© Houghton Mifflin Company. All rights reserved.

CHAPTER 6
Additional Topics in Trigonometry

Review Exercises

Practice Test

Section 6.1 LawofSines . .. ... ..................
Section 6.2 Law of Cosines . . . . .. ... ... ...........
Section 6.3  VectorsinthePlane . . . .. ... ... ... ......
Section 6.4  Vectors and Dot Products . . . . . ... ... ... ...

Section 6.5  Trigonometric Form of a Complex Number . . . ... ..



CHAPTER 6
Additional Topics in Trigonometry

Section 6.1 Law of Sines

B If ABC is any oblique triangle with sides a, b, and ¢, then the Law of Sines says
a b ¢
sinA  sinB  sinC’

B You should be able to use the Law of Sines to solve an oblique triangle for the remaining three parts, given:
(a) Two angles and any side (AAS or ASA)
(b) Two sides and an angle opposite one of them (SSA)
1. If A is acute and & = b sin A:
(a) a < h, no triangle is possible.
(b) @a = hora = b, one triangle is possible.
() h < a < b, two triangles are possible.
2. If A is obtuse and & = b sin A:
(a) a £ b, no triangle is possible.
(b) a > b, one triangle is possible.
B The area of any triangle equals one-half the product of the lengths of two sides times the sine of their

included angle.

1 : 1 . 1 .
A =5absin C = jacsin B = 5bc sin A

Vocabulary Check

. b
1. oblique 2. Sin B
| 1 . 1.
3. (a) Two; any; AAS; ASA 4. Ebc SinA; Eab sin C; Eac sin B
(b) Two; an opposite; SSA
1. Given: A =25°,B =60%a = 12 2. Given: A = 35°,B =55%a =18
C = 180° — 25° — 60° = 95° C = 180° — 35° — 55° = 90°
a . 12 . o . _a . 18 . oy
b= sinA(Sm B) = “in 25° (sin 60°) =~ 24.59 in. b= SinA(sm B) = Sin 35° (sin 55°) = 25.71 mm
a . 12 . o . _a . 18 . o
c= SinA(sm Q) = o 250(sm 95°) = 28.29 in. c= sinA(Sm C) = n 350(sm 90°) = 31.38 mm

466
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Section 6.1  Law of Sines 467

3. Given: B = 15°,C = 125°% ¢ =20
A = 180° — 15° — 125° = 40°

. 20 o
a= C(smA) 1250(sm 40°) = 15.69 cm
b= (sin B) = 27(sm 15°) = 6.32 cm
C n 125°
5. Given: A = 80°15’, B =25°30’, b = 2.8

C = 180° — 80° 15" — 25°30" = 74° 15’
b .
a= (sinA) = ——————(sin 80° 15’) = 6.41 km
B sin 25° 30’
(sin ) = — =5 (sin 74° 15') = 6.26 k
T snB " T sin2se30 <

6. Given: A = 88°35’, B =22°45", b = 50.2
C = 180° — 88°35" — 22°45" = 68° 40’
50.2

=" (¢inA) = ————=
a= G ptnA) = Gy

(sin ) = 302
B Y T Gin 22045

7. Given: A =36°,a=8,b=5

sin B = bs;“A _3 S‘n8(36) ~ 03674 = B~ 21.6°
C=180°— A — B~ 180° — 36° — 21.6° = 122.4°

c= S.L(sin C) = sin(122.4°) ~ 11.49

in A (36°)

8. Given: A = 60%a =9,c =10

. csinA 10 sin 60°

sin C = =
a 9
Case 1
C = 742°
B=180°—A — C=45.8°
a 9 sin 45.8°
= inB) ~ ————— ~ 7.4

b= GnatinB) =~ =5 e >

9. Given: A = 1024° C = 16.7°,a = 21.6

B =180°— A — C = 180° — 102.4° — 16.7° = 60.9°
a . 216 . o

b= SinA(sm B) = n100.4° 102.40(sm 60.9°) = 19.32
a . 216 . o

c= sinA(Sm Q) = T 100F 102.40(S1n 16.7°) = 6.36

(sin 88°35’) ~ 129.77 yd

(sin 68°40") ~ 120.92 yd

4. Given: B = 40°,C = 110° ¢ = 30
A = 180° — 40° — 110° = 30°

C(sin A) = ————(sin 30°) = 15.96 ft

3
n 110°

C(sin B) = (sin 40°) = 20.52 ft

37
n110°

~ 09623 = C =742° or C = 105.8°

Case 2
C = 105.8°
B=180°—A — C= 14.2°
a 9 sin 14.2°
= inB)~-— — =2
b= GnatinB) =~ o 5



468  Chapter 6  Additional Topics in Trigonometry

10. Given: A = 24.3°, C = 54.6°, ¢ = 2.68
B=180°—A — C=101.1°

c 2.68 sin 24.3°
= inA) =——=1.35
4= G = s
c . _2.68 sin 101.1° _
b= sin C(Sln B) = sin 54.6° 323

11. Given: A = 110° 15", a = 48, b = 16

bsinA  16sin 110° 15’
a 48

C=180°—A — B~ 180°— 110° 15" — 18° 13" = 51° 32’

sin B = ~ 0.31273 = B = 18°13’

(sin 51°327) ~ 40.06

a . B 48
€= a0 = ST

12. Given: B =2°45 b =6.2,c =58
csin B 5.8sin2°45’

inC = =~ (0.04488 C = 2.57°(2° 34’
sin , 02 = ( )
A =180°— B — C = 174.68°(174° 41")

b . 6.2 sin 174° 41’
a=——(sinA) ~ "~ 11.97
sin B sin 2° 45’

13. Given: A = 110°,a = 125,b = 100

bsinA 100 sin 110°
a 125

C=180°—A — B=2126°

=~ (0.75175 = B =~ 48.74°

sin B =

125 sin 21.26°
=L (sinc) = =MD 4803
sin A sin 110°
14. Given: A = 110°,a = 125, b = 200 15. Given: A = 76°% a = 18,b = 20
A obtuse and a < b = No solution bsin A _ 20 sin 76°

sin B = =~ 1.078

a 18

No solution

16. Given: A = 76° a = 34,b = 21

__bsinA _ 21sin76°
a 34

C = 180° — 76° — 36.8° = 67.2°

sin B ~ (0.5993 = B = 36.8°

a . 34 o
= GnA sin C = Sin76° sin 67.2 32.30
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17. Given: A =58°,a = 11.4,b = 12.8
bsinA _ 12.8sin 58°

sinB ==, 114
Case 1
B = 7221°
C = 180° — 58° — 72.21° = 49.79°
a . _ 114 . o
c= sinA(Sm C) = Sin 58° (sin 49.79°) =~ 10.27
c
128
114
A A\
A B

18. Given: A =58°a=45,b =128
a < h = bsin 58°
45 < 10.86

No solution

20. Area = %ac sin B

= 3(92)(30) sin(130°) N

~ 1057.1 square units ~

23. Area = %ac sin B
= 1(103)(58) sin 75° 15’

~ 2888.6 square units

25. Angle CAB = 70°
Angle B = 20° + 14° = 34°
(@)

16 h
®) $in 70°  sin 34°
16 sin 34°

©) h= i =~ 9.52 meters

in 70°

21. Area = 3bc sin A
1(67)(85) sin(38° 45)

1782.3 square units

~ (09522 = B =~ 72.21° or 107.79°

Case 2
B = 107.79°
C = 180° — 58° — 107.79° = 14.21°

c= S,L(sin 0) = 1 (Gin 1421%) ~ 3.30

inA sin 58°

19. Area = %ab sin C
= 1(6)(10) sin(110°)

~ 28.2 square units

2. A=515b=45c=22
Area = %bc sin A
= (1)(4.5)(22) sin 5.25°

=~ 4.529 square units

24. Area = %ab sin C

= 1(16)(20) sin 85° 45’

=~ 159.6 square units

26. (a)

oo |" 20°507 = 20.83°
20°50"
40 m

(b) A = 180° — 98° — 20.83° = 61.17° (or 61° 10”)

40 h 40 sin (20°507)
B = = = .
sinA  sin (20°50") sin 61.17°
(c) h=162m
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asin B _ 500 sin(46°)

27. sinA = b 70 =~ 0.4995 28. Given: A = 74° — 28° = 46°,
B =180° —41° —74° = 65°, ¢ = 1
A~ 2007 80 65°, ¢ = 100
C = 180° — 46° — 65° = 69°
LACD = 90° — 29.97° = 60°
100
Bearing: S 60° W or (240° in plane navigation) a= sir(;C(Sin A) = 060" (sin 46°) = 77 meters
c
20 500
a4°
46°
A 5 B
29. (a) 30. (a)
’(:/)40 5000 1t y
S . Not drawn to scale
B x 9000
(b) — s = S
sin 17.5 sin 1.3
3000 sin[1/2(180° — 40°)] x =~ 119,289.1261 feet = 22.6 miles
b) r= e ~ 4385.71 feet
sin 40 y X
- © Gn712° ~ sin90°
(c) s= 40°< 0)4385.71 =~ 3061.80 feet
180 y = xsin 71.2° = 119,289.1261 sin 71.2°

U

112,924.963 feet = 21.4 miles
(d) z = 119,289.1261 sin 18.8° =~ 38,442.8 feet

31. LACD = 65°
£LADC = 180° — 65° — 15° = 100°

/ZCDB = 180° — 100° = 80° (Colt Station)
/B = 180° — 80° — 70° = 30°
b 30
a= sinB(Sm A) = i 3O°(Sm 15°) = 15.53 km
(Pine Knob)
b 30
= B(sm C) = n 300(sm 135°) = 42.43 km

1
32, A =20°,B=090°+ 63° = 153°, ¢ = 10(2) =25

C=180°—20°—153°=7°

2.5 sin 153°
< _(sinB) = 22~ g3)
sin C sin 7

d = bsinA = 9.31 sin 20° = 3.2 miles

b:
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sin(42° — 0) _ sin48°

3. 10 17
. (1m0 10 . oo
sin(42° — ) = 17 8in 48° = 0.4371
42° — 6= 25919
0= 16.1°

34. (a) (b) Third angle in triangle = «
0+ a+ (180°— ¢) =180° = a=¢ — 0
da _ 2
sin @ sin «

Not drawn to scale d _ 2 Sin 0 _ 2 Sin 0
sina  sin(¢p — 0)
. 5.45 o o o o
35. (a) sina = 3336 =~ (0.0934 5.45 () 6+ B+ 90°+ 536°=180° = B = 84.64°— 6
. 15836\ _ . . 5836
a =536 d = sin B(Tin 0) = 5in(84.64 0)7sin 5
d 5836 . _dsin# 58.36
® g~ sine — SMP T 5836 @ 100 [20° | 30° | 40° | 50° | 60°
. —1[d sin 0} d | 3241|1542 | 952 | 63.8 | 43.3 | 28.1
B =sin 5536
sina _ sin 8
36. () —5- =g (b)
sin@ = 0.5 sin B 0 /—"g = Domain: 0<f<m

R : 0 < 7/6
a = arcsin(0.5 sin B) ange: 0<a< m/

(c) y=m—a— B=m— B — arcsin(0.5 sin B)
(d) 30
c 18

sin vy " sin B \ Domain: 0< <

18 sin y Range: 9<c <27
7 Tsin B %o !
_ 18sin[7 — B — arcsin(0.5 sin )]
sin 8
@) B | 04 0.8 1.2 1.6 2.0 2.4 2.8

a | 0.1960 | 03669 | 0.4848 | 0.5234 | 04720 | 03445 | 0.1683 | ASB—0.c—2T.

As B—> T, ¢ —09.
c | 2595 | 2307 | 19.19 | 1533 | 1229 | 1031 | 9.27

37. False. If just the three angles are known, the 38. True. No angle could be 90°.
triangle cannot be solved.
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39.

41.

43.

45.

46.

47.

48.

Yes, the Law of Sines can be used to solve a right 40. Answers will vary. A = 36°,a = 5
triangle if you are given at least one side and one

. a) b = 4 one solution
angle, or two sides. @)

(b) b = 7 two solutions [# = bsinA < a < b]
(c) b = 10 no solution [a < h = b sin A]

Given: A = 45°,B =52°a =16 42. Given: A = 42°, B = 60°, a = 24
C = 180° — 45° — 52° = 83° C = 180° — 42° — 60° = 78°
a . 16 . o _a . 24 o
b= SinA(sm B) = o 450(s1n 52°) = 17.83 b SinA(Sm B) T 420(sm 60°) = 31.06
a . e _a . 24 e

c= sinA(Sm C) = o 450(sm 83°) =~ 22.46 c= SirlA(sm C) = oY (sin 78°) = 35.08

. (CY _ A—-B B c\_ . (A-B
(a + b) sm<2>—ccos< 5 > (a b)cos<2>—csm< 7 )
(16 + 17.83) sin(gg ) = 2246 cos(¥> (24 — 31.06) cos<7§ ) = 35.08 sin(@)

22.42 = 2242 —549 = —5.49

sin 6 12 9
tan@—cose— 5 44.cot()—§
sec(9=E Singz_iz_zivgs

5 V85 85

5 cos 6 = cot 6 - sin 0
cot § = T
_ 2<_L> _ 9 _ 58S
1 J .
csc O = —1—; 2 85 V85 85
V85
sec = ———
9

6 sin 860 cos 30 = 6(3)[sin(86 + 36) + sin(86 — 36)] = 3(sin 116 + sin 50)

2 cos 26 cos 560 = 2(%)[(:05(20 — 560) + cos(260 + 560)] = cos 30 + cos 70

© Houghton Mifflin Company. All rights reserved.



© Houghton Mifflin Company. All rights reserved.

Section 6.2 Law of Cosines

473

Section 6.2 Law of Cosines

B If ABC is any oblique triangle with sides a, b, and c, then the Law of Cosines says:

P+ — 2
(a) a> = b*+ > — 2bccosA or cosA=——12° "¢

2bc

24 22

(b) > =a®> + ¢ — 2accos B or cosB=L
2ac

2422

(¢c) ¢2=a*>+ b>—2abcosC or Cosc=u
2ab

(a) Three sides (SSS)

(b) Two sides and their included angle (SAS)
B Given any triangle with sides of lengths a, b, and c, then the area of the triangle is
at+b+c
.,

Area = /s(s — a)(s — b)(s — ¢), where s = (Heron’s Formula)

B You should be able to use the Law of Cosines to solve an oblique triangle for the remaining three parts, given:

Vocabulary Check
1. ¢? =a?>+ b> — 2abcos C 2. Heron’s Area

3. %bh, Vsls —a)s — b)(s — ¢

1. Given: a =12, b =16, ¢ = 18
gtz 1@+ 18— 12 ocon 4 ~ 40.80°
COS = = = U. = .
2be 2(16)(18)

bsin A
a

C =~ 180° — 60.61° — 40.80° = 78.59°

sin B = ~ 0.8712 = B = 60.61°

2. Given: a=8, b=18, ¢ = 12
b>+ c?—a> 182+ 122 — 8

- ~ 09352 = A ~ 20.74°
2be 2(18)(12) =

COsSA =

csin A

sin C = ~ (05312 = C = 32.09°

B = 180° — 32.09° — 20.74° = 127.17°

3. Given: a =85, b=92, ¢ = 10.8
b>+c¢*—a?> 922+ 10.8%2 — 8.5%
2be 2(9.2)(10.8)

bsinA 9.2sin 49.51°
a 8.5

C =~ 180° — 55.40° — 49.51° = 75.09°

~ 0.6493 = A = 49.51°

COSA =

~ (0.82315 = B = 55.40°

sin B =
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. Given: a =42, b=54, c = 2.1

a>+ b2 —c? 422+542-21°
2ab 2(4.2)(5.4)

asinC _ 4.2sin 20.8°
c 2.1

B =~ 180° — 20.85° — 45.38° = 113.77°

cos C = ~ 09345 = C = 20.85°

sinA = =~ (0.7102 = A ~ 45.38°

. Given: a = 10, ¢ = 15, B = 20°

b?> = a®> + ¢ — 2ac cos B = 100 + 225 — 2(10)(15) cos 20° = 43.0922 => b = 6.56 mm

b* + c* —a*  43.0922 + 225 — 100
2bc 2(6.56)(15)

C =~ 180° — 20° — 31.40° = 128.60°

COsA = =~ (0.854] = A = 31.40°

. Given: a = 16, ¢ = 10, B = 40°
b? = a® + ¢ — 2ac cos B = 256 + 100 — 2(16)(10) cos 40° = 110.8658 = b = 10.5293 =~ 10.53 km

@+ b= 256 + 110.8658 — 100
2ab 2(16)(10.53)

A = 180° — 40° — 37.62° = 102.38°

cos C = =~ 0.7920 = C = 37.62°

Given: a = 104, ¢ = 12.5, B = 50° 30’ = 50.5°
b2 =a?+ 2 — 2accos B = 10.4% + 12.52 — 2(10.4)(12.5) cos 50.5° = 99.0297 => b =~ 9.95 ft

P+ —a®  99.0297 + 12.5% — 10.42
2be 2(9.95)(12.5)

C = 180° — 50.5° — 53.75° = 75.75° = 75° 45’

CosA = ~ (0.5914 = A =~ 53.75° = 53°45’

. Given: a = 20.2, ¢ = 6.2, B = 80°45’" = 80.75°

b? =a? + ¢ — 2ac cos B = 20.2% + 6.2 — 2(20.2)(6.2) cos 80.75° = 406.2172 = b = 20.15 miles

@+ b= 2022 + 4062172 — 6.2
2ab 2(20.2)(20.15)

A = 180° — 17.68° — 80.75° = 81.57° = 81° 34"’

cos C = ~ (09528 = C = 17.68° = 17° 41"’

. Given: a =6, b=28, c =12

P+ 2 —a® 64+ 144 — 36
2bc 2(8)(12)

_bsinA  8sin26.4°
a 6

C =~ 180° — 264° — 36.3° = 117.3°

cosA = ~ (0.8958 = A = 264°

sin B ~ (0.5928 = B = 36.3°
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10.

11.

12.

13.

14.

15.

