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Chapter 6

Sections 6-1 to 6-6: Faraday’s Law and its Applications

Problem 6.1 The switch in the bottom loop of Fig. 6-17 (P6.1) is closed at 7 = 0
and then opened at a later time 7. What is the direction of the current [ in the top
Toop (clockwise or counterclockwise) at each of these two times?
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Figure P6.1: Loops of Problem 6.1.

Solution: The magnetic coupling will be strongest at the point where the wires of
the two loops come closest. When the switch is closed the current in the bottom loop
will start to flow clockwise, which is from left to right in the top portion of the bottom
loop. To oppose this change, 2 current will momentarily flow in the bottom of the
top loop from right to left. Thus the current in the top loop is momentarily clockwise
when the switch is closed. Similarly, when the switch is opened, the current in the
top loop is momentarily counterclockwise.

Problem 6.2 The loop in Fig. 6-18 (P6.2) is in the x—y plane and B = ZBosinwrt
with Bo positive. What is the direction of / (§ or —§) at (a) r = 0, (b) wr = m/4, and
(c) @r = 1/27?

Solution: 7 = Vems/R. Since the single-turn loop is not moving or changing shape
with time, V2. =0V and Vemr = VZ .. Therefore, from Eq. (6.8),

i BN
R Jsot

Tf we take the surface normal to be +2, then the right hand rule gives positive
flowing current to be in the +¢ direction.

I'=Vem/R=

0
cosar (A),

ML R ERE SO
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Figure P6.2: Loop of Problem 6.2.

where A is the area of the loop.

(a2) A, mandRa.teposmvequantmes Atr =0, cos@wt = 1 so ] < O and the
current is flowing in the —¢ direction (so as to produce an induced magnetic field
that opposes B).

(b) At or = n/4, coswt = v/2/2 so I < 0 and the current is still flowing in the —¢
direction.

(c) Atwr = 7t/2, coswt = 0 so /= 0. There is no current fiowing in either direction.

Problem 6.3 A coil consists of 100 tums of wire wrapped around a square frame
of sides 0.25 m. The coil is centered at the origin with each of its sides parallel to
the x- or y-axis. Find the induced emf across the open-circuited ends of the coil if the
magnetic field is given by

(@) B=210e% (T),

(b} B=%10cosx cos 10°%: (D),

(e) B =%10cosx sin2y cos 103 (T).

Solution: Since the coil is not moving or changing shape, Vig, = 0V and
Vems = Ve From Eqg. (6.6),

0.125 (0.125
Vi -N-—jB ol f f B-(2dxdy),
dr J_o.125J-0.125
where N = 100 and the surfece normal was chosen to be in the +£ direction.
(@) For B = 210¢~% (T),

d
Vs = —100-&;(10{2‘(0.25)2) =125¢"% (V).
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(b) For B = 210cosxcos 101 (T),

a2 0.125 0.125
Vems = —100— (10(:05 1031'[ f cosxdxdy) =623sin10%  (kV).
dr x==0.125 Jy=—0.125

(e) For B = 210 cosxsin2ycos 10% (T),

d 0.125 0.125
Vems = —100— (lﬂcos IOBIf [ cosxsinZydxdy) =0.
dt x=—=0.125 Jy=—0.125

Problem 6.4 A stationary conducting loop with internal resistance of 0.5 Q is
placed in a time-varying magnetic field. When the loop is closed, a current of 2.5 A
flows through it. What will the current be if the loop is opened to create a small gap
and a 2-£2 resistor is connected across its open ends?

Solution: Ve is independent of the resistance which is in the loop. Therefore, when
the loop is intact and the internal resistance is only 0.5 Q,

Vemf=25A%x05Q=125V.

When the small gap is created, the total resistance in the loop is infinite and the
current flow is zero. With a 2-Q resistor in the gap,

] = Veg/(2Q+0.5 Q)= 1.25V/25Q =05 (A).

Problem 6.5 A circular-loop TV antenna with 0.01 m? area is in the presence of a
uniform-amplitude 300-MHz signal. When oriented for maximurm response, the loop

develops an emf with a peak value of 20 (mV). What is the peak magnitude of B of
the incident wave?

