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GATE PHYSICS

(PREVIOUS YEAR EXAM QUESTIONS)

VECTOR SPACE 

[GATE 2011] 

1. The unit vector normal to the surface 𝑥2 + 𝑦2 − 𝑧 = 1 at 

the point 𝑃(1, 1, 1 ) is 

(A) 
𝑖̂+𝑗̂−𝑘̂

√3
   (B) 

2𝑖̂+𝑗̂−𝑘̂

√6
 

(C) 
𝑖̂+2𝑗̂−𝑘̂

√6
   (D) 

2𝑖̂+2𝑗̂−𝑘̂

√6
 

[GATE 2011] 

2.  Consider a cylinder of height ℎ and radius a 𝑎 closed at 

both ends, centered at the origin. Let 𝑟 = 𝑖̂𝑥 + 𝑗𝑦̂ + 𝑘̂𝑧 be 

the position vector and 𝑛̂ a unit vector normal to the 

surface. The surface integral 𝑟. 𝑛̂ 𝑑𝑠  over the closed 

surface of the cylinder is   

 
(A) 2𝜋𝑎2(𝑎 + ℎ)  (B) 3𝜋𝑎2ℎ 

(C) 2𝜋𝑎2ℎ   (D) Zero 

[GATE 2012] 

3.  Identify the CORRECT statements for the following vectors 

𝑎̅ = 3𝑖̂ + 2𝑗 ̂and 𝑏̅ = 𝑖̂ + 2𝑗.̂  

(A) The vectors 𝑎̅ and 𝑏̅ are linearly independent. 

(B) The vectors 𝑎̅ and 𝑏̅ are linearly dependent. 

(C) The vectors 𝑎̅ and 𝑏̅ are orthogonal. 

(D) The vectors 𝑎̅ and 𝑏̅ are normalized. 

[GATE 2012] 

4.  Given 𝐹̅ = 𝑟̅ × 𝐵̅ where 𝐵̅ = 𝐵0(𝑖̂ + 𝑗̂ + 𝑘̂) is a constant 

vector and 𝑟̅ is the position vector. The value of ∮  𝐹̅.𝑑𝑟̅ 

where C is circle of unit radius centered at origin is 

   

(A) 0   (B) 2𝜋𝐵0 

(C) −2𝜋𝐵0    (D) 1 

[GATE 2013] 

5.  For a scalar function 𝜑 satisfying the Laplace equation, 𝛻𝜑 

has    

 

(A) Zero curl and non-zero divergence 

(B) Non-zero curl and zero divergence 

(C) Zero curl and zero divergence 

(D) Non-zero curl and non-zero divergence 

[GATE 2013] 

6.  If 𝐴 and 𝐵⃗⃗ are constant vectors, then 𝛻(𝐴 ∙ 𝐵⃗⃗ × 𝑟) is 

(A) 𝐴 ∙ 𝐵⃗⃗   (B) 𝐴 × 𝐵⃗⃗ 

(C) 𝑟   (D) zero  

[GATE 2014] 

7.  The unit vector perpendicular to the surface 𝑥2 + 𝑦2 +

𝑧2 = 3 at the point (1, 1, 1) is 

(A) 
𝑥̂+𝑦̂−𝑧̂

√3
   (B) 

𝑥̂−𝑦̂−𝑧̂

√3
 

(C) 
𝑥̂+𝑦̂+𝑧̂

√3
   (D) 

𝑥̂+𝑦̂+𝑧̂

√3
 

[GATE 2015] 

8.  Given that the magnetic Flux through the closed loop 

PQRSP is 𝜙. If ∫ 𝐴 ∙ 𝑑𝑙⃗⃗⃗⃗
𝑅

𝑝
= 𝜙1  𝑎𝑙𝑜𝑛𝑔 PQR, the value of 

∫ 𝐴 ∙ 𝑑𝑙⃗⃗⃗⃗
𝑅

𝑃
 along PSR is  

 
(A) 𝜙 − 𝜙1    (B) 𝜙1 −  𝜙 

(C) −𝜙1   (D) 𝜙1 

[GATE 2015] 

9.  Four face are given below in Cartesian and spherical polar 

coordinates. 

