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Unit-IV (LU) 

Dielectrics 

Material in which all the electrons are tightly bound to their parent nuclei of the atoms so that 

there are no or very few free electrons to conduct current are known as dielectric or an 

insulator. So the electrical conductivity of a dielectric material is very low and for an ideal 

dielectric the conductivity is zero. When a dielectric is charged then charge remains localised 

in the region of generation or application contrary to conductors where this charge 

immediately spreads over the entire surface. The examples of nearly perfect dielectrics or 

insulators are glass, resins and waxes. 

When a dielectric is introduced between the plates of a condenser, its capacity increases. The 

ratio of the capacitance, after and before introducing the dielectric, is known as “dielectric 

constant, dielectric coefficient or relative permittivity ‘K’ represented as: 

    K=  
C

C0
 ................. (1) 

When a molecule of a dielectric is placed between the plates of capacitor then the charges are 

simply redistributed within the molecule, i.e., their paths in the orbits are modified. 

 

Classification of dielectrics 

The molecules or atoms of a dielectric may be classified at polar and, non-polar. A molecule 

contains protons as well as electrons. As far as the electric effects of the whole molecule arc 

concerned the positive charges (protons) may be considered as acting from a specific point 

within the molecule. This point may be called the "centre of gravity" of the positive charges 

i.e. protons. Likewise there is a point in the molecule at which a negative charge is equivalent 

in its effects to the distribution of electrons of the molecule. This point may be called the 

"centre of gravity" of the negative charges i.e. electrons. 

 

Polar and Non-polar molecules     

When the centre of gravity of positive and negative charges coincide, then the molecule is 

called polar molecule, and when they don’t coincide rather they are separated by some 

distance then molecule is called polar molecule. The separation between the two centres of 



gravities is nearly 0.1Å. When two centres of gravities don’t coincide the molecule is a dipole 

having a dipole moment equal to the product of separation of two centres of gravities and 

magnitude of the charge of any one of them. 

Examples of non-polar molecules: Molecules which have symmetrical nature are generally 

non-polar. For example H2, O2, N2, CCl4, CH4, C6H6, CO2, SF6 etc. When in a hydrogen atom 

a hydrogen atom is replaced by a chlorine atom then HCl molecule is formed which is a polar 

molecule and is dipole which positive part being hydrogen and negative part is chorine atom. 

Similarly in a methane molecule, if hydrogen atom is replaced by chlorine atom then it loses 

its symmetry and become a dipole or polar molecule. 

Therefore it is clear that molecules having dipole moments are asymmetrical in nature and 

vice versa. So the knowledge of dipole moments of molecules is used to study their molecular 

structure. 

A dielectric in an electrostatic field: Polarisation of dielectrics 

When a non-polar molecule is placed in an electrostatic field the centre of gravity of positive 

and negative charges are displaced from each other. This displacement though is small as 

compared to atomic dimensions. In this way an induced dipole moment ‘m’ is produced in 

the molecule which is directly proportional to the applied electric field ‘E’ represented as: 

   m= α 𝜀0 E ………… (2) 

Where ‘α’ is called ‘molecular polarisability’ of dielectric which depends upon the nature of 

dielectric and it has the dimension of volume. The permittivity of free space ‘𝜀0’ is 

introduced due to historic reasons. 

Electric polarisation: When polar molecules are placed in an electrostatic field then the 

separation between the positive and negative centre of gravity changes and their axes try to 

align themselves along the line of forces. This separation of positive and negative portions of 

the polar molecules and the orientation under the effect of an external electrostatic field is 

called ‘electric polarisation’.  

The process of polarisation is generally rapid due to the displacement of electrons with 

respect to their parent nuclei which is called ‘electronic polarisation’. Sometimes the process 

of polarisation is occurs due to displacement of atoms from each other which is rather slow in 

nature, called ‘atomic polarisation’. This type of polarisation exists in molecules having 

different atoms and thus different charge entities like ‘HCl’ molecule. 



The polarisation process due to the displacement of charged entities is called ‘distortion 

polarisation’ and that due to the orientation of dipoles in the effect of electric field is called 

‘orientation polarisation’. In a homogeneous and isotropic dielectric the polarisation is 

parallel to the applied field. 
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The phenomenon of polarisation may be understood with the help of figure 1 and figure 2. In 

the absence of an electric field, the molecules will be either neutral non-polar molecules or 

polar molecules which will be oriented at random as shown in figure 1, and will be in such a 

large number that their resultant electric effect is zero.  

