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1 (d) 

We have, 

|𝑎⃗| = 3, |𝑏⃗⃗| = 5 and  |𝑐| = 7 

Let 𝜃 be the angle between 𝑎⃗ and 𝑏⃗⃗ 

Now, 𝑎⃗ + 𝑏⃗⃗ + 𝑐 = 0 

⇒ |𝑐|2 = |𝑎⃗ + 𝑏⃗⃗| 

⇒ |𝑐|2 = |𝑎⃗|2 + |𝑏⃗⃗|
2
+ 2𝑎⃗ ∙ 𝑏⃗⃗ 

⇒ |𝑐|2 = |𝑎⃗|2 + |𝑏⃗⃗|
2

= 2|𝑎⃗||𝑏⃗⃗| cos𝜃 

⇒ 49 = 9 + 25 + 2 × 3 × 5 cos 𝜃 

⇒ 15 = 30 cos𝜃 ⇒ cos 𝜃 = 1/2 ⇒ 𝜃 = 𝜋/3 

2 (c) 

∴  [𝐚⃗⃗ 𝐛⃗ 𝐜] = 𝐚⃗⃗ ∙ (|𝐛⃗||𝐜| sin
2𝜋

3
𝐧̂) 

= |𝐚⃗⃗||𝐛⃗||𝐜| (sin
2𝜋

3
) 

[∵  𝐚⃗⃗ ∙ 𝐧̂ = |𝐚⃗⃗|𝐧̂| cos0° = |𝐚⃗⃗|] 

= 2 × 3 × 4 ×
√3

2
= 12√3 

3 (a) 

Given that, 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ = 2𝐢̂ + 𝐣̂ − 𝐤̂,𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ = 3𝐢̂ − 2𝐣̂ + 𝐤̂ and 𝐎𝐂⃗⃗⃗⃗ ⃗⃗ = 𝐢̂ + 4𝐣̂ − 3𝐤̂ 

𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ − 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ 

= (3 − 2)𝐢̂ + (−2 − 1)𝐣̂ + (1 + 1)𝐤̂ 

= 𝐢̂ − 3𝐣̂ + 2𝐤̂ 

|𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ | = √12 + (−3)2 + 22 

= √1 + 9 + 4 = √14 

𝐁𝐂⃗⃗⃗⃗⃗⃗ = 𝐎𝐂⃗⃗⃗⃗ ⃗⃗ − 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ 

= (1 − 3)𝐢̂ + (4 + 2)𝐣̂ + (−3 − 1)𝐤̂ 

= −2𝐢̂ + 6𝐣̂ − 4𝐤̂ 

|𝐁𝐂⃗⃗⃗⃗⃗⃗ | = √(−2)2 + 62 + (−4)2 

= √4 + 36 + 16 = √56 

𝐂𝐀⃗⃗⃗⃗⃗⃗ = 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ − 𝐎𝐂⃗⃗⃗⃗ ⃗⃗  

Topic :-VECTOR ALGEBRA 

SOLUTIONS 



2 
 

= (2 − 1)𝐢̂ + (1 − 4)𝐣̂ + (−1 + 3)𝐤̂ 

= 𝐢̂ − 3𝐣̂ + 2𝐤̂ 

|𝐂𝐀⃗⃗⃗⃗⃗⃗ | = √12 + (−3)2 + (2)2 

= √1 + 9 + 4 = √14 

It is clear that two sides of a triangle are equal. 

∴ Points 𝐴, 𝐵, 𝐶 from an isosceles triangle. 

4 (b) 

The component of 𝑎⃗ along 𝑏⃗⃗ is given by 

{
𝑎⃗ ∙ 𝑏⃗⃗

|𝑏⃗⃗|
2} =

18

25
(3𝑗̂ + 4𝑘̂) 

5 (a) 

It is given that 𝑐 and 𝑑 are collinear vectors 

∴ 𝑐 = 𝜆 𝑑 for some scalar 𝜆 

⇒ (𝑥 − 2)𝑎⃗ + 𝑏⃗⃗ = 𝜆{(2𝑥 + 1)𝑎⃗ − 𝑏⃗⃗} 

⇒ {𝑥 − 2 − 𝜆(2𝑥 + 1)}𝑎⃗ + (𝜆 + 1)𝑏⃗⃗ = 0⃗⃗ 

⇒ 𝜆 + 1 = 0 and 𝑥 − 2 − 𝜆(2𝑥 + 1) = 0  [∵ 𝑎⃗, 𝑏⃗⃗ are non-collinear] 

⇒ 𝜆 = −1 and 𝑥 =
1

3
 

6 (a) 

Equation of plane is 𝐫⃗ ∙ 𝐧̂ = 𝑑, 

where 𝑑 is the perpendicular distance of the plane from origin 

∴ Required plane is (α𝑥 + β𝑦 + γ𝑧) = 𝑝  

7 (c) 

In ∆𝐴 𝐵𝐶, 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ + 𝐁𝐂⃗⃗⃗⃗⃗⃗ + 𝐀𝐂⃗⃗⃗⃗⃗⃗  

⟹ 𝐀𝐂⃗⃗⃗⃗⃗⃗ = 𝐚⃗⃗ + 𝐛⃗ 

𝐴𝐷 is parallel to BC  and AD = 2 𝐵𝐶 

 

∴  𝐀𝐃⃗⃗⃗⃗⃗⃗⃗ = 2𝐛⃗ 

In ∆𝐴𝐶𝐷, 𝐀𝐂⃗⃗⃗⃗⃗⃗ + 𝐂𝐃⃗⃗⃗⃗ ⃗⃗ = 𝐀𝐃⃗⃗⃗⃗⃗⃗⃗ 

⟹ 𝐂𝐃⃗⃗⃗⃗ ⃗⃗ = 2𝐛⃗ − (𝐚⃗⃗ + 𝐛⃗) = 𝐛⃗ − 𝐚⃗⃗ 

Now, 𝐂𝐄⃗⃗⃗⃗⃗⃗ = 𝐂𝐃⃗⃗⃗⃗ ⃗⃗ + 𝐃𝐄⃗⃗⃗⃗ ⃗⃗ = 𝐛⃗ − 2𝐚⃗⃗ 

9 (d) 

Let 𝐑⃗⃗⃗1 = 2𝐢̂ + 4𝐣̂ − 5𝐤̂ 

and 𝐑⃗⃗⃗2 = 𝐢̂ + 2𝐣̂ + 3𝐤̂ 
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∴  𝐑⃗⃗⃗ (along 𝐀𝐂⃗⃗⃗⃗⃗⃗ ) = 𝐑⃗⃗⃗1 + 𝐑⃗⃗⃗2 = 3𝐢̂ + 6𝐣̂ − 2𝐤̂ 

∴  𝐚⃗⃗ (unit vector angle AC⃗⃗⃗⃗⃗⃗  ) =
𝐑⃗⃗⃗

|𝐑⃗⃗⃗|
=

3𝐢̂ + 6𝐣̂ − 2𝐤̂

√9 + 36 + 4
 

=
1

7
( 3𝐢̂ + 6𝐣̂ − 2𝐤̂ ) 

11 (b) 

Since 𝑎⃗, 𝑏⃗⃗, 𝑐 are non-coplanar vectors. Therefore, 𝑎⃗, 𝑏⃗⃗, 𝑐 are linearly independent vectors 

∴ 𝑥𝑎⃗ + 𝑦 𝑏⃗⃗ + 𝑧 𝑐 = 0⃗⃗ ⇒ 𝑥 = 𝑦 = 𝑧 = 0 

12 (a) 

Suppose point 𝑖̂ + 2𝑗̂ + 3𝑘̂ divides the join of points −2𝑖̂ + 3𝑗̂ + 5𝑘̂ and 7𝑖̂ − 𝑘̂ in the ratio 𝜆 ∶ 1. 

Then, 

𝑖̂ + 2𝑗̂ + 3𝑘̂ =
𝜆(7𝑖̂ − 𝑘̂) + (−2𝑖̂ + 3𝑗̂ + 5𝑘̂)

𝜆 + 1
 

⇒ (𝜆 + 1)𝑖̂ + 2(𝜆 + 1)𝑗̂ + 3(𝜆 + 1)𝑘̂ = (7𝜆 − 2)𝑖̂ + 3𝑗̂ + (−𝜆 + 5)𝑘̂ 

⇒ 𝜆 + 1 = 7𝜆 − 2, 2(𝜆 + 1) = 3 and 3(𝜆 + 1) = −𝜆 + 5 

⇒ 𝜆 =
1

2
 

Hence, required ratio is 1 : 2 

13 (d) 

Clearly, 

𝑎⃗ − 𝑏⃗⃗ + 𝑏⃗⃗ − 𝑐 + 𝑐 − 𝑎⃗ = 0⃗⃗ 

∴ 𝑎⃗ − 𝑏⃗⃗, 𝑏⃗⃗ − 𝑐, 𝑐 − 𝑎⃗ are coplanar 

⇒ (𝑎⃗ − 𝑏⃗⃗) ∙ {(𝑏⃗⃗ ∙ 𝑐) × (𝑐 − 𝑎⃗)} = 0 

314 (d) 

Two given lines intersect, if 

7𝐢̂̇ + 10𝐣̂̇ + 13𝐤̂ + 𝑠(2𝐢̂̇ + 3𝐣̂̇ + 4𝐤̂) 

= 3𝐢̂̇ + 5𝐣̂̇ + 7𝐤̂ + 𝑡(𝐢̂̇ + 2𝐣̂̇ + 3𝐤̂) 

⟹ (7 + 2𝑠)𝐢̂̇ + (10 + 3𝑠)𝐣̂̇ + (13 + 4𝑠)𝐤̂ 

= (3 + 𝑡)𝐢̂̇ + (5 + 2𝑡)𝐣̂̇ + (7 + 3𝑡)𝐤̂ 

⟹ 7 + 2𝑠 = 3 + 𝑡 

⟹ 2𝑠 − 𝑡 = −4   …(i) 

10 + 3𝑠 = 5 + 2𝑡 

⟹ 3𝑠 − 2𝑡 = −5 …(ii) 

and 13 + 4s = 7 + 3t 

⟹ 4𝑠 − 3𝑡 = −6 …(iii) 

On solving Eqs. (i) and (iii), we get 

𝑠 = −3, 𝑡 = −2 
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∴ Required line is  

7𝐢̂̇ + 10𝐣̂̇ + 13𝐤̂ + (−3)[2𝐢̂̇ + 3𝐣̂̇ + 4𝐤̂] 

⟹ 𝐢̂̇ + 𝐣̂̇ + 𝐤̂ is the required line. 

16 (c) 

Given that, 𝐚⃗⃗ = 𝐢̂ + 𝐣̂ and 𝐛⃗ = 2𝐢̂ − 𝐤̂ 

Let 𝐫⃗ = 𝑥𝐢̂ + 𝑦𝐣̂ + 𝓏𝐤̂, then 

𝐫⃗ × 𝐚⃗⃗ = 𝐛⃗ × 𝐚⃗⃗  ⇒ ( 𝐫⃗ − 𝐛⃗) × 𝐚⃗⃗ = 𝟎⃗⃗⃗ 

Now, 𝐫⃗ − 𝐛⃗ = (𝑥𝐢̂ + 𝑦𝐣̂ + 𝓏𝐤̂) − (2𝐢̂ − 𝐤̂) 

= (𝑥 − 2)𝐢̂ + 𝑦𝐣̂ + (𝓏 + 1)𝐤̂ 

∴  ( 𝐫⃗ − 𝐛⃗) × 𝐚⃗⃗ = |
𝐢̂ 𝐣̂ 𝐤̂

𝑥 − 2 𝑦 𝓏 + 1
1 1 0

| = 𝟎⃗⃗⃗ 

⇒ −(𝓏 + 1)𝐢̂ + (𝓏 + 1)𝐣̂ + (𝑥 − 2 − 𝑦)𝐤̂ = 𝟎⃗⃗⃗ 

On equating the coefficient of î, j ̂and k̂, we get 

𝓏 = −1, 𝑥 − 𝑦 = 2       ….(i) 

Now, 𝐫⃗ × 𝐛⃗ = 𝐚⃗⃗ × 𝐛⃗  ⇒  ( 𝐫⃗ − 𝐚⃗⃗) × 𝐛⃗=𝟎⃗⃗⃗ 

And 𝐫⃗ − 𝐚⃗⃗ = (𝑥 − 1)𝐢̂ + (𝑦 − 1)𝐣̂ + 𝓏𝐤̂ 

∴ (𝐫⃗ − 𝐚⃗⃗) × 𝐛⃗ = |
𝐢̂ 𝐣̂ 𝐤̂

𝑥 − 1 𝑦 − 1 𝓏
2 0 −1

| = 𝟎⃗⃗⃗  

⇒ (−𝑦 + 1)𝐢̂ − 𝐣̂(−𝑥 + 1 − 2𝓏) + (−2𝑦 + 2)𝐤̂ = 𝟎⃗⃗⃗  

⇒ 𝑦 = 1, 𝑥 + 2𝓏 = 1     ...(ii) 

From Eqs. (i) and (ii), we get 

𝑥 = 3, 𝑦 = 1 𝓏 = −1 

∴ 𝐫⃗ =  3𝐢̂ + 𝐣̂ − 𝐤̂ 

17 (a) 

Given, 𝐀⃗⃗⃗ × (𝐁⃗⃗⃗ × 𝐂⃗) = 𝐁⃗⃗⃗ × (𝐂⃗ × 𝐀⃗⃗⃗) … . (𝑖) 

Also, [𝐀⃗⃗⃗ 𝐁⃗⃗⃗ 𝐂⃗] ≠ 0𝑖𝑒. 𝐀⃗⃗⃗, 𝐁⃗⃗⃗, 𝐂⃗  are not coplanar. 

∴From Eq. (i) 

(𝐀⃗⃗⃗ ∙ 𝐂⃗) − (𝐀⃗⃗⃗ ∙ 𝐁⃗⃗⃗)𝐂⃗ = (𝐁⃗⃗⃗ ∙ 𝐀⃗⃗⃗)𝐂⃗ − (𝐁⃗⃗⃗ ∙ 𝐂⃗)𝐀⃗⃗⃗ 

⟹ (𝐁⃗⃗⃗ ∙ 𝐂⃗)𝐀⃗⃗⃗ + (𝐀⃗⃗⃗ ∙ 𝐂⃗)𝐁⃗⃗⃗ − [(𝐀⃗⃗⃗ ∙ 𝐁⃗⃗⃗) + (𝐁⃗⃗⃗ ∙ 𝐂⃗)]𝐂⃗ = 𝟎⃗⃗⃗ 

⟹ 𝐁⃗⃗⃗ ∙ 𝐂⃗ = 𝐀⃗⃗⃗ ∙ 𝐂⃗ = 𝐀⃗⃗⃗ ∙ 𝐁⃗⃗⃗ = 𝟎⃗⃗⃗ 

[∵ [𝐀⃗⃗⃗ 𝐁⃗⃗⃗ 𝐂⃗] ≠ 0] 

Now, consider   

𝐀⃗⃗⃗ × (𝐁⃗⃗⃗ × 𝐂⃗) = (𝐀⃗⃗⃗ ∙ 𝐂⃗)𝐁⃗⃗⃗ − (𝐀⃗⃗⃗ ∙ 𝐁⃗⃗⃗)𝐂⃗ 

= 0 ∙ 𝐁⃗⃗⃗ − 0 ∙ 𝐂⃗ = 𝟎⃗⃗⃗ 

319 (a) 

[𝐚⃗⃗ 𝐛⃗ 𝐜] = |
1 0 −1
𝑥 1 1 − 𝑥
𝑦 𝑥 1 + 𝑥 − 𝑦

| 

Applying 𝐶3 → 𝐶3 + 𝐶1 
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= |
1 0 0
𝑥 1 1
𝑦 𝑥 1 + 𝑥

| = 1[1 + 𝑥 − 𝑥] = 1 

Hence, [𝐚⃗⃗  𝐛⃗ 𝐜] does not depend upon neither 𝑥 nor 𝑦. 