(i) 𝐹⃗1 = 𝐾 𝑒𝑥𝑝 (−𝑟
2/𝑅2)𝑟̂ 

(ii) 𝐹⃗2 = 𝐾(𝑥
3𝑦̂ − 𝑦3𝑧̂) 

(iii) 𝐹⃗3 = 𝐾(𝑥
3𝑥 − 𝑦3𝑦̂) 

(iv) 𝐹⃗4 = 𝐾(𝜙̂/𝑟) 

Where K is a constant. Identify the correct option. 

(A) (iii) and (iv) are conservative but (1) and (ii) are not 

(B) (i) and (ii) are conservative but (iii) and (iv) are not 

(C) (ii) and (iii) are conservative but (i) and (iv) are not 

(D) (i) and (iii) are conservative but (ii) and (iv) are not 

[GATE 2016] 

10.  Let 𝑉𝑖 be the 𝑡𝑡ℎ component of a vector field 𝑉⃗⃗, which has 

zero divergence. 𝐼𝑓 𝜕𝑗 , = 𝜕 /𝜕𝑥𝑗), the expression for 

∈𝑖𝑗𝑘∈𝑖𝑗𝑘  𝜕𝑗𝜕𝑙𝑉𝑚   is equal to     
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(A) −𝜕𝑗𝜕𝑘𝜕𝑖     (B) 𝜕𝑗𝜕𝑘𝜕𝑖 

(C) 𝜕𝑗
2𝑉𝑖   (D) −𝜕𝑗

2𝑉𝑖 

 [GATE 2016] 

11.  The direction of 𝛻⃗⃗𝑓 for a scalar field (𝑥, 𝑦, 𝑧) =
1

2
𝑥2 −

𝑥𝑦 +
1

2
𝑧2 at the point 𝑃(1,1,2) is 

(A) 
(−𝑗̂−2𝑘̂)

√5
   (B) 

(−𝑗̂+2𝑘̂)

√5
 

(C) 
(𝑗̂−2𝑘̂)

√5
   (D) 

(𝑗̂+2𝑘̂)

√5
 

[GATE 2018] 

12.  In spherical polar coordinates(𝑟, 𝜃, 𝜙), the unit vector 𝜃 at 

(10,
𝜋

4
,
𝜋

2
) is    

(A) 𝑘̂   (B) 
1

√2
(𝑗̂ + 𝑘̂) 

(C) 
1

√2
(−𝑗̂ + 𝑘̂)  (D) 

1

√2
(𝑗̂ − 𝑘̂) 

[GATE 2018] 

13.  Given 𝑉⃗⃗1 = 𝑖̂ − 𝑗̂ and 𝑉⃗⃗2 = −2𝑖̂ + 3𝑗̂ + 2𝑘̂, which one of 

the following 𝑉⃗⃗3 makes (𝑉⃗⃗1, 𝑉⃗⃗2, 𝑉⃗⃗3) a complete set for a 

three dimensional real linear vector space? 

(A) 𝑉⃗⃗3 = 𝑖̂ + 𝑗̂ + 4𝑘̂   

(B) 𝑉⃗⃗3 = 2𝑖̂ − 𝑗̂ + 2𝑘̂ 

(C) 𝑉⃗⃗3 = 𝑖̂ + 2𝑗̂ + 6𝑘̂   

(D) 𝑉⃗⃗3 = 2𝑖̂ + 𝑗̂ + 4𝑘̂ 

[GATE 2022] 

14. From the pairs of operators given below, identify the ones 

which commute. Here 𝑙 and 𝑗 correspond to the orbital 

angular momentum and the total angular momentum, 

respectively. 

(A) 𝑙2, 𝑗2   (B) 𝑙2, 𝑗𝑧 

(C) 𝑗2, 𝑙𝑧   (D) 𝑙𝑧 , 𝑗𝑧 

[GATE 2023] 

15.  Consider the vector field 𝑉⃗⃗ consisting of the velocities of 

points on a thin horizontal disc of radius 𝑅 = 2 𝑚, moving 

anticlockwise with uniform angular speed 𝜔 = 2 𝑟𝑎𝑑/𝑠𝑒𝑐 

about an axis passing through its center. If 𝑉 = |𝑉⃗⃗|, then 

which of the following options is (are) CORRECT? (In the 

options, 𝑟̂ and 𝜃 are unit vectors corresponding to the 

plane polar coordinates r and 𝜃). 