When an external electric field is applied between the plates of the condenser with the 

dielectric filling the space between them (Fig. 2), induced dipoles will be created and the 

induced or permanent dipoles will be oriented along the electrostatic lines of force, the degree 

of orientation depending on the strength of the applied field. The negative portions of the 

molecule will face positive plate and the positive portions will face negative plate (Fig. 2). 

The induced field in the dielectric is therefore opposite in direction to the applied field. This 

renders the field in the dielectric smaller than in free space as shown in figure 2. 

Polarisation charges and Free charges: The charges which reside within the polarised 

dielectric are called as fictitious charges or bound charges or polarisation charges whereas 

the charges on the plates of the condenser are called real charges or free charges as they can 

free to move anywhere on the conductor.  

If we consider that all the molecules are polarised to the same magnitude, then the bound 

charges within the main body of the dielectric will neutralise one another because the 

negative side of one polarised minute structure (such as a molecule) is adjacent to the positive 

side of its neighbour. However at the surface of the dielectric, in contact with the plates, the 

bound or polarisation charges are not neutralised. In this way the field within the dielectric 

becomes smaller compared to the free space. 



Polarisation vector 

Let there are ‘n’ number of molecules per unit volume of a dielectric then the total dipole 

moment induced by the applied electric filed ‘E’ will be ‘n α 𝜀0 E’ per unit volume. This 

dipole moment per unit volume is known as polarisation and is represented with the vector 

‘P’ which direction is from negative induced charge to positive induced charge (fig 3) i.e. 

    

P= n α 𝜀0 E ……………… (3) 

 

Consider a straight bar of polarised dielectric of length ‘l’ and uniform cross-section ‘A’ as 

shown in Fig 3. Let ‘σp’ be the surface charge density of polarisation charges appearing at the 

end faces of the bar when placed in an electric field ‘E’. 
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The polarization charges are -σpA and σpA on left and right faces respectively as shown in 

figure 3. The dipole moment of the bar will be the product of the charge of any end, faces and 

the length ‘l’ of the slab i.e. ‘σpAl’. The dipole moment of the bar will also be given by the 

product of ‘P’ and the volume of slab i.e. ‘PAl’. So we can write; 

   σpAl =  P A l  

   σp = P ………….. (4) 

So the polarization ‘P’ is equal to the polarization charges per unit area or surface charge 

density ‘σp’.This equation (4) can be generalized  if the surface of the slab is not 

perpendicular to the polarization vector P as shown in figure 4. Let the normal to the surface 

AB makes an angle ‘θ’ with the vector ‘P’. The component of ‘P’ normal to this surface will 

then be given by ‘P⃗⃗ .n̂’, where n̂ is unit vector along the normal to the surface AB of the 

dielectric. So in general we have; 

                  𝛔𝐩 =�⃗⃗� .�̂� ………………. (5)   

{Working: A= A’ cos θ; 𝜎𝑝𝐴 =𝜎𝑝′𝐴′ =PA;  𝜎𝑝
′ =

𝜎𝑝𝐴 

𝐴′
=

𝑃𝐴 

𝐴′
=P cos θ= �⃗� .�̂�} 

Capacity of a parallel plate capacitor completely filled with dielectric 

Let ‘σf’ and ‘σp’ are the surface charge densities for free charges on plates of condenser and 

on the surface of the dielectric with opposite signs, so the total surface charge density will be 

‘σf − σp’. Considering the Gaussian surface ‘S’ as shown in figure 2 above, from Gauss’s 



law the total electric field in the dielectric is equal to the ratio of total surface charge density 

and the permittivity of free space i.e.; 

     E =  
σf−σp

ε0
 ................. (6) 

 It shows that the electric field inside the dielectric is smaller than the field ‘Eθ’ in the plates 

and adjacent to it given by ‘
σf

ε0
’. Using eqn. (4) we get; 

    E =  
σf−P

ε0
 ................. (6) 

Now since P is directly proportional to E we have; 

    P= χ 𝜀0 E …………….. (7) 

Where ‘χ’ is called the electric susceptibility of the dielectric and is dimensionless quantity. 

Now from eqn. (7) in (6) we can write; 

  E =  
σf−χ 𝜀0 E 

ε0
 = =  

σf 

ε0
. 

1

1+χ
 = =  

σf 

ε0
. 

1

K
 …………….. (8) 

Where ‘K=1+ χ ’ is the dielectric constant of the dielectric medium. Here ‘
σf 

ε0
’ is the field 

without the dielectric so field is reduced by a factor K on introducing the dielectric.  

