Problem 6.12 The electromagnetic generator shown in Fig. 6-12 is connected to an
electric bulb with a resistance of 13D. If the loop area is 0.1 fand it rotates

at 3,600 revolutions per minute in a uniform magnetic flux denBgy= 0.4 T,
determine the amplitude of the current generated in the light bulb.

Solution: From Eg. (6.38), the sinusoidal voltage generated by the a-c generator
Vemf = AwBg sin(wt + Cy) = Vpsin(wt +Cp). Hence,
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Vo = AwBg = 0.1 x %’ «0.4=1508 (V)
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Problem 6.18 An electromagnetic wave propagating in seawater has an electric
field with a time variation given by = ZEycoswt. If the permittivity of water is
81¢p 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 followémiéncies:

(a) 1kHz
(b) 1 MHz
(c) 1GHz
(d) 100 GHz
Solution: From Eq. (6.44), the displacement current density is given by
Ja= %D = S%E

and, from Eq. (4.67), the conduction currentlis- cE. Converting to phasors and
