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PRACTICE QUESTIONS 

A.  VECTOR SPACE 

1.  If 𝐴(𝑡) is a vector of constant magnitude, which of 

the following is true?  

(a) 
𝑑𝐴⃗

𝑑𝑡
= 0   (b) 

𝑑2𝐴⃗

𝑑𝑡2
= 0 

(c) 
𝑑𝐴⃗

𝑑𝑡
. 𝐴 = 0   (d) 

𝑑𝐴⃗

𝑑𝑡
× 𝐴 = 0 

 

2. The height of a hill at a point (𝑥, 𝑦) in metres is 

given by  

ℎ(𝑥, 𝑦) =  𝑒𝑥𝑝[2𝑥𝑦 − 𝑥2 − 2𝑦2 − 4𝑥 + 8𝑦 + 1]  

Where 𝑥 and 𝑦 are in km with respect to a certain 

origin. What is the unit vector in the direction of 

steepest ascent at the origin?    

(a) 
1

√80
(−4𝑖̂ + 8𝑗̂)  (b) 

1

√40
(−8𝑖̂ + 4𝑗̂) 

(c) 
1

√80
(4𝑖̂ − 8𝑗̂)  (d) 

1

√40
(4𝑖̂ − 8𝑗̂) 

 

3. Consider the set of vectors 
1

√2
(1,1,0),

1

√2
(0,1,1) and 

1

√2
(1,0,1). Which option is correct? 

(a) The three vectors are orthonormal 

(b) The three vectors are linearly independent 

(c) The three vectors cannot form a basis in a three-

dimensional real vector space 

(d) 
1

√2
 (1,1,0) can be written as a linear combination 

of 
1

√2
 (0,1,1) and 

1

√2
 (1,0,1) 

 

4.  If𝐴 = 𝑥𝑒̂𝑥 + 𝑦𝑒̂𝑦 + 𝑧 𝑒̂𝑧, then 𝛻2𝐴 equals 

(a) 1   (b) 3 

(c) 0   (d) −3 

 

5.  Given 𝐴⃗⃗⃗⃗ = 𝑦2𝑒̂𝑥 + 2𝑦𝑥𝑒̂𝑦 + (𝑥𝑦𝑒
𝑧 − 𝑠𝑖𝑛 𝑥 )𝑒̂𝑧, 

calculate the value of ∬
𝑠

 
(𝛻 × 𝐴). 𝑛̂𝑑𝑠 over the part 

of the sphere 𝑥2 + 𝑦2 + 𝑧2 = 1 above the 𝑥𝑜𝑦 plane. 

(a) 2   (b) 1 

(c) 0   (d) −1 

 

6.  If S is the closed surface enclosing a volume V and 𝑛̂ 

is the unit normal vector to the surface and 𝑟 is the 

position vector, then the value of the following 

integral ∬
𝑠

 
𝑟. 𝑛̂ 𝑑𝑆 is 

(a) V   (b) 2V 

(c) 0   (d) 3V 

 
7.  Which of the following vectors is orthogonal to the 

vector(𝑎𝑖̂ + 𝑏𝑗̂), where 𝑎 and 𝑏 (𝑎 ≠ 𝑏) are 

constants, and 𝑖̂ and 𝑗̂ are unit orthogonal vectors? 

(a) −𝑏𝑖̂ + 𝑎𝑗̂   (b) −𝑎𝑖̂ + 𝑏𝑗 ̂

(c) −𝑎𝑖̂ − 𝑏𝑗 ̂   (d) −𝑏𝑖̂ − 𝑎𝑗 ̂

 
8.  The unit vector normal to the surface 3𝑥2 + 4𝑦 = 𝑧 

at the point (1,1,7) is 

(a) 
(−6𝑖̂+4𝑗̂+𝑘̂)

√53
  (b) 

(4𝑖̂+6𝑗̂−𝑘̂)

√53
 

(c) 
(6𝑖̂+4𝑗̂−𝑘̂)

√53
   (d) 

(4𝑖̂+6𝑗̂+𝑘̂)

√53
 

 

9.  A vector 𝐴 = (5𝑥 + 2𝑦)𝑖̂ + (3𝑦 − 𝑧)𝑗̂ + (2𝑥 − 𝑎𝑧)𝑘̂ is 

solenoidal if the constant 𝑎 has a value 

(a) 4   (b) −4 

(c) 8   (d) −8 

 
10. The curl of the vector 𝐴 = 𝑧𝑖 + 𝑥𝑗 + 𝑦𝑘 is given by 

(a) 𝑖 + 𝑗 + 𝑘   (b) 𝑖 − 𝑗 + 𝑘 

(c) 𝑖 + 𝑗 − 𝑘   (d) −𝑖 − 𝑗 − 𝑘 

 

