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Given Vectors

Question 1: Vector Operations

u = 3i + 2j — 5k, v=1i-5j—k, w=—4i—j+7k
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CHAPTER 1
Vector Combinations (Question 1)

(u+2v+w

Step 1: 2v = 2(i — 5j — k) = 2i — 10j — 2k
Step 2: Add

u+2v+w = (3i+ 2j — 5k) + (2i — 10j — 2k) + (—4i — j + 7k)
Step 3: Combine like terms

iterms: 34+2—-4=1
jterms: 2 —-10—-1= -9
kterms: —5—-2+7=0

Answer: i — 9j

\—

.

Step 1: 3w = 3(—4i — j + 7k) = —12i — 3j + 21k
Step 2:

v—3w=(i—5j — k) — (—12i — 3j + 21k)

Step 3: Combine like terms

iterms: 1+ 12 =13
jterms: —5+ 3 = —2
kterms: —1—21 = —-22

Answer: 13i — 2j — 22k

-

S
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\-

Step 1: 3v =3(i — 5j — k) = 3i — 15j — 3k
Step 2:
3v+w = (3i— 15j — 3k) + (—4i — j + 7k)

Step 3: Combine like terms

iterms: 3 —4 = —1
jterms: —15—1=—16
kterms: —3+7=4

Answer: —i — 16j + 4k
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CHAPTER 2

Magnitude and Direction Cosines (Ques-
tion 2)

(i) v = 3i — 2j + 6k

Step 1: Magnitude

V= 32+ (22 +62=v0+4+36=vV49=7

Step 2: Direction cosines

cosoz—§ cos B = 2 Cos _ S
T - T=7

3 26
Answer: [v| =7, DC: <?,—?,?>
~ J

(i) v = —4i + 4j + 2k

Step 1: Magnitude

vl =+/(—4)2+42+22 =16+ 16 + 4 = V36 = 6

Step 2: Direction cosines

Cosa——4——2 cosﬂ—4—2 cos _2_1
~ 6 3 6 3 776 3
2 21
A tvl=6, DC: | -5, 5, =
nswer: |v| =6 ( 33 3>
N\ J
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(i) v = —6i + 8

Step 1: Magnitude

V| = /(—6)2 + 82 = v/36 + 64 = V100 = 10
Step 2: Direction cosines

cosa—————§ cosﬁ—i—iL
10 5 10 5
cosy = 0 (since the k-component is 0)
4
Answer: |v| =10, DC: ( 5 0)

_3557
N\ J
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CHAPTER 3
Solving for Unknowns (Questions 3--6)

Question 3: Find ¢

Given: |2i + (t — 1)j + tk| = V13
Step 1: Square both sides
22+ (t-12+t =13
4+ (2 —2t+1)+> =13
2t2 -2t +5=13
262 — 2t —8 =0
t2—t—4-0

Step 2: Solve using the quadratic formula

_1£VT+16  1+4/17
= - =

t
2

1+ V17

Answer: t =
2

\ J

Question 4: Unit Vector in the Direction of v = —i + 4j — 8k

Step 1: Magnitude

V= V(12 +42+(—8)2=V1+16+64=81=9
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Step 2: Unit vector

—i+4j—8k 1, 4
Qzl:l—i_—”:__i+_j_§k
v| 9 9 "9l 79

Question 5: Unit Vector Parallel to 4u — 3v + 2w

Given: u=2i+j—3k, v=—-i+4j+2k, w=3i—2j+k
Step 1: 4u = 8i + 4j — 12k

Step 2: —3v = —3(—i+4j + 2k) = 3i — 12j — 6k

Step 3: 2w = 6i — 4j + 2k

Step 4: Add

du — 3v + 2w = (8i + 4j — 12K) + (3i — 12j — 6k) + (6i — 4j + 2K)
= (84+3+6)i+(4—12—4)j+ (—12—-6+2)k
= 17i — 12j — 16k

Step 5: Magnitude

|17i — 12j — 16k| = /172 4+ (—12)2 + (—16)2
= /289 + 144 + 256 = v/689

Step 6: Unit vector

. 17i—12j — 16k
V=
/689
Answer 17, L 16 k
wer: 1— —
L /689 2V 689] /689 g
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Question 6: Vector with Given Magnitude and Direction

(i) Magnitude 5, parallel to 3i + 4j — k
Step 1: |3i +4j — k| = 9+ 16 + 1 = /26,
15i 4 20j — 5k
/26

15, 20, 5
\/2_61 + \/2_6] — \/2—6k
(ii) Magnitude 7, parallel to —i + j + k
Stepl: |-i+j+kl=vI+1+1=+3, sov=
—Ti+T7j+ 7k
V3

i L
NZRREVCY

. 3i+4j—-k

V= —————
V26

Step 2: 5v =

Answer:

—it+j+k
V3

Step 2: v =

Answer: —

7
—k
V3

Page 9



Summary of Results -- Part |

Questions 1--6

1(3i) i—9j
1(ii) 13i — 2j — 22k
1(iii) —i— 16j + 4k
2() V=7 (3-%2)
2(ii) Iv|=6,(-3,%,3)
2(iii) v =10, (-2,%,0)
4 —si+3j— 3k
5 s e
6(i) Tl i
6(ii) — i+ i+ Sk
N\ J

Page 10



CHAPTER 4

Triangles and Parallel Vectors (Questions
7--9)

