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Lecture Content

• Gauss’s law of Dielectric

• Example 4.4

Assignment
• Problem 4.15



4.3 The Electric Displacement

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 𝐵𝑜𝑢𝑛𝑑 𝑐ℎ𝑎𝑟𝑔𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 𝜎𝑏 ≡ 𝑃.  𝑛

𝑉𝑜𝑙𝑢𝑚𝑒 𝐵𝑜𝑢𝑛𝑑 𝐶ℎ𝑎𝑟𝑔𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 𝜌𝑏 ≡ −𝛻. 𝑃

4.3.1 The Guass’s Law in the presence of Dielectrics
As we Know 

The Effect of polarization is to produce accumulations of bound charges , 𝜌𝑏

within the volume and 𝜎𝑏 on the surface. 

The field due to polarization is just the field of this bound charge. We are now 
ready to put it all together: the field attributable to bound charge plus the field 
due to every thing else (Free Charge)

What is Free Charge in Dielectric?
Any charge which is not a result of Polarization
for e.g. ions embedded in the material



The Guass’s Law in the presence of Dielectrics

Within the Dielectric total charge density can be written as 

𝜌 = 𝜌𝑏 + 𝜌𝑓

And then Gauss’s law is 
𝜖0𝛻. 𝐸 = 𝜌 = 𝜌𝑏 + 𝜌𝑓

𝜖0𝛻. 𝐸 = −𝛻. 𝑃 + 𝜌𝑓

Where E is now total field

𝜖0𝛻. 𝐸 + 𝛻. 𝑃 = 𝜌𝑓



The Guass’s Law in the presence of Dielectrics

𝜖0𝛻. 𝐸 + 𝛻. 𝑃 = 𝜌𝑓

𝛻. (𝜖0𝐸 + 𝑃) = 𝜌𝑓

The expression in parenthesis, designated by the letter 𝐷

𝐷 = 𝜖0𝐸 + 𝑃 (4.21)

𝐷 is known as electric displacement



The Guass’s Law in the presence of Dielectrics

In terms of 𝐷 Gauss’s law is

𝛻.𝐷 = 𝜌𝑓

Which is also called the Gauss’s law of Dielectrics

 𝛻.𝐷𝑑𝜏 =  𝜌𝑓 𝑑𝜏

𝑤ℎ𝑒𝑟𝑒

 𝜌𝑓 𝑑𝜏 = 𝑄𝑓 = 𝑇𝑜𝑡𝑎𝑙 𝑓𝑟𝑒𝑒 𝑐ℎ𝑎𝑟𝑔𝑒

 𝐷. 𝑑𝑎 = 𝑄𝑓

Which is  integral form of Gauss’s law of Dielectrics

Apply the Divergence Theorem on left side





 𝐷. 𝑑𝑎 = 𝑄𝑓

𝑄𝑓 = λ𝐿

𝐷 𝑑𝑎 = 𝑄𝑓

𝐷2𝜋𝑠𝐿 = λ𝐿

𝐷 =
λ

2𝜋𝑠
 𝑠

and



Example 4.4

Notice that this Formula holds both within the insulation and
outside it.

Outside the insulation, P=0

𝐷 = 𝜖0𝐸 + 𝑃 = 𝜖0𝐸

𝐸 =
𝐷

𝜖0
=

λ

2𝜋𝜖0𝑠
 𝑠

Inside the rubber the electric field cannot be determined since we do not know P.


