CHAPTER 3
Additional Topics in Trigonometry

Section 3.1 Law Of SINES ....oeviiiieieieeeee e 291
Section 3.2 Law Of COSINES ......oeevieuiirieiieieiieietetees ettt 297
Section 3.3  Vectors in the Plane..........ccoceoviiiniiniiieeeeeeeeeee 307
Section 3.4  Vectors and Dot Products............ceeirenrneecenneeeceeeeee 321
ReVIEW EXEICISES ......c.cooiiiiiiiiiiiieieeeeee ettt 328
Problem SOIVING ........c.oooviiiiiccccerc ettt 341
Practice TeSt ..ottt 346

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



CHAPTER 3

Additional Topics in Trigonometry

Section 3.1 Law of Sines

1. oblique

b
sin B

2.

3. angles; side

4. %ac sin B

b=20 105°N\_ 4

45°
A c B

Given: B = 45°,C =105°,b = 20
A =180° - B - C = 30°

=102 ~ 14.14

4= .b (sin A) _ 20.sm 30
sin B sin 45°

C =2 (sinc) = 208107 _ 503
sin B sin 45°

6. ¢
b e <
10°
A c=45

Given: B = 10°,C = 135° ¢ = 45

A4 =180°—-B - C = 35°

@ = — (sing) = B8N _ 3050
sin C sin 135°

b= ——(sin B) = Bsinl0® ) os
sin C sin 135°

7. c
b a

35° 40°

A c=10 B

Given: 4 = 35°, B = 40°% ¢ =10
C =180° -4 - B =105°

a = —(sin 4) = 10sin 35° 5 o4
sin C sin 105°

b= (sinB) = 25407 _g6s
sin C sin 105°

10.

11.

12.

Given: 4 =16°,C =123°b = 5.5
B =180°-4-C = 41°

a = b (sin 4) =

sin B

- (sin 16°) = 2.31
sin 41°

c= .b (sin C) = .5'5 (sin123°) = 7.03
sin B sin 41°

. Given: 4 =102.4°,C =16.7°,a = 21.6

B =180°—- 4 - C = 60.9°

b= .a (sin B) = .Zi(sin 60.9°) =~ 19.32
sin A sin 102.4°

c=—(sinC) = ,217'6(sin 16.7°) = 6.36
sin A sin 102.4°

Given: A = 24.3°,C = 54.6°, ¢ = 2.68
B =180°- 4 - C =101.1°
_ 2.68sin24.3°

a = ——(sin A) : 1.35
sin C sin 56.4°

b= .c (sin B) _ 2.68.5111101.1 - 323
sin C sin 54.6°

Given: 4 = 83°20/,C = 54.6°, ¢ = 18.1

B =180°— 4 — C = 180° — 83°20" — 54°36" = 42°4’

a=— (sin 4) = _li(sin 83°20") = 22.05
sin C sin 54.6°

b=—= (sin B) = _li(sin 42°4) = 14.88
sin C sin 54.6°

Given: 4 = 5°40", B = 8°15,h = 4.8
C =180° - 4 — B = 166°5

a=-0 (sin 4) = 3850740 559
sin B sin 8°15'

o= Ab (sin C) _ 4.8§1n166,5 305
sin B sin 8°15
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292  Chapter 3 Additional Topics in Trigonometry

M . —_ o — o —
13. Given: 4 = 35°,B = 65°,¢ = 10 15, Given: A = 55,5 — 420 ¢ =
C =180°— 4 — B = 80° 4

: ° C =180°—- A4 - B = 83°
a = .C (sin 4) = 710,Sm 305 ~ 5.82 . 075
sin C sin 80 a=— (sin A) -0 (sin 550) - 0.62
10 sin 65° sin C sin 83°
b=—"(sinB) = —— 2 =920
sin C sin 80°

b= _cc(sin B) = _0'78530(sin 42°) = 0.51
sin S
14. Given: 4 = 120°, B = 45°, ¢ =16

C =180°—- 4 - B =15° 16. Given: B = 28°, C = 104°, a = 3%
16 sin 120°
a= sin 4) = ———— = 53.54 - °©_ B — (C = 48°
—olsin4) = ——— A=180°-B—C =48
e 5 heo
b= (sinB) = 1054 _ 439 asinp gSm2
sin C sin 15° b =— = = — =~ 229
sin A sin 48
asin C 3é sin 104°
=4 8 ~ 473
sin A sin 48°

17. Given: A = 36°,a = 8,b =5
bsin A _ 5sin 36°

sin B = =~ 036737 = B = 21.55°
a
C =180° - A4 — B = 180° — 36° — 21.55 = 122.45°
c=— (sin C) = — 8 (sin 122.45°) =~ 11.49
sin A sin 36°

18. Given: 4 = 60°,a = 9,c =7

csin A _ 7sin 60°

sin C = = 0.6738 = C = 42.34°
a
B =180°—- 4 - C = 77.66°
b= (sinB) = 2STT _ 1415
sin A sin 60°

19. Given: 4 = 145°% a =14,b = 4
bsin A _ 4sin 145°
a 14
180° — 4 — B = 25.57°

(sin C) _ 145sin 25.57°
sin A sin 145°

sin B =

= 0.1639 = B = 9.43°

C

= 10.53

20. Given: 4 = 100°,a = 125,¢ = 10
csin 4 10sin 100°

sin C = = 0.07878 = C = 4.52°
a 125
B =180°- 4 - C = 7548°
b= (sinB) ~ 2SN _ 187
sin 4 sin 100°
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21.

22.

23.

24.

26.

27.

28.

Given: B = 15°30",a = 4.5,b = 6.8

asin B 4.5sin15°30’

sin 4 = = 0.17685 = 4 = 10°11
b 6.8
C =180°— A4 — B = 180° — 10°11" — 15°30" = 154°19’
¢c=——sinC) = .6%8,(sin 154°19) ~ 11.03
sin B sin 15°30

Given: B = 2°45 b = 6.2,c = 5.8

csin B 5.8sin 2°45
b 62

180 — B — C = 174.68°, or 174°41
6.2 sin 174.68°

T sin 2045

sin C =

A

a =~ 11.99

Given: 4 = 110°% a = 125,b = 100

bsin A4 _ 100sin 110°
a 125

180° — 4 — B = 21.26°

_asinC _ 125sin 21.26°

sin 110°

sin B =

= 0.75175 = B = 48.74°

C

= 48.23

sin A

Given: a = 125,b = 200, 4 = 110°

No triangle is formed because 4 is obtuse and a < b.

Given: 4 = 76°,a = 34,b = 21
b sin 4 21 sin 76°
a 34
180° — 4 — B = 67.18°

asin C 34 5sin 67.18°
- - sin 76°

sin B = 0.5993 = B = 36.82°

0

c

32.30

o
|
0

sin A

Given: 4 = 58% a =114,c =12.8

Section 3.1 Law of Sines

= 0.04488 = C = 2.57° or 2°34

25. Given: a = 18,b = 20, 4 = 76°
h = 20sin 76° = 19.41

Because @ < h, no triangle is formed.

sin g = 2SnA _ 128sin 38 oy B~ 221°0r B = 107.79°
a 11.4
Case 1 Case 2
B = 72.21° B = 107.79°
C =180° - 4 — B = 49.79° C =180° - 4 - B = 14.21°
e = .a (sin C) _ 114 §1n 49.79 1027 e = .a (sin C) B 114 §1n 14.21 ~ 330
sin A sin 58° sin A sin 58°
Given: a = 4.5,b = 12.8, 4 = 58° 29. Given: 4 = 120°%a = b = 25

h = 12.8sin 58° = 10.86

Because a < A, no triangle is formed.

293

No triangle is formed because 4 is obtuse and a = b.
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294 Chapter 3 Additional Topics in Trigonometry

30. Given: 4 = 120°,a = 25,b = 24

Gnp o bsind _24sinl20° 1V o g oo
a 25 25
C=180°— A— B =~ 3.76°
¢ =—2L (sinC) = 25sin 3767 g9
sin A sin 120°

31. Given: 4 = 45°,a = b =1
Because a = b =1, B = 45°.

C =180°-4 - B =90°

9 (sinc) = 100 _ /7 2141
sin A sin 45°

32. Given: 4 = 25°4,a = 9.5,b = 22
bsin A _ 22sin 25°4

sin B =
a 9.5
Case 1 Case 2
B = 78.85°
C =180°- 4 - B = 76.08° C =
¢= 9 (sinC) = 2OSMTO08 ) 26 c=
sin 4 sin 25°4
33. Given: 4 = 36°% a =5
. 5
(a) Onesolutionif b < Sorb = —
sin 36°
. . 5
(b) Two solutions if 5 < b < — .
sin 36°
.. 5
(c) No solution if b > — .
sin 36°
34. Given: 4 = 60°,a =10
. 10
(a) One solutionif » < 10orb = — .
sin 60°
. . 10
(b) Two solutions if 10 < b < — .
sin 60°
. . 10
(c) No solutions if b > ———.
sin 60°

35. Given: 4 = 105°,a = 80
(a) One solution if & < 80.

(b) Not possible for two solutions.
(¢) No solution if b = 80.
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sin A

= 0981 = B = 78.85°0or B = 101.15°

B = 101.15°
180° — 4 — B = 53.78°

9.5 sin 53.78°

in C) =
(sin €) sin 25°4

= 18.09

36. Given: 4 = 132°,a = 215
(a) One solution if b < 215.

(b) Not possible for two solutions.
(¢) No solutions if b > 215.

37. A =125°b=9,c =6
1 .
Area = —bc sin 4
2
- %(9)(6) sin 125° = 22.1
38. C =150°%a =17,b =10
1 .
Area = Eab sin C
1 .
= 5(17)(10) sin 150° = 42.5
39. B =39%a=25c¢=12
1 .
Area = Eac sin B

= %(25)(12) sin 39° = 94.4



40.

41.

42.

43.

44.

45.

A=72°0b =3¢ =44

Area = %bc sin A

- %(31)(44) sin 72° ~ 648.6

C =103°15,a = 16,b = 28

Area = %ab sin C
= %(16)(28) sin103°15" = 218.0

1 .
Area = Eac sin B

- %(62)(35) sin 54° 30

- %(62)(35) sin 54.5°

~ 8833
A=67°B=43,4a=28

8 sin 43°
sin 4 sin 67°

C=180°- A~ B =70°

b = = 5.927

(sin B) =

Area = %ab sin C

= %(8)(5.927) sin 70° = 22.3
B =118°,C =29°a = 52

A =180°- B — C = 33°

_ 52sin118°
sin 33°

b = = 84.3004

Area = lab sin C

= %(52)(84.3004) sin 29° ~ 1062.6

(a) C = 180° — 94° — 30° = 56°
Ao 40
sin 30° sin 56°
h = — 40 (sin 30°)
sin 56°
(b) h = (sin 30°) = 24.1 meters

sin 56°

47.

48.

Section 3.1 Law of Sines

In 15 minutes the boat has traveled

1 10
10 mph)| — hr | = — miles.
(10 mp )[4 rj ; miles

6 = 180° — 20° - (90° + 63°)
0 =7°
104  y
sin 7° sin 20°
y = 7.0161
sin 27° = d
7.0161
d = 3.2 miles

Given: 4 =15° B =135°¢ = 30
C =180°-4 - B = 30°

From Pine Knob:
b= c§1n B = 30 §1n 135 =~ 42 .4 kilometers
sin C sin 30°

From Colt Station:

. . o
=< .Sm 4 = 30.s1n 15 = 15.5 kilometers
sin C sin 30°

295

Given: ¢ = 100
A = T74° — 28° = 46°,
B =180° — 41° — 74° = 65°,
C = 180° — 46° — 65° = 69°
a = ——sin 4) = — (sin 46°) = 77 meters
sin C sin 69°
A
100
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296 Chapter 3 Additional Topics in Trigonometry

49 sin(42° — 6)  sin 48° (c) h = asin72° = 6.16sin 72° ~ 5.86 miles
10 17 (d) The plane must travel a horizontal distance d to be
sin(42° — @) = 0.43714 directly above point A.
42° - 0 = 25.9° £LACD = LACB + £BCD
6 = 16.1° = 17° + (180° — 72° — 90°)
50. N =17° +18° = 35°
Wbt c
] /
S 1
Elgin H 5.86
< |
a =720 km b= 5'00 km A 7 1)
46° o d
B A tan 35° = —
Canton Naples 5.86

d = 5.86 tan 35° = 4.10 miles
Given: 4 = 46°,a = 720,b = 500

bsin 4 _ 500 sin 46°
a 720
The bearing from C to B is 240°.

= 0.50 = B = 30°

sin B =

51. Given: 4 = 55°,¢ = 2.2

(a) c (b) — h - .16 .
sin 32 sin 70
h H o
() h = M = 9.0 meters
sin 70°

(b) B =180° — 72° = 108° 53. a=180-60-(180-¢)=¢-6
C =180° — 55° - 108° = 17° d 2
a ¢ sin@ sina
sin 4 sinc _ 2sin@
a=——(sin4) = 72'2'“1 SR 6.16 sin(¢ — 6)
sin ¢ sin 17°
sin  sin §
54. (a = 1
@ = 18 (b) |
sino = 0.5sin S Domain: 0 < B < 7
a = arcsin(0.5 sin f) Range: 0 < o < %
0 T

0
© y=n—-a-p=nxr- - arcsin(0.5sin /3 d) %=
¢ \ Domain: 0 < B < 7
siny  sin Range: 9 < ¢ < 27
18siny 18 sin[;r — 8 — arcsin(0.5 sin ﬂ)] 0 .
= — = - 0
sin 3 sin 8

g |04 0.8 1.2 1.6 2.0 2.4 2.8

©

o | 0.1960 | 0.3669 | 0.4848 | 0.5234 | 0.4720 | 0.3445 | 0.1683

c | 2595 23.07 19.19 15.33 12.29 10.31 9.27

As [increases from 0 to 7, ¢ increases and then decreases, and ¢ decreases from 27 to 9.
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55

56

57

58

59

62

. True. If one angle of a triangle is obtuse, then there is
less than 90° left for the other two angles, so it cannot
contain a right angle. It must be oblique.

