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Potential energy of a dipole in an external field 

 
Consider a dipole with charges q1 = +q and q2 = -q placed in a uniform electric field as shown in the figure above. The 

charges are separated by a distance d and the magnitude of electric field is E. The force experienced by the charges is 

given as –qE and +qE, as can be seen in the figure. 

As we know that, when a dipole is placed in a uniform electric field, both the charges as a whole do not experience any 

force, but it experiences a torque equal to τ which can be given as, 

 

 

 
 

This torque rotates the dipole unless it is placed parallel or anti-parallel to the field. If we apply an external and opposite 

torque, it neutralizes the effect of this torque given by τext and it rotates the dipole from the angle Ɵ0 to an angle Ɵ1 at an 

infinitesimal angular speed without any angular acceleration. 

The amount of work done by the external torque can be given by 

 
 

As we know that the work done in bringing a system of charges from infinity to the given configuration is defined as the 

potential energy of the system, hence the potential energy U(Ɵ)  can be associated to the inclination Ɵ of the dipole 

using the above relation. 

 
From the above equation, we can see that the potential energy of dipole placed in an external field is zero when the 

angle Ɵ is equal to 90° or when the dipole makes an angle of 90°. 

Considering the initial angle to be the angle at which the potential energy is zero, the potential energy of the system can 

be given as, 

 
 

 

N.B.-This sheet is prepared from home. 
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Electrostatic of Conductor: 
 

Conductors contain mobile charge carriers. In metallic conductors, these charge carriers are electrons. In a metal, the 

outer (valence) electrons part away from their atoms and are free to move. These electrons are free of the metal but not 

free to leave the metal. 

In an external electric field, they drift against the direction of the field. The positive ions made up of the nuclei and the 

bound electrons remain held in their fixed positions. In electrolytic conductors, the charge carriers are both positive and 

negative ions 

1. inside a conductor, the electrostatic field is zero:

themselves that the electric field is zero everywhere inside. The electrostatic field is zero inside a conductor.

 

2. At the surface of a charged conductor, the electrostatic field must be normal to the surface at every 

point: In the static situation, therefore, E should have no tangential component. Thus electrostatic field at the 

surface of a charged conductor must be normal to the surfac

3. The interior of a conductor can have no excess charge in the static situation:

point inside the conductor, and any excess charge must reside on the surface.

4. The electrostatic potential is constant throughout 

inside) on its surface: Since E = 0 inside the conductor and has no tangential component on the surface, no 

work is done in moving a small test charge within the conductor and on its surface. That is, 

difference between any two points inside or on the surface of the conductor.

5. The electric field at the surface of a charged conductor:

where σ is the surface charge density and n

 

Electrostatic shielding: The proofs of the results noted in Fig are omitted here, but we note their important implication. 

Whatever be the charge and field configuration outside, any cavity in a conductor remains shielded from outside 

influence: the field inside the cavity is always zero. This is known as electrostatic shielding.
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contain mobile charge carriers. In metallic conductors, these charge carriers are electrons. In a metal, the 

outer (valence) electrons part away from their atoms and are free to move. These electrons are free of the metal but not 

n an external electric field, they drift against the direction of the field. The positive ions made up of the nuclei and the 

bound electrons remain held in their fixed positions. In electrolytic conductors, the charge carriers are both positive and 

inside a conductor, the electrostatic field is zero: In the static situation, the free charges have so distributed 

themselves that the electric field is zero everywhere inside. The electrostatic field is zero inside a conductor.

charged conductor, the electrostatic field must be normal to the surface at every 

In the static situation, therefore, E should have no tangential component. Thus electrostatic field at the 

surface of a charged conductor must be normal to the surface at every point. 

The interior of a conductor can have no excess charge in the static situation: There is no net charge at any 

point inside the conductor, and any excess charge must reside on the surface. 

The electrostatic potential is constant throughout the volume of the conductor and has the same value (as 

Since E = 0 inside the conductor and has no tangential component on the surface, no 

work is done in moving a small test charge within the conductor and on its surface. That is, 

difference between any two points inside or on the surface of the conductor. 