You may use the fact that in cylindrical coordinates 

(𝑠, 𝜙, 𝑧) (s is the distance from the z-axis), the gradient, 

divergence, curl and Laplacian operators are: 

𝛻⃗⃗𝑓 =
𝜕𝑓

𝜕𝑠
𝑆̂ +

1

𝑠

𝜕𝑓

𝜕𝜙
𝜙̂ +

𝜕𝑓

𝜕𝑧
𝑍̂; 

𝛻⃗⃗. 𝐴 =
1

𝑠

𝜕

𝜕𝑠
(𝑠𝐴𝑠) +

1

𝑠

𝜕𝐴𝜙

𝜕𝜙
+
𝜕𝐴𝑍

𝜕𝑍
; 

𝛻⃗⃗ × 𝐴 = (
1

𝑠

𝜕𝐴𝑍

𝜕𝜙
−
𝜕𝐴𝜙

𝜕𝑍
) 𝑆̂ + (

𝜕𝐴𝑆

𝜕𝑍
−
𝜕𝐴𝑍

𝜕𝑆
) 𝜙̂ +

1

𝑠
(
𝜕

𝜕𝑠
(𝑠𝐴𝜙) −

𝜕𝐴𝑆

𝜕𝜙
) 𝑍̂; 

𝛻⃗⃗2𝑓 =
1

𝑠

𝜕

𝜕𝑠
(𝑠

𝜕𝑓

𝜕𝑠
) +

1

𝑠2

𝜕2𝑓

𝜕𝜙2
+
𝜕2𝑓

𝜕𝑧2
; 

 

(A) 𝛻⃗⃗𝑉 = 2𝑟̂    

(B) 𝛻⃗⃗. 𝑉⃗⃗ = 2 

(C) 𝛻⃗⃗ × 𝑉⃗⃗ = 4𝑍̂, where 𝑍̂ is a unit vector perpendicular to 

the (𝑟, 𝜃) plane 

(D) 𝛻⃗⃗2𝑉 = −
4

3
 at 𝑟 = 1.5 𝑚 

[GATE-2024] 

16.  Consider a vector field F = (2xz + 3y²)ŷ+4y𝑧2𝑧̂. The closed 

path (T: A → B → C→D → A) in z = 0 plane is shown in 

figure.  

 

𝜙𝑟𝐹⃗. 𝑑𝑙⃗⃗⃗⃗  denotes the line integral of 𝐹⃗ along the closed 

path г. Which of the following option is/are true? 

(A) 𝜙𝑟𝐹⃗. 𝑑𝑙⃗⃗⃗⃗ =0 

(B) 𝐹⃗ is non –conservative. 

(C) ∇.⃗⃗⃗ ⃗ 𝐹⃗=0 

(D) 𝐹⃗can be written as the gradient of a scalar field 

 

ANSWER KEY 

1 2 3 4 5 6 7 8 9 10 

D B A C C B D B D D 

11 12 13 14 15 16  

D D D A,B,D A,C,D A,B 

 

SOLUTIONS: VECTOR SPACE 

1. Solution: (D) 

We know that, 

Unit vector normal to the surface  

𝑛̂ =
∇⃗⃗⃗𝜙

|∇⃗⃗⃗𝜙|
|
(11,1)

=
2𝑖+2𝑗̂−𝑘̂

3
  

 
2. Solution: (B) 

By using divergence theorem we get 

∫
𝑆
 𝑟 ⋅ 𝑛̂𝑑𝑆 = ∫

𝑉
 (∇⃗⃗⃗ ⋅ 𝑟)𝑑𝑉  

= 3∫  
𝑉
𝑑𝑉 = 3𝑉 = 3𝜋𝑎2ℎ  

 
3. Solution: (A) 

Given vectors are 𝑎⃗ = 3𝑖̂ + 2𝑗̂, 𝑏⃗⃗ = 𝑖̂ + 2𝑗̂ 

|
𝑎1 𝑎2
𝑏1 𝑏2

| = |
3 2
1 2

| ≠ 0 

Therefore 𝑎⃗ and 𝑏⃗⃗ are linearly independent  

Further, 𝑎⃗. 𝑏⃗⃗ ≠ 0, 𝑎⃗ and 𝑏⃗⃗ are not orthogonal  

|𝑎⃗| ≠, |𝑏⃗⃗| ≠ 1 Not normalized  
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4. Solution: (C) 

From given function 𝐹⃗ = 𝑟 × 𝐵⃗⃗ 

∮ 𝐹⃗.𝑑𝑟⃗⃗⃗⃗⃗ = ∬(∇⃗⃗⃗ × 𝐹⃗) = ∬[∇⃗⃗⃗ × (𝑟 × 𝐵⃗⃗)].𝑑𝑆⃗⃗⃗⃗⃗

.

