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4.2 The Field of a Polarized Object

o) = 4 — p If the polarization is nonuniform, we get
A accumulations of bound charge within
q the material.
op = =Pcos@ =P-n
Aend
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4.2 The Field of a Polarized Object
V() = 47T1EO j o <ﬁ(j’)) ~ (V' .i(F’)> o

1 (B@) . 1 vV PG\
V) = §£ .dd’ + j _
41e r 41e r
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4.2 The Field of a Polarized Object

Example: Eiterel thie dleciiie flald produce

cabyFRnitormiyspolatized

SPRCHE O LAAIUSERENECY ss_:erT)

S—

Let us consider a positive and negative

uniformly charged spheres with small center
mismatch d

Recall, inside a uniformly charged sphere,

- 4neoﬁr B 3_60r B Er
Hence, in the region of overlap between the two
sphetes, _ o . ) p
E=E,+E_ 3—60(r+—r_)=—3—60d
1 Qd 1 p P
B 41y R3 B  4mey R3 B 3¢
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4.2 The Field of a Polarized Object

ifovensinpolatization (7)) =

We have a spherically symmetric system so we can use Gauss’s Law

E.’ — Qenc i
For t<R, Amrey T2
T Tr T A
2 = = . ;= krt
Qonc = | ppdnr“dr = —4mw | V- Predr = —4m | 3kr“dr = —4mkr —>E:—E—:
0 0 0 0
For r>R, R R
Qenc = ]pb Atr?dr + 4mR%0y, = —47'[J V- Pr2dr + 47R?P(RF) - f
0 0
R
= —47Tf 3kr?dr + 4wR?(kR7) - # = —4mkR3 + 4nkR> = 0 >
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4.3 The Electric Displacement

If any free charge exists within a dielectric, the total charge density can be written as

—

—_ o
p=pr+pp, >€V-E=pr—=V-P
We usually know the free energy charge density, Electric Displacement Vector

60§)§+§ (60E+P)_

If symmetry is present, we can calculate D by the integral form of Gauss's law,

P »x —-\ v N 1
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4.2 The Field of a Polarized Object

For s < a,

. . 2
jD +dd = D2nsL = Qy,,,, = AL > D) =53

E = —(D — P) Gaussian surface
é
Inside the rubber the electric field cannot be determined, since we do not know P

For s > a,

e dPN A —>__ _—>_i —>_ . /1 A
D(S) =58 &E = O(D—P)—E—EO(D 0)_—2n6055
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4.2 The Field of a Polarized Object

We have a spherically symmetric system so we use Gauss’s law

5’ — Qfenc L
A 1?2
But no free charges anywhere, so always @y =0
D=0

Forr<a,§:l(5_ﬁ)=l(6_6)=o
€o €o

- 1 o o 1 /-5 s k7
Forb>r > a, E=—(D—P)=—(0—k—)=__
€o €o

1 — —

Forr > b, Ezi(ﬁ—ﬁ)=—(0—0)=o
€o €o

2, L4 VA~
(v./, /-./
L)
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4.3 The Electric Displacement

e Ps is similar to V-E = p/€o

“to solve problems involving dielectrics, you just forget all about the bound charge,

calculate the field as you ordinarily would using Coulomb law, only call the answer

1 ,Of
Am

instead of  ”

D(#) = —7dTt

This is because

VXD = Vx(egE + P) = VXP # 0

2% Areay v 7 !
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4.3 The Electric Displacement
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1 —
Dabove Dbelow — O-f

The normal component of Dis
discontinuous

Eabove Elg_elow =1
/€ (O‘f + O'b)

Dﬁlbove Dbelow T
P above Pbelow
Eabove Ebelow =0
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4.4 Linear Dielectrics

For linear dielectrics, if the electric field is weak, PxE

D o Material Dielectric Const
—_ ateria ielectric Constant

P T EOXBE Vacuum ” ] '

Helium 1.000065

Neon 1.00013

Hydrogen 1.00025

*The electric field is the total field from free charges and Argon 1.00052

Electric susceptibility

Air (dry) 1.00054
Nitrogen 1.00055
Water vapor (100° C)  1.00587
(EOE + P) (EO + EOXGE) Diamond 5.7
Salt 59

= 60(1 a5 )(e)E S Silicon 11.8

the polarization itself.

Relative permittivity or dielectric constant

< Permittivity

—
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4.4 Linear Dielectrics

FOl'r<a, E:ﬁ:ﬁ:

Forb>r > a,
L1 0f L 1.
D=——FE=—D=—="&P

TT 3
Forr > b,
L 10F - 1.

AT 12 €o

o b

V(O):-jE-dz:—j

V(O)—Q(1+1 1)
 4m\egh  e€a eb
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