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2) Polarization in Dielectrics

3) Dielectric Constant and Strength

4) Continuity Equation and Relaxation Time

5) Electrostatic Boundary Conditions



A conductor has abundance of charge that is free to move

 A perfect conductor cannot contain an electrostatic field within it

Conductors

𝐄 = −𝛁𝑉 = 0

𝐄 = −𝛁𝑉 = 0 𝐉 = 𝝈𝐄



Note that in this case, 𝐄 ≠ 0 inside the conductor (why ?)

Conductors

where 𝜌𝑐 = 1/𝜎 is the resistivity of the material



 Therefore, the resistance of a conductor of non-uniform cross section is:

 Power P (in watts) is defined as the rate of change of energy W (in 
joules) or force times velocity, hence:

OR

 This is known as Joule’s law

 For a conductor with uniform cross-section: 𝑑𝑣 = 𝑑𝑆𝑑𝑙, so:

OR

Conductors
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Dielectrics
 Main difference between a conductor and a dielectric lies in the

availability of free electrons in the atomic outermost shells to conduct

current.

 Although the charges in a dielectric are not able to move about freely,

they are bound by finite forces and we may certainly expect a

displacement when an external force is applied

 Consider an atom of the dielectric

as consisting of a negative charge -

Q (electron cloud) and a positive

charge +Q (nucleus).

 We can treat the nuclei in molecules

as point charges and the electronic

structure as a single cloud of

negative charge.



Dielectrics

 If there are N dipoles in a volume ∆𝑣 of the dielectric, the total dipole moment

due to the electric field is:

Thus we conclude that the major effect of the electric field E on a dielectric is the

creation of dipole moments that align themselves in the direction of E

As a measure of intensity of the polarization, we define polarization P (in

coulombs/meter square) as the dipole moment per unit volume of the dielectric i.e.,

 Electric dipole moment: Measure of the separation of positive and

negative electrical charges in a system of electric charges i.e., a measure

of the charge system's overall polarity.



Dielectrics
Non-Polar Dielectric Atoms or Molecules:

 Nonpolar dielectric molecules do not possess dipoles until the

application of the electric field.

 Examples: hydrogen, oxygen, nitrogen, and the rare gases

Polar Dielectric Atoms or Molecules:

 Polar dielectric molecules possess dipoles until the application of the

electric field.

 Examples: water, sulfur dioxide, and hydrochloric acid have built-in

permanent dipoles that are randomly oriented.



We now calculate the Potential due to a polarized dielectric

Consider the dielectric material shown in Figure below as consisting of

dipoles with dipole moment P per unit volume

Dielectrics

 It will be shown later that the gradient of 1/R with respect to the primed

coordinates is:



 Equations above reveal that where polarization occurs, an equivalent
bound volume charge density 𝜌𝑝𝑣 is formed throughout the dielectric.

while an equivalent bound surface charge density 𝜌𝑝𝑠 is formed over the

surface of the dielectric.

Dielectrics



Dielectrics
Bound Charges:

 Those that are not free to move within the dielectric material;

 They are caused by the displacement that occurs on a molecular scale during
polarization

Free Charges

 Those that are capable of moving over macroscopic distance as electrons
in a conductor



 The total positive bound charge on surface S bounding the dielectric is:

while the charge that remains inside S is:

 Thus the total charge of the dielectric material remains zero, that is:

Dielectrics



 For the current density 𝐉 = 10𝑧𝑠𝑖𝑛2∅ 𝐚𝛒 A/m2, find the current through

the cylindrical surface 𝜌 = 2𝑚, 1𝑚 ≤ 𝑧 ≤ 5𝑚.

Problem-1



A thin rod of cross section A extends along the x-axis from x = 0 to x =

L. The polarization of the rod is along its length and is given by Px = ax2

+ b. Calculate 𝜌𝑝𝑠and 𝜌𝑝𝑣 at each end. Show explicitly that the total

bound charge vanishes in this case.

Problem-2
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 Therefore, the net effect of the dielectric on the electric field E is to 
increase D inside it by amount P

Flux Density in Dielectrics

 𝝌𝒆, known as the electric susceptibility of the material, is more or less a

measure of how susceptible (or sensitive) a given dielectric is to electric fields



 The electric susceptibility is a dimensionless proportionality constant that
indicates the degree of polarization of a dielectric material in response to
an applied electric field.

 The greater the electric susceptibility, the greater the ability of a material
to polarize in response to the field,

 and thereby reduce the total electric field inside the material (and store
energy).

 It is in this way that the electric susceptibility influences the
electric permittivity of the material and thus influences many other
phenomena in that medium, from the capacitance of capacitors to
the speed of light

Electric susceptibility



 Substituting                                 into                                  , we get:



Or                                       where  

And

 𝜺 is called the permittivity of the dielectric, 𝜀𝑜 is the permittivity of free

space and 𝜀𝑟 is called the dielectric constant or relative permittivity

Dielectric Constant



 The theory of dielectrics we have discussed so far assumes ideal

dielectrics

 Practically, no dielectric is ideal

When the electric field in a dielectric is sufficiently large, it begins to

pull electrons completely out of the molecules, and the dielectric

becomes conducting.

Dielectric breakdown is said to have occurred when a dielectric becomes

conducting

 The dielectric strength is the maximum electric field that a dielectric can

tolerate or withstand without breakdown

Dielectric Strength



A material is said to be linear if D varies linearly with E and nonlinear

otherwise

Materials for which 𝜀 (or 𝜎) does not vary in the region being considered

and is therefore the same at all points (i.e., independent of x, y, z) are

said to be homogeneous

 They are said to be inhomogeneous (or nonhomogeneous) when 𝜀 is

dependent on the space coordinates

 Isotropic dielectrics are those which have the same properties in all

directions

Dielectric Properties