𝑠

.

𝐶

 

=∬[(𝐵⃗⃗. ∇⃗⃗⃗)𝑟 − (𝑟. ∇⃗⃗⃗)𝐵⃗⃗ + 𝑟(∇⃗⃗⃗. 𝐵⃗⃗) − 𝐵(∇⃗⃗⃗. 𝑟)]. 𝑑𝑆⃗⃗⃗⃗⃗

.

𝑠

 

= ∬(𝐵⃗⃗ − 0 + 0 − 3𝐵⃗⃗).𝑑𝑆 = ∬−2𝐵⃗⃗. 𝑑𝑆−= −2𝐵0𝜋 =

−2𝜋𝐵0   

 

5. Solution: (C) 

Consider a scalar function ∅ which is satisfying the Laplace 

equation, ∇2 ⃗⃗ ⃗⃗⃗⃗ ∅ = 0 

∇⃗⃗⃗(∇⃗⃗⃗∅) = 0 

Also      

∇⃗⃗⃗ × (∇⃗⃗⃗∅) = 0 

Hence, ∇⃗⃗⃗∅ has both zero divergence and zero curl. 

 

6. Solution: (B) 

∇⃗⃗⃗[𝐴. (𝐵⃗⃗ × 𝑟)] = ∇⃗⃗⃗[𝑟. (𝐴 × 𝐵⃗⃗)] = ∇⃗⃗⃗[(𝐴 × 𝐵⃗⃗). 𝑟]  

lf 𝐴 and 𝐵⃗⃗ are constant vectors, then(𝐴 × 𝐵⃗⃗) is also 

constant vector. 

For constant vector 𝑎⃗, ∇⃗⃗⃗(𝑎⃗. 𝑟) = 𝑎⃗ 

Therefore, ∇⃗⃗⃗[(𝐴 × 𝐵⃗⃗). 𝑟] =  (𝐴 × 𝐵⃗⃗) 

 

7. Solution: (D) 

We know that the unit vector perpendicular to the surface 

is given by, 

𝑛̂ =  
∇⃗⃗⃗∅

|∇⃗⃗⃗∅|
|  

=
2𝑥𝑖̂+2𝑦𝑗̂+2𝑧𝑘̂

2√𝑥2𝑦2𝑧2
|
(1,1,1)

=
𝑖̂+𝑗̂+𝑘̂

√3
  

 

8. Solution: (B) 

Magnetic flux through the loop 

𝑖. 𝑒.∬ 𝐵⃗⃗

.

𝑠

. 𝑑𝑆 = ∅ ⇒∬(∇⃗⃗⃗ × 𝐴)

.

𝑠

𝑑𝑆 = ∅, ∫ 𝐴. 𝑑𝑙⃗⃗⃗⃗

.

𝑝𝑞𝑟𝑠

= 𝜑 

⇒ 𝜑1 + ∫ 𝐴.
.

𝑃𝑄𝑅
𝑑𝑙 ⃗⃗ ⃗⃗ ⃗ + ∫ 𝐴.

.

𝑅𝑆𝑃
𝑑𝑙⃗⃗⃗⃗ = 𝜑  

 ⇒ 𝜑1 + ∫ 𝐴
.

𝑅𝑆𝑃
. 𝑑𝑙 ⃗⃗ ⃗⃗ ⃗ = 𝜑 − ∫ 𝐴.

.

𝑅𝑆𝑃
𝑑𝑙⃗⃗⃗⃗ = (𝜑 −

𝜑1) ∫ 𝐴
.