Solution: TV loop antennas have ope turn. At maximum orientation, Eq. (6.5)
evaluates to @ = [B-ds = £BA for a loop of area A and a uniform magnetic field
with magpitade B = |B|. Since we know the frequency of the field is f = 300 MHz,
we can express B as B = Bycos(ar -+ o) with @ = 21 x 300 x 10° rad/s and ¢ an
arbitrary reference phase. From Eq. (6.6), :

d® d .
Vems = -*N--; = —AE[BOCOS(COI + o)) = ABpwsin(wr + tp).

d

Vems is maximum when sin(wr + o) = 1. Hence,

20x 1072 = AByw = 1072 x By X 67 x 108,
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which yields By = 1.06 (nA/m).

Problem 6.6 The sguare loop shown in Fig. 6-19 ($6.6) is coplanar with 2 long,
straight wire carrying a current

i(1) = 2.5cos2n x 10*t  (A).

(2) Determine the emf induced across a small gap created in the loop.

(b) Determine the direction and magnitude of the current that would flow through
a 4-Q resistor connected across the gap. The loop has an internal resistance of

1 Q.
8 f=— 10cm —=]
10 | 1
10cm
Scm JL
=Y
oo
Figure P6.6: Loop coplanar with long wire (Problem 6.6).
Solution:
(a) The magnetic field due to the wire is
ol ol
Be® o™ "2

where in the plane of the loop, ¢ = —% and r = y. The flux passing throngh the loop
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is

15 cm I
@:[B-d :f (:ﬁ‘L)-—iwc d
i 5 i szy [ (cm)] dy

om
_wpIx107! 15
T 2n 5
_ 4nx 1077 x 2.5¢cos(2m x 10%7) x 10~
N 2n
=0.55% 10~ cos(2m x 10%) (Wb).

Veme = —i—? =0.55 x 21 x 10*sin(2w x 10%) x 1077

x1.1

=3.45x 10 3sin(2n x 10%) (V).
(i)

1% . -3
= 4?:‘; = >4 z 10 sin(2n x 10%) = 0.69sin(2% x 10%) (mA).

find

At r = 0, B is 2 maximum, it points in —X-direction, and since it varies as
cos(2x x 10%), it is decreasing. Hence, the induced current has to be CCW when
looking down on the loop, as shown in the figure.

Problem 6.7 The rectangular conducting loop shown in Fig. 6-20 (P6.7) rotates at
6,000 revolutions per minute in a uniform magnetic flux density given by

B=950 (mT).

Determine the current induced in the loop if its internal resistance is 0.5 Q.
Solution:

D= fB-dS =§50%x 1073 -§(2x 3 x 10™%) cosd(z) = 3 x 1077 cosd(z),
s

e(2)=wr = %;1033 = 200m (radfs),
@ =3 x 107> cos(200m) (Wb),
Vems = —%;E = 3 x 10~ x 200w sin(200m ) = 18.85 x 107 >sin(200m) (V),
Log = Yemt _ 377 sin(200mz)  (mA).
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Figure P6.7: Rotating loop in 2 magnetic field (Problem 6.7).

X

The direciion of the current is CW (if looking at it along —%-direction) when the loop
is in the first quadrant (0 < ¢ < ©t/2). The current reverses direction in the second
quadrant, and reverses again every quadrant.

Problem 6.8 A rectangular conducting loop 5 cm X 10 cm with a small air gap in
one of its sides is spinning at 7200 revolutions per minute. If the field B is normal to
the loop axis and its magnitudejs 5 X 10~° T, what is the peak voltage induced across
the air gap?
Solution:
27 rad/cycle X 7200 cycles/min
0= -
60 s/min
A =5 cm x 10 cm/(100 cm/m)* = 5.0 x 1073 m?.

= 240w rad/s,

From Eqs. (6.36) or (6.38), Vet = AWBp SINGY; it can be seen that the peak voltage is
VPSR = A@By = 5.0x 107 x 240mx 5 x 1070 = 18.85  (uV).

