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2.5 Materials in Electrostatics
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Material 
Medium can be 
classified

electric 
property

Magnetic 
materials

Conductors
and 

Semiconductors

Dielectrics

magnetic 
property
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2.5.1 Conductors and Semiconductors :

Conductors are based upon the property of conduction, the 
phenomenon of drift of free electrons in the material with an 
average drift velocity proportional to the applied electric field

electron
cloud

nucleus

free electrons
+ bound
   elecrons

In semiconductors, conduction occurs not only by electrons 
but also by holes – vacancies created by detachment of 
electrons due to breaking of covalent bonds with other atoms.

Electrons 

Current

Electrons and holes Current

a) Introduction:
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b) Current density and Elec.Field intensity:

J σ.Ε= (Ohm’s Law at a point)

σ = conductivity (S/m)

=
µe Ne e
µhNh e + µeNe e

 
 
 

conductors
semiconductors

µ = Mobility
Nh,e = Density of holes (h) or electrons (e)

In conducting materials (conductor and semiconductor), 
current density : more than current .
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c) Conductor in electrostatic field :

c1) property 1: ρV = 0 ; ρS ≠ 0 .

E applied = 0 E applied ≠ 0

ρV = 0 ρS

Induced surface charge
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Ví duï1: Vaät daãn trong tröôøng ñieän tónh
Goïi ρ0 laø maät ñoä ñieän tích khoái töï do taïi t = 0 trong vaät daãn baïc
(ε = ε0; σ = 6,17.107 S/m) , tìm qui luaät thay ñoåi cuûa ρv trong vaät
daãn khi ñaët noù trong TÑ tónh taïi t = 0 ?

Giaûi

Töø ptrình lieân tuïc : div J 0ρ→ ∂
+ =

∂
V

t
div D 0ρσ

ε

→ ∂
+ =

∂
V

t

0ρ σ ρ
ε

∂
+ =

∂
V

t
t

ε
0e

σ

ρ ρ
−

=V

Coù theå thaáy : 

taïi t = τ = ε/σ = 1,43.10-19 s ρv = 0,368.ρ0

taïi t = 5τ ρv = 6,7.10-3.ρ0
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c) Conductor in electrostatic field :

c2) property 2: Electric field intensity inside a conductor is zero.

Induced field <> applied field
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c) Conductor in electrostatic field :

c3) property 3: Conductor surface = equipotential surface.

0

E as
n

ρ
ε

→ →

=

c4) property 4: Electric field intensity at the surface is normal 
to that sueface.
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d) Maøn ñieän

Maøn ñieän ñöôïc duøng ñeå chaén nhieãu cuûa tröôøng ngoaøi, hay 
khoâng cho nhieãu töø thieát bò aûnh höôûng leân moâi tröôøng ngoaøi.

Trong thöïc teá maøn ñieän thöôøng laø löôùi kim loaïi .

Hoác roãng beân trong vaät daãn : tröôøng ñieän trong hoác roãng
seõ baèng 0 : nguyeân lyù maøn ñieän .

maøn ñieän

E = 0E = 0

vaät daãn

E = 0

vaät daãn hoác roãng
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Loàng Faraday:
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2.5.2 Dielectrics in 
Electrostatics:
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a) Polarization in dielectrics:

To measure of inensity of polarization, we defined polarization
vector. For linear , isotropic and homogeneous dielectrics:

2
e 0 0 0P E D E ( )E [C/m ]χ ε ε ε ε= = − = −
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b) Polarization charge :

psρ−
psρ+

pVρ

2
1 2npS 1n 2na P P P P  [C/m ]ρ

→ → → = − − = − + 
 

Polarization surface charge density:

pV div Pρ
→

= −

Polarization volome charge density:
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c) Dielectric breakdown (strength):

When E in dielecric > Eds : dielectric becomes conducting !!! 

Ubrk: produces E =  Eds .

brk brk1 brk2 brknU min{U , U , ... ,U }=

If dielectric is not uniform: 
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Dielectric strength:
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For 0 < z < d, 

(a) 6 2
0 10 C mS z zρ −= =D a a

04ε ε=

21 C mµ−

21 C mµ

Example D4.3: 
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(b) ( )6
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Example D4.3: (Cont.) 
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