
 

 

Basics of Electromagnetics – Maxwell’s Equations (Part - I) 

 

1. ∮
𝐶
𝐴 . 𝑑𝑙⃗⃗⃗⃗ = ∮

𝐶
__. 𝑑 𝑆  

                             [GATE 1994: 1 Mark] 

Soln.  

                           ∮ �̅� . 𝒅𝒍̅̅ ̅ =  ∬𝛁 × �⃗⃗⃗� . 𝒅𝒂⃗⃗⃗⃗⃗⃗   𝐮𝐬𝐢𝐧𝐠 𝐒𝐭𝐨𝐤𝐞′𝐬 𝐓𝐡𝐞𝐨𝐫𝐞𝐦 

     

  = ∮
𝑺
𝛁 × �⃗⃗⃗� . 𝒅𝒔̅̅̅̅             

 

2. The electric field strength at distant point, P, due to a point charge, +q, 

located at the origin, is 100 µ V/m. If the point charge is now enclosed by 

a perfectly conducting metal sheet sphere whose center is at the origin, 

then the electric field strength at the point, P, outside the sphere, becomes 

(a) Zero  

(b) 100 µV/m 

(c) – 100 µV/m  

(d) 50 µV/m 

                                                                                         [GATE 1995 : 1 Mark] 

Soln. The point charge +q will induce a charge – q on the surface of metal 

sheet sphere. Using Gauss’s law, the net electric fulx passing through 

a closed surface is equal to the charge enclosed = + q – q = 0     

 D = 0, E = 0 at point P. 

 Option (a) 

3. A metal sphere with 1 m radius and surface charge density of 10 

Coulombs / m2 is enclosed in a cube of 10 m side. The total outward 

electric displacement normal to the surface of the cube is  

(a) 40 π Coulombs 

(b) 10 π Coulombs 

(c) 5 π Coulombs 

(d) None of the above 

                                                                           [GATE 1996: 1 Mark] 

Soln. The sphere is enclosed in a cube of side = 10m. using Gauss’s law, the 

net electric flux flowing out through a closed surface is equal to 

charge enclosed.   



 

 

  ∯
𝑺
�⃗⃗⃗� . 𝒅𝒂⃗⃗⃗⃗⃗⃗ = 𝑸(𝒆𝒏𝒄𝒍𝒐𝒔𝒆𝒅) 

                              = 𝑷𝑺 𝟒𝝅𝒓
𝟐 

                             = 𝟏𝟎 × 𝟒𝝅 

                             = 𝟒𝟎𝝅 𝒄𝒐𝒖𝒍𝒐𝒎𝒃𝒔 

   Option (a) 

 

4. The Maxwell’s equation, ∇ × �⃗⃗⃗� = 𝐽 +
𝜕�⃗⃗⃗�

𝜕𝑡
 is based on  

(a) Ampere’s law  

(b) Gauss’s law  

(c) Faraday’s law 

(d) Coulomb’s law 

                                                                           [GATE 1998: 1 Mark] 

Soln. Ampere’s law states that the magneto motive force around a closed 

path is equal to the current enclosed by the path  

 For steady electric fields  

  ∮
𝑪
�⃗⃗⃗⃗� . 𝒅𝒍⃗⃗⃗⃗⃗ = 𝑰 =  ∬ �̅� . 𝒅𝒂⃗⃗⃗⃗⃗⃗   

 �⃗� = 𝝈𝑬̅̅ ̅̅  is the conduction  

Current density (amp/m2)  

 For time – varying electric fields:  

  ∮ �⃗⃗⃗⃗� . 𝒅𝒍⃗⃗⃗⃗⃗       =   ∬(�⃗� + 𝑱𝒅⃗⃗ ⃗⃗ )  . 𝒅𝒂
⃗⃗ ⃗⃗ ⃗ 

  Where 𝑱𝒅⃗⃗ ⃗⃗  is the displacement current density 
𝝏�⃗⃗⃗�

𝝏𝒕
 

  By Stroke’s theorem  

   ∮ �⃗⃗⃗⃗� . 𝒅𝒍⃗⃗⃗⃗⃗  =  ∬(𝛁 × �⃗⃗⃗⃗�) . 𝒅𝒂⃗⃗⃗⃗⃗⃗  

  So 𝛁 × �⃗⃗⃗⃗� = �⃗� +
𝝏�⃗⃗⃗�

𝝏𝒕
 

�⃗� +
𝝏�⃗⃗⃗�

𝝏𝒕
 is the total current density (Conduction current density 

+ displacement current density) 