. False. Two sides and one opposite angle do not
necessarily determine a unique triangle.

. False. To solve an oblique triangle using the Law of
Sines, you need to know two angles and any side,
or two sides and an angle opposite one of them.

. True. Using the Law of Sines, —— = .b .Dividing
sin4 sin B
each side of the equation by » and multiply each side of

. . in A
the equation by sin 4, you have 2_=

sin B’
. To find the area using angle C, the formula should be
A4 = %ab sin C andnot 4 = %bc sin C. So first find

angle B, to find side a. Then the area can be calculated.

Section 3.2 Law of Cosines

60. Distance from (0, 0) to

(43): \J(4 -0 +(3-0) =5
A is acute.

(@ az5a=3

(b) 3<ax<s5

() a<3

61. Yes.
A =180°—- B — C = 40°

a C B

sin A sin C

sin C c
10

c =

sin A
= 156
b c

297

sin B sin C

sin B

sin C
= 11.9

An alternative method is to use the trigonometric ratios

of a right triangle.

Thatissin 4 = orp oPP

hyp ¢ hyp

20 cm

o

8 cm

0

30 cm

@) A= %(30)(20) sin(& ¥ g) - %(8)(20) sing - %(8)(30) sin 6
= 300 sin 30 _ 80 sin 9_ 120 sin 8
2 2
= 20{15 sin 30 _ 4 sin 9 _ 6 sin 9}
2 2
(b) 170

0 17
0

Section 3.2 Law of Cosines

1.

b? = a® + ¢* — 2ac cos B

2. alternative
5. Given: a = 10,6 =12,¢ =16
a® +b* —c* 100 + 144 — 256

(¢) Domain: 0 < @ < 1.6690

a
= —and tan 4 = — = —

a
b.

The domain would increase in length and the area would have
a greater maximum value if the 8-centimeter line segment were

decreased.

3. standard

4. Heron’s Area

= —0.05 = C = 92.87°

cos C =
2ab 2(10)(12)
sin g = LSnC _ 12sin 9287 210059 = B ~ 48.51°
c 16
A =~ 180° — 48.51° — 92.87° = 38.62°
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298

10.

11.

Chapter 3 Additional Topics in Trigonometry

. Given: a = 7,b = 3,¢c = 8

a’ + b - 2 _49+9-64

cos C = ~ —0.142857 = C =~ 98.21°
2ab 2(7)(3)
sinp = LSnC _ 3sin 98217 4101157 = B = 21.79°
C
A =~ 180° — 21.79° — 98.21° = 60°

. Given: a = 6,b =8,¢c =12

2 2 2 2 2 12
cosc =L bt O —127 58333 = ¢ = 117.28°
2ab 206)8)
sin CJ _ 8(sin 117.28°
12

A4 =180° - B - C = 180° — 36.34° — 117.28° = 26.38°

sin B = b( J = 0.592518 = B = 36.34°

c

. Given: a = 9,b=3,¢c =11

a?+b - 9 +3 1P
2ab 2(9)(3)
sin C) B 9(sin 125.04°

cos C = = —0.574074 = C = 125.03°

11
B =180°—- 4 - C = 180° — 42.06° — 125.03° = 12.91°

J = 0.669930 = A = 42.06°

. Given: 4 = 30°% b =15,c = 30

a®> = b* + ¢® — 2bccos A
225 + 900 — 2(15)(30) cos 30° = 345.5771
18.59

Q
n

@+ b - (345.5771)° + 152 - 30°

~ ~ —0.590681 = C =~ 126.21°
2ab 2(18.59)(15)

cos C

B = 180° — 30° — 126.21° = 23.79°
Given: C = 105%a =9,b = 4.5

c? =a®+b*>-2abcos C = 81+ 20.25 — 2(9)(4.5) cos 105° =~ 122.2143 = ¢ =~ 11.06

a’ +c* —b*  81+122.324 -2025
2ac 2(9)(11.06)

180° — 23.13° — 105° = 51.87°

cos B = = 0919598 = B = 23.13°

A

0

Given: 4 = 50°, b =15,¢c = 30
a® = b* + ¢* — 2bc cos 4 = 157 + 307 — 2(15)(30) cos 50°
546.4912 = a = 23.38

i

¢in C = c[sm Aj _ 30( sin 50

23.3772
There are two angles between 0° and 180° whose sine is 0.983066, C; = 79.4408° and C, = 180° — 79.4408° = 100.56°.

j = 0.983066
a

Because side c is the longest side of the triangle, C must be the largest angle of the triangle. So, C = 100.56° and
B =180°—- 4 - C = 180° — 50° — 100.56° = 29.44°.
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Section 3.2 Law of Cosines 299

12. Given: C =108% a =10,b =7
¢* = a* + b* = 2abcos C = 10> + 7% — 2(10)(7) cos 108°
192.2624 = ¢ = 13.87
sin CJ _ 10(sin 108°
13.8659
There are two angles between 0° and 180° whose sine is 0.685896, 4; = 43.31° and 4, = 180° — 43.31° = 136.69°.

U

sin 4 = a[ j = 0.685896

C

Because side c is the longest side of the triangle, C is the largest angle of triangle. So, 4 = 43.31°and
B =180°—- 4 - C = 180° — 43.31° — 108° = 28.69°.

13. Given: a = 11,b = 15,¢ = 21
a’ +b* - 121+ 225 — 441

cos C = - ~ —0287879 = C ~ 106.73°
2ab 2(11)(15)
sinp = 280 C _ 15sin10673° ) 4051 = B = 43.16°
c 21
A ~ 180° — 43.16° — 106.73° = 30.11°
14. Given: @ = 55,b = 25,¢ = 72
2 2 2 2 2 492
cosC =Lt Z SV 2 -T2 ssr818 = € = 123.90°
2ab 2(55)(25)
2 2 2 2 2 cq2
cosd= e @ 25 T2 —55 (003333 4 = 39350
2be 2(25)(72)

B =180° —123.91° — 39.35° = 16.75°
15. Given: @ = 2.5,b = 1.8,¢c = 0.9

b+t —a® (1.8 +(09)° - (2.5)

cos A = = = 0679012 = A ~ 132.77°
2be 2(1.8)(0.9)
) 2 o 2 2 2
cosp = O =0 (25 +(09) (18] uiceeo B~ 31010
2ac 2(2.5)(0.9)

C =180° - 132.77° — 31.91° = 15.32°

16. Given: a = 754,b = 52.5,¢ = 52.5

b+ ¢ —a? 5257 +52.57 — 7547
2bc 2(52.5)(52.5)
bsin 4  52.5sin(91.79°)

sin B = = = 0.695947 = B = 44.10°.
75.4

cos 4 = = -0.031322 = 4 = 91.79°

a
C = B = 44.10°
17. Given: 4 = 120°% b = 6,¢c =7

a’ = b* + ¢ —2bccos 4 = 36 + 49 — 2(6)(7) cos 120° = 127 = a =~ 11.27

bsin 4  6sin120°
a 11.27

C = 180° — 120° — 27.46° = 32.54°

sin B = 0.461061 = B = 27.46°
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300 Chapter 3 Additional Topics in Trigonometry

18. Given: 4 = 48°,b = 3,¢c = 14

a> =b> +c* —2bccos A =9 + 196 — 2(3)(14) cos 48° = 148.7930 = a = 12.20
b sin 4 _ 3 sin 48°
a 12.20
C = 180° — 48° —10.53° = 121.47°

sinB = = 0.182741 = B = 10.53°

19. Given: B = 10°35,a = 40,c = 30

b2 = a® + ¢* — 2ac cos B = 1600 + 900 — 2(40)(30) cos 10° 35 ~ 140.8268 = b ~ 11.87
csin B 30sin10°35
b 1187
A = 180° — 10°35 — 27° 40" = 141° 45

sin C = =~ 0464192 = C = 27.66° = 27° 40

20. Given: B = 75°20",a = 9,¢c = 6

b = a® + ¢ = 2accos B = (9)° + (6)" — 2(9)(6) cos 75° 20 = 89.6549 = b = 9.47

asin B 9sin 75° 20’
b 9.47

C = 180° — 75° 20/ — 66° 51" = 37° 49’

sin A =

=~ 0.919402 = 4 = 66.84°, or 66° 51’

21. Given: B = 125°40/,a = 37,¢ = 37
b = a® + ¢ — 2ac cos B = 1369 + 1369 — 2(37)(37) cos 125° 40" = 4334.4420 = b = 65.84
A=C=24=180-125°40" = 54°20' = 4 = C = 27°10
22. Given: C = 15°15,a = 7.45,b = 2.15
¢ = a® + b —2abcos C = (745)° + (2.15)° = 2(7.45)(2.15) cos 15° 15" = 29.2180 = ¢ = 5.41

5 2 2 2 2 2
_ b+l -a (2.15)" + (5.41)" — (7.45) 0929025 — A ~ 158°17
2be 2(2.15)(5.41)

B = 180° — 158°17" - 15°15" = 6° 28’

cos A

23. C =43%a=—b =

Ol &

7
9

AN 4Y7
2 =g + b - 2abcos C = (5) + (5] - 2(§j(§j cos 43° = 0.296842 = ¢ = 0.54

Q
|

asin C_ (4/9)sin 43°
c 0.544832
B = 180° — 43° — 33.8° = 103.20°

sin A =

= 0.556337 = A4 = 33.80°

24, Given: C = 101°%,a = =, b =

3
4

3V 3V 3Y(3
2 =g +b* - 2abcosC = [gj + (fj - 2&](2) cos101° = 0.8105 = ¢ = 0.90

3
8

Q
1]

4

2
3) > (3
s (f + (0.90) —H
b+t —a  \4 8 09125 = A =~ 24.15°

2be 2@](0.90)

B = 180° — 24.15° — 101° = 54.85°

2

cos A
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25.

26.

27.

29.

d* = 5> + 8 — 2(5)(8) cos 45° = 324315 = d ~ 5.69
20 = 360° — 2(45°) = 270° = ¢ = 135°

¢ =52 + 8 — 2(5)(8) cos 135° = 145.5685 = ¢ = 12.07

¢ =257 + 35> — 2(25)(35) cos 120°
= 2725 = ¢ = 52.20

6 = 1[360° - 2(120°)] = 60°

d* = 257 + 357 — 2(25)(35) cos 60°
=975 = d = 3122

10% + 14% — 20?

Section 3.2 Law of Cosines 301

2 2 _ gp2
w__139:104_50

28. g = =
o 2(40)(60) 4

ASS
i

1 o __ o ~ o
5[360 2(104.5%)] = 75.5

¢ = 40> + 60> — 2(40)(60) cos 75.5° = 3998
¢ = 63.23

cos g = 2(10)(14)
¢~ 111.8°
20 ~ 360° — 2(111.8°)
6 = 68.2°
d* = 10" + 14> — 2(10)(14) cos 68.2°
d = 13.86
(12.5)" + (15)* - 10
cosa = =075 = a = 41.41°
2(12.5)(15)
102 + 152 — (12.5)
cos f = —+ (125" _ 0.5625 = B = 55.77°
2(10)(15)
z=180°—a — B = 82.82°
u = 180° — z = 97.18°
b? = 12,52 +10% — 2(12.5)(10) cos 97.18° ~ 287.4967 = b ~ 16.96
2 2 102
cos & = 125 F1696° — 107 o1y 5 = 35800

2(12.5)(16.96)
0 =a+8=4141°+3580° = 77.2°
360° — 2(77.21°)

2¢ = 360° — 20 = ¢ = 5

=102.8°
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30, cos g o 25+ 1757 - 28? =
2(25)(17.5)
69.512°
180 — o =~ 110.488° a a
a® = 175 + 25% — 2(17.5)(25) cos 110.488°
35.18
180 — 2 = 40.975°
cos 1t = 252 + 35,182 — 17.52
2(25)(35.18)
U = 27.775°
0=u+z~ 687
= 180° — i — B ~ 41.738°
0=w+a~1113°

0

(2%

=
u

INY
N

N
Il

25

N

31. Given: a = 8,¢ = 5, B = 40°
Given two sides and included angle, use the Law of Cosines.
b* = a* + ¢* — 2ac cos B = 64 + 25 — 2(8)(5) cos 40° = 27.7164 = b = 5.26

2 2 2 2 _
cos g = T ma (2] +25-64 e 00440
2be 2(5.26)(5)

C = 180° —102.44° — 40° = 37.56°

32. Given: @ = 10,b =12, C = 70°
Given two sides and included angle, use the Law of Cosines.

¢* = a*> +b* — 2abcos C = 100 + 144 — 2(10)(12) cos 70° = 161.9152 = ¢ = 12.72

bsin C_ 125sin 70°
c 12.72

A = 180° — 62.44° — 70° = 47.56°

R

sin B = 0.8865 = B = 62.44°

33. Given: 4 = 24°a =4,b =18
Given two sides and an angle opposite one of them, use the Law of Sines.
h = bsin A = 18sin 24° = 7.32

Because @ < h, no triangle is formed.

34, Given: a = 11,b =13,c = 7
Given three sides, use the Law of Cosines.
a* +c? - b* 121 + 49 - 169
2ac 211)(7)
asin B 11sin 89.63°
b 13

C = 180° — 57.79° — 89.63° = 32.58°

cos B = 0.0065 = B = 89.63°

sin 4 = = 0.8461 => 4 = 57.79°
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35. Given: 4 = 42°, B = 35°,¢ =1.2

36.

37.

38.

