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PHE-07 : ELECTRIC AND MAGNETIC 

PHENOMENA 

Time : 2 Hours     Maximum Marks : 50 

Note : All questions are compulsory. Marks for each 

question are indicated against it. You may 

use a calculator. Symbols have their usual 

meanings. The values of physical constants 

are given at the end.  

1. Attempt any five parts :   

(a) The hydrogen atom consists of an electron 

and a proton separated by a distance of  

5.3 × 10–11 m. Calculate the electrostatic 

force between the electron and the proton 

and compare it with the gravitational force 

between them. 3+2 
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(b) A parallel plate capacitor is made up of two 

rectangular plates of area 5.50 × 10–4 m2, 

separated by a distance of 1.5 × 10–3 m. A 

voltage of 200 V is applied across the 

plates. If a dielectric material of dielectric 

constant 5.0 is introduced between the 

plates of the capacitor, calculate the  

(i) capacitance, and (ii) charge stored on 

each plate of the capacitor. 3+2 

(c) Three point charges q, 2q and 8q are to be 

placed on a 9.0 cm long straight line. 

Determine the positions where the charges 

should be placed on the line such that the 

potential energy of the system is minimum. 

5 

(d) A flat sheet of area 100 cm2 carries a 

uniform surface charge density  . An 

electron 1.5 cm from a point near the 

centre of the sheet experiences a force of 

1.6 × 10–12 N directed away from the sheet. 

Determine the total charge on the sheet. 5 
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(e) The magnetic field inside a current 

carrying solenoid is B. Determine the 

magnetic field when both its radius and 

the current in it are doubled. What will the 

magnetic field for a toroid be under the 

same conditions ? 3+2 

(f) Two parallel wires A and B placed at a 

separation of 6 cm carry electric currents  

5A and 2A in opposite directions, 

respectively. Determine the location at 

which the net magnetic field due to these 

two wires is zero. 5 

(g) The electric field associated with an 

electromagnetic wave travelling in vacuum 

is given by : 

           

1 8E (300 Vm ) cos 10
3

j t x


  
    

 
  

Determine the frequency, wavelength, 

direction of propagation of the wave. 

Determine the magnitude and direction of 

the associated magnetic field. 1+1+1+1+1 

(h) A uniform plane wave has a wavelength of 

6 cm in free space and 4 cm in a dielectric 

for which   = 3.78 × 10–7 NA–2. Determine 

the dielectric constant and refractive index 

of the dielectric. 4+1 
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2. Attempt any five parts :  

(a) Apply Gauss’ law to obtain the electric field 

due to an infinite line charge at a distance 

r  from it. 5 

(b) Define an equipotential surface. Draw the 

equipotential surfaces for (i) positive point 

charge and (ii) uniform infinite line charge. 

1+2+2 

(c) State Biot-Savart’s law. Use it to 

determine magnetic field B due to a long 

straight wire carrying a current. 5 

(d) Derive the expression for the magnetic 

field along the axis of a circular coil 

carrying current. 5 

(e) Explain the polarisation of a non-polar 

dielectric kept in a uniform electric field. 

Define electric susceptibility   in terms of 

the polarisation vector. What is the 

dimension of   ? 3+2 

(f) Using Ampere’s law, determine the 

magnetic field inside a solenoid. 5 

(g) Write the Maxwell’s equations for an 

isotropic, linear dielectric medium in 

differential form. Derive the wave equation 

for the electric field associated with the 

electromagnetic wave propagating in the 

medium. 2+3 
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(h) Explain the underlying principle and 

working of a transformer. 5 

Physical constants : 

191.6 10 Ce     

    12 1
0 8.85 10 Fm   

9 2 2

0

1
9 10  Nm C

4
 

   

7
0 4 10    Wb    1 1 6A m 1.26 10  

1Hm   

me = 9.1 × 10–31 kg 

mp = 1.67 × 10–27 kg 

G = 6.7 × 10–11 m3 kg–1 s–2  
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5.50 × 10–4 m2

1.5 × 10–3 m

200 V

ª ª

] (i) ]

(ii)

, 2q q 8q 9.0 cm

100 cm2



1.5 cm ª

1.6 × 10–12 N

B

]

3+2 
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6 cm

A B 5A 2A

     1 8E (300 Vm ) cos 10
3

j t x


  
    

 
 

]

6 cm ª

 = 3.78 × 10–7 NA–2 ] 4 cm
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