
THE ELECTRIC DISPLACEMENT

Gauss’s Law in the Presence of Dielectrics

The field attributable to bound charge plus the field due to free charge, ρf . 

Total charge inside a dielectric is: Bound charges in a dielectric: 

Gauss’s law for the electric field is therefore : (                  )

𝐄 is the total field, not just what is generated by the polarization. 

Define: Electric displacement 

Differential form of Gauss’s law in presence of a dielectric 

Integral form of Gauss’s law in presence of a dielectric 

Qfenc denotes the total free charge enclosed in the volume. 1



Example 4. A long straight wire, carrying uniform line charge λ, is surrounded by rubber 

insulation out to a radius a. Find the electric displacement.

this formula holds both within the 

insulation and outside it.
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Boundary Conditions in Dielectric
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LINEAR DIELECTRICS

Stretch of an atom/molecule 

Rotation of a polar atom/mol

Two ways that an atom/molecule acquires dipole moment: 
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The electric displacement 𝐃 for a linear dielectric 

How are 𝜶 and 𝝌𝒆 connected? ----- Without derivation;
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Data from Handbook of Chemistry 

and Physics, 91st ed. (Boca Raton: 

CRC Press, 2010).

Example 5. A metal sphere of radius a carries a charge Q. It is surrounded, out to radius b, by 

linear dielectric material of permittivity ϵ. Find the potential at the center (relative to infinity).

Using Gauss Law for  r > a :

Inside the metal sphere, of course, E = P = D = 0.
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The potential at the center, r = 0

The polarization and the bound charges:
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