11.  For the function 𝜙 = 𝑥2𝑦 + 𝑥𝑦, the value of |𝛻⃗⃗𝜙| at 

𝑥 = 𝑦 = 1 is 

(a) 5   (b) √5 

(c) 13   (d) √13 

 

12. The average of the function 𝑓(𝑥) = 𝑠𝑖𝑛 𝑥  in the 

interval (0, 𝜋) is 

(a) 
1

2
   (b) 

2

𝜋
 

(c) 
1

𝜋
   (d) 

4

𝜋
 

 

13. Identify the points of unstable equilibrium for the 

potential shown in the figure. 

  
(a) 𝑝 and 𝑠   (b) 𝑞 and 𝑡 

(c) 𝑟 and 𝑢   (d) 𝑟 and 𝑠 
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14. The average value of the function 𝑓(𝑥) = 4𝑥3 in the 

interval 1 to 3 is 

(a) 15   (b) 20 

(c) 40   (d) 80 

 

15. The unit normal to the curve 𝑥3𝑦2 + 𝑥𝑦 = 17 at the 

point (2,0) is 

(a) 
(𝑖̂+𝑗̂)

√2
   (b) −𝑖 ̂

(c) −𝑗̂   (d) 𝑗̂ 

 

16. If a vector field 𝐹⃗ = 𝑥𝑖̂ + 2𝑦𝑗̂ + 3𝑧𝑘̂, then 𝛻⃗⃗ ×

(𝛻⃗⃗ × 𝐹⃗) is 

(a) 0   (b) 𝑖̂ 

(c) 2𝑗̂   (d) 3𝑘̂ 

 

17. A linear transformation T, defined as T (𝑥1 𝑥2 𝑥3 ) =

(𝑥1 + 𝑥2 𝑥2 − 𝑥3 ), transform a vector 𝑥⃗ for a 3-

dimensional real space to a 2-dimensional real 

space. The transformation matrix T is 

(a) (
1 1 0
0 1 −1

)  (b) (
1 0 0
0 1 0

) 

(c) (
1 1 1
−1 1 1

)  (d) (
1 0 0
0 0 0

) 

 

18. The value of 
𝑟∙𝑑𝑆

𝑟3
 , where 𝑟 is the position vector and 

𝑆 is a closed surface enclosing the origin, is 

(a) 0    (b) 𝜋 

(c) 4𝜋   (d) 8𝜋 

 

19. Consider the set of vectors in three-dimensional real 

vector space 𝑅3, 𝑆 = {(1, 1, 1), (1, −1, 1), (1, 1, −1)} . 

Which one of the following statements is true? 

(a) S is not a linearly independent set 

(c) The vectors in S are orthogonal 

(b) S is a basis for 𝑅3 

(d) An orthogonal set of vectors cannot be 

generated from S 

 

20. Let 𝑟 be the position vector of a point on a closed 

contour C. What is the value of the line integral 

∮ 𝑟 . 𝑑𝑟⃗⃗⃗⃗⃗ ? 

(a) 0   (b) ½ 

(c) 1   (d) 𝜋 

 

21. If 𝐴̅. (𝐵̅ × 𝐶̅) = 0 in 3-dimensional space, then 

(a) 𝐴̅, 𝐵̅, 𝐶̅ Are coplanar  

(b) 𝐴̅ is a null vector 

(c) 𝐴̅, 𝐵̅, 𝐶̅ span the whole 3-D space. 

(d) 𝐵̅ = 0 

ANSWER KEY 

1 2 3 4 5 6 7 8 9 10 

(c) (a) (b) (c) (c) (d) (a) (c) (c) (a) 

11 12 13 14 15 16 17 18 19 20 

(d) (b) (c) (c) (d) (a) (a) (c) (a) (a) 

21  

(a) 

 

SOLUTION 

A.  VECTOR SPACE  

1. Solution: 

Here 𝐴(𝑡). 𝐴(𝑡) = |𝐴(𝑡) |
2
 

Differentiating w.r.t. t, we get 

⇒
𝑑𝐴⃗

𝑑𝑡
. 𝐴 + 𝐴.

𝑑𝐴⃗

𝑑𝑡
= 0           (∵ |𝐴(𝑡)| = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)  

⇒ 2
𝑑𝐴

𝑑𝑡
. 𝐴 = 0 

Hence, option (c) is correct. 

 
2.  Solution: 

∇⃗⃗⃗ℎ Gives the direction of steepest ascent 

∇⃗⃗⃗ℎ|
(0,0)

= 𝑒(−4𝑖̂ + 8𝑗̂) 

Therefore, unit vector along the direction of 

steepest ascent is 𝑛̂ =
∇⃗⃗⃗ℎ

|∇⃗⃗⃗ℎ|
=

1

√80
(−4𝑖̂ + 8𝑗̂) 

Hence, option (a) is correct. 

 
3.  Solution:  

Let, 𝐴 =
1

√2
(1,1,0), 𝐵⃗⃗ =

1

√2
(0,1,1) and 𝐶 =

1

√2
(1,0,1) 

Now, 𝐴. (𝐵⃗⃗ × 𝐶) = |

𝐴1 𝐵1 𝐶1
𝐴2 𝐵2 𝐶2
𝐴3 𝐵3 𝐶3

| = |
|

1

√2
0

1

√2
1

√2

1

√2
0

0
1

√2

1

√2

|
| =

1

√2
(
1

√2
− 0) 0 (

1

√2
− 0) +

1

√2
(
1

√2
− 0) =

1

√2
≠ 0 

So, 𝐴, 𝐵,⃗⃗⃗⃗ 𝐶  are linearly independent. 

Hence, option (b) is correct. 

 

4.  Solution: 𝐻𝑒𝑟𝑒, 𝐴 = 𝑥𝑒̂𝑥 + 𝑦𝑒̂𝑦 + 𝑧𝑒̂𝑧 

∴ ∇2𝐴̅ =  
𝜕2

𝜕𝑥2
(𝑥𝑒̂𝑥 + 𝑦𝑒̂𝑦 + 𝑧𝑒̂𝑧) +

𝜕2

𝜕𝑦2
(𝑥𝑒̂𝑥 + 𝑦𝑒̂𝑦 +

𝑧𝑒̂𝑧) +
𝜕2

𝜕𝑦2
(𝑥𝑒̂𝑥 + 𝑦𝑒̂𝑦 + 𝑧𝑒̂𝑧) = 0 

Hence, option (c) is correct. 

 
5.  Solution:  

Here, ∬(∇⃗⃗⃗ × 𝐴). 𝑛̂. 𝑑𝑠 

By using Divergence theorem 

= ∭ ∇⃗⃗⃗. (∇⃗⃗⃗ × 𝐴)𝑑𝑉 = 0          [∴ ∇⃗⃗⃗. (∇⃗⃗⃗ × 𝐴) = 0]  

Hence, option (c) is correct. 
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6.  Solution: 

Here, ∬
𝑠

 
𝑟. 𝑛̂ 𝑑𝑆=∭∇⃗⃗⃗. 𝑟 𝑑𝑉 (Using Divergence 

Theorem) 

= 3∭𝑑𝑉     𝑎𝑠 [∇⃗⃗⃗. 𝑟 = ∇⃗⃗⃗. (𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂) = 3] 

∬
𝑠

 
𝑟. 𝑛̂ 𝑑𝑆 = 3𝑉 

Hence, option (d) is correct. 

 

7.  Solution: 

We know that two vectors are orthogonal to if they 

are perpendicular to each other. It means the dot 

product of the two vectors should be zero if they 

are orthogonal. 

In the above problem the given vector is  (𝒂𝒊̂ + 𝒃𝒋)̂  

By option (a), (−𝑏𝑖̂ + 𝑎𝑗̂). (𝑎𝑖̂ + 𝑏𝑗̂) = -ba-ab = 0 

Hence matrix (−𝑏𝑖̂ + 𝑎𝑗̂) will be orthogonal matrix 

to (𝒂𝒊̂ + 𝒃𝒋̂). 

Hence, option (a) is correct. 

 

8.  Solution: 

Given vector 𝜑 = 3𝑥2 + 4𝑦 − 𝑧 

∇⃗⃗⃗ 𝜑 = 6x𝑖̂ + 4𝑗̂ - 𝑘̂ 

|∇⃗⃗⃗ 𝜑|
(1,1,7)

= √36 + 16 + 1 = √53  

The unit vector normal to the surface, 

∇⃗⃗⃗ 𝜑

|∇⃗⃗⃗ 𝜑|
|
(1,1,7)

= 
6𝑖̂ + 4𝑗̂ − 𝑘̂

√53
 

Hence, option (c) is correct. 