Given two angles and a side, use the Law of Sines.
C = 180° — 42° — 35° =103°

s o ; o
a= c.smA _ 1.% sin 42 - 082
sin C sin 103°

s o ; o
b = c.smB _ 1.2. sin 35 - 071
sin C sin 103°

Given: B =12°a =160,b = 63

Given two sides and the included angle, use the Law of Sines.
Two Solutions:
Solution #1
a b
sin 4 sin B

asin B 160 sin 12°

sin 4 = =~ 0.5280 = 4 = 31.87°
b 63
C=180°-4-B
= 136.13°
c b

sin C sin B

_ bsinc _ 63sin136.13°

- - =~ 210.00
sin B sin 12°

Solution #2

a b
sin 4 sin B
asin B 160 sin 12°

b 63

C =180°-4-B
= 19.87°

c b

sin C sin B

b sin ¢ 63 sin 19.8724

sin 4 =

c = — = - =~ 103.00
sin B sin 12°
a=6>b=12,¢c =17
S:a+b+c: 6+12 +17 175
2 2

Area = \[s(s — a)(s — b)(s — ¢) = \/17.5(11.5)(5.5)(0.5) = 23.53

a =33,b =36,c =21

_a+b+c 33+36+21
2 2

Area = \[s(s — a)(s — b)(s — ¢) = \/45(12)(9)(24) = 341.53

45

= 0.5280 = 4 = 180° — 31.87° = 148.13°

Section 3.2 Law of Cosines
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39. a = 25b=102,c =8
= a+b+c _ 254102 +8 - 1035
2 2
Area = [s(s — a)(s — b)(s — ¢) = /10.35(7.85)(0.15)(2.35) = 5.35
40. Given: a = 12.32,b = 8.46,¢ = 15.9
= a+b+c _ 1232 +846 +159 _ 1834
2 2
Area = \[s(s — a)(s = b)(s — ¢) = /18.34(6.02)(9.88)(2.44) = 51.59
41. Given: a = 1,b = l,c = Bl
2 4
A
_a+b+c +E+Z_E
2 2 8
1(3) 7)1
Area = —a)s—b)(s—c) = [— 2| =|=]| = 024
ea = \sls —a)ls —b)(s — o) = [ [Sj[gj(gj
42. Given: a = E,b = i,c = 7
5 3 8
3.4 7
a+b+c_s5 3% g 337
2 2 240
337(193Y 17 \( 127
Area = —a)s —b)s—c) = | 2U 22 2L 22l < 021
@ = \Jsls = a)ls = B)(s = ) J 240(240][240](240]
1, 1
43. Area = Ebc sin 4 44. Area = Eab sin C
- %(75)(41) sin 80° - %(16)(3.5) sin 109°
~1514.14 ~ 2647

45. b* = 220° + 250 — 2(220)(250) cos 105° = b =~ 373.3 meters

46. cos 0 = = —0.60417

47. d = \[330° + 420> — 2(330)(420) cos 8° = 103.9 feet

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Section 3.2 Law of Cosines 305

48. d* = 60.5% + 90* — 2(60.5)(90) cos 45° = 4059.8572 = d =~ 63.7 ft

N

90
N
H
49. The angles at the base of the tower are 96° and 84°.
The longer guy wire g is given by:
g’ =75 + 100> — 2(75)(100) cos 96° = 17,192.9 = g, = 131.1 feet
The shorter guy wire g, is given by:
g,> = 75% + 100> — 2(75)(100) cos 84 =~ 14,057.1 = g, =~ 118.6 feet
a =165b = 216,¢ = 368

N
1657 + 368% — 2167

0.9551

0

50.
W ¢C’)= E
B =
€08 2(165)(368)

B =172°

216 miles

C 165 miles
|

2 2 2
_ 2167 + 368 165 ~ 09741

4 = 13.1°

(a) Bearing of Minneapolis (C) from Phoenix (4)
N (90° —17.2° = 13.1°) E

cos A4 = 2(216)(368)

(b) Bearing of Albany (B) from Phoenix (4)

N (90° —17.2°) E
N72.8E

52. Distance from Franklin to Rosemount:

N59.7°E
2 2 2
51. cos B = 1700 + 3700 — 3000 — B = 5200
2(1700)(3700) d = \[810° + 648° — 2(810)(648) cos(137°)
Bearing: 90° — 52.9° = N37.1°E = 1357.8 miles
2 2 2 . . ]
osC = 1700° + 3000~ — 3700 = C = 1002° Bearing from Franklin to Rosemount:
2(1700)(3000) N(75° - ) E
Bearing: 90° — 26.9° = S63.1°E (1357 8)2 + 810 — 6482
N 0s @ = - = 0.9456
) 2(1357.8)(810)
W =0=E
c g 6 = 19.0°
§ /,’\300 Bearing from Franklin to Rosemount: N 56.0° E
N o N

S | ,

¢ ~ W =0= Rosemount

I bl (el 3 P

648 miles

Centerville

810 miles
Franklin

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



306 Chapter 3 Additional Topics in Trigonometry

53.

54.

B
76 92
A 115 c
2 2 o092
cos A= 0 FTE =92 6608 = 4 = 52.0°
2(115)(76)
2 2 _ A2
cos € = U292 =767 (76003 = ¢ = 41,20
2(115)(92)
C
650 575
B 725 A

The largest angle is across from the largest side.

650% + 575% — 725°

C =
o 2(650)(575)
C = 72.3°
56. (a) 7* = 1.5% + x* — 2(1.5)x cos 6
49 = 225 + x> = 3x cos 6
x? —3xcos @ —46.75 =0
© 3cos 6 + \/ (-3 cos )" — 4(1)(—46.75)
X =
2(1)
x = l(.’a cos @ + /9 cos® @ + 187)
2
57. a = 200
b = 500
o= 600 = 5 = 200+5(2)0+600 — 650
Area = ,/650(450)(150)(50) ~ 46,837.5 square feet
58. Area = 2[1(70)(100) sin 70° |

59.

N

6577.8 square meters
(The area of the parallelogram is the sum of the areas of
two triangles.)

5= 510+8420+1120 ~ 1235

J1235(1235 - 510)(1235 — 840)(1235 — 1120)

Area

= 201,674 square yards

201,674.02
Cm{m

j(zooo) ~ $83,336.37
4840

©

55. (a) C = 180° — 53° — 67° = 60°

d* = da® + (3s)> = 2ab cos C
=367 + 95 — 2(36)(35)(0.5)

d = ~/9s* — 108s + 1296

N

36 mi
53°

67°
3s mi

S
(b) 43 = ~/9s? —108s + 1296
95> —108s — 553 = 0
Using the quadratic formula, s = 15.87 mph.

10 . .
Maximum: 8.5 inches

(d
Minimum: 5.5 inches

In one revolution, the
piston is pulled 3 inches
0 and pushed 3 inches.
The total distance the
piston moves is 6 inches.

60. Area = \/s(s - a)(s - b)(s - c)

(a+b+c) (2490 + 1860 + 1350)
s = =

2 2

= 2850

Area = /(2850)(360)(990)(1500) = 1,234,346.0 fi*

1,234,346.0 ft°

————— = 28.33669 acre
(43,560 ft /acre)

(28.33669 acre)($2200/acre) =~ $62,340.71

61. False. The average of the three sides of a triangle is
a+b+c a+b+c
, hot =

3 2

62. False. To solve an AAS triangle, the Law of Sines is
needed.
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63.

64.

65.

c¢* = a*> + b* — 2abcos C
a® + b* — 2ab cos 90°
a’ + b - 2ab(0)

=a® + b’

When C = 90° you obtain the Pythagorean Theorem.

The Pythagorean Theorem is a special case of the Law
of Cosines.

To solve the triangle using the Law of Cosines, substitute
values into a®> = b*> + ¢* — 2bc cos A. Simplify the

equation so that you have a quadratic equation in terms
of ¢. Then, find the two values of ¢, and find the two
triangles that model the given information.

Using the Law of Sines will give the same result as using
the Law of Cosines.

Sample answer: An advantage for using the Law of
Cosines is that it is easier to choose the correct value to
avoid the ambiguous case, but its disadvantage is that
there are more computations. The opposite is true for the
Law of Sines.

There is no method that can be used to solve the no-
solution case of SSA.

The Law of Cosines can be used to solve the single-
solution case of SSA. You can substitute values into

a* = b* + ¢® — 2bc cos A. The simplified quadratic
equation in terms of ¢ can be solved, with one positive
solution and one negative solution. The negative solution

can be discarded because length is positive. You can use
the positive solution to solve the triangle.

Section 3.3 Vectors in the Plane

. directed line segment

. initial; terminal

. vector

. magnitude; direction

. standard position

. unit vector

. multiplication; addition

. linear combination; horizontal; vertical

Section 3.3 Vectors in the Plane 307

66. (a) Because SSS is given, use the Law of Cosines.

(b) Because AAS is given, use the Law of Sines.

2 2 _ 2
67. (a) ~be(l + cos A) = ~be[1 + =T~
2 2 2bc

1 {2bc+b2 + c? —az}
= Ebc

2bc
= %[(b +¢) - az}
= %[(b + c) + a}[(b + c) - aJ

_b+c+a4b+c—a
2 2
_a+b+c4—a+b+c
2 2
1 1 az—(b2+cz)
(b) fbc(l—cos A) = —bc|l + ———~
2 2 2bc
1 2bc + a*> - b* — ¢
= —bc
2 2bc

4
:czz—(b—c)2
4
_ a-(b-c)a+(®-c
E—bi—c_}l(+b—zc ]
2 2
9. Ju| = \J(6 -2 +(5- 4 =17

_0)2=\/ﬁ

Il = 4 -0 +
slope, = S-4 = 1
6-2 4
slope, = 1-0_1
4-0 4

u and v have the same magnitude and direction so they
are equivalent.
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10. || = \/(_3 - 0)2 + (4 - 4)2 = J73 15. Initial point: (0, 0)

M = \/(0 _ 3)2 + (4 - 3)2 - /38 Terminal point: (1, 3)
4_4 3 v =(-0,3-0)=(1,3)

slope, = =2
-3-0 3 HVH= /12+32 =\/m
4-3 7

slope, = = = - '
0-3 3 16. Initial point: (0, 0)

u and v do not have the same magnitude and direction,
so they are not equivalent.

1 Jul= J-1-27 + (427 = Vi3

Terminal point: (-4, —2)

v={(4-0,-2-0) =(4-2)

M = (=4) + (<2)° =20 = 2/5

2 2
Ivl= 5= (3) + 2= () = Vi3
17. Initial point: (3, -2)
ope. = 472 _ 2
SOPC = T T Ty Terminal point: (3, 3)
slope, = 2_7(_2 = _% v=0-33-(2) =5
—5-(=3) M =0 +5 =25 =5
u and v have the same magnitude but not the same
direction so they are not equivalent. 18. Initial point: (_4, _1)
Terminal point: (3, —1
12, H H_\/7—2 (4_0)2:\/5 erminal point: (3, 1)
Ivl= 2= B + 0 1) = iei - 2 AR
= — (= + — = =
IV =~v7?+0* =7
) _4-0_14
TP T ST TS 19. Initial point: (3, —5)
slope, = 29—_(—18) = % Terminal point: (=11, 1)
u and v have the same direction but not the same V= <_11 = (=3).1- (_5)> = (-8,6)
magnitude, so they are not equivalent. HVH _ /(—8)2 +6 = /100 = 10
13, Juf= /(5 - 2 + (-10 - (1) = /50 = 3310 20. Initial point: (-2, 7)
Iv] = \/ 9 — 6 + (-8 - 1)2 =90 = 3J10 Terminal point: (5, -17)
~10 = (-1) v =(5-(=2),-17 -7) = (7,-24)
Slopeu = ﬁ =-3
81 M = /7> + (-24)° = 25
slope, = =-3
9-6
) o 21. Initial point: (1, 3)
u and v have the same magnitude and direction so they
are equivalent. Terminal point: (-8, —9)

14. Ju]= /(13 -8 + (-1 1) =29 v=(-8-1-9-3)=(-9,-12)

V= (-7 = (2 + (6 - 47 = v M = \J(=9) + (<12)° = /225 = 15

1o ) 22. Initial point: (17, -5)
slope, -
13 -8 5 Terminal point: (9, 3)
dope. = 0 =4 __2
A v = <9 - 17,3 = (-5)) = (-8,8)
u and v have the same magnitude and direction so they [v]=~/(- 482 =82

are equivalent.
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23. Initial point: (-1, 5)

Terminal point: (15, —21)

v = (15 - (-1),-21 - 5) = (16, -26)

Iv]= /(16)° + (=26)* = /932 = 2/233

24, Initial point: (-3, 11)

Terminal point: (9, 40)
v = (9 - (-3),40 — 11) = (12,29)

V| = V127 + 297 = /985

25. —-v

Sv

27. u + v

u+v

28. u + 2v

u+2v
2v

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated,
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29. u - v
y
u
X
-V
u-—-v
_ 1
30. v Su

31 u = (2,1), v = (1,3)

(@ u+v=_34

v

u-v-= <1,—2>
¥
34
2
1 u
—t—+ ——t— x
-3 -2 -1 1 2 3
1+ v
2Tu-v
34

=3v

2u-3v

309
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32. u =(2,3),v =(40) (b) u-v=(53=u
@ u+v=1(63) 1t
;]
y 6
5
8
at
6l u=u-v 3
24
4 4 1
A\ + } M X
21 7654321 | 1
u+v
: 4 6 s (©) 2u —3v = (-10,6) = 2u
() u—-v=(23) it
y 10 +
N
6+ 2u=2u-3v
54 8T
44 1
u-v - 2T-3v
2 Thotos 642 | 2
L u -2T
SRR 34. u =(0,0), v =(21)

(@ u+v={_1
(¢) 2u—3v =(4,6) —(12,0)

= (-8.6) N
¥
10 + 27
73‘,8 [ 14 v=u+v
2u-3v 1 2u —2 } x
2T, -1 1 2 3
Tlos 642|246 -1
—4 4
—6+
8 (b) u—v=(2-1)
y
33. u =(-5,3),v =(0,0) '
i i i L x
(@ u+v:<—5,3>=u 3 2 I
y -1
-v=u-v
7+ 24
61
5+ -3+
s
u=u+yv 34
2T (¢) 2u —3v = <O, O> - <6, 3>
14
—t—t—+—+—+—+ v t X = <_67 _3>
-7 -6 -5-4-3-2-1 | 1
y
l02u
I S S ! > x
76543 27|
ot
34+
-3v=2u-3v 4l
st
—6+4
-7+
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35. u=-7j,v=1i-2j

(a) u+v=i-9j

(L-9)

1123456738

(c) 2u —3v = (-14j) — (3i - 6j)

(-3.-8)

—3v\+
14
e
36. u =-3i+jv=2—-35j

(@ u+v=-i-4j

37.