20 (b) 

The required vector is given by 

𝑛̂ =
𝐴𝐵⃗⃗ × 𝐴𝐶

|𝐴𝐵⃗⃗ × 𝐴𝐶|
=

𝑎⃗ × 𝑏⃗⃗ + 𝑏⃗⃗ × 𝑐 + 𝑐 × 𝑎⃗

|𝑎⃗ × 𝑏⃗⃗ + 𝑏⃗⃗ × 𝑐 + 𝑐 × 𝑎⃗|
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1 (d) 

(𝐚⃗⃗ − 𝐛⃗) ∙ (𝐛⃗ + 𝐜 ) × ( 𝐜 + 𝐚⃗⃗) 

= (𝐚⃗⃗ − 𝐛⃗) ∙ [𝐛⃗ × 𝐜 + 𝐛⃗ × 𝐚⃗⃗ + 𝐜 × 𝐜 + 𝐜 × 𝐚⃗⃗ ] 

= 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐜) + 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐚⃗⃗) + 𝐚⃗⃗ ∙ (𝐜 × 𝐚⃗⃗) − 𝐛⃗ ∙ (𝐛⃗ × 𝐜) − 𝐛⃗ ∙ (𝐛⃗ × 𝐚⃗⃗) − 𝐛⃗ ∙ (𝐜 × 𝐚⃗⃗) 

= 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐜) − 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐜) 

= [ 𝐚⃗⃗ 𝐛⃗ 𝐜 ] − [ 𝐚⃗⃗ 𝐛⃗ 𝐜 ] = 0 

2 (b) 

∵ 𝐚⃗⃗, 𝐛⃗ and 𝐜 are coplanar vectors, so 2 𝐚⃗⃗ − 𝐛⃗ 2𝐛⃗  − 𝐜 and 2𝐜 − 𝐚⃗⃗ are also coplanar. Thus 

[2 𝐚⃗⃗ − 𝐛⃗ 2𝐛⃗  − 𝐜  2𝐜 − 𝐚⃗⃗ ] = 0 

3 (b) 

Clearly, angle between 𝐚⃗⃗ and 𝐛⃗ =
𝜋

2
 

⇒ 𝐚⃗⃗  ∙  𝐛⃗=0 

∴ | 𝐚⃗⃗ +  𝐛⃗|
𝟐

= 𝑎2 + 𝑏2 + 2𝐚⃗⃗  ∙  𝐛⃗  

= 1 + 1 + 0 = 2 

⇒ | 𝐚⃗⃗ +  𝐛⃗| = √2 

5 (d) 

Given, (𝐚⃗⃗ × 𝐛⃗) × 𝐜 = −
1

4
|𝐛⃗||𝐜|𝐚⃗⃗ 

⟹ (𝐜 ∙ 𝐚⃗⃗)𝐛⃗ − (𝐜 ∙ 𝐛⃗)𝐚⃗⃗ = −
1

4
|𝐛⃗||𝐜|𝐚⃗⃗ 

On comparing both sides, we get 

(𝐜 ∙ 𝐚⃗⃗)𝐛⃗ = 0 

|𝐜|𝐚⃗⃗| cos θ = 0 

⟹  θ =
π

2
 

6 (c) 

Now, (𝐢̂ + 𝐣̂ + 𝐤̂) × (𝐢̂ + 𝐣̂) = |
𝐢̂ 𝐣̂ 𝐤̂
1 1 1
1 1 0

| 

= 𝐢̂(−1) + 𝐣̂(1) + 𝐤̂(0) = −𝐢̂ + 𝐣̂ 
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and |(𝐢̂ + 𝐣̂ + 𝐤̂) × (𝐢̂ + 𝐣̂)| = √12 + 12 = √2 

Vector perpendicular to both of the vectors 𝐢̂ + 𝐣̂ + 𝐤̂ and 𝐢̂ + 𝐣̂ 

=
(𝐢̂ + 𝐣̂ + 𝐤̂) × (𝐢̂ + 𝐣̂)

|(𝐢̂ + 𝐣̂ + 𝐤̂) × (𝐢̂ + 𝐣̂)|
 

=
−𝐢̂ + 𝐣̂

√2
=

−1

√2
(𝐢̂ − 𝐣̂) 

= 𝑐(𝐢̂ − 𝐣̂), 𝑐 is a scalar. 

7 (b) 

It is given that (𝑎⃗ + 𝑏⃗⃗)||𝑐 and (𝑐 + 𝑎⃗)||𝑏⃗⃗ 

∴ (𝑎⃗ + 𝑏⃗⃗) × 𝑐 = 0 and (𝑐 + 𝑎⃗) × 𝑏⃗⃗ = 0 

⇒ 𝑎⃗ × 𝑐 + 𝑏⃗⃗ × 𝑐 = 0 and 𝑐 × 𝑏⃗⃗ + 𝑎⃗ × 𝑏⃗⃗ = 0 

⇒ 𝑎⃗ × 𝑏⃗⃗ = 𝑏⃗⃗ × 𝑐 = 𝑐 × 𝑎⃗ 

Hence, 𝑎⃗, 𝑏⃗⃗, 𝑐 form the sides of a triangle 

8 (a) 

∵ Displacement, 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = (3 − 2)𝐢̂̇ + (1 + 1)𝐣̂̇ + (2 − 1)𝐤̂ 

= 𝐢̂̇ + 2𝐣̂̇ + 𝐤̂ 

and force, 𝐅⃗ =
√6(𝐢̂̇ + 2𝐣̂̇ + 𝐤̂)

√6
 

= (𝐢̂̇ + 2𝐣̂̇ + 𝐤̂) 

∴ Work done = 𝐅⃗ ∙ 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = (1 + 2𝐣̂̇ + 𝐤̂) ∙ (𝐢̂̇ + 2𝐣̂̇ + 𝐤̂) = 6 

9 (c) 

let 𝐚⃗⃗ = 𝑙𝐢̂̇ + 𝑚𝐣̂̇ + 𝑛𝐤̂ makes an angle
π

4
with 𝑧-axis 

Also, 𝑙2 + 𝑚2 + 𝑛2 = 1 

Here, 𝑛 = cos
𝜋

4
=

1

√2
, 𝑙2 + 𝑚2 =

1

2
      …… (𝑖) 

∴   𝐚⃗⃗ = 𝑙𝐢̂̇ + 𝑚𝐣̂̇ +
𝐤̂

√2
  

⟹ 𝐚⃗⃗ + 𝐢̂̇ + 𝐣̂̇ = (𝑙 + 1)𝐢̂̇(𝑚 + 1)𝐣̂̇ +
𝐤̂

√2
 

⟹ |𝐚⃗⃗ + 𝐢̂̇ + 𝐣̂̇| = √(𝑙 + 1)2 + (𝑚 + 1)2 + (
1

√2
)
2

 

⟹ 1 = 𝑙2 + 𝑚2 + 2 + 2𝑙 + 2𝑚 +
1

2
 

⟹ 𝑙 + 𝑚 = −1  (From Eq. (i) 

⟹ 𝑙2 + 𝑚2 + 2𝑙𝑚 = 1 

⟹ 2𝑙𝑚 =
1

2
 

⟹ 𝑙 = 𝑚 = −
1

2
 

(∵ 𝑙 = 𝑚 =
1

2
, is not satisfied the given equition) 
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∴  𝐚⃗⃗ = −
𝐢̂̇

2
−

𝐣̂̇

2
+

𝐤̂

√2
 

10 (b) 

Given, |𝐚⃗⃗ × 𝐛⃗|2 + |𝐚⃗⃗ ∙ 𝐛⃗|2 = 144 

⟹ |𝐚⃗⃗|2+|𝐛⃗|
2
(sin2θ + cos2θ) = 144 

⟹ 16|𝐛⃗|
2

= 144 

⟹ |𝐛⃗| = 3 

11 (c) 

Since, 𝑚 𝐚⃗⃗ is a unit vector, if and only, if 

|𝑚 𝐚⃗⃗| = 1 ⇒ |𝑚 ||𝐚⃗⃗| = 1 ⇒ 𝑚|𝐚⃗⃗| = 1 

⇒ 𝑚 =
1

|𝐚⃗⃗|
 

12 (b) 

Resultant force 𝐹⃗ is given by 

𝐹⃗ = (2𝑖̂ − 5𝑗̂ + 6𝑘̂) − (−𝑖̂ + 2𝑗̂ − 𝑘̂) = 𝑖̂ − 3𝑗̂ + 5𝑘̂ 

Let 𝑑 be the displacement vector. Then, 

𝑑 = 𝐴𝐵⃗⃗ 

⇒ 𝑑 = (6𝑖̂ + 𝑗̂ − 3𝑘̂) − (4𝑖̂ − 3𝑗̂ − 2𝑘̂) = 2𝑖̂ + 4𝑗̂ − 𝑘̂ 

∴ 𝑊 = Work done 

⇒ 𝑊 = 𝐹⃗ ∙ 𝑑 

⇒ 𝑊 = (𝑖̂ − 3𝑗̂ + 5𝑘̂) ∙ (2𝑖̂ + 4𝑗̂ − 𝑘̂) 

⇒ 𝑊 = 2 − 12 − 5 = −15 units 

13 (d) 

Since, 𝑃, 𝑄, 𝑅 are collinear. Therefore, 

𝑃⃗⃗𝑄 = 𝑚 𝑄𝑅⃗⃗ for same scalar 𝑚 

⇒ −2𝑗̂ = 𝑚[(𝑎 − 1)𝑖̂ + (𝑏⃗⃗ + 1)𝑗̂ + 𝑐 𝑘̂] for some non-zero scalar 𝑚 

⇒ (𝑎 − 1)𝑚 = 0, (𝑏 + 1)𝑚 = −2, 𝑐𝑚 = 0 

⇒ 𝑎 = 1, 𝑐 = 0, 𝑏 ∈ 𝑅 

14 (b) 

The direction cosines of a vector making equal angles with the coordinate axes are 
1

√3
,

1

√3
,

1

√3
 

Therefore, the unit vector along the vector making equal angles with the coordinate axes is 

𝑏⃗⃗ =
1

√3
𝑖̂ +

1

√3
𝑗̂ +

1

√3
𝑘̂ 

∴ Projection of 𝑎⃗ on 𝑏⃗⃗ = 𝑎⃗ ∙ 𝑏⃗⃗ 

= (4𝑖̂ − 3𝑗̂ + 2𝑘̂) ∙ (
1

√3
𝑖̂ +

1

√3
𝑗̂ +

1

√3
𝑘̂) =

4 − 3 + 2

√3
= √3 

15 (a) 

[2 𝐢̂ 3𝐣̂ − 5𝐤̂ ] 

= −30 [ 𝐢̂  𝐣̂ 𝐤̂ ] 
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= −30    (∵ [ 𝐢̂  𝐣̂ 𝐤̂ ] = 1 ) 

16 (b) 

We have, 

(𝑎⃗ × 𝑏⃗⃗) × (𝑎⃗ × 𝑐) ∙ 𝑑 

= {((𝑎⃗ × 𝑏⃗⃗) ∙ 𝑐) 𝑎⃗ − ((𝑎⃗ × 𝑏⃗⃗) ∙ 𝑎⃗) 𝑐} ∙ 𝑑 

= {[𝑎⃗ 𝑏⃗⃗ 𝑐]𝑎⃗ − 0} ∙ 𝑑 = [𝑎⃗ 𝑏⃗⃗ 𝑐](𝑎⃗ ∙ 𝑑) 

17 (d) 

Resultant force 𝐅⃗ = (2𝐢̂̇ − 5𝐣̂̇ + 6𝐤̂) + (−𝐢̂̇ + 2𝐣̂̇ − 𝐤̂) 

= 𝐢̂̇ − 3𝐣̂̇ + 5𝐤̂ 

and displacement, 𝐝 = (6𝐢̂̇ + 𝐣̂̇ − 3𝐤̂) − (4𝐢̂̇ − 3𝐣̂̇ − 2𝐤̂) 

= 2𝐢̂̇ + 4𝐣̂̇ − 𝐤̂  

∴ work done 𝑊 = 𝐅⃗ ∙ 𝐝 

= (𝐢̂̇ − 3𝐣̂̇ + 5𝐤̂) ∙ (2𝐢̂̇ + 4𝐣̂̇ − 𝐤̂) 

= −15 

= 15 units [neglecting – ve sign] 

18 (a) 

The resultant force is given by 

𝐹⃗ = 6
(𝑖̂ − 2𝑗̂ + 2𝑘̂)

√1 + 4 + 4
+ 7

(2𝑖̂ − 3𝑗̂ − 6𝑘̂)

√4 + 9 + 36
= 4𝑖̂ − 7𝑗̂ − 2𝑘̂ 

𝑑 = Displacement = 𝑃⃗⃗𝑄 

𝑑 = (5𝑖̂ − 𝑗̂ + 𝑘̂) − (2𝑖̂ − 𝑗̂ − 3𝑘̂) = 3𝑖̂ + 4𝑘̂ 

∴ Work done = 𝐹⃗ ∙ 𝑑 = 12 + 0 − 8 = 4 units 

19 (c) 

We know, [𝐛⃗ × 𝐜  𝐜 × 𝐚⃗⃗  𝐚⃗⃗ × 𝐛⃗] 

= ( 𝐛⃗ × 𝐜) ∙ [(𝐜 × 𝐚⃗⃗) ∙ (𝐚⃗⃗ × 𝐛⃗)] 

= ( 𝐛⃗ × 𝐜) ∙ [ ((𝐜 × 𝐚⃗⃗) ∙ 𝐛⃗) 𝐚⃗⃗ − ((𝐜 × 𝐚⃗⃗) ∙ 𝐚⃗⃗ )𝐛⃗ ] 

= ( 𝐛⃗ × 𝐜) ∙ ( [ 𝐜 𝐚⃗⃗ 𝐛⃗ ]𝐚⃗⃗ − [ 𝐜 𝐚⃗⃗ 𝐚⃗⃗ ] 𝐛⃗) 

= ( 𝐛⃗ × 𝐜) ∙ 𝐚⃗⃗[ 𝐚⃗⃗ 𝐛⃗𝐜 ] − 0 

= [ 𝐚⃗⃗ 𝐛⃗ 𝐜 ][ 𝐚⃗⃗ 𝐛⃗ 𝐜 ] 

= [ 𝐚⃗⃗ 𝐛⃗ 𝐜 ]
2

 

20 (d) 

∵  𝐐𝐏⃗⃗ ⃗⃗ ⃗⃗  is parallel to 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗  and 𝐃𝐂⃗⃗⃗⃗ ⃗⃗ . 

∴  𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ + 𝐃𝐂⃗⃗⃗⃗ ⃗⃗ = 𝐐𝐏⃗⃗ ⃗⃗ ⃗⃗ + 𝐐𝐏⃗⃗ ⃗⃗ ⃗⃗ = 2𝐐𝐏⃗⃗ ⃗⃗ ⃗⃗  
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1 (a) 

Taking 𝐴 as the origin, let the position vectors of 𝐵 and 𝐶 be 𝑏⃗⃗ and 𝑐 respectively 

∴ 𝐵⃗⃗𝐸 + 𝐴𝐹 = (
𝑐

2
− 𝑏⃗⃗) + (

𝑏⃗⃗ + 𝑐

2
− 0⃗⃗) = 𝑐 −

𝑏⃗⃗

2
= 𝐷⃗⃗⃗𝐶 

2 (a) 

Since, a⃗⃗, b⃗⃗, c⃗ are mutually perpendicular unit vectors. 

⇒ |𝐚⃗⃗| = | 𝐛⃗| = |𝐜| = 1 

and 𝐚⃗⃗ ∙ 𝐛⃗ = 𝐛⃗ ∙ 𝐜 = 𝐜 ∙ 𝐚⃗⃗ = 0    …..(i) 

Now, |𝐚⃗⃗ + 𝐛⃗ + 𝐜|
2

= ( 𝐚⃗⃗ + 𝐛⃗ + 𝐜) ∙ ( 𝐚⃗⃗ + 𝐛⃗ + 𝐜)  

= |𝐚⃗⃗|2 + |𝐛⃗|
2
+ |𝐜|2 + 2(𝐚⃗⃗ ∙ 𝐛⃗ + 𝐛⃗ ∙ 𝐜 + 𝐜 ∙ 𝐚⃗⃗ ) 

= 1 + 1 + 1 + 0 = 3   [from Eq. (i) ] 

⇒ |𝐚⃗⃗ + 𝐛⃗ + 𝐜| = √3 

3 (c) 

Any vector lying in the plane of 𝑎⃗ and 𝑏⃗⃗ is of the from 𝑥𝑎⃗ + 𝑦𝑏⃗⃗ 

It is given that 𝑐 is parallel to the plane of 𝑎⃗ and 𝑏⃗⃗ 

∴ 𝑐 = 𝜆(𝑥𝑎⃗ + 𝑦𝑏⃗⃗) for some scalar 𝜆 

⇒ 𝑑𝑖̂ + 𝑗̂ + (2𝑑 − 1)𝑘̂ = 𝜆{𝑥(𝑖̂ − 2𝑗̂ + 3𝑘̂) + 𝑦(3𝑖̂ + 3𝑗̂ − 𝑘̂)} 

⇒ 𝑑𝑖̂ + 𝑗̂ + (2𝑑 − 1)𝑘̂ = 𝜆{(𝑥 + 3𝑦)𝑖̂ + (−2𝑥 + 3𝑦)𝑗̂ + (3𝑥 − 𝑦)𝑘̂} 

⇒ 𝜆(𝑥 + 3𝑦) = 𝑑, 𝜆(−2𝑥 + 3𝑦) = 1 and 𝜆(3𝑥 − 𝑦) = (2𝑑 − 1) 

[∵ 𝑖,̂ 𝑗̂, 𝑘̂ are non − coplanar] 

Solving 𝜆(𝑥 + 3𝑦) = 𝑑 and 3𝑥 − 𝑦 = 2𝑑 − 1, we get 

𝑥 =
7𝑑−3

10𝜆
 and 𝑦 =

𝑑+1

10𝜆
 

Substituting these values in 𝜆(𝑥 + 3𝑦) = 𝑑, we get 11𝑑 = −1 

ALTER 𝑐𝑙𝑒𝑎𝑟𝑙𝑦, 𝑐 𝑖𝑠 𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑡𝑜 𝑎⃗ × 𝑏⃗⃗ 

∴ 𝑐 ∙ (𝑎⃗ × 𝑏⃗⃗) = 0 

⇒ [𝑐𝑎⃗𝑏⃗⃗] = 0 ⇒ |
𝑑 1 2𝑑 − 1
1 −2 3
3 3 −1

| = 0 ⇒ 11𝑑 = −1 

4 (c) 

Topic :-VECTOR ALGEBRA 

SOLUTIONS 
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∵  𝐩⃗⃗⃗, 𝐪⃗⃗⃗, 𝐫⃗ are reciprocal vectors 𝐚⃗⃗, 𝐛⃗, 𝐜 respectively. 

∴ 𝐩⃗⃗⃗ ∙  𝐚⃗⃗ = 1, 𝐩⃗⃗⃗ ∙  𝐛⃗ = 0, 𝐩⃗⃗⃗ ∙  𝐜  etc. 

