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Questão 1:
Um laço metálico quadrado com lado de comprimento a e resistência R
se move da posição mostrada na figura abaixo com velocidade constante
v = vx̂ na presença de um campo magnético uniforme B = Bẑ confinado
à região mostrada na figura.
a) Calcule a corrente induzida no loop nos intervalos relevantes do eixoX .
b) Faça um gráfico de I como função de X.
Suponha positivo o sentido horário no laço e que sua auto-indutância seja
desprezı́vel.
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Solved Problems

Problems A

8.1 A square loop with a side of length a and resistance R moves, from the position
shown in Fig. 8.13, at a constant velocity v = v ux in the presence of a uniform
magnetic field B = B uz, confined to the region shown in the figure. Find the
induced current intensity in the square loop. Assume that self-inductance is
negligible.

Solution

Electromotive force is induced by motion of the square loop in the magnetic field.
The e.m.f. can be calculated by applying the “flux rule,” (8.12), or the expression
for motional e.m.f., (8.11). As an illustrative example, both procedures are used in
calculating the e.m.f. in the square loop following the path 1–2–3–4–1 (see Fig. 8.14).

The following cases are studied:

• (a) For 0 < x < a, at an instant t on the interval 0 < t < a/v (Fig. 8.14a).
Magnetic field lines do not pass through the square loop. Then, the e.m.f. is zero
as is the current intensity.

• (b) For a < x < 2a, a/v < t < 2a/v (Fig. 8.14b).
The motional e.m.f. calculated in the sides labelled 2–3 and 4–1 is zero since v is
parallel to dl. In the side labelled 1–2, the e.m.f. is also zero because B = 0. Then,
the e.m.f. in the loop is given by

E =
∮

1−2−3−4−1
(v × B) · dl =

∮

3−4
(v × B) · dl =

∫ 4

3
[(v, 0, 0) × (0, 0,B)] · dl

=
∫ 4

3
(0,−vB, 0) · (0, dy, 0) =

∫ y1

y1+a
−vBdy = vBa.

Fig. 8.13 The square loop
begins to move with a
constant velocity parallel to
OX-axis

Questão 2:
Uma voltagem que varia no tempo é aplicada a um capacitor de placas
paralelas circular. Encontre a densidade de corrente de deslocamento e o
campo elétrico como função do tempo que produzem um campo magnético
dado por

B =
ωV0 cos(ωt)s

2dc2
ϕ̂

onde s é a distância radial ao centro do capacitor, ω é a frequência de
oscilação da voltagem e d a distância entre as placas.
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Questão 3:
Um condutor retilı́neo longo disposto no eixo Z tem seção circular de raio
a e é percorrido por uma corrente contı́nua de densidade não uniforme
J = J0sẑ, sendo J0 constante e s a coordenada radial. A condutividade do
material também é não uniforme e dada por σ = σ0s.
a) Calcule os campos E e B em todo o espaço.
b) Calcule o fluxo do vetor de Poynting através da superfı́cie cilı́ndrica
fechada, de comprimento L, que limita um segmento do condutor.
c) Compare o resultado de b) com a potência dissipada por efeito Joule no
referido segmento do condutor.

Questão 4:
No guia de ondas retangular mostrado na figura as paredes são condutores
perfeitos. Calcule as ondas TM (Bz = 0).
a) Suponha Ez = X(x)Y (y) e resolva a equação[

∂2

∂x2
+

∂2

∂y2
+ (ω/c)2 − k2

]
Ez = 0

com as condições de contorno (i) E‖ = 0 e (ii) B⊥ = 0.
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9.5.2 TE Waves in a Rectangular Wave Guide

Suppose we have a wave guide of rectangular shape (Fig. 9.24), with height a
and width b, and we are interested in the propagation of TE waves. The problem
is to solve Eq. 9.181ii, subject to the boundary condition 9.175ii. We’ll do it by
separation of variables. Let

Bz(x, y) = X (x)Y (y),

so that

Y
d2 X
dx2

+ X
d2Y
dy2

+
[
(ω/c)2 − k2] XY = 0.

Divide by XY , and note that the x- and y-dependent terms must be constants:

(i)
1
X

d2 X
dx2

= −k2
x , (ii)

1
Y

d2Y
dy2

= −k2
y, (9.182)

with

−k2
x − k2

y + (ω/c)2 − k2 = 0. (9.183)

The general solution to Eq. 9.182i is

X (x) = A sin (kx x) + B cos (kx x).

But the boundary conditions require that Bx —and hence also (Eq. 9.180iii)
d X/dx—vanishes at x = 0 and x = a. So A = 0, and

kx = mπ/a, (m = 0, 1, 2, . . . ). (9.184)

The same goes for Y , with

ky = nπ/b, (n = 0, 1, 2, . . . ), (9.185)
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FIGURE 9.24b) Calcule o número de onda k e a frequência de corte ωmn.
c) Calcule a frequência de corte do modo TM mais baixo.
d) Dadas as expressões a seguir, calcule todas as componentes dos campos
transversais:

(i) Ex =
i

(ω/c)2 − k2
(
k
∂Ez

∂x
+ ω

∂Bz

∂y

)
(ii) Ey =

i

(ω/c)2 − k2
(
k
∂Ez

∂y
− ω∂Bz

∂x

)
(iii) Bx =

i

(ω/c)2 − k2
(
k
∂Bz

∂x
− ω

c2
∂Ez

∂y

)
(iv) By =

i

(ω/c)2 − k2
(
k
∂Bz

∂y
+
ω

c2
∂Ez

∂x

)
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