38.

39.

41.

Section 3.3 Vectors in the Plane 311

(b) u—-v =-5+ 6j

(-5.6)

““““

R T ]
P W T S S
—t—t+—t—+—+—

vvvvvvv

(©) 2u —3v = (=6i + 2j) - (6i - 15])
= —12i + 17j

(-12,17)

20+
16 +
2u —3v
12+

—3v 8T
41

—t——t—t—tf
~20 16 —12 -8 )y
4t

u=(2,0)
S5u = (10,0)

|5u = /(10)* + 0% =10

v =(-3,6)
4v = (-12,24)

4v| = \/(-12)" + 24 = /720 = 124/5

v =(-3,6)
-3v = (9,-18)

J4v]= o + (1) =

v =30

1 1
u=—vV-=
M

Jul =1 +0* =1

32+ 07

J405 = 9/5

(.0) = 3(.0) = (1.0
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42. v =(0,-2)
oL 0oy =Yo—2) = 0,-
B N A i A A
Jull=yJo* + (-1 =1
43. v = (-2,2)

1

N S
vl (-2 + 2

11
JE
_[ N2 2
N\ 202

4. v = (-5,12)

1 1
= —V = —
vl (=5) +122

1
= —(-5,12
G512

_ <_i 2>
13713
5V (12)
-] (5] -

46. v = (-8,-4)

u (-5,12)

47. v = 10[1u] =10 ;@3, 4)
Ju (<3) + 42

2(-3, 4)
(-6.8)
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(-2,2) = m<— 2,2)

45. v = (1,-6)
S S (T
B &y e A AL
:LO _6>=<\/ﬁ _W>
V37V 377 37

u=Jf§ﬂ+(”§§]=l

N L ! 12—
e 3[u ] 3[ (C12) + (_5)2< 12’ 5>]

3
= 2 (-12,-5
12-5)



51.

52.

53.

54.

SS.

u =

u =

u

u

=
~—
Il

1 9
9 (2,5)] =
[\/22 + 5 >J V29

(2.5

ZAE@$
_ (8 i>
W22
- (w3.442)
(3-(-2).-2-1)
(5.-3)
5i — 3j
(3-0,6-(-2)
(3.8)
3i + 8j
(-6 -0,4-1)
(-6.3)
—6i + 3j
(-1-2,-5-3)
(-3,-9
—3i — 8j
32i-))

29

6.3

<18\/29 4529

29

)

56.

57.

58.

59.

Section 3.3 Vectors in the Plane

_ 3w _ 3(: :
V—Zw—1(1+21)
_ 34 3:i_ (33
= t3l <4’2>
’
2 w
1 —-W
+ X
-1 1 2
—14
V=u-+2w

= (2i - j) + 2(i + 2j)
=4i+3j=(43)

y

44
3l
u+2w
24+
I+ 2w
t x
3 4 5
-1 u
V=-u+w
= —(2i - j) + (i + 2j)
=—i +3j = (-1,3)
v
—u+wy |
w 2
—-u
+ x
-2 -1 1
V=u-2w

(20 - j) - 2(i + 2j)
= -5j = (0,-5)

—2w

313
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60. v = 1(3u + w) 66. v = (4x/3 cos 90%, 4/3 sin 90°)
= (6 = 3j + i + 2j) - <0’ 4\/§>
_ T: 1: _ /1 1 y
=%i-4i=G-3) X

10 +

67. v = zcoslSO",Zsin150°
2 2
61. v = 6i — 6j

7-/3
M = & + (6 = V72 = 632 =§‘4w>

y

tan @ = — = -1
6
Since v lies in Quadrant IV, 8 = 315°. 3

62.  v=-5i+4j |

HVH = «/(—5)2 + 42 = /a1 I _\e x
R 1

- _4 2
tan @ = e

Since v lies in Quadrant I1, & = 141.3°.
nce v lies in Quadrant IL 68. v = <2\/§ cos 45°, 24/3 sin 45°>

63. v = 3(cos 60°i + sin 60°j) _ <\/€ \/g>
M - 3.6 - 60° v

64. v = 8(cos 135° + sin 135°j) 3t
V| =86 =135°

65. v = <3 cos 0°, 3 sin 0°> 1
= <3, o> f15°

69. v = 3
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7. v = 2( 21 2j(i +3j) 72. u = (20 cos 457, 20 sin 45°) = (10+/2,10:/2)
VIt +3 v = (50 cos 180°, 50 sin 180°) = (~50, 0)
2 .
NI u+ v = (1042 - 50,10:/2)
_Ji0, 310, /Y10 3710 ,
piara Rl Bl Toov=i+] '
w = 2i - 2 Nl
U=v-w=-i+3j 7/ \u
3+ t t + x
-1 1 2
| M = ~2 B
_ Wl = 22
| v~ w = 10
! S R U G T T
cosa = = =0
2|v 1wl 2V/2-2V2
7L u = (4005 60°, 4sin 60°) = (2,24/3) a = 90°

v = (4 cos 90°, 4 sin 90°) = (0, 4)

u+v=<2,4+2\/§>

74. v =i+ 2j
w=2-j
u=v-w=-i+3j

IM* + I =y = _s+5-10 _

¥}
4

cos 8 =

o
M NENG
8 = 90°

75. Force One: u = 45i

Force Two: v = 60 cos i + 60 sin 6j

Resultant Force: u + v = (45 + 60 cos 8)i + 60 sin 6j

Hu + VH = \/(45 + 60 cos 9)2 + (60 sin 0)2 90
2025 + 5400 cos @ + 3600 = 8100
5400 cos @ = 2475
cos § = &1 ~ 04583
0 = 62.7°

76. Force One: u = 3000i
Force Two: v = 1000 cos i + 1000 sin 8j

Resultant Force: u + v = (3000 + 1000 cos 8)i + 1000 sin 6j

Ju + ] = /(3000 + 1000 cos 6)* + (1000 sin 6)° = 3750
9,000,000 + 6,000,000 cos & + 1,000,000 = 14,062,500
6,000,000 cos 6 = 4,062,500

4,062,500
0S 0 = -
6,000,000

0 =~ 47.4°

= 0.6771
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77. Horizontal component of velocity: 1200 cos 6° = 1193.4 ft/sec

Vertical component of velocity: 1200 sin 6° = 125.4 ft/sec

78. Vertical component of velocity: 105 sin(—3.5°) = —6.41 mph

Horizontal component of velocity: 105 cos(—3.5°) = 104.80 mph

79. u = 300i
125, 125
v = (125 cos 45°)i + (125 sin 45°)j = —=i + —=j
( )i+ ( Ji= i
125 125
u+v=_300+—71|+—F—j
[ \/Ej NER
125\ (125Y
u+ v|| = 300+ — | +|—| = 398.32 newtons
oot = o+ 5+ (53]
125
tan@ = Ll% = 0 = 12.80
300 + | —=
[\/Ej
80. u = (2000 cos 30°)i + (2000 sin 30°)j !
~ 1732.05i + 1000j
v = (900 cos(—45°))i + (900 sin(—45°))j 200 .
~ 636.4i + —636.4j uty
u+ v = 23684 + 363.6j )
3 3 900N..~~
ju+v] = \/(2368.4) +(363.6)° = 2396.2 newtons
and = -0 _ 01535 = 6 ~ g7°
2368.4
81. u = (75 cos 30°)i + (75 sin 30°)j = 64.95i + 37.5j
v = (100 cos 45°)i + (100 sin 45°)j = 70.71i + 70.71j
w = (125 cos 120°)i + (125 sin 120°)j = —62.5i + 108.3j
u+v+w = 73.16i + 216.5j
Hu + v+ wH = 228.5 pounds
tan 6 = 2165 =~ 2.9593
73.16
6 = 71.3°
82. u = (70 cos 30°)i — (70 sin 30°)j =~ 60.62i — 35j

v = (40 cos 45°)i + (40 sin 45°)j = 28.28i + 28.28j

w = (60 cos 135°)i + (60 sin 135°)j = —42.43i + 42.43j
u+v+w= 4648 + 35.71j
Hu + v+ WH =~ 58.6 pounds

35'7; = (.7683

0

tan @ =

6 = 37.5°
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Left crane: u = HuH(cos 155.7° + sin 155.7°j) 85. Horizontal force: u = Hqu

Right crane: v = |v|[(cos 44.5% + sin 44.5%j)
Resultant: u + v = —20,240j

System of equations:
HuH cos 155.7° + HVH cos 44.5°

0
HuH sin 155.7° + HVH sin 44.5°

20,240

Solving this system of equations yields the following:
Left crane = HuH = 15,484 pounds

Right crane = HVH = 19,786 pounds

Left crane: u = |ul|(cos 144.4% + sin 144.4°))
Right crane: v = ||v|(cos 40.4° + sin 40.4°j)
Resultant: u + v = -20,240j

System of equations:
HuH cos 144.4° + HVH cos 40.4° = 0

Jul sin 144.4° + |[v] sin 40.4° = -20,240

Solving this system of equations yields the following:

Left crane = HuH = 15,885 pounds
Right crane = HVH = 16,961 pounds

Cable AC: u = 10i — 24j

- . . 12
The vector lies in Quadrant IV and its reference angle is arctan(?j.

12)), . 12,
u = u{cos[arctan ?jl - sm(arctan 5)]}

Cable BC: v = —20i — 24j

The vector lies in Quadrant III and its reference angle is arctan(g}

6). . 6).
vV = H v {—cos(arctan 7]1 — sin (arctan fj ]:|
5 5

Resultant: u + v = —5000j

HuHcos(arctan E) —HVHCOS[arctan Ej -0
3 5
u] Sin(arctan %j =[Iv| sin(arctan gj = —5000

Solving this system of equations yields:
Ty =|ul = 3611.1 pounds
Tpe = HVH = 2169.5 pounds

Weight: w = —j
Rope: t = |t] (cos 135° + sin 135°)

1l
(e}

Wt Wt =02 [uf + o] cos 135°

|
(e}

—1 + |t] sin 135° =

HtH ~ /2 pounds

HuH = 1 pound
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318 Chapter 3 Additional Topics in Trigonometry

87. Towline 1: u = |u(cos 18°i + sin 18°j) 89. W =100,0 = 12°
Towline 2: v = |uf|(cos 18°i — sin 18°) sing = L
w

Resultant: u + v = 6000 F = Wsin @ = 100sin 12° = 20.8 pounds

juf| cos 18° + [jul| cos 18> = 6000
90. F = 600,06 = 14°

Ju| = 3154.4
. F
So, the tension on each towline is HuH = 3154.4 pounds. sin @ = W
F 600
88. Rope 1:u = [uf|(cos 70°i — sin70°j) W= = =~ 2480.1 pounds

sin@  sin 14°

Rope 2: v = |uf|(—cos 70°i — sin70°j) oL F — 5000.1 — 15.000

Resultant: u + v = —100j

o = F
—|ul| sin 70° = |u] sin 70° = ~100 =y
Ju| = 53.2 _ 5000
So, the tension of each rope is 15,000
Jul| = 53.2 pounds. 6 = sin™' % = 19.5°
92. W = 5000,6 = 26°
sin @ = £
w
F = W sin @ = 5000 sin 26° = 2191.9 pounds
93. Airspeed: u = (875 cos 58°)i — (875 sin 58°)j y N

Groundspeed: v = (800 cos 50°)i — (800 sin 50°)j ?&/ ]
1480 S

Wind: w = v — u = (800 cos 50° — 875 cos 58°)i + (—800 sin 50° + 875 sin 58°)j

320+

= 50.5507i + 129.2065j =
40°-7 v
Wind speed: | = +/(50.5507) + (129.2065)" ~ 138.7 kilometers per hour N2
Wind direction: tan 8 = 129.2065
50.5507
6 = 68.6%90° — 0 = 21.4°
Bearing: N 21.4°E
94. (a) y (b) The velocity vector v,, of the wind has a magnitude of 60
IX and a magnitude of 60 and a direction angle of 45°.
W=0=E
g v, = [v.|(cos B)i + ||v,|(sin 6)j
gl = 60(cos 45°)i + 60(sin 45°)]
S$0men \ 57 = 60[ (cos 45°)i + (sin 45°)j]
60 mph = 60(cos 457, sin 45°), or (30/2, 30v/2)

(c) The velocity vector v; of the jet has a magnitude of 580 and a direction angle of 118°.

v ijH(cos 0)i + HV‘,H(sin 0)j
580(cos 118°)i + 580(sin 118°);
580[ (cos 118°)i + (sin 118°)j]

580(cos 118°, sin 118°)

J
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(d) The velocity of the jet (in the wind) is
V=V, +YV;
60(cos 45°, sin 45°) + 580(cos 118°, sin 118°)
(60 cos 45° + 580 cos 118°, 60 sin 45° + 580 sin 118°)
~ (-229.87, 554.54).

The resultant speed of the jet is

V| = +/(-229.87)" + (554.54)" =~ 600.3 miles per hour.

(e) If @ is the direction of the flight path, then

554.54
tan @ =
-229.87

Because 6 lies in the Quadrant II, 8 = 180° + arctan(-2.4124) =~ 180° — 67.5° = 112.5°.
The true bearing of the jetis 112.5° — 90° = 22.5° west of north, or 360° — 22.5° = 337.5°.