 

9.  Solution: 

Given vector 𝐴 = (5𝑥 + 2𝑦)𝑖̂ + (3𝑦 − 𝑧)𝑗̂ +

(2𝑥 − 𝑎𝑧)𝑘̂ 

Here 𝐴 is solenoidal and we know that if a vector is 

solenoidal then there divergence will be zero.  

So, ∇⃗⃗⃗. 𝐴 = 0 

 5 + 3 – a = 0 

 8 – a = 0 

 a = 8 

Hence, option (c) is correct. 

 

10.  Solution: 

∇⃗⃗⃗ × 𝐴 = 𝑖 + 𝑗 + 𝑘 

Hence, option (a) is correct.  

 

11.  Solution: 

Given function 𝜙 = 𝑥2𝑦 + 𝑥𝑦 

∇⃗⃗⃗ 𝜙 = (2𝑥𝑦 + 𝑦)𝑖̂ + (𝑥2 + 𝑥)𝑗̂  

Now, |∇⃗⃗⃗ 𝜙| = √(2𝑥𝑦 + 𝑦)2 + (𝑥2 + 𝑥)2 

= √32 + 22       

(at 𝑥 = 𝑦 = 1) 

= √13 

Hence, option (d) is correct. 

 

12.  Solution: 

We know that the average value of a function on 

[a,b] is 

= 
1

𝑏−𝑎
∫ 𝑓(𝑥)
𝑏

𝑎
 

Given function is, 𝑓(𝑥) = sin 𝑥 

The average value of a function in the interval (0, 𝜋) 

is 

= 
1

𝜋
∫ sin 𝑥
𝜋

0
 = 

1

𝜋
[−𝑐𝑜𝑠𝜋]0

𝜋 

    = 
1

𝜋
 [-(-1-1)] 

    = 
2

𝜋
  

Hence, option (b) is correct. 

 

13.  Solution: 

Unstable equilibrium is a state of equilibrium in 

which a small disturbance will produce a large 

change. 

In the above graph we can easily find that the points 

r and u are the point of unstable equilibrium of the 

given potential. 

Hence, option (c) is correct. 

 

14. Solution: 

𝑓(𝑥) = 4𝑥3(1 ≤ 𝑥 ≤ 3)  

The average value of 𝑓(𝑥) =
1

(3−1)
 ∫ 4𝑥3𝑑𝑥 =
3

1

1

2
 ∫ 4𝑥3𝑑𝑥 =

1

2
[
4𝑥4

4
]
1

3

=
1

2
[34 − 1] = 40

3

1
 

Hence, option (c) is correct.  

 

15.  Solution: 

Unit normal vector to the curve : 𝜙 = 𝑥3𝑦3 + 𝑥𝑦 −

17 at point (2,0) is 

𝑛̂ = [∇̅𝜙|∇̅𝜙](2,0) = 
(3𝑥2𝑦2𝑦)𝑖̂+(2𝑥3𝑦+𝑥)𝑗̂

|∇̅𝜙|
|
(2,0)

=
2𝑗̂

2
= 𝑗 ̂  

Hence, option (d) is correct. 

 

16.  Solution: 

𝐹̅ = 𝑥𝑖̂ + 2𝑦𝑗̂ + 3𝑧𝑘̂, ∇̅ × 𝐹̅ =  |

𝑖̂ 𝑗̂ 𝑘̂
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

𝑥 2𝑦 3𝑧

| = 𝑖(̂0) −

𝑗̂(0) + 𝑘̂(0) = 0  

∇̅ × 𝐹̅ = 0 ⇒ ∇̅ × (∇̅ × 𝐹̅) = 0  

Hence, option (a) is correct.  
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17.  Solution: 

[
1 1 0
0 1 −1

] [

𝑥1
𝑥2
𝑥3
] = [

𝑥1 + 𝑥2
𝑥2 − 𝑥3

]  

Hence, option (a) is correct.  