Given:a =9,b=3,c =11
PP+ c2—a* 32+112-92

cosA = e = ToEan ~ 0 = A=l
P+ -2 92+ 32— 112 .
cos C = S oG~ 05 = C=1250

B=180°—A — C=129°

Given: A = 50° b = 15,¢c = 30
a? = b%>+ c2 — 2bccos A = 225 + 900 — 2(15)(30) cos 50° = 546.49 = a =~ 23.38

@+ — b 546.49 + 900 — 225
2ac 2(23.4)(30)

C =180°— A — B = 180° — 50° — 29.5° = 100.6°

cos B = ~ (0.8708 = B = 29.4°

C=108%a=10,b =17
2 =a%+ b2 — 2abcos C = 102 + 72 — 2(10)(7) cos 108° = 192.2624 = ¢ =~ 13.9

sing = SC, _ s 108 0y 54789 — B~ 287
c 13.9

A = 180° — 108° — 28.7° = 43.3°

Given: a =9, b=12, c =15

@+ - 81+ 144 — 225

- 0= C=90°
2ab 209)(12) =

cos C =

a9 3 ~ 2F
smA—15—5:>A 36.9

B =~ 180° — 90° — 36.9° = 53.1°

Given: a = 45,b = 30,¢c =72
a? + b* — 2 452 + 307 — 722

= = ~ —0.8367 ~ 146.8°

cos C o 26560 0.8367 = C ~ 146.8
@+ =D 452+ 722 — 30 .
cosB = =T nsGy < 09736 = B~ 132

A=180°—B — C =20.0°

Given: a = 754,b = 48,¢c = 48

b> + c? —a* 482 + 482 — 7542
A= = ~ —0.2 A = 103.5°
cos he 2(48)(48) 0.2338 = 03.5

bsinA _ 48sin (103.5°)
75.4

C = B = 38.2° (Because of roundoff error, A + B + C # 180°.)

sin B = ~ 0.6190 = B = 38.2°
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16.

17.

18.

19.

21.

22,

Given: a = 1.42,b = 0.75,¢ = 1.25
P+ —a (0752 + (1.25)2 — (1.42)?

A= - = 0.05792 = A ~ 86.7°
cos 2be 2(0.75)(1.25) =
2 + 2 L2 i 2 + . 2 . 2
cosp - LT (AP + (LR = 075 _ 0107 o g3y
2ac 2(1.42)(1.25)

180° — 86.7° — 31.8° = 61.5°

Given: B = 8°15"=8.25°%a = 26,c = 18
b?2 = a?+ ¢ — 2accos B = 262 + 182 — 2(26)(18) cos(8.25°) =~ 73.6863 = b =~ 8.58

csin B 185sin(8.25°)
b 8.58

A =180°— B — C = 180° — 8.25° — 17.51° = 154.24° =~ 154° 14’

=03 = C=1751°=17°31"

sin C =

Given: B = 10°35" = 10.583°, a = 40, ¢ = 30
b*> = a?> + ¢* — 2ac cos B = 140.8268 = b = 11.87

asin B

sinA = ~ 0.6189 = A = 141.75° = 141° 45’

C=180 —A — B=127.67° or 27°40’

Given: B = 75°20’" = 75.33°,a = 6.2,¢c = 9.5 20. Given: C = 15°15" = 15.25% a = 6.25,b = 2.15
b?> =a%>+ ¢ — 2accos B ¢z =a*>+ b2 — 2abcos C
=622 + 9.5 — 2(6.2)(9.5) cos(75.33°) = 6252 + 2.15% — 2(6.25)(2.15) cos 15.25°
= 08.86 =~ 177563 = ¢ = 4.21
b =994 . b sin C
sin B =
o csinB _ 9.55in(75.33°) ¢
T T T 904 ~0.1342 = B~771°~7°43"
=~ (0.9246 = C = 67.6° A =180°— B — C = 157.04° = 157° 2"
A=180°—B — C = 37.1°
d? = 4% + 8> — 2(4)(8) cos 30° . 8
4~ ——
~ 2457 = d~ 496 <A

2¢ = 360" — 20 = ¢ = 150°
2 =42 + 82 — 2(4)(8) cos 150° = 135.43
¢~ 11.64

2 =252 + 352 — 2(25)(35) cos 120° = 2725 => ¢ ~ 52.2
20 = 360° — 2(120°) = 120° = 6 = 60°
d? = 25% + 352 — 2(25)(35) cos 60° = 975 = d ~ 31.22
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10% + 142 — 202 40% + 60% — 802 1
23. cosp=—"——" " — 24, 0=——7F" "=~ —— 0 =~ 104.5°
¢ 2(10)(14) cos 2(40)(60) g
¢ =111.8° 2¢ =~ 360° — 2(104.5°) = 151° = ¢ = 75.5°
26 =~ 360° — 2(111.80°) c? = 40% + 60% — 2(40)(60) cos 75.5° = 4000
0 = 68.2° ¢ = 63.25
d? = 10% + 14% — 2(10)(14) cos 68.2° 60
%
d =~ 13.86 40

25.

152 + 12.52 — 102

cosa = 2(15)(12.5) =075 = a=4141
152+ 102 — 12.52 o
cos 3 = 2(15)(10) =0.5625 = B =55.77

§ = 180° — 41.41° — 55.77° ~ 82.82°

w=180° — 8~ 97.18°

b2 = 12.52 + 10> — 2(12.5)(10) cos(97.18°) =~ 287.50
b~ 16.96

sin w = sin u = 0.585 = w =~ 35.8°

16.96

. 125 . o
Sln6_716.96 sinu = 0.731 = e=47

0=a+ w=1712°
¢=pB+ e=102.8°

27. Given: a = 12,b =24,¢c = 18

s_a+b+c
2

Area = /s(s — a)(s — b)(s — ¢)
= V27(15)(3)(9)
=~ 104.57 square inches

=27

252 + 17.5% — 252
2(25)(17.5)

a =~ 69.513°
B~ 180 — a ~ 110.487°
@ = 17.5> + 25% — 2(17.5)(25) cos 110.487°
a~35.18
2= 180 — 2a ~ 40.974

252 + 35.182 — 17.52
2(25)(35.18)

w=27.772°
0=p+z=0687°
w=180° — u — B = 41.741°
b=w+ a=1113° 25

26. cos a =

cos U =

a a

25

28. Given: a =25,b = 35,¢c = 32

S_a+b+c_
2

Area = Vs(s — a)(s — b)(s — ¢)
= /362D 11)(14)

=~ 385.70 square meters

46
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+b+ 14+17+7
29. Given: a = 5,b =8,¢ = 10 30. 5 =1 5 <= 5 =19
:le’”:%: 11.5 Area = Vs(s — a)(s — b)(s — ¢)
= J19(5)(2)(12
Area = /s(s — a)(s — b)(s — ¢) ©)2)(12)
=~ 47.7 square units
= J115(65)3.5)(15) q
~ 19.81 square units
31. Given: a = 1.24,b = 245,¢ = 1.25 32. Given: a =24,b =2.75,¢c =12.25
+b+
g—atbte_, 5 g—4tbte o,
2 2
Area = /s(s — a)(s — b)(s — ¢) Area = /s(s — a)(s — b)(s — ¢)
= /2.47(1.23)(0.02)(1.22) = /3.7(1.3)(0.95)(1.45)
=~ (.27 square feet ~ 2.57 square centimeters
33. Given: a =3.5,b =102,c =9 34. Given: a = 754,b = 52,¢c = 52
+b+ 4+ 52+
g—dtbte s g PAFS2HS2 o,
2 2
Area = Vs(s — a)(s — b)(s — ¢) Area = /s(s — a)(s — b)(s — ¢)
= J11.35(7.85)(1.15)(2.35) = /89.7(14.3)(37.7)(37.7)

3s.

37.

U

~ 15.52 square units 1350 square units

_a+b+c 445+ 185+ 3.00
2 2

= 14.775 Area = /s(s — a)(s — b)(s — ¢)
= /4.65(0.2)(2.8)(1.65)

~ 2.07 square units

Given: a = 10.59,b = 6.65, ¢ = 12.31 36. s = 4.65

_atb+c
2

Area = Vs(s — a)(s — b)(s — ¢)
= J147775(4.185)(8.125)(2.465)

~ 35.19 square units

B =105° + 32° = 137° N
b? =a%>+ c2 — 2ac - cos B W+E Rosgmont
= 6482 + 8107 — 2(648)(810) cos(137°) ’ / ;//’,7'

— 1,843,749.862 TR

b = 1357.8 miles S g gy Comerile

Franklin

From the Law of Sines:

b
2 - — sinA = ZsinB = sin(137°) = 0.32548

sinA  sin B b 1357.8

= A = 19° = Bearing S 56° W (or 236° for airplane navigation)

© Houghton Mifflin Company. All rights reserved.
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38.

39.

40.

42,

43.

45, s

Angle at B = 180° — 80° = 100°
b% = 240% + 3802 — 2(240)(380) cos 100°
~ 233,673.4 = b = 483.4 meters

B 15002 + 36002 — 28002 06824 —> B ~ 46.97° N
cos B = = 0. = 46.
2(1500)(3600) W“i"E
C
Bearing at B: 90° — 46.97°: N43.03°E 500 mM
15002 + 28002 — 36002
C = =~ —0.3417 = C = 109.98° Y meters y
cos 2(1500)(2800) B o0me A
Bearing at C: C — (90° — 46.97°) = 66.95°
S 66.95°E
22 4+ 32 — (4.5)?
cos = —————— = —0.60417 41. C = 180° — 53° — 67° = 60°
2(2)(3)
¢ =a*>+ b*> — 2abcos C
0= 127.2°
= 362 + 482 — 2(36)(48)(0.5) = 1872
¢ =~ 433 mi N
36 mi
530
A\ ‘ 60° E
67°
48 mi
S
The angles at the base of the tower are 96° and 84°. The longer guy wire g, is given by:

g2 = 752 + 1002 — 2(75)(100) cos 96° =~ 17,192.9 => g, ~ 131.1 feet
The shorter guy wire g, is given by: g,2 = 752 + 100> — 2(75)(100) cos 84° =~ 14,057.1 = g, = 118.6 feet

RS = /8 + 10 = J164 = 2./41 ~ 12.8 feet 44, A = 180° — 40° — 20° = 120°
o 1 sin 20°
PQ = 5 162 + 102 = 5\/35 = V 89 = 9.4 feet X = (sm 1202 (10)
=~ 3.95 feet
tan P = —
5

P= arctang =~ 32.0°
0S5 = /8% + 9.42 — 2(8)(9.4) cos 32°

= /24.81 = 5.0 feet

_ a+b+c _ 145 + 257 + 290 = 346 46. The helght is h = 70 sin 700 = 65.778.

2 2
Area = Vs(s — a)(s — b)(s — ¢)
= /346(201)(89)(56) = 18,617.7 square feet

Area = base x height
= (100)(65.778) =~ 6577.8 square meters
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47. (a) 7> = 1.52 + x* — 2(1.5)(x) cos 0 (b) x> — 3xcos 0 = 46.75
=225+ x* — 3 2 3 2
49 =225 + x2 — 3xcos 0 2 — 3xcos 04 < cos 9) 4675 4 < cos 0)
) 10 2 2
v [ 3 cos OT 187 9cos?6
X — = — +
2 4 4
) | S —— _ 3cos 6

0

I+

/187 + 9 cos? 0
2 4

(d) Note that x = 8.5 when ¢ = 0 and Choosing the positive values of x, we have

0 = 27, and x = 5.5 when 0 = .

Thus, the distance is 1
x==(3cos 6+ 9cos?0 + 187).
2(8.5 — 5.5) = 2(3) = 6 inches. 2

48. (a) d> =102+ 72 — 2(10)(7) cos § = d = /149 — 140 cos 6

[102+72—d2} [149—d2]
(b) 6 = arccos| ———————| = arccos| ———

2(10)(7) 140
360° — 6 (360° — O)mr
[ —— 2 = @
© 5= =3 @m) 45°
D[4 inches) | 9 0 |12 |13 |14 15 16

0 (degrees) | 60.9° | 69.5° | 88.0° | 98.2° | 109.6° | 122.9° | 139.8°
s (inches) | 20.88 | 20.28 | 18.99 | 18.28 | 17.48 | 16.55 | 15.37

49. False. This is not a triangle! 5 + 10 < 16 50. True. The third side is found by the Law of Cosines.
The other angles are determined by the Law of Sines.

a+b+c a+b+c

51. False. s = > , not 3
1 1 b% + 2 — a2 1 1 b2+cz—a2}
52. Ebc(l + cosA) = Ebc[l + T} 53. 2bc(l cosA) = 2bc[l BT
_lb[2b6+b2+cz—a2] :lb[2bc—b2—c2+a2]
T2 2be 27¢ 2be
= [0+ o ) -1 - 6 - o]
4 4
1 1
ZZ[(b+c)+a][(b+c)—a] ZZ[a—b+c)(a+b—c)]
_btc+ta btc—a _(a—b+c><a+b—c)
2 2 B 2 2
a+b+c —a+b+c
2 2

54 cosA+cosB_l_cosC_bz%—cz—az+az+c2—b2+a2~l—bz—c2
" oa b c a(2bc) b(2ac) c(2ab)
A+ b+
2abc

© Houghton Mifflin Company. All rights reserved.
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55.

56.

57.

Since 0 < C < 180°, cos(%) = /#.

2 2 2 2 2 a2
Hence. Cos(g) _ \/1 + (@ + b2 — A)/Qab) _ \/Zab i p -
2 2 4ab

On the other hand,

s(s—c)=%(a+b+c)(%(a+b+c)—c>

1 1
—2(a+b+c)2(a+b—c)

1 2 _ L2
=Z((a+b) ?)

1
= Z(a2 + b + 2ab — 3).

— 2 + 2 + _ 2 _
Thus,  / Lc) = \/ a b 2ab — ¢ and we have verified that cos(g> = M
ab 4ab 2 ab

Since 0 < C < 180°, sin(g) =/ M.
2 2
Hence sin<£> _ \/1 — (@ + b = *)/Qab) _ \/Zab — a2 — b+ 2
’ 2 2 4ab '

On the other hand,

(s—a)(s—b)=[%(a+b+c)—a}[%(a+b+c)—b}
= b+ e—a)a+e—b
= 4le = @ = Bl + (a - b)]
— 3 = (@ — bY]

= i(c2 — a? — b + 2ab).

[(s —a)s — D) _ \/cz—az—b2+2ab_ . (g)
Thus, T w dab = sin 5 )

Given: a = 12, b = 30, A = 20°
a®> = b>+ ¢ — 2bc cos A

122 = 302 + 2 — 2(30)(c) cos 20°
¢z — (60 cos 20°)c + 756 = 0

Solving this quadratic equation, ¢ = 21.97, 34.41.

—CONTINUED—
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57. —CONTINUED—

For ¢ = 21.97,
cosp= ETETE NP HAIT 30 sy g ior
2ac 2(12)(21.97)
C =~ 180° — 121.2° — 20° = 38.8°
For ¢ = 34.41,
242 - B2 122 4 34412 — 30
cosB = ;ac b 2(132)(34.41)30 ~ 05183 = B ~ 58.8°

C =~ 180° — 58.8° — 20° = 101.2°.

bsinA _ 30sin20° _ es51 — B~ 58.8° or 121.2°.

Using the Law of Sines, sin B =

a 12
For B = 58.8°, C = 180° — 58.8° — 20° = 101.2° and ¢ = “31.C — 3440,
sin A
For B = 121.2°,C = 180° — 121.2° — 20° = 38.8° and ¢ = “S?IIIHAC ~ 21.98.

58. Answers will vary. The Law of Cosines can be used to solve the single-solution
case of SSA. It cannot be used for the no-solution case.

59. arcsin(—1) = — T because sin[ — 2| = —1. 60. cos—' 0 = = because cos — = 0.
2 2 2 2
61. tan‘l(ﬁ) = %Tbecause tan(%T) = /3. 62. arcsin<_f> = %Tbecause sin(?) = _Tﬁ

Section 6.3 Vectors in the Plane

B A vector v is the collection of all directed line segments that are equivalent to a given directed line
segment @
B You should be able to geometrically perform the operations of vector addition and scalar multiplication.
B The component form of the vector with initial point P = (p,, p,) and terminal point Q = (g,, ¢,) is
@ ={q) = P1» 4 — P2) = (V) = V.
B The magnitude of v = (v,, v,) is given by |v]| = V/v,2 + v,%

B You should be able to perform the operations of scalar multiplication and vector addition in component form.
B You should know the following properties of vector addition and scalar multiplication.
@Qu+v=v+u b)) u+v)+w=u+(v+w
©u+0=u @u+(—u)=0
(e) c(du) = (cd)u ) (c + d)u = cu + du
(g) clu +v)=cu+ cv (h) 1(u) = uw,O0u =0
(@) llevll = le| [Iv]

—CONTINUED—
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Section 6.3 —CONTINUED—
v
B A unit vector in the direction of v is given by u = ﬂ
\{
M The standard unit vectors are i = (1, 0) and j = (0, 1>. V= <v1, v2> can be written as v = v,i + v,].
B A vector v with magnitude || v| and direction 6 can be written as v = ai + bj = ||v||(cos 6)i + ||v||(sin 0)j
where tan 6 = b/a.
Vocabulary Check
1. directed line segment 2. initial, terminal 3. magnitude
4. vector 5. standard position 6. unit vector
7. multiplication, addition 8. resultant 9. linear combination, horizontal, vertical
lLLu=(®6-25-4)=&41)=v 2.u=(-3-0,—4—-4)=(-3,-8)

v=1{(0—3-5-3)=(-3-8)

u=yv
3. Initial point: (0, 0) 4. Initial point: (0, 0)
Terminal point: (4, 3) Terminal point: (4, —2)
v={(4—-03-0)=(43) V=(4—-0,-2-0)= (4 —2)
vl = V4 +3° =5 M| = &+ (=27 = V20 = 25 ~ 447
5. Initial point: (2, 2) 6. Initial point: (—1, —1)
Terminal point: (—1, 4) Terminal point: (3, 5)
v=(-1-2,4-2)=(-3,2) v=_03-(-1),5-(-1) =(4,6)
V| = V(=32 + 22 = V13 = 3.61 Ml = V& +6 = /52 = 2/13 =~ 7.21
7. Initial point: (3, —2) 8. Initial point: (—4, —1)
Terminal point: (3, 3) Terminal point: (3, —1)
v=(3-33-(-2)=(0,5) v=03-(-4),-1-(-1) =(7.0)
vl = s M= VFFE =7
9. Tnitial point: (2 1) 10. Initial point: (3,0
Terminal point: (1, 3) Terminal point: (0, —2)
22 33
v={1-55-1)=(G-3) v={0-3-1-0)=(-1-3

i = VO + (=3 = VE=3v2 M= VEF + (- VE -1z
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11.
3

et (1)
crmina o1nt: =
POt 55

- (-
BRE

Ml =

13.

17. u + 2v

Initial point: (7, -1

21. y

24.

)

=

-2

Vo

14. 3u

;

141 _ 2.1450
30 '

22,

5
12. Initial point: <*, —2)

15. u+v
y
u+v,
/ \\\
’ S
, N
’ v
1
1
/
!
1
u
X
19. y
v
X
u
\2u

2

2
Terminal point: (1, g)

=339
- -

23.

31\)

38
10

~ 2.8302

16. u — v

20.