= —2.4124.

95. True. Two directed line segments that have the same 100. v = <_8, 5> and the i component is negative, so v lies in
magnitude and direction are equivalent (see Example 1). Quadrant IT not Quadrant IV

-3
arctan| ——
5

6 =180° —57.99° = 122.01°

v
[v

97. True. If v = ai + bj = 0 is the zero vector, then
a=b=0.So, a=-b

96. True. Given that u = ,then v = quH

o = ~|-57.99°| = 57.99°

C. . 101. Let v = (cos 0)i + (sin 6)j.
98. True. If u = ai + bj is a unit vector, then

Juj= ~/a? + 5> =1 by the definition of the unit IVl = NJeos™ 0 + sin* 0 = V1 =1

vector. So, a*> + b* = 1. So, v is a unit vector for any value of 4.

99. The order of subtraction should be switched.
u=(6-(-3),-1-4) =(9,-5)

102. The following program is written for a 71-82, T1-83, T1-83 Plus or TI-84 Plus graphing calculator.
The program sketches two vectors u = ai + bj and v = ci + dj in standard position,
and then sketches the vector difference u — v using the parallelogram law.

PROGRAM: SUBVECT
:Input “ENTER A”, A
:Input “ENTER B”, B
:Input “ENTER C”, C
:Input “ENTER D”, D
:Line (0, 0, A, B)

:Line (0, 0, C, D)

:Pause
:A-C > E
:B-D > F

:Line (A, B, C, D)
:Line (A, B, E, F)
:Line (0, 0, E, F)
:Pause

:ClrDraw

:Stop
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103.

105. F

106.

108.

Chapter 3 Additional Topics in Trigonometry

=(5-1,2-6)=(4-4)
=(9-44-5=(5-1)
u—v=<—1,—3>0rv—u=<1,3>

= <10, 0>, F, = 5<cos 0, sin 6’)

(@ F +F, = (10 + 5cos 6, 5 sin 6)

IF + By = \/(10 + 5cos 9)2 + (5sin 9)2

= /100 + 100 cos 6 + 25 cos® 6 + 25 sin® 6

= 5\/4+4c050+cos20+sin29
=54 +4cosf +1
=55+ 4cos @

(c) Range: [5,15]
Maximum is 15 when 8 = 0.

Minimum is 5 when 6 = 7.

(a) True. a and d have the same magnitude, are parallel,
and are pointing in opposite directions.

(b) True. ¢ and s have the same magnitude, are parallel,
and are pointing in the same direction.

(c) True. By definition of vector addition.
(d) False. v —w = —s
(e) True.
a=-dw=-da+w=-d+(-d =-2d
(f) True.a=-d,a+d=-d+d=0

(g) False.
u—v =2uand 2(b +t) = -2(-2u) = 4u

(h) True. a =w,b=t,t—-w=>b-a

(a) Vector. The velocity has both magnitude and direction.
(b) Scalar. The price has only magnitude.
(c) Scalar. The temperature has only magnitude.

(d) Vector. The weight has magnitude and direction

104.

(b)

= (80 — 10,80 — 60) = (70, 20)

= (-20 - (~100), 70 - 0) = (80, 70)
=

{

u-—v = (70 - 80,20 - 70) = (-10, -50)
v —u = (80 — 70,70 — 20) = (10, 50)

15

N

(d) The magnitude of the resultant is

never 0 because the magnitudes of

F, and F, are not the same.

107. (a) Answers will vary. Sample answer: To add two

vectors u and v geometrically, first position them
(without changing their lengths or directions)

so that the initial point of the second vector v
coincides with the terminal point of the first
vector u. The sum u + v is the vector formed by
joining the initial point of the first vector u with
the terminal point of the second vector v.

(b) Answers will vary. Sample Answer: Geometrically,

the product of a vector v and a scalar £ is the vector
that is ‘k‘ times as long as v. When £ is positive, kv
has the same direction as v, and when £ is negative,

kv has the direction opposite that of v.
(kuy, kuy) ~q -
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o

10.

11.

12.

13.

14.

15.

. dot product
U+ Uy,

u-v
Jul 1M

. orthogonal

i 970

;F - PO

cu=(71),v=(32)
u-v=7-3)+12) =-19

=

= (6,10), v = (-2,3)
v = 6(=2) +10(3) = 18

=

=

=(-6,2),v = (1,3)
v =-6()+203)=0

=

u=(-2,5),v=(-1-8)
u-v=-2(-1) +5-8) = -38

=

=4i-2jv=i-j
v = 4+ (2)1) =

=i-2j,v=-2i-j
v =1(=2) + (-2)(-1)

u =33
u-u=3(3)+303) =18

The result is a scalar.

=
(o))

=

=
I
(=

u=(33),v=(42

3u- v =3[3(-4) +3(2)] = 3(-6) = —18 22.

The result is a scalar.
u=(33),v=(42

(u-v)v = [3(-4) +3(2)[-4.2)
—6(—4, 2)

= (24,-12)

The result is a vector.
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16.

17.

18.

19.

20.

21.

23.

Section 3.4 Vectors and Dot Products

u=_(3,v=_(42,w=33-1)
2v = 2(-4,2) = (-8,4)
(u-2v)w = [3(-8) + 3(4)| (3. -1)
-12(3,-1)

(-36,12)

The result is a vector.
u=_(3,v=_(-42,w=_3-1)
(v-0)w = 0(3,-1) = (0,0) = 0

The result is a vector.
u=(33),v=_(-42,w=3-1)
(w+v)-0=(3+(-4.3+2)-(0,0)
(-1,5) - (0,0)

-1(0) + 5(0)

=0

The result is a scalar.

w = (3,-1)

P4+ (-1)’ —1=+/10 -1

The result is a scalar.

Il -1 =

u = <3, 3>

321

2-Ju=2-/F+3*=2-V18=2-3V2

The result is a scalar.

u=(33),v=(42,w=_3-1)

(w-v)—(u-w)=[3(-4) +32)]-[303) +

=6-6
= -12

The result is a scalar.

u=033),v=(42,w=3-I)

(vou) = (w-v) =[-403) +203)] - [3(4)

= —6-(-14)
=38

The result is a scalar.

u = (-8,15)

3(-1)]

+(-1)2)]

Juf = Vuu = (J(=8)(=8) + 15(15) = /289 =17
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24,

25.

26.

27.

28.

29

30.

31.

Chapter 3 Additional Topics in Trigonometry

u = (4,-6)

uf = V™ = (f4(4) + (-6)(-6) = /52 = 213

u = 20i + 25]
o =~ w = J(20)" + (25)" = V1025 = 54T
u = 12i - 16]
ju = Vu - w = J12(12) + (~16)(-16)

= 400 = 20
u = 6j
M = V7% = T 7 - -
u = 2l
o = Vuu = (J(=21)(-21) + 0(0)
=21 =21
cu=(,0),v=(0,-2)
0 = LN " o

0 = z radians
2

u=(32),v=_(40)
cosg = MV _ 3(4) + 2(0)
oM ~/13(4)
= % ~ 0.83205

6 = 0.59 radian

u=3i+4jv=-2j
u-v 8

cos @ = =__°
[V (5)(2)

0 = arccos(—ﬂj
5

6 = 2.50 radians

32 u=2i-3j,v=i-2j

cos @ = u-v
Ju

_ 2N+ (3)(2)
V22 + 3P+ 22
= 8 = 0.992278

65

6 = 0.12 radian

33, u =2i—j,v=06i-3j

8 = [Tl
e+ (1Y)
J22 + (16 + (-3)
_1s
225
6 =0

34. u = 5i + 5j,v = —6i + 6j

cos 8 = u-vo_
o] v
==
2

35. u = —6i — 3j, v = -8i + 4j
: —6(-8) + (-3)(4
COSll=u vo_ ( )+( )()—E_Oﬁ

W[V~ 4580 60

6 = 0.93 radian

36. u = 2i — 3j,v = 4i + 3j

cos 6 = u-v o 2(4) + (—3)(3) _
O ¥ T N N A

@ = 1.63 radians

37. u = (cos %]1 + (sin gjj = li + ﬁj

2 2
7)., (. 37, N2, 2,
vV = (cos 7]1 + (sm 7]1 = —71 + TJ
Jufl = [V =1
cos0=w=u
- (U-2)+ (L) 2) - L
2l 2 2 | 2 )7 4
6 = ar ~2+6) _ sz
= arccos 4 _12
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38.

39.

40.

41. u

43.

(Shesnlfh =3
u = cos| — |i + sin j=—i+—j
4 4 2 2
[5;:) (57:) V2, N2,
vV = cos + sin j=—1i-—j
4 4 2 2
ﬁ(_ﬁ] ﬁ(_ﬁ]
. 2 2 2 2 -
cosf =V = _712_1
[ul][v] L1 1
0=rm
u = 3i + 4 ; 42.
v =-7i + 5j 8T
ol
cos @ = u-v v i
o v L/
_ w I e ! —t—x
= 3\/— -8 -6 —4 72_2” 2 4
= ~ —0.0232 T
5\/_
0 = 91.33°
u = 6i — 3j
= —4i — 4j
cos 8 = UV
[ul]v]
_6(=4) + (=3)(-4)
12-/10
12 _L
IRVN/TEEENIT)
cos‘l(\;ll_OJ =0 = 6 ~10843°
= =5i - 5j
= —8i + §j
cos @ = L
Juf{v]
_ 58 + (9)6)
V50-/128
=0
6 = 90°
P=(,2),0=34),R=(25)
PO = (2,2), PR = (1,3),0R = (-1,1)
PO - PR 8 2
COS X = —r— = = o = arccos — = 26.57°
PofllPR|  (2v/2)(V10) Vs
PQ - OR
COSﬂ=i=03ﬂ=90
PO |or|
y = 180° — 26.57° — 90° = 63.43°

Section 3.4 Vectors and Dot Products

= 2i — 3j
= 8i + 3j
cos @ = v v
Ju ¥
_28) + (30)
V1373
7
INENGE

}=0:>9z76.87°

y

(SRS
" L L
t t t

323
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44.

45.

46.

47.

48.

Chapter 3 Additional Topics in Trigonometry

P=(3,-4,0=(,7),R = (8,2)
PQ = (4,11), OR = (7,-5),
PR = (11,6), OP = (-4, -11)

= FQ - PR _ 110 _ .
e HﬁQH HﬁH B (\/ﬁ)(\/ﬁ) = o = 4141

e o
e |or] [or| (v/74)(v/137) = B = 7445

y = 180° — 41.41° — 74.45° = 64.14°

P =(-3,0),0=(22),R = (0,6)
OP = (-5,-2), PR = (3,6), OR = (-2, 4). PO = (5,2)

_ PO -PR _ 27 B .
cosa = HFQH HFRH = \/2_9\/E = o = 41.63
QP - OR 2 ~ 85.24°

7 oAl v

0 = 180° — 41.63° — 85.24° = 53.13°

P =(-3,5.0 = (-1.9).R = (7.9)
PO = (2.4),0R = (,0),
PR = (10,4), OP = (-2,-4)

PO - PR 36

COS = —ri—0 = = o = 41.63°
[PolPR|  (v20)(V/116)
OR-QP _ -16

cos f = = = = f = 116.57°
lor][o|  8(~/20)

y = 180° — 41.6° — 116.6° = 21.80°
o = 4. = 10,0 = 2%
3

wov = ol o cos 0

2
(4)(10) cos 3

&

= 20
Jul = 4
vl = 12
P4

3

49.

50.

51.

52.

53.

54.

Jul| = 100, V] = 250, 6 = %

u- v = fuf[v] cos &
= (100)(250) cos%

V3

= 25,000 - —
2

= 12,500/3

ull = o,

v - 36,6 =
4

u-v-= HuH HVH cos @

kY4
= (9)(36) cos "
- 324(—\5]
2

= -162/2 = -229.1

u=(315,v=_(-15)
u # kv = Not parallel

u-v # 0 = Notorthogonal
Neither

=
Il

1 5
30,12), v = (—, —>
(30.12), ¥ <2’ 4>

s3)+14-2)
2 4
15-15=0

u-v =0 = uandv are orthogonal.

=
<
I

u=2i-2jv=-i-j

u - v =0 = uand v are orthogonal.

u:i(3i—j),vz5i+6j

u # kv = Not parallel
u - v # 0 = Not orthogonal

Neither
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57.

58.

61.

62.

63.

64.
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u=1Lv=-=-2i+2j 56. u=<cost9,sin9>
u # kv = Not parallel v = (sin 6, —cos 6)
u - v # 0 = Not orthogonal

Neither

u - v =0 = uand v are orthogonal.

u=(22),v={(61)

u-v 14 1
= proj,u = = 26,1) = —(84,14
W, = proj,u [Vz ]V 3760 = 5 (84.14)

14 10 60\ 10 |
—u—w =22 -6 1) = (—— 2 = 21 6) = —(-10, 60
W =u-w =(22) 37< D < 37’37> 37< -6) 37< »60)

1 1
= —(84,14 —(—10,60) = (2,2
w = {514) + 10.60) = (2.2

u =(0,3),v = (2,15 59. u=(4,2),v=(,-2)
. u-v 45 . u-v
W, = proj,u = H Hz vV = E<2,15> W, = proj,u = H H2 vV = O<l,—2> = <O, 0>
\d \d
45 90 12 =u- =(4,2)-(0,0) = (4,2
W, = u— W = <0, 3> - Tm<2,15> = <_TZ9’ TZ9> W oW < > < > < >
. u=(4,2)+(0,0) = (4,2)
60. u = (-3,-2), v = (-4,-1)
45 6
=—(2,15) + —(-15,2) = (0,3 .
u 229< ) 229< ) =(0.3) W, = proj.u = [u :}v _ (%j<_4=_l>
\
14 5
w, =u-w =(-3-2) _ﬁ< 4,-1) = —(1,-4)
= E<-4,—1> + i(-l, -4) = (-3,-2)
17
proj,u = u because u and v are parallel.
projvu = u '2Vv = 3(6) + 2(4)2 <6, 4> = l<6, 4> = <3, 2> =u
M (Ve s #) 2
proj,u = u because u and v are parallel.
proju = ——Vy = —3(0) + (_2)(24 )<6, 4) = _l<6, 4 =(-3,-2) =u
I (Ve +#) 2
Because u and v are orthogonal, 65. u = <3, 5>

u - v = 0and proj,u = 0.
For v to be orthogonal to u, u - v must equal 0.

pI'Ojvll = l‘l‘ .H2VV = 0, because u - v = 0. Two pOSSibﬂitiCSZ <—5, 3> and <5, —3>
V|

Because u and v are orthogonal, the projection of u onto
vis 0.

v = 0, because u - v = 0.

