!'_ 2.5 Materials in Electrostatics
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* 2.5.1 Conductors and Semiconductors :

a) Introduction:

¢ 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 1 free electrons Electrons
cloud + bound
elecrons ﬂ
ucleus Current

*» 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 and holes ==)> Current
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*b) Current density and Elec.Field intensity:

** In conducting materials (conductor and semiconductor),
current density : more than current.

J — G.E (Ohm’s Law at a point)

o = conductivity (S/m)

U N, |€| conductors
- Uy, Nylel + 1, N,le semiconductors
u = Mobility

Ny, ., = Density of holes (%) or electrons (e)

b
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*c) Conductor in electrostatic field :

¢,) propertyl: py=0;ps#0.

Induced Surface charge

E applied =0 E applied # 0 / /

-E-/
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* <*Vidul: Vit dan trong trudng dién tinh

Goi p, 1a mat do dién tich khéi tu do tai t = 0 trong vat dan bac
(€ = gy; 0 = 6,17.107 S/m) , tim qui luét thay doi cua p, trong vat
dan khi dit né trong TP tinh tait =0 ?

Giai
NN . 2 0p, . o2 0p,
* T ptrinh lién tuc : divJ+—-=0 = div—D+-2L =0
ot g ot
Opy , O 2
= + =) =
or el Pr =P °

= C6 thé thay :
tait=1t=¢/6=143.10"s => p,6 =0,368.p,

tait =51 => p, =6,7.103.p,
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*c) Conductor in electrostatic field :

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

Induced field <> applied field

Er,—4—14?—+£[,
—t |+ --—|-
E, Ei E,
r§ : )

T L ' —p l
Efl u f Eﬁ
PLNE
— =
E, ¢ E1 L
E+bsErE, ; T 4B EFE,
E+E+E=ﬂ

b=
=

k=
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*c) Conductor in electrostatic field :

¢;) property 3: Conductor surface = equipotential surface.

c,) property 4: Electric field intensity at the surface is normal
to that sueface.

—> —> -
I--' —
E — pS an ds
‘90

EM-Ch2_5 8


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

* d) Man dién

<» Hoc rong bén trong vat dan : trudng dién trong hoc rong
s€ bing 0 : nguyén Iy man dién .

man dién
vat dan vatdan  hgc rong

<+ Man dién dugc ding dé chian nhi€u ctia trudng ngoai, hay
khong cho nhiéu tir thiét bi Anh huéng 1én moi trudng ngoai.

< Trong thuc t&€ man dién thuong 13 lwéi kim loai .
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Faraday:

Inner Field compensates Applied Field

Don’t Try This at Home!
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2.5.2 Dielectrics in

!'_ Electrostatics:
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* a) Polarization in dielectrics:

OO Idenenc

a) A dielectric in its normal b} A polarized dielectric

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

— —

P=yeE=D-¢E=(s-¢,)E [C/m’]
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* b) Polarization charge :

= Polarization surface charge density:

%

Pps =—an (PI—P2j =—P_+P, [C/m”]

= Polarization volome charge density:

Py =—divP

EM-Ch2_5 13



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

* ¢) Dielectric breakdown (strength):

* When E in dielecric > E , : dielectric becomes conducting !!!

— F ct

F ‘ — 4™ +

-~ 0 ©
k,

"= U, produces E= E, .

) = >
W, mndli ol

I

&
&
= If dielectric is not uniform: Ez
En
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* " Dielectric strength:

Approximate dielectric constant and dielectric strength of some materials

Dielectric material Dielectric constant Dielectric strengtl'J
(kV/m}
Air 1.0 3,000
Bakelite 4.5 21,000
Ebonite 2.6 60,000
Epoxy 4 35,000
Glass (Pyrex) 4.5 90,000
Gutta-percha 4 14,000
Mica 6 60,000
Mineral otl 2.5 20,000
Paraffin 2.2 29,000
Polystyrene 2.6 30,000
Paranol 5 20,000
Porcelain 5 11.000
Quartz (fused) 5 30,000
Rubber 2.5-3 25.000
Transformer oil 2-3 12,000
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* “*Example D4.3:
—1uC/m’

—

(

& =4g,

+ + + + + + +{

7

1 C/m’

For 0 <z<d,

(@) D= p,a =10°a C/m’

EM-Ch2_5

16


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

* ‘*Example D4.3: (Cont.)

) N / —lll,lC/IIl2
) E =2=L(1o—6ﬁz) : ’
& 4e, ; g T
& = 4g,
= 367[_9 x107°a,
4 %10 : :
o /T
= 90007 a, V/m Lt C

© P=D-¢ E
=10°a, —0.25x10°a.
=0.75x10°a_ C/m’
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