ 35j

.X
20. Write an algebraic expression for cos(arcsm Z]
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224 Chapter 1 Trigonometry

For Exercises 21-23, solve the right triangle.
B

-

b C

21. 4 =40°%c¢c =12
22. B =6.84°%a = 213
23. a=5b=9

24. A 20-foot ladder leans against the side of a barn. Find the height of the top of the ladder if the angle of elevation
of the ladder is 67°.

25. An observer in a lighthouse 250 feet above sea level spots a ship off the shore. If the angle of depression to the ship is 5°, how
far out is the ship?
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