 

18.  Solution: 

∮  
𝑠

𝑟⋅𝑑𝑆

𝑟3
= ∫

𝑉
 ∇⃗⃗⃗ ⋅ (

𝑟

𝑟3
) 𝑑𝑉 (Using divergence theorem) 

Since the closed surface encloses the origin i.e. 𝑟 =

0 

So, ∇⃗⃗⃗ ⋅ (
𝑟

𝑟3
) = 4𝜋𝛿3(𝑟) 

So, ∫
𝑉
 ∇⃗⃗⃗ ⋅ (

𝑟

𝑟3
) 𝑑𝑉 = 4𝜋∫

𝑉
 𝛿3(𝑟)𝑑𝑉 = 4𝜋 

Hence, option (c) is correct. 

 

19.  Solution: 

Statement (a) is true.  

Hence, option (a) is correct. 

 

20.  Solution: 

According to Stokes theorem, 

∮ 𝑟 . 𝑑𝑟⃗⃗⃗⃗⃗ = ∫∫(∇⃗⃗⃗ × 𝑟). 𝑑𝑆⃗⃗⃗⃗ ⃗ = 0   

(∵ ∇⃗⃗⃗ × 𝑟 = 0) 

Hence, option (a) is correct.  

 

21.  Solution:  

if 𝐴.⃗⃗⃗⃗ (𝐵⃗⃗ × 𝐶)=0 

[𝐴.⃗⃗⃗⃗  𝐵⃗⃗. 𝐶] = 0 

𝐴.⃗⃗⃗⃗  𝐵⃗⃗. 𝐶  are coplanar. 

Hence, option (a) is correct.  

 

B. MATRICES 

1.  A square matrix A is unitary if: 

(a) 𝐴† = 𝐴   (b) 𝐴† = 𝐴−1 

(c)  𝑇𝑟(𝐴) = 1  (d) 𝑑𝑒𝑡 (𝐴) = 1 

 

2.  The eigenvalues of the matrix 𝑀 = (
1 1
1 1

) are 

(a) 1, 0   (b) 1, 1 

(c) 1, 2   (d) 0,2 

 

3. If two matrices A and B can be diagonalised 

simultaneously, which of the following is true? 

(a) 𝐴2𝐵 = 𝐵2𝐴   

(b) 𝐴2𝐵2 = 𝐵2𝐴 

(c) 𝐴𝐵 = 𝐵𝐴    

(d) 𝐴𝐵2𝐴𝐵 = 𝐵𝐴𝐵𝐴2 

 

4. Which of the following is true for the 

matrix [
4 −1 −4
3 0 −4
3 −1 −3

] ? 

(a) It is an idempotent matrix 

(b) It is nilpotent matrix of order 3 

(c) It is an involuntary matrix 

(d) None of the above 

 

5.  The trace of the matrix of 2×2 order matrix is 1 and 

determinant 1. Which of the following has to be 

true? 

(a) One of the eigenvalue is 0 

(b) One of the eigenvalue is 1 

(c) Both of the eigenvalues are 1 

(d) Neither of the eigenvalues are 1 

 

6.  The product MN of two Hermitian matrices M and N 

is anti-Hermitian. It follows that 

(a) {M, N} = 0  (b) [M,N] = 0 

(c) M+ = N   (d) M+ = N-1 

 

7. A 3 × 3 matrix has eigenvalues 0,2 + 𝑖 and 2 − 𝑖. 

Which one of the following statements is correct? 

(a) The matrix is Hermitian  

(b) The matrix is unitary 

(c) The inverse of the matrix exists  

(d) The determinant of the matrix is zero 

 

8. A real traceless 4 × 4 unitary matrix has two 

eigenvalues −1 and+1. The other eigenvalues are 

(a) Zero and +2   (b) zero and +1 

(c) Zero and +2  (d) −1 and +1 

 

9.  The eigenvalues of the matrix [
𝑖 −1
1 𝑖

] are 

(a) 0, 2𝑖   (b) 𝑖, 𝑖 

(c) -2𝑖, 4𝑖   (d) 𝑖, −𝑖 

 
10. The determinant of a 3 × 3 real symmetric matrix is 

36. If two of its Eigen values are 2 and 3 then the 

third eigenvalue is 

(a) 4   (b) 6 

(c) 8   (d) 9 

 
11. Eigen values of the matrix 

(

0 1
1 0

0 0
0 0

0 0
0 2𝑖

0 0
−2𝑖 0

)Are 

(a) −2,−1, 1, 2  (b) −1, 1, 0, 2 

(c) 1, 0, 2, 3   (d) −1, 1, 0, 3 


