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Section 6.3 Vectorsin the Plane

m A vector visthecollection of all directed line segments that are equivalent to a given directed line segment
PQ.
You should be able to geometrically perform the operations of vector addition and scalar multiplication.
The component form of the vector with initial point P = (p,, p,) and terminal point Q = (q,, q,) is
Q =0y = Py G — P = (Vy, Vp) = V.
The magnitude of v = (v, v,y isgiven by |[v| = V/v;2 + v,2
You should be able to perform the operations of scalar multiplication and vector addition in component form.
You should know the following properties of vector addition and scalar multiplication.
@u+v=v+u
) U+v)+w=u+(v+w
(©Qu+0=u
du+(-u=0
(e c(du) = (cd)u
(f) c+dju=-cu+ du
(@ clu+v)=cu+cv
(h) 2(u) =u,0u=0
() llevll =

m A unit vector in the direction of visgivenby u = ﬁ

The standard unit vectorsarei = (1, 0y andj = (0, 1). v = (v,, v,) can bewritten asv = v,i + v,j.

A vector v with magnitude || v|| and direction 6 can be written asv = ai + bj = v(cos 6)i + v(sin 6)j where
tand = b/a.

Solutions to Odd-Numbered Exercises

1L.v=(6—25-4)=(41=v

3. Initial paint:(0, 0) 5. Initial point: (2, 2)
Terminal point: (4, 3) Terminal point; (—1, 4)
v =(4—-0,3-0)=(43) vV =(=1-24-2)=(-3,2)
vl = V42 +32=5 vl = V(=32 + 22 = /13
. . - . 5
7. Initial point: (3, —2) 9. Initial point: (2, 1)
Termina point: (3, 3) 3
v=(3—-3,3—-(-2) =(005) Terminal point: (—2, —2>

Ml =5 _<_ 2_3_1> <9_5>

M= (5) + (5] - V2 - v
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13. Initial point: (—4.2,5)
Terminal point: (3.7, —12.9)
v =(37,—(—4.2),—-129 — 5) = (7.9, —17.9)
V| = V7.9 + (-17.9)> = 19.6

11. Initial point: (=3, —5)
Termina point: (5, 1)
vV =(-(-3,1-(-95)=(6)
v = V8 + 62 = /100 = 10

15. y 17. y 19. u + 2v

21. u=<(4,2),v=<(7,1)
(@& u+v={11,3)
by u—v=(-31

23.

u=<(=5-2),v={(1-3)
@ u+v=(-4 -5
(b) u—-—v=(-61)

(© 2u—3v=(84) —(21,3) = (—13,1)
(d) v+ 4u = (7,1) + (16,8) = (23, 9)

(© 2u — 3v =(—10, —4) — (3, —9) = (—13, 5)
(d) v+ 4u = (1, —3) + (—20, —8)

= (—19, —11)
5. u=i+jv=2 —3 27. |(6,0)| = 6

@u+v=3 -2 unit vector = £(6, 0) = (1, 0)
b)u—-—v=—i+4
© 2u —3v = (2i +2j) — (6i — 9)

= —4i + 11
(d v+4u=(2 -3+ (4i +4)

=6 +

29. |Vl = k=4 4| = V16 + 16 = 42

unit vector = T\lﬁ<_4’ 4) = <_12 \2> - <_22 22>

3L V| = V(=242 + 72=25

, 1 24 7
unit vector = 2—5<—24, -7 = <—25, —25>
1 1
33. U—MV 35. U—E(Zj)—J
1 , , 1 . .
= \/m(‘ll -3) = 5(4I - 3j)
4. 3

5 5
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= 4(—2,0)

7 5<|| || >:5<Jﬁ<3’ 3>> % 7(n v)- (ﬁ“"”) a o) = 8320
1
32

53259

= g<3. 4)