 Option (a) 

 

 



 

 

5. The time averaged Poynting vector, in W/m2, for a wave with �⃗⃗� =

24𝑒𝑗(𝜔𝑡+𝛽𝑧)𝑎𝑦⃗⃗⃗⃗⃗   V/m in free space is 

(a) −
2.4

𝜋
𝑎𝑧⃗⃗⃗⃗⃗ 

(b) 
2.4

𝜋
𝑎𝑧⃗⃗⃗⃗⃗ 

(c) 
4.8

𝜋
𝑎𝑧⃗⃗⃗⃗⃗ 

(d) −
4.8

𝜋
𝑎𝑧⃗⃗⃗⃗⃗ 

                                                                           [GATE 1998: 1 Mark] 

Soln. 𝑬 = 𝟐𝟒𝒆𝒋(𝝎𝒕+𝜷𝒁)𝒂𝒙⃗⃗⃗⃗⃗⃗   

 The wave is travelling in negative Z direction with |𝑬| = 𝟐𝟒 𝑽/𝒎.  

 Poynting vector �⃗⃗⃗� =  �⃗⃗⃗� × �⃗⃗⃗⃗�    𝒊𝒏𝒔𝒕𝒂𝒏𝒕 𝒂𝒓𝒆𝒐𝒖𝒔 𝒑𝒐𝒘𝒆𝒓/𝒎𝟐 

  
𝑬

𝑯
= 𝜼𝟎 = 𝟏𝟐𝟎𝝅 

 Time averaged Poynting vector 

  𝑷𝒂𝒗𝒈
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ = 𝑷𝒁(−�⃗⃗⃗�𝒁) 

   =
|𝑬|𝟐

𝟐𝜼𝟎
=

(𝟐𝟒)𝟐

𝟐×𝟏𝟐𝟎𝝅
 

   =
𝟐.𝟒

𝝅
 𝑾/𝒎𝟐 

  𝑷𝒂𝒗𝒈
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ =

−𝟐.𝟒

𝝅
�⃗⃗⃗�𝒁  𝑾/𝒎𝟐 

  Option (a) 

 

6. A loop is rotating about the y – axis in a magnetic field �⃗⃗� =

𝐵0 cos(𝜔𝑡 + 𝜙) 𝑎𝑥⃗⃗⃗⃗⃗ 𝑇. The voltage in the loop is  

(a) zero 

(b) due to rotation only  

(c) due to transformer action only 

(d) due to both rotation and transformer action 

                                                                           [GATE 1998: 1 Mark]  

Soln. The magnetic field changing with time  

  �̅� = 𝑩𝟎 𝐜𝐨𝐬(𝝎𝒕 + 𝝓)𝒂𝒙̅̅̅̅  𝑻 

The voltage induced in a stationary loop due to time changing 

magnetic filed as given by Faraday’s law is  



 

 

 𝑽𝒊 = −∬
𝝏�⃗⃗⃗�

𝝏𝒕
 . 𝒅𝒂⃗⃗⃗⃗⃗⃗  

The voltage induced in a loop moving with velocity v in steady 

magnetic field is  

 𝑽𝒎 = ∮
𝑪(�⃗⃗⃗� × �⃗⃗⃗�) = −∬

𝝏�⃗⃗⃗�

𝝏𝒕
 . 𝒅𝒂⃗⃗⃗⃗⃗⃗ + ∮

𝑪(�⃗⃗⃗� × �⃗⃗⃗�) . 𝒅𝒍⃗⃗⃗⃗⃗ 

The voltage induced in loop is due to both rotation and transformer 

action.  