∴ (𝑙𝐚⃗⃗ + 𝑚𝐛⃗ + 𝑛𝐜) ∙ (𝑙𝐩⃗⃗⃗ + 𝑚𝐪⃗⃗⃗ + 𝑛𝐫⃗) = 𝑙2 + 𝑚2 + 𝑛2 

5 (b) 

Given expression = 2(1 + 1 + 1) − 2∑( 𝐚⃗⃗ ∙ 𝐛⃗) 

= 6 − 2∑( 𝐚⃗⃗ ∙ 𝐛⃗)         …(i) 

But (𝐚⃗⃗ + 𝐛⃗ + 𝐜)
2

≥ 0 

∴ (1 + 1 + 1) + 2∑𝐚⃗⃗ ∙ 𝐛⃗ ≥ 0 

∴ 3 ≥ −2∑ 𝐚⃗⃗ ∙ 𝐛⃗         …(ii) 

From relations (i) and (ii), we get 

Given expression ≤ 6 + 3 = 9 

6 (a) 

Let 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ = 𝐢̂̇ + 2𝐣̂̇ + 3𝐤̂ and 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ = 3𝐢̂̇ + 4𝐣̂̇ + 5𝐤̂ 

∴  𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = 2𝐢̂̇ + 2𝐣̂̇ + 2𝐤̂ 

∴ work don, 𝑊 = 𝐅⃗ ∙ 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗  

= (2𝐢̂̇ − 3𝐣̂̇ + 2𝐤̂) ∙ (2𝐢̂̇ + 2𝐣̂̇ + 2𝐤̂) 

= 4 − 6 + 4 = 2 

7 (d) 

𝐀𝐂⃗⃗⃗⃗⃗⃗ = (𝑎𝐢̂̇ − 3𝐣̂̇ + 𝐤̂) − (2𝐢̂̇ − 𝐣̂̇ + 𝐤̂) = (𝑎 − 2)𝐢̂̇ − 2𝐣̂̇ 

and 𝐁𝐂⃗⃗⃗⃗⃗⃗ = (𝑎𝐢̂̇ − 3𝐣̂̇ + 𝐤̂) − (𝐢̂̇ − 3𝐣̂̇ − 5𝐤̂) = (𝑎 − 1)𝐢̂̇ + 6𝐤̂ 

Since, the ∆𝐴𝐵𝐶 is right angled at 𝐶, then 

𝐀𝐂⃗⃗⃗⃗⃗⃗ ∙ 𝐁𝐂⃗⃗⃗⃗⃗⃗ = 0 

⟹ {(𝑎 − 2)𝐢̂̇ − 2𝐣̂̇}  ∙ {(𝑎 − 1)𝐢̂̇ + 6𝐤̂} = 0 

⟹ (𝑎 − 2)(𝑎 − 1) = 0 ⟹ 𝑎 = 1and 2 

8 (a) 

We have, 

(𝑎⃗ × 𝑏⃗⃗) × 𝑐 = 𝑎⃗ × (𝑏⃗⃗ × 𝑐) 

⇔ −𝑐 × (𝑎⃗ × 𝑏⃗⃗) = 𝑎⃗ × (𝑏⃗⃗ × 𝑐) 

⇔ −{(𝑐 ∙ 𝑏⃗⃗)𝑎⃗ − (𝑐 ∙ 𝑎⃗)𝑏⃗⃗} = (𝑎⃗ ∙ 𝑐)𝑏⃗⃗ − (𝑎⃗ ∙ 𝑏⃗⃗)𝑐 

⇔ (𝑎⃗ ∙ 𝑏⃗⃗)𝑐 − (𝑐 ∙ 𝑏⃗⃗)𝑎⃗ = 0 

⇔ (𝑏⃗⃗ ∙ 𝑎⃗)𝑐 − (𝑏⃗⃗ ∙ 𝑐)𝑎⃗ = 0 

⇔ 𝑏⃗⃗ × (𝑐 × 𝑎⃗) = 0 

9 (b) 

Clearly, 

(𝑎⃗ + 𝑏⃗⃗) × {𝑐 − (𝑎⃗ + 𝑏⃗⃗)} 

= (𝑎⃗ + 𝑏⃗⃗) × 𝑐 − (𝑎⃗ + 𝑏⃗⃗) × (𝑎⃗ + 𝑏⃗⃗) = (𝑎⃗ + 𝑏⃗⃗) × 𝑐 

10 (a) 

𝐏𝐐⃗⃗ ⃗⃗ ⃗⃗ = (2𝐢̂̇ − 𝐣̂̇ + 3𝐤̂) − (𝐢̂̇ − 𝐣̂̇ + 2𝐤̂) 
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= 𝐢̂̇ + 𝐤̂ 

and 𝐅⃗ = 3𝐢̂̇ + 2𝐣̂̇ − 4𝐤̂ 

∴ Moment = |𝐏𝐐⃗⃗ ⃗⃗ ⃗⃗ × 𝐅⃗| 

= |
𝐢̂̇ 𝐣̂̇ 𝐤̂
1 0 1
3 2 −4

| 

= −2𝐢̂̇ + 7𝐣̂̇ + 2𝐤̂ 

∴Magnitude of moment= √4 + 49 + 4 = √57 

11 (b) 

Since, |𝐚⃗⃗ + 𝐛⃗| = √3 

⟹ |𝐚⃗⃗|2 + |𝐛|⃗⃗⃗⃗ 2 + 2𝐚⃗⃗ ∙ 𝐛⃗ = 3 

⟹ 𝐚⃗⃗ ∙ 𝐛⃗ =
1

2
… . . (i) 

∵ [|𝐚⃗⃗| = |𝐛⃗| = 1, given] 

∴ (3𝐚⃗⃗ − 4𝐛⃗) ∙ (2𝐚⃗⃗ + 5𝐛⃗) = 6 + 7𝐚⃗⃗ ∙ 𝐛⃗ − 20 

= 6 +
7

2
− 20 

= −
21

2
    [from Eq. (i)] 

12 (c) 

We have, 

𝑎̂ × (𝑏̂ × 𝑐̂) =
1

2
𝑏̂ 

⇒ (𝑎̂ ∙ 𝑐̂)𝑏̂ − (𝑎̂ ∙ 𝑏̂)𝑐̂ =
1

2
𝑏̂ 

⇒ {(𝑎̂ ∙ 𝑐̂) −
1

2
} 𝑏̂ − (𝑎̂ ∙ 𝑏̂)𝑐̂ = 0 

⇒ 𝑎̂ ∙ 𝑐̂ −
1

2
= 0 and 𝑎̂ ∙ 𝑏̂ = 0 [ ∵ 𝑏̂, 𝑐̂

are non − collinear vectors
] 

⇒ cos𝜃 =
1

2
, where 𝜃 is the angle between 𝑎̂ and 𝑐̂ 

⇒ 𝜃 = 𝜋/3 

14 (b) 

The given line is parallel to the vector 𝐧⃗⃗⃗ = 𝐢̂̇ − 𝐣̂̇ + 2𝐤̂. The required plane passing  

through the point (2, 3, 1)𝑖𝑒, 2𝐢̂̇ + 3𝐣̂̇ + 𝐤̂  and is perpendicular to the vector 

 𝐧⃗⃗⃗ = 𝐢̂̇ − 𝐣̂̇ + 2𝐤̂ 

∴ Its equation is 

[(𝐫⃗ − (2𝐢̂̇ + 3𝐣̂̇ + 𝐤̂)] ∙ (𝐢̂̇ − 𝐣̂̇ + 2𝐤̂) = 0 

⟹ 𝐫⃗ ∙ (𝐢̂̇ − 𝐣̂̇ + 2𝐤̂) = 1 

15 (c) 

(𝐚⃗⃗ − 𝐛⃗) ∙ (𝐛⃗ × 𝐜 − 𝐛⃗ × 𝐚⃗⃗ + 𝐜 × 𝐚⃗⃗) 

= 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐜) − 𝐛⃗ × (𝐜 × 𝐚⃗⃗) 

= [𝐚⃗⃗ 𝐛⃗ 𝐜] − [𝐛⃗ 𝐜 𝐚⃗⃗] = 0 
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16 (a) 

We have, 

|𝑛̂1 + 𝑛̂2|
2 = |𝑛̂1| + |𝑛̂2| + 2𝑛̂1 ∙ 𝑛̂2 

⇒ |𝑛̂1 + 𝑛̂2|
2 = |𝑛̂1|

2 + |𝑛̂2|
2 + 2|𝑛̂1| + |𝑛̂2| cos 𝜃 

⇒ |𝑛̂1 + 𝑛̂2|
2 = 1 + 1 + 2 cos𝜃 = 4 cos2

𝜃

2
 

∴ cos
𝜃

2
=

1

2
|𝑛̂1 + 𝑛̂2| 

17 (d) 

Let 𝐑⃗⃗⃗1 = 2𝐢̂̇ + 4𝐣̂̇ − 5𝐤̂ 

 

and 𝐑⃗⃗⃗2 = 𝐢̂̇ + 2𝐣̂̇ + 3𝐤̂ 

∴   𝐑⃗⃗⃗ (along 𝐀𝐂⃗⃗⃗⃗⃗⃗ ) = 𝐑⃗⃗⃗1 + 𝐑⃗⃗⃗2 

= 3𝐢̂̇ + 6𝐣̂̇ − 2𝐤̂  

∴  𝐚⃗⃗ (unit vector along 𝐴𝐶) =
𝐑⃗⃗⃗

|𝐑⃗⃗⃗|
 

=
3𝐢̂̇ + 6𝐣̂̇ − 2𝐤̂

√9 + 36 + 4
 

=
1

7
(3𝐢̂̇ + 6𝐣̂̇ − 2𝐤̂) 

18 (a) 

Let 𝑃(60𝐢̂̇ + 3𝐣̂̇), 𝑄(40𝐢̂̇ − 8𝐣̂̇)and 𝑅(𝑎𝐢̂̇ − 52𝐣̂̇) be the collinear points. Then 𝐏𝐐⃗⃗ ⃗⃗ ⃗⃗ = 𝜆𝐐𝐑⃗⃗⃗⃗⃗⃗⃗  

for some scalar λ 

⟹ (−20𝐢̂̇ − 11𝐣̂̇) = 𝜆[(𝑎 − 40)𝐢̂̇ − 44𝐣̂̇] 

⟹  𝜆(𝑎 − 40) = −20,−44𝜆 = −11 

⟹  𝜆(𝑎 − 40) = −20, 𝜆 =
1

4
 

∴ 𝑎 − 40 = −20 × 4 ⟹ 𝑎 = −40 

19 (a) 

We have, 

𝑎⃗ + 𝑏⃗⃗ + 𝑐 = 𝛼𝑑 and 𝑏⃗⃗ + 𝑐 + 𝑑 = 𝛽𝑎⃗ 

⇒ 𝑎⃗ + 𝑏⃗⃗ + 𝑐 + 𝑑 = (𝛼 + 1)𝑑 and 𝑎⃗ + 𝑏⃗⃗ + 𝑐 + 𝑑 = (𝛽 + 1)𝑎⃗ 

⇒ (𝛼 + 1)𝑑 = (𝛽 + 1)𝑎⃗ 

If 𝛼 ≠ −1, then 

(𝛼 + 1)𝑑 = (𝛽 + 1)𝑎⃗ ⇒ 𝑑 =
𝛽 + 1

𝛼 + 1
𝑎⃗ 

∴ 𝑎⃗ + 𝑏⃗⃗ + 𝑐 = 𝛼𝑑 

⇒ 𝑎⃗ + 𝑏⃗⃗ + 𝑐 = 𝛼 (
𝛽 + 1

𝛼 + 1
) 𝑎⃗ 
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⇒ {1 −
𝛼(𝛽 + 1)

𝛼 + 1
} 𝑎⃗ + 𝑏⃗⃗ + 𝑐 = 0 

⇒ 𝑎⃗, 𝑏⃗⃗, 𝑐 are coplanar 

It is a contradiction to the given condition 

∴ 𝛼 = −1 ⇒ 𝑎⃗ + 𝑏⃗⃗ + 𝑐 = 0 

20 (c) 

Let the unit vector 
𝐢̂̇ + 𝐣̂̇

√2
 is perpendicular to 𝐢̂̇ − 𝐣̂̇, then we get 

(𝐢̂̇ + 𝐣̂̇) ∙ (𝐢̂̇ − 𝐣̂̇)

√2
=

1 − 1

√2
= 0 

∴  
𝐢̂̇ + 𝐣̂̇

√2
 is the unit vector 
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1 (c) 

We have, 

𝑟 ∙ 𝑎⃗ = 0 ⇒ 𝑟 ⊥ 𝑎⃗

𝑟 ∙ 𝑏⃗⃗ = 0 ⇒ 𝑟 ⊥ 𝑏⃗⃗
𝑟 ⋅ 𝑐 = 0 ⇒ 𝑟 ⊥ 𝑐

} ⇒ 𝑎⃗, 𝑏⃗⃗, 𝑐 are coplanar 

Hence, [𝑎⃗𝑏⃗⃗𝑐] = 0 

2 (b) 

cos
𝜋

3
=

(𝐢̂ + 𝐤̂) ∙ (𝐢̂ + 𝐣̂ + 𝑎𝐤̂)  

√2√1 + 1 + 𝑎2
 

⇒
1

2
=

1 + 𝑎

√2√2 + 𝑎2
 

⇒
1

4
=

(1 + 𝑎)2

2(2 + 𝑎2)
 

⇒ 2 + 𝑎2 = 2(1 + 𝑎2 + 2𝑎) 

⇒ 𝑎2 + 4𝑎 = 0 

⇒ 𝑎 = 0,−4 

3 (b) 

Let the required vector be 𝑎⃗ = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ 

It makes equal angles with the unit vectors 

𝑏⃗⃗ =
1

3
(𝑖̂ − 2𝑗̂ + 2𝑘̂), 𝑐 =

1

5
(−4𝑖̂ − 3𝑘̂) and 𝑑 = 𝑗 ̂

∴ 𝑎⃗ ∙ 𝑏⃗⃗ = 𝑎⃗ ∙ 𝑐 = 𝑎⃗ ∙ 𝑑  [∵ 𝑏⃗⃗, 𝑐, 𝑑 are unit vectors] 

⇒
1

3
(𝑥 − 2𝑦 + 2𝑧) =

1

5
(−4𝑥 − 3𝑧) = 𝑦 

⇒ 𝑥 − 2𝑦 + 2𝑧 = 3𝑦 and −4𝑥 − 5𝑦 − 3𝑧 = 0 

⇒ 𝑥 − 5𝑦 + 2𝑧 = 0 and 4𝑥 + 5𝑦 + 3𝑧 = 0 

⇒
𝑥

−5
=

𝑦

1
=

𝑧

5
= 𝜆 (say) 

⇒ 𝑥 = −5𝜆, 𝑦 = 𝜆, 𝑧 = 5𝜆 for some scalar 𝜆 

⇒ 𝑎⃗ = 𝜆(−5𝑖̂ + 𝑗̂ + 5𝑘̂) 

Clearly, option (b) is true for 𝜆 = 1 

4 (d) 

Topic :-VECTOR ALGEBRA 

SOLUTIONS 
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𝐚⃗⃗ × 𝐛⃗ = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
2 2 1
1 −2 2

| 

= 𝐢̂̇(4 + 2) − 𝐣̂̇(4 − 1) + 𝐤̂(−4 − 2) 

= 6𝐢̂̇ − 3𝐣̂̇ − 6𝐤̂ 

⟹ |𝐚⃗⃗ × 𝐛⃗| = √36 + 9 + 36 = √81 = 9 

∴ Required vectors are  

 

±6 |
𝐚⃗⃗ × 𝐛⃗

|𝐚⃗⃗ × 𝐛⃗|
| 

= ±
6

9
(6𝐢̂̇ − 3𝐣̂̇ − 6𝐤̂) 

= ±2(2𝐢̂̇ − 𝐣̂̇ − 2𝐤̂) 

6 (d) 

(a) Let 𝐩⃗⃗⃗ = 𝑥𝐢̂ + 𝑦𝐣̂ + 𝓏𝐤̂ where at least one of 𝑥, 𝑦, 𝓏 is non-zero. Let 

𝐚⃗⃗ = 𝑎1𝐢̂ + 𝑎2𝐥̂ + 𝑎3𝐤̂ 

𝐛⃗ = 𝑏1𝐢̂ + 𝑏2𝐥̂ + 𝑏3𝐤̂ 

𝐜 = 𝑐1𝐢̂ + 𝑐2𝐥̂ + 𝑐3𝐤̂  

∴ By given conditions 

𝑎1𝑥 + 𝑎2𝑦 + 𝑎3𝓏 = 0 

𝑏1𝑥 + 𝑏2𝑦 + 𝑏3𝓏 = 0 

𝑐1𝑥 + 𝑐2𝑦 + 𝑐3𝓏 = 0 

⇒ |

𝑎1 𝑎2 𝑎3

𝑏1 𝑏2 𝑏3

𝑐1 𝑐3 𝑐3

| = 0 

⇒ [ 𝐚⃗⃗ 𝐛⃗ 𝐜 ] = 0 

⇒ 𝐚⃗⃗, 𝐛⃗, 𝐜 are coplanar. 

(b) Vectors are coplanar, if 

|
1 3 0
2 0 1
0 1 1

| = 0 

𝑖𝑒, −7 = 0 

Which is not possible. 

( c ) 𝐚⃗⃗ × ( 𝐛⃗ × 𝐜 ) = ( 𝐚⃗⃗ ∙ 𝐜 )𝐛⃗ − ( 𝐚⃗⃗ ∙ 𝐛⃗ )𝐜 

⇒ 𝐚⃗⃗ × ( 𝐛⃗ × 𝐜 ) is coplanar with b⃗⃗ and c⃗. 

