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1 (a)

We have,

|𝑎| = 1, |𝑏| = 1 and 𝑎.𝑏 = cos𝜃
Now, |𝑎 ― 𝑏|2

= |𝑎|2 + |𝑏|2 ―2𝑎.𝑏⇒|𝑎 ― 𝑏|2
= 1 + 1 ― 2|𝑎| |𝑏|cos𝜃⇒|𝑎 ― 𝑏|2
= 4 sin2

𝜃
2⇒|𝑎 ― 𝑏

2 |
2

= sin2
𝜃
2
⇒|𝑎 ― 𝑏

2 | = sin
𝜃
2

2 (c)

If 𝐚,𝐛 are two non-zero non-collinear vectors and 𝑥,𝑦 are two scalars such that 𝑥𝐚 +𝑦𝐛 = 0, then

 𝑥 = 0, 𝑦 = 0.

Because otherwise one will be a scalar multiple of the other and hence collinear, which is a 

contradiction

3 (b)𝐀𝐁 = 2𝐢 + 10𝐣 + 11𝐤𝐀𝐃 = ― 𝐢 + 2𝐣 + 2𝐤

𝐀𝐁 ∙ 𝐀𝐃 = ―2 + 20 + 22 = 40

|𝐀𝐁| = 4 + 100 + 120 = 225 = 15

|𝐀𝐃| = 1 + 4 + 4 = 9 = 3

 ∴  cosθ =
40

45
=

8

9∴  θ + α = 90°⟹ 𝛼 = 90° ― θ⟹ cosα = sinθ = 1 ― 64

81
=

17

9
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4 (a)

Let 𝐚 = 𝑥𝐢 + 𝐣 + 𝐤 and 𝐛 = 2𝐢 ― 𝐣 +5𝐤
Sience,   

𝐚 ∙ 𝐛
|𝐛|

=
1

30

⟹ 
(𝑥𝐢 + 𝐣 + 𝐤) ∙ (2𝐢 ― 𝐣 + 5𝐤)

| 4 + 1 + 25|
=

1

30⟹2𝑥 ― 1 + 5 = 1⟹𝑥 = ― 3

2
5 (b)

Now,  2𝐚 ― 𝐜 = 2( ― 𝐢 + 𝐣 + 2𝐤) ― (2𝐢 + 𝐣 + 3𝐤)

= 𝐣 + 3𝐤
and 𝐚 + 𝐛 = ― 𝐢 + 𝐣 +2𝐤 +2𝐢 ― 𝐣 ― 𝐤
= 𝐢 + 𝐤let θ be the angle between 2𝐚 ― 𝐜 and 𝐚 + 𝐛.

∴ cosθ =
(𝐣 + 𝐤) ∙ (𝐢 + 𝐣)
12 + 12 12 + 12⟹ cosθ =

1

2 2
=

1

2⟹ θ =
π
3

6 (d)

Since 𝑎 + 𝑏 and 𝑏 + 𝑐 are collinear with 𝑐 and 𝑎 respectively. Therefore, there exist scalars 𝑥,𝑦 such 

that 𝑎 + 𝑏 = 𝑥𝑐 and 𝑏 + 𝑐 = 𝑦𝑎. Now,𝑎 + 𝑏 = 𝑥𝑐⇒𝑎 + 𝑏 + 𝑐 = (𝑥 + 1)𝑐   …(i)

and,𝑏 +𝑐 = 𝑦𝑎⇒𝑎 + 𝑏 + 𝑐 = (𝑦 + 1)𝑎   ….(ii)

From (i) and (ii), we get

(𝑥 + 1)𝑐 = (𝑦 + 1)𝑎
If 𝑥 ≠ ―1, then

(𝑥 + 1)𝑐 = (𝑦 + 1)𝑎⇒𝑐 =
𝑦 + 1𝑥 + 1

𝑎⇒𝑐 and 𝑎 are collinear

This is a contradiction to the given condition. Therefore, 𝑥 = ―1

Putting 𝑥 = ―1 in 𝑎 + 𝑏 = 𝑥𝑐, we get𝑎 + 𝑏 + 𝑐 = ( ―1 + 1)𝑐 = 0

7 (b)