= (~8,0) = —

_< 5 5 > _ <21 28>
\JV/2' V2 5'5
:<5 2 5ﬂ>
2 2
43. v=>3u 45. v =u + 2w 47. v=(3u +w)
=32 -j) =@ —j)+20+2) =6 -3 +i+2)
=3 -3 =( -3 = 4i + 3 = (4,3) =(7,-1)
y y y
ol
27—W\\
] 1 ‘2 3 * 7 \\‘\
- 7T ./ 8+W
1 %u u\ ) 72” //,Su
24 -3+ 3u ’

49. v = 5(cos30°% + sin30j) 51. VvV = 6i — 6
vl =5, 6 =30° vl = V62 + (—6)2 = /72 = 6./2
tan 6 = — = -1
0 6
Sincev liesin Quadrant 1V, 6 = 315°.
53. v=-2i +5 55. v = (3cos0° 3sin0° 57. v = (3./2 cos 150°,
V| = V(=22 + 82 = /29 = (3,0) 3/2 sin 150°)
_ _5
tan g = —> y 3.6 3.2
Sincev liesin Quadrant 11, o1 “\T oo
0~ 111.8°. sl
2+ y
1+ a—no
UL (25.52)]
-43-2-1 | 1 2 3 4 7 5 )T
ol
2l o
SN
4t 4-3-2-1 | 12 3 4
)
3l
ot
59. v = 2<1>(i + 3j)
VE L Sz, )
2 5 ' 5
_ 2.3 N
V 10(I 3) 19 6="7157
_ V10, 310, _ /10 3./10 SEEENEE RN
5 = 5 ° 5' 5 21
ol
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61. u = (5c0s60°, 5sin60°) = 5,5—*@ 63. U = (20 cos45°, 20 sin 45°) = (10./2, 10./2)
2 2
v = (50 cos 150°, 50 sin 150°) = (—25./3, 25)

v = (5c0s90°, 5sin90°) = (0, 5)
553 5 5 u+v =102 - 25./3,10/2 + 25)
u +V:<2,2>+ 0,5) =<2,5+2\@>

65. V=1i+]j y
w =20~ j) 1
U=v-—-w=—i+ 3 | ‘;‘u |
V| = V2 1 i\ 2
w = 272 I
v = w] = /10 ol
cos o — MEHIWE = v = w2 _2+8-10
2| wi 2J2 - 242
a = 90°
67. V=it )
w=3 —j 1t
U=Vv-w= -2 + 2] Vg} .«
VIR + w2 —v-w] 2+10-8 N °
o ”zn”vn ||w|||| - 22 /0 oM L
a = 63.4° 2l
69. = U = 400 Cos 25 + 400 Sin 25

647.8 v = 300 cos 70°i + 300 sin 70°
u + v = 465.13i + 450.96]

Jlu + v ~ /(465.13)2 + (450.96)2 ~ 647.8

450.96
465.13

\\\\\\\\\\\\\\\\\ 500

o= arctan( ) ~ 44.1°
71. Force One: u = 45i
Force Two: v = 60 cos 6i + 60 sin 6]
Resultant Force: u + v = (45 + 60 cos 6)i + 60 sin 6]
u+ V|| = V(45 + 60 cos 6)2 + (60 sin H)2 = 90
2025 + 5400 cos 6 + 3600 = 8100
5400 cos 6 = 2475

2475
0 = —— =~ 0.4583
cos 5400

0 =~ 62.7°
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73.

75.

77.

79.

u = (2000 cos 30°)i + (2000 sin 30°%) y
~ 1732.05i + 1000
v = (900 cos(—45°))i + (900 sin(—45°)j)

~ 636.4i + —636.4 20007
U+ v~ 2368.4i + 363.6] s
Jlu + V|| = /(2368.4)2 + (363.6)2 ~ 2396.19 00N+
363.6 ;
tang = o = 01535 [ §~87

Horizontal component of velocity: 70 cos40° = 53.62 ft/sec
Vertical component of velocity: 70 sin 40° = 45.0 ft/sec