The potential difference between the plates of the condenser is given by; 

  V= E d= 
σf 

ε0
. 

1

K
 d ………….. (9) 

Total charge on the condenser plate having surface area ‘A’ will be; 

  Q= σf A……………….(10) 

The capacity of the condenser with dielectric is given by; 

  Cd= 
Q

V
 = 

σf A
σf 

ε0
.
1

K
 d

 =
Kε0A

d
 ………… (11) 

But we proved earlier that capacity without dielectric is given by; 

  C= 
ε0A

d
 …………………. (12) 

So comparing eqns. (11) and (12), it is clear that the capacitance of a condenser increases by 

a factor ‘K’ on the introduction of a dielectric between the plates. 

Capacity of a parallel plate condenser partially filled with dielectric material 

Let a dielectric slab of thickness ‘t’ is filled symmetrically between the plates of a condenser, 

distant ‘d’ from each other as shown in figure 5 below. The electric field in the free space 

between the dielectric slab and condenser plates is represented as; 



 
      Figure 5 

  E0 = 
σ 

ε0
 =

Q 

A ε0
 ……….(1) 

Here ‘Q’ is the total charge on each plate, ‘σ’ is the surface charge density of the plates and 

‘A’ is the contact area of the plates. Now within the dielectric the electric field id represented 

as;  E = 
E0 

K
 =

Q 

K A ε0
 ……….(2) 

The potential difference between the plates is given by; 

  V= Va - Vb= - ∫ E. dl
0

d
 =∫ E. dl

d

0
 

  V= ∫ E0. dl
(d−t)/2

0
 + ∫ E. dl

(d+t)/2

(d−t)/2
 +∫ E0. dl

d

(d+t)/2
 

  V= 
Q 

A ε0
(d - 

t 

2
) + 

Q 

KA ε0
[(d + 

t 

2
) - (d - 

t 

2
)]+ 

Q 

A ε0
[d − (d+ 

t 

2
)] 

  V=
Q 

A ε0
( d- t) + 

Q 

KA ε0
(t) = 

Q 

A ε0
[( d- t) +

t 

K
] …………(3) 

So the capacitance will be given by;  

C= 
𝐐 

𝐕
 = 

 𝛆𝟎𝐀 

[( 𝐝− 𝐭) +
𝐭 

𝐊
]
 ………….(4) 

This is the expression of a parallel plate capacitor partially filled with dielectric.  

Types of Condensers or Capacitors 

In electrical and electronic circuits mainly the following three types of condensers are used. 

 

(1).Variable air condensers: These consist of two sets of aluminium plates, one of which is 

fixed and the other can rotate about a fixed axis. The fixed plate is called ‘stator’ and the 

movable plate is called ‘rotor’. Its capacity varies from few micro farads to 500 μμ micro-

micro farad. These are used in radio tuners and may not used at high voltages. 

 

(2). Condensers with solid dielectrics: The solid dielectrics commonly used are mica, paper 

and ceramics. 

(a) Mica condensers: Condensers with mica as dielectric are usually used as good 

standard condensers. They are usually used for the high voltage operations in the range 1300 

to 2500 volts. These are made by piling alternate sheets of mica and tin foils to make a stack. 

These are used extensively in radio and electronic circuits. 



(b) Paper condensers: Paper condensers are usually made by two tin or aluminium 

foils insulated by a paper and wrapped in a bundle. They have low loss. They can be used 

safely up to 500 volts and are also used in radio circuits and filter condensers in power 

systems. 

(c) Ceramic Condensers: In these condensers, a piece of ceramic which is silvered in 

vacuum on both sides is used to give large value capacitance. These condensers show low 

loss at all frequencies. The changes in capacitance of ceramic condensers are minimized 

which are varied due to changes in temperature.   

 

(3) Electrolytic condensers: These are made by two aluminium plates in an electrolyte such 

as ammonium borate mixed with glycerine which makes it hygroscopic to apply 550 volts 

D.C voltage. A thin non-conducting aluminium oxide layer is formed on the anode and serves 

as dielectric and the electrolyte itself serves as other electrode. The second Al plate serves as 

the electrical contact with electrolyte. These condensers show greater leakage than others and 

these can be used with D.C. voltages only. These are used in power supplies as filter circuits 

to smooth D.C. voltage. 
 

 

 

 

 

  (Reference Book: Electricity and Magnetism by Ahmad & Lal) 

 