=3v,

25. u=({4,2),v=(7,1)

(a) u+v={11,3)
(b) u—v=(=3,1)

() 2u — 3v = (8,4) — (21,3) = (—13, 1)
(d) v+ 4u=(7,1) + (16, 8) = (23,9)
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26. (@ u+v=¢(523+(-40 =(1,3)
(b) u—v=¢573)—(=4,0) =(9,3)
(©) 2u — 3v = 2(5,3) — 3(—4,0) = (22, 6)
(d) v+ 4u=(—4,0) + 4(5,3) = (16, 12)

28. (a) u+v=<(0 -5 +(=3,9) =(=3,4)
b)) u—v =3, —14)
(©) 2u — 3v = (0, —10) — (—9,27) = (9, —37)
) v + 4u = (—3,9) + (0, —20) = (=3, —11)

30 u=2i—jv=—-i+j
@u+v=i

) u—v=23—2j

(©) 2u — 3v = (4i — 2j) — (=3i + 3j) = 7i — 5j

d) v+ du =Ti — 3j

3. w=u-+yv 32.v=w-—u

35. [(6,0)] = 6 36.

Unit vector: é(6 0) = (1,0) | =2

1
E(O, =2) =40, —1)

38. v=(3,—4)

Ml = V3 + (=47 =5

Unit vector: %{3, —4) = <%, _%>
40. v = (8, —20)

U S S
IVl © 64 + 400

41. u =iv = ——
(vl 16 +9

u=(0,—-2)

Unit vector:

27. u=(—6,-8),v=1(24)
(a) utv= (-4 —4)
b)) u—v=<(=8,—-12)
(c) 2u — 3v =(—12,—16) — (6,12) = (—18, —28)
(d) v+4u=(24)+4(—6,—8) = (22, -28)

29, u=1i+jv=2—3j
(@) u+v=31—2j
(b)) u—v=—i+4j
(€) 2u — 3v = (2i + 2j) — (6i — 9j) = —4i + 11j
(d) v+ 4u=(2i —3j) + (4i + 4j) = 6i +j

3B.u=w-—v 34. 2v=2(w—u)

=2w — 2u

37. v=(-1,1)
vl = V2

Unit vector = LV
[Iv]]

39. |vll = [K—24, =7 = V(—24)* + (=7)* = 25

Unit vector: 35(—24, —7) = <_%7 _2ls>

2 5 >:<2@ —5\/@>
V290 /29 29 729

1 4. 3
4i — 3§) = —(4i — 3j) = —i — —j
(4i — 3j) 5(1 J) Si-3d
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2. w=1i-2j
1 NENGE

1 N L I
B N T v T

43. u = 3(2j) =j 4. w=-3i
Wil =3
u = 3(—3i) = —i
1 1 as 1) 1
45. 8<||u||ll> = 8<m<5, 6>> 46. v = 3<||u||ll) 47. 7<”u”u> = 7<m<3, 4>>
_ 8 _ 1 _ _7
- ,\@6’ 6) = 3( g (_4)2<4, 4>> 5(3.4)
_ /4061 4861 1 _ /21 28
_< 61 ° 6l > :3<m<4"4>> _<5’5>
33 21, , 28,
=<ﬂ’_ﬂ> AL
_ <32 —3ﬂ>
N2 2
1 1 1 1
48. v = 10(”11”11) 49. S(HuHu> = 8(§<—2, 0>> 50. v = 4<”u”u)
B 1 B = 4(=2,0) _ (1
= 10( 5o 9(2, 3)) 50 4<5<0,5>>
_ <20 _30> _ _gi = (0,4) = 4j
\J/13T V13
_ 20, 30 .
Ji3' !
_ 2013, 3013,
13 T3
51v=(4 — (=3),5— 1) =(7,4) = 7i + 4j 52. 3—0,6 — (—2)) = (3,8) = 3i + 8j
53. v=(2—(=1),3 — (=5)) = (3,8) = 3i + §j 54. (0 — (—=6),1 — 4y = (6, —3) = 6i — 3j
55. v=13u 56.V=%w 57. v=u+ 2w
=3(2i — j) = 3i — 3j = 3(1,2) = (i — j) + 20 + 2j)
=(3.-3) =(3.3) = 4i + 3j = (4,3)

¥y Y y

LW

- - i x //
1 2 3 A,
SW

“1+ u
3 - } } } x
su -1 1 2 3
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58. v=—u-+w
—Q2i—j+G+2)
—i+3j=(-13)

61. v = 5(cos 30°% + sin 30%)
vl =5, 6 =30°

63. v =6i— 6j
V| = V6 + (=6)> = V72 = 62

Since v lies in Quadrant IV, 6 = 315°.

65. v=-2i+35j
Ivl = V=3 = V9
tan 0 = —%

59. v =3(3u + w)
= %(3<2
<Z
2>

—-1) +(1,2))

60. v = 2u — 2w
=(4,-2) -
=(2,-6)

(2,4)

Since v lies in Quadrant II, 6 =~ 111.8°.

67. v = (3 cos 0°, 3 sin 0°) y
4
= <39 O> 3+
.1
‘ “"9=0° (3.0)
4321 [ 12 3 4
Sl
5l
_al
69. v = <3ﬂ cos 150°, 34/2 sin 150°>
_ <_3\@ 3\5> ,
27 2
NN
22
51
<\9 150°
747;2101234
y
-
_al

X

62.

64.

66.

68.

70.

v = 8(cos 135° + sin 135°%))
v =8, 6 =135°

v = —4i — 7j, Quadrant III
Wl = V=2 + (=77 = V65

77 .
tan 6= — =7 = 0~2403

v = 12i + 15j, Quadrant I
vl = V122 + 152 = /369 = 341

1

tan =13 = 6=513°

v = {cos 45°, sin 45°) y
_[¥2 2 1 (22
“\27 2 R
, 6=45°
2 1 2

-

N

v = 4/3(cos 90°, sin 90°) = (0, 4./3)
y
1043
5
4
3
2
+—t+—+— 1 ‘\%9 =%90(; + X
4737271710 1 2 3 4
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71 2<71 3 72 3( ! )(3‘ + 4j) )
. — i+ 3i y vV = — Y 1 1T
v m% ) . V& ! MR
s (m 3\/_) oL 303
- L(l + 3j) NOEREE —(3i + 4j) A 0=5313
V1o e BE I
/10 3 /10 -4 -3 -2 -1 12 3 4 9. 2 9 12 5
= —j —j 5 = gl + ?‘] = g,? 3
5 5 5 4]
- <\/10 3\/1o> B
575
3 °
tan0=T = 60=71.57
55
73. u = (5 cos 60°, 5 sin 60°) = <2 ‘2/> 74. u = (2 cos 30° 2 sin 30°) = (/3, 1)

v = (5¢o0s 90° 5 sin 90°) = (0, 5)

u+v= <§5‘2[>+<05>—< 5+ f>

7. u = (20 cos 45°% 20 sin 45°) = (10+/2, 10/2)
v = (50 cos 150°, 50 sin 150°) = (—25./3, 25)

u+v=(10/2 - 25/3,10./2 + 25)

v = (2 cos 90°, 2 sin 90°) = (0, 2)
u-+tv= <ﬂ, 3>

76. u = (35 cos 25° 35 sin 25°) = (31.72, 14.79)

v = (50 cos 120°, 50 sin 120°) = (—25,25/3)

u+ v = (672, 58.09)

71. v=i-+j ¥
w=2(G—j) L
u=v-—w= —i+3j # d v .
-1 1 2
M= V2 N
Iwl =2v2
Iv = wl = i0 -
V[P + WP = [v —w[* _2+8—10
cosa = = =0
2w {Iwll 22202
a = 90°
78. v=3i+j y
w=2i—j 3+
2<>
u=v-—w=1i-+t2j o,
wosp PP~ v —wp_10+5-5 3 g <
2w wll 2/105 2

0 = 45°
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79.

80.

81.

82.

83.

84.

u = 400 cos 25°1 + 400 sin 25°%j Y
v = 300 cos 70°i + 300 sin 70% T 647.85

400 +
u + v = 465.13i + 450.96j 300 +
[u + v|| = (465.13)2 + (450.96)% ~ 647.85 T
100 +

<450.96> } -

a = arctan ~ 44.11° 100 100 200 300 400 500
465.13 -100 +

Analytically: v = 400{cos 25°, sin 25°) "
u = 300{cos 135°, sin 135°) 600
u + v = (150.39, 381.18) 400 409.77
[u + v|| = 409.77 <0 s
~ 38LI8\ _ oo N
0 - aICtan 150'39 - 68. —4(;() '—2(;0 ' 4 ' 2[‘)(] ' 4(‘)() !

Force One: u = 45i
Force Two: v = 60 cos 6i + 60 sin 6j
Resultant Force: u + v = (45 + 60 cos )i + 60 sin 6j
[u + v|| = /(45 + 60 cos 6)> + (60 sin §)> = 90
2025 + 5400 cos 6 + 3600 = 8100
5400 cos 6 = 2475
cos § = 335 = 0.4583

0= 62.7°

Force One: u = 3000i
Force Two: v = 1000 cos 6i + 1000 sin 6j
Resultant Force: u + v = (3000 + 1000 cos 6)i + 1000 sin 0]
[u + v|| = V(3000 + 1000 cos )> + (1000 sin §)> = 3750
9,000,000 + 6,000,000 cos 6 + 1,000,000 = 14,062, 500
6,000,000 cos 6 = 4,062, 500

4,062,500
cos 0= —— = 0.6771
6,000,000
0 = 47.4°

Horizontal component of velocity: 70 cos 40° = 53.62 ft/sec

Vertical component of velocity: 70 sin 40° = 45.0 ft/sec

Horizontal component of velocity: 1200 cos 4° = 1197.1 ft/sec

Vertical component of velocity: 1200 sin 4° = 83.7 ft/sec
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85. Rope AC: u = 10i — 24j

Rope BC:

Resultant:

The vector lies in Quadrant IV and its reference angle is arctan(%).

u = [ul [cos(arctan 2)i — sin(arctan
v = —20i — 24j

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

2

2)i]

v = v [—cos(arctan 8)i — sin(arctan g)J]

u + v = —5000j

|Jul| cos(arctan *2) — ||v]| cos(arctan ¢) = 0

—|jul| sin(arctan ‘2) — ||| sin(arctan &) = —5000

Solving this system of equations yields:

T, = |ul| = 3611.1 pounds
Tye = |V = 2169.5 pounds

86. Left cable: u = |[ul|(cos 155.7°i + sin 155.7°j)

Right cable: v = ||v||(cos 44.5°i + sin 44.5°j)

u + v = 20,240 = |juf cos 155.7° + ||v|| cos 44.5° = 0

[u]| sin 155.7° + ||v|| sin 44.5° = 20,240
— —0.9114]u] + 0.7133|¥] = 0

0.4115]jul| + 0.7009]v|| = 20,240

Solving this system for |jul| and ||v|| yields:

Tension of left cable: |ju]| = 15,485 pounds

Tension of right cable: ||v|| = 19,786 pounds

87. (a) Tow line 1: u = |jul|(cos 6i + sin 6j)

Tow line 2: v = ||u]|(cos(— 6)i + sin(— 6)j)

Resultant: u + v = 6000i = [[u]| cos 6 + [ju]| cos(— )Ji =
6000 = 2|ju|| cos & => |jul| = 3000 sec 6
T = |ul| = 3000 sec 6

Domain: 0° < 6 < 90°

(b)

10°

20°

30°

40°

50°

60°

T

3046.3

3192.5

3464.1

3916.2

4667.2

6000.0

(d) The tension increases because the component in the direction
of the motion of the barge decreases.

(c) 7w

-

90
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88. (a)

(b)

(d)

u = ||u|(cos(90° — )i + sin(90° — 6)j)
v = [[v]|(cos(90° + )i + sin(90° + 6)j)
u+ v =100 = [ul|cos(90° — ) + [v] cos(90° + 6) = 0

= [ul| = v, and
100 = |jul| sin(90° — 6) + |ju]| sin(90° + 6)
= 2|lul| cos 6

50
u| = T=—— = 50sec 6.
cos 6

Domain: 0° < 6 < 90°

Hence,

0 | 10° | 20° | 30° | 40° | 50° | 60°

T |508 532|577 653 77.8 | 100

120

/

ol 90

The vertical component of the vectors decreases as 6 increases.

89. Airspeed: v = 860(cos 302° + sin 302°%)
Groundspeed: u = 800(cos 310° + sin 310°%)

w+tv=u

W =u — v = 800(cos 310° + sin 310%) — 860(cos 302°% + sin 302°j) =~ 58.50i + 116.49j

6= arctan(

Iw|| = </58.50> + 116.49% ~ 130.35 km/hr

116.49
58.50

) =~ 63.3°

Direction: N 26.7°E

90. (a)

y N (b) w = 60{cos 45°, sin 45°) = (30./2,30./2)
580 muph W«I_.E (c) v = 580(cos 118°, sin 118°) = (—272.3, 512.1)
s ) w+v=(—22909,5545)
28°
P [w + v| = 600.3 mph
P 554.5
(&) tan 6 = =50 = 0~ 112.5°

Direction: N 22.5° W (or 337.5° using airplane navigation)
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91. (a) u = 220i, v = 150 cos 30° + 150 sin 30°j
u+v=(220+75/3)i + 75§
Il + v = /(220 + 75/3)° + 752 ~ 357.85 newtons
75

tanf = ——— = 0= 12.1°
220 + 753
(b) u + v = 220i + (150 cos 0i + 150 sin 0j)
M = |ju + v|| = /220% + 150*(cos® 6 + sin> §) + 2(220)(150) cos 6
= /70,900 + 66,000 cos 8 = 10/709 + 660 cos 6
. < 15 sin 0 >
=arctan | ———————
* 22 + 15 cos
(C) (e} (o] (e} O O O O
0 |0 30 60 90 120 150 180
M | 370.0 | 357.9 | 322.3 | 266.3 | 194.7 | 117.2 | 70.0
a | 0° 12.1° | 23.8° | 34.3° | 41.9° | 39.8° | 0°
(d) s 45 (e) For increasing 0, the two vectors tend to work
against each other resulting in a decrease in the
\ magnitude of the resultant.
0 [l | 180 0 180
0 0
92. (a) T = ||IT||(cos(90° + 6)i + sin(90° + 0)j)

u+w+T=0 = lul + [T cos(90° + 6) = 0
lull = [T sin 6 = 0
—1 4+ | T sin(90° + 6) = 0

—1+4|T|lcos 6 =0 =

|T|| = sec 6, 0 < o<g

Hence, |ju]| = ||T|| sin @ = sec #sin § = tan 6,0 < 6< /2.
2
®) 0 0° | 10° | 20° | 30° | 40° |50° | 60° © .,
IT| |1 |1.02]1.06]|1.15] 1.31 | 1.56 | 2 il
ul [ O [0.18 | 036 | 0.58 | 0.84 | 1.19 | 1.73 . ©
0
(d) Both ||T| and |ju| increase as 6 increases, and approach each
other in magnitude.
93. True. See page 424. 94. True,u = ﬁ 95. True. In fact,a = b = 0.
A
96. True 97. True. a and d are parallel, and 98. True. ¢ and s are parallel, and

pointing in opposite directions. pointing in the same direction.
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99.

102.

104.

106.

107.

109.

True

True.a+d=a+(—a) =0

True
t—w=—-sandb—a=—-¢c= —s
F, = (10, 0), F, = 5{cos 6, sin 6)

(a) F, +F,= (10 + 5cos 6, 5 sin 6)
V(10 + 5cos 6)2 + (5 sin 6)2

”Fl + F2|| =

100. False. In fact, v + s = w.

101. True.a + w =2a = —2d

103. False. u — v = 2u and

105.

= /100 + 100 cos 6 + 25 cos? 6 + 25 sin2 0

=54 + 4cos 6 + cos® 0 + sin 0
=54 +4cosh+ 1
=55+ 4cos 0
(c) Range: [5, 15]
Maximum is 15 when 6 = 0.

Minimum is 5 when 6 = .

Let v = (cos 6)i + (sin 6)j.
[V = /cos? 6 + sin20 = V1 =1

Therefore, v is a unit vector for any value of 6.

u=(3-1,2—-6)=(4,—-4)

v={(9—-4,4-5)=(5,-1)
u—v={(-1-3)
v—u=(l3)

108.

110.

—2(b +t) = —2(—2u) = 4u

(a) The angle between them is 0°.
(b) The angle between them is 180°.

(c) No. At most it can be equal to the sum when
the angle between them is 0°.

(b) 20

Y

0

(d) The magnitude of the resultant is never 0
because the magnitudes of F, and F, are
not the same.