(d) |𝐚⃗⃗| = |𝐛⃗| = 1 

∴ |𝐚⃗⃗ + 𝐛⃗|
2

= (𝐚⃗⃗ + 𝐛⃗) ∙ (𝐚⃗⃗ + 𝐛⃗) 

= |𝐚⃗⃗|2 + |𝐛⃗|
2
+ 2𝐚⃗⃗ ∙ 𝐛⃗ 

= 1 + 1 = 2 ∙ 1 ∙ 1 cos
𝜋

3
= 3 

⇒ |𝐚⃗⃗ + 𝐛⃗| = √3 > 1 

7 (d) 
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Here, 𝐚⃗⃗1 = 3𝐢̂̇ + 6𝐣̂̇,    𝐚⃗⃗2 = −2𝐢̂̇ + 7𝐤̂ 

 𝐛⃗1 = −4𝐢̂̇ + 3𝐣̂̇ + 2𝐤̂  and  𝐛⃗2 = −4𝐢̂̇ + 𝐣̂̇ + 𝐤̂ 

Now, 𝐚⃗⃗2 − 𝐚⃗⃗1 = 𝐢̂̇ − 6𝐣̂̇ + 7𝐤̂ 

and 

 𝐛⃗1 × 𝐛⃗2 = |
𝐢̂̇ 𝐣̂̇ 𝐤̂

−4 3 2
−4 1 1

| = 𝐢̂̇ − 4𝐣̂̇ + 8𝐤̂ 

 ⟹ |𝐛⃗1 × 𝐛⃗2| = √1 + 16 + 64 = 9 

Now,  

(𝐚⃗⃗2 − 𝐚⃗⃗1) ∙ (𝐛⃗1 × 𝐛⃗2) = (𝐢̂̇ − 6𝐣̂̇ + 7𝐤̂) ∙ (𝐢̂̇ − 4𝐣̂̇ + 8𝐤̂) 

= 1 + 24 + 56 = 81 

∴   Shortest distance,  

𝑑 = |
(𝐚⃗⃗2 − 𝐚⃗⃗1) ∙ (𝐛⃗1 × 𝐛⃗2)

|𝐛⃗1 × 𝐛⃗2|
| 

=
81

9
= 9 unit 

8 (b) 

We know that a vector perpendicular to the plane containing the points 𝐀⃗⃗⃗, 𝐁⃗⃗⃗ , 𝐂⃗ is given by 𝐀⃗⃗⃗ × 𝐁⃗⃗⃗ +

𝐁⃗⃗⃗ × 𝐂⃗ + 𝐂⃗ × 𝐀⃗⃗⃗. 

Given, 𝐀⃗⃗⃗ = 𝐢̂̇ − 𝐣̂̇ + 2𝐤̂, 𝐁⃗⃗⃗ = 2𝐢̂̇ + 0𝐣̂̇ − 𝐤̂ 

and 𝐂⃗ = 0𝐢̂̇ + 2𝐣̂̇ + 𝐤̂ 

Now,   

𝐀⃗⃗⃗ × 𝐁⃗⃗⃗ = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
1 −1 2
2 0 −1

| = 𝐢̂̇ + 5𝐣̂̇ + 2𝐤̂   

𝐁⃗⃗⃗ × 𝐂⃗ = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
2 0 −1
0 2 1

| = 2𝐢̂̇ − 2𝐣̂̇ + 4𝐤̂ 

𝐂⃗ × 𝐀⃗⃗⃗ = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
0 2 1
1 −1 2

| = 5𝐢̂̇ + 𝐣̂̇ − 2𝐤̂ 

Thus,  

𝐀⃗⃗⃗ × 𝐁⃗⃗⃗ + 𝐁⃗⃗⃗ × 𝐂⃗ + 𝐂⃗ × 𝐀⃗⃗⃗ 

= (𝐢̂̇ + 5𝐣̂̇ + 2𝐤̂) + (2𝐢̂̇ − 2𝐣̂̇ + 4𝐤̂) + (5𝐢̂̇ + 𝐣̂̇ − 2𝐤̂) 

=8𝐢̂̇ + 4𝐣̂̇ + 4𝐤̂  

9 (c) 

Given,   

(𝐚⃗⃗ × 𝐛⃗) ∙ (𝐚⃗⃗ × 𝐛⃗) =
1

4
 

⟹ (|𝐚⃗⃗||𝐛⃗|sinθ)2 =
1

4
 

⟹ sin2θ =
1

4
 



21 
 

⟹  θ =
π

6
 

10 (b) 

Given that, |𝐚⃗⃗| = 3, |𝐛⃗| = 4 and 𝐚⃗⃗ + λ𝐛⃗ is perpendicular to 𝐚⃗⃗ − λ𝐛⃗. 

∴ ( 𝐚⃗⃗ + λ𝐛⃗) ∙ (𝐚⃗⃗ − λ𝐛⃗ ) = 0 

⇒ 𝐚⃗⃗ ∙ 𝐚⃗⃗ − 𝐚⃗⃗ ∙ 𝐛⃗λ + λ𝐛⃗ ∙ 𝐚⃗⃗ − λ2𝐛⃗ ∙ 𝐛⃗ = 0 

⇒ |𝐚⃗⃗|2 − λ2|𝐛⃗|
2

= 0  

⇒ λ2 =
|𝐚⃗⃗|2

|𝐛⃗|
2  ⇒  λ =

|𝐚⃗⃗|

|𝐛⃗|
=

3

4
 

11 (a) 

(𝐱⃗⃗ − 𝐲⃗) × (𝐱⃗⃗ + 𝐲⃗) 

= 𝐱⃗⃗ × 𝐱⃗⃗ + 𝐱⃗⃗ × 𝐲⃗ − 𝐲⃗ × 𝐱⃗⃗ − 𝐲⃗ × 𝐲⃗ 

= 𝟎⃗⃗⃗ + 𝐱⃗⃗ × 𝐲⃗ + 𝐱⃗⃗ × 𝐲⃗ − 𝟎⃗⃗⃗ 

= 2(𝐱⃗⃗ × 𝐲⃗) 

12 (a) 

𝐚⃗⃗ ∙ 𝐜 = 0 

⟹ 𝜆 − 1 + 2μ = 0 

⟹ 𝜆 + 2μ = 1   …(i) 

𝐛⃗ ∙ 𝐜 = 0 

⟹ 2𝜆 + 4 + μ = 0 

⟹ 2𝜆 + μ = −4….(ii) 

On solving Eqs. (i) and (ii), we get 

𝜆 − 3, μ = 2 

15 (b) 

The projection 𝑥⃗ × 𝑦⃗ on 𝑧 is given by 

(𝑥⃗ × 𝑦⃗) ∙ 𝑧

|𝑧|
=

1

|𝑧|
[𝑥⃗ 𝑦⃗ 𝑧] =

1

13
|
3 −6 −1
1 4 −3
3 −4 −12

| = −14 

16 (c) 

We have, 

𝑎⃗ × {𝑎⃗ × {𝑎⃗ × (𝑎⃗ × 𝑏⃗⃗)}} 

= 𝑎⃗ × {𝑎⃗ × {(𝑎⃗ ∙ 𝑏⃗⃗)𝑎⃗ − (𝑎⃗ ∙ 𝑎⃗)𝑏⃗⃗}} = 𝑎⃗ × {0⃗⃗ − |𝑎⃗|2(𝑎⃗ × 𝑏⃗⃗)} 

= −|𝑎⃗|2{𝑎⃗ × (𝑎⃗ × 𝑏⃗⃗)} = −|𝑎⃗|2{(𝑎⃗ ∙ 𝑏⃗⃗)𝑎⃗ − (𝑎⃗ ∙ 𝑎⃗)𝑏⃗⃗} 

= −|𝑎⃗|2{0 − |𝑎⃗|2𝑏⃗⃗} = |𝑎⃗|4𝑏⃗⃗ 

19 (c) 

For an abtuse angle  

(𝑐𝑥𝐢̂̇ − 6𝐣̂̇ + 3𝐤̂) ∙ (𝑥𝐢̂̇ + 2𝐣̂̇ + 2𝑐𝑥𝐤̂) < 0 

⟹ 𝑐𝑥2 − 12 + 6𝑐𝑥 < 0 

⟹ c𝑥2 + 6𝑐𝑥 − 12 < 0 

∴ (6𝑐)2 − 4𝑐(−12) < 0    [∵ 𝑓(𝑥) < 0 ⟹ 𝐷 < 0] 



22 
 

⟹ 36𝑐 (𝑐 +
4

3
) < 0 

⟹ −
4

3
< 𝑐 < 0 

20 (a) 

cos θ =
𝐚⃗⃗ ∙ 𝐛⃗

|𝐚⃗⃗||𝐛⃗|
 

=
(2𝐢̂̇ + 2𝐣̂̇ − 𝐤̂) ∙ (6𝐢̂̇ − 3𝐣̂̇ + 2𝐤̂)

√22 + 22 + (−1)2√62 + (−3)2 + 22
 

=
12 − 6 − 2

√4 + 4 + 1√36 + 9 + 4
=

4

21
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1 (b) 

Given vectors 2𝑖̂ + 3𝑗̂ − 4𝑘̂ and 𝑎𝑖̂ + 𝑏𝑗̂ + 𝑐𝑘̂ will be perpendicular, if 

(2𝑖̂ + 3𝑗̂ − 4𝑘̂). (𝑎𝑖̂ + 𝑏𝑗̂ + 𝑐𝑘̂) = 0 ⇒ 2𝑎 + 3𝑏 − 𝑐 = 0 

Clearly, 𝑎 = 4, 𝑏 = 4, 𝑐 = 5 satisfy the above equation 

2 (a) 

We have ,α⃗⃗⃗ = 𝑥(𝐚⃗⃗ × 𝐛⃗) + 𝑦(𝐛⃗ × 𝐜) + 𝑧(𝐜 × 𝐚⃗⃗) 

Taking dot product with 𝐚⃗⃗, 𝐛⃗, 𝐜 respectively, we get 

α⃗⃗⃗ ∙ 𝐚⃗⃗ = 𝑦[𝐚⃗⃗ 𝐛⃗ 𝐜]   ⟹ 𝑦 = 8(α⃗⃗⃗ ∙ 𝐚⃗⃗) 

α⃗⃗⃗ ∙ 𝐛⃗ = 𝑧 ((𝐜 × 𝐚⃗⃗) ∙ 𝐛⃗) 

⟹ α⃗⃗⃗ ∙ 𝐛⃗ = 𝑧[𝐚⃗⃗ 𝐛⃗ 𝐜]  ⟹ 𝑧 = 8(α⃗⃗⃗ ∙ 𝐛⃗) 

and  α⃗⃗⃗ ∙ 𝐜 = 𝑥(𝐚⃗⃗ × 𝐛⃗. 𝐜) 

 α⃗⃗⃗ ∙ 𝐜 = 𝑥[𝐚⃗⃗ 𝐛⃗ 𝐜] ⟹ 𝑥 = 8(α⃗⃗⃗ ∙ 𝐜) 

∴ 𝑥 + 𝑦 + 𝑧 = 8α⃗⃗⃗ ∙ (𝐚⃗⃗ + 𝐛⃗ + 𝐜) 

3 (d) 

Let 𝐜 = 3𝐢̂̇ + 𝐣̂̇ − 5𝐤̂ and 𝐝 = 𝑎𝐢̂̇ + 𝑏𝐣̂̇ − 15𝐤̂ 

For collinears, 𝐜 × 𝐝 = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
3 1 −5
𝑎 𝑏 −15

| = 𝟎⃗⃗⃗ 

⟹ 𝐢̂̇(−15 + 5𝑏) − 𝐣̂̇(−45 + 5𝑎) + 𝐤̂(3𝑏 − 𝑎) = 𝟎⃗⃗⃗ 

⟹ −15 + 5𝑏 = 0, −45 + 5𝑎 = 0, 3𝑏 − 𝑎 = 0 

⟹   𝑏 = 3, 𝑎 = 9 

4 (d) 

|𝐚⃗⃗ − 𝐛⃗|2 = |𝐚⃗⃗|2 + |𝐛⃗|2 − 2|𝐚⃗⃗||𝐛⃗| cos θ 

= 12 + 122 ∙ 1 ∙ 1 ∙ cos 60°       [∵ |𝐚⃗⃗| = |𝐛⃗| = 1] 

= 2 − 2 ∙
1

2
= 1 

5 (c) 

Let 𝐚⃗⃗ = 𝐢̂̇ − 2𝐣̂̇ − 3𝐤̂,   𝐛⃗ = 2𝐢̂̇ + 0𝐣̂̇ + 0𝐤̂ 

Now take option (c). 
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Let  𝐜 = 0𝐢̂̇ − 4𝐣̂̇ − 6𝐤̂ 

Now, 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐜) = |
1 −2 −3
2 0 0
0 −4 −6

| 

= 1(0) + 2(−12) − 3(−8) = 0 

6 (a) 

(𝐚⃗⃗ + 𝐛⃗) × (𝐚⃗⃗ × 𝐛⃗) 

= 𝐚⃗⃗ × (𝐚⃗⃗ × 𝐛⃗) + 𝐛⃗ × (𝐚⃗⃗ × 𝐛⃗) 

= (𝐚⃗⃗ ∙ 𝐛⃗)𝐚⃗⃗ − (𝐚⃗⃗ ∙ 𝐚⃗⃗)𝐛⃗ + (𝐛⃗ ∙ 𝐛⃗)𝐚⃗⃗ − (𝐛⃗ ∙ 𝐚⃗⃗)𝐛⃗ 

= (𝐚⃗⃗ ∙ 𝐛⃗)𝐚⃗⃗ − 𝐛⃗ + 𝐚⃗⃗ − (𝐛⃗ ∙ 𝐚⃗⃗)𝐛⃗ 

= (𝐚⃗⃗ − 𝐛⃗)(𝐚⃗⃗ ∙ 𝐛⃗ − 1) 

∴ Given vector is parallel to (𝐚⃗⃗ − 𝐛⃗). 

7 (a) 

𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = (2 − 1)𝐢̂̇ + (0 − 2)𝐣̂̇ + (3 + 1)𝐤̂ 

= 𝐢̂̇ − 2𝐣̂̇ + 4𝐤̂ 

and 

 𝐀𝐂⃗⃗⃗⃗⃗⃗ = (3 − 1)𝐢̂̇ + (−1 − 2)𝐣̂̇ + (2 + 1)𝐤̂ 

= 2𝐢̂̇ − 3𝐣̂̇ + 3𝐤̂ 

cos θ =
(𝐢̂̇ − 2𝐣̂̇ + 4𝐤̂) ∙ (2𝐢̂̇ − 3𝐣̂̇ + 3𝐤̂)

√1 + 4 + 16√4 + 9 + 9
 

=
2 + 6 + 12

√21√22
=

20

√462
 

⟹ √462 cos θ = 20 

8 (c) 

[ 𝐮⃗⃗⃗ 𝐯⃗⃗ 𝐰⃗⃗⃗ ] = |𝐮⃗⃗⃗ ∙ ( 𝐯⃗⃗  × 𝐰⃗⃗⃗)| 

= |𝐮⃗⃗⃗ ∙ (3𝐢̂ − 7𝐣̂ − 𝐤̂ )| 

= | 𝐮⃗⃗⃗ |√59 cos θ 

∴ Maximum value of [ 𝐮⃗⃗⃗ 𝐯⃗⃗ 𝐰⃗⃗⃗ ] = √59   (∵ |𝐮⃗⃗⃗| = 1, cos θ ≤ 1) 

10 (b) 

Given, force = 5(
2𝐢̂−2𝐣̂+𝐤̂

|2𝐢̂−𝟐𝐣̂+𝐤̂|
) =

5

3
 (2𝐢̂ − 2𝐣̂ + 𝐤̂ ) 

Displacement = (5𝐢̂ + 3𝐣̂ + 7𝐤̂) − (𝐢̂ + 2𝐣̂ + 3𝐤̂) 

= (4𝐢̂ + 𝐣̂ + 4𝐤̂) 

∴ Required work done = Force ∙ Displacement 

=
5

3
[(2𝐢̂ − 2𝐣̂ + 𝐤̂) ∙ (4𝐢̂ + 𝐣̂ + 4𝐤̂)] 

=
5

3
[ 8 − 2 + 4] =

50

3
 unit 

11 (b) 

We know that the equation of the plane passing through three non-collinear points 𝐚⃗⃗, 𝐛⃗, 𝐜 is 

𝐫⃗ ∙ (𝐛⃗ × 𝐜 + 𝐜 × 𝐚⃗⃗ + 𝐚⃗⃗ × 𝐛⃗) = [𝐚⃗⃗ 𝐛⃗ 𝐜] 

12 (a) 
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We have, 

Required vector 𝑟 = 𝜆(𝑎̂ + 𝑏̂), 𝜆 is a scalar 

⇒ 𝑟 = 𝜆 {
1

9
(7𝑖̂ − 4𝑗̂ − 4𝑘̂) +

1

3
(−2𝑖̂ − 𝑗̂ + 2𝑘̂)} =

𝜆

9
(𝑖̂ − 7𝑗̂ + 2𝑘̂) 

Now, 

|𝑟| = 3√6 ⇒ |𝑟|2 = 54 ⇒
𝜆2

81
(1 + 49 + 4) = 54 ⇒ 𝜆 = ±9 

Hence, required vector 𝑟 = ±(𝑖̂ − 7𝑗̂ + 2𝑘̂) 

Clearly, option (a) is true for 𝜆 = 1 

13 (b) 

Given vectors are collinear, if |
2 1 1
6 −1 2
14 −5 p

| = 0 

⟹ 2[−𝑝 + 10] − 1[6𝑝 − 28] + 1[−30 + 14] = 0 

⟹ −8𝑝 + 32 = 0 

⟹ 𝑝 = 4 

14 (d) 

Given, 
1

3
|𝐛⃗||𝐜||𝐚⃗⃗ = (𝐚⃗⃗ × 𝐛⃗) × 𝐜 

∴  
1

3
|𝐛⃗||𝐜||𝐚⃗⃗ = (𝐚⃗⃗ ∙ 𝐜)𝐛⃗ − (𝐛⃗ ∙ 𝐜)𝐚⃗⃗ 

On comparing the coefficient of 𝐚⃗⃗ and 𝐛⃗, we get 
1

2
|𝐛⃗||𝐜| = −𝐛⃗ ∙ 𝐜 and 𝐚⃗⃗ ∙ 𝐜 = 0 

⟹
1

3
|𝐛⃗||𝐜| = −|𝐛⃗||𝐜|cos θ ⟹ cos θ = −

1

3
 

⟹ 1 − sin2θ =
1

9
⟹ sin θ =

2√2

3
 

15 (c) 

Let 𝐀⃗⃗⃗ = 7𝐣̂̇ + 10𝐤̂, 𝐁⃗⃗⃗ = −𝐢̂̇ + 6𝐣̂̇ + 6𝐤̂ and 𝐂⃗ = −4𝐢̂̇ + 9𝐣̂̇ + 6𝐤̂ 

Now,𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = −𝐢̂̇ − 𝐣̂̇ − 4𝐤̂, 𝐁𝐂⃗⃗⃗⃗⃗⃗ = −3𝐢̂̇ + 3𝐣̂̇ 

and 𝐂𝐀⃗⃗⃗⃗⃗⃗ = 4𝐢̂̇ − 2𝐣̂̇ + 4𝐤̂ 

Here, |𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ | = |𝐁𝐂⃗⃗⃗⃗⃗⃗ | = 3√2  and |𝐂𝐀⃗⃗⃗⃗⃗⃗ | = 6 

Now, |𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ |2 + |𝐁𝐂⃗⃗⃗⃗⃗⃗ |2 = |𝐀𝐂⃗⃗⃗⃗⃗⃗ |2 

Hence, the triangle is right angled isosceles triangle. 