Rope AC: u = 10i — 24j
The vector liesin Quadrant IV and its reference angle is arctan(£).
u = ||l [cos(arctan )i — sin(arctan ¥)j]
Rope BC: v = —20i — 24j
The vector liesin Quadrant I11 and its reference angle is arctan(g).
v = ||| [-coslarctan &) i — sin(arctan 2)j]
Resultant: u + v = —5000j
|lul| cos(arctan ) — ||v|| cos(arctan ) = 0
—|lul| sin(arctan ) — |v| sin(arctan &) = —5000
Solving this system of equationsyields: T,. = ||ul| = 3611.1 pounds
Tac = |IV| = 2169.5 pounds

(@ Towlinel: u = |ul| (cos 20°i + sin 20%)
Tow line 2. v = ||ul|(cos(—20°)i + sin(—20°)j)
Resultant: u + v = 6000i = [||uf| cos20° + ||ul| cos(—20°)]i
[0 6000 = 2|u|| cos 20°
O u] = 319251b

(b) u+ v =6000i =2|u/jcosd# O T = |u/ =3000secd. Domain:0° < § < "

©| 0] 1° | 200 | 30° 40° 50° 60°
T | 3046.3| 3192.5| 3464.1 | 29162 | 4667.2 | 6000.0

(d) 75?0

olC L L L L 1.25
0

(e) Thetension increases because the component in the direction of the motion of the barge decreases.
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81.

83.

Airspeed: v = 860(cos 302°i + sin 302%)

Groundspeed: u = 800(cos 310°i + sin 310%)

W+Vv=u

w = u — v = 800(cos 310°% + sin 310°%) — 860(cos 302°i + sin 302%) = 58.50i + 116.49]
|w|| = /58502 + 116.49? ~ 130.35 km/hr

116.49
0= ta”( 58.50

Direction: N 26.7° E

) ~ 63.3°

(@ u = 220i, v = 150cos30° + 150 sin 30°]
u+v=(220+ 75/3)i + 75i
lu + v = /(220 + 75/3)° + 752 ~ 357.85 newtons

B 75
220 + 75./3

tan 6 O e=121°

(b) u+ v = 220i + (150 cos 6i + 150sin 6j)
M = |ju + V|| = V(220? + 150?%(cos? 6 + sin?6) + 2(220)(150) cos 6
= /70,900 + 66,000 cos 0
= 10./709 + 660 cos 6
15sn6 >
22 + 15cos 6

a = arctan(

© 6| o | 300 | 60 90° | 1200 | 150° | 180°
M | 3700| 3579 | 3223 | 2663 | 1947 | 1172 | 700
a| O | 121°| 238 | 343 | 49 | 398 | ©

(d) 500 157

0 L L L 3.14 0 L L L 3.14
0 0

(e) Forincreasing 6 the two vectors tend to work against each other resulting in a decrease in the magnitude of the
resultant.

85. True. See page 444 87. True. Infact,a=b = 0.
89. (a) The angle between them is 0°. 91. Letv = (cos 0)i + (sin 6)j
(b) The angle between them is 180°. V|| = Vcos? 6 + sin29 = J1=1
(c) No. At most it can be equal to the sum when the Therefore, v is a unit vector for any value of 6.

angle between them is 0°.
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93. u=(:-12-6) =4 -4
v=(9—-44-5)=(5 —-1)
u—v=<(-1-3)

v—u=<(1,3)
95. sine=§ 0 J49 — x2 = 7cos 6 a7. cot0=% 0 X2+ 100 = 10 - csc 0
7 /100 + x2
X 10
[’} 6
N X

99. Given: A=32°,a=11,B = 61°
C=180° — 32° — 61° = 87°

a . 11
b= m(sm B) = Sin320(sm 61) ~ 18.16
a . 1
c= m(sn C) = sin32°(sm 87°) = 20.73
C
11
32° 61°
A B

101. Given: a=12,b=15c =24
b>+ ¢ —a® 15> + 242 — 122
2bc 2(15)(24)
_bsnA

=09125 O A=2471°

COSA =

snB ~ 05104 OO0 B=30.7°

C =180 — 24.1° — 30.7° = 125.2°



