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Aulas passadas
Polarização: dipolo total por unidade de volume
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Cargas ligadas: Um corpo com uma polarização P(r)
é equivalente a 
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Cargas livres e cargas ligadas:

Deslocamento elétrico:
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Leis da eletrostática em meios materiais:
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Condições de contorno na presença de dielétricos:
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Energia eletrostática na presença 
de dielétricos







Energia de um capacitor de placas 
paralelas com dielétrico

190 Chapter 4 Electric Fields in Matter

Example 4.6. A parallel-plate capacitor (Fig. 4.23) is filled with insulating
material of dielectric constant εr . What effect does this have on its capacitance?

Solution
Since the field is confined to the space between the plates, the dielectric will
reduce E, and hence also the potential difference V , by a factor 1/εr . Accordingly,
the capacitance C = Q/V is increased by a factor of the dielectric constant,

C = εr Cvac. (4.37)

This is, in fact, a common way to beef up a capacitor.

Dielectric

FIGURE 4.23

A crystal is generally easier to polarize in some directions than in others,12 and
in this case Eq. 4.30 is replaced by the general linear relation

Px = ε0(χexx Ex + χexy Ey + χexz Ez)

Py = ε0(χeyx Ex + χeyy Ey + χeyz Ez)

Pz = ε0(χezx Ex + χezy Ey + χezz Ez)





, (4.38)

just as Eq. 4.1 was superseded by Eq. 4.3 for asymmetrical molecules. The nine
coefficients, χexx , χexy , . . . , constitute the susceptibility tensor.

Problem 4.18 The space between the plates of a parallel-plate capacitor (Fig. 4.24)
is filled with two slabs of linear dielectric material. Each slab has thickness a, so
the total distance between the plates is 2a. Slab 1 has a dielectric constant of 2, and
slab 2 has a dielectric constant of 1.5. The free charge density on the top plate is σ

and on the bottom plate −σ .

12A medium is said to be isotropic if its properties (such as susceptibility) are the same in all
directions. Thus Eq. 4.30 is the special case of Eq. 4.38 that holds for isotropic media. Physicists tend
to be sloppy with their language, and unless otherwise indicated the term “linear dielectric” implies
“isotropic linear dielectric,” and suggests “homogeneous isotropic linear dielectric.” But technically,
“linear” just means that at any given point, and for E in a given direction, the components of P are
proportional to E—the proportionality factor could vary with position and/or direction.



Forças em dielétricos devido a 
cargas externas

F
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system—it depends, of course, on the amount of overlap. If I pull the dielectric
out an infinitesimal distance dx, the energy is changed by an amount equal to the
work done:

dW = Fme dx, (4.59)

where Fme is the force I must exert, to counteract the electrical force F on the
dielectric: Fme = −F . Thus the electrical force on the slab is

F = −dW
dx

. (4.60)

Now, the energy stored in the capacitor is

W = 1
2 CV 2, (4.61)

and the capacitance in this case is

C = ε0w

d
(εr l − χex), (4.62)

where l is the length of the plates (Fig. 4.30). Let’s assume that the total charge
on the plates (Q = CV ) is held constant, as the dielectric moves. In terms of Q,

W = 1
2

Q2

C
, (4.63)

Força sobre uma placa dielétrica 
dentro de um capacitor
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Problema 4.28
Altura de uma coluna de óleo (!) dentro de 
um capacitor coaxial carregado.
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More Problems on Chapter 4

Problem 4.29

(a) For the configuration in Prob. 4.5, calculate the force on p2 due to p1, and the
force on p1 due to p2. Are the answers consistent with Newton’s third law?

(b) Find the total torque on p2 with respect to the center of p1, and compare it with
the torque on p1 about that same point. [Hint: combine your answer to (a) with
the result of Prob. 4.5.]

Problem 4.30 An electric dipole p, pointing in the y direction, is placed midway
between two large conducting plates, as shown in Fig. 4.33. Each plate makes a
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