The following program is written for a TI-82 or
TI-83 graphing calculator. The program sketches
two vectorsu = ai + bjand 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

u = (80 — 10,80 — 60) = (70, 20)

v = (=20 — (—100), 70 — 0) = (80, 70)
u—v=(70 — 80,20 — 70) = (— 10, —50)
v —u = (80 — 70,70 — 20) = (10, 50)
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6x* 12x4ydy? ( 3s’2> 353
14x—1y5) = =27 . 5,5 — 25
111. <7y2>( x1y9) . 112. (55°t79) 5001 10t4’s #0
=123, x# 0,y #0
2,2 1 1
113. (18x)°(4xy)2(3x") = w 114. (5ab?)(a—3b°)(2a"b)~2 = (Sabz);3 by
=48xy%, x # 0 _ 5
iz b#0
115. (2.1 x 10%)(3.4 x 107%) = 7.14 x 10°
116. (6.5 x 10°)(3.8 x 10%) = 24.7 x 100 = 2.47 x 101
117. sin9:§=> 49 — 2 =7 cos 6 118. /52— 49 = 7tan 0
0 7
49 —x2
119. cot0=1%:> X2+ 100 = 10 - csc 6 120. /X2 —4=2cot 0
V100 + x2 " B 2
9 9
121. cos x(cosx + 1) = 0 122. sinx(2sinx + V2) =0
-2
cosx=0:>x=g+n7r sinx=00rsinx=Tf
cosx=—1 = x=m+ 2nmw _ _ 57
X = n or x—7+2n77
x = 7777- + 2nar
123. 3secx +4 =10 124. cosxcotx —cosx =0
secx =2 cosx(cotx — 1) =0
1 cosx =10 or cotx =1
cos x = 5
x=ﬂ+nfrror x=7l+n7'r
T S 2 4
x=—+2nmwm,— + 2nm

3 3
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Section 6.4  Vectors and Dot Products
B Know the definition of the dot product of u = (u,, u,) and v = {v,, v,).
U v=1uv + uv,
B Know the following properties of the dot product:
lLusv=v-u
22.0-v=0
J.u(v+w=u-*vtu-w
4. v v=|v
5.cu*v)=cucv=u-cv
B If 0 is the angle between two nonzero vectors u and v, then
u-v
cos 0 = .
(i
B The vectors u and v are orthogonal ifu * v = 0.
B Know the definition of vector components. u = w, + w, where w, and w, are orthogonal, and w, is
parallel to v. w, is called the projection of u onto v and is denoted by
= (i)
w, = projju = | 7 |v.
' VP
Then we have w, = u — w,.
B Know the definition of work.
1. Projection form: W = ||pr0j@F||||@||
2. Dot product form: W =TF - PO
Vocabulary Check
u-v
1. dot product . 3. orthogonal
[ [
u-v . —_ —
s (5 5. [jproi, s FI PO F - PO
Lu-v=¢(63) -2, -4)=602)+3(-4) =0 2.u-v=(-4,1)-(2,-3)
=(=4)(2) + 1(-3) = —11
Jou-v=¢(51)-3,-1)=53)+1(—-1) =14 4u-v=132)-(=2,1)=3(-2) +2(1) = —4
5. u=(22) 6. v-w=(-34)-(l,—4)

cu = 2(2) + 2(2) = 8, scalar

u=(22),v=(-34)
c2v=2u-v=4(—3) + 4(4) = 4, scalar

= (—=3)(1) + 4(—4) = —19, scalar

8. du-v=42,2)(-3,4)

= 4(—6 + 8)

= 8, scalar
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9. (3w - vju = (3(1, —=4) - (=3,4))(2,2)
(3(=3) + (=12)4))2,2)
—-57(2,2)

(=114, —114), vector

1. u=(-512)
Jul| = Vu-u= /(=572 +122=13

13. u = 20i + 25j

Ju = Vu - u= V207 + (25) = V1025 = 5./41

4. u=6i — 10

10. (u - 2v)w = ((2,2) - 2(—3,4)(1, —4)
= (2(=6) + 2(8))1, —4)
= &1, —4)
= (4, — 16), vector

12. u=(2, —4)

| = Vu-u = /6(6) + (—10)(—10) = /136 = 2./34

15. u = —4j
[u] = Vu-u= /(-4)(-4) =4

17. u = {—1,0), v = {0, 2)

u-v 0

[l VMl ~ (D)

cos 0 =

19. u =3i+4j,v= -2+ 3j
u-v -6+12 6

cos 6 = = =
fall IV (5)(v/13) 513
6
0= =~ 70.56°
aI‘CCOS(S\/ﬁ>

21. u = 2i,v = —3j

u-v 0

cos 6 = = =0 = 0=90°

lull vl 2)3)

=0 = 60=90°

fu = Vu-u
= V2(2) + (=4)(-4)
=J/20=2Y5
16. u = 9i

o = Vu-u=/909) +0= .81 =

18. u = (4,4), v =(-2,0)
0 u-Vv

COS = T

[ [[v]|

_ 4(=2) + 4(0)

 (42)2)

0 = 135°

20. u =2i—3j,v=1i-— 2

u-v

cos 0 =
| v

_2() + (=3)(=2)
V22 + 32 /12 + 22

8
= —= = (0.992278
V65

0=~ 7.13°

22.u-v=(0,4)-(=3,00=0 = 6=090°
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23. u

1 3
<cos E)i + (sin 7l)j =—i+ ij
3 3 2 2

3w\, (. 3w\, V2. V2,
V= COST 1+ SIH7J:—71+TJ

4 2
hal| =[] = 1
_u-v _ l _72 £ Q
S T R V‘(z)( z>+<2)(2>
(9=arccos<_\/§4+ \@)=75°=51727
24.u=cos<z>i+sin(z>j:‘gii+‘2@j
v = cos(?)i + sin(?)' = —%i + 73j
cos =2V _ T ﬂ/4)+(\@/4 :\@_ﬂ
[ }v] (1)(1) 4

25. u=2i—4j, v=3i — 5j
0 u-v 6 + 20
cos 6 = =
[ ¥l /2034
13170 _ o
=170 = 0 =440
14
TN 2 d s et
—14
—24
3l
-4+ u®
-5+ oV
—6
27. u = 6i — 2j, v=8i — 5j
cosf= 2 Y _ 48 + 10
Il IIvl  /40./89
_ 29890 _ o
= 7R00 = 0= 13.57
2+
-2 AR
.l.l

oV

=2+ V6
4
o _ O
= 0=75°= 0
26. u = —6i — 3j,v= —8i + 4j
u-v —6(—8) + (—3)(4)
cos O = =
[ v J45./80
36
=—=06 y
60 1
0 = 53.13°

28. u=2i — 3j,v=4i+ 3j
u-v 2M4) + (=30
J13Y25

cos 6 = —0.0555

Jull vl

6 =~ 93.18°
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29. P=(1,2), Q=(3,4), R=(2,5)

30.

34.

36.

38.

40.

41.

42.

u - v =|ul|v]cos 6

= (9)(36) cos %T

V2
= 324(—2>

-162/2

=
Il

1 5
~12,30), v = (5, —>
(—12,30), v <2, 4>

=
Il

—24v => u and v are parallel.

u = 13i — j), v =5i + 6
u # kv. = Not parallel
u-v#0 = Notorthogonal

Neither

u=2i—2jv=—-i—j

u-v=0 = wuand v are orthogonal.

u-v={2-k-32)=6—-2k=0= k=3

PO = (2,2), PR =(1,3), OR = (~1,1)
PO - PR & = 2 266
Sl e——— a = arccos —= = 26.
IP0| PR (2v/2)(V10) V5
PO - OR
os B = % =0 = B=90
IPQIl[OR]
Thus, y = 180° — 26.6° — 90° = 63.4°.
P=(-3,0,0=1(22),R=1(06) 31
PO = (5,2), OR = (~2,4), PR = (3,6),
0P = (~5,-2)
PQ - PR 27 e
oS = ——x—= = — a~4l.
IPRI PRIl (/29)(/45)
OR - QP 2
cosfB=—=—= = = B =852
Ior|loP|  (v/20)(v/29)
¢ = 180° — 41.6° — 85.2° = 53.2°
32. u- v =ull|v|]cos o 33.
T 1
= (4)(12) cos 3 = 48(2) =24
u = (15,45),v = (=5, 12) 35.
u # kv = Not parallel
u v # 0 = Not orthogonal
Neither
u=j,v=i-2j 37.
u # kv = Not parallel
u -+ v # 0 = Not orthogonal
Neither
—4y = —4(=2i — j) = 8i + 4j = u = parallel 39,
u-v=_,2:Q2,-k=6-2%=0= k=3
u-v=(1,4)(2k -5 =2k—-20=0 = k=10
u-v=(-3k5 (2, -4 =-6k—20=0 = k= —%
u-v=(-3k2)-(=6,00=18k=0 = k=0 44.

43.

u-v=(4, -4k - (0,3) = 12k =0 = k=0
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45.

47.

49.

51.

53.

5S.

u={3,4), v=<8,2)

. u-v
W, = proj,u = BE v

32 8 16

16 13
wzzu_wl = <3’4> _ﬁ<4’ 1) :ﬁ<_1’4>

16 13
u=w; + W, :ﬁ<4» 1> +ﬁ<_1»4>

u=0,3), v=1{(2,15)

u-v

j ( ) pal (2, 15)
= TO = = —
W, proj,u ||V||2 v 229 >

45
w,=u—w, =(0,3) — @Q’ 15)

90 12 6
By e
229 229 229

45 6
u=w, +w,= @(2, 15) + @<—15, 2)
proj,u = u since they are parallel.

u-v

projju = ——v
P

18 + 8 26
- v = T(6.4) = (3.2) —u
36 + 16 52

proj,u = 0 since they are perpendicular.

proj,u = Wv =0, sinceu - v=0.

u=(2,6)
For v to be orthogonal to u, u - v must equal 0.
Two possibilities: (6, —2) and (—6, 2)
=i — 1
For v to be orthogonal to u, u - v must equal 0.

Two possibilities: <%, %> and <—%, —%>

46.

48.

50.

52.

54.

56.

u=(42),v={(1-2)

, u-v
W, = proj,u = <”v”2>v = (1, —2) = (0, 0)

w,=u—w, = (42 — (0,0 = (4,72)
u=(4,2) +(0,0)

u=(=5—-1),v=(-1,1)
. u-v 4
W, = proj,u = <HV”2)V = 5{—1, 1) =2(—1,1)

w,=u—w, =(=5-1)—2(—-1,1)
=(=3,-3)=3(—-1,—-1)
u=(-3,-3)+(=2,2)

Because u and v are parallel, the projection of u
onto v is u.

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

For v to be orthogonal to u = (—7, 5), their dot
product must be zero.

Two possibilities: (5, 7), (=5, —7)

u=—3i-3

For v to be orthogonal to u, u + v must be equal
to 0.

Two possibilities: v = 3i — 3jand v = —3i + %J
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57. W = [|projpgVl| |PQ| where PQ = (4,7) and

v={(1,4)
“PO\—s (32
Projg v = (ﬁ@@PQ - <5><4, 7Y

3265
65

W = [lprojzgv| IPO]| = ( )(\@ )=

59. (a) u - v = (1245, 2600) - (12.20, 8.50)

32

= 1245(12.20) + 2600(8.50) = 37,289

This is the total dollar value of the picture

frames produced.

(b) Multiply v by 1.02.

61. (a) F = —30,000‘]%, Gravitational force
v = {cos(d®), sin(d®))

. F-v
w, = proj,F = <||v||2>v =(F-v)=

Force needed: 30,000 sin(d°)

58.

60.

P=(1,3),0=(-3,5,v=—2i+ 3j
work = || projs vl |PO|| where

PO = (—4,2)andv = (—2,3).
PO\ (14
proizg = (e )P0 = (30)-42

PO
14./20
20

work = [projzg 78] = (+32)(/20) = 14
u = (3240, 2450), v = (1.75, 1.25)
(a) u - v = 3240(1.75) + 2450(1.25) = 8732.50

This gives the total revenue earned.

(b) To increase prices by 2% percent, multiply v by
1.025:

1.025¢1.75, 1.25), scalar multiplication

—30,000 sin(d°){cos d°, sin d°)

(—30,000 sin d° cos d°, —30,000 sin> d°)

®) d 0° ] 1° 2° 3°

40

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

©) w,=F —w, = —30000j + 2614.7(cos(5°)i + sin(5°)j) =~ 2604.75i — 29,772.11j

[w,|| = 29,885.8 pounds

62. F = —5400j, Gravitational force

v = cos 10°% + sin 10°%

. F-v
w, = proj, F = WV = (F-v)v= —9377v

Magnitude: 937.7 pounds

w,=F—w,
= —5400j + 937.7[cos 10°i + sin 10°]]
~ 923.45i — 5237.17j

[w,|| = 5318 pounds

64. W = (45)(20) cos 30° = 779.4 foot-pounds

63.

(a) F = 15,691(cos 30°, sin 30°)

PO = d(1,0)
W=F-PQ = 15,691§d ~ 13,588.84
(b)
d 0| 200 400 800
Work | 0 | 2,717,761 | 5,435,522 | 10,871,044
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65. |F| = 250, [PO|| = 100, 6 = 30° 66. |F|| = 25, PO = 50, 6 = 20°
W = |F[|[PQ] cos 0 W = || [PQ] cos 6
= (250)(100) cos 30° = (25)(50) cos 20°
_ 25’000? ~ 1174.62 foot-pounds
= 12,500/3 foot-pounds
=~ 21,650.64 foot-pounds
67. W = (cos 25°)(20)(40) = 725.05 foot-pounds 68. Work = (cos 20°)(25)(12) = 281.9 foot-pounds
20 pounds
/
I 40 ft 1
69. True.u-v=0 70. False. Work is a scalar, not a 71. u - v =0 = they are
vector. orthogonal (unit vectors).
72. (a) u-v=0 = wuand v are orthogonal and 6 = g 73. (a) proj,u = u = u and v are parallel.
(b) proj,u = 0 = wu and v are orthogonal.
T
®u-v>0 = cosh>0—= 0£0<5
T
(c)u-v<0$cose<0$5<0£w
74. Let u and v be two adjacent sides of the rhombus, 75. Use the Law of Cosines on the triangle:
u|| = ||v|. The diagonals areu + vandu — v.
o = Il The diag = vl = Jul2 + V[ ~ 2fu] Iv] cos 0
+ . — = . —+ . f— . f— .
m+v)-u—-v)=wru+veu—u-v—-v-y 2 + V]2 = 2u - v
= [P = ¥ =0
Hence, the diagonals are perpendicular. v v
[
76. u:(cv+dw)=clu-v)+du-w)=c0+d0=0
77. From trigonometry, x = cos 6 and y = sin 6. y

Thus, u = {x, y) = cos 0i + sin 6j.
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78. From trigonometry,
T (T
x= cos(2 — 0) andy = sm(2 0).

Thus, u = {x,y) = cos(% — 9>i + sin(g — 0>j.

79. g(x) = f(x — 4) is a horizontal shift of f four units
to the right.

81. g(x) = f(x) + 6 is a vertical shift of £ six units
upward.

83. V—4—1=2i—1=—1+2i
85. 3i(4 — 5i) = 12i + 15 = 15 + 12i

87. (1 +3)(1-3)=1-(3Bi2=1+9=10

J

-

80. g is a reflection of f with respect to the x-axis.

82. g is a horizontal shrink of f.

84. /-8 +5=2/2i+5=5+2/2i
86. —2i(1 +6i)=—2i+ 12 =12 —2i

88. (7 — 4i)(7 + 4i) = 49 + 16 = 65

3 2 3 1—i 2 2+ 3§
89. -+ . = o . o .
1+¢ 2-3i 1+i 1—i 2-—3i 2+3i
_3-3i 4+6i
2 13
39— 39i + 8 + 12
26
_a1 o,
26 26
+ . T 6i _a .
90. 6 : 4 l _ 3 . 1 l _ 24 61 _ 3 3i 91. —2;i Imaginary
4_l4+l 1+l 1_1 17 2 axis
5
48 + 12i — 51 + 51i 4
= 3
34 2
1
“““““ Real
_ -3 63, RS S I i AN
34 34 - -2
4
-5
92. 3i 93. 1 + 8i 94. 9 —7i
Imagi.nary Imagi.nary lmégi.nary
5 8+ @1 +8i 10+
4 7T 8+
3@3i 61 6+
2 5+ 4+
;;;Hl;;;HR”' ?I #%##%20%%#%%1{031
—4-3-2-1 L 12345 s Eui -8-6-4-2 L 2 4 6 810 i
-2 1+ -4+
-3 bt —————> Rl “6+ 9-7i
4 —4-3-2-1 L 12345 &8 gt °
-5 -2 ~10+
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Section 6.5

Trigonometric Form of a Complex Number

(@) a = rcos 0

(@) z;2, =
Z

< 2

(¢) r = Va* + b? ris called the modulus of z.
B Given z;, = r(cos 0, + isin 6,) and z, = r,(cos 6, + isin 0,):
rry[cos(6, + 6,) + isin(6, + 6,)]

7" = r"(cos n@ + isin nb).

where k =0, 1, 2,. . .

B You should be able to graphically represent complex numbers.
The absolute value of the complex numbers z = a + bi is |z| = Va®> + b%

B The trigonometric form of the complex number z = a + biis z = r(cos 0 + i sin §) where

() b =rsin 6

(d) tan 0 = b/a; Ois called the argument of z.

® 9= %[COS(()I — 6,) +isin(6, — 0,)], 2, # 0

0 + 2wk

el

B You should know DeMoivre’s Theorem: If z = r(cos 6 + i sin 6), then for any positive integer n,

B You should know that for any positive integer n, z = r(cos 6 + i sin 6) has n distinct nth roots given by

+ 2wk
2/r [cos(e u

n

Vocabulary Check

1. absolute value

2. trigonometric form, modulus, argument

3. DeMoivre’s 4. nth root
1. |6i] =6 2. |-2i| =2 3. -4 = S + 07
Imaginary Imaginary — 16 — 4
axis axis
! 3 Imaginary
6@ 60 4 axis
3
5 5 g
4 1
3+ e e e Real 24
3 At o
2 -4-3-2-1 L 12345 & A
i -4
1 -20-2i
Real -3 —~—e—+—+—+—|—» Rl
+—+—+—+ +———+ S ' axis
—4 -3 -2 71+ 1 23 4 ™8 :;L a1l
o+
34+

Imaginary
axis
6+
44
24
7. Real
-2 2 4 6 8 10 M
24
44
—6

5. |—4 +4i| = J(—4)? + (4)?
= /32=4.2

Imaginary
axis

—4+4i
e 4+
N
34+
N
N
N 24
N
N
AN RS
4 4 4 4 N Real
—t—F+—+— + She
-5 -4 3 2 -1 1 axis
14+
2+

6. |-5— 12i| = /52 + 122
= /169 = 13

Imaginary
axis
PR Real
—t—+—+— + o
-10 -8 -6 -4 -2 4| 2 W
4
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7. |3 +6il = V9 + 36 8. 10 — 3i| = V10? + (=3)? 9. z=23i
= /45 =35 = /109 r=J0+3=.9=3
Imagi'n:u)' Imagi.nzu'y 3 . rrs
axis axis tan 6 = —, undefined = 6 =
8T 10 0 2
7T 8
61 ®3+6i 6 T T
T 4 z= 3(005* + isin
s/ —_— #2 > Redl 2 2
2+ ’// ~8-6-4-2 ‘2‘\‘};‘%) axi
“““ e Rl -4 10 - 3i
a3a-1 L2345 s -
ol -10
10. z =4 11. z = -2 12. 7= —i

13.

15.

