
Aula 6

F 502 – Eletromagnetismo I
2º semestre de 2020

06/10/2020

 



Aulas passadas

r · v =
@vx
@x

+
@vy
@y

+
@vz
@z

r · v = 0

r · v 6= 0

r⇥ v =

✓
@vz
@y

� @vy
@z

◆
x̂+

✓
@vx
@z

� @vz
@x

◆
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Lei de Coulomb
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Campo elétrico de uma 
distribuição discreta de cargas



Aulas passadas
Distribuições contínuas de cargas
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2.1 The Electric Field 63
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2.1.4 Continuous Charge Distributions

Our definition of the electric field (Eq. 2.4) assumes that the source of the field
is a collection of discrete point charges qi . If, instead, the charge is distributed
continuously over some region, the sum becomes an integral (Fig. 2.5a):

E(r) = 1
4πε0

∫
1
r2 r̂ dq. (2.5)

If the charge is spread out along a line (Fig. 2.5b), with charge-per-unit-length
λ, then dq = λ dl ′ (where dl ′ is an element of length along the line); if the
charge is smeared out over a surface (Fig. 2.5c), with charge-per-unit-area σ , then
dq = σ da′ (where da′ is an element of area on the surface); and if the charge fills
a volume (Fig. 2.5d), with charge-per-unit-volume ρ, then dq = ρ dτ ′ (where dτ ′

is an element of volume):

dq → λ dl ′ ∼ σ da′ ∼ ρ dτ ′.

Thus the electric field of a line charge is

E(r) = 1
4πε0

∫
λ(r′)

r2 r̂ dl ′; (2.6)

for a surface charge,

E(r) = 1
4πε0

∫
σ (r′)

r2 r̂ da′; (2.7)

and for a volume charge,

E(r) = 1
4πε0

∫
ρ(r′)

r2 r̂ dτ ′. (2.8)
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Potencial elétrico
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Independente do caminho
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Potencial elétrico de uma carga pontual
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Potencial elétrico de distribuições 
contínuas de carga
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Relações entre o potencial e o campo elétricos
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Pergunta da aula passada

Campo/potencial de uma casca esférica for a 
dela é o mesmo que seria obtido se toda sua 
carga fosse concentrada no centro da casca.

E o aro/disco?



Outra prova de que a diferença de 
potencial elétrico independe do caminho







O campo e o potencial elétricos

Relações entre o potencial e o campo elétricos
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O rotacional do campo elétrico
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Fluxo elétrico: carga fora da região





Fluxo elétrico: carga fora da região



Fluxo elétrico: carga fora da região



Fluxo elétrico: carga dentro da região



Fluxo elétrico: carga dentro da região



Teorema de Gauss para superfícies 
com buracos

1. Quebre a superfície em duas
2. Cada parte é uma superfície fechada e o teorema 

se aplica independentemente a cada uma delas.
3. A integral de superfície sobre a “emenda” de 

uma cancela exatamentea a integral sobre a 
“emanda” da outra. Ao final, a soma das duas 
contribuições se cancela e só resta as integrais 
sobre a superfície interna e a externa.

4. Note que a parte amarela agora é “externa” à 
superfície.



A lei de Gauss



A lei de Gauss: derivação alternativa

F1 =
q1q2
4⇡"0

r1 � r2

|r1 � r2|3
= �F2

1
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qi
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Tomar diretamente o divergente da expressão geral:

Ver discussão no livro (Seção 2.2.2)



Problema 2.15 (modificado)
Campo elétrico de uma casca esférica 
uniformemente carregada de raio 
interno a e raio externo b
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Problem 2.11 Use Gauss’s law to find the electric field inside and outside a spherical
shell of radius R that carries a uniform surface charge density σ . Compare your
answer to Prob. 2.7.

Problem 2.12 Use Gauss’s law to find the electric field inside a uniformly charged
solid sphere (charge density ρ). Compare your answer to Prob. 2.8.

Problem 2.13 Find the electric field a distance s from an infinitely long straight
wire that carries a uniform line charge λ. Compare Eq. 2.9.

Problem 2.14 Find the electric field inside a sphere that carries a charge density pro-
portional to the distance from the origin, ρ = kr , for some constant k. [Hint: This
charge density is not uniform, and you must integrate to get the enclosed charge.]

Problem 2.15 A thick spherical shell carries charge density

ρ = k
r 2

(a ≤ r ≤ b)

(Fig. 2.25). Find the electric field in the three regions: (i) r < a, (ii) a < r < b, (iii)
r > b. Plot |E| as a function of r , for the case b = 2a.

Problem 2.16 A long coaxial cable (Fig. 2.26) carries a uniform volume charge
density ρ on the inner cylinder (radius a), and a uniform surface charge density on
the outer cylindrical shell (radius b). This surface charge is negative and is of just
the right magnitude that the cable as a whole is electrically neutral. Find the electric
field in each of the three regions: (i) inside the inner cylinder (s < a), (ii) between
the cylinders (a < s < b), (iii) outside the cable (s > b). Plot |E| as a function of s.

a

b

FIGURE 2.25

a
b

+

−

FIGURE 2.26

Problem 2.17 An infinite plane slab, of thickness 2d , carries a uniform volume
charge density ρ (Fig. 2.27). Find the electric field, as a function of y, where y = 0
at the center. Plot E versus y, calling E positive when it points in the +y direction
and negative when it points in the −y direction.

Problem 2.18 Two spheres, each of radius R and carrying uniform volume•
charge densities +ρ and −ρ, respectively, are placed so that they partially overlap
(Fig. 2.28). Call the vector from the positive center to the negative center d. Show
that the field in the region of overlap is constant, and find its value. [Hint: Use the
answer to Prob. 2.12.]





As equações fundamentais da eletrostática

r ·E =
⇢

"0
r⇥E = 0
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