Problem 6.9 A 50-cm-long metal rod rotates about the z-axis at 180 revolutions per

minute, with end 1 fixed at the origin as shown in Fig. 6-21 (P6.9). Determine the
inducedemf Vi2 fB=23x107*T.

Solution: Since B is constant, Ve = V. The velocity u for any point on the bar
is given by u = ¢rw, where

_ 2= rad/cycle x (180 cycles/min)

o= (60 s/min) = 67 rad/s.




CHAPTER 6 225

Figure P6.9: Rotating rod of Problem 6.9.

From Eq. (6.24),

1 0
vlzzvgg,f:fz (uxB)-dﬁ:f,_os(ﬁyﬁatrxi?’xw“‘)-f'dr
0

= 18nx10‘4[ rdr
r=05
0
= om X 10"4r21
0.5 4
= —9nx 1074 % 0.25=-707 (uV). .
Problem 6.10 The loop shown in Fig. 6-22 (P6.10) moves away from a wire §

carrying a current /; = 10 (A) at 2 constant velocity u = §5 (m/s). HFR=108 and
the direction of b is as defined in the figure, find &> as a function of yp, the distance
between the wire and the loop. Ignore the internal resistance of the loop.

Selution: Assume that the wire carrying current / is in the same plane as the loop.
The two identical resistors are in series, 50 [ = Veme/2R, where the induced voltage
is due to motion of the loop and is given by Eq. (6.26):

g B

e |

The magnetic field B is created by the wire carrying /;. Choosing Z to coincide with
the direction of f;, Eq. (5.30) gives the external magnetic field of 2 long wire to be

_ gl
B_¢21tr'

9
]
E
1
i@
.
¥

A
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Figure P6.10: Moving loop of Problem 6.10.

For positive values of yo in the y-z plane, § = T, so

~ Holy
¢ 27 Dr

Il
S

uxB = §lu| X B = flu| x

Integrating around the four sides of the loop with dl = Zdz and the Iimits of
integration chosen in accordance with the assumed direction of I», and recognizing
that only the two sides without the resistors contribute to V., we have

0.2 I 0 I
vg;,fzf (ﬁ““ ’“) -(zdz)+J[ (ﬁm ”‘) -(2dz)
0 287 ] | reyo 0.2 207 /| =yps0.1
__4rzx10‘7><10><5><0.2(1 1 )
N 2% yo Yo+0.1
1 1
=2x10_6(——————) !
Yo Yo+0.1 ™)
and therefore
Ve, 1 1
== _100| — — — nA).
2= 2R (}‘0 }'0-1-0.1) ®8)

Problem 6.11 The conducting cylinder shown in Fig. 6-23 (P6.11) rotates about its
axis at 1,200 revolutions per minute in 2 radial field given by

B=£6 (I).
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Shiding contact

[

Figure P6.11: Rotating cylinder in a magnetic field (Problem 6.11).

The cylinder, whose radius is 5 cm and height 10 cm, has sliding contacts 2t its top
and bottom connected to a voltmeter. Determine the induced voltage.

Solution: The surface of the cylinder has velocity & given by

- - 1,200 =
u=fwr=92n X %0 X5x107"=2n (m/fs),

L 01 _
Vm:fo (uxB)-dﬂ:jg (®27x£6)-2dz= 377 (V).

Problem 6.12 The electromagnetic generator shown in Fig. 6-12 is connected to an
electric bulb with 2 resistance of 100 Q. If the loop area is 0.1 m? and it rotates
at 3,600 revolutions per minute in 2 uniform magnetic flux density Bo = 0.2 T,
determine the amplitude of the current generated in the light bulb.

Selution: From Eq. (6.38), the sinusoidal voltage generated by the a-c generator is
Vems = AwBq sin(wz + Co) = Vpsin(wr + Cp). Hence,

V0=AM0=0.1X%“EXO-2=7.54 V),
Vo 7.54
= —=—=T754 a
I R 100 5 (mA)

Problem 6.13 The circular disk shown in Fig. 6-24 (P6.13) Lies in the x~y plane
and rotates with uniform angular velocity @ about the z-axis. The disk is of radius 2
and is present in a uniform magnetic flux density B = 2Bo. Obtain an expression for
the emf induced at the rim relative to the center of the disk.

e e e
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Figure P6.13: Rotating circular disk in a magnetic field (Problem 6.13).