. u-v
proj,u = P

M

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



326 Chapter 3 Additional Topics in Trigonometry

66. u = (-8,3) 70. P =(1,3),0 = (-3,5), v = -2i + 3j

For v to be orthogonal to u, u - v must equal 0. Work = v - PO

Two possibilities: (3,8), (-3, 8) (=2i + 3j) - (—4i + 2j)
= (-2)(-4) +3(2) = 14
67. u = i — 2j

71. (a) u - v = 1225(12.20) + 2445(8.50)
For u and v to be orthogonal, u - v must equal 0.

) | 5 | = 35,727.5
T ibilities: v = 2i + -j and v = —%i — —j
WO POSSIDTES: ¥ =31 % 5 and v ERE The total amount paid to the employees is
$35,727.50.
68. u = —2i — 3j . . o
2 (b) To increase wages by 2%, use scalar multiplication

For v to be orthogonal to u, u - v must equal 0. to multiply 1.02 by v.

Two possibilities: v = 3i — %j and v = -3i + %j 72. u = (3140, 2750), v = (2.25,1.75)

- . () u-v = 3140(2.25) + 2750(1.75) = 11,877.5
69. Work = Hprojl?QvH HPQH where PQ = <4, 7> and )
The total revenue earned by selling the hot dogs and

v =(,4) hamburgers is $11,877.50.
. (b) Increase prices by 2.5%: 1.025v
. v PO |== 32 Th .. 1 ltiplicati
projzgVv = HP—QH2 PO = o <4, 7> € operation is scalar multiplication.

Wor = i [P2] - 22255 /5) = 2

73. (a) Force due to gravity:
F = -30,000j
Unit vector along hill:
v = (cos d)i + (sin d)j

Projection of F onto v:
. F-v .
w, = proj,F = [ZJV = (F - v)v = =30,000 sin dv
\{

The magnitude of the force is 30,000 sin d.

® 0 |10 |2 3° 4° 50 6 7° 8 9° 10°

Force | 0 523.6 | 1047.0 | 1570.1 | 2092.7 | 2614.7 | 3135.9 | 3656.1 | 4175.2 | 4693.0 | 5209.4

(c) Force perpendicular to the hill when d = 5°:

Force = 1/(30,000)> — (2614.7)" = 29,885.8 pounds
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74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

Section 3.4 Vectors and Dot Products 327

Force due to gravity: F = —5400j
Unit vector along hill: v = (cos 10°)i + (sin 10°)j

Projection of F onto v: w, = proj,F

= (F - v)v because v is a unit vector, | v] = 1
[(0)(cos 10°) + (~5400)(sin 10°) ]v

—5400(sin 10°)v = —937.7v

The magnitude of the force is 937.7, so a force of 937.7 pounds is required to keep the vehicle from rolling down the hill.

Force perpendicular to the hill: Force = (5400)2 - (937)2 ~ 5318.0 pounds

Work = (245)(3) = 735 newton-meters

Work = (2400)(5) = 12,000 foot-pounds 87. wu-v=(84)-(2,-k)=16-4k =0
16 —4k =0
Work = (cos 30°)(45)(20) = 779.4 foot-pounds 4k = —16
Work = (cos 25°)(50)(15) = 679.7 foot-pounds k=4
88. u-v=(-3k5)-(2,-4) = -6k —20 = 0

Work = (cos 35°)(15,691)(800) 6k —20 = 0

= 10,282,651.78 newton-meters —6k = 20
Work = (cos 30°)(250)(100) = 21,650.64 foot-pounds k= _?

Work = (cos 6)]F] [PO] 89. u-u =|uff

=1 =1

= (cos 20°)(25 pounds)(50 feet)
1174.62 foot-pounds

0

90. (a) u-v =0 = uandv are orthogonal and 8 = z
Work = (cos 22°)(35)(200) = 6490.3 foot-pounds 2

T

False. Work is represented by a scalar. (b) u-v>0=cosf>0=0s 0< 5

True. . . (c)u~v<0:>c0s9<0:£<0£ﬂ'
W =F - PO = 0 when Fand PQ are orthogonal 2
(cos 90° = 0). 91. (a) projyu = u = u and v are parallel.

A dot product is a scalar, not a vector. (b) projyu = 0 = uand v are orthogonal.

v-0= <_37 5> ’ <0» 0> = (=3)(0) + (5)(0) = 0 92. In a rhombus, uH = HVH The diagonals are u + v and
The dot product is the sum of the two products, not the v
difference. (u+v)-(u-v)=(u+v)-u-(u+v) v
u-2v=<2,—1>~2<—3,5> =u-u+v-u-u-v-V-V
_ o) (-6,10) = o -~ o = 0
= (2)(-6) + (-1)(10) So, the diagonals are orthogonal.
=-12-10 = -22
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328 Chapter 3 Additional Topics in Trigonometry

93. Let u = <u1,u2> andv = <v1,v2>.
u-v= <u1 — vy, Uy —v2>
o - VH2 = (= w) + (= v)’
=u? = 2uv + V2 + uy? = 2upv, + vy
=u? 4w’ + v+ v = 2uy - 2un,

ol + M7 = 20 + o)

= ol + M7 - 20 v

Review Exercises for Chapter 3

1. Given: 4 = 38°, B = 70°%,a = 8 5. Given: 4 =16°, B = 98°,¢ = 84
C = 180° — 38° — 70° = 72° C =180° — 16° — 98° = 66°
b:a's1nB:8§1n70 - 1221 a:c§1nA :8.4.sm16 - 253
sin A sin 38° sin C sin 66°
_ a.smC _ 8§1n 72 - 1236 b= c.smB _ 8.4.5111 98 - 011
sin 4 sin 38° sin C sin 66°
2. Given: A = 22°, B =121°,a =19 6. Given: A = 95°, B = 45°,¢ = 104.8
C = 180° — 22° —121° = 37° C =180°—- A4 - B = 40°
b= a.smB _ 19§1n121 ~ 4348 a:c§1nA _ 104.?51n95 16242
sin A sin 22° sin C sin 40°
o= a.smC _ 19.5111 37 - 3052 b= c.smB _ 104.? sin 45 ~ 115.29
sin A sin 22° sin C sin 40°
3. Given: B = 72°,C = 82°, b = 54 7. Given: A = 24°,C = 48°, b = 27.5
A = 180° — 72° — 82° = 26° B = 180° — 24° — 48° = 108°
a:bsmA:54s1n26 ~ 2489 a:bs1nA:27.5s1n24 ~ 1176
sin B sin 72° sin B sin 108°
C:bsmC:54sm82 - 5623 C:bs1nC:27.551n48 ~ 2149
sin B sin 72° sin B sin 108°
4. Given: B = 10°,C = 20° ¢ = 33 8. Given: B = 64°,C = 36°, a = 367
A =180° - B — C = 150° A =180°- B - C = 80°
_ c.smA _ 33 §1n150 - 4824 b= a.smB _ 367. sin 64 ~ 334.95
sin C sin 20° sin A sin 80°
b= c§1nB _ 33.sm10 - 1675 o= a.smC _ 367. sin 36 ~ 219.04
sin C sin 20° sin A sin 80°

9. Given: B = 150°,b = 30,c = 10

csin B 10sin 150°
b 30

A = 180° — 150° — 9.59° = 20.41°

_bsin 4 _ 30sin 20.41°

~ sinB  sin150°

sin C = = 0.1667 = C = 9.59°

= 20.92

a

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



10.

11.

12.

13.

14.

15.

16.

17.

18.

21.

Given: B = 150°%a =10,b =3

asin B 10sin 150°
b 3

sin 4 = = 1.67 > 1

No solution

A =75%a=512,b =337

bsin A _ 33.7sin 75°
a 512

C = 180° — 75° — 39.48° = 65.52°
_asinC _ 51.2sin 65.52°

c=— = - =~ 48.24
sin 4 sin 75°

sin B =

Given: B = 25°,a = 62,b = 4

asin B

sin 4 =

Case 1: 4 = 40.92°
C = 180° — 25° — 40.92° = 114.08°

c ~ 8.64 ¢ = 2.60
A=33,b=7c=10

Area = Lhesin 4 = 1(7)(10) sin 33° = 19.06
B =80%a=4c=38

Area = Jacsin B = 1(4)(8)(0.9848) =~ 15.8

C =119%a =18,b =6

Area = 1absin C = 1(18)(6) sin 119° = 47.23
A=11°%b=122c =21

Area = Thesin 4 = £(22)(21)(0.1908) = 44.1

Area = %ac sin B = %(105)(64) sin(72° 30) = 3204.5

C =84°30,a =16,b = 20

Area

1
—ab sin C
2

Gj(m)(zo) Sin84.5° = 159.3

Given: a = 8, b =14,¢c =17

a’ + b - 2 _ 64 +196 — 289
2ab 2(8)(14)
_ bsinC _ 145sin 97.44

c 17
A = 180° — 54.75° — 97.44° = 27.81°

cos C =

sin B

= 0.6358 = B = 39.48°

= 0.65506 = 4 = 40.92° or 139.08°

= 0.8166 = B = 54.75°

Review Exercises for Chapter 3 329

Case2: A = 139.08°
C = 180° — 25° — 139.08° = 15.92°

19. — h _ .75
sin 17° sin 45°
h = 75.sin17°
sin 45°
h = 31.01 feet

20. The triangle of base 400 feet formed by the two angles of
sight to the tree has base angles of
90° — 22°30" = 67° 30, or 67.5°, and 90° — 15° = 75°.

The angle at the tree measures

180° — 67.5° — 75° = 37.5°. TLee
p = H00Sn TS ey 683 ) !

sin 37.5° w =c0>= E !
h = 634.683 sin 67.5° s/ o\ s
h = 586.4 22°30'& I_E
The width of the river is C 1=~—400 fi—>1 B
about 586.4 feet.

= —0.1295 = C = 97.44°
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330 Chapter 3 Additional Topics in Trigonometry

22. Given: C =100°%a = 7,b = 4
¢ =a*>+ b —2abcos C = 7% + 4> — 2(7)(4) cos 100° = ¢ =~ 8.64

B>+ —d® 16 +8.64° — 49
2bc 2(4)(8.64)
B = 180° — 52.95° — 100° = 27.05°

cos A =

= 0.6036 => 4 = 52.95°

23. Given: a = 6,b = 9,¢c = 14
a* +b> —c*  36+81-19
2ab 2(6)9)
bsin C  9sin 137.01°
c 14
A = 180° — 26.00° — 137.01° = 16.99°

cos C = —0.7315 = C = 137.01°

sin B = = 04383 = B = 26.00°

24. Given: a = 75,b = 50,¢ =110
a’ + b* = ¢ B 752 + 50% — 110%
2ab 2(75)(50)

bsin C 50sin122.01°
c 110

A4 = 180° — 22.67° — 122.01° = 35.32°

cos C = -0.53 = C = 122.01°

sin B = = 0.3854 = B = 22.67°

25. Given: a = 2.5,b = 5.0,¢c = 4.5

a® + c* - b?

cos B = — 0.0667 = B ~ 86.18°
2ac
2 2 2
cosC =Lt = _aa o 0= 3000
2ab

A =180° - B - C = 29.92°

26. Given: a = 16.4,b = 8.8,¢c =122

b*+ ¢ —a® 8.8 +122° — 1647
2be S 2(8.8)(122)
bsin 4  8.8sin101.47°

a 16.4
C = 180° — 101.47° — 31.73° = 46.80°

cos 4 = = —0.1988 = 4 = 101.47°

sin B = = 0.5259 = B = 31.73°

27. Given: B = 108%,a = 1l,¢ = 11
b* = a® + ¢* — 2accos B = 117 + 11> = 2(11)(11) cos 108° = b = 17.80
4= C = 3(180° - 108°) = 36°

28. Given: B = 150°,a = 10,¢ = 20 29. Given: C = 43°,a = 22.5,b = 31.4
b2 = 102 + 20> — 2(10)(20) cos 150° = b =~ 29.09 ¢ =Ja* + b* — 2abcos C = 2142
. asin B 10 sin 150° 2 2 _p2
sin 4 = = = 4 = 9.90° cosB =T T 502169 = B = 9124°
b 29.09 2ac
C ~ 180° — 150° — 9.90° = 20.10° A4 =180°— B — C = 45.76°

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Review Exercises for Chapter 3 331
30. Given: 4 = 62°,b = 11.34,¢ = 19.52

@’ = 1134 +19.52> — 2(11.34)(19.52) cos 62° = a =~ 17.37

b sin 4 _ 11.34 sin 62 — B = 3520°
a 17.37

C = 180° — 62° — 35.20° = 82.80°

sin B =

31. Given: C = 64°,b = 9,¢ = 13.

Given two sides and an angle opposite one of them, the Law of Cosines cannot be used, so use the Law of Sines
_ bsinC _ 9sin 64°

sin B =~ 0.62224 = B = 38.48°
c 13
A = 180° — 38.48° — 64° = 77.52°
o= csin A B 13 sin 77.52 - 1412
sin C sin 64°

32. Given: a = 4,¢ = 5,B = 52°
Given two sides and the included angle, the Law of Cosines can be used.
b =a*>+c* —2accos B =16 + 25 — 2(4)(5) cos 52° = 1638 = b = 4.05

@+ b~ 16+1638 - 25
2ab 2(4)(4.05)
A = 180° - 52° — 76.83° = 51.17°

cos C =

= 022778 = C = 76.83°

33. Given: a = 13,b =15,¢c = 24

Given three sides, the Law of Cosines can be used.

a® + b —c* 169 + 225 — 576
2ab 2(13)(15)

asin C 5 13sin 117.82°

c 24
B = 180° — 28.62° — 117.82° = 33.56°

cos C =

= —0.46667 = C = 117.82°

sin 4 =

= 0.47906 = A4 = 28.62°

34. Given: 4 = 44°, B = 31°,¢ = 2.8 36. Given: 4 = 33°, b = 7,¢c = 10.

Given two angles and a side, the Law of Cosines cannot
be used, so use the Law of Sines.

