
 

1. Suppose an ac source is connected to a capacitor through conductors. Explain the meaning of 

the conduction current in the conductor and the meaning of the displacement current between 

the capacitor plates, which is filled with a dielectric material. Can there be displacement 

current in the conductor? Provide explanation.                                                                                

                                                                                                                          5 marks 

 

The conduction current is the current due to moving charges,      
  

  
 . The displacement current 

is an “equivalent” current that is related to the rate of change of electric flux, i.e.,      
   

  
 .  

 

From one of  Maxwell's equations,  we have 

       
  

  
  

where the first term on the right hand side is the conduction current density and the second term 

is the displacement current density. 

                         
     

  
      

Applying Stokes Theorem 

 

         
 

           
 

      

Where  

          is the conduction current and 

      
     

  
      is the displacement current 

 

 Between the capacitor plates, there is no conduction current if the plates are separated by a 

perfect insulator. This is because there are no free charge carriers in a perfect insulator. 

Practically the real insulator consists of a very few charge carriers and therefore a very small 

leakage current passes in the capacitor depending on the conductivity of the insulator.  

 

When a time varying voltage (AC) is applied on the capacitor, there exists a displacement current 

between the capacitor plates since the electric flux density changes as a function of time. The 

electric flux density,  D=    where epsilon is the dielectric constant and E is the electric field 

intensity.  If the applied voltage varies sinusoidally with time, electric field intensity  E (which is 

proportional to V)  also  varies sinuoidally with time, leading to time-changing D. 

 

Since the electric field intensity changes with time in the conductor as well, there is a small 

displacement current in the conductor, too. However, the magnitude of the displacement current 

is much smaller than the conduction current.  
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