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 ELECTRO MAGNETIC FIELDS 
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Time: 3 hours                                                                  Max. Marks: 75 
 

Answer any FIVE Questions 

All Questions carry Equal Marks 

~~~~~~~~~~~~~~~~~~~~~~~~~  

 

1. a) Explain the Coulomb’s law for electrostatic field.  

    b) If D= (2y
2
+z) ax + 4xy ay + x az  C/m

2
, find  

        i) The volume charge density at (-1, 0, 3)    

        ii) The flux through the cube defined by 0� x � 1, 0� y � 1, 0� z � 1   

        iii) The total charge enclosed by the cube.                                                 

 

2. a) State and explain Poisson’s Law for electrostatic fields.    

     b) Obtain expressions for electric potential and electric field intensity due to an electric dipole.  

 

3. a) Explain the concept of displacement current and show that in a capacitor, the conduction 

current is equal to displacement current. 

        b) The relative permittivity of dielectric in a parallel plate capacitor varies linearly from 4 to 8. 

If the distance of separation of plates is 1 cm and area of cross-section of plates is 12 cm
2
, find 

the capacitance. Derive the formula used. 

         

4. a) State and Explain Biot-Savart’s law.                                                                 

     b) An infinitely long conducting filament is placed along the x-axis and carries current 10 mA 

in the ax direction. Find H at (-2, 3, 4). Derive the formula used.   

 

5. a) Derive Maxwell’s third equation.                                                               

       b) The planes z =0 and z =4 carry current K= -8 ax A/m and K= 18 ax A/m, respectively. 

Determine H at (1, 1, 1).                                                                                                         

                                                                                  

6. a) Derive the formula for torque on a current loop placed in an uniform magnetic field.       

 b) Two differential I1�L1=3×10
-6

 ay A-m at P1(1,0,1) and I2�L2=3×10
-6

 (-0.5 ax+0.4 ay+0.7az) 

A-m at P2(2,2,3) are located in free space. Find the vector force exerted on i) I1�L1 by I2�L2     

ii) I2�L2 by I1�L1. Derive the formula used.                                                        

 

7. a) Calculate the self inductance and mutual inductances between two co-axial solenoids of 

radius R1 and R2, where R1 > R2, carrying a current I1 and I2 with n1 and n2 turns respectively.         

   b) Derive the expression for energy stored and energy density of a magnetic field. 

 

8. a) State and explain Faraday’s laws of electromagnetic induction in both integral and 

differential forms.           

 b) Show that power loss in a conductor is given as product of voltage and current using 

Poynting theorem. 
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1. a) State and Explain Gauss’s law for electrostatic fields.                                  

b) Three point charges each 5 nC are located on the x-axis at points: -1, 0 and + 1 m in free 

space. (i) Find E at x=5. (ii) Determine the value and location of the equivalent single point 

charge that would produce the same field at very large distance.  

 

2. a) State and explain Laplace’s law for electrostatic fields.                       

b) Derive the expression for torque produced on the dipole present in an electric field. 

 

3. a) State and explain ohm’s law at point form.                 

b) A dielectric interface is defined by 4x+3y=10 m. The region including the origin is free 

space, where D=2 ax-4ay+6.5 az nC/m
2
. In the other region �r2 =2.5. Find E2, D2 and angle �2 

that   makes with the normal. 

 

4. a) State and explain Biot-Savart’s law.                                                       

b) A square conducting loop 4 cm on each side carries a current of 10 A. Calculate the 

magnetic field intensity at the center of the loop.  

 

5. a) Find the magnetic field intensity at centre of a square of sides equal to 5 m and carrying a 

current equal to 10 A. 

b) Obtain the magnetic field strength H at all possible locations due to an infinite long co-axial 

transmission line and sketch H verses distance from the center of inner conductor. Use 

Ampere’s law.   

     

6. a) An electron with velocity u= (3 ax+12 ay- 4 az  ) ×10
5  

m/s experiences no net force at a point 

in a magnetic field B=(10 ax+ 20 ay+30 az)  mWb/m
2
. Find E at that point. 

b) Two differential I1�L1=4×10
-6

 ay A-m at P1(1,0,2) and I2�L2=5×10
-6

 (-0.3 ax+0.5 ay+0.7az) 

A-m at P2(3,3,5) are located in free space. Find the vector force exerted on i) I1�L1 by I2�L2     

ii) I2�L2 by I1�L1. Derive the formula used.                                                        

 

7. a) Calculate the self inductance per unit length of an infinitely long solenoid.   

b) Calculate the self inductance and mutual inductances between two co-axial solenoids of 

radius R1 and R2, R1 > R2, carrying a current I1 and I2 with n1 and n2 turns/m respectively.  