We have, [ 𝐚 𝐛 + 𝐜 𝐚 + 𝐛 + 𝐜]

= 𝐚 ∙ [ (𝐛 + 𝐜) × (𝐚 + 𝐛 + 𝐜)]

=  𝐚 ∙ (𝐛 × 𝐚 + 𝐛 × 𝐛 + 𝐛 × 𝐜 + 𝐜 × 𝐚 + 𝐜 × 𝐛 + 𝐜 × 𝐜 )

=  𝐚 ∙ (𝐛 × 𝐚 + 𝐛 × 𝐜 + 𝐜 × 𝐚 ―  𝐛 × 𝐜 )
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= 𝐚 ∙ (𝐛 × 𝐚) +  𝐚 ∙ ( 𝐜 × 𝐚)

= [𝐚 𝐛 𝐜] + [𝐚 𝐜 𝐚] = 0

8 (a)

It is given that points 𝑃, 𝑄 and 𝑅 with position vectors 60𝑖 +3𝑗, 40𝑖 ―8𝑗 and 𝑎𝑖 ―52𝑗 respectively are 

collinear∴ 𝑃𝑄 = 𝜆 𝑄𝑅 for some scalar 𝜆⇒ ― 20𝑖 ― 11𝑗 = 𝜆{(𝑎 ― 40)𝑖 ― 44𝑗}⇒𝜆(𝑎 ― 40) = ―20, ― 11 = ―44 𝜆⇒𝜆 =
1

4
 and 𝑎 = ―40

9 (a)

Required unit vector

 𝐜 =
𝐚 × (𝐚 × 𝐛)

|𝐚 × (𝐚 × 𝐛)|
 

Now,  𝐚 × (𝐚 × 𝐛) = (𝐚 ∙ 𝐛)𝐚 ― (𝐚 ∙ 𝐚)𝐛
= 3(2𝐢 + 𝐣 + 𝐤) ― 6(𝐢 + 2𝐣 ― 𝐤)

= ―9𝐣 + 9𝐤∴  𝐜 =
―9𝐣 + 9𝐤

92 + 92
=±

1

2
( ― 𝐣 + 𝐤)

10 (b)

|
2 1 4
4 ―2 3
2 ―3 ―𝜆| = 0⟹2(2λ + 9) ― 1( ―4𝜆 ― 6) + 4( ―12 + 4) = 0⟹4λ + 18 + 4 𝜆 + 6 ― 48 + 16 = 0⟹8𝜆 = 8⟹ 𝜆 = 1

11 (b)

We have,

[𝑢 𝜐  𝑤] = |
𝑎𝑙 + 𝑎1𝑙1 𝑎𝑚 + 𝑎1𝑚1 𝑎𝑛 + 𝑎1𝑛1𝑏𝑙 + 𝑏1𝑙1 𝑏𝑚 + 𝑏1𝑚1 𝑏𝑛 + 𝑏1𝑛1𝑐𝑙 + 𝑐1𝑙1 𝑐𝑚 + 𝑐1𝑚1 𝑐𝑛 + 𝑎1𝑛1

|
⇒[𝑢 𝜐 𝑤] = |

𝑎 𝑎1 0𝑏 𝑏1 0𝑐 𝑐1 0||
𝑙 𝑙1 0𝑚 𝑚1 0𝑛 𝑛1 0| = 0

Hence, the given vectors are coplanar

13 (a)

Given that 𝑎,𝑏,𝑐 are coplanar∴ 𝑎 ⊥ 𝑏 × 𝑐⇒𝑎 ∙ (𝑏 × 𝑐) = 0⇒[𝑎𝑏𝑐] = 0

14 (c)

