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Polarization
Bound Charges
Gauss’s law with bound charges
Conducting sphere in external E-field

Lecture 26 outline: 10/22/2021
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Electric Fields in Matter

Neutral atoms may be polarized

Alpha is called “polarizability”

Polarization is dipole moment/volume

To keep things clear

       Chi is called “electric susceptibility”

In case you aren’t confused

Epsilon is called “permittivity”

Epsilon_r is called “relative permittivity” or
“dielectric constant”

p⃗=α E⃗

P⃗=N p⃗=Nα E⃗

P⃗≝ϵ0 χE E⃗

ϵ≝ϵ0(1+χE)

ϵr≝(1+χE)
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Bound surface charges

σB=P⃗⋅n̂
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ρB=−∇⋅⃗P

Bound bulk charges



5

Cube of side 2L centered at origin with 
polarization

What is the bound surface and volume charge 
distribution?

P⃗=kyx x̂

Bound charge example
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∇⋅⃗E=
ρ
ϵ0

ρ=ρFree+ρBound

ρBound=−∇⋅⃗P

ϵ0 ∇⋅⃗E=ρF−∇⋅⃗P

∇⋅D⃗≝ρF

∇⋅ϵ0 E⃗=ρF−∇⋅⃗P

∇⋅(ϵ0 E⃗+ P⃗)=ρF

(ϵ0 E⃗+ P⃗)≝D⃗

Gauss’ Law with free (controlled)
 and bound (induced) charges
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Using Gauss’ law in a dielectric
A wire (1 mm diameter) has linear charge density 
(lambda) 35 nC/m. 

It is surrounded by a dielectric insulator out to 2 
cm.

What are D and E at 1 cm?
At 3 cm?
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Cube of side 2L centered at origin with 
polarization

Where and what are the free and bound charges?

P⃗=kyx x̂

Bound charge example
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Cube of side 2L centered at origin with 
polarization

What is the bound volume charge in the cube 
middle?

P⃗=kyx x̂

Bound charge example

(A)   kL2

(B)   4 kL2

(C)   2 kL

(D)   kL

(E)   0
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