 Option (d) 

 

7. An electric field on a plane is described by its potential             

𝑉 = 20(𝑟−1 + 𝑟−2) where r is the distance from the source. The field is 

due to  

(a) a monopole  

(b) a dipole  

(c) both a monopole and a dipole  

(d) a quadrupole 

                                                                           [GATE 1999: 1 Mark] 

Soln. The potential V1 at a point P due to a monopole Q is given by  

  𝑽𝟏 =
𝑸

𝟒𝝅 ∈𝒐𝒓
 

 The potential V2 at the distant point P due to it’s dipole is  

  𝑽𝟐 =
𝑸 𝒅 𝐜𝐨𝐬 𝜽

𝟒𝝅∈𝟎𝒓
 

  𝑽 = 𝑽𝟏 + 𝑽𝟐 =
𝑲

𝒓
+

𝑲

𝒓𝟐
 

  Option (c) 

 

8. Identify which one of the following will NOT satisfy the wave equation.  

(a) 50𝑒
𝑗(𝜔𝑡−3𝑧)

   

(b) sin[𝜔(10𝑧 + 5𝑡)] 

(c) cos(𝑦2 + 5𝑡) 

(d) sin(𝑥) . cos(𝑡) 

                                                                           [GATE 1999: 1 Mark] 

Soln. 𝒇(𝒙 − 𝒄𝒕) 𝒐𝒓 𝒇(𝝎𝒕 − 𝜷𝒙)  − − − −−−−−− 



 

 

 Represents wave travelling in the positive x direction with velocity 

  𝑽 = 𝑪    𝒐𝒓    𝑽 =
𝝎

𝜷
 

Accordingly 𝟓𝟎𝒆𝒋(𝝎𝒕−𝜷𝒛) represents wave travelling in positive Z 

direction with velocity 𝑽 =
𝝎

𝜷
 

𝐬𝐢𝐧𝝎 (𝟏𝟎𝒛 + 𝟓𝒕) = 𝐬𝐢𝐧 𝟓(𝝎𝒕 + 𝜷𝒛) , 𝜷 = 𝟐𝝎 

Represents wave travelling in the negative Z direction  

𝐬𝐢𝐧(𝒙) 𝐜𝐨𝐬(𝒕) =
𝟏

𝟐
[𝐬𝐢𝐧(𝒙 + 𝒕) + 𝐬𝐢𝐧(𝒙 − 𝒕)] 

Represents standing wave consisting of two waves: one travelling in 

negative ‘x’ direction and other travelling in positive ‘x’ direction. 

𝐜𝐨𝐬(𝒚𝟐 + 𝟓𝒕) is not of the form 𝒇(𝒙 − 𝒄𝒕) 𝒐𝒓 𝒇(𝝎𝒕 − 𝜷𝒙). This 

function does not satisfy the wave equation.  

 Option (c) 

 

9.  The unit of ∇ × 𝐻 is  

(a) Ampere 

(b) Ampere/meter 

(c) Ampere/meter2 

(d) Ampere-meter 

                                                                           [GATE 2003: 1 Mark] 

Soln. 𝛁 × 𝑯 = 𝑱 +
𝝏𝑫

𝝏𝒕
  𝒂𝒎𝒑𝒔/𝒎𝟐 

  Option (c)  

 

10.  ∇ × ∇ × 𝑃, where P is a vector, is equal to 

(a) 𝑃 × ∇ × 𝑃 − ∇2𝑃 

(b) ∇2𝑃 + ∇(∇ ∙ P) 

(c) ∇2𝑃 + ∇ × 𝑃 

(d) ∇(∇ ∙ P) − ∇2𝑃 

                                                                           [GATE 2006: 1 Mark] 

Soln. 𝛁 × 𝛁 × 𝑷 = 𝛁(𝛁.𝑷) − 𝛁𝟐𝑷 

  Option (d) 

 

11.  ∬(∇ × 𝑃). Ds, Where P is a vector, is equal to 

(a) ∮𝑃 . 𝑑𝑙 (b) ∮∇ × ∇ × 𝑃 . 𝑑𝑙 



 

 

(c) ∮∇ × 𝑃 . 𝑑𝑙 (d) ∭∇.𝑃 𝑑𝑣 

                                                                           [GATE 2006: 1 Mark] 

Soln.  

               ∬(𝛁 × 𝑷) . 𝒅𝒔⃗⃗ ⃗⃗ ⃗ =  ∮
𝑳
�⃗⃗⃗� . 𝒅𝒍⃗⃗⃗⃗⃗     𝐮𝐬𝐢𝐧𝐠 𝐒𝐭𝐫𝐨𝐤𝐞′𝐬 𝐓𝐡𝐞𝐨𝐫𝐞𝐦      

   Option (a) 

 

12.  If C is a closed curve enclosing a surface S, then the magnetic field 

intensity �⃗⃗⃗�, the current density 𝐽 and the electric flux density �⃗⃗⃗� are 

related by   

(a) ∬
𝑆
 �⃗⃗⃗�. 𝑑𝑠 = ∫

𝐶 (𝐽 +
𝜕�⃗⃗⃗�

𝜕𝑡
) . 𝑑𝑙 

(b) ∬
𝑆
 �⃗⃗⃗�. 𝑑𝑙 = ∫

𝐶 (𝐽 +
𝜕�⃗⃗⃗�

𝜕𝑡
) . 𝑑𝑠 

(c) ∬
𝑆
 �⃗⃗⃗�. 𝑑𝑠 = ∫

𝐶 (𝐽 +
𝜕�⃗⃗⃗�

𝜕𝑡
) . 𝑑𝑙 

(d) ∬
𝐶
 �⃗⃗⃗�. 𝑑𝑙 = ∫

𝑆 (𝐽 +
𝜕�⃗⃗⃗�

𝜕𝑡
) . 𝑑𝑠 

                                                                           [GATE 2007: 1 Mark] 

Soln. For time varying fields, the ampere’s law relating �⃗⃗⃗⃗�, �⃗� 𝒂𝒏𝒅 �̅� is given 

as: 

  𝛁 × �⃗⃗⃗⃗� = �⃗� +
𝝏�⃗⃗⃗�

𝝏𝒕
  

 By stroke’s theorem 

 ∮ �⃗⃗⃗⃗� . 𝒅𝒍⃗⃗⃗⃗⃗ = ∬
𝑺(𝛁 × �⃗⃗⃗⃗�) . 𝒅𝒔⃗⃗ ⃗⃗ ⃗ = ∬

𝑺 (�⃗� +
𝝏�⃗⃗⃗�

𝝏𝒕
) . 𝒅𝒔⃗⃗ ⃗⃗ ⃗ 

  Option (d) 

 

13.  For static electric and magnetic fields in an in homogenous source-free 

medium, which of the following represents the correct form of two of 

Maxwell’s equations?  

(a) ∇. 𝐸 = 0   

∇ × 𝐵 = 0 

(b) ∇. 𝐸 = 0   

∇. 𝐵 = 0 

(c) ∇ × 𝐸 = 0   

∇ × 𝐵 = 0 

(d) ∇ × 𝐸 = 0   

∇. 𝐵 = 0 

                                                                           [GATE 2008: 1 Mark] 



 

 

Soln. Considering the Maxwell’s equations for electromagnetic fields,  

  𝛁 × �⃗⃗⃗⃗� = �⃗� +
𝝏�⃗⃗⃗�

𝝏𝒕
 

  𝛁 × 𝑬 = −
𝝏�⃗⃗⃗�

𝝏𝒕
  

  𝛁. �⃗⃗⃗� = 𝝆 

  𝛁. �⃗⃗⃗� = 𝟎 

 For static electric and magnetic fields  

  𝛁 × �⃗⃗⃗⃗� = �⃗�                  𝛁. �⃗⃗⃗� = 𝝆 

  𝛁 × �⃗⃗⃗� = 𝟎                  𝛁. �⃗⃗⃗� = 𝟎 

  Option (d) 

 

14.  Two infinitely long wires carrying current are as shown in the Fig below. 

One wire is in the y-z plane and parallel to the y-axis. The other wire is in 

the x-y plane and parallel to the x-axis. Which components of the 

resulting magnetic field are non-zero at the origin? 