16 (b) 

We know that if 𝐴 and 𝐵 are two points and 𝑃 is any point on 𝐴𝐵. Then, 

𝑚 𝑃𝐴 + 𝑛 𝑃𝐵⃗⃗ = (𝑚 + 𝑛)𝑃𝐶, where 𝐶 divides 𝐴𝐵 in the ratio 𝑛:𝑚 

Here, 𝑚 = 𝑛 = 1 

∴ 𝑃𝐴 + 𝑃𝐵⃗⃗ = 2𝑃𝐶 

17 (a) 

(2𝐚⃗⃗ + 3𝐛⃗) × (5𝐚⃗⃗ + 7𝐛⃗) + 𝐚⃗⃗ × 𝐛⃗ 
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= 𝟎⃗⃗⃗ + 14(𝐚⃗⃗ × 𝐛⃗) − 15(𝐚⃗⃗ × 𝐛⃗) + 𝟎⃗⃗⃗ + 𝐚⃗⃗ × 𝐛⃗ 

= 𝟎⃗⃗⃗ 

19 (c) 

Let 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ = 2𝐢̂̇ − 𝐣̂̇ + 𝐤̂, 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ = 𝐢̂̇ − 3𝐣̂̇ − 5𝐤̂ 

and 𝐎𝐂⃗⃗ ⃗⃗ ⃗⃗ = 3𝐢̂̇ − 4𝐣̂̇ − 4𝐤̂ 

∴ 𝑎 = |𝐎𝐀⃗⃗⃗⃗⃗⃗⃗| = √6, 𝑏 = |𝐎𝐁⃗⃗⃗⃗⃗⃗⃗| = √35 

and 𝐜|𝐎𝐂⃗⃗ ⃗⃗ ⃗⃗ | = √41 

∴ cos𝐴 =
𝑏2 + 𝑐2 + 𝑎2

2𝑏𝑐
 

=
(√35)

2
+ (√41)

2
− (√6)

2

2√35 √41
 

⟹ cos𝐴 = √
35

41
 

⟹ sin2 𝐴 =
35

41
 

20 (d) 

Let 𝑝 ≠ 0⃗⃗. Then, 

𝑟 ∙ 𝑎⃗ = 𝑟 ∙ 𝑏⃗⃗ = 𝑟 ∙ 𝑐 = 0 

⇒ 𝑎⃗, 𝑏⃗⃗, 𝑐 are coplanar, which is a contradiction 

Hence, 𝑟 = 0⃗⃗ 
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1 (c) 

Let α⃗⃗⃗ = 𝜆 𝐚⃗⃗ + μ𝐛⃗ + 𝑡𝐜     …(i) 

Now, 𝐚⃗⃗ ∙ 𝐩⃗⃗⃗ = 𝐛⃗ ∙ 𝐪⃗⃗⃗ = 𝐜 ∙ 𝐫⃗ = 1 

⇒  α⃗⃗⃗ ∙ 𝐩⃗⃗⃗ = λ ( 𝐚⃗⃗ ∙ 𝐩⃗⃗⃗) + 0 + 0 

⇒  𝜆 = α⃗⃗⃗ ∙ 𝐩⃗⃗⃗ 

Similarly, 𝜇 = α⃗⃗⃗ ∙ 𝐪⃗⃗⃗ 

and 𝑡 = α⃗⃗⃗ ∙ 𝐫⃗ 

From Eq. (i), we get 

α⃗⃗⃗ = ( α⃗⃗⃗ ∙ 𝐩⃗⃗⃗)𝐚⃗⃗ + ( α⃗⃗⃗ ∙ 𝐪⃗⃗⃗ )𝐛⃗ + (α⃗⃗⃗ ∙ 𝐫⃗)𝐜 

2 (a) 

Since, 𝐛⃗ × 𝐜 is a vector perpendicular to 𝐛⃗, 𝐜. Therefore 𝐚⃗⃗ × (𝐛⃗ × 𝐜) is a vector again in plane of 𝐛⃗, 𝐜. 

3 (c) 

(𝐚⃗⃗ ∙ 𝐛⃗)𝐛⃗ + 𝐛⃗ × (𝐚⃗⃗ × 𝐛⃗) 

= (𝐚⃗⃗ ∙ 𝐛⃗)𝐛⃗ + (𝐛⃗ ∙ 𝐛⃗)𝐚⃗⃗ − (𝐚⃗⃗ ∙ 𝐛⃗)𝐛⃗ 

= 𝐚⃗⃗     [∵ |𝐛⃗| = 1] 

4 (d) 

∵  ∑ 𝐚⃗⃗𝑖 = 𝟎⃗⃗⃗

𝑛

𝑖=1

 

∴ (∑𝐚⃗⃗𝑖

𝑛

𝑖=1

 ) ( ∑ 𝐚⃗⃗𝑗

𝑛

𝑖=1

 ) = ∑|𝐚⃗⃗𝑖

𝑛

𝑖=1

|2 + 2 ∑  

1≤𝑖<

∑𝐚⃗⃗𝑖

𝑗≤𝑛

∙  𝐚⃗⃗𝑗 

⇒ 0 = 𝑛 + 2 ∑  

1≤𝑖<

∑𝐚⃗⃗𝑖

𝑗≤𝑛

∙  𝐚⃗⃗𝑗 

∴  ∑  

1≤𝑖<

∑𝐚⃗⃗𝑖

𝑗≤𝑛

∙  𝐚⃗⃗𝑗 = −
𝑛

2
 

5 (b) 

Since, given vectors are perpendicular. 

∴ (3𝐢̂̇ − 2𝐣̂̇ − 5𝐤̂) ∙ (6𝐢̂̇ − 𝐣̂̇ + 𝑐𝐤̂) = 0 

⟹ 18 + 2 − 5𝑐 = 0 ⟹ 𝑐 = 4 

6 (d) 

Given, 𝐚⃗⃗ × 𝐛⃗ = 𝟎⃗⃗⃗ and𝐚⃗⃗ ∙ 𝐛⃗ = 0 
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⟹ 𝐚⃗⃗ is parallel to 𝐛⃗ and 𝐚⃗⃗ is perpendicular to 𝐛⃗ which is possible only if  

𝐚⃗⃗ = 𝟎⃗⃗⃗  or 𝐛⃗ = 𝟎⃗⃗⃗ 

7 (a) 

Let 𝐚⃗⃗ = 2𝐢̂̇ + 4𝐣̂̇ − 5𝐤̂,  𝐛⃗ = 𝐢̂̇ + 2𝐣̂̇ + 3𝐤̂  

First diagonal, 𝐚⃗⃗ + 𝐛⃗ = 3𝐢̂̇ + 6𝐣̂̇ − 2𝐤̂ 

⟹ |𝐚⃗⃗ + 𝐛⃗| = 7 

Second diagonal, 𝐚⃗⃗ − 𝐛⃗ = 𝐢̂̇ + 2𝐣̂̇ − 8𝐤̂ 

⟹ |𝐚⃗⃗ − 𝐛⃗| = √69 

8 (b) 

Given 𝐚⃗⃗ + 𝐛⃗ + 𝐜 = 𝟎⃗⃗⃗ 

⟹ 𝐚⃗⃗ × 𝐚⃗⃗ + 𝐚⃗⃗ × 𝐛⃗ + 𝐚⃗⃗ × 𝐜 = 0 

⟹ 𝐚⃗⃗ × 𝐛⃗ = 𝐜 × 𝐚⃗⃗ 

Similarly,  𝐛⃗ × 𝐜 = 𝐜 × 𝐚⃗⃗ 

∴  𝐚⃗⃗ × 𝐛⃗ = 𝐛⃗ × 𝐜 = 𝐜 × 𝐚⃗⃗ ≠ 𝟎⃗⃗⃗ 

Alternate: Since, 𝐚⃗⃗, 𝐛⃗, 𝐜 are unit vectors and 𝐚⃗⃗ + 𝐛⃗ + 𝐚⃗⃗ + 𝐜 = 𝟎⃗⃗⃗, 

so 𝐚⃗⃗, 𝐛⃗, 𝐜 represent an equilateral triangle. 

∴   𝐚⃗⃗ × 𝐛⃗ = 𝐛⃗ × 𝐜 = 𝐜 × 𝐚⃗⃗ ≠ 𝟎⃗⃗⃗ 

9 (c) 

We have, 

𝐴𝐵 + 𝐴𝐶 + 𝐴𝐷 + 𝐴𝐸 + 𝐴𝐹 

= 𝐸⃗⃗𝐷 + 𝐴𝐶 + 𝐴𝐷 + 𝐴𝐸 + 𝐶𝐷   [∵ 𝐴𝐵 = 𝐸⃗⃗𝐷 and 𝐴𝐹 = 𝐶𝐷] 

= (𝐴𝐶 + 𝐶𝐷) + (𝐴𝐸 + 𝐸⃗⃗𝐷) + 𝐴𝐷 

= 3𝐴𝐷 = 6𝐴𝐺    [∵ 𝐴𝐷 = 2𝐴𝐺] 

10 (c) 

I. It is true that non-zero, non-collinear vectors are linearly independent. 

II. It is also true that any three coplanar vectors are linearly dependent. 

∴ Both I and II are true. 

11 (a) 

Let 𝛼⃗ = 2𝑎⃗ − 3𝑏⃗⃗, 𝛽 = 7𝑏⃗⃗ − 9𝑐 and 𝛾⃗ = 12𝑐 − 23𝑎⃗ 

Then, 

[𝛼⃗ 𝛽 𝛾⃗] = |
2 −3 0
0 7 −9

−23 0 12
| [𝑎⃗ 𝑏⃗⃗ 𝑐] 

⇒ [𝛼⃗ 𝛽 𝛾⃗] = (168 + 3 × −207)[𝑎⃗ 𝑏⃗⃗ 𝑐] 

⇒ [𝛼⃗ 𝛽 𝛾⃗] = 0              [∵ [𝑎⃗ 𝑏⃗⃗ 𝑐] = 0] 

⇒ 𝛼⃗, 𝛽, 𝛾⃗ are coplanar vectors 

12 (b) 

Given, [𝐚⃗⃗ + 𝐛⃗ 𝐛⃗ + 𝐜 𝐜 + 𝐚⃗⃗] = [𝐚⃗⃗ 𝐛⃗ 𝐜] 

⟹ 2[𝐚⃗⃗ 𝐛⃗ 𝐜] = [𝐚⃗⃗ 𝐛⃗ 𝐜] 
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= [𝐚⃗⃗ 𝐛⃗ 𝐜] = 0 

Hence, 𝐚⃗⃗, 𝐛⃗ and 𝐜 are coplanar.  

13 (c) 

Given, 𝐚⃗⃗ + 𝐛⃗ + 𝐜 = 𝟎⃗⃗⃗ and |𝐚⃗⃗| = √37, |𝐛⃗| = 3, and |𝐜| = 4 

Now, 𝐚⃗⃗ + 𝐛⃗ + 𝐜 = 𝟎⃗⃗⃗ 

⇒ 𝐚⃗⃗ = −(𝐛⃗ + 𝐜)  

⇒ |𝐚⃗⃗|2 = | −(𝐛⃗ + 𝐜)|
2

 

⇒ |𝐚⃗⃗|2 = |𝐛⃗|
2
+ |𝐜|2 + 2|𝐛⃗||𝐜| cos θ 

= 9 + 16 + 24cos θ 

⇒ 37 = 25 + 24 cos θ 

⇒ 24 cosθ = 12 ⇒  θ = 60° 

14 (a) 

Let unit vector be 𝑎𝐢̂̇ + 𝑏𝐣̂̇ + 𝑐𝐤̂ 

∴  𝑎𝐢̂̇ + 𝑏𝐣̂̇ + 𝑐𝐤̂ is perpendicular to 𝐢̂̇ + 𝐣̂̇ + 𝐤̂, 

Then 𝑎 + 𝑏 + 𝑐 = 0 …..(i) 

Since, 𝑎𝐢̂̇ + 𝑏𝐣̂̇ + 𝑐𝐤̂, (𝐢̂̇ + 𝐣̂̇ + 2𝐤̂), (𝐢̂̇ + 2𝐣̂̇ + 𝐤̂) are coplanar 

∴  |
𝑎 𝑏 𝑐
1 1 2
1 2 1

| = 0 

⟹ −3𝑎 + 𝑏 + 𝑐 = 0 ….(ii) 

From Eqs. (i) and (ii), we get  

𝑎 = 0   and  𝑐 = −𝑏 

Also, 𝑎2 + 𝑏2 + 𝑐2 = 1 

⟹ 0 + 𝑏2 + 𝑏2 = 1 

⟹ 𝑏 =
1

√2
 

∴ 𝑎𝐢̂̇ + 𝑏𝐣̂̇ + 𝑐𝐤̂ =
1

√2
𝐣̂̇ −

1

√2
𝐤̂ 

16 (b) 

Given, 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ = 2𝐢̂̇ − 2𝐣̂̇ + 𝐤̂ 

𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ = 5𝐢̂̇ − 4𝐣̂̇ + 4𝐤̂ 

and 𝐎𝐂⃗⃗ ⃗⃗ ⃗⃗ = 𝐢̂̇ − 2𝐣̂̇ + 4𝐤̂ 

volume of parallelopiped  

= [𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ 𝐎𝐂⃗⃗ ⃗⃗ ⃗⃗ ] 

= |
2 −2 1
5 −4 4
1 −2 4

| 

= 2(−16 + 8) + 2(20 − 4) + 1(−10 + 4) 

= 10 cu units 

18 (a) 

We have, 
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𝑎⃗ = 𝜆(𝑏⃗⃗ × 𝑐) = 𝜆 |
𝑖̂ 𝑗̂ 𝑘̂
1 2 3

−2 4 1

| = 𝜆(−10𝑖̂ − 7𝑘̂ + 8𝑘̂) 

Now, 

𝑎⃗ ∙ (𝑖̂ − 2𝑗̂ + 𝑘̂) = −6 

⇒ 𝜆(−10 + 14 + 8) = −6 ⇒ 𝜆 = −
1

2
 

Hence, 𝑎⃗ = −
1

2
(−10𝑖̂ − 7𝑘̂ + 8𝑘̂) = 5𝑖̂ +

7

2
𝑗̂ − 4𝑘̂ 

19 (c) 

The projection of  

𝐚⃗⃗ on 𝐛⃗ =
𝐚⃗⃗  ∙ 𝐛⃗

|𝐛⃗|
 

=
(3𝐢̂̇ − 𝐣̂̇ + 5𝐤̂) ∙ (2𝐢̂̇ + 3𝐣̂̇ + 𝐤̂)

√22 + 32 + 12
=

8

√14
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1 (d) 

|
7 −11 1
5 3 −2
12 −8 −1

| 

= 7(−3 − 16) + 11(−5 + 24) + 1(−40 − 36) 

= −133 + 209 − 76 = 0 

∴ Vector are collinear. 