Figure P6.13: (a) Velocity vector u.

Solution: At a radial distance r, the velocity is
o= @Cﬂr
where ¢ is the angle in the x—y plane shown in the figure. The induced voltage is
a L - A——
v =/ (ux B)-dl = f [($oor) x 2Bq]-£ dr
0 0
® x % is along #. Hence,

i
V=mBOJ[ rdr= B2
0 2

Section 6-7: Displacement Current

Problem 6.14 The plates of a parallel-plate capacitor have areas 10 cm? each
and are separated by 1 cm. The capacitor is filled with a2 dielectric material with
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& = 4g,, and the voltage across it is given by V(r) = 20cos2x x 10% (V). Find the
displacement current.

Solution: Since the voltage is of the form given by Eq. (6.46) with Vo = 20V and
@ = 27 x 10 rad/s, the displacement current is given by Eq. (6.49):

A .
Iy=— -d—Vomsm wr

- —-12 s .
R Xllfw—;( 10X Y077 20 x 27 x 10 sin(2m x 10%)

= —445sin(2nx 10%) (uA).

Problem 6.15 A coaxial capacitor of length / = 6 cm uses an insulating dielectric
material with €, = 9. The radii of the cylindrical conductors are 0.5 cm and 1 cm. If
the voltage applied across the.capacitor is

V(z) = 100sin(120mz) (V),

what is the displacement current?

_.ﬁ_|

| ¥
&

<

Figure P6.15:

Solution: To find the displacement current, we need to know E in the dielectric space
between the cylindrical conductors. From Egs. (4.114) and (4.1 15),

.0

b=t

o . (b
V= —= - 1.
el (a)
Hence,
il 1207z 443
e gV _p100sin(120m) 1443 o o0m) (Vim),
i

rln (Q) rin2

a
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D=¢cE
= g5KE

144
= 9% 885x 10712 x
5

sin(120mz) (C/m?).

sin(1207)

_1.15x 108
n“—
r

The displacement current flows between the conductors through an imaginary
cylindrical surface of length [ and radius r. The current flowing from the outer
conductor to the inner conductor along —f crosses surface S where

S=—t2nrl

Hence,
= —-8=—-F—
Is or T
= 1.15x 107% x 1207 x 2nl cos(120m)
= 1.63cos(120m) (uA)-

-8
o 5 (—1'15“0 sin(120m))—(—f'21trl)

Alternatively, since the coaxial capacitor is lossless, its displacement current has 0
be equal to the conduction current flowing through the wires connected to the voltage
sources. The capacitance of a coaxial capacitor is given by (4.116) as

_ 2mel
()
The current is
dv
I=C—= —lzizf)'[lzon x 100cos(120m)] = 1.63cos(120mr) (uA),
0z

which is the same answer we obtzined before.

Problem 6.16 The parallel-plate capacitor shown in Fig. 6-25 (P6.16) is filled
with a lossy dielectric material of relative permittivity €; and conductivity o. The
separation between the plates is d and each plate is of area A. The capacitor is
connected to a time-varying voltage source V(1).

(a) Obtain an expression for I, the conduction current flowing between the plates
inside the capacitor, in terms of the given quantities.
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Figure P6.16: Parallel-plate capacitor containing a lossy dielectric material (Problem
6.16).

{b) Obtain an expression for [y, the displacement current flowing inside the
capacitor.

{¢) Based on your expression for parts (a) and (b), give an equivaleni-circuit
representation for the capacitor.

(d) Evaluate the values of the circuit elements for A = 2 cm?, d = 0.5cm, £, = 4,
6 = 2.5 (S/m), and V(z) = 10cos(3x x 10%¢) (V).