17.

r=J#+0=.16=4

tan 6 0
an - —
4

7z = 4(cos 0 + isin 0)

r=JV(=2?2+0=2
tmnl=7m = 0=

7z = 2(cos 7 + isin )

r= JEF (IR =1

3
tan 6 undefined = 6 = 777

3w .. 3w
zZ=coS— + isin—
2 2

z=—2-—2i 14. z =3 + 3i
r=J(=22+ (22 = V/8=2V2 r=J3¥+3=3/2
tanf):%z: 1, 6 is in Quadrant III. tan6=§=1 = 02311
0= 5777 z=3\/§<cosg+isinz)
5 5
7= 2ﬂ(cos7ﬂ- + isin f)
=3 16. z = —1 + /3i
r= (V3P +(-12=2 r=J(=12+ (V3) = Ja=2
- 1 J3 2
=— = — tan = — = — /3 0=—
tan 0 ﬁ=>0 6 an Y V3= 3

2( o 117T+ i 1177)
= COS — 1 S1In ———
¢ 6 6

z=5-—15i
r=Y52+(=52= /50 =52
tan0=—§=—1 = 0=777T

7 7
z= 5ﬂ<cos% + isin%)

2o
z=2 cos?-l—zsmf

Imaginary
axis

\\
-5+ ® 5-5i

21
3
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18. z =2 +2i 19. 2= V3 +i
r=Ji+4=202 r=J(V3) +12=/4=2
2 T 1 Y3 T
tml=—-=1 = 60=— tnmf=—=—= 6=—
5 4 an NG 3 6
T .. T
7= 2\@(0052 + isin Z) 7= 2(003%7 + isin g) tmaginay
Imugi_mu'y 24
5 V3+i
4 1+ PR
3T 242 L
2 yJ | Pid | | Real
“““ ! ‘/‘ T Real _i i é axis
4321 12345 s N
21
—4 4+
-5+
20. z=—1- J3i 21. z = —2(1 + /3i)
r=J1+3=2 r=J(=27+ (237 = JT6=4
3 4 3 4
an 0= Y3 s g oape = 47 tan6=£=ﬁ:>6=£
1 3 1 3
47 4qr 4 dqr
-5 RSP (i} _ AT n 2T
z (cos 3 isin 3) z 4<cos 3 isin 3>
lmalagivnvary Imagi.nary
ST , , , , Real
;‘: 4 3 2 -l P axis
24 J
1+ ’
“““““ Real ’
T 4321/ 12345 axis S
,],@7 //, 3
[ ]
| 200+3) 4l
5 . .
22.Z=E(\/§—l> 23, 7 = —38i
=J0+ (—8)%= /64 =38
5 2 /5 2 100 ] (=8
= 5\/3 + 5 (— 1) = T 8 3
tan 6 = ——, undefined = 0 = —
0 2
=/25=5
3 .3
-1 -3 117 Z=8(c0s£+ismi>
tmf=—F4=—""= 0=— 2 2
V3 3 6
Imaginary
( 117 . 1177) s
z=5{cos— + isin— 2
6 6 ‘i
“““““ Real
Imaginary 4321 L 12345 wis
axis -2
-3
2 -4
-5
1 -6
| Real -7
-1 o2 3 4 5 wis -3 @—8i
o L
,2 \\\\
o, )
-3 5(\@—0
—4+




506 Chapter 6  Additional Topics in Trigonometry

24. z = 4i
r=4
4 T
tan # = — undefined = 6 = —
0 2
™ )
= 4{ cos — + isin — Imaginary
2 2 axis
5
4@4
3
2
1
I B T T i o B
—4-3-2-1 1 12345 s
-2
-3
-4
-5
26. z=5—1i

= JFE IR = V36

tan 6 = —%z 0~ —11.3° or 348.7°

7=~ J26(cos (—11.3° + isin (—11.3%)

Imaginary
axis
2+
14+
| Real
T T
-1 TT-e
5—i
24
34+
4+
28.z2=6
r==6
0=20

z = 6(cos 0 + isin0)

Imaginary
axis

6 Real
-8-6-4-2 L 2 4 6 810 ™

25. 7= —7+4i
r=J49 + 16 = /65

tan 6 = _i7 — 0 ~ 2.62 radians or 150.26°

7 = /65(cos 150.26° + i sin 150.26°)

Imaginary
axis

| | | ~ Real
+ + t } :
-8 -6 -4 2 axis

27. z=13
r= JEE O =3

tan0=g=0:> 6=0°

z = 3(cos 0° + i sin 0°)

Imaginary
axis

Real
“+———+—+— !
—4-3-2-1 L 12345 &8

29. 7 =3+ J3i
r=J9+3=J/12=2/3
3

aT
tan = — = 6= —or30°
3 6
T .. T
= 2ﬁ<cosf + zsmf)
6 6
Imaginary
axis
54
4+
3T 3443
o W
“““ 4Ty 4, Rel
yyyyyyyyyy axis
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30. z=2V2—i

r=J02V2) + (=12 =/0=3
-1 \/i

tanf=_—==——- 0 = —19.5° or 340.5°
an 2\/5 - or

4
z = 3(cos(—19.5°) + isin(—19.5°))

Imaginary
axis
1+
\ Real
< t t + .
~._ 2 3 axis
7 -
2+
32.z=1+3i

r= VT3 = /10
tanf=3=3 = 6=716
2= /10(cos 71.6° + i sin 71.6°)

Imaginary
axis

3+ ol +3i
/

Real
é axis

34. —3 + i = 3.16(cos 161.6° + isin 161.6°)
= 3.16(cos 2.82 + isin 2.82)

Imaginary
axis

vvvvvvvvvv

31.

33.

3s.

z=—1-2i
r=J12+22=5

tan0=f2=2 = 0~ 243.4°

z = 5(cos 243.4° + i sin 243.4°)

Imaginary
axis
34
24
1+
—— ——t— Redl
-3 -2 -1/ 1 2 3 ®°
s
’
-1-2id +
34
z=5+2i

r=J25+4=/29~5385
tan f = 3 = 6=~ 21.80°
z = /29(cos 21.80° + i sin 21.80°)

Imaginary

axis

5

4

3 542

2 -

1 Pras
“““ 47y o Real
yyyyyyyyyy o
—4-3-2-1 L 12345 &8

-2
-3
—4
-5

:=3V2-17i
r=J18 + 49 = /67 ~ 8.185

-7
tan § = ——= ~ —1.6499 = § ~ 301.22°
an 3V2

7 = /67(cos 301.22° + i sin 301.22°)

Imaginary
axis

“““
vvvvv

“““
vvvvv
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36. —8 — 5/3i = 11.79(cos 227.3° + i sin 227.3°) 37. 2(cos 120° + i sin 120°) = 2<_1 + ﬁl)

2 2
—8 — 5/3i = 11.79(cos 3.97 + i sin 3.97) L+ U3
- l

Imaginary
axis Imagi_n:uy
10 + axis
i 21
Ml —14+v3i @27
b —————>- Redl T
~8-6-4 1 2 4 6 810 ¥ N Re
e -4 -3 2 -1 1o s
0 =6+ 14+
. gl
—8:5\/31‘ + 2T
34
. V2 V2 3 . 3(V/3 1
38. 5(cos 135° +isin 135°) = 5| ——— + i| —— 39. =(cos 330° + i sin 330°) = =~ — =i
2 2 2 2\ 2 2
572 5V2. 3/3 3.
= === —7i
2 2 4 4
Imaginary Imagi.nary
axis axis.
5v2,5V2.
2 ! 4T 2
[ ]
N 3t |
| Real
) 1 I M R
. Y
NN -1 33 3,
' ' L ' Real Py 4
—4 -3 ) 1 axis
3 . 3IV2 [ V2 37 37 152 152
40. ~(cos 315° + isin 315°) = ~|— + i| ——— 41. 3.75(cos— +isin— | = —— + i
4 4 2 2 4 4 8 8
3\/5 3\/5 . ]magi'nary
= — 1 axis
8 8 _15v2 15v2,
8 8 3T
. [ ]
Imaginary R
axis N 24
1+ IRE
| | | } N Real
t Re?l 4 3 2 - axis
-1 \\. 1 2 axis 4
32 3,
8 8
2+
T .T , _ . .om (1,3 ,
42. 1.5(cos — + isin— | = 1.5(0 + i) = 1.5i 43. 6<COS*+ISIH*>—6 S+ i =3+ 330
2 2 3 3 2 2
Imaginary Imagi_nary
axis axis
5 8T
4 71+
3 6+ 3+34/3i
2 st »
[®e1si at )
> Rl ER
-4-3-2-1 12345 &8 2+ K
2T e e Real
= PEEEEREE IR
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S S5 Y3 1) 3@ .. 3w : .
44. 8{cos— +isin— | =8| ——— + i~ 45. 4{cos— + isin— | = 4(0 — i) = —4i
( 6 6 ) ( 2 2 2 2 ( )
= — 4\@ + 4 Imégi_vary
lmellgi_rsary T . ) Real
axis 72 7; 'l é axis
—4/3 +4i ST -1
e 44
o M .,
. o1
o4 -3
bt~} 4> Redl
“1-6-5-4-3-2 _; 1 1 *® 4@ 4
24
3
46. 9(cos 0 + isin0) = 9 47. 3[cos(18°45’) + i sin(18°45’)] ~ 2.8408 + 0.9643i
Imagi_n:uy lmz/ngiﬁary
6+ 2+
4t N 2.8408 + 0.9643i
2+ 9 e Real
Real =4 } } t dflas
-2 2 4 6 8 10 ™8 1 2 3 4
2 —14
—4+4
2t
—6

48. 6[cos(230°30) + isin(230°30")] ~ —3.8165 — 4.6297i

Imaginary
axis

1
R Real
5 o-4 3 2 -1 | 1 s

’

[ ]
—3.8165 - 4.6297i T

49. 5<cosg + isin g) ~ 4.6985 + 1.7101i

51. 9(cos 58° + isin 58°) = 4.7693 + 7.6324i

53, Imaginary

axis

The absolute value of each power is 1.

50.

52.

54.

12(0053?77 + isinﬁ> ~ —371 + 11.41i

5

4(cos 216.5° + isin 216.5°) = —3.22 — 2.38i

c= 41+ v

2 =401+ 3+ V3) =3(-1+ V3i)
P=z7z= %(—1 + ﬁi)%(l + \/§i)

= -1
=7z
= (- 131 + V3i)
“ -1 - i)

The absolute value of
eachis 1.

Imaginary
axis

24
2=L1430) =
2 o

o |
=113

24+

—

1

1
2

2

(1++/30)

Real
axis
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5S.

56.

=)

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

o o )] - 2] 5]
COS3 lSlIl3 COS6 lSlIl6 COS 3 6 1 S1n 6 3 COS2 1 SIn

[§<cos T+ isin 7l)][6<cos T+ isin E)} = é(6)[cos<ﬂ + E) + i sin <7l + E)]
2776 6 4 4 2 6 4 6 4
= 9<cossir + isin E)
IPRRRETD)
[3(cos 140° + i sin 140°)][Z(cos 60° + i sin 60°)] = (2)(2)[cos(140° + 60°) + i sin(140° + 60°)]
= (cos 200° + i sin 200°)

[4(cos 115° + i sin 115%)][2(cos 300° + i sin 300°)] = 3(¢)[cos(115° + 300°) + i sin(115° + 300°)]
= %(cos 415° + isin415°) = %(cos 55° + isin 55°)

[1h(cos 290° + i sin 290°)][2 (cos 200° + i sin 200°)] = (34)(2)[cos(290° + 200°) + i 5in(290° + 200°)]
= 11 (cos 490° + i sin 490°)

= %(cos 130° + i sin 130°)

(cos 5° + i sin 5°)(cos 20° + i sin 20°) = cos(5° + 20°) + i sin(5° + 20°)

= c0s 25° + isin 25°

cos 50° + i sin 50°
cos 20° + i sin 20°

= cos(50° — 20°) + isin(50° — 20°) = cos 30° + i sin 30°

252283 i izzgig - %[cos(4.3 —2.1) + isin(43 — 2.1) = %[cos(2.2) + isin(2.2)]

2(cos 120° + isin 120°) 1
4(cos 40° + i sin 40°) 2

1
[cos(120° — 40°) + isin(120° — 40°)] = E(COS 80° + i sin 80°)

cos Im + isin Im

I isin 22

4 4 3w .. 37
— =cos—— +isin—

cos 71 + isin 4 4

18(cos 54° + i sin 54°)

— o __ °) &+ i o __ o
3(cos 102° + 7 sin 102°) 6(cos(54° — 102°) + isin(54° — 102°))

= 6(cos(—48°) + isin(—48°)) = 6(cos 312° + isin 312°)

9(cos 20° + isin20°) 9
= 20° — 75%) + isin(20° — 75°
Seos 75° + isin 759 5 ) + i sin )

= %[cos(—SS") + i sin(—55°)]

9
= g[cos 305° + i sin 305°]
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67.

68.

69.

70.

71.

7 7
(a) 2 —2i = 2\@(005% + isin%)

1+i= ﬂ(cosg + isinjf)

7 7
(b) (2 —2i)(1 +1i) = 2ﬂ<cosf—l— i sin Tﬂ-)ﬂ(cosg + isin%) = 4(cos 27 + isin2mw) = 4

(©)2-2)1+i)=2+2=4

7 7
(a) 3 —3i= 3\@(005% + isin%)

7 7
1—-i= ﬂ(cos% + isin%)
7 7 7 7 7 7
(b) 3 —3i)(1 —1i) = Sﬂ(cos%-k i sin %)ﬂ(cos% + isin %) = 6<cos 777- + isin g) = —6i

© B3-=3)1—-i)=3—-3—6i=—6i

(@) 2 + 2i = 2/2(cos 45° + i sin 45°)
1 —i= V2[cos(—45°) + isin(—45°)]

(b) 2+ 2i)(1 —i) = [2 V2(cos 45° + i sin 45°)][ﬂ(c0s(—45°) + isin(—45°))] = 4(cos 0° + isin0°) = 4

© 2+20)1 —i)=2-2i+2i—-22=2+2=4

(@) V3 + i = 2(cos 30° + isin 30°)
1 +i= 2(cos 45° + i sin 45°)
(b) (\/§ + i)(l + i) = [2(cos 30° + i sin 30°)][ﬂ(cos 45° + jsin 45°)]
= 2/2(cos 75° + i sin 75°)

_2fl<f f) <ﬁ+ﬁ>i1

4 4
S (1) (VA
© (V3+i)a+i=3+(B+1)i+2=(/3-1)+(/3+1)i

(a) —2i = 2[cos(—90°) + isin(—90°)]
1 +i= /2(cos45° + i sin 45°)
(b) —2i(1 + i) = 2[cos(—90°) + i sin(—90°)][ /2(cos 45° + i sin 45°)]
= 2/2[cos(—45°) + isin(—45°)]

—2f[f—fz]—2—2z

©) —2i(1l +i)=—2i—22=—2i+2=2—2i
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T T T T T T
) _ T isin T (1 + 1) = Tiin T KU,
72. (a) 3i 3<0052 i sin 2) (b) 3i(1 + i) 3(cos2 i sin 2>ﬁ<cos4 i sin 4>
1+i= ﬂ(cosz-i-isian) =3ﬁ<cosﬁ+isin3l)
4 4 4 4
3i(1l +i) =3i —3=—-3+3i 2 2
(©) 3i(l + i) = 3i i (Y2 Y2 2 g
2 2
3 3
73. ()  —2i= 2<cos7ﬂ- + isin7”>
11 11
S3—i= 2<cosl + isinl>
6 6
3 3 11 11
(b) —2i(\@ - i) = 2<cos§ + isin 7”)2(00377 + isin %)
< 20 . 2077')
=4|lcos— + isin—
6 6
(V3
2 2!
=-2-23i
© —2i(V3—i)=-2/3i -2
3
74. (a) —i= cos% + ising
1+ J3i = 2<cos7l + isinz)
3 3
(b) —i(l + \/gl) = (cosﬁ + isin3j>2<cosf + isinE>
2 2 3 3
_2( Um “J)
= 2| cos 5 i sin 5
3 1
o) - va-
© (=1 + V3i)=-i+ /3
75. (a) 2 = 2(cos 0 + isin 0) 76. (a) —4 = 4(cos 7 + isin )
T T T T
o I g . T, .. T
1 -1 ﬂ(cos 4 I sin 1 ) 1+ ﬂ<c0s4 + zsm4>
7 7 5 5
) 21 — i) = 2\@(005% + isin%) ®) —4(1 + i) = 4ﬂ<cosf + isinf>
J2 2 V22
=202( = - =5 = - - =
f( 5 5 42 5 5
=201-i)=2-2i = —4 — 4

(© 20 —i)=2-2i () —4(1 +i)=—4— 4
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77. (a) 3+ﬁ=&ﬁ@m§+img)

5 5
1— J3i= 2<cos?w + isin%)

3+3i:3ﬁ/ (z_@) ,.<Z_5£>>
(b) T > \cos 4 3 + isin

3¢§( (17ﬂ ,,(17ﬂ>
=——ocos| ——— | +isin| ———
2 12 12

=~ —(0.549 + 2.049i
3+3i 1+ Y3i 3-3/3+(3+3V3)i

1= V3 1+ J3i 4
—0.549 + 2.049i

(©

U

78. (a) 2+ 2i= 2\/§<cosg + isin g)

1+ J3i= 2<cos7§7 + isinz)

3
2+ 2§ Zﬂ/ (77 ’7T> . <7T ’7T>>
b = T_ O tisn[Z-Z
()l+ﬁi 2\cos4 3 1s1n4 3
= ﬂ(cos(—%) + isin(— %))
=~ 1.366 — 0.366i
© 2FH 1-VBi _2+2/3+(2-243)i _1+V3, 1-3
1+ V31— /3 4 2 2 !
~ 1.366 — 0.366i
79. (a) 5 = 5(cos 0 + isin 0) 80. (a) 2 = 2(cos 0 + isin 0)
11 11
2+ 2i= 2ﬂ(cosz + isinﬂ> J3—i= 2<cosl + isinl>
4 4 6 6
+ isi 2 2 11 11
) . —i 2. _ 5(cos 0 + isin 0) b) o . 5((:05(_?77) n isin(—%))
! 2ﬂ<cosﬂ+isinﬂ) !
4 4 NG 1
= — 4+ —
5 ( ( 77) . ( 77)) 2 2
= cos| ——| + isin|——
2v2 4 4 2 B 2B+ U3,
©) : = =2 45
_ S (v2 V2.,\_5 5. J3—i 3+ 4 2 2
22\ 2 2') a4 4

5 2-2i 52-2)_5
242 2-2 4+4 4

(©
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81. (a) 4i = 4(005% + isin %T)
3 3
—1+4+i= ﬂ(cosj + isinl>
4 4
b) 4i 4 <cos(ﬂ- 377) N 'sin(w 377))
= — _— 1 el —
-1+i /2 2 4 2 4
4 (cos( W) + 's'n( 77))
=— -— isin|——
V2 4 4
4 (V2 2 .
—| —— ——i| =2 - 2i
V2\ 2 2
© 4i 1—1_—41’—1—4_2_2
—1+i —1-i 2 !
82. (a) 20 = 2<cosg + isin g)
5 5
1 - J3i= 2<cos£ + isin£>
3 3
®) 2i 2<COS<7T 577) N 'sin(ﬂ- 57T>>
—_— _— — 1 _— —
1— V3 2 2 3 2 3
7 7 -3 1
= cos(—%) + isin(—%) = Tf + Ei
© 2i 1+ V3 2i—-2J3 —\/§+1,
. = == 71
1= V3 1+ /3 4 2 2
83. Let z = x + iy such that: 84. |z| = 5, Circle of radius 5
lz| =2 = 2= Vx> +y? = 4=x>+)? Imaginary
Circle with radius of 2 Imaginary
R
, , Real
_i J axis
a4
85. Letz = x + iy. 86. Letz = x + iy.

lz| =4 = 4= U+ = 2+y2=16

Circle of radius 4 Imaginary

Circle of radius 6

axis

Real

Imaginary
axis

j 6 axis

)
j

+
9

lz2] =6 = 6= Vx> +y? = x2 +y? =36

Real
axis
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87.