2 (c) 

Let the position vectors of the points 𝐴, 𝐵, 𝐶 are 𝟎⃗⃗⃗, 𝐚⃗⃗ + 𝐛⃗, 𝐚⃗⃗ − 𝐛⃗ respectively and θ= 90°  

∴ Area of triangle =
1

2
|𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ × 𝐀𝐂⃗⃗⃗⃗⃗⃗ | 

=
1

2
|(𝐚⃗⃗ + 𝐛⃗) × (𝐚⃗⃗ − 𝐛⃗)| 

=
1

2
|2𝐛⃗ × 𝐚⃗⃗| 

= |𝐛⃗| |𝐚⃗⃗| sin θ = 3 × 2 sin90° = 6 

3 (a) 

We have, |[𝑎⃗ 𝑏⃗⃗ 𝑐]| = 𝑉 

Let 𝑉1 be the volume of the parallelopiped formed by the vectors 𝛼⃗, 𝛽 and 𝛾⃗. Then, 

𝑉1 = |[𝛼⃗ 𝛽 𝛾⃗]| 

Now, 

[𝛼⃗ 𝛽 𝛾⃗] = |
𝑎⃗ ∙ 𝑎⃗ 𝑎⃗ ∙ 𝑏⃗⃗ 𝑎⃗ ∙ 𝑐

𝑎⃗ ∙ 𝑏⃗⃗ 𝑏⃗⃗ ∙ 𝑏⃗⃗ 𝑏⃗⃗ ∙ 𝑐

𝑎⃗ ∙ 𝑐 𝑏⃗⃗ ∙ 𝑐 𝑐 ∙ 𝑐

| [𝑎⃗ 𝑏⃗⃗ 𝑐] 

⇒ [𝛼⃗ 𝛽 𝛾⃗] = [𝑎⃗ 𝑏⃗⃗ 𝑐]
2
[𝑎⃗𝑏⃗⃗ 𝑐] 

⇒ [𝛼⃗ 𝛽 𝛾⃗] = [𝑎⃗ 𝑏⃗⃗ 𝑐]
3

 

∴ 𝑉1 = |[𝛼⃗ 𝛽 𝛾⃗]| = |[𝑎⃗ 𝑏⃗⃗ 𝑐]
3
| = 𝑉3 

4 (a) 

Let 𝑙,𝑚, 𝑛 be the direction cosines of the required vector. As it makes equal angles with 𝑋 and 𝑌 

axes 

∴ 𝑙 = 𝑚 

∴ Required vector 𝑟 = 𝑙𝑖̂ + 𝑚𝑗̂ + 𝑛𝑘̂ = 𝑙𝑖̂ + 𝑙𝑗̂ + 𝑛𝑘̂ 

Topic :-VECTOR ALGEBRA 

SOLUTIONS 
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Now, 𝑙2 + 𝑚2 + 𝑛2 = 1 ⇒ 2𝑙2 + 𝑛2 = 1     …(i) 

Since, 𝑟 is perpendicular to −𝑖̂ + 2𝑗̂ + 2𝑘̂ 

∴ 𝑟 ∙ (−𝑖̂ + 2𝑗̂ + 2𝑘̂) = 0 ⇒ −𝑙 + 2𝑙 + 2𝑛 = 0 ⇒ 𝑙 + 2𝑛 = 0   ….(ii) 

From (i) and (ii), we get 𝑛 ∓
1

3
, 𝑙 = ∓

2

3
 

Hence, 𝑟 =
1

3
(±2𝑖̂ ± 2𝑗̂ ∓ 𝑘̂) = ±

1

3
(2𝑖̂ + 2𝑗̂ − 𝑘̂) 

5 (a) 

Let the required vector be 𝑎⃗. Then, 𝑖̂ − 𝑗̂, 𝑖̂ + 𝑗 ̂and 𝑎⃗ form a right handed system 

∴ 𝑎⃗ = (𝑖̂ − 𝑗̂) × (𝑖̂ + 𝑗̂) = 𝑘̂ + 𝑘̂ = 2𝑘̂ 

Hence, the required unit vector 𝑎̂ =
𝑎⃗⃗

|𝑎⃗⃗|
= 𝑘̂ 

6 (b) 

𝐩⃗⃗⃗ = 𝑥𝐚⃗⃗ + 𝑦𝐛⃗ + 𝑧𝐜 

⟹ 3𝐢̂̇ + 2𝐣̂̇ + 4𝐤̂̇ = 𝑥(𝐢̂̇ + 𝐣̂̇) + 𝑦(𝐣̂̇ + 𝐤̂) + 𝑧(𝐢̂̇ + 𝐤̂) 

⟹ 3𝐢̂̇ + 2𝐣̂̇ + 4𝐤̂ = (𝑥 + 𝑧)𝐢̂̇ + (𝑥 + 𝑦)𝐣̂̇ + (𝑦 + 𝑧)𝐤̂ 

On comparing both sides the coefficients of 𝐢̂̇, 𝐣̂̇, 𝐤̂, we get 

𝑥 + 𝑧 = 3 … . (i) 

𝑥 + 𝑦 = 2… . (ii) 

and 𝑦 + 𝑧 = 4 (iii) 

on solving Eqs. (i), (ii) and (iii), we get 

𝑥 =
1

2
, 𝑦 =

3

2
, 𝑧 =

5

2
 

7 (a) 

From geometry 

𝐀𝐎⃗⃗⃗⃗⃗⃗⃗ = 2𝐒𝐃⃗⃗⃗⃗⃗⃗  

Where 𝐷 is the mind point of 𝐵𝐶 

c 

∴ 𝐒𝐀⃗⃗⃗⃗⃗⃗ + 𝐒𝐁⃗⃗⃗⃗⃗⃗ + 𝐒𝐂⃗⃗ ⃗⃗⃗ 

= 𝐒𝐀⃗⃗⃗⃗⃗⃗ + 2𝐒𝐃⃗⃗⃗⃗⃗⃗    (∵ 𝐒𝐁⃗⃗⃗⃗⃗⃗ + 𝐒𝐂⃗⃗ ⃗⃗⃗ = 2𝐒𝐃⃗⃗⃗⃗⃗⃗ ) 

= 𝐒𝐀⃗⃗⃗⃗⃗⃗ + 𝐀𝐎⃗⃗⃗⃗⃗⃗⃗ 

= 𝐒𝐎⃗⃗⃗⃗⃗⃗  

8 (c) 

We have, 

𝑎⃗ ⋅ 𝑏⃗⃗ = 0 and 𝑎⃗ × 𝑏⃗⃗ = 0⃗⃗ 

⇒ |𝑎⃗||𝑏⃗⃗| cos 𝜃 = 0 and |𝑎⃗||𝑏⃗⃗| sin𝜃 = 0 

⇒ (|𝑎⃗| = 0 or, |𝑏⃗⃗| = 0 or, cos𝜃 = 0 ) 

And, 
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(|𝑎⃗| = 0 or, |𝑏⃗⃗| = 0 or, sin 𝜃 = 0 ) 

⇒ |𝑎⃗| = 0 or, |𝑏⃗⃗| = 0  [
∵ cos𝜃  and sin𝜃

are not zero zimultaneously
] 

10 (c) 

Given |𝐚⃗⃗ + 𝐛⃗|2 = |𝐚⃗⃗ − 𝐛⃗|2 

⟹ 4𝐚⃗⃗ ∙ 𝐛⃗ = 0 ⟹ 𝐚⃗⃗ ∙ 𝐛⃗ = 0 

So, angle between them is 90° 

11 (c) 

We have, 

𝑟 × 𝑎⃗ = 𝑏⃗⃗ × 𝑎⃗ 

⇒ (𝑟 − 𝑏⃗⃗) × 𝑎⃗ = 0 

⇒ 𝑟 − 𝑏⃗⃗ is parallel to 𝑎⃗ 

⇒ 𝑟 − 𝑏⃗⃗ = 𝜆𝑎⃗ for some scalar 𝜆 

⇒ 𝑟 − 𝑏⃗⃗ + 𝜆𝑎⃗    ….(i) 

Now, 

𝑟 ⊥ 𝑐 

⇒ 𝑟 ∙ 𝑐 ∙ 𝑐 = 0 

⇒ 𝑏⃗⃗ ∙ 𝑐 + 𝜆(𝑎⃗ ∙ 𝑐) = 0 ⇒ 𝜆 = −
𝑏⃗⃗ ∙ 𝑐

𝑎⃗ ∙ 𝑐
 

Putting the value of 𝜆 in (i), we get 

𝑟 = 𝑏⃗⃗ − (
𝑏⃗⃗ ∙ 𝑐

𝑎⃗ ∙ 𝑐
) 𝑎⃗ 

12 (d) 

We have, |𝛼⃗| = 1 = |𝛽| and 𝛼⃗ ∙ 𝛽 = 0 

Now, 

𝛾⃗ = 𝑥𝛼⃗ + 𝑦𝛽 + 𝑧(𝛼⃗ × 𝛽) 

⇒ 𝛼⃗ ∙ 𝛾⃗ = 𝑥(𝛼⃗ ∙ 𝛼⃗) + 𝑦(𝛼⃗ ∙ 𝛽) + 𝑧{𝛼⃗ ∙ (𝛼⃗ × 𝛽)} 

𝛽 ∙ 𝛾⃗ = 𝑥(𝛽 ∙ 𝛼⃗) + 𝑦(𝛽 ∙ 𝛽) + 𝑧{𝛽 ∙ (𝛼⃗ × 𝛽)} 

And, 

(𝛼⃗ × 𝛽) ∙ 𝛾⃗ = 𝑥{𝛼⃗ ∙ (𝛼⃗ × 𝛽) + 𝑦{𝛽 ∙ (𝛼⃗ × 𝛽)} + 𝑧{(𝛼⃗ × 𝛽) ∙ (𝛼⃗ × 𝛽)} 

⇒ cos𝜃 = 𝑥, cos 𝜃 = 𝑦 and [𝛼⃗ 𝛽 𝛾⃗] = 𝑧|𝛼⃗ × 𝛽|
2

 

⇒ 𝑥 = cos 𝜃, 𝑦 = cos 𝜃 and [𝛼⃗ 𝛽 𝛾⃗] = 𝑧 

[∵ |𝛼⃗  × 𝛽| = |𝛼⃗| |𝛽| sin90° = 1] 

Now, 

[𝛼⃗ 𝛽 𝛾⃗]
2

= |

𝛼⃗ ∙ 𝛼⃗ 𝛼⃗ ∙ 𝛽 𝛼⃗ ∙ 𝛾⃗

𝛽 ∙ 𝛼⃗ 𝛽 ∙ 𝛽 𝛽 ∙ 𝛾⃗

𝛾⃗ ∙ 𝛼⃗ 𝛾⃗ ∙ 𝛽 𝛾⃗ ∙ 𝛾⃗

| 

⇒ [𝛼⃗ 𝛽 𝛾⃗]
2

= |
1 0 cos𝜃
0 1 cos𝜃

cos 𝜃 cos 𝜃 1
| = 1 − 2 cos2 𝜃 
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⇒ 𝑧2 = 1 − 2𝑥2 

Also, 𝑧2 = 1 − 2𝑦2 and 𝑧2 = 1 − 𝑥2 − 𝑦2 

13 (a) 

(𝐚⃗⃗ − 𝐝) × (𝐛⃗ − 𝐜) 

= 𝐚⃗⃗ × 𝐛⃗ − 𝐚⃗⃗ × 𝐜 − 𝐝 × 𝐛⃗ + 𝐝 × 𝐜 

= 𝐜 × 𝐝 − 𝐛⃗ × 𝐝 − 𝐝 × 𝐛⃗ + 𝐝 × 𝐜 = 𝟎⃗⃗⃗ 

[∵  𝐚⃗⃗ × 𝐛⃗ = 𝐜 × 𝐝, 𝐚⃗⃗ × 𝐜 = 𝐛⃗ × 𝐝, given] 

⟹ (𝐚⃗⃗ − 𝐝)||(𝐛⃗ − 𝐜) 

⟹ 𝐚⃗⃗ − 𝐝 = λ(𝐛⃗ − 𝐜) 

14 (a) 

Since 𝑎⃗, 𝑏⃗⃗, 𝑐 are non-coplanar unit vectors 

∴ [𝑎⃗𝑏⃗⃗𝑐] = Volume of a parallelopiped whose each edge is of one unit length 

⇒ [𝑎⃗𝑏⃗⃗𝑐] = ±1 

16 (d)   Let 𝐷 be the mid-point of 𝐵𝐶. Then, 

𝐴𝐵 + 𝐴𝐶 = 2𝐴𝐷 

⇒ 2 𝐴𝐷 = 8𝑖̂ + 2𝑗̂ + 8𝑘̂ 

⇒ 𝐴𝐷 = 4𝑖̂ + 𝑗̂ + 4𝑘̂ 

⇒ |𝐴𝐷| = √16 + 1 + 16 = √33 

17 (c) 

∴ Median vector through 𝐀⃗⃗⃗ =
1

2
(𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ + 𝐀𝐂⃗⃗⃗⃗⃗⃗ ) 

=
1

2
[(3𝐢̂̇ + 5𝐣̂̇ + 4𝐤̂) + (5𝐢̂̇ − 5𝐣̂̇ + 2𝐤̂)] 

= 4𝐢̂̇ + 3𝐤̂ 

∴ Length of the median = √42 + 32 = 5 units 

18 (d) 

Given, (𝐚⃗⃗ − 𝜆 𝐛⃗) ∙ (𝐛⃗ − 2𝐜) × (𝐜 + 2𝐚⃗⃗) = 0 

⟹ (𝐚⃗⃗ − 𝜆 𝐛⃗) ∙ {𝐛⃗ × 𝐜 + 𝐛⃗ × 2𝐚⃗⃗ − 4(𝐜 × 𝐚⃗⃗)} = 0 

⟹ 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐜) + 𝐚⃗⃗. (𝐛⃗ × 2𝐚⃗⃗) − 𝐚⃗⃗. 4(𝐜 × 𝐚⃗⃗) 

−𝜆𝐛⃗ ∙ (𝐛⃗ × 𝐜) − 𝜆𝐛⃗ ∙ (𝐛⃗ × 2𝐚⃗⃗) + 4𝜆 𝐛⃗ ∙ (𝐜 × 𝐚⃗⃗) = 0 

⟹ 𝐚⃗⃗(𝐛⃗ × 𝐜) + 4𝜆𝐛⃗. (𝐜 × 𝐚⃗⃗) = 0 

⟹ {𝐚⃗⃗ ∙ (𝐛⃗ × 𝐜)}(1 + 4 𝜆) = 0 

⟹  𝜆 = −
1

4
  [∵  𝐚⃗⃗. (𝐛⃗ × 𝐜) ≠ 0, given] 

20 (d)  ∴ Total force 𝐏⃗⃗⃗ = 𝐏⃗⃗⃗1 + 𝐏⃗⃗⃗2 + 𝐏⃗⃗⃗3 

= 𝐢̂̇ − 𝐣̂̇ + 𝐤̂ − 𝐢̂̇ + 2𝐣̂̇ − 𝐤̂ + 𝐣̂̇ − 𝐤̂ = 2𝐣̂̇ 

and displacement 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = 6𝐢̂̇ + 𝐣̂̇ − 3𝐤̂ − (4𝐢̂̇ + 3𝐣̂̇ − 2𝐤̂) 

= 2𝐢̂̇ + 4𝐣̂̇ − 𝐤̂  

∴Work done = 𝐏⃗⃗⃗ ∙ 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗  
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= 2𝐣̂̇(2𝐢̂̇ + 4𝐣̂̇ − 𝐤̂) = 8 
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1 (a) 

The point of intersection of  𝐫⃗ × 𝐚⃗⃗ = 𝐛⃗ × 𝐚⃗⃗ and 𝐫⃗ × 𝐛⃗ = 𝐚⃗⃗ × 𝐛⃗ is 𝐫⃗ = 𝐚⃗⃗ + 𝐛⃗ 

∴  𝐫⃗ = (𝐢̂̇ + 𝐣̂̇) + (2𝐢̂̇ − 𝐤̂) = 3𝐢̂̇ + 𝐣̂̇ − 𝐤̂ 

2 (a) 

Since 𝑎⃗, 𝑏⃗⃗ and 𝑎 × 𝑏⃗⃗ are non-coplanar vectors 

∴ 𝑟 = 𝑥𝑎⃗ + 𝑦𝑏⃗⃗ + 𝑧(𝑎⃗ × 𝑏⃗⃗) for some scalars 𝑥, 𝑦, 𝑧  …(i) 

Now, 

𝑏⃗⃗ = 𝑟 × 𝑎⃗ 

⇒ 𝑏⃗⃗ = {𝑥𝑎⃗ + 𝑦𝑏⃗⃗ + 𝑧(𝑎⃗ × 𝑏⃗⃗)} × 𝑎⃗ 

⇒ 𝑏⃗⃗ = 𝑦(𝑏⃗⃗ × 𝑎⃗) + 𝑧 ((𝑎⃗ × 𝑏⃗⃗) × 𝑎⃗) 

⇒ 𝑏⃗⃗ = 𝑦(𝑏⃗⃗ × 𝑎⃗) − 𝑧 (𝑎⃗ × (𝑎⃗ × 𝑏⃗⃗)) 

⇒ 𝑏⃗⃗ = 𝑦(𝑏⃗⃗ × 𝑎⃗) − 𝑧{(𝑎⃗ ∙ 𝑏⃗⃗)𝑎⃗ − (𝑎⃗ ∙ 𝑎⃗)𝑏⃗⃗} 

⇒ 𝑏⃗⃗ = 𝑦(𝑏⃗⃗ × 𝑎⃗) + 𝑧(𝑎⃗ ∙ 𝑎⃗)𝑏⃗⃗   [∵ 𝑎⃗ ∙ 𝑏⃗⃗ = 0] 

Comparing the coefficients, we get 

𝑦 = 0, 𝑧 =
1

𝑎⃗ ∙ 𝑎⃗
=

1

|𝑎⃗|2
 

Putting the values of 𝑦 and 𝑧 in (i), we get 

𝑟 = 𝑥𝑎⃗ +
1

|𝑎⃗|2
(𝑎⃗ × 𝑏⃗⃗) 

4 (b) 

(𝐮⃗⃗⃗ + 𝐯⃗⃗ − 𝐰⃗⃗⃗). [(𝐮⃗⃗⃗ − 𝐯⃗⃗) × (𝐯⃗⃗ − 𝐰⃗⃗⃗)]  

= (𝐮⃗⃗⃗ + 𝐯⃗⃗ − 𝐰⃗⃗⃗). [ 𝐮⃗⃗⃗ × 𝐯⃗⃗ − 𝐮⃗⃗⃗ × 𝐰⃗⃗⃗ + 𝐯⃗⃗ × 𝐰⃗⃗⃗]  