X

Z 1 A

Y

  

(a) x, y, z components  

(b) x, y components  

(c) y, z components 

(d) x, z components 

                                                                           [GATE 2009: 1 Mark] 

Soln. When a current I flows in a closed circuits, the magnetic field 

strength H at any point is a result of this current flow  



 

 

  

H

P

R

Idl

Ψ 
𝒅𝑯 =

𝑰𝒅𝒍 × 𝑹 

𝟒𝝅𝑹𝟐
 

 

 𝑹  is the unit vector in direction of R. The direction of H is 

perpendicular to the plane containing Idl and R.in the direction in 

which right hand screw would move in turning from Idl to R. The 

first current element is in Y direction and 𝑹  is in Z direction. H is in 

X direction. 

 The second current element is in X direction and 𝑹  is in Y direction. 

H is in Z direction  

  Resultant 𝑩 = 𝑩𝟏
⃗⃗⃗⃗⃗⃗ + 𝑩𝟐

⃗⃗⃗⃗⃗⃗  

    𝑩𝟎(𝑲𝟏𝒂𝒙⃗⃗ ⃗⃗⃗ + 𝑲𝟐𝒂𝒛⃗⃗⃗⃗⃗) 

   Option (d) 

 

15.  The electric field component of a time harmonic plane EM wave 

traveling in a non-magnetic lossless dielectric medium has amplitude of 1 

V/m. If the relative permittivity of the medium is 4, the magnitude of the 

time-average power density vector (in W/m2) is 

(a) 
1

30𝜋
 

(b) 
1

60𝜋
    

(c) 
1

120𝜋
 

(d) 
1

240𝜋
 

                                                                           [GATE 2010: 1 Mark] 

Soln. Time average power density =
𝟏

𝟐
𝑬𝑯 

     𝑷𝒂𝒗 =
𝟏

𝟐
×

𝑬𝟐

𝜼
 

 Intrinsic impedance of EM wave 𝜸 = √
𝝁

∈
 

  𝜼 = √
𝝁𝟎
𝟒∈𝟎

=
𝟏𝟐𝟎𝝅

𝟐
= 𝟔𝟎𝝅 



 

 

  𝑷𝒂𝒗 =
𝑬𝟐

𝟐𝜼
=

𝟏

𝟐×𝟔𝟎𝝅
 

   =
𝟏

𝟏𝟐𝟎𝝅
 

  Option (c) 

 

16.  Consider a closed surface S surrounding a volume V. If �̂� is the position 

vector of a point inside S, with �̂� the unit normal on S, the value of the 

integral ∮5𝑟 . �̂� 𝑑𝑠 is  

(a) 3 V 

(b) 5 V 

(c) 10 V 

(d) 15 V 

                                                                           [GATE 2011: 1 Mark] 

Soln. S is a closed surface surrounding a volume V 

  𝑰 = ∯ 𝟓�̅�. �⃗⃗⃗� 𝒅𝒔 

 In spherical coordinates, differential area in 𝒂𝒓⃗⃗⃗⃗⃗  direction  

 in �⃗⃗⃗�𝒓 direction  

 𝒅𝒔 = (𝒓𝒅𝜽) . (𝒓 𝐬𝐢𝐧 𝜽𝒅𝝓) = 𝒓𝟐 𝐬𝐢𝐧𝜽 𝒅𝜽 𝒅𝝓  

 𝑰 = ∬𝟓𝒓 . �⃗⃗⃗� 𝒓𝟐 𝐬𝐢𝐧𝜽  𝒅𝜽 𝒅𝝓 

  

               = ∫∫ 𝟓

𝟐𝝅

𝟎

𝒓𝟑
𝝅

𝟎

𝐬𝐢𝐧𝜽  𝒅𝜽 𝒅𝝓 

  

             = 𝟓𝒓𝟑∫ 𝐬𝐢𝐧𝜽 𝒅𝜽

𝝅

𝟎

∫ 𝒅𝝓

𝟐𝝅

𝟎

 

 = 𝟓𝒓𝟑(𝟐)(𝟐𝝅) = 𝟐𝟎𝝅𝒓𝟑 

 = 𝟏𝟓(
𝟒

𝟑
𝝅𝒓𝟑)    𝒗𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒔𝒑𝒉𝒆𝒓𝒆 =  

𝟒

𝟑
𝝅𝒓𝟑 

 = 𝟏𝟓𝑽 

  Option (d) 

 



 

 

17.  Consider the following statements regarding the complex Poynting 

vector �̂� for the power radiated by a point source in an infinite 

homogeneous and lossless medium. 𝑅𝑒(�̂�) denotes the real part of �̂�, S 

denotes a spherical surface whose centre is at the point source, and �̂� 

denotes the unit surface normal on S. Which of the following statements 

is TRUE? 