(  𝐝 + 𝐚  ) ∙ [ 𝐚 × {𝐛 × ( 𝐜 × 𝐝 )}]
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= (  𝐝 + 𝐚  ) ∙ [ 𝐚 × {𝐛 ∙ 𝐝)𝐜 ― (𝐛 ∙ 𝐜)𝐝} ] 

= (𝐛 ∙ 𝐝 )[𝐝 ∙ (𝐚 × 𝐜 ) ] ― (𝐛 ∙ 𝐜)[𝐝 ∙ (𝐚 × 𝐝 )]

+(𝐛 ∙ 𝐝 )[𝐚 ∙  (𝐚 × 𝐜 )]–(𝐛 ∙ 𝐜)[𝐚 ∙ (𝐚 × 𝐝 )]

= (𝐛 ∙ 𝐝 )[𝐝 𝐚  𝐜 ] = (𝐛 ∙ 𝐝 )[𝐚 𝐜  𝐝 ]

16 (a)

Let 𝐚 =  𝐢 ―2𝐣 +3𝐤, 𝐛 = ―2𝐢 +3𝐣 ―4𝐤
and 𝐜 = 𝜆𝐢 ― 𝐣 + 2𝐤∴   [𝐚,𝐛,𝐜] = 0⟹ |

1 ―2 3―2 3 ―4λ ―1 2 | = 0⟹1(6 ― 4) + 2( ―4 + 4𝜆) + 3(2 ― 3𝜆) = 0⟹ 𝜆 = 0

17 (b)

Let 𝐚 = 𝑎1𝐢 + 𝑎2𝐣 + 𝑎3𝐤
|𝐚|2 = 𝑎2

1 + 𝑎2
2 + 𝑎2

3

and 𝐚 × 𝐢 = (𝑎1𝐢 + 𝑎2𝐣 + 𝑎3𝐤) × 𝐢
= ― 𝑎2𝐤 + 𝑎3𝐣

(𝐚 × 𝐢)2 = 𝑎2
2 + 𝑎2

3

Similarly, (𝐚 × 𝐣)2 = 𝑎2
3 + 𝑎2

1

and (𝐚 × 𝐤)2 = 𝑎2
1 + 𝑎2

2

Now, (𝐚 × 𝐢)2 +(𝐚 × 𝐣)2 +(𝐚 × 𝐤)2

= 𝑎2
2 + 𝑎2

3+𝑎2
3 + 𝑎2

1 + 𝑎2
1 + 𝑎2

2

= 2(𝑎2
1 + 𝑎2

2 + 𝑎2
3) = 2(𝐚)2

18 (d)

Since, 𝐚 = 𝐢 + 𝐣 + 𝐤, 𝐛 = 2𝐢 ―4𝐤, 𝐜 = 𝐢 +λ𝐣 +3𝐤 are coplanar.∴ [𝐚  𝐛 𝐜 ] = 0 ⇒ |
1 1 1
2 0 ―4
1 λ 3 | = 0⇒4𝜆 ― 1(6 + 4) + 2𝜆 = 0⇒6𝜆 = 10 ⇒ 𝜆 =

5

3
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20 (c)𝐀, 𝐁 and 𝐂 are three vectors, then volume of parallelepiped 𝑉 = [ 𝐀  𝐁  𝐂 ]

= |
1 𝑎 1
0 1 𝑎𝑎 0 1| = 1 + 𝑎3 ― 𝑎⇒𝑉 = 1 + 𝑎3 ― 𝑎

On differentiating with respect to 𝑎, we get𝑑𝑉𝑑𝑎 = 3𝑎2 ― 1 = 0

For maximum or minimum, put 
𝑑𝑉𝑎 = 0⇒𝑎 =±

1

3𝑑2𝑉𝑑𝑎2 = 6𝑎, positive at 𝑎 =
1

3.∴ 𝑉 is minimum at 𝑎 =
1

3.
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ANSWER-KEY

Q. 1 2 3 4 5 6 7 8 9 10

A. A C B A B D B A A B

Q. 11 12 13 14 15 16 17 18 19 20

A. B B A C B A B D C C
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