= 𝐮⃗⃗⃗ ∙ 𝐯⃗⃗ × 𝐰⃗⃗⃗ − 𝐯⃗⃗ ∙ 𝐮⃗⃗⃗ × 𝐰⃗⃗⃗ − 𝐰⃗⃗⃗ ∙ 𝐮⃗⃗⃗ × 𝐯⃗⃗ 

= 𝐮⃗⃗⃗ ∙ 𝐯⃗⃗ × 𝐰⃗⃗⃗ + 𝐰⃗⃗⃗ ∙ 𝐮⃗⃗⃗ × 𝐯⃗⃗ − 𝐰⃗⃗⃗ ∙ 𝐮⃗⃗⃗ × 𝐯⃗⃗ 

= 𝐮⃗⃗⃗ ∙ 𝐯⃗⃗ × 𝐰⃗⃗⃗ 

5 (d) 

∴   𝐩⃗⃗⃗ − 2 𝐪⃗⃗⃗ = 7𝐢̂̇ − 2𝐣̂̇ + 3𝐤̂ − 2(3𝐢̂̇ + 𝐣̂̇ + 5𝐤̂) 

= 𝐢̂̇ − 4𝐣̂̇ − 7𝐤̂ 

⟹ |𝐩⃗⃗⃗ − 2𝐪⃗⃗⃗| = √12 + (−4)2 + (−7)2 = √66 

7 (a) 
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𝐚⃗⃗ × 𝐛⃗ = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
1 1 1
1 1 0

| 

= −𝐢̂̇ + 𝐣̂̇ 

⟹ (𝐚⃗⃗ × 𝐛⃗) × 𝐜 = |
𝐢̂̇ 𝐣̂̇ 𝐤̂

−1 1 0
1 0 0

| = −𝐤̂ 

Now, λ 𝐚⃗⃗ + μ 𝐛⃗ = 𝜆(𝐢̂̇ + 𝐣̂̇ + 𝐤̂) + μ(𝐢̂̇ + 𝐣̂̇) 

= (𝜆 + μ)𝐢̂̇ + (𝜆 + μ)𝐣̂̇ + 𝜆𝐤̂ 

∵  𝜆 𝐚⃗⃗ + μ 𝐛⃗ = (𝐚⃗⃗ × 𝐛⃗) × 𝐜 

⟹ (𝜆 + μ)𝐢̂̇ + (𝜆 + μ)𝐣̂̇ + 𝜆𝐤̂ = −𝐤̂ 

On equating the coefficient of 𝐢̂̇  we get λ + μ = 0 

13 (d) 

We have, 

𝑎⃗ ∙ 𝑏⃗⃗ = 𝑎⃗ ∙ 𝑐 

⇒ 𝑎⃗ ∙ (𝑏⃗⃗ − 𝑐) = 0 

⇒ 𝑎⃗ ⊥ (𝑏⃗⃗ − 𝑐) or, 𝑏⃗⃗ − 𝑐 = 0 ⇒ 𝑎⃗ ⊥ (𝑏⃗⃗ − 𝑐) or, 𝑏⃗⃗ =  𝑐 

14 (c) 

Given that, |𝐚⃗⃗| = 2√2, |𝐛⃗| = 3 

The longer vectors  is 5𝐚⃗⃗ + 2𝐛⃗ + 𝐚⃗⃗ − 3𝐛⃗ = 6𝐚⃗⃗ − 𝐛⃗ 

Length of one diagonal 

= |6𝐚⃗⃗ − 𝐛⃗|  

= √36𝐚⃗⃗2 + 𝐛⃗2 − 2 × 6|𝐚⃗⃗| |𝐛⃗| cos 45 ∘ 

= √36 × 8 + 9 − 12 × 2√2 × 3 ×
1

√2
 

= √288 + 9 − 12 × 6 = √225 = 15 

Other diagonal is 4𝐚⃗⃗ + 5𝐛⃗. 

Its length = √16 × 8 + 25 × 9 + 40 × 6 = √593 

15 (a) 

Given projection of 𝐚⃗⃗ on 𝐛⃗ = |𝐚⃗⃗ × 𝐛⃗| 

⟹ 
𝐚⃗⃗ ∙ 𝐛⃗

|𝐛⃗|
= |𝐚⃗⃗ × 𝐛⃗| 

⟹ 
|𝐚⃗⃗||𝐛⃗| cos θ

|𝐛⃗|
= |𝐚⃗⃗||𝐛⃗| sin θ 

⟹ tanθ =
1

|𝐛⃗|
 

⟹ tanθ =
1

1

3
√12 + 12 + 12
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⟹ tanθ = √3 

⟹  θ =
π

3
 

17 (c) 

Since,  𝐚⃗⃗ + 2𝐛⃗ = 𝑘𝐜 

∴  𝐚⃗⃗ + 2𝐛⃗ + 6𝐜 = 𝑘𝐜 + 6𝐜 

= (𝑘 + 6)𝐜 = 𝜆𝐜  (∵ 𝜆 ≠ 0) 

18 (d) 

𝐮⃗⃗⃗ × 𝐯⃗⃗ = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
1 1 0
1 −1 0

| = −2𝐤̂ 

∴ |𝐰⃗⃗⃗ ∙ 𝐧̂| =
|𝐰⃗⃗⃗ ∙ 𝐮⃗⃗⃗ × 𝐯⃗⃗|

|𝐮⃗⃗⃗ × 𝐯⃗⃗|
 

⟹ |𝐰⃗⃗⃗ ∙ 𝐧̂| =
| − 6𝐤̂|

| − 2𝐤̂|
= 3 

19 (c) 

Let the position of 𝐵 is 𝐫⃗. 

∴  𝐚⃗⃗ =
2𝐫⃗ + 3(𝐚⃗⃗ + 2𝐛⃗)

2 + 3
 

 

⇒ 5𝐚⃗⃗ = 2𝐫⃗ + 3𝐚⃗⃗ + 6𝐛⃗ 

⇒  2𝐫⃗ = 2𝐚⃗⃗ − 6𝐛⃗ 

∴  𝐫⃗ = 𝐚⃗⃗ − 3𝐛⃗ 

20 (a) 

Since,  (𝐀⃗⃗⃗ + 𝑡𝐁⃗⃗⃗) ∙ 𝐂⃗ = 0 [given] 

⟹ [(1 − 𝑡)𝐢̂̇ + (2 + 2𝑡)𝐣̂̇ + (3 + 𝑡)𝐤̂] ∙ (3𝐢̂̇ + 𝐣̂̇) = 0 

⟹ 3(1 − 𝑡) + (2 + 2𝑡) = 0 ⟹ 𝑡 = 5 
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1 (a) 

We have, 

|𝑎⃗| = 1, |𝑏⃗⃗| = 1 and 𝑎⃗. 𝑏⃗⃗ = cos𝜃 

Now, |𝑎⃗ − 𝑏⃗⃗|
2

= |𝑎⃗|2 + |𝑏⃗⃗|
2
− 2𝑎⃗. 𝑏⃗⃗ 

⇒ |𝑎⃗ − 𝑏⃗⃗|
2

= 1 + 1 − 2|𝑎⃗| |𝑏⃗⃗| cos𝜃 

⇒ |𝑎⃗ − 𝑏⃗⃗|
2

= 4 sin2
𝜃

2
 

⇒ |
𝑎⃗ − 𝑏⃗⃗

2
|

2

= sin2
𝜃

2
⇒ |

𝑎⃗ − 𝑏⃗⃗

2
| = sin

𝜃

2
 

2 (c) 

If 𝐚⃗⃗, 𝐛⃗ are two non-zero non-collinear vectors and 𝑥, 𝑦 are two scalars such that 𝑥𝐚⃗⃗ + 𝑦𝐛⃗ = 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) 

𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ = 2𝐢̂̇ + 10𝐣̂̇ + 11𝐤̂ 

𝐀𝐃⃗⃗⃗⃗⃗⃗⃗ = −𝐢̂̇ + 2𝐣̂̇ + 2𝐤̂ 

 

𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ ∙ 𝐀𝐃⃗⃗⃗⃗⃗⃗⃗ = −2 + 20 + 22 = 40 

|𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ | = √4 + 100 + 120 = √225 = 15 

|𝐀𝐃⃗⃗⃗⃗⃗⃗⃗| = √1 + 4 + 4 = √9 = 3 

 ∴  cos θ =
40

45
=

8

9
 

∴  θ + α = 90° 

⟹  𝛼 = 90° − θ 

Topic :-VECTOR ALGEBRA 
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⟹ cosα = sin θ = √1 −
64

81
=

√17

9
 

4 (a) 

Let 𝐚⃗⃗ = 𝑥𝐢̂̇ + 𝐣̂̇ + 𝐤̂ and 𝐛⃗ = 2𝐢̂̇ − 𝐣̂̇ + 5𝐤̂ 

Sience,   
𝐚⃗⃗ ∙ 𝐛⃗

|𝐛⃗|
=

1

√30
 

⟹ 
(𝑥𝐢̂̇ + 𝐣̂̇ + 𝐤̂) ∙ (2𝐢̂̇ − 𝐣̂̇ + 5𝐤̂)

|√4 + 1 + 25|
=

1

√30
 

⟹ 2𝑥 − 1 + 5 = 1 

⟹ 𝑥 = −
3

2
 

5 (b) 

Now,  2𝐚⃗⃗ − 𝐜 = 2(−𝐢̂̇ + 𝐣̂̇ + 2𝐤̂) − (2𝐢̂̇ + 𝐣̂̇ + 3𝐤̂) 

= 𝐣̂̇ + 3𝐤̂ 

and 𝐚⃗⃗ + 𝐛⃗ = −𝐢̂̇ + 𝐣̂̇ + 2𝐤̂ + 2𝐢̂̇ − 𝐣̂̇ − 𝐤̂ 

= 𝐢̂̇ + 𝐤̂ 

let θ be the angle between 2𝐚⃗⃗ − 𝐜 and 𝐚⃗⃗ + 𝐛⃗. 

∴ cos θ =
(𝐣̂̇ + 𝐤̂) ∙ (𝐢̂̇ + 𝐣̂̇)

√12 + 12√12 + 12
 

⟹ cosθ =
1

√2√2
=

1

2
 

⟹  θ =
π

3
 

6 (d) 

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

that 𝑎⃗ + 𝑏⃗⃗ = 𝑥𝑐 and 𝑏⃗⃗ + 𝑐 = 𝑦𝑎⃗. Now, 

𝑎⃗ + 𝑏⃗⃗ = 𝑥𝑐 ⇒ 𝑎⃗ + 𝑏⃗⃗ + 𝑐 = (𝑥 + 1)𝑐   …(i) 

and, 

𝑏⃗⃗ + 𝑐 = 𝑦𝑎⃗ ⇒ 𝑎⃗ + 𝑏⃗⃗ + 𝑐 = (𝑦 + 1)𝑎⃗   ….(ii) 

From (i) and (ii), we get 

(𝑥 + 1)𝑐 = (𝑦 + 1)𝑎⃗ 

If 𝑥 ≠ −1, then 

(𝑥 + 1)𝑐 = (𝑦 + 1)𝑎⃗ ⇒ 𝑐 =
𝑦 + 1

𝑥 + 1
𝑎⃗ 

⇒ 𝑐 and 𝑎⃗ are collinear 

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

Putting 𝑥 = −1 in 𝑎⃗ + 𝑏⃗⃗ = 𝑥𝑐, we get 

𝑎⃗ + 𝑏⃗⃗ + 𝑐 = (−1 + 1)𝑐 = 0⃗⃗ 

7 (b) 

We have, [ 𝐚⃗⃗ 𝐛⃗ + 𝐜 𝐚⃗⃗ + 𝐛⃗ + 𝐜] 
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= 𝐚⃗⃗ ∙ [ (𝐛⃗ + 𝐜) × (𝐚⃗⃗ + 𝐛⃗ + 𝐜)] 

= 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐚⃗⃗ + 𝐛⃗ × 𝐛⃗ + 𝐛⃗ × 𝐜 + 𝐜 × 𝐚⃗⃗ + 𝐜 × 𝐛⃗ + 𝐜 × 𝐜 ) 

= 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐚⃗⃗ + 𝐛⃗ × 𝐜 + 𝐜 × 𝐚⃗⃗ − 𝐛⃗ × 𝐜 ) 

= 𝐚⃗⃗ ∙ (𝐛⃗ × 𝐚⃗⃗) + 𝐚⃗⃗ ∙ ( 𝐜 × 𝐚⃗⃗) 

= [𝐚⃗⃗ 𝐛⃗ 𝐜] + [𝐚⃗⃗ 𝐜 ⃗⃗⃗𝐚⃗⃗] = 0 

8 (a) 

It is given that points 𝑃, 𝑄 and 𝑅 with position vectors 60𝑖̂ + 3𝑗̂, 40𝑖̂ − 8𝑗̂ and 𝑎𝑖̂ − 52𝑗 ̂respectively 

are collinear 

∴ 𝑃⃗⃗𝑄 = 𝜆 𝑄⃗⃗𝑅 for some scalar 𝜆 

⇒ −20𝑖̂ − 11𝑗̂ = 𝜆{(𝑎 − 40)𝑖̂ − 44𝑗̂} 

⇒ 𝜆(𝑎 − 40) = −20,−11 = −44 𝜆 

⇒ 𝜆 =
1

4
 and 𝑎 = −40 

9 (a) 

Required unit vector 

 𝐜 =
𝐚⃗⃗ × (𝐚⃗⃗ × 𝐛⃗)

|𝐚⃗⃗ × (𝐚⃗⃗ × 𝐛⃗)|
  

Now,   

𝐚⃗⃗ × (𝐚⃗⃗ × 𝐛⃗) = (𝐚⃗⃗ ∙ 𝐛⃗)𝐚⃗⃗ − (𝐚⃗⃗ ∙ 𝐚⃗⃗)𝐛⃗ 

= 3(2𝐢̂̇ + 𝐣̂̇ + 𝐤̂) − 6(𝐢̂̇ + 2𝐣̂̇ − 𝐤̂) 

= −9𝐣̂̇ + 9𝐤̂ 

∴  𝐜 =
−9𝐣̂̇ + 9𝐤̂

√92 + 92
= ±

1

√2
(−𝐣̂̇ + 𝐤̂) 

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, 

[𝑢⃗⃗ 𝜐 ⃗⃗⃗ 𝑤⃗⃗⃗] = |

𝑎𝑙 + 𝑎1𝑙1 𝑎𝑚 + 𝑎1𝑚1 𝑎𝑛 + 𝑎1𝑛1

𝑏𝑙 + 𝑏1𝑙1 𝑏𝑚 + 𝑏1𝑚1 𝑏𝑛 + 𝑏1𝑛1

𝑐𝑙 + 𝑐1𝑙1 𝑐𝑚 + 𝑐1𝑚1 𝑐𝑛 + 𝑎1𝑛1

| 

⇒ [𝑢⃗⃗ 𝜐⃗ 𝑤⃗⃗⃗] = |

𝑎 𝑎1 0
𝑏 𝑏1 0
𝑐 𝑐1 0

| |
𝑙 𝑙1 0
𝑚 𝑚1 0
𝑛 𝑛1 0

| = 0 

Hence, the given vectors are coplanar 

13 (a) 

Given that 𝑎⃗, 𝑏⃗⃗, 𝑐 are coplanar 
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∴ 𝑎⃗ ⊥ 𝑏⃗⃗ × 𝑐 ⇒ 𝑎⃗ ∙ (𝑏⃗⃗ × 𝑐) = 0 ⇒ [𝑎⃗𝑏⃗⃗𝑐] = 0 

14 (c) 

(  𝐝 + 𝐚 ⃗⃗⃗ ⃗ ) ∙ [ 𝐚⃗⃗  × {𝐛⃗ × ( 𝐜 × 𝐝 )}] 

= (  𝐝 + 𝐚 ⃗⃗⃗ ⃗ ) ∙ [ 𝐚 ⃗⃗⃗ ⃗ × {𝐛⃗ ∙ 𝐝)𝐜 − (𝐛⃗ ∙ 𝐜)𝐝} ]  

= (𝐛⃗ ∙ 𝐝 )[𝐝 ∙ (𝐚⃗⃗ × 𝐜 ) ] − (𝐛⃗ ∙ 𝐜)[𝐝 ∙ (𝐚⃗⃗ × 𝐝 )] 

+(𝐛⃗ ∙ 𝐝 )[𝐚 ⃗⃗⃗ ⃗ ∙  (𝐚⃗⃗ × 𝐜 )]– (𝐛⃗ ∙ 𝐜)[𝐚⃗⃗ ∙ (𝐚⃗⃗ × 𝐝 )] 

= (𝐛⃗ ∙ 𝐝 )[𝐝 𝐚 ⃗⃗⃗ ⃗ 𝐜 ] = (𝐛⃗ ∙ 𝐝 )[𝐚⃗⃗ 𝐜 ⃗⃗⃗ 𝐝 ] 

16 (a) 

Let 𝐚⃗⃗ = 𝐢̂̇ − 2𝐣̂̇ + 3𝐤̂, 𝐛⃗ = −2𝐢̂̇ + 3𝐣̂̇ − 4𝐤̂ 

and 𝐜 = 𝜆𝐢̂̇ − 𝐣̂̇ + 2𝐤̂ 

∴   [𝐚⃗⃗, 𝐛⃗, 𝐜] = 0 

⟹ |
1 −2 3

−2 3 −4
λ −1 2

| = 0 

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

⟹  𝜆 = 0 

17 (b) 

Let 𝐚⃗⃗ = 𝑎1 𝐢̂̇ + 𝑎2 𝐣̂̇ + 𝑎3𝐤̂ 

|𝐚⃗⃗|2 = 𝑎1
2 + 𝑎2

2 + 𝑎3
2 

and 𝐚⃗⃗ × 𝐢̂̇ = (𝑎1 𝐢̂̇ + 𝑎2 𝐣̂̇ + 𝑎3𝐤̂) × 𝐢̂̇ 

= −𝑎2𝐤̂ + 𝑎3 𝐣̂̇ 

(𝐚⃗⃗ × 𝐢̂̇)2 = 𝑎2
2 + 𝑎3

2 

Similarly, (𝐚⃗⃗ × 𝐣̂̇)2 = 𝑎3
2 + 𝑎1

2 

and (𝐚⃗⃗ × 𝐤̂)2 = 𝑎1
2 + 𝑎2

2 

Now, (𝐚⃗⃗ × 𝐢̂̇)2 + (𝐚⃗⃗ × 𝐣̂̇)2 + (𝐚⃗⃗ × 𝐤̂)2 

= 𝑎2
2 + 𝑎3

2+𝑎3
2 + 𝑎1

2 + 𝑎1
2 + 𝑎2

2 

= 2(𝑎1
2 + 𝑎2

2 + 𝑎3
2) = 2(𝐚⃗⃗)2 

18 (d) 

Since, 𝐚⃗⃗ = 𝐢̂ + 𝐣̂ + 𝐤̂, 𝐛⃗ = 2𝐢̂ − 4𝐤̂, 𝐜 = 𝐢̂ + λ𝐣̂ + 3𝐤̂ are coplanar. 