(a) 𝑅𝑒(�̂�) remains constant at any radial distance from the source 

(b) 𝑅𝑒(�̂�) increases with increasing radial distance from the source  

(c) ∮
𝑆
𝑅𝑒 (�⃗⃗�). �̂� d S remains constant at any radial distance from the 

source  

(d) ∮
𝑆
𝑅𝑒(�⃗⃗�). �̂� d S decreases with increasing radial distance from the 

source. 

Soln.  ∮
𝑺
𝑹𝒆(�̅�). �̂� 𝒅𝒔 gives average power and it decreases with increasing 

radial distance from the source  

 �̅� = �̅� × �̅� is a measure of energy flow per unit area. 𝒘𝒂𝒕𝒕𝒔/𝒎𝟐 

  Option (d) 

 

18.  Consider a vector field �̅�(�̅�). The closed loop line integral ∮𝐴 . 𝑑𝑙⃗⃗⃗⃗  can 

be expressed as  

(a) ∯(∇ × 𝐴) . 𝑑𝑠 over the closed the closed volume bounded by the loop  

(b) ∰(∇ .  𝐴) dv over the closed volume bounded by the loop 

(c) ∭(∇ × 𝐴) dv over the open volume bounded by the loop 

(d) ∬(∇ × 𝐴) . 𝑑𝑠 over the open surface bounded by the loop 
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Soln. ∮ �⃗⃗⃗� . 𝒅𝒍⃗⃗⃗⃗⃗ = ∬(𝛁 × �̅�) . 𝒅𝒔⃗⃗ ⃗⃗ ⃗ over the open surface bounded by the loop, 

using Stroke’s theorem. 

  Option (d) 

 

19.  The divergence of the vector field 𝐴 = 𝑥�̂�𝑥 + 𝑦�̂�𝑦 + 𝑧�̂�𝑧 is  

(a) 0 

(b) 1/3 

(c) 1 

(d) 3 
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Soln. 𝐴 = 𝑥�̂�𝑥 + 𝑦�̂�𝑦 + 𝑧�̂�𝑧 

 𝒅𝒊𝒂�⃗⃗⃗� = 𝛁. �⃗⃗⃗� 

  = (
𝝏𝒊

𝝏𝒙
+

𝝏𝒊

𝝏𝒚
+

𝝏𝒌

𝝏𝒛
) . (𝑥�̂�𝑥 + 𝑦�̂�𝑦 + 𝑧�̂�𝑧) 

  = (
𝝏𝒊

𝝏𝒙
+

𝝏𝒊

𝝏𝒚
+

𝝏𝒌

𝝏𝒛
) . (𝒙𝒊 + 𝒚𝒊 + 𝟐𝒌) 

  = 1 + 1 + 1 = 3 

   𝒊 . 𝒊 = 𝒊. 𝒊 = 𝒌 . 𝒌 = 𝟏 

  Option (d) 

 

20.  The force on a point charge +q kept at a distance d from the surface of an 

infinite grounded metal plate in a medium of permittivity 𝜖 is 

(a) 0 

(b) 
𝑞2

16𝜋 ∈ 𝑑2
  away from the 

plate 

(c) 
𝑞2

16𝜋 ∈ 𝑑
  towards the plate  

(d) 
𝑞2

4𝜋 ∈ 𝑑2
  towards the plate 
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Soln.   

d

. + q

d

. + q

d . + q
 

                          𝑭𝒐𝒓𝒄𝒆   �̅� =
𝒒 × 𝒒

𝟒𝝅𝜺(𝟐𝒅)𝟐
 

                     =
𝒒𝟐

𝟏𝟔𝝅𝝐𝒅𝟐
 

 Force is attractive and towards the plate 

  Option (c) 