𝑃𝑆𝑅
. 𝑑𝑙 ⃗⃗ ⃗⃗ ⃗ = (𝜑1 −𝜑)  

 

9. Solution: (D) 

By taking curl to the given functions we get, 

∇⃗⃗⃗ × 𝐹1⃗⃗ ⃗⃗ =
1

𝑟2 sin 𝜃
 ||

𝑟̂ 𝑟̂𝜃 𝑟 sin 𝜃∅̂
𝜕

𝜕𝑟

𝜕

𝜕𝜃

𝜕

𝜕∅
 

𝑘. exp (−
𝑟2

𝑅2
) 0 0

|| = 0  

 ∇⃗⃗⃗ × 𝐹2⃗⃗ ⃗⃗ = |

𝑖̂ 𝑗̂ 𝑘̂
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

0 𝑘𝑥3 −𝑘𝑧3

| = 3𝑘𝑥2𝑘̂ 

∇⃗⃗⃗ × 𝐹3⃗⃗ ⃗⃗ = |

𝑖̂ 𝑗̂ 𝑘̂
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

𝑘𝑥3 𝑘𝑦3 0

| = 0  

∇⃗⃗⃗ × 𝐹4⃗⃗⃗⃗ =
1

𝑟2 sin 𝜃
||

𝑟̂ 𝑟𝜃 𝑟𝑠𝑖𝑛 𝜃∅̂
𝜕

𝜕𝑟

𝜕

𝜕𝜃

𝜕

𝜕∅

0 0
𝑘

𝑟

||  

=
1

𝑟2 sin 𝜃
[−

𝑘

𝑟2
] = −

𝑘

𝑟2 sin 𝜃
 𝜃    

 

10. Solution: (D) 

As given, 

𝜖𝑖𝑗𝑘  𝜖𝑡𝑚𝑘𝜕𝑗  𝜕𝑡  𝑉𝑚  

= 𝜖𝑘𝑖𝑗 𝜖𝑘𝑙𝑚 𝜕𝑗   𝜕𝑡𝑉𝑚  

= (𝛿𝑖𝑓 𝛿𝑗𝑚 − 𝛿𝑖𝑚   𝛿𝑖𝑡)𝜕𝑗  𝜕𝑡  𝑉𝑚  

= 𝜕𝑗  𝜕𝑖  𝑉𝑚 − 𝜕𝑗  𝜕𝑗  𝑉𝑖 = 𝜕𝑖(𝜕𝑗  𝑉𝑗) − 𝜕𝑗
2𝑉𝑖 = −𝜕𝑗

2𝑉𝑖  

(𝑔𝑖𝑣𝑒𝑛: 𝜕𝑗𝑉𝑗 = 0) 

 

11. Solution: (D) 

We have, 𝑓(𝑥, 𝑧𝑦, 𝑧) =
1

2
𝑥2 − 𝑥𝑦 +

1

2
𝑧2 

∴ ∇𝑓 = (
𝜕

𝜕𝑥
𝑖̂ +

𝜕

𝜕𝑦
𝐽 +

𝜕

𝜕𝑧
𝑘̂) (

1

2
𝑥2 − 𝑥𝑦 +

1

2
𝑧2) = (𝑥 −

𝑦)𝑖̂ + (−𝑥)𝑗̂ + 𝑧𝑘̂  

∴ ∇𝑓| (1,1,2) = (−𝑗̂ + 2𝑘̂)  

Therefore, direction of ∇𝑓 is 
−𝐽+2𝑘̂

√5
  

 

12. Solution: (D) 

In spherical polar coordinate, θ̂ is given by 

θ̂  = cos θ0 cosϕ î + cos θ sinϕ ĵ − sin θ k̂ 

Put, r = 10, θ =
π

4
, ϕ =

π

2
 

⇒ θ̂ = cos
π

4
cos

π

2
î + cos

π

4
sin

π

2
ĵ − sin

π

4
k̂  

⇒ θ̂ =
1

√2
ĵ −

1

√2
 k̂  

 

13. Solution: (D) 

Given that, 

V1⃗⃗ ⃗⃗ = î − ĵ, V2⃗⃗⃗⃗⃗ = −2î + 3ĵ + 2k̂  

If vectors,𝑉1⃗⃗ ⃗⃗ , 𝑉2⃗⃗ ⃗⃗  and 𝑉3⃗⃗ ⃗⃗  makes complete set of 3-D real 

linear vector space then  𝑉1⃗⃗ ⃗⃗ , 𝑉2⃗⃗ ⃗⃗  and 𝑉3⃗⃗ ⃗⃗  should be linearly 

independent i.e. 𝑉1⃗⃗ ⃗⃗ , (𝑉2⃗⃗ ⃗⃗  × 𝑉3⃗⃗ ⃗⃗ ) ≠ 0 

Only option (d) satisfies these condition. 

