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Problems

5.1.1. In o source-free region, we find that B = zu,
o, Does E vary with time?

512, A perfect conductor joins two ends of o 116 £}
resistor, and the closed loop 15 i regon of unilorm
magnetic Mus density B = 10" T,
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Neglecting the self=inductance of the loap. find and
plot the voltage Vir) that appears across the () £)
resistor. A device bused on this primciple 1s used to
monitor thine-varving mognetic fields in expen-
ments and in biolpewcal studies

5.1.3. A closed loop (Av = 30 cm X Ay = 20 cm) of
wire passes through a nonuniform time-indepen-
dent magneue beld B = yu, T wilth o constant ve-
locity v, = 5w, m/fs. At 5 = [, the loop’s lower lefi
comer 1s locied at the orgin. Find an expression for
the voltage V. generaled by the loop as o function of
lime. You mav neglect the magnenc feld created by
the current n the loop.
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5.14. Repeat Problem 5.1.3 wnh the magnenc flux
density being uniform in space B = U lu, T. Explan
vour result

5.1.5. Find the generated voltage if the axle moves
a4 constant velocity ¥ = vu, = M, mfs in b umitorm
mugnetic fickl of B = S, = 3u, T. At = O, the axle
wisal x = 0. L = 4 em.
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.16, Repeal Problem 5.1.5 with the constraint that
the rails separme with # = ¥, + Y. The wheels are
tree 1o shide on the “trombone-like™ axle so they e
main on the calls (£, = 04 m, J, = 04 m)
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5.1.7. A wthered satellite = 1w be connected w the
shuttle 10 generate clectricity as i1 passes through the
ambient plasma. A plasma consists of a large number
of positive charpes and negative charges. Assuming
that the shuttle takes two hours (0 2o around the Earth,
find the expected voltage difference AV between the
tether und the shunle. The shuttle Dies approximately
400 km above the earth where 3 = 1077 T.

T

I
I

20 Hml I




3.8 Problems

5.1.8. A conducting axle oscillates over two conducl-
ing parallel rails in a uniform magnetic field B = B,
(#y; =4 Tk The position of the axle s given by
= (A2 |1 = cosen]| (Ar = 02 m.w = 3K 37,
Find and plot the curment K7 if the resistance is & = 101}
and the distance between the rails 15 Av = 0.1 m.
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51.9. Repeat Problem 5.1.8 with the magnetic el
also varying in time as B = Bcos w, with 8, and @
naving the same vilues.

A

110 Calcutate the voltage thit is induced between
e two modes s the conl with dimensions 0.5 m X (0.5
rolates 10 o unifonm inagnetic ield with a flux density
B = 2T with a constant imgular frequency w = 12005 ',
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SLIL A square loop is adjacent o an infinite wire
thiat carmies 4 current [, The loop moves with o velocity
¥ = v, The center of the loop is at p, and the initial
position is p = f, Determine the induced voltage VD
m the loop assuming dimensions a = 2h
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5.1.12, The | m Jong wire shown in the ligure rotaes
with an angular frequency w = 407" in the gnelic
lickl B = 03cosdug T. Find the cumment in the closed
loop with a resistance 100 (),

F= Ii_:n]

f=1In

e
5.1). The curremt density is J = sinl m m, - Find

the time rate of increase of the charge density dp for
aprx = I

J5.3.2- The cument density is J = ¢ " 'u_ in ey hndn-

. : s gl ;
cill coordinmes, Find the time vate of meneise of the

harpe densitv at p = 1,

.31 Compare the magnitudes of the conduction wnd
dumlm'e:n:m current densities in et (ar = 3.8 - I{II‘
M, & = &), sca waler (r = 4 8/m, £ = Bl &) and
carth (o = 107" S/, & = 10 e, at 60 Ha, | MU, and
at | Gz,

¥ 532, Given the conduction curént density in a

lossy  dielectric as 2 = 02527101 A/m™.
fimd the displacement current density if «r= 107 S/m
and £ = H.3.

S0, Show that the lickls B = 8,coswru, and
E = E coqmtu, do not satisty Maxwell's egquitions in
wr & == 1. Show thit the fiekds B = B cosier — ky)u,
ad F = Egcosionr — kyju, satisfy these  equations.
What 1= the value of & in terms of the other stated
purameters”

54.2. Given

E = Ejeonianr  &yvju,

. 5y .
amd H \z, Jcoslon kviu,

il

m a vaguum, find Z; in terms of &, and @, 0 Maxwell's
eopuEtions are satished
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540, Do the helds

and H = (%]mnxmnm‘
1

E = Ejcosxcosru,

satistyv Muxwell's equations?

5.44. Find a charge densaty p, that could produce an
elevtre field in u vacuum E = E cosxcosiu,,

5.4.5. Find the displacement current density Howing
through the dielectrie of b coaxinl cable of radn a and
b where b > a if & vollage Vicos wr is connected be-
tween the two conducting cylinders.

5.4.6. Fimld the displacement cumrent density flowing
through the diclectnic of two concentnc spheres of -
dii ot and b where b = @ i o voltage Veos ey 1s con-
nected between the two conducting spheres.

£4.7. Swrting Mo Maxwell’s equations, derive the
equation of continuty.

5.4.8. Write all of the terms that oppedsr in Maxwell's
euations in Cartesian coordinates,

5L I E=F cos{awt ~ Szm, 5 a solution (o
Maxwell's eguations, find H. Find S, -

552 W H= Hycos(ar - F2iu, is u solution o
Maxwell's equubons, lind E, Fand S, , .

553, Compute the swored electric energy that is
stored in a cube whose volume is | m' in which:a uni-
form electric field of 1P V/m exists, Compute the
stored energies i the cube s empty and if it is filled
with water that has £ = 8l &,

5.6.0. Write E = [203cos(3 X 101 — 10z ju, aml
H=lcos(3% 10t — 10z hny in phisor notation.
5.6.2. Write the phasors E = e Fu, and H=
047 .r_“”"'u? in the time domain. The fre-
quency of oscillation ise. Find the aversge Povating
vector 8, .

5.6.3 Atafrequency of = 1 MHz, venfy that copper
(r = 5.8 % 107 8/m, £ = 11 isa good conductor, and
guuntz er = 1077 Shm, &, = 40 is o good insulator.

5.64. Find the frequency where (uanz becomes a
conductor.

5.6.58. Find the freguency where copper becoimnes an
insulator.