 

8. a) State and Explain Poynting theorem. 

b)  Starting from Faraday’s law of electromagnetic induction, derive
t

B
E

∂

∂
−=×∇

�

. 
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1. a) A point charge of 30 nC is located at origin, while plane y=4 carries a charge 12 nC/m
2
. Find 

electric flux intensity at (0,-4, 3).                                               

b) Given that the potential φθ= cos     sin
r

12
V 

2
. (i) Find the electric flux density D at (3, �/2, 0) 

and (ii) calculate the work done in moving a 12 µC charge from point A ( 1, 30
0
,120

0
) to     

B (4,90
0
,60

0
).   

 

2. a) Show that electric field intensity due to an electric dipole represents a conservative field. 

b) Explain the behavior of conductors in an electric field. 

c) Develop an expression for potential difference at any point between spherical shells in terms 

of the applied potential employing Laplace equation. 

 

3. a) State and explain the continuity equation.          

b) A spherical capacitor with inner sphere of radius 1.5 cm and outer  sphere of radius 3.8 cm 

has an homogeneous dielectric of �  = 10 �0 . Calculate the capacitance of the capacitor. Derive 

the formula used.  

 

4. a) Deduce the relationship between magnetic flux, magnetic flux density and magnetic field 

intensity.   

b) A square conducting loop 5 cm on each side carries a current of 18 A. Calculate the 

magnetic field intensity at the center of the loop.  

 

5. a) An infinitely long filamentary wire carries a current of 2 A along the z-axis in the +z 

direction. Calculate the B at (-3, 4, 7).                                                        

b) State and Explain Lorentz force equation. 

      

6. a) Derive the formula for the force between two straight long and parallel current carrying 

conductors.                   

b) Derive the expression for torque exerted on a current-carrying loop by a magnetic field. 

 

7. a) Derive the expression for inductance of a solenoid. 

b) Determine the self inductance of a coaxial cable of inner radius a  and outer radius b.                            

 

8. a) State and Explain Faradays laws of electromagnetic induction. 

b)  Explain the terms: (i) Dynamically induced  EMF  (ii) Statically induced EMF 
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1. a) A very thin, finite, and uniformly charged line of length 10 m carries a charge of 10 µC/m. 

Calculate the electric field intensity in a plane bisecting the line at � = 5 m. 

 b) Find the work done in moving a charge of 2coulombs from (2, 0, 0) m to (0, 2, 0) along a 

straight line path joining the two points, if the electric field is V/m )ay4ax2(E yx

∧∧→

−= . 

 

2.    a) Derive Poisson’s and Laplace’s equations starting from point form of Gauss’s law.                  

     b) Given the current density J= -10
-4

[sin (2x)e
-2y 

ax+ cos (2x) e-
2y

 ay] kA/m
2
. Find the total 

current crossing the plane y=1 in the ay direction of the region 0<x<1. 0<z<2      

  

 3.  a) Derive the boundary conditions between a conductor and a dielectric. 

       b) Find the angle by which the direction of the electric field intensity changes, as it crosses the 

boundary between two dielectrics with dielectric constants 4 and 5. The incident angle is 50
0
 

with the normal. 

 

4.   a) Find the expression for the magnetic flux density, ‘B’ at a distance ‘h’ above the centre of a 

rectangular loop of wire ‘b’ meters on one side and ‘a’ meters on the other side. The loop 

carries a current of one ampere. 

     b) A square conducting loop 4 cm on each side carries a current of 10 A. Calculate the 

magnetic field intensity at the center of the loop.  

 

5.    a) State and explain Ampere’s circuital law.       

       b) A circular loop located on x
2
 + y

2
 = 9, z = 0 carries a direct current of 10 A  along a� 

direction. Determine H at (0, 0, 5) and (0, 0, -5).  

      

 6.  a) Two infinitely long parallel conductors are separated by a distance ‘D’. Find the force per 

unit length exerted by one of the conductor on the other if the currents in the two conductors 

are I1 and I2.  

       b) When current carrying wire is placed in a uniform magnetic field show that torque 

experienced by it is BmT ×= . 

 

7. a) Calculate the self inductance per unit length of an infinitely long solenoid.   

   b) Derive an expression for mutual inductance between a straight long wire and a square loop 

wire in the same plane. 

  

8. a) Explain the Maxwell’s equations for time varying fields.  

 b) A conductor with circular cross-section has a radius ‘a’ and length ‘l’. It is carrying a current 

‘I’ ampere. If the conductivity of conductor is ‘σ ’, find the power loss in the conductor using 

Poynting theorem. 
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