
Lecture-7
Electric field in material space

Polarization in dielectrics, dielectric
constants,
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1. A Dipole

A combination of two electric charges with equal magnitude and opposite sign is called a 
dipole.
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The charge on this dipole is q (not zero, not +q, not –q, not 2q). The distance between the 
charges is d. Dipoles are “everywhere” in nature.
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Example: calculate the electric field at point P, which lies on the perpendicular bisector a 
distance L from a dipole of charge q.
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Electric Dipole in an
External Electric Field

An electric dipole consists of two charges +q and -q, equal in magnitude but opposite in sign, 
separated by a fixed distance d. q is the “charge on the dipole.”

Earlier, I calculated the electric field along the perpendicular bisector of a dipole (this 
equation gives the magnitude only).
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The electric field depends on the product qd.
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q and d are parameters that specify the dipole; we define the "dipole moment" of a dipole to 
be the vector

p qd,


where the direction of p is from negative to positive (NOT away from +).

+q -q

p

To help you remember the direction of p, this is on the equation sheet: 

p q d,  from to plus 

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E

A dipole in a uniform electric field experiences no net force, but probably experiences a 
torque…
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There is no net force on the dipole:
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If we choose the midpoint of the dipole as the origin for calculating the torque, we find

dsin dsin
qE qE qdEsin ,
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and in this case the direction is into the plane of the figure. Expressed as a vector,

p E.  


½ d sin
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The torque’s magnitude is pEsin and the direction is given by the right-hand rule.

What is the maximum torque?
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Energy of an Electric Dipole in an
External Electric Field

If the dipole is free to rotate, the electric field does work* to rotate the dipole.
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initial finalW pE(cos cos ).    

The work depends only on the initial and final coordinates, and not on how you go from 
initial to final.
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If a force is conservative, you can define a potential energy associated with it.

Because the electric force is conservative, we can define a potential energy for a dipole. The 
equation for work

initial finalW pE(cos cos )    

suggests we should define 

dipoleU pEcos .  
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dipoleU pEcos  

With the definition on the previous slide, U is zero when =/2.

U is maximum when cos=-1, or = (a point of unstable equilibrium).
U is minimum when cos=+1, or =0 (stable equilibrium).
It is “better” to express the dipole potential energy as

dipoleU p E.  

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In discussing dielectric materials
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Polarization          =  # of dipole moment / unit volume

=  

In dielectrics, there are no free charges, but bound charges, 

i.e. electric dipoles are present.

Dielectrics
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Electric field inside the parallel plate :

Now, insert a slab of dielectric  modify the field to a new value E

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2. Dielectrics in Static Electric Field
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3. Electric Flux Density and Dielectric Constant

Pradeep Singla













3m

C
 D

0 E

)(              CQdsDdvDdv
v v s

  

Gauss’s Law: The total outward flux of the
dielectric displacement (or simply the outward
flux) over any closed surface is equal to the
total free charge enclosed in the surface
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Where- ε is the absolute permittivity (F/m)

-εr is the relative permittivity or the dielectric constant 

of the medium

-ε0 is the permittivity of free space

-χe is the electric susceptibility (dimensionless)
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