C = 180° — 44° — 31° = 105°
csin 4 2.8 sin 44°

Given two sides and the included angle, use the Law of
Cosines.

@® = 7* + 10> - 2(7)(10) c0s 33° = a = 5.62

= = = 2.01 . i in 33°
a Sn C <in 105° Sin B = bsin 4 B 7 sin 33 B~ 42770
a 5.62
inB  2.8sin31°
b= 2 222 g9 C = 180° — 33° — 42.72° = 104.28°
sin C sin 105°
37. 16 ft
35. Given: a =160, B =12°,C = 7° 2°
Given two angles and a side, use the Law of Sines. ! d, &
A =180° — 12° — 7° = 161°
. ) Let d, be the longer diagonal and d, be the shorter
asin B 160 sin 12° .
b =— = — = 102.18 diagonal.
sin 4 sin 161° ; )
. e Using the Law of Cosines, you can find each of the
c=4 -sm < = 16,0 sin 7 = 59.89 diagonals.
sind - sinl6l d? =16% + 107 — 2(16)(10) cos 152° = 638.543
d, = 25.27 feet
dy” = 16> + 10> — 2(16)(10) cos 28° = 73.457
d, = 8.57 feet
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332 Chapter 3 Additional Topics in Trigonometry

38. ) 15m 2;)431 44.a:ib:é,c:§
m ) 15m Sy 5 4 8
5 4,3,3
s=2 +b+c 5 4 g _ 87
52 =157 +20% + 2 -15 - 20 cos 34° = 127.58 2 2 80
s, = 11.3 meters Area = \/S(S —a)(s — b)(s — ¢)
2 _ 152 2 15 . ° ~
s,° =157 4+ 20° + 2 - 15 - 20 cos 146 1122.42 87023\ 2737
s, = 33.5 meters = 3030 L0 \ 80
5 ; , ~ 0.22
39. Length of AC = \/300 +425% — 2(300)(425) cos 115
= 615.1 meters 45. HuH _ \/(4 _ (_2))2 + (6 _ 1)2 = \/a
40. d> = 8507 + 10607 — 2(850)(1060) cos 72° M = \/(6 —0) +(3- (<) =~el
~ 1,289,251 61
d ~ 1135.5 miles u is directed along a line with a slope of i) =
b i 3- (-2
A \ w ec:}e E v is directed along a line with a slope of 6_ (_0 ) = o
. ¢ s R
‘:'\5(’ \ Because u and v have identical magnitudes and
85D /,*\‘?\f directions, u = v.
o 46. Ju] = JG - 1) + (2 - 4 = 210
M = (1= () + (4 -2 = 2v10
M. a=3b=6c=8 u is directed along a line with a slope of —2-4 = 3.
S_a+b+c_3+6+8_85 -
2 2 ' v is directed along a line with a slope of
4 -2
Area = \/s(s —a)(s = b)(s — ) m = -3
= \/85(55)(2.5)(05) Because u and v have identical magnitudes and
=~ 7.64 directions, u =v.
2. a=15b=8c=10 47. Initial point: (-5, 4)
_a+b+c 15+8+10
5= 5 = 5 =165 Terminal point: (2, —1)
Area = \/s(s —a)(s = b)(s — ) v= <2 - (=5).-1- 4> = (7.-3)
= /16.5(1.5)(8.5)(6.5) Iv] = [72 4 (_5)2 = J74
= 36.98
48. Initial point: (0, 1)
43. a =123,b =158,¢c = 3.7
_a+ Zz) te_ 123+ 1;.8 +37 _ oo Terminal point: (6, )
_ 7 _ /¢ s
v={(6-02-1)=(63)
Area = \/s(s —a)(s = b)(s — )
2
= J15.903.6)(0.1(12.2) = 836 Iv] = |6 + @ :g
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49. TInitial point: (0, 10) 50. Initial point: (1, 5)

Terminal point: (7, 3) Terminal point: (15, 9)

v=(7-0,3-10)=(7,-7) v=(15-19-5) =(14,4)

[vl =7+ (=7 = Vo8 [vl = Vi# + 4 = V212
=2 = 2./53

51. u = (-1,-3),v = (-3,6)

@ u+v=(-1-3)+(3,6 = (43 (b) u—v={(-1-3)-(306) =(2-9
6+ —t—+ x
-6 -4 -2 2 4 6
4 u
u+v | v u-v
-6
6 4 u 2 4 * -8
-10
—4 -12
() 4u = 4(-1,-3) = (-4,-12) (d) 3v+5u = 3(=3,6) + 5(-1,-3) = (-9,18) + (-5,-15) = (-14,3)
——+—+ | x 3y 18
-6 -4 -2 2 4 6
u/lL Su 12
ot .
_g+ -18 -12 -6
-10+
4u
-127

52. u =(4,5),v =(0,-1)

@ u+v=(4+0,5+(-1) = (4.4 () u—v=(4-0,5-(-1)=(46)
y y
8T 6T u-v
64 3T -
4+ A M '
u+v 31
21
2L
-2 e 6 s LT
2T —————+—+—+—>
1 2 3 4 5 6

(c) 4u = 4(4,5) = (16, 20) (d) 3v+5u = 3(0,-1) + 5(4,5) = (0, -3) + (20, 25) = (20, 22)
20+ 4u 25
16 20 3v+5u
. 15+
oL 10+ 5u
s
44 —t—t——t—t—+
“‘ o WI/s 10 15 20 25 30
-4 4 s 12 16 -7

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



334 Chapter 3 Additional Topics in Trigonometry

53. u =(-52),v =(44)

(@ u+v={(-52)+(44) =(-1,6) () u-v=(52-(44 =(-9-2
Y y
10 o
8 44
u 2
v -V
5 > x
u+v -10 -6 y
u u-v 2T
-é —i —; # 3 4 6 -
-2 —6+
(c) 4u = 4(-5,2) = (-20,8) (d) 3v +5u = 3(4,4) + 5(-5,2) = (12,12) + (-25,10) = (-13,22)
y y
20+ 40 +
15 30
Ju 10+ 3v+5Su 20+ Su
il T
\ . ol -
—21) —1§5 —1§0 —g ' — \. > x
=20 =10 10

54. u = (1,-8),v = (3,-2)

24
RanEEYy EEE A
u-v
o
-V u
—8+
(c) 4u = 4(1,-8) = (4,-32) (d) 3v+5u=3(3,-2) + 5(1,-8) = (9,-6) + (5,—40) = (14, —46)
y y
> 10+
-15 -5} 5 15 3v
-54+u + + + + + + X
30 —20 ~10 Co0 30
0]
—15+
-0T Su
s =30+
4u —40 +
—35+ 50+ 3v+5u
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55. w = 2i— j,v = 5i +3j

@ u+v=0Qi-j)+(Gi+3)=7i+2) () u-v=2-j) - (5 +3j) = 3i -4

4+ 3+
2+

2J u+v 1

— Saaa fae s
4 é 8
u -2 -

=27 u-v =31
—44

-4+
—54

(c) 4u = 4(2i - j) = 8i — 4j (d) 3v+5u=3(5i+3j) +5(2i — j) = 15i + 9j + 10i — 5j = 25i + 4j
44+ 15
2L 10 3y 5u

ﬁ 3v+5u
n n n n 3 X
{l 4 6 8 -5 5 10 15 20 25
24+ ST
~10+
44 4u

56. u=-7i—3j,v=4i-]j

(@ u+v=-Ti-3j+4i—j=-3i-4] (b) u—v=-7i-3j—4i+j=—1li - 2j

y

64 6l
44 4+
24 51
R R g
v u+v4 - ! -4+
—6+ 6+
(¢) 4u = 4(-7i — 3j) = -28i — 12j (d) 3v + 5u = 3(4i — j) + 5(-7i - 3j)
= 12i - 3j — 35i — 15j
= —23i — 18]
15+
10+
3T X
73§0 72§5 72§o 71§5 71§0 ; *
s
/10«»
4u
154
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336 Chapter 3 Additional Topics in Trigonometry

57. u =4i,v = —i + 6j

(@) u+v =4i+(+6j) =3i+6j (b) u—v=4i-(-+6j) =5i-6j

u+v
6+ N
v
u
4 t t i t X
-2 2 6
24 L
\ ¥ .
-2 2 w4 6 v
-2 _64 u-v

(d) 3v + 5u = 3(<i + 6j) + 5(4i) = 3i + 18j + 20i = 17i + 18]

y ¥
8T 201 5u

61

44 3vi T 3v+5u
ol

u 4u T

e >

Sl 246810121416 |

4T } e
6+ -5 510 15 20
g4 -5+

58. u=-6j,v=1i+]j

(@ u+tv=-06j+i+j=1i-25j

2 : ; ; | x
-4 2 2 4
' ' ' ' ‘

—4 -2 2 4

—2

u
—44 A
u+v u-v
u 4 vy
—6-F _g

(c) 4u = 4(-6j) = —24j

y y
5T 10
+——— —t—+— 3v
—-15 -10 -5 wd 1015 } t 1 t } X
-5 -20 -10 10 20
-10 -10
~15
=20 Su
0¥ 4u
a5 -30+ 3v+5u

59. P =(2,3),0=(18) 60. P = (4,-2),0 = (-2, -10)

PO=v={1-28-3) PO =v=(-2-4-10-(-2)
v =(-15) v = (-6, -8)

v = —i + 5j v = —6i — 8j
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61. P =(3,4),0 = (98) 66. u = 6i — 5j, v = 10i + 3j
PO =v=(9-338-4) 4u - 5v = (24i - 20j) — (50i + 15j)
v = <6, 4> = -26i — 35j 20+
v = 6i + 4j = (-26,-39) P 0
1 4u
62. P =(-2,7),0 = (5-9) 4u-5v T
PO=v=_(5-(-2.-9-7) Ll
v = (7,-16)
v = 7i — 16j
63. v = 10i + 3j 67. u = 6i — 5j, v = 10i + 3j
3v = 3(10i + 3j) Su — 4v = 5(6i — 5j) — 4(10i + 3j)
= 30i + 9j = 30i — 25j — 40i — 12
= (30,9) = —10i - 37 ,
, = (~10, -37) '

20+

—10+

68. u = 6i — 5j, v = 10i + 3]
64. v =10i + 3j
! ~3u + 2v = —3(6i — 5j) + 2(10i + 3j)

> 2 = —18i + 15j + 20i + 6j
. . y
| =2i + 21j
1 25+
8 = (2,21)
6 x 'r—3u+2v
4 15
v —3u 0
2+ 1 1
2V
%40—0—0—»,\' 5
2 4 6 8 10
b f o ¥
—21 ~20 -10 10 20

65. u = 6i — 5j, v = 10i + 3j 69. v = 5i+4j
2u + v = 2(6i — 5§) + (10i + 3j) M = /5% + 4> = 41
= 22i — 7j tan 6 = 4 = 6 ~ 38.7°
= (22,-7)
" 70. v = —4i + 7]
M=)+ 7 = Ve
75‘ # 150 # ;0 ;5 ;0 !

tan @ = &, @ in Quadrant Il = 6 = 119.7°

-6+ 2u+v

2u v
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338 Chapter 3 Additional Topics in Trigonometry

v =i 74. V=%(cos225°+isin225°)
2 2

v = A/(=3)° + (=3)° =32

M= V&) + (3 _1_\/5_\/51.]

tan9:_—3:1:>¢9:225° 20 2 2

. _ V2 2
72. v o=8i-j 4 4
V2

M= ¥ - Ve - ()

tan 6 = _?1, 6 in Quadrant IV = 8 = 352.9°

1]
£1 250
73. v = 8(cos 120° + i sin 120°) R f\i '
4 2 1| 4
4
= 8[_1 + \/gl] 1l
2 2 z
3l
= —4 + 43 _410
- (4
75. Rope One: Rope Two:
u = |luf/(cos 30° — sin 30°j) = u(\/gi - lj] v =] u|(=cos 30° - sin 30°j) = u[—\/gi - 1j]
2 2 2 2
Resultant: u + v = —||u|j = -180j
[u] = 180

So, the tension on each rope is H u H = 180 1b.
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76. Force One:
u = 85(cos 45°i + sin 45°j)

85[\/— V2. J

7+7
2 2

85v/2. 852,
—i+ —j
2 2

Force Two:

v = 50(cos 60°i + sin 60°j)
= 50| i + ﬁj
2 2
25i + 25</3j

Resultant Force: u + v = (85;/5 + 25} [85\/_ 25\/—]j

u+v]= \/[85;/5 + 25J + (85;/5 + 25\5]

= 133.92 pounds

% + 253
tand = —4———
785\/5 + 25
2
6 = 50.5°
77. u = <6a 7>7 vV = <_3a 9> 83. u = <—4, 2>
u-v=6(-3)+709) = 45 4-ul=4-J(4)+22 =4-20=4-25
78. u = < -7,12), v = (-4, -14) The result is a scalar.
u- v =-7(-4) +12(-14) = -140 84. v =(51)

79. u = 3i + 7j,v = i - 5 IvIF = v-v=5(5+101) = 26

u-v = 3(1 1) + 7(_5) =2 The result is a scalar.
80. u = ~7i + 2j, v = 16i — 12 85. u = (-4.2).v = (5.1)
u-v =-7(16) + 2(-12) = -136 u(u - v) = (-4, 2)[-4(5) + 2(1)
= —18(-4,2
81. u = (-4,2) (-4.2)
2u = (-8, 4) = {72,-36)
) 7 8( 4) N 4(2) 40 The result is a vector.
u-u = —38|— =
The result is a scalar. 86. u = <_4’ 2>’ v = <5’ 1>
82 u = (—4,2),v = (5,1) (w-v)v = [4(5) + 20 [(5.1)
3u = (-12,6) = -18(5,1)
3u- v = -12(5) + 6(1) = =54 = (=90, -18)

The result is a scalar. The result is a vector.
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87.