 

14. Solution: (A), (B), (D) 

Here, 𝑗2 = 𝑗́ . 𝑗 = (𝑙 ⃗⃗⃗ + 𝑠) . (𝑙 ⃗⃗⃗ + 𝑠) = 𝑙2 (𝑠2 + 2𝐼 . 𝑆 

Therefore, the commutator of option (𝑎) s. 

[𝑙2, 𝑗2]  = [𝑙2, 𝑙2 + 𝑠2 + 2𝑙 ⋅ 𝑠]

 = 0 [ Since, [𝑙2, 𝑙𝑙] = 0
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Therefore, they commute with each other.  

The commutator of option (b) is, 

[𝑖2, 𝑗𝑧] = [(𝑙
2 + 𝑠2 + 2𝑙 ⋅ 𝑠), (𝑙𝑧 + 𝑠𝑧)] CAPEep find  

= 2[𝑙𝑥𝑠𝑥 + 𝑙𝑦𝑠𝑦 + 𝑙𝑧𝑠𝑧 , (𝑙𝑥 + 𝑠𝑧)]  

= 2([𝑙𝑥𝑠𝑥 , 𝑙𝑧] + [𝑙𝑦𝑠𝑦 , 𝑙𝑧] + [𝑙𝑥𝑠𝑥 , 𝑠𝑧] + [𝑙𝑦𝑠𝑦 , 𝑠𝑧])  

= 2((−𝑖ℎ𝑙𝑦)𝑠𝑥 + (𝑖ℏ𝑙𝑥)𝑠𝑦 + 𝑙𝑥(−𝑖ℏ𝑠𝑦) + 𝑙𝑦(𝑖ℎ𝑠𝑥)) =

 0  

Therefore, they commute with each other. 

The commutator in option (c) is, 

[𝑗2, 𝑙𝑧] = {𝑙
2 + 𝑠2 + 2𝑙 ⋅ 𝑠,𝑙𝑧] = 2[𝑙𝑥𝑠𝑥 + 𝑙𝑦𝑠𝑦 + 𝑙𝑧𝑠𝑧 , 𝑙𝑧] 

= 2([𝑙𝑥 , 𝑙𝑧]𝑠𝑥 + [𝑙𝑦 , 𝑙𝑧]𝑠𝑦) = 2(−𝑖ℏ𝑙𝑦𝑠𝑥 + 𝑖ℏ𝑙𝑥𝑠𝑦) ≠ 0 

Therefore, they do not commute with each other. 

The commutator in option (d) is, 

[𝑙𝑧 , 𝑗𝑙] = [𝑙𝑧 , 𝑙𝑧 + 𝑠𝑧] = 0  

Therefore, they commute with each other. 

 

15. Solution: (A), (C), (D) 

Since 𝑣⃗ = 𝜔⃗⃗⃗×𝑟 = 𝜔r𝜑̂  |𝑣⃗| =  𝜔r 

A. ∇⃗⃗⃗v = 
∂

∂r
(𝜔r)𝑟̂ = 𝜔𝑟̂ = 2𝑟̂ 

B. ∇⃗⃗⃗.v = 
∂

∂φ
(𝜔r) = 0 

C. ∇⃗⃗⃗×v =
1

𝑟
 
∂

∂r
(rv𝜑)𝑧̂ = 

1

𝑟
 
∂

∂r
(r×𝜔r)𝑧̂ =2𝜔𝑧̂    

∵ 𝑣⃗ = 𝜔⃗⃗⃗×𝑟 = 𝜔r𝜑̂ 

                ∇⃗⃗⃗2v =
1

𝑟
 
∂

∂r
(r
∂v

∂r
) = 

1

𝑟
 
∂

∂r
(r𝜔) = 

𝜔

𝑟
 = 

2

1.5
 = 4/3   

∵ v = 𝜔r 

 

16. Solution: (A), (B) 

 ∇⃗⃗⃗×𝐹⃗ = |

𝑖̂ 𝑗̂ 𝑘̂
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

0 (2𝑥𝑧 + 3𝑦2) 4𝑦𝑧2

| 

          = 𝑖 ̂[ (4𝑧2 − 2𝑥) ] - 𝑗̂. 0 + 𝑘̂ [2𝑧] 

          = (4𝑧2 − 2𝑥)𝑖̂ + 2z𝑘̂  

Which does not equal to zero so, Vector F is non-

conservative vector field. 