∴ [𝐚⃗⃗  𝐛⃗ 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) 

𝐀⃗⃗⃗, 𝐁⃗⃗⃗ and 𝐂⃗ are three vectors, then volume of parallelepiped  

𝑉 = [ 𝐀⃗⃗⃗  𝐁⃗⃗⃗  𝐂⃗ ] 

= |
1 𝑎 1
0 1 𝑎
𝑎 0 1

| = 1 + 𝑎3 − 𝑎 

⇒ 𝑉 = 1 + 𝑎3 − 𝑎 

On differentiating with respect to 𝑎, we get 
𝑑𝑉

𝑑𝑎
= 3𝑎2 − 1 = 0 

For maximum or minimum, put 
𝑑𝑉

𝑎
= 0 

⇒ 𝑎 = ±
1

√3
 

𝑑2𝑉

𝑑𝑎2 = 6𝑎, positive at 𝑎 =
1

√3
. 

∴ 𝑉 is minimum at 𝑎 =
1

√3
. 
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1 (c) 

By the properties of  midpoint theorem, 

𝐏𝐀⃗⃗⃗⃗ ⃗⃗ + 𝐏𝐁⃗⃗⃗⃗ ⃗⃗ = 2𝐏𝐂⃗⃗⃗⃗⃗⃗  

2 (a) 

The vector equation of line passing through points (3, 2, 1) and (−2, 1, 3) 

𝐫⃗ = 3𝐢̂̇ + 2𝐣̂̇ + 𝐤̂ + 𝜆[(−2 − 3)𝐢̂̇ + (1 − 2)𝐣̂̇ + (3 − 1)𝐤̂] 

= 3𝐢̂̇ + 2𝐣̂̇ + 𝐤̂ + 𝜆(−5𝐢̂̇ − 𝐣̂̇ + 2𝐤̂) 

3 (d) 

∵    𝐚⃗⃗ ∙ 𝐛⃗ = |𝐚⃗⃗||𝐛⃗| cos 
5π

6
 

= −
|𝐚⃗⃗||𝐛⃗|√3

2
 

Since, the projection of 𝐚⃗⃗ in the direction of 

𝐛⃗ = −
6

√3
 

⟹ −
|𝐚⃗⃗||𝐛⃗|√3

2|𝐛⃗|
= −

6

√3
 

⟹ |𝐚⃗⃗| =
6 × 2

3
= 4 

4 (d) 

Let 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ in 𝑂𝑋𝑌𝑍 system 

Also, let 𝑟 = 𝑋𝑖̂ + 𝑌𝑗̂ + 𝑍𝑘̂ in the new coordinate system 

Since the right handed rectangular system 𝑂𝑋𝑌𝑍 is rotated about 𝑧-axis through 
𝜋

4
 in anticlockwise 

direction. Therefore, 

𝑥 = 𝑋 cos𝜃 − 𝑌 sin 𝜃 and 𝑦 = 𝑋 sin𝜃 + 𝑌 cos𝜃 

⇒ 𝑥 = 𝑋 cos
𝜋

4
− 𝑌 sin

𝜋

4
, 𝑦 = 𝑋 sin

𝜋

4
+ 𝑌 cos

𝜋

4
 

and, 𝑧 = 𝑍 

It is given that 𝑋 = 2√2, 𝑌 = 3√2 and 𝑍 = 4 

∴ 𝑥 = 2 − 3 = −1, 𝑦 = 5 and 𝑧 = 4 

Hence, 𝑟 = −𝑖̂ + 5𝑗̂ + 4𝑘̂ 

ALITER Let 𝑙1, 𝑚1, 𝑛1; 𝑙2, 𝑚2, 𝑛2 and 𝑙3,𝑚3, 𝑛3 be the direction cosines of the new axes with respect 

to the old axes. Then, 

Topic :-VECTOR ALGEBRA 

SOLUTIONS 
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𝑙1 = cos
𝜋

4
=

1

√2
,𝑚1 = cos (−

𝜋

4
) =

1

√2
, 𝑛1 = cos

𝜋

2
= 0 

𝑙2 = cos
3 𝜋

4
= −

1

√2
,𝑚2 = cos

𝜋

4
=

1

√2
, 𝑛2 = cos

𝜋

2
= 0 

𝑙3 = cos
𝜋

2
= 0,𝑚3 = cos

𝜋

2
= 0, 𝑛3 = cos 0 = 1 

Let 𝑥′, 𝑦′, 𝑧′ and 𝑥, 𝑦, 𝑧 be the components of the given vector with respect to new and old axes. 

Then, 

[
𝑥
𝑦
𝑧
] = [

𝑙1 𝑙2 𝑙3
𝑚1 𝑚2 𝑚3

𝑛1 𝑛2 𝑛3

] [
𝑥′

𝑦′

𝑧′

] 

⇒ [
𝑥
𝑦
𝑧
] =

[
 
 
 
 
1

√2
−

1

√2
0

1

√2

1

√2
0

0 0 1]
 
 
 
 

[
2√2

3√2
4

] 

⇒ [
𝑥
𝑦
𝑧
] = [

2 −3 +0
2 +3 +0
0 0 +4

] = [
−1
5
4

] 

Hence, the components of 𝑎⃗ in the 𝑂𝑥𝑦𝑧 coordinate system are −1,5,4 

5 (d) 

∵ 𝐱⃗⃗ ∙ 𝐚⃗⃗ = 𝐱⃗⃗ ∙ 𝐛⃗ = 𝐱⃗⃗ ∙ 𝐜 = 0 

For  non-zero vector 𝐱⃗⃗ 

[ 𝐚⃗⃗ 𝐛⃗ 𝐜 ] = 0           (three vectors 𝐚⃗⃗, 𝐛⃗, 𝐜 are coplanar ) 

and [ 𝐚⃗⃗ ×  𝐛⃗  𝐛⃗  × 𝐜 𝐜 × 𝐚⃗⃗ ]   

= [ 𝐚⃗⃗ 𝐛⃗ 𝐜 ]
2

= 0 

6 (d) 

𝐴𝐵𝐶𝐷𝐸𝐹 is a regular hexagon. We know from the hexagon that 𝐀𝐃⃗⃗⃗⃗⃗⃗⃗ is parallel to 𝐁𝐂⃗⃗⃗⃗⃗⃗ . 

⇒ 𝐀𝐃⃗⃗⃗⃗⃗⃗⃗ = 2𝐁𝐂⃗⃗⃗⃗⃗⃗  

Similarly, 𝐄𝐁⃗⃗⃗⃗⃗⃗  is a parallel to 𝐅𝐀⃗⃗⃗⃗⃗⃗  

 

⇒ 𝐄𝐁⃗⃗⃗⃗⃗⃗ = 2𝐅𝐀⃗⃗⃗⃗⃗⃗  

and 𝐅𝐂⃗⃗⃗⃗⃗⃗  is parallel to 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ . 
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⇒ 𝐅𝐂⃗⃗⃗⃗⃗⃗ = 2𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗  

Thus, 𝐀𝐃⃗⃗⃗⃗⃗⃗⃗ + 𝐄𝐁⃗⃗⃗⃗⃗⃗ + 𝐅𝐂⃗⃗⃗⃗⃗⃗ = 2𝐁𝐂⃗⃗⃗⃗⃗⃗ + 2𝐅𝐀⃗⃗⃗⃗⃗⃗ + 2𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗  

= 2(𝐅𝐀⃗⃗⃗⃗⃗⃗ + 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗ + 𝐁𝐂⃗⃗⃗⃗⃗⃗  ) 

= 2(𝐅𝐂⃗⃗⃗⃗⃗⃗  ) = 2(2𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗  ) = 4 𝐀𝐁⃗⃗ ⃗⃗ ⃗⃗  

7 (d) 

Here, 𝐚𝟏⃗⃗⃗⃗⃗ = 6𝐢̂̇ + 2𝐣̂̇ + 2𝐤̂, 𝐚𝟐⃗⃗⃗⃗⃗ = −4𝐢̂̇ + 0𝐣̂̇ − 𝐤̂,  

𝐛𝟏
⃗⃗ ⃗⃗⃗ = 𝐢̂̇ − 2𝐣̂̇ + 2𝐤̂  and  𝐛𝟐

⃗⃗ ⃗⃗⃗ = 3𝐢̂̇ − 2𝐣̂̇ − 2𝐤̂  

∴Shortest distance 

= |
(𝐚𝟐⃗⃗⃗⃗⃗ − 𝐚𝟏⃗⃗⃗⃗⃗) ∙ (𝐛𝟏

⃗⃗ ⃗⃗⃗ × 𝐛𝟐
⃗⃗ ⃗⃗⃗)

|𝐛𝟏
⃗⃗ ⃗⃗⃗ × 𝐛𝟐

⃗⃗ ⃗⃗⃗|
| 

= |
(−10𝐢̂̇ − 2𝐣̂̇ − 3𝐤̂) ∙ (8𝐢̂̇ + 8𝐣̂̇ + 4𝐤̂)

√64 + 64 + 16
| 

= |−
108

12
| = 9 

8 (c) 

𝐚⃗⃗ × 𝐛⃗ = |
𝐢̂̇ 𝐣̂̇ 𝐤̂
2 −6 −3
4 3 −1

| = 15𝐢̂̇ − 10𝐣̂̇ + 30𝐤̂ 

and |𝐚⃗⃗ × 𝐛⃗| = √152 + (−10)2 + (30)2 = 35 

∴ Required vector =
3𝐢̂̇ − 2𝐣̂̇ + 6𝐤̂

7
 

10 (a) 

Let 𝑂 be the origin 

 

∴  𝐁𝐄⃗⃗⃗⃗⃗⃗ + 𝐀𝐅⃗⃗⃗⃗⃗⃗ = 𝐎𝐄⃗⃗⃗⃗ ⃗⃗ − 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ + 𝐎𝐅⃗⃗⃗⃗⃗⃗ − 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ 

=
𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ + 𝐎𝐂⃗⃗⃗⃗ ⃗⃗

2
− 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ +

𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ + 𝐎𝐂⃗⃗⃗⃗ ⃗⃗

2
− 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ 

=
𝐎𝐂⃗⃗⃗⃗ ⃗⃗

2
+

𝐎𝐂⃗⃗⃗⃗ ⃗⃗

2
+

𝐎𝐀⃗⃗⃗⃗⃗⃗⃗

2
− 𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ +

𝐎𝐁⃗⃗⃗⃗⃗⃗⃗

2
− 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗ 

= 𝐎𝐂⃗⃗⃗⃗ ⃗⃗ −
𝐎𝐀⃗⃗⃗⃗⃗⃗⃗ + 𝐎𝐁⃗⃗⃗⃗⃗⃗⃗

2
= 𝐎𝐂⃗⃗⃗⃗ ⃗⃗ − 𝐎𝐃⃗⃗⃗⃗⃗⃗⃗ = 𝐃𝐂⃗⃗⃗⃗ ⃗⃗  
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11 (d) 

|𝐚⃗⃗ − 𝐛⃗|
2

= |𝐚⃗⃗|2 +|𝐛⃗|2 − 2 |𝐚⃗⃗||𝐛⃗| cos θ 

⇒ |𝐚⃗⃗ − 𝐛⃗|
2

= 1 + 1 − 2 cos 60° = 2 − 1 

⇒ |𝐚⃗⃗ − 𝐛⃗| = 1 

12 (b) 

Given, 2𝐚⃗⃗ + 3𝐛⃗ + 𝐜 = 𝟎⃗⃗⃗ 

⟹ 2𝐚⃗⃗ + 3𝐛⃗ = −𝐜 

Taking cross product with 𝐚⃗⃗ and 𝐛⃗ respectively, we get 

2(𝐚⃗⃗ × 𝐚⃗⃗) + 3(𝐚⃗⃗ × 𝐛⃗) = −𝐚⃗⃗ × 𝐜 

⟹ 3(𝐚⃗⃗ × 𝐛⃗) = −𝐜 × 𝐚⃗⃗   …(i) 

and 2(𝐛⃗ × 𝐚⃗⃗) + 3(𝐛⃗ × 𝐛⃗) = −𝐛⃗ × 𝐜 

⟹ 2(𝐚⃗⃗ × 𝐛⃗) = 𝐛⃗ × 𝐜 ….(ii) 

Now, 𝐚⃗⃗ × 𝐛⃗ + 𝐛⃗ × 𝐜 + 𝐜 × 𝐚⃗⃗ 

= 𝐚⃗⃗ × 𝐛⃗ + 𝐛⃗ × 𝐜+3(𝐚⃗⃗ × 𝐛⃗)   [using Eq. (i)] 

= 4(𝐚⃗⃗ × 𝐛⃗) + 𝐛⃗ × 𝐜 

= 2(𝐛⃗ × 𝐜) + 𝐛⃗ × 𝐜 [using Eq. (ii)] 

= 3(𝐛⃗ × 𝐜) 

13 (d) 

[𝐚⃗⃗ − 2𝐛⃗, 𝐛⃗ − 3𝐜, 𝐜 − 4𝐚⃗⃗] 

= (𝐚⃗⃗ − 2𝐛⃗) ∙ {𝐛⃗ − 3𝐜) × (𝐜 − 4𝐚⃗⃗)}  

= (𝐚⃗⃗ − 2𝐛⃗) ∙ {𝐛⃗ × 𝐜 − 4𝐛⃗ × 𝐚⃗⃗ + 12𝐜 × 𝐚⃗⃗} 

= (𝐚⃗⃗ − 2𝐛⃗) ∙ (𝐚⃗⃗ + 4𝐜 + 12𝐛⃗) 

= 𝐚⃗⃗ ∙ 𝐚⃗⃗ − 24 𝐛⃗ ∙ 𝐛⃗ 

= 1 − 24 × 9 = 1 − 216 = −215 

14 (b) 

Given , area = |𝐚⃗⃗ × 𝐛⃗| = 15 

If the sides are (3𝐚⃗⃗ + 2𝐛⃗)and (𝐚⃗⃗ + 3𝐛⃗), then  

Area of parallelogram  

= |(3𝐚⃗⃗ + 2𝐛⃗) × (𝐚⃗⃗ + 3𝐛⃗)| = 7|𝐚⃗⃗ × 𝐛⃗| 

= 7 × 15 = 105 sq units 

18 (a) 

Given, 𝐚⃗⃗ ∙ (𝐛⃗ + 𝐜) = 0 ⟹ 𝐚⃗⃗ ∙ 𝐛⃗ + 𝐜 ∙ 𝐚⃗⃗ = 0 

𝐛⃗ ∙ (𝐜 + 𝐚⃗⃗) = 0 

⟹ 𝐛⃗ ∙ 𝐜 + 𝐚⃗⃗ ∙ 𝐛⃗ = 0 

and 𝐜 ∙ (𝐚⃗⃗ + 𝐛⃗) = 0 

⟹ 𝐜 ∙ 𝐚⃗⃗ + 𝐛⃗ ∙ 𝐜 = 0 

∴  𝐚⃗⃗ ∙ 𝐛⃗ + 𝐛⃗ ∙ 𝐜 + 𝐜 ∙ 𝐚⃗⃗ = 0 
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Now, |𝐚⃗⃗ + 𝐛⃗ + 𝐜|2 = |𝐚⃗⃗|2 + |𝐛⃗|
2
+ |𝐜|2 + 2(𝐚⃗⃗ ∙ 𝐛⃗ + 𝐛⃗ ∙ 𝐜 + 𝐜 ∙ 𝐚⃗⃗) 

⟹ |𝐚⃗⃗ + 𝐛⃗ + 𝐜|2 = 9 + 16 + 25 + 0 = 50 

⟹ |𝐚⃗⃗ + 𝐛⃗ + 𝐜| = 5√2 

19 (b) 

We have, 

(𝑏⃗⃗ × 𝑐) × 𝑎⃗ = −{𝑎⃗ × (𝑏⃗⃗ × 𝑐)} 

⇒ (𝑏⃗⃗ × 𝑐) × 𝑎⃗ = −{(𝑎⃗ ∙ 𝑐)𝑏⃗⃗ − (𝑎⃗ ∙ 𝑏⃗⃗)𝑐} = (𝑎⃗ ∙ 𝑏⃗⃗)𝑐 − (𝑎⃗ ∙ 𝑐)𝑏⃗⃗ 
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