88.

89. u

90.

91.

92.

93.

94.

9s.

Chapter 3 Additional Topics in Trigonometry
u=(-4,2),v=_51)
() = (- ) = [4(=4) + 202)] - [45) + 20)]
=20 - (-18)
= 38
The result is a scalar.
u= < —4, 2) <5 1)
(v = [5(5) + 1(1)] - [5(-4) + 1(2)]
= 26 - (-18)
= 44
The result is a scalar.
= cos 7—”1 + sin 7—” <1 1>
4 U\ T2
S, S, 31
vV = cos —i + sin —j = (——, —
6 6 < 2 2>
cosf =2V -~ 31 _ Mz
[ulllv] 2v2 12
u = cos 45° + sin 45°j
v = cos 300° + sin 300°j
Angle between u and v: 60° + 45° = 105°
= (2/2,-4),v = (-V/2,1)
cos 8 = = 6 = 160.5°

u-v -8
[l

NN

u= <3, \/§> v = <4, 3\/§>
cos 6 = u-v _ 21
[uflv] V1243
u-= <—3, 8>
- 5.9

u-v=-38+83)=0

u and v are orthogonal.

u = <i, —%>, v = <—2, 4>
v = —8u = Parallel

u and v are not orthogonal.

u=-i
v =1+ 2j
u-vz0

u and v are not orthogonal.

= 0 = 22.4°

96. u = —2i + j,v = 3i + 6

97. u

98.

99.

100.

101.

102.

103.

u-v=20

u and v are orthogonal.

= (-4,3),v = (-8,-2)

. u-v 26 13
= . = = | — —8, —2 = —— 4,1
W, = proj,u [vz JV (68j< ) =41
13 16
—u-w = (43 4.1 _1.4
womwmw = ()= (<2 = (%19
13 16
- =2 14
u=w +w, 17( )+ 17( ,4)

u = (5,6),v = (10,0)

. u-v
W, = proj,u = [ > ]v = m(lo, 0> = <5, 0>

u=(27,v=_(-I

m—m%"(:z}=é@0 L)
wz—u—w1—<2,7>—[§]<ll> 21
u=w +w, = 1,1>+%<1,1>

u=(-35),v={(52)

u-v 25
W, = proj, v =H(-52)
[sz 29
25 19
w, =u—-w =(-35) 5<—5, 2) = 29(
19
u=w +w, = —< S, 2> E<2’ 5>

P=(53.0= (9= 70 = (36)

Work

Work

Work

v-PO =(2,7)-(3,6) = 48

v PO

(3i - 6j) - (~10i + 17j)
-30 - 102

-132

(18,000)(48) = 72,000 foot-pounds

2,5)
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104.

105.

106.

107.

108.

Work = cos HHFHHP—QH
= (cos 20°)(25 pounds)(12 feet)
= 281.9 foot-pounds
True. Using the Law of Cosines, there is exactly one

solution.

False. The triangle cannot be solved if only three angles
are known.

True. sin 90° is defined in the Law of Sines.

False. There may be no solution, one solution, or two
solutions.

Problem Solving for Chapter 3

1.

(@)2 = 477 + 6> — 2(4.7)(6) cos 25°4

PO ~ 2.6409 feet
sina _ sin 25°
47  2.6409
0 + B =180° — 25° — 48.78° = 106.22°

= o = 48.78°

@+ p)+6 =180° = 6 = 180° — 106.22° = 73.78°

B =106.22° — 73.78° = 32.44°

y =180° — a — f = 180° — 48.78° — 32.44° = 98.78°

¢ = 180° — y = 180° — 98.78° = 81.22°

PT 47
sin 25° sin 81.22°
PT = 2.01 feet

% mile = 1320 yards

sin & sin 10°

1320 1025.881

sin @ ~ 0.2234
6 = 180° — sin"'(0.2234)
6 ~ 167.09°

Bearing: € — 55° — 90° = 22.09°

S22.09°E

109.

110.

111.

112.

113.

Problem Solving for Chapter 3 341

A and C appear to have the same magnitude and
direction.
Hu + vH is larger in figure (a) because the angle between

u and v is acute rather than obtuse.
If £ > 0, the direction of ku is the same, and the
magnitude is kHuH

If k < 0, the direction of ku is the opposite direction of

u, and the magnitude is ‘k‘ HuH

When u and v have the same initial point, u — v is the
vector from the terminal point of v to the terminal point
of u.

A vector in the plane has both a magnitude and a
direction.

x* = 13207 + 300* — 2(1320)(300) cos 10°
x = 1025.88 yards = 0.58 mile
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342 Chapter 3 Additional Topics in Trigonometry

75 mi B

3. (a) A

1 X 135° 15‘0 750! (b) xf = 75
1 60° Lost party H sin 15° sin 135°
x = 27.45 miles
(C) A 10°
””” 20mi  Rescue and
party
y _ 75
sin 30° sin 135°
" Lost ¥ = 53.03 miles
party
22 = (27.45)" + (20)° - 2(27.45)(20) cos 20°
z = 11.03 miles
sinf _ sin 20°
27.45 11.03
sin @ = 0.8511
g = 180° — sin’1(0.8511)
0 = 121.7°

To find the bearing, we have 8 — 10° — 90° = 21.7°. Bearing: S 21.7° E

4. (a) sin C  sin 65°
b =
‘ ®) 46 52
a6t sin C = %L‘;‘SSO ~ 0.801734
52 ft C = 53.296°
1 A =180° - B - C = 61.704°
(c) Area = 5(46)(52) sin 61.704° a 52
~ 1053.09 square feet sin 61.704°  sin 65°
52 sin 61.704°
Number of bags: 1053.09 21.06 = sin 65°
To entirely cover the courtyard, you would need a = 50.5 feet
to buy 22 bags.
5.1fu#0,v#0,and u + v # 0, then ||—| = A LU 1 because all of these are magnitudes of unit vectors.
follf VAL b+ vl
(@ u=(L-1), v=(-1,2), u+v={(0,1)
Op=~2 @M=~5 Gu+v=1 v m =1 () : =1 (vi)
(® u=(0,1), v=(3,-3), u+v=(3-2)
@ =1 G| =18 =3v2 i) Ju+ =13 (v H =1 H%H =

(c) u:<l,%>,v:<2,3>,u+V:<3,%>

D=2 @ M=VE = for 2 =S
" o]
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(iv) =1

:

u+v
Ju+ vl

1 (vi)

o+ o]



Problem Solving for Chapter 3 343

u
=1
z

() u=(2,-4), v=(55), wu+v=(71)

() Ju] = 20 = 2</5 i) V] = /50 = 532 i) Ju+ V] = /50 =52 (i)

i o+
. Initial point: (0, 0) © F,
LK
Terminal point: (m, uj A@ _____
2 2
P Q

W= ll1+V1,l12+V2 =l(u+v)
2 2 2

o \/5 Yal
Initial point: (u;, u,) If 6 = 45° then W = THFIH HPQH

. .1 1 .
Terminal point: 5(111 + VLU + V) If 6, = 60° then W, = 2 IE| HPQH
=<u1+v1_ul ll2+V2_u2> w, =2W,
2 )
vi—u v —u The amount of work done by F, is /2 times as
= <%, %> = E(V - u) great as the amount of work done by F).

. (a) The angle between them is 0°.
@) & W 9. (a) Since 0<C<180°, cos(gjz /M
(b) The angle between them is 180°. 2 2
(c) No. At most it can be equal to the sum when the Hence,

angle between them is 0°. c \/1+(a2 T _c? )/Zab \/m
. W = (cos 6)| || PD and ;| =|F.| o $)- 2 N

(@) F, of On the other hand,

s(s—c)=%(a+b+c)(%(a+b+c)—cj

P Q

If 6, = —6, then the work is the same because = %(a +b+ c)%(a +b—c)

cos(—6) = cos 6. )
®) P =z((ﬂ+b) —c)

F, =%(a2 +b* +2ab-c?).

30° _ 2 2 _ 2
P 0 Thus, s(s=¢) = ’a +b +2ab—c and we have
ab 4ab
1 — _
If 6, = 60° then W, = EHFl HHPQH verified that cos(%)z }s(s bc).
a

1t 6, = 30° then ;= Ly || 0]

W, = /3,

The amount of work done by F, is /3 times as
great as the amount of work done by F,.
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344 Chapter 3 Additional Topics in Trigonometry

(b) Since 0<C <180°, sin(%] _ W .

Hence,
sin(g]_\/1—(a2+b2—cz)/(2ab) _Jzab—az—b2+c2
2 ) 2 B 4ab '
On the other hand,
(s—a)(s—b)={%(a+b+c)—a}[%(a+b+c)—b}
—l(b+c—a)l(a+c—b)
2 2
—He=(a-b)lic+@-)
— ¢ = @= )]
=%(c2 —a* = b* +2ab).

_ _ 2_ 2 12
Thus, /(s a)(s—>b) _ /c a —b"+2ab —sin c .
ab 4ab 2

10. Letu-v=0andu-w =0.

Then, u - (cv + dw) = u - cv + u - dw

c(u-v)+d(u-w)
c(0) + d(0)
=0.

So for all scalars ¢ and d, u is orthogonal to cv + dw.
11. Answers will vary.

12. (a) cos @ = ———
ol v

(8.-4) (2.5
/80 - /29
-4
2320

6 = 94.76°

- [#JM

u-v

cos 0 =

cos 8 =

proj, u

Il
—
N
W
~
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(b)

©

(d)

cos @ = u-v
Jufl]v]
(2,-6) - (4,1)
9=/ \"7/
cos Ja0 .17
cos 6 = 2
680
6 =~ 85.60°
vl
2
= (4.1)
(Vi7)
_ <§ l>
\17717
cos = >+ YV
[ul]v]
(5.6) - (-1.3)
9 =
cos NG
cos 0 = i
610
0 = 58.24°
proj, u = {u : Z)v
vl
13
= (-1.3)
(Vio)
i)
10° 10
cos 6 = u-v
[ulv]
(3,-2) - (-2,1)
0 =
cos NERNG
cos 6 = _Tf’j
6 = 172.87°
- 1)
v
-8
= (-2.1)
(Vs)
1



Problem Solving for Chapter 3 345

3. @) w=-120) K@, 100sin 6 | 100 cos 6
v = 40i
(B) s = u+v = 40i — 120] 0.5° | 0.873 99.996
Up 1.0° | 1.745 99.985
ol 1.5° | 2.618 99.966
107 2.0° | 3.490 99.939
80+ |u\s
ol 250 | 4362 99.905
v
N IR 3.0° | 5.234 99.863
60 20 1 20 40 60 80 100
Down (b) No, the airplane’s speed does not equal the sum

of the vertical and horizontal components of its

© [s]= /40> + (-120)° = \/16,000 = 40/10 velocity.

= 126.5 miles per hour To find speed:

.\ 2
This represents the actual rate of the skydiver’s fall. speed = \/ (H"H sin € ) + (H"H cos 9)
d) tan @ =2 = 9 =tan"' 3 = 9 = 71.565°
(d) tan & = 5 an (©) (i) speed = /5.235% + 149.9092
(e v = 150 miles per hour
140
120 (ii) speed = ~/10.463% + 149.634>
]:2 " = 150 miles per hour
60
S
w +——+ ‘V§ +——+—+ E

-60 =20 * 20 40 60 80 100

Down
s = 30i — 120j
Is| = \/30% + (-120)*

= /15,300

= 123.7 miles per hour
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346 Chapter 3 Additional Topics in Trigonometry

Practice Test for Chapter 3

For Exercises 1 and 2, use the Law of Sines to find the remaining sides and angles of the triangle.

1. 4

40°, B = 12°,b = 100

2. C

150°,a = 5,¢ = 20
3. Find the area of the triangle: a = 3,5 = 6, C = 130°.
4. Determine the number of solutions to the triangle: @ = 10,5 = 35, 4 = 22.5°.
For Exercises 5 and 6, use the Law of Cosines to find the remaining sides and angles of the triangle.
5. a =49,b = 53,¢c = 38
6. C =29°a =100,c = 300
7. Use Heron’s Formula to find the area of the triangle: a = 4.1,b = 6.8,¢ = 5.5.

8. A ship travels 40 miles due east, then adjusts its course 12° southward. After traveling 70 miles in that direction, how far is the
ship from its point of departure?

9. w=4u — 7v where u = 3i + j and v = —i + 2j. Find w.

10. Find a unit vector in the direction of v = 5i — 3j.

11. Find the dot product and the angle between u = 6i + 5j and v = 2i — 3j.

12. v is a vector of magnitude 4 making an angle of 30° with the positive x-axis. Find v in component form.
13. Find the projection of u onto v given u = <3, —1) and v = (—2, 4).

14. Give the trigonometric form of z = 5 — 5i.

15. Give the standard form of z = 6(cos 225° + i sin 225°).

16. Multiply [7(005 23° + isin 230)][4(005 7° + i sin 7°)].

S .. 5x
9| cos T + 1 SIn 7

17. Divide )
3(cos 7 + i sin )

18. Find (2 + 2i)’.
19. Find the cube roots of 8(005 % + isin %J

20. Find all the solutions to x* + i = 0.
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