The electric field at the surface of a charged conductor: 

 
 is the surface charge density and nˆ is a unit vector normal to the surface in the outwar

The proofs of the results noted in Fig are omitted here, but we note their important implication. 

Whatever be the charge and field configuration outside, any cavity in a conductor remains shielded from outside 

influence: the field inside the cavity is always zero. This is known as electrostatic shielding. 

 N.B.-This sheet is prepared from home.
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contain mobile charge carriers. In metallic conductors, these charge carriers are electrons. In a metal, the 

outer (valence) electrons part away from their atoms and are free to move. These electrons are free of the metal but not 

n an external electric field, they drift against the direction of the field. The positive ions made up of the nuclei and the 

bound electrons remain held in their fixed positions. In electrolytic conductors, the charge carriers are both positive and 

In the static situation, the free charges have so distributed 

themselves that the electric field is zero everywhere inside. The electrostatic field is zero inside a conductor. 

charged conductor, the electrostatic field must be normal to the surface at every 

In the static situation, therefore, E should have no tangential component. Thus electrostatic field at the 

There is no net charge at any 

the volume of the conductor and has the same value (as 

Since E = 0 inside the conductor and has no tangential component on the surface, no 

work is done in moving a small test charge within the conductor and on its surface. That is, there is no potential 

ˆ is a unit vector normal to the surface in the outward direction. 

The proofs of the results noted in Fig are omitted here, but we note their important implication. 

Whatever be the charge and field configuration outside, any cavity in a conductor remains shielded from outside electric 

 

This sheet is prepared from home. 
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Dielectrics : Dielectrics are non-conducting substances. In contrast to conductors, they have no or the negligible 

number of charge carriers. In a dielectric, free movement of charges is not 

induces dipole moment by stretching or re

molecular dipole moments is net charges on the surface of the dielectric which produce a field 

field. 

 

The difference in behavior of a conductor and a dielectric in an external electric field.

Types of dielectrics: 

Dielectrics are two types: 

(1) Non-Polar Dielectrics: When the centre of positive charge coincides with the 

molecule, e.g., Nitrogen, Oxygen, CO

(2) Polar Dielectrics:When the centre of positive and negative charges do not coincide because of the 

asymmetric shape of the molecules, e.g., NH

The non-polar molecule thus develops an induced dipole moment. The dielectric is said to be

field. Substances for which this assumption is true are called

of different molecules add up giving a ne

 
where is a constant characteristic of the dielectric and is known as the

medium. It is possible to relate to the molecular properties of th
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conducting substances. In contrast to conductors, they have no or the negligible 

number of charge carriers. In a dielectric, free movement of charges is not possible. It turns out that the external field 

induces dipole moment by stretching or re-orienting molecules of the dielectric. The collective effect of all the 

molecular dipole moments is net charges on the surface of the dielectric which produce a field 

 
 

The difference in behavior of a conductor and a dielectric in an external electric field. 

When the centre of positive charge coincides with the centre of negative charge in a 

molecule, e.g., Nitrogen, Oxygen, CO2 etc. 

 

When the centre of positive and negative charges do not coincide because of the 

asymmetric shape of the molecules, e.g., NH3, HCL etc. 

 

thus develops an induced dipole moment. The dielectric is said to be

Substances for which this assumption is true are called linear isotropic dielectrics. The induced dipole moments 

of different molecules add up giving a net dipole moment of the dielectric in the presence of the external field.

where is a constant characteristic of the dielectric and is known as the electric susceptibility of the dielectric 

It is possible to relate to the molecular properties of the substance. 

N.B.-This sheet
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conducting substances. In contrast to conductors, they have no or the negligible 

possible. It turns out that the external field 

orienting molecules of the dielectric. The collective effect of all the 

molecular dipole moments is net charges on the surface of the dielectric which produce a field that opposes the external 

centre of negative charge in a 

When the centre of positive and negative charges do not coincide because of the 

thus develops an induced dipole moment. The dielectric is said to be polarized by the external 

The induced dipole moments 

t dipole moment of the dielectric in the presence of the external field. 

electric susceptibility of the dielectric 

eet is prepared from home. 