Solution:
) d V VoA
G.
R=sar T=r=7a
®) Y oD 0E AoV
— hi=— A=A — = — —.
E=g T A~ d

{¢) The conduction current is directly proportional to V, as characteristic of a
resistor, whereas the displacement current varies as gV /d¢, which is characteristic
of a capacitor. Hence,

d ' gA
(d)
05x 1072
T 25%x2x 1047 2,

o
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v!
+ 14
L v, L
Vi) @ 0 -mmmp» RE ]- C
Actual Circuit Equivalent Circuit

Figuare P6.16: (a) Equivalent circuit.

4%8.85x1072x2x107* 12
i ST =1.42x 107 “F.

Problem 6.17 An electromagnetic wave propagating in seawater has an electric
field with a time variation given by E = ZEgcoswr. If the permittivity of water is
81g, and its conductivity is 4 (S/m), find the ratio of the magnitudes of the conduction
current density to displacement current density at each of the following frequencies:
(a) 1 kHz, (b) 1 MHz, (c) 1 GHz, (d) 100 GHz.

Solution: From Eq. (6.44), the displacement current density is given by

) o
Jg= é"’;D—ﬁgE

and, from Eq. (4.67), the conduction current is J = oE. Converting to phasors and
taking the ratio of the magnitudes,

4
Iq

oE
jee, g0k

_ (9]
__a)e,.so-

(2) At f = 1 kHz, @ = 2 x 10° rad/s, and

J 4 3
\gd S 10 XS X B854 X 10 o0 %
The displacement current is negligible.
(b) At f = 1 MHz, @ = 21 x 10° rad/s, and
] 4
= = = 888.
Jg|  2mx10%x81x8.854x 10-12
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The displacement current is practically negligible.
(€) At f = 1 GHz, ® = 21 x 10° rad/s, and

J
Ja

4

= S 10° <81 <8854 10-12 ~ O-888

Neither the displacement current nor the conduction current are negligible.
(d) At f = 100 GHz, ® = 2x x 10! rad/s, and

L
s

a

= =8.88 x 107°.
2 x 1011 x 81 x 8.854 x 10—12 8.8 %

The conduction current is practically negligible.

Sections 6-9 and 6-10: Continuity Equation and Charge Dissipation

Problem 6.18 At ¢ = 0, charge density pyp was introduced into the interior of a
material with a relative permittivity € = 4gp. If at 7 = 1 us the charge density has
dissipated down to 10™3pyg, what is the conductivity of the material?

Solution: We start by using Eq. (6.61) to find 1:

pv(t) = puoe /™,

or
107pyo = pue™ 107/,
which gives
10-¢
Ini03 = — ,
T

or

10~5

T, = =1.45%1077 (8).

" In10-3

But T, = £/0 = 4gp/5. Hence

4gp  4x8.854x10712

e =2.44%x10"* (S/m).
3 X
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Problem 6.19 I the current density in a conducting medium is given by
J(xyz:1) = (Rz— 93y + £2x) cos e,

determine the corresponding charge distribution ov(x,y,2;7)-

Solution: Eq. (6.58) is given by

apy
o

V-l=-

The divergence of J is

_fed @ B s i
V-J= (xa+y§+za—z) (&2 — §3y* + 22x) cos @

Using this result in Eqg. (14) and then integrating both sides with respect

Oy = —Jf(V-:a‘)dr = _j[ ~bycosardi = %sinmf+%

where Cp is a constant of integration.

Problem 6.20 In a certain medinm, the direction of current density J
radial direction in cylindrical coordinates and its magnitude is independs
and z. Determine J, given that the charge density in the medium is

pyv = porcosax (C/m>).

Solutiom: Based on the given information,
J=TJ(r)-
With J, = J; = 0, in cylindrical coordinates the divergence is given by
13
V-J=——(#F).
J ror ()
From Eq. (6.54),

V== —%(pgrcosm&') = porysinr.
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Hence
10 ;
o5 (rJ;) = porwsinar,
%(r.f,) = porgmsinwr,
f 2 (viydr= powsinos f 2dr,
0 or 0
rlil = (powsinwr) —| ,
3 o
3
Jr= i sin@r,
3
and
7= =22 gnar (a/m?).

Problem 6.21 If we were to characterize how good a material is as an insulator by

its resistance to dissipating charge, which of the following two materials is the better
insulator?

Dry Soil: &§=25 o=10"*(Sm)
Fresh Water: £ =80, o=10"3(S/m)

Solution: Relaxation time consiant T, = % .

25

For dry soil, L= 5=~ 2.5%10%s.
80
For fresh water, 1= = 8 x 10% s.

Since it takes longer for charge to dissipate in fresh water, it is a better insulator than
dry soil.

Sections 6-11: Electromagnetic Potentials

Problem 622 The electric field of an electromagnpetic wave propagating in air is
given by

B(z,1) = R4 cos(6 x 1082 — 27) + §3sin(6 x 10% —2z) (V/m).

HiEn

R

.
.
G
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Find the associated magnetic field H(z,z).

Solution: Converting to phasor form. the electric field is given by
E(z) = 2477 - j3¢7=  (Vim),
which can be used with Eq. (6.87) to find the magnetic field:

1
—jou
; £ ¥ z
=——| 9/ Yy 3/
JOHN ge-i22 _j3e22 @
= _;my(iée'ﬂz —§j8e~7%)

H(z) = VxE

_ J
T 6x 108 x4mx 10-7

(%6 — §j8)e /% = j28.0e /¥4 §10.6e™/% (mA/m).
Converting back to instantaneous values, this is

H(z,z) = —£8.0sin(6 x 10% — 22) + §10.6cos (6 x 1082 —27) (mA/m).

Problem 6.23 The magnetic field in a dielectric material with € = 4gg, u= up, and
o =0 is given by

H(y,t) = &5cos(2nx 10"t + ky) (A/m).

Find k and the associated electric field E.

Solution: In phasor form, the magnetic field is given by H = £5¢/° (A/m). From
Eq. (6.86),

E= L UxH = s50m
jae JWE
and, from Eq. (6.87),
” 1 - — ik .
H=z ——VxE=—2— 350,
—jou - —joPsp

which, together with the original phasor expression for H, implies that

/&  2rx10'V4  4nm

k=ova=——=—"F3"5"=3

(rad/m).
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Inserting this value in the expression for E above,

41/30

77 % 107 x & x 8.854 x 10-12 HPI30 = 394140 (Vim).

E=-3

Problem 6.24 Given an electric field
E = &Egsinaycos( o — kz),

where Eg, a, ®, and k are constants, find H.

Soluiion:

= 2 Egsinaycos( ot — kz),

2 - ° :
= —— |$—(Epsinaye™/®) —2— (Eosina e'ﬂ‘z]
[Yaz( osinaye™’™) ay( osinaye ™)
Ep : . .
= — |k o _sz’
e [§ksinay — Z jacosayle
H = SRe[He¥)
= Re {% [§ ksingy +Zacosay e‘j"fz}e_jkzej‘“}
11

T
= ;&-)Eﬁ [fksinaycos(mt—- kz) +Zacosaycos (032-!(.2—- 3 ]
15}

— %;; [§ ksinaycos(@t — kz) + Zacosaysin(wr — kz)].

Problem 6.25 The electric field radiated by a short dipole antenna is given in
spherical coordinates by

-7

E(R,8;1) = ég—%o- sin8 cos(6m x 10% —2nR)  (V/m).
Find H(R,8;2).

Solutiom: Converting to phasor form, the electric field is given by

2x 1072

E(R,8)=0E,=8 sinBe— 2R (Vim),
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which can be used with Eq. (6.87) to find the magnetic field:

a2 1 ~ i . 1 o0Fg .1 0
R,B)= VXxE =
L o [RRsmG 0 +¢'R R (RE")]
. wm 2wl — iR
P 0 — /=
—— 5 9 (emmR)
& 104
=@ 2 2% sin@e~ /2R

6mx 108 x4nx 10-7 R
~ 53
= ¢ sin® e~ ™R (uA/m).
Converting back to instantaneous value, this is

B(R,8:1)=¢ %;sinﬂcos (67 x 10% — 2rR) (uA/m).

Problem 6.26 A Hertzian dipole is a short conducting wire carrying an
approximately constant current over its length I. If such a dipole is placed along
the z-axis with its midpoint at the origin and if the cument flowing through it is
i(r) = Iycoswt, find

(a) the retarded vector potential K(R ,8,0) at an observation point Q(R,9,¢)ina

spherical coordinate system, and

(b) the magnetic field phasor H(R, 8, ).
Assume [ to be sufficiently small so that the observation point is approximately
equidistant to all points on the dipole; that is, assume that R ~ R.

Solution:

(a) In phasor form, the current is given by I=I. Explicitly writing the volume
integral in Eq. (6.84) as a double integral over the wire cross section and a single
integral over its length,

- 112 o SR
K= jf J/ j(R‘ ANETT Bl
an Join

where s is the wire cross section. The wire is infinitesimally thin, so that R’ is not a
function of x or y and the integration over the cross section of the wire applies only to
the current density. Recognizing that J = £y /s, and employing the relation R = R

- 12 o 12 ,—JjkR I .
7 = st jf dz ﬁ.ul"o ][ e Mol _jer
4‘11: iz R am joyp2 R 4mR
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In spherical coordinates, 2 = RBcos8 —Esin®, and therefore
" 5 B ol el _ ikR
A= -8 gt AL
(Rcos® smB)4nRe
(b) From Eq. (6.85),

2 Iol g~ JkR
H= —V A= Z_VX (Rcos®— ﬁsmﬁ)
u

_ dol 5 aR) O e~ /R
4n ﬁ(BR (—smee ) (cose z

- JolsinBe— 7R ( 1
AT (f"‘+§)-

Problem 627 The magnetic field in a given dielectric medium is given by
H = §6cos2zsin(2 x 10"t —0.1x) (A/m),

where x and z are in meters. Determine:
(@ E,
(b) the displacement current density Jq, and
{(c) the charge density py.

Solution:
(2)
H = §6cos2zsin(2 X 107t — 0.1x) = §6cos2zcos(2 X 107 — 0.1x—7/2),
H = §6cos2ze™ 015 M2 = —§ j6cos2ze 7%,
E= ;Vx H
JoE
1 % ¥ z

— |9/ex d/oy d/oz
e 0 —j6cos2ze /01* 0O
= _L {ﬁ ['%(—jécoske"jo'”)} + [%(-—jﬁcosZze*fo'“)]}

joe

=% (wgsinhe'-m‘“) +z( 70 6c05213*-’°‘1‘) .
wEe ®E

From the given expression for H,

w=2x 10" (rad/s),



240 CHAPTER 6

B3=0.1 (rad/m).
Hence, ©
up=g =2x 10%  (ms),
and

2 =
& X®  [3i0P\”
—_— — = A —— =2,25_
% (up) (2><108)
Using the values for ® and €, we have

E = (—230sin2z+ £ j1.5¢c0s2z) X 10%¢~71*  (V/m),
E = [—230sin2zcos(2 x 10'7—0.1x) — 2 1.5cos2zsin(2 x 101 - 0.1x)]  (KV/m).

(b)
D = eE = g,50E = (—£0.6sin2z+ % j0.03 cos2z) x 1078 01*  (C/m?),
oD
-E—d —_ g ]
or

Js = joD = (—%jI2sin2z — 20.6cos2z)e %1%,
gd = me[jdejwl
= [#12sin2zsin(2 x 107z — 0.1x) — £20.6cos 2zcos(2 X 10t-0.1x)] (A/m?).
{¢) We can find p, from

V- D= Pv
or from 3
I ..
V-J= 5
Applying Maxwell’s equation,
0E, OdE,
- V' = V 'E = 2 e na)
Pv D £ EgE(] ( ax + az )
yields

Dy = €€0 {% [~30sin2zcos(2 x 1072 —0.1x)]

+ éaE [~1.5c0s2zsin(2 x 1077 —0.1x)] }

= &g [—3sin2zsin(2 x 107 — 0.1x) + 3sin2zsin(2 x 1071 — 0.1x)] = 0.




