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4.1 Polarization

m In the most materials, charges are linked to atoms or molecules.
m  They are considered bound and only can move within the atom or molecule.

m  These restricted microscopic displacements give rise for the physical properties of
dielectric materials.

m  Electric fields can affect a charge distribution of a dielectric atom or molecule by
stretching and rotating them.
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4.1 Polarization

What happens to a neutral atom when it is placed in an electric field?
m  The nucleus is pushed 1n the direction of the field, and the electrons the opposite way.

m  The two opposing forces on nucleolus reach a balance, leaving the atom polarized.

-

m The atom acquires a tiny dipole moment p, which points in the same direction as E.

m  This induced dipole moment 1s approximately proportional to the field (as long as the
latter 1s not too strong)

5 = aF

« is called l\

Atomic Polarizabilities (a/41€y) in units of 1073%m °
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4.1 Polarization

Example: an ALOIMCONSISTS
cloud (=0Q) ot

4

unitormiychar:

m  As simple model, we will assume

m The electron cloud retains its spherical shape.

m  Equilibrium occurs when the nucleus is displaced a distance d from the center of the sphere and
pulling by the internal field produced by the electron cloud.

At equilibrium,
| d 1
B 03 p
4mey a 4mey a3

- p = 4neya’E
- a = 4mega® - a = 3e4v
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4.1 Polarization

m Using Gauss’s Law, the electric field due to the electron cloud is given

by
E — 1 Qenc
€ 4-7'[60 r2
zr’ o, r?
- / / e
Oenc = na3 a 4nr'édr =qgl|l—e “a 1+2a+2¥
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4.1 Polarization

m Similar to the previous example, the proton will be shifted a distance
d at equilibrium, and hence

_,d d . d?
2
1 q[l—e a(1+25+2 )]

a?
8= 5 —
€ 47TEO d2
For d << a
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4.1 Polarization

m  For example in Carbon dioxide , when the field is at some angle to the axis, it will have
it parallel and perpendicular components,

p=ok+ak,
in general, linear response theory gives

—

_ aE)
Px = OxxEx + axyEy + ayE,

Py = ayEy + ayE\ + ayE, a, E|
Pz = 0z Ex+ azyEy + a,,E,

Carbon Dioxide CO,

a is called
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4.1 Polarization

m  Polar molecules such as water have intrinsic dipole moment, hence when an external
field is applied, there will be a net torque on the molecule. It will be free to rotate and
swing around until it points in the direction of the applied field.

If the electric field is uniform

Water H,O

—

N=r XF_+7r_XF_= Equ +7><—qE = qdXE = pXE
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4.1 Polarization

If the electric field is not uniform
F, +F_=q(E, —E_) = qAE ~ qVE - d
=q(d-V)E
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4.1 Polarization

m [or a physical dipole,

—

2
d d R
U=zqu(?i)=qV(?+)—qV(?_)=qV(?+§)—qV(?—§)=q = j E-dl
n=1 —

—

m For an ideal dipole,d — 0

.d
T+7 N N
. = |/, d L d S o L =
U=1lmgq| — f E-dl |=—qE-|\T+Z7|—|r—=]||=—qE-d=—-p-E
d—0 2 2
. d
2
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4.1 Polarization

E= o= (xX +yy + 2Z) =
4T€E ) T2 4TT€ ) (a2 +y2 + zz)%
F=(p V)E

q —2x% + y% + z* —3xy —3xz q lﬁ 37(p - r)]
- Px 5~ Py 3~ Pz 3| = =~
41ey (x2 + yz_)+ Zz)z e x2 + y2 + z2)2 (% + y2 + 72)2 41teg 1
q [p 3r(p-7) q

—_— — = 3/\ g s — = 3,\ 0
4meg |13 rd 4megr3 p=37(p -7l 4megr3 [P =37 p cos 6]
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4.1 Polarization

When a piece of dielectric material 1s placed in an electric field, its constituent dipoles
tend to point along the direction of the field and the material become

This Polarization will change the electric strength 1n a dielectric medium which can be

quantified through the polarization vector (ﬁ)
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4.2 The Field of a Polarized Object

1 p7

For a single dipole, Vaip (r) =

4-7'[60 ’l’v2

For a collection of dipoles represented in the continuous limit by the polarization
vector, the potential generated by the microscopic dipoles is given by

V(r) = dt' - V(r) = fP‘F’ -V’(—)dr’
(") 47'[60[ 72 () 41€) () 7
()2
a a
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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@) = o p e dd j -
41e r 41e r
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4.2 The Field of a Polarized Object

Example. Eiatel inie eleciie fleld procuced py o uatiormyplakiiee
SPRCEE OIF FACIUSHRS
5 0
m=—TF=0 o yee=|3
op = P.7 Py cos 6 0

Outside the sphere the potential is identical to
that of a perfect dipole at the origin,

5 = RSP
= s
P=3
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