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Classification of Materials

 Based on Electrical Properties:

 Conductivity measured in Siemens per meter S/m

 Depending on conductivity values, materials are classified as:

 Conductors

 Insulators or dielectrics Insulators or dielectrics

 Semiconductors

 Typically conductivity for conductors ~ 107 S/m

 For semiconductors: 100 - 10-4 S/m

 And for Insulators: < 10-4 S/m



 The current through a given medium is defined as charge
passing through the medium per unit time. It is a scalar.

That is,

Units: Amperes
dt

dQ
I 

Electric Current

Units: Amperes

 The currents are of three types. 
Convection current 
Conduction current 
Displacement current



 Convection current : It is defined as the current produced by a beam of 
electrons flowing through an insulating medium. 

Ex : The current through a vacuum, liquid etc. is the convection current. 
This does not obey Ohm’s law. 

 Conduction current : It is defined as the current produced due to flow of 
electrons in a conductor. This obeys Ohm’s law. 
Conduction current : It is defined as the current produced due to flow of 
electrons in a conductor. This obeys Ohm’s law. 

Ex : The current in a conductor like copper is conduction current. 

 Displacement current : It is defined as the current which flows as a result 
of time-varying electric field in a dielectric material. 

Ex : The current through a capacitor when the time-varying voltage is 
applied. 



 It is defined as the current at a given point through a unit
normal area at that point. It is a vector and it has the units of
Ampere/m2. It is represented by J.

 In electromagnetic field theory, it is of interest to describe the
events at a point instead of in a large region. This is the reason
why, the current densities are considered.

Current Density

events at a point instead of in a large region. This is the reason
why, the current densities are considered.

 The types of current densities are of three types.
Convection current density
Conduction current density
Displacement current density



 Convection Current Density :

It is defined as the convection current at a given point through a unit 
normal area at that point.

 Conduction Current Density: Conduction Current Density:

It is defined as conduction current at a given point through a unit 
normal area at that point.

 Displacement Current Density:

It is defined as the rate of displacement electric flux density with time.
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Electric Current and Current Density

 Conduction current – due to free electrons



Polarization in Dielectrics
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 Isotropic: the dielectric constant is same along different directions

Anisotropic materials:Anisotropic materials:


