
Gabarito – Lista de Exercı́cios 7
Equações de Maxwell e
condições de contorno

Exercı́cios Sugeridos (25/05/2010) A numeração corresponde ao Livros Textos A e B.

B29.36 (a) JD = ε0
∂E
∂t

= ε0
∂

∂t

(
Q

ε0πR2

)
= iC/πR

2 = 55,7 A/m2

(b)
∂E

∂t
=

1
ε0
JD = 6,29×1012 Vm−1s−1

2πrB(r<R) = µ0JDπr
2 = µ0iC

r2

R2
⇒ B(r) =

µ0iC
2πR

r

R
(r ≤ R)

(c) r = 2,0 cm⇒ B = 7,0×10−7 T; (d) r = 1,0 cm⇒ B = 3,5×10−7 T.

B29.39 (a) E = ρJ ; J = I/A = 7,62×106 A/m2;E = 0,152 V/m; (b)
dE
dt

=
ρ

A

dI
dt

= 38,1 Vm−1s−1;

(c) JD ≈ ε0
dE
dt

= 3,37×10−10 A/m2; (d) JD/J = 4×10−17 ⇒ B(r) ≈ µ0I/2πr = 5,33×10−5 T.

NA3.1 a) ∇·F = ze2y
(
y + x2 + 2x2y

)
∇×F = e2y

[
x2(1 + y) x̂− xy ŷ − xz ẑ

]
b) ∇·G = yz2 (yz + 4xz + 9xy)

∇×G = 6xyz2(z − y) x̂+ 3y2z2(x− z) ŷ + 2yz3(y − x) ẑ

NA3.2 a) ρ(x,y,z) = ε0∇·E =
Q0

L7

[
(yz)2 + (xz)2 + (xy)2

]
b) Q =

∫
ρ(x,y,z)dv = 3× Q0

L7

∫ 2L

0
dx
∫ 2L

0
y2dy

∫ 2L

0
z2dz =

128
3
Q0.

NA3.3 Para um campo magnético ∇·B = 0 em todo o espaço, e ∇×B(r) = µ0J(r). Mas J(r) é a
densidade de corrente no ponto r. B pode ser gerado por correntes em outro lugar do espaço.

a) ∇·A = 0, µ0J(x,y,z) = ∇×A = A1

(
x2 + z2

)
ŷ.

b) ∇·B = B1y
2 −B2

x2

y2
6= 0.

c) ∇·C = C0

(
ex/y

y
+

ey/z

z
+

ez/x

x

)
6= 0.

d) ∇·D = 0, µ0J(x,y,z) = ∇×D = D1

(
y

x2
+

1
y

)
ẑ.

e) ∇·E = 2E0y 6= 0.

NA3.4 B(x,y,z) = µ0kρ θ̂, ds = adθ θ̂ →
∮

	
B · ds = µ0ka

2

∫ 2π

0
dθ = 2πµ0ka

2.

NA3.5 J = (E0/ρ) cosωt; Jd = ε0
∂E

∂t
= −ωε0E0 senωt→ AJ/AJd

= 1/ρωε0 = 9×1014.
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NA3.6 a) ε0
∂E
∂t

= J(z,t)→ E(z,t) = (J0/ε0ω) sen(ωt− kz) x̂.

b) ∇×E = −∂B
∂t
→ B(z,t) = (kJ0/ε0ω

2) sen(ωt− kz) ŷ.

c) ∇×B = µ0ε0
∂E
∂t
→ k2/ω2 = µ0ε0.

NA3.7 ∇×E = −∂B
∂t
→ B = (E0/kx0)ex/x0−kt ẑ

∇×B = µ0ε0
∂E
∂t
→ k2x2

0 = 1/µ0ε0.

NA3.8 a) ∇·B = 0, ∇×B = 0

b) ∇×E = −∂B
∂t
→ E(ρ,t) = −1

2
kB0ektρ ϕ̂

c) ∇×B = µ0

(
J + ε0

∂E
∂t

)
= 0→ J = 1

2ε0k
2B0ektρ ϕ̂

NA3.9 0 ≤ ρ ≤ a→ E(ρ,ϕ,z,t) = −1
2
βρ ϕ̂; ρ > a→ E(ρ,ϕ,z,t) = −1

2
βa2

ρ
ϕ̂

NA3.10

(∇×E)y =
∂Ex
∂z

= E0e−βz [−β sen(kz − ωt) + k cos(kz − ωt)] = −∂By
∂t

By = E0e−βz
[
β

ω
cos(kz − ωt) +

k

ω
sen(kz − ωt)

]
(∇×B)x = −∂By

∂z
= E0e−βz

[
β2 − k2

ω
cos(kz − ωt) +

2kβ
ω

sen(kz − ωt)
]

= µ0Jx + µ0ε0
∂Ex
∂t

= µ0Jx − µ0ε0ωE0e−βz cos(kz − ωt)

a) k2 − β2 = µ0ε0ω
2.

b) By = E0e−βz
[
β

ω
cos(kz − ωt) +

k

ω
sen(kz − ωt)

]
.

c) Jx =
2kβ
µ0ω

E0e−βz sen(kz − ωt).

NA3.11 (∇×E)ϕ =
1
r

∂

∂r
(rEθ) = −µ0

∂Hϕ

∂t
⇒ H(r,θ,ϕ,t) =

k

µ0ω

A sen θ
r

cos(ωt− kr) ϕ̂ =
k

µ0ω
r̂ ×E

(∇×H)θ = −1
r

∂

∂r
(rHϕ) = ε0

∂E0

∂t
⇒ k2

ω2
= µ0ε0 ⇒

µ0ω

k
=
√
µ0

ε0
= Z0.

NA4.1 (a) D1n = D2n ⇒
1
C

=
d1

ε1`2
+

d2

ε2`2
=

1
C1

+
1
C2

(b) E1t = E2t ⇒ C =
ε1``1
d

+
ε2``2
d

= C1 + C2

NA4.2 E1t = E2t ⇒ E =
q

2π(ε1 + ε2)
1
r2
r̂

NA4.3 E1t = E0t = −E0 senα x̂ D1n = D0n = ε0E0 cosα

E1 = E1t + E1n = E0t +
1
ε1

D0n E1 = −E0 senα x̂+ ε0
ε1
E0 cosα ẑ

D1 = −ε1E0 senα x̂+ ε0E0 cosα ẑ

B1n = B0n = 0 H1t = H0t =
E0

µ0c
ŷ
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