89.

91.

93. (—1+)10=

Imaginary
axis

v
0_6

Let z = x + iy such that:

£
U}
oA

o .
an? =2 = b
6 x

Imaginary

- ? axis
Sm _y

—\6—’?
tan— == = Real

6 X axis

Let z = x + iy such that:

y 3

= : = —
X 3 Y

X

oy

Line

(1+ip = [ﬂ(cos4 + isin Z)T
_ (ﬁ)3<cos 34 + isin 3;)
= 2\6(—*26 + ?;)

2+ 2

3 3 10
[—ﬂ((:os 777- + isin Tﬂ-)}

0T 45 207)
4 i

_ (ﬁ)“’(co

= 32[cos<377r + 677) + isin(%T + 677)]

3 3
= 32<cos -7 + isin l)
2 2

= 3200 + i(—1)] = —32i

5
95. 2(V/3 + i) = 2[2<cos7l + isin gﬂ

6

Sw S
= S = 1
2[2 (cos 6 + isin 6 )]

= 64(—‘£g + %:)

—32/3 + 32i

88. 0= KU arctan 1

Imaginary

4 axis
Line
y=x \e =3 Real
2
90. 0 = ?ﬂ- Im':;ﬂ(ii:ury
Let z = x + iy such that: ,
0=
) E
tanl Y = _\
3 X
3= i = y=- S3x
Line

6
92. (2 + 2i)° = [2ﬂ<cosg + isin jfﬂ
(2f) <cosf + zs1n6i7>
4 4
3 3
= 512<cos7 + isin 1)

2
= —512i

94. (1 — )8 = [ﬂ<cos77 + i sin 7%)}

= (V2)%cos 147 + isin 147 )
=16

~ 5 57\ PP
96. 4(1 - \/31')3 = 4[2(005% + isin ?ﬂ-ﬂ
= 4[23(cos 57 + isin 57)]
32(—-1)

—32
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12

97. [5(cos 20° + i sin 20°)]® = 53(cos 60° + i sin 60°) = 5

98. [3(cos 150° + i sin 150°)]* = 3*(cos 600° + i sin 600°)

= 81(cos 240° + i sin 240°)

81(—cos 60° — i sin 60°)
81 813

= i

2 2

. (c0s37 4 19 7] = on 37 1 i 57
. COS4 ) 4 Ccos 3 ) )

5
— 4

1253
2

i

= cos(12 +E> + 's'n<12 +7l> —cosﬂ-i- 's'nz— ]
T 5 isi T > > 112 i

- R P
100. [2(0055 + isin 7)] = 212(cos 67 + isin 67) = 212 = 4096

2

101. [2(cos 1.25 + isin 1.25)]* = 2*(cos 5 + i sin 5)
=~ 4.5386 — 15.3428i

103. [2(cos 7 + isin )] = 28(cos 87 + i sin 81)

= 256(1) = 256

105. (3 — 2i)° = —597 — 122i

107. [4(cos 10° + isin 10°)]° = 4%(cos 60° + i sin 60°)

N 1, V3.
_4096<2 +5 z>

= 2048 + 2048/3i

T TP T, T
109. [3<cos 3 + isin 8)] 3 <c0s 4 + isin 4>

V2 .2
= 9<2 + 12>

9 9
==V2+2V2i
2\/§ 2\/§l

1 6 4 44716
111. [—5(1 + ﬁz)} = [cos% + isin%}

cos 87 + isin 87

=1

102. [4(cos 2.8 + isin 2.8)]° = 4°(cos 14 + isin 14)
~ 140.02 + 1014.38i

104. (cos 0 + isin 0)2° = cos 0 + isin 0
=1

106. (/5 — 4i)* = [V/21(cos(5.2221) + i sin(5.2221))]*
= 441[c0s(20.8884) + i sin(20.8884)]
—199 + 393.55i

108. [3(cos 15° + isin 15°)]* = 81(cos 60° + i sin 60°)

_ 81 813
2 2

i

5
110. [2(0051 + isin 1)] = 32(00571 + isin E)
10 10 2 2

= 32i

© Houghton Mifflin Company. All rights reserved.
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112. 2741 — i) is a fourth root of —2 if 113. (a) In trigonometric form we have:
—2 =[2714(1 — ) o L Ao
2(cos 30° + i sin 30°)
—UA(1 — V| = (D—1A)4(] — ;)4
(270 = F = @77P0 =) 2(cos 150° + i sin 150°)
— 271 1 — \4
(1= 2(cos 270° + i sin 270°)

=301 — 921 — 2
(b) There are three roots evenly spaced around a
%(—21')(— 2i) circle of radius 2. Therefore, they represent
_1 (42) the cube roots of some number of modulus 8.
2 Cubing them shows that they are all cube
= %(—4) =2 roots of 8i.

(c) [2(cos 30° + isin 30°)]® = 8
[2(cos 150° + isin 150°) ] = &i
[2(cos 270° + isin 270°) ] = &i

114. (a) In trigonometric form we have: 115. (a) In trigonometric form we have:
3(cos 45° + isin 45°) cos 120° + i sin 120°
3(cos 135° + i sin 135°) cos 240° + i sin 240°
3(cos 225° + i sin 225°) cos 0° + isin 0°
3(cos 315° + i sin 315°) (b) These are the three cube roots of 1.
(b) There are four roots evenly spaced around a (c) (cos 120° + isin 120°)3 = 1

circle of radius 3. Therefore, they represent the
fourth roots of some number of modulus 81.
Raising them to the fourth power shows that (cos 0° + isin0°)® =1
they are all fourth roots of —81.

(c) [3(cos 45° + isin 45°)]* = —81
[3(cos 135° + isin 135°)]* = —81
[3(cos 225° + i sin 225°)]* = —81
[3(cos 315° + isin 315°)]* = —81

(cos 240° + isin 240°)° =1

116. (a) In trigonometric form we have: (¢) [2(cos 30° + isin30°)]° = —64
2(cos 30° + i sin 30°) [2(cos 90° + i sin 90°)]° = —64
2(cos 90° + i sin 90°) [2(cos 150° + i sin 150°)]° = —64
2(cos 150° + i sin 150°) [2(cos 210° + isin 210°)]° = —64
2(cos 210° + i sin 210°) [2(cos 270° + isin 270°)]° = —64
2(cos 270° + i sin 270°) [2(cos 330° + isin 330°)]° = —64

2(cos 330° + i sin 330°)

(b) There are six roots evenly spaced around a
circle of radius 2. Raising them to the sixth
power shows that they are the six sixth roots
of —64.
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. m ., .. T _ T, T
117. 2i = 2<cos > + isin 2) 118. 5i 5<cos > + isin 2)
Square roots: Square roots:
ﬁ(cosz+isinz>=1+i ﬁ(COS*-FlSl > i-l— 1Oi
4 4 2 2
S S5 . S5 . S5m Y10 /10
—+ —_— = — — —+ _— = - — /
ﬂ(cos A isin A ) 1 —1 ﬁ(cos A i sin 1 ) > > 1
37 37 37 37
3= 3m .. 37  _6i = 3T i 37
119 3 3<cos > + isin > ) 120 6i 6<cos > isin > >
Square roots: Square roots:
37
ﬁ(cos%—kisin%):—ﬁ—kﬁi ﬁ(cosf-i—zmnf) -3+ J3i
4 4 2 2 4 4
ﬁ(coshﬂ—isinh):\/g—\@i ﬂ(cosL-l-zmnf) Y3 - J3i
4 4 2 2 4
121. 2 — 2i = 2f<cos T isin 7{) 122. 2 +2i = 2ﬂ<cos 727 + isin ?f)
Square roots: Square roots:
8‘/4<cos %T + isin %) ~ —1.554 + 0.644i 81/4<cos 3 + isin g) =~ 1.554 + 0.644i
1 1
81/4<cos ST + isin %) ~ 1.554 — 0.644i 8‘/4<cos %ﬂ + isin %) ~ —1.554 — 0.644i
. T .. T . S5 S5
123.1+\/§1=2005§+zsm§ 124.1—\@z=2c0s?+1sm7
Square roots: Square roots:
\@ 2 ( 57 .. 577) 31 )
~ - ; — 4+ 7 = _y= —
ﬁ(cos + isin ) > 2 ﬂcos 6 1sin 6 ﬂ ) +2l
T vz NS V6 V2.
- ; = Y YT = ——— 4 —
ﬂ<c0s6+zsm6> > 21 ) 21
17 1wy V6 V2
ﬂ(cos G i sin 5 ) > 2 i
125. (a) Square roots of 5(cos 120° + i sin 120°): (b) Imaginary

\/g[COS

V5(cos 60° + i sin 60°)
V5(cos 240° + i sin 240°)
J5 V150 U5 f

© 5t T T,

<120° + 360°k>
— +

) (120o + 360%
S ““E;“‘*

=t
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126. (a)

()

Square roots of 16(cos 60° + i sin 60°):
— 60° + 360° k 60° + 360° k
J16 [cos<7> + isin<7>, k=0,1
2 2
4(cos 30° + i sin 30°)
4(cos 210° + i sin 210°)

4(‘? + %z) =23+ 2
4(—\2@ - %z> = —2J3-2i
127. (a) Fourth roots of 16<cos 43£ + isin ?)
%[m(%%m) + isin<(477/3)+2kﬂ->], k=0,1,2,3

(©)

128. (a)

©)

2<cos — + isin )
Sm
6

200S7+lsi )

3

117
2 —+ —
cos i sin 6)

1+ 3i, —3+i, —1— 30, V/3—i

[
o7 1)
(

5 5
Fifth roots of 32<cos 27 + isin l):
6 6
— 5m/6) + 2k 5m/6) + 2k
m[cos(wiw) . isin(“f/)iw)
5 5
k=0,1,2,3,4

k=0: 2<cosg+ isin%)
k=1: 2( 1—+ i
= 1: 2 cos 30 is

%)
297 .. &r)
)

k= 2: 2(0057 + isin
30

4177
k= 3: 2<cosi+z sin J

30
53 53
k= 4: 2<COSE + lSiI‘lT(;T>

1.732 + i, —0.4158 + 1.956i, —1.989 + 0.20911,
—0.8135 — 1.827i, 1.486 — 1.338i

(b) Ima:&iﬂary

(b) Imaginary

axis

1
=3

(b) [ma;%iilgary

Real
axis

Real
axis

Real
axis
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129. (a) Cube roots of —27i = 27<cos 3777 + isin 3{)
2) + 2 2)+ 2
(27)‘/3[cos<(377/)%7-) + isin(wﬂ, k=0,1,2

3(071-1—"71)
052 zsm2

3<cos %T + isin %)

11 11
3<c0s Tﬂ- + i sin TTT)

. 33 3.3/3 3,
(¢) 3i, === = Ji. = = Ji

130. (a) Fourth roots of 625 = 625<cosg + isin 17):

2
o T 2T) 1) 2
k=0,1,2,3

k=0: 5<cos7§7 + isin%)

5 5
k=1: 5<cos?ﬂ-+ isin?ﬂ-)

k=2 5(005% + isingiT)
8 8

13 13
k= 3: 5<COSTW + isin{)

(c) 4.619 + 1.913i, —1.913 + 4.619i, —4.619 — 1.913i, 1.913 — 4.619i

125 4 4
131. (a) Cube roots of _T(l + J3i) = 125(cos?ﬂ- + isin %)

m[cos<(4ﬂ-/3)%m> + isin(@ﬂ, k=0,1,2

YL
COS9 lSll’l9

5<cos 10m + isin 1077)
=y isin—=
9 9

( 167 . . 1677')
5cos — + isin——
9 9

(c) 0.8682 + 4.9240i, —4.6985 — 1.7101:, 3.8302 — 3.2139i

(b)

(b)

Imaginary
axis

Imaginary
axis

Imaginary

© Houghton Mifflin Company. All rights reserved.
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132. (a) Cube roots of —4/2(1

3

. 37 .. 37w
— i) = 8{cos— + isin—
4 4

3

é@[COS<(377/4) + 2k77> . isin<(3w/4) + 2qu>]

k=0,1,2

k=0: 2<cos§ + isin

117 . . 117«
k=1: 2| cos—— + isin
12

19 19
k= 2: 2<cosl + isin 7T>

12

)

12

12

)

(c) 1.414 + 1.414i, —1.932 + 0.5176i, 0.5176 — 1.9319i

133. (a) Cube roots of 64i = 64<

O (N (LEER S W CEEL ) R

3
4((:05% + isin %)
4<cos 5?77 + isin %)
9

4<cos om + isin 7) =

6 6

(c) 23 + 2i, =23 + 2i,

134. (a)

k=0,1,2,3

k=0: coslT-F isinz
8 8

cosz + isin E)'
2 2)

3

4(cos 3m + isin 3£>
2 2

—4i

T LT
Fourth roots of i = cos 5 + isin —:

el

]

5
k=1: cosi-l— isin?’n-

9 9
k=2: cos%—i— isin%

13
k= 3: cosl—f— i sin

137

8

(b)

Imaginary
axis

4 Real
3 axis

1
-3

(b)

Imaginary
axis

Real
axis

Imaginary

(b) axis

Real

2 PENN 5 axis
\

(c) 0.9239 + 0.3827i, —0.3827 + 0.9239i, —0.9239 — 0.3827i, 0.3827 — 0.9239i
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135. (a) Fifth roots of 1 = cos 0 + i sin O: (b) Imaginary
2k
cos 7 + i sin 577, k=0,1,234

cos0 + isin0

290 .. 2m
cos — + zsm?

47T+ 4T
cos — + isin—
5 5

6w .. O
cos— + isin—
5 5

8m . . 8w
cos? + isin —

(c) 1,0.3090 + 0.9511i, —0.8090 + 0.5878i, —0.8090 — 0.5878i, 0.3090 — 0.9511i
136. (a) Cube roots of 1000 = 1000(cos 0 + i sin 0): (b) Imaginary
2k 2k
N 1000<cos TW + isin TW)

k=0,1,2
k=0: 10(cos 0 + isin0) = 10

2
k=1: 10<cosl + isin2£>
3 3

4 4
k=2: 10(005% + isin %)

(¢) 10, =5 + 5V3i, =5 — 5/3i

137. (a) Cube roots of —125 = 125(cos 180° + i sin 180°) are: (b) Tmaginary

axis

— + +
: 125[00S<180 3 36Ok> " ism<180 3 360k>]’ e h
Real

5(cos 60° + i sin 60°) Rea
5(cos 180° + i sin 180°) y
5(cos 300° + i sin 300°)

5 . 5J3 5 53

,+ ,_5,7_
© b5y

138. (a) Fourth roots of —4 = 4(cos 180° + i sin 180°): (b) tmaginary
V2(cos 45° + i sin 45°) N
V2(cos 135° + i sin 135°) /./\
V2(cos 225° + i sin 225°) | H—— Rl
V2(cos 315° + i sin 315°) \\/‘/
ol

2
©1+i,—1+i—1—il—i
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139. (a) Fifth roots of 128(—1 + i) = 128/2(cos 135°

2/2(cos 27° + isin 27°) = 2f<cos 20

2/2(cos 99° + i sin 99°)
2/2(cos 171° + isin 171°)
2/2(cos 243° + i sin 243°)
2/2(cos 315° + i sin 315°)
(c) 2.52 + 1.28i, —0.44 + 2.79i, —2.79 + 0.44i,

140. (a) Sixth roots of 729 = 729(005% + isin g)

\"/@[cos<7w/2 i 2k7T> + isin<77-r/2 + 2k
6 6

3 cos + sin 7'r>
2y isin—
12

3 cosi—k isin )
177

3 cosi+l 7)
12

( 1T . 2177)
3|l cos —— + isin ——
12 12

(c) 2.898 + 0.776i,0.776 + 2.898i, —2.121 + 2.

—2.898 — 0.776i, —0.776 — 2.898i, 2.121 —
141. x*—i=0
x4t =i

. . T .
The solutions are the fourth roots of i = cos 5 + i

i‘ﬁ[cos<7(ﬂ-/2)4+ 2k77> + isin<7(w/2) 4+ 2k7T>],

T .. T
cos— + isin—
8 8

cos Sk + isin Sk
2T 20
8 8

97 . . 97
cos— + isin—
8 8

coSs 13 + isin 137
=204 i
8 8

)
+ isin

+ i sin 135°) are: (b)

Imaginary
axis

‘h Real
“v :

20

—1.28 — 2.52i,2 — 2i

(b)

Imaginary
axis

)],k=0, 1,2,3,4,5

1214,
2.121i

..
sin —:
2

k=0,1,2,3

Imaginary
axis

+ Real
axis
2

@
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142. x*+27=0
x> = -27
Solutions are cube roots of —27 = 27(cos 7 + i sin m): maginary
- +
3(00377727#( + isinw>,k =0,1,2
3 3
T 3V3
+ =+ '
3<cos3 zsm3) > ’ i
3(cosm+ isinw) = —3
5 50\ 3 33,
3<COS3+ZSII13>—2 21
143. x> = —243
The solutions are the fifth roots of —243 = 243[cos 7 + i sin 7:
+ +
\5/243[cos<%7> + isin<”5i7>], k=0,1,2,3,4
T
3<COS — 4+ Sln ) Imaginary
5 axis
37
—_ + —_
3<cos isin 5 )
Real
3<cosf + isin SiT) =-3 o
5
7
3<cosf + isin l)
5
9
—_ + —_—
3<cos isin 5 >
144. x4 =81 = 81(COS 0 + isin 0) Tmaginary
2wk . . 2wk|
3|:COST+ZSI 1 ] k=0,1,2,3

3(cos 0 + isin0) = 3

Real
axis

3<cosf + isin 2) =3i

2
3(cosm+ isinw) = —3
37 37
+ = —3
3<cos > i sin 2) 3i
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145.

146.

147.

x* = —16i

The solutions are the fourth roots of —16i = 16[cos 32 + isin 327T }

%[em(w) + isin<w+2k”ﬂ, k=0,1,2,3

Imaginary
axis

[N}
(@]
]
|7Z)

[N}
I 1 1
(@]
2
T R
~ w
—

3]
(@]
o
)
‘ —
3
~
+
z
=

%)
T
o
o
2]
//
—
oo‘ul
3
SN———
+
2l
[
=

X0 —64i =0
X0 = 64i
The solutions are the sixth roots of 64i:

2) + 2k 2) + 2k
¢ 64[cos<(”/)%> + isin<(77/)f”>, k=01.234.5

k = 0: 2<cos I +isin 1) ~1.932 + 0.5176i Imaginry
12 12

k=1:2|c -I— zsmsiT) 0.5176 + 1.932;

12

k=22 cosf + zsm37ﬂ->~ —1.414 + 1.414i

k=32 cosi + isin 7) —1.932 — 0.5176i

12

177 .
cosf +is 7) ~ —0.5176 — 1.932i

k=42
12

( 137 137
T .
k=5: 2<cosf + i sin 7) ~ 1414 — 1.414i

.x3 - (1 - l) = 0 Imz:l%(iil;ary
3=1—1i= /2(cos315° + isin315°)

X
The solutions are the cube roots of 1 — i:

315° + 360°% 315° + 360°% 3
3 ﬂ[cos(f> + isin<f>], k=012

%/2(cos 105° + i sin 105°)
9/2(cos 225° + i sin 225°)
9/2(cos 345° + i sin 345°)
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148. .x4 + (1 + l) =0 Ing(iir;ary
x=—1—1i= /2(cos 225° + i sin 225°)

The solutions are the fourth roots of —1 — i: rﬁ\
225° + 360% 225° + 360% L Real
3 ﬂ[cos(i) + isi <7>

j ; axis
1 SIn
4 L

k=0,1,2,3 2T
k = 0: 8/2(cos 56.25° + i sin 56.25°) = 0.6059 + 0.9067i

k= 1: 8/2(cos 146.25° + i sin 146.25°) = —0.9067 + 0.6059i

k = 2: 8/2(cos 236.25° + i sin 236.25°) = —0.6059 — 0.9067i

k = 3: 8/2(cos 326.25° + i sin 326.25°) = 0.9067 — 0.6059i

¥}
~
~
|

149. E=1-2Z7 150. E=1-Z

=34 + 38i =26 + 66i
E E
151. 2=~ 152. Z =5
_5+5i 24 _ 4450 10— 2
T2+ 4i 2 —4i 10+2i 10— 2§
~ (10 + 20) + (10 — 20)i (40 + 10) + (50 — 8)i
B 4+ 16 B 100 + 4
_ 30— 10i _ 50 + 42i
20 104
_3_ 1 _25 21,
2 2! 52 52!
E E
153. 1=~ 154. 1=
_ 12 4+24i 12 — 20i _ 15+ 120 25 — 24i
12+ 200 12 — 20i 25+ 24i 25— 24i
_ (144 + 480) + (288 — 240)i _ (375 + 288) + (300 — 360)i
144 + 400 625 + 576
_ 624 + 48i _ 663 — 60i
544 1201
_39 . 3. _ 663 60
34 34 1201 1201"
9
155. True. [%(1 - ﬁi)} = B - ?i 156. False. (/3 + i) =2 + 2/3i # 8i

= (10 + 2i)(4 + 3i)
= (40 — 6) + (30 + 8)i

= (12 + 2)(3 + 5i)
= (36 — 10) + (60 + 6)i
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157.

158.

159.

161.

163.

165.

True

z, _ ry(cos 6, + isin 6,)

cos 0, — isin 0,

2,  ry(cos 0, + isin 6,)

"

cos 0, — isin 0,

" ry(cos? 6, + sin? 6,)

= ﬁ[cos(@, -6, +i
r

7z = r(cos 6 + isin 6)

Z = r(cos 6 — isin )

[cos 6, cos 6, + sin 6, sin 6, + i(sin 6, cos 6, — sin 6, cos 6,)]

sin(0, — 6,)]

160. (a) zz = [r(cos 6 + i sin 6)][r(cos(— ) + i sin(—6)]
= r?cos(0 — 6) + isin(6 — 0)]

= r(cos(—6) + isin(— 0)) = r?[cos 0 + isin 0]

z = r(cos @ + isin 6)

=2

b &= r(cos 6 + isin 6)
®) z rcos(—6) + isin(—6)]

= g[cos(ﬂ —(—0) + isin(6 — (—0))]
= co0s 26 + isin26

162. Let a = 0 and b = 7 in Euler’s Formula:

—z = —r(cos 0 + i sin 6) et = e%cos b + isinb)

= r(—cos § — isin 6) 0T = ¢O(cos 7 + i sin )

= r(cos(8 + m) + is

T
= 1 —_—
d 6 cos<4 t)

Maximum displacement:

in( + m) e = —1
e +1=0

164. Maximum displacement: T16

16 . 4
Lowest positive value: ¢t = 5

Lowest possible 7-value: jft = g = 1t=2

1
d= gcos(1277t)
Maximum displacement:

Lowest possible #-value:

1
166. Maximum displacement: —

12

1 Lowest positive value: t—i

A west p ve value: 0
T 1
127rt—2 :>t—24
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167. 2 cos(x + m) + 2cos(x — 7 =0 168. sin(x + %T) - sin(x - %) =0
4cosxcosm =0
—cosx —cosx =0
cosx =0
2cosx =0
L= T3
22 _m
X X
169 sin(x - E) - sin(x + E) _3 170 + — + S\ _ 0
. 3 3 > . tan(x + ) — cos| x > )=
l[sin(x i E) _ sin(x _ E)] _ <_§)1 tanx + sinx = 0
2 3 3 2)2
. 1
smx( + 1) =0
cosxsinzz —é cos x
3 4
x=0,
cos ﬁ = _3
2 4
Ccos x = —£
2
5w
6’6

Review Exercises for Chapter 6

1. Given: A = 32°,B = 50% a = 16 2. Given: A = 38°, B =58 a =12

C = 180° — 32° — 50° = 98° C = 180° — 38° — 58° = 84°
asinB 16 sin 50° asinB 12 sin 58°
b="Gna = smar BB = dnA  sinzse 1093
asinC 16 sin 98° asin C 12 sin 84°
" sinA  sin32° 2990 €= sinA  sin38° 19.38

3. Given: B = 25°, C = 105°, ¢ = 25 4. Given: B =20°, C = 115° ¢ = 30

A = 180° — 25° — 105° = 50° A = 180° — 20° — 115° = 45°
csinB  25sin25° _csinB _ 30sin20°
b="Gnc T sini0s " 1094 b="Gnc " sinuise - 132
csinA _ 25sin 50° _csinA _ 30sin45°
“=GnC "~ sintoy 1083 e L F

5. Given: A = 60° 15" = 60.25°, B = 45°30" =455° b =438
C = 180° — 60.25° — 45.5° = 74.25° = 74° 15’

_ b sin A _ 4.8 sin 60.25°
a sin B sin 45.5°

_bsinC _ 4.8sin74.25°
¢ sin B sin 45.5°

~ 5.84

~ 6.48

3w
2
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6. Given: A = 82°45" = 82.75°, B = 28°45" = 28.75°, b = 40.2
C = 180° — 82.75° — 28.75° = 68.5° = 68° 30’
y— bsinA _ 40.2 sin 82.75°

sinB  sin28.75° = 8291
bsin C  40.2 sin 68.5°
©="dnB _ sm2s7s 76

7. Given: A =75° a =25, b=165

__bsinA _ 16.5sin75°
a 2.5

sin B ~ 6.375 = no triangle formed

No solution

8. Given: A =15°, a=5, b= 10
bsinA _ 10sin 15°

sin B = 5 ~ (0.5176 = B =~ 31.2° or 148.8°
a
Case 1: B = 31.2° Case 2: B = 148.8°
C = 180° — 15° — 31.2° = 133.8° C = 180° — 15° — 148.8° = 16.2°
i in 133.8° i in 16.2°
cza?lanSSl.n 338@13.94 C:a?IHCZSS?n 6 ~ 54
sin A sin 15° sin A sin 15°

9. Given: B =115°,a=9,b = 145

asinB _ 9sin 115°
b 145

C = 180° — 115° — 34.2° = 30.8°

c= b (sin C) =

sin B

~ (05625 = A = 34.2°

SinA =

145 oo
W(sm 30.8 ) ~ 8.18
10. Given: B = 150°,a = 64,b = 10

asinB _ 64 sin 150°
b 10

sinA = =~ 3.2 = no triangle formed

No solution

11. Given: C = 50°,a =25,c =22
asinC _ 25sin50° 25(0.7660)

inA = = 0. A = 60.5°or 119.5°
sin . 7 %) 0.8705 = 60.5° or 119.5
Case 1: Case 2:
A =~ 60.5° A =~ 119.5°
B = 180° — 50° — 60.5° = 69.5° B = 180° — 50° — 119.5° = 10.5°
b sinB _ 22(0.9367) ~ 2690 _csinB _ -~

sin C 0.7660 sin C
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12. Given: B=25° a=6.2, b =4
asinB __ 6.2sin 25°

SinA = b 4 ~ 0.6551 = A = 40.9° or 139.1°
Case 1: A = 40.9° Case 2: A =~ 139.1°
C = 180° — 25° — 40.9° = 114.1° C = 180° — 25° — 139.1° = 15.9°
bsinC 4sin114.1° bsinC  4sin 15.9°
SpALL L ~ 8.64 c=22 T 560
sin B sin 25° sin B sin 25°
13. A=27°,b=5¢c=38 14. B=80%a=4,c=8 15. C = 122° b =18,a = 29
Area = 3bc sin A Area = 3ac sin B Area = jab sin C
= 1(5)(8)(sin 27°) = 1(4)(8)(0.9848) = 1(29)(18) sin 122°
=~ 90.08 square units = 15.76 square units =~ 221.34 square units
16. Area = 3ab sin C 17. h = 50 tan 17° = 15.3 meters
= 1(120)(74) sin 100°
h
=~ 4372.5 square units 170 /—‘

50

18. In triangle ABC, A = 90° — 62° = 28°, B = 90° + 38° = 128°% and C = 180° — A — B = 24°.

csinB  5sin 128° c
= SnC  sinoae 06870

h =bsinA = bsin 28° = 4.548 = 4.5 miles

B 5 A
h a 400
19. sin28° = — 20. =
St 75 sin75°  sin 37.5°
= 75 sin 28° =~ 35. 400 sin 75°
h = 75 sin 28 35.21 feet _ OF) sin 7? ~ 6347 feet
X sin 37.5
cos 28° = % "
sin 67.5° = —
x = 75 cos 28° = 66.22 feet a

H w = 634.7 sin 67.5° = 586.4 feet
tan 45° = —
X

H = xtan 45° = 66.22 feet
Height of tree: H — h = 31 feet a 15

22°30!

67°30" 755

—— 400 ——>1
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21.

22,

23.

25.

26.

Given: a = 18, b =12,¢c = 15

b2+t —a® 122+ 152 - 18?2

A = =
cos 2be 2(12)(15)
COSB_aZ—Fcz—bz_ 182 + 152 — 122

2ac 2(18)(15)

C=180°—A — B=5577°

Given: a = 10,b =12,¢c = 16

a?+ b —c2 102+ 122 — 162

cos C =" b 2000012)
COSB:a2+02—b2:102+162—122:
2ac 2(10)(16)

A =180° — B — C = 38.62°

Given: a =9,b = 12,¢c =20

a*+ b2 — ¢

2ab

81 + 144 — 400
2(9)(12)

—0.8102 = C = 144.1°

cos C =

asin C
c

_9 sin(144.1°)
20

~ (0264 = A= 153
B = 180° — 144.1° — 15.3° = 20.6°

sinA =

Given: a = 6.5,b =102,c = 16

b’ +c*—a®> 1022 + 162 — 6.52

A =
€os 2be 2(10.2)(16)
g CHE TP 65416~ 1022
2ac 2(6.5)(16)

C=180°— A — B = 145.83°

Given: a = 62,b=64,¢c = 2.1

cos A = b* + 2 — a? _ 6.4%2 + 2.12 — 6.22
2bc 2(6.4)(2.1)

cos B = a* + ¢ — b? _ 6.2%2 + 2.12 — 6.42
2ac 2(6.2)(2.1)

C=180°—A — B=19.10°

0.125 = A =~ 82.82°

0.75 = B =4141°

—0.05 = C=9287°

0.6625 = B =~ 48.51°

24. a=7,b=15,¢c = 19
az+ b — 2
2ab
a’+ 2 — b?
2ac

A=180°— B — C = 19.6°

cos C = =~ —04143 = C = 114.5°

cos B = =~ 0.6955 = B = 4509°

~097 = A= 13.19°

~ 093 = B = 2098

~ 026 = A =~ 75.06°

~ 0.07 = B =~ 85.84°
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27.

28.

29.

30.

31.

32.

33.

Given: C = 65% a =25,b =12
2 =a*+ b? — 2abcos C = 252 + 122 — 2(25)(12) cos 65° = 515.4290 = ¢ =~ 22.70

asin C 25 sin 65°
c 22.70

B =180°— A — C =~ 28.62°

~ (0.998 = A =~ 86.38°

SinA =

Given: B = 48° a = 18,c = 12
b?> =a?>+ ¢ — 2accos B = 182 + 122 — 2(18)(12) cos 48° = 178.9356 = b =~ 13.38

csin B 125in 48°
b 13.38

A =180°— B — C=90.19°

=~ 0.666663 = C =~ 41.81°

sin C =

(Answers may vary.)

Given: B=110%a=4,c =4
b2 =a>+ c>—2accos B =16 + 16 — 2(4)(4)(cos 110) = 42.94 = b = 6.55

asinB __ 4sin 110°
b 6.55

c=a = C=A=35°

~ (0.5739 = A = 35°

sinA =

Given: B = 150°, a = 10, ¢ = 20
b =a? + ¢ — 2ac cos B = 100 + 400 — 400(—0.8660 ) =~ 846.4 => b =~ 29.09
csinB _ 20(0.5)

inC = ~ 034 ~20.1°
sin € = = Yo = 03437 = C=20
inB 1005
sing = 958 1005 o0 4~ g0
b 29.09

Given: B = 55°30" = 55.5°, a = 12.4, ¢ = 18.5
b2 = a® + 2 — 2accos B = 12.4% + 18.52 — 2(12.4)(18.5) cos 55.5° =~ 236.1428 => b ~ 15.37

asinB _ 12.45sin55.5°
b 15.37

C=180°— A — B = 82.82° = 82°49’

sinA = ~ 0.665 = A =~ 41.68° = 41°41"’

Given: B = 85°15" = 85.25°, a = 24.2, ¢ = 28.2
b? = a? + ¢® — 2ac cos B = 24.2% + 28.2% — 2(24.2)(28.2) cos 85.25° = 1267.8567 = b =~ 35.61

asinB __ 242sin 85.25°
b 35.61

C=180°—A — B =52.12°=52°7’

~ 0.677 = A = 42.63° =~ 42° 38’

sinA =

a® =52+ 8> — 2(5)(8) cos 152° = 159.6 = a =~ 12.63 ft a
b*> =52+ 8 — 2(5)(8) cos 28° =~ 18.36 = b ~ 4.285 ft s— s/
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34. a® = 15% + 202 — 2(15)(20) cos(146°) = 112242 = a ~33.5m a
15
b? = 152 + 202 — 2(15)(20) cos(34°) = 12758 = b~ 113 m y 20><)\3/4;5 b

35. Angle between planes is 5° + 67° = 72°.

In two hours, distances from airport are 850 miles and 1060 miles.

By the Law of Cosines,

d? = 8502 + 1060% — 2(850)(1060) cos(72°) ~ 1,289,251.376

d =~ 1135.5 miles.

36. b> = a®> + ¢ — 2accos B

= 3002 + 4252 — 2(300)(425) cos(180° —

~ 378,392.66

b = 615.1 meters

38.a=15b=8,c =10

1548+ 10
2

Area = /16.5(1.5)(8.5)(6.5)

s = 16.5

=~ 36.98 square units

_ 855+ 514+ 1273

40. s > = 13.21
Area = /s(s — a)(s — b)(s — ¢)
= J/1321(4.66)(8.07)(0.43)

=~ 15.4 square units

42. Initial point: (0, 1)
Terminal point: (6, %)

v=I6-02-1)

6.3

44. Initial point: (1, 5)
Terminal point: (15, 9)
v=(15-1,9 - 5) =(14,4)

1 1
46. < cos 225°, — sin 225°> = <
2 2

N2 V2
o

4

;

37.

39.

41.

43.

45.

1060

a=4,b=5c¢c=17
_a~l—b-|—c:4-|—5+7:8
2 2
Area = /s(s — a)(s — b)(s — ¢)
= V8#B)(1)

=~ 0.798 square units

a=648,b=492,¢c =241
atb+tc_648+492 + 241

2 2

Area = /s(s — a)(s — b)(s — ¢)
= /69.05(4.25)(19.85)(44.95)
=~ 511.7 square units

Initial point: (—5, 4)

Terminal point: (2, —1)
v=_02-(=5), -1 —-4)=(7,-5)

Initial point: (0, 10)
Terminal point: (7, 3)
v={7-0,3—-10)=(7,-7)

8 cos 120% + 8 sin 120% = (—4,4./3)



534  Chapter 6  Additional Topics in Trigonometry

47. 2u 48. —1v 49. 2u + v
- ‘2u+v
ZU\ 2u— \‘
u | \\
_iv \\
50. u + 2v 51. u — 2v 52. v—2u
u+2!\ -
u \\ < u-2v
2v ‘\
v-2u
N \—2v _ou /,/’
53. (@ u+v=<(-1,-3)+(=3,6) =(—4,3) 54. @ u+v={4>5 +(0,—-1)={4,4)

®b)u—-v=(2 -9
(¢) 3u=(=3,-9)
(d) 2v + 5u = (—6,12) + (=5, —15) = (—11, —3)

(b) u—v={4,6)
(c) 3u = (12, 15)
(d) 2v + 5u = (0, —2) + (20, 25) = (20, 23)

55. @ u+v=<(=52)+4,4)=(—1,6) 56. (@) u+v={(1,-8) + (3, -2) =4, —-10)
(b) u—v=(=9 -2) ®b)u—v=(=2,-6)
(c) 3u=(—15,6) (¢) 3u = (3, —24)
(d) 2v + 5u = (8, 8) + (=25, 10) = (—17, 18) (d) 2v + 5u = (6, —4) + (5, —40) = (11, —44)

57. @) u+v=1(2—1)+(53) =(7,2) 58. (a) u+v=1{0,—6)+ (1, 1) = (1, —5)

(b) u—v=(=3—-4)
(¢) 3u = (6, —3)
() 2v + 5u = (10, 6) + (10, —5) = (20, 1)

59. (@) ut+v=<40) +(=1,6) = (3,6)
b) u—v={(5-6)
(¢) 3u = (12,0)
(d) 2v + 5u = (=2, 12) + (20,0) = (18, 12)

60.

b®)u—v=(-1,-7)
(©) 3u = (0, —18)
(d) 2v + 5u = (2,2) + (0, —30) = (2, —28)

@u+v= (=7 -3+ @ —1) = (=3, —4)
O u—v={(-11,-2)
(¢) 3u=<(-21,-9)

(d) 2v + Su = (8, —2) + (=35, —15) = (=27, —17)
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61.

63.

65.

67.

69.

71.

72.

3v = 3(10i + 3j) = 30i + 9j = (30,9) .

¥

30 +

25+

20 +

15+

10+

54

; 150 1§5 ;0 ;5 3#0 x
w=4u + S5v = 4(6i — SJ) + S(IOi 4 3J) o
= 74i — 5j

50+

40+

30+

20+

10+

,ioﬁ T N

-20

30+

—40+

-50 +
Jlull = 6 -

Unit vector: (0, —6) = (0, —1)

V| = V5% + (=2)> = V29 68.
1 _(.5 -2
N <m m>

Unit vector:

u=(1—-(-8),-5-3)=(9, -8 =9i - §j 70.
v=—10i + 10j
¥ = V(=10)% + (102 = /200 = 102
10 . . .
tan # = —— = —1 = 6 = 135° since v is in Quadrant II.

-10
v = 10/2(cos 135° + sin 135°%)

v=4i—j
vl = V4% + (=1)? = V17
tan 6 = — == = 60 =~ 346°, since 0 is in Quadrant IV.

4 4
v = /17(cos 346° + sin 346° j)

v = 10i + 3j

3V =5i+3j

3v — 2u = 3(10i + 3j) — 2(6i — 5j) = 18i + 19j

y

>
36 9 12 15 18 21

V| = V(=122 + (=52 = /169 = 13

Unit vector: <—%, _157>
Il =7

Unit vector: %(—7i) = —i

u=(—64—2108 — (—32)) = —8.4i + 14j
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73. u = 15[(cos 20°)i + (sin 20°)j]
v = 20[(cos 63°)i + (sin 63°)j]
u + v = 23.1752i + 22.9504j

[w + v|| = 32.62
22.9504
= 231752 = 0=44.72°
30+
25+ 32.62
20+ -/
15+ )
10+ ///
W t
75'750 5 10 15 20 25 30

75. F, = 250(cos 60°, sin 60°)
F, = 100(cos 150°, sin 150°)
F, = 200(cos(—90°), sin(—90°))
F =F, + F, + F, = (38.39746, 66.50635)
0385 -
[F| = +/38.39746% + 66.50635% = 76.8 pounds

76. Force One: u = 85i
Force Two: v = 50 cos 15° + 50 sin 15°%
Resultant Force:
u + v = (85 + 50 cos 15°)i + (50 sin 15°)j

Ju + v = /(85 + 50 cos 15°)?2 + (50 sin 15°)2
= /852 + 8500 cos 15° + 50?
=133.921b

50 sin 15°

74. u = 12[(cos 82°)i + (sin 82°)j]
v = 8[(cos(—12°)i + (sin(—12°))j]
u + v = 9.4953i + 10.2199j

lu + v ~ 13.95
10.2199
tan 6 = 22 ~47.11°
an b =595 — Y

tan = —————— = 6 = 5.5° from the 85-pound force.

85 + 50 cos 15°

3
77. Rope One: u = [ul|(cos 30°i — sin 30%) = ||u||({1 - j)

Rope Two: v = |[|uf|(—cos 30°%i — sin 30°%) = ||u||<

Resultant: u + v = —|ulj = —180j
ul| = 180

Therefore, the tension on each rope is |[ul| = 180 pounds.

2

.1
A
2.]
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78. By symmetry, the magnitudes of the tensions are equal.

T = |T||(cos 120° + sin 120°)

100 200
(200) = |[T|| = =

T| sin 120° = —
I V32 3

1
2

79. Airplane velocity: u = 430(cos 315°, sin 315°)
Wind velocity: w = 35(cos 60°, sin 60°)
u + w = (321.5559, —273.7450)
[u + w|| = 422.3 mph

—273.7450
321.5559

~ —0.8513 = 0= —404°
The bearing from the north is 90° + 40.4° = 130.4°.

tan(u + w) =

8. u-v=1(0—-2)(,10)=0—20=—20
83. u-v=1(6—1)-(25 =602+ (-D5) =7

85. u-u= (-3 —-4) (=3,-4)
—9+16=25=

ul?
87. du - v =4(=3,—4) - (2,1) = 4(—6 — 4) = —40

89. u= (272, —4),v={(-V2 1)
u-v -8

vl ~ (V24)(v/3

cos 0 = ) = 0= 160.5°

o1 77r_+ T, < 1 1 >
. U= COS—1 sm——)=\—FH—, — =
4 49 J2 Vo)
V—c05577i+sin577'—<—ﬂ 1>
6 6 22

w-v _ (=V3/(v2) - (1/(2v2))
I (1)

~ —0966 = 0~ 165° orlll—;

cos 0 =

~ 115.51bs

200 1b

80. Airspeed: u = 724(cos 60° + sin 60°)
=362(i + /3j)
Wind: w = 32i
Groundspeed = u + w = (394i + 362./3j)
l+ w| = /(394) + (362/3)* = 740.5 km/hr

3623
394

tan 6 = = 0= 579°

Bearing: N 32.1° E (or 32.1° in airplane navigation)

y

724

32

82.u-v=(-45-3,—-1)=—-12-5=—17
84. u-v=(8i—7j) - (3i—4j) =24 +28 =52

86. |[v| -3=V02?2+(1)?2-3=.5-3

88. (u - v)u = (—10)(—3, —4) = (30, 40)

90. u=(3,1),v=(4,5)

17 .
= o)A = 0~ 329

92. Angle = 45° + 60° = 105°
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93. cos 0 = u-y
o {1¥1l
=0 = 0=90°
05 0 u-v 70 — 15
. cos 6= =
lafllvll  /74+/109
= 0.612
= 0= 522°
sl
6l
4 v
24
——+—
—4 —2720 6 8 10 12
-4
-6+ u
8-+

97. u = (39, —12),v = (=26, 8)
u-v=239(-26) + (—12)(8)
= —1110 # 0 = wuand v are not orthogonal.

V= —%u => u and v are parallel.

94. 180°

96. 54.1°

98. u-v=<(8 —4)-(510) =40 — 40 = 0 = orthogonal

99. u = (8,5),v=(-24)
u-v=_8(-2)+ (51
=4 # 0 = u and v are not orthogonal.
u # kv = u and v are not parallel.

Neither

100. —3v = —3(20, —68) = (—15,51) = u => parallel

101 (1, —k) - {(1,2) =1—-2k=0 = k=14

103, (k,—1) (2, -2) =2k +2=0 = k= —1

102. 2, 1)+ (=1, —k)=—-2—k=0 = k=—2

104 (b, =2y - (1,4)=k—8=0 = k=8
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105. u = (—4,3), v=(—8,-2)
u-v 26 13
1 =|— = |— —8,—2 = - 4,1
proj,u < IMP )V (68>< ) 17( )
—-52 —13

u — projyu = (—4,3) — <17, 17>

_ <_16 64>
17717
_ <_52 _13> . <_16 64>
177 17 17717
107. u=2,7),v={(1,—1)
u= (Y= T3y = (33
proj,u = ( V[P )V ) (1, —1) < > 2>
A _(35\_ (9%
u — projyu = (2,7) < > 2> <2, 2>

(3963
2’2 2’2

109. 48 inches = 4 feet
Work = 18,000(4) = 72,000 ft - Ib

1L |-i| =1

Imaginary
axis

Real
axis

113. |7 = 5i| = V7> + (=52 = V74

Imaginary
axis

24 .
N
44 So
°
-6 + 7-5i

115, z=2-12i

lz| = V4 +4=202
T
0=
7 7
7= 2ﬂ<c0s Tﬂ- + isin%)

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

. u-v 50
proj,u = <||V||2>V = EUO, 0) = (5,0)

u = (5,0) + (0, 6)

108. u

(=3,5),v=1(=5,2)

. u-v 25
proj,u = < v )v =—(—5,2)

u=<_12550>+<3895>
29’29 29’29

110. Force = 500 sin 12°~ 104 1bs

112. |5i =5

Imagl_nary
axis

“““
vvvvv

vvvvv

114. |3 +9i| = /9 + 81 = /90 = 3./10

Imaginary
axis
-3+9i
()
\
\
\

— R -ThR L3 O

AAAA
vvvvv

vvvvv

116. z=-2+2i

lz] = V4+4=2.2
37
=7

7= 2\6(003 3777 + isin 3777)
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117. z=-/3-i 118. z=-/3+i
= BFi=2 = 3F1=2
_Im _om
Y =%
T L S S
= — 4+ _ = _ / S1n ——
z 2<cos 5 i sin 6) z 2(003 6 + isin 6)
119. z=—2i 120. z=4i
2| = 2] = 4
_ 37 _m
6= > 6= >
_ 37 i 3T _ Ty isin®
z—2c052+zsm2) z—4<cosz+tsm2>
5( @ .. A Y 3w .. 37
121. [§<cos§ + i sin 2)][4(005 4 + isin 4>} = IO[COS n + isin 4]
20 T 27 T S S —~
. —+ —) +isin|5+—]| = — +isin—/—|=— + 3i
122 6[005( 3 6) zsm( 3 6)] 6<cos 6 i sin 6) 3Y3 + 3i
20(cos 320° + i sin 320°) .
123. =4 240° + 240°
3 S(cos 80° + i sin 80%) [cos 240° + i sin 240°]
3 o o .o o o 1 o .o o
124. §[cos(230 — 95°) + isin(230° — 95°)] = g(cos 135° + i sin 135°)
V2 V2,
= == 4+ 5
6 6
7 7
125. (a) 2 — 2i = 2ﬂ<cos% + isin %)
3+3i= 3ﬂ<cos T + isin E)
4 4
Ta . . I7 T, . T ..
(b) 22 cos - + i'sin =~ 372 cos + isin7) = 12(cos 27 + isin2m) = 12
© 2—-203+3))=6+6=12
126. (2) 4 + 4i = 4ﬁ(cosg + isin g)

5 5
-1 —-i= ﬁ(cos%+isin%)

5 5 3 3
(b) 4ﬂ<cos % + isin g)ﬂ<cos 777 + isin %) = 8<cos 777- + isin 7”) = —8i

(©) @+4i)(—1—i)=—-4—4i—4i+4=—8i
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127.

128.

129.

130.

. 3w .. 3w
(@) —i =cos— + isin—
2 2

2+ 2= 2ﬂ<cosg + isin%)

37 37 T T T T

— +isin— 2. — +isin—| =2 — + isin —

(b) <cos 5 i sin 5 >2ﬂ<cos 4 isin 4) 2ﬂ<cos 1 isin 4)
2 2

= 2\/§<\2f + z<—\2f>>

=2 -2
©) —i(2 + 2i)

—2i+2=2-2

(a) 4i = 4<cos7l + isin E)
2 2

=i e -2) < (2]

(b) 4(005% + isin g) ﬂ(cos(—?{) + isin(—%)) = 4\@(005% + isin?f)

@) 4i(1 —i)=4i +4 =4+ 4i

7 7
(@3—%=3Jimvf+im73

2+ 2= 2ﬂ<cosg + isinjf)

7 7
3ﬂ<cosl + isin l)
4 4 3 3w .. 3w
(b) =50057+151n7
2ﬁ<cosg+ isin g)

3 3

= E(_i) = —Ei
@)3—& 2-2) 6-12i—6 12i 3.
. = = —— = ——1
24+2i (2-2i) 8 8 2

5 5
(@ —-1—-i= ﬁ(cos%—i— isin%)

5 5
-2 —=2i= 2ﬂ<cos7ﬂ- + isin£>

4
—-1-1i 2 1

(b) l, = f(cosO-F isin0) = —
-2-2 2,2 2
-1 -1 —-1—-1i 1

© Ty 2
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4 4 4 4 4\ P 4 4
131. [s(cos% + isin %ﬂ = 54<1—727 + isin 1—2’) 132. [2<cos£ + isin g)] = 25<cos? + isin 7“)
T T 1 J3
_ T .. T — 3L Y3
625<cos 3 + isin 3) 3 < 5 5 z>
3 = —16 — 16/3i
= 625( + fz> l
2
625 6253
=—+ l
2 2
133. (2 + 3i)5 = [ /13(cos 56.3° + i sin 56.3°)]° 134. (1 — i) = [/2(cos 315° + i sin 315°)°
= 133(cos 337.9° + i sin 337.9°) = 16(cos 2520° + i sin 2520°)
~ 13%(0.9263 — 0.3769i) = 16(cos 0° + i sin 0°)
=~ 2035 — 828i =16
135. —/3+i= 2<cosl + 151n5£> 136. /3 —i= 2<cosi + zsinlll>
6 6 6 6
Square roots: Square roots:
S S5 17 . 1l )
ﬁ(cosf + i smf> =~ (0.3660 + 1.3660i ﬂ(cosi +i sm7> ~ —1.3660 + 0.3660i
12 12 12 12
1 1 237 2
ﬁ(cosi + zsml7> ~ —0.3660 — 1.3660i ﬂ(cosi + zsmﬁ> ~ 1.3660 — 0.3660i
12 12 12 12
137. —2i = 2<cos > + isin > )
Square roots:
37 3w\ V2 V2 ,
ﬂ(cos4+lsm4>—ﬂ< 2+12)— 1+
ﬂ(cos% + zsm%T) =1—-1
138. —5i = 5<cos ) + isin > >
Square roots:
3w .. 3w\ _ V2 V2 J1o | V1o,
ﬁ(cos4+zsm4>—ﬁ< 2+2z>— > + 21
T T\ V10 V10,
ﬂ(cos4+zsm4>— > 21
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139. -2 —2i = Zf(cosT + tsm%)

Square roots:

23/4(005%7 + isin%) ~ —(0.6436 + 1.5538i

2“((:03%7 + isin%) ~ 0.6436 — 1.5538i

3 3
141. (a) Sixth roots of —729i = 729(cos 777 + isin 7”)

2) + 2
Y 729<c0s (377-/)% + isin p

3 COS*"‘lSln )

3 + 7”)
COS — sm -
isin

[
o]
3<m*+l i)
o
S

577)
3 cosf + isin—
4

3m/2) + 2k
(W/)”) k=0.1,2.3.4.5

140. —2 + 2i = 2—\@(005%7 + isin%)

Square roots:

2“(008% + isin3f77> =~ (0.6436 + 1.5538i

8
1 1
23/4<cos777 + isin?”> ~ —0.6436 — 1.5538i
(b) Imaginary

axis

1977 . 197 )

3lcos—— + isin———
12

< 237 . 2377)

3l cos —— + isin———
12 12

3 3 3 3V2
(c) —‘2[ + 7\2[ —0.7765 + 2.898i, —2.898 + 0.7765i, —7{ - \zfi, 0.7765 — 2.898i, 2.898 — 0.7765i
142. (a) Fourth roots of 256i = 256<cosg + isin %T : (b) Imaginary

i/ﬁ(cos (/2) + 2km N

4<cosf + isin >

5
4<cos — + isin l)

8

9
4<cos — 4+ isin l)

8

< 137 . 1377')
4{cos— + isin—
8 8

2) + 2%k
i sin 7/ )4 7T),1<=0,1,2,3

(c) 3.696 + 1.531i, —1.531 + 3.696i, —3.696 — 1.531i, 1.531 — 3.696i
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143. (a) Cube roots of 8 = 8(cos 0 + i sin 0): (b)
%(cos(%-r) + zsm<2§ )), k=20,1,2

2(cos 0 + isin 0)

2 2
2<cos + isin W)

3 3
2<cos 4777 + isin 4?77-)

) 2,—1+ J3i,—1 — J3i

144. (a) Fifth roots of —1024 = 1024(cos 7 + i sin m): (b)
+ 27k + 27k
\5/1024<cos<%> + isin(%)), k=0,1,234

<cos + isin 97T>
224 4
5

(c) 3.236 + 2.351i, —1.236 + 3.804i, —4

145. x* + 256 =0
—256 = 256(cos 7 + i sin )

+ 2k + 2k
4/-256 = 4 [em(%) + isin<%ﬂ, k=0,1,2.3

4 4
4<c0sg+ising>= \zf {z—Zf—FZﬂz

3 3 42 42
4cosl+isin7ﬂ-> —\Zf—i- \2[1':—2\/5-%2\/51'

X4

4 2 2

7 .
4l cos— + isin—

(e
472 42
4<cos5777+isin5—w>= V2 fi=—2ﬂ—2ﬂi
v
( 7 = XS =2/2 - 2/2i

Imaginary
axis

Imaginary
axis

Imaginary

Real
axis
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146. x5 = 32i = 32(003% + isin%)

147.

148.

2 + 2k
J 32<cos(w/57ﬂ-> + i

T LT
cos — + isin 7)
10 10

10 10

[
[
ofen 15 2)
[
[

x> = —8i

2

7)

3
—8i = 8<cos£ + isin—

2

2+ 2k
sin(%»,k =0,1,2.3.4

Imaginary
axis

Imaginary
axis

(3m/2) + 27k

+
3/—8i = i/g[cos (377/2)3 2mk + isin

200sf+zsm )=2i

6

117
2

(
ofeon I+ 15in Z7) =
(

6

x*= —81 = 81(cos 7 + isin m)

+ 2k
4/81 (cos% + isin

3(005* + isin )
3
3<cos — + isin 1)
4
5
3<cos — 4+ isin l)
4
T
3 — + —
<cos i sin 7 )

-V3 i

cosi+zsin7> = ﬁ—i

T+ 2k77)

,k=0,1,2,3

,k=0,1,2
]

Imaginary
axis
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149. True 150. False. There may be no solution, one solution, or
two solutions.

151. Length and direction characterize vectors in plane. 152. A and C appear equivalent.

153. z,z, = 2(cos 0 + i sin 6)2(cos(m — 6) + i sin(7 — 6))
= 4(cos 6 + isin 0)(—cos 8 + i sin 6)
= 4(—cos? 0 — sin? §) = —4

7 2(cos 6 + isin 6)

7, 2(cos(w — ) + isin(m — 6))

cos@+isinf® —cosf — isin 6
—cos @ +isinf@ —cosB — isinf

= —cos2 # + sin2 @ — 2 sin O cos Oi

—(cos 6 + isin 6)?

-ty

4
4

154. (a) Three roots are not shown.

(b) The modulus of each is 2, and the arguments are 120°, 210° and 300°.
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Chapter 6  Practice Test

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

1.

3.

4.

A =40° B =12° b = 100 2.C=150°, a=5, ¢c =20
Find the area of the triangle: a = 3, b = 6, C = 130°

Determine the number of solutions to the triangle: a = 10, b = 35, A = 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, ¢ = 38 6. C =29° a =100, b = 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 — 7vwhereu = 3i + jand 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 (cos 23° + i sin 23°)][4(cos 7° + i sin 7°)].
5@ . . 5w
9 cos — + isin e
17. Divide — . 18. Find (2 + 2i)®.
3(cos 7 + isin )
) T . . .
19. Find the cube roots of 8<cos 3 + isin g) 20. Find all the solutions to x* + i = 0.