Now, 

 For ∮ 𝐹⃗ . 𝑑𝑙⃗⃗⃗⃗  , we will use Stokes’ curl theorem 

∮ 𝐹⃗ . 𝑑𝑙⃗⃗⃗⃗ =  ∬(∇⃗⃗⃗⃗⃗ × 𝐹⃗). 𝑑𝑆⃗⃗⃗⃗⃗ 

∬(∇⃗⃗⃗⃗⃗ × 𝐹⃗). 𝑑𝑆⃗⃗⃗⃗⃗ =  ∬ [(4𝑧2 − 2𝑥)𝑖̂  +  2z𝑘̂]. (𝑑𝑥𝑖̂ + 𝑑𝑦𝑗̂ +
1

0

𝑑𝑧𝑘̂)  

=   [2𝑥2𝑧2 −
𝑥3

3
+
𝑧4

6
] 1
0
 

=   (2 −
1

3
+
1

6
) − (2 −

1

3
+
1

6
) = 0 

Therefore, ∮ 𝐹⃗ . 𝑑𝑙⃗⃗⃗⃗  should be equal to zero. 

 

 

 

 

MATRICES 

[GATE 2011] 

1.  Two matrices A and B are said to be similar if  𝐵 = 𝑃−1𝐴𝑃 

for some invertible matrix 𝑃. Which of the following is Not 

True?   

(A) Det A = Det B 

(B) Trace of A = Trace of B  

(C) 𝐴 and  𝐵 have the same eigenvectors 

(D) 𝐴 and  𝐵 have the same eigenvalues 

[GATE 2011] 

2.  A 3 x 3 matrix has elements such that its trace is 11 and its 

determinant is 36. The eigenvalues of the matrix is 

(A) 18   (B) 12 

(C) 9   (D) 6 

[GATE 2012] 

3.   The eigenvalues of the matrix (
0 1 0
1 0 1
0 1 0

) are 

(A) 0, 1, 1   (B) 0, −√2,√2 

(C) 
1

√2
,
1

√2
, 0   (D) √2,√2, 0 

[GATE 2013] 

4. The degenerate eigenvalue of the matrix [4 − 1 − 1 −

1 4 − 1 − 1 − 1 4 ] is (your answer should be an 

integer) _________________     

[GATE 2014] 

5.  The matrix 𝐴 =
1

√3
[1 1 + 𝑖 1 − 𝑖 − 1 ] is 

(A) orthogonal   (B) symmetric  

(C) anti-symmetric   (D) unitary 

[GATE 2017] 

6.  Let 𝑋 be a column vector of dimension 𝑛 > 1 with at least 

one non-zero entry. The number of non-zero eigenvalues 

of the matrix 𝑀 = 𝑋𝑋𝑇 is  

(A) 0   (B) 𝑛 

(C) 1   (D) 𝑛 − 1 

[GATE 2018] 

7.   The eigenvalues of a Hermitian matrix are all 

(A) real   (B) imaginary 

(C) of modulus one   (D) real and positive 

[GATE 2019] 

8.  During a rotation, vectors along the axis of rotation remain 

unchanged. For the rotation matrix (0 1 0 0 0 − 1 −

1 0 0 ), the unit vector along the axis of rotation is 

(A) 
1

3
(2𝑖̂ − 𝑗̂ + 2𝑘̂)   (B) 

1

√3
(𝑖̂ + 𝑗̂ − 𝑘̂) 

(C)  
1

√3
(𝑖̂ − 𝑗̂ − 𝑘̂)  (D) 

1

3
(2𝑖̂ + 2𝑗̂ − 𝑘̂) 

[GATE 2020] 

9.  A real, invertible 3 × 3 matrix 𝑀 has eigenvalues 

𝜆𝑖 , (𝑖 = 1,2,3) and the corresponding eigenvectors are 

|𝑒𝑖⟩, (𝑖 = 1,2,3) respectively. Which one of the following 

is correct? 