Question 7: Sides of a Triangle

Given: u = zi+2j+ 3k, v=i+yj— 3k, w= —2i — 3j
Step 1: For three vectors to represent the sides of a triangle (head to
tail), their sum must be zero:
ut+v+w=_0
Step 2: Add the vectors
(i+2j+3k)+ (i+yj—3k)+(—2i—3j) =0
Step 3: Combine like terms

iterms: z+1—-2=2-—1
jterms: 24+y -3 =y —1
kterms: 3—3+0=0

Step 4: Set each component to zero

r—1=0=z=1, y—1=0=>y=1

Answer: z =1, y =1
- J
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Question 8: Show A7 is Parallel to CD

Given: A= (1,2,1), B = (7,8,4),C = (—1,0,1), D = (1,2,2)
Step 1: AL = B — A = (Ti+8j + 4k) — (i + 2j + k) = 6i + 6j + 3k
Step 2: CD=D-C= (i+2j+2k)— (—i+k) =2i+2j+k
Step 3: Check if E is a scalar multiple of C'

30D = 3(2i + 2j + k) = 6i + 6j + 3k = AB

Therefore, ,ﬁ = 3@, o) E is parallel to C@ v
\_ J

Question 9: Parallel Vectors

(a) Two vectors of length 2 parallel to v = 2i — 4j + 4k

Step 1: |v| =4+ 16+ 16 = V36 =6
2i—4j+4k 1, 2, 2
Step 2: ¥ = —— —— = zi— 5j+ 3k

3
Step 3: Vectors of length 2: 2v and —2v

2, 4 2, 4, 4
Answer: §1 = §J + §k and —51 + §] = §k
(b) Find a so that v =i — 3j + 4k and w = ai + 9j — 12k are parallel
Step 1: For parallel vectors, w = cv:  ai+9j— 12k = ci— 3cj+4ck
Step 2: Compare componentsa =c¢; 9 = —3c = c= —-3; —12 =
dc=c= -3
Step3:a=c= -3
Answer: a = —3

(c) Vector of length 5 opposite to v =i — 2j + 3k
Step1: [v|=+v/1+4+9=+14

—i+2j—3k
Step 2: Unit vector opposite to v: Y LR
M V14
—5i + 10j — 15k

Step 3: Vector of length 5:
V14
10 . 5

5 1
i+ = k
V14 o/ 14] V14

Answer: —
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(d) Find ¢ and b so that 3i — j 4 4k and «ai + bj — 2k are parallel
Step 1: Let ai + bj — 2k = ¢(3i — j + 4k) = 3ci — ¢j + 4ck

1
Step 2: Compare componentsa = 3¢; b= —c¢; —2=4c=>c= —=
1 3 1 1
Step 3: a—3<—§> =—3 b= — (_§> ==
3
Answer: a = ——, b= >
- J
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CHAPTER 5

Displacement and Direction Angles (Ques-
tions 10--12)

Question 10: Spacecraft Displacement

Given: From (120,240, —50) to (130, 210, 80)
Step 1: Displacement vector

Ar = (130 — 120)i + (210 — 240)j + (80 — (—50))k
= 10i — 30 + 130k

Step 2: Magnitude

|Ar| = /102 + (—30)2 + 1302 = /100 + 900 + 16900
= /17900 = 10v/179 ~ 133.79

Answer: 10v/179 km (= 133.79 km)
\ J

Question 11: Direction Cosines

(i)u=—6i+ 3j+ 2k
Step1: ju/=+/36+9+4=+v49=7
Step 2: cosa = — cos B = %, Cos 7y
6 3 2
A tl—=,=, =
nswer ( 7,7,7)
(i) v=4i+2j — 5k
Step 1: |v| = v/16 + 4+ 25 = V45 = 3v/5

7
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Step 2: cosa = 4 cos 3 = 2 cosy = — 5

pe 3v5 35 T 3B
Answer‘( 4 2 o )
"\3v5'3v5 36

(iii) PO, where P(9,3,13) and Q(1, 6, 19)

Step1: PO = Q— P = (1—9)i+(6—3)j+ (19— 13)k = —8i+3j+6k

Step 2: |PQ| = /64 791 36 = /100
8 3

Step 3: cosa = — cos 3 = CoSy = ——

V109’ V109’ 109

8 3 6
Answer: | — , ,
( v109 109 +/ 109)

g J

Check: cos? o + cos? 8 + cos? y = 1
(i) 45°,45°,60°

cos? 45° 4 cos® 45° + cos? 60° = % + % + 111 = Z #1
Answer: Not possible
(ii) 30°,45°, 60°

cos? 30° 4 cos® 45° + cos? 60° = Z + % + éll = g #1
Answer: Not possible
(iii) 45°, 60°, 60°

c0s? 45° + 052 60° + c0s260° = = 4~ + £ =1
2 4 4

Answer: Possible
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Summary of Results -- Part |l

Questions 7--12

7 r=1y=1
8 AB =3CD v
9(a) Zi—-Zi+3k -Zi+3j— 2k
9(b) a= -3
9(c) \/—1 + rl - ik
9(d) a= —2, b= 2
10 104/179 km
110 (=%:%.%)
" 4 2 5
L1(iD) 398 30 "5
e 8 3 6
11(iii) T V/109° V109’ \/109>
12(i) Not possible
12(ii) Not possible
12(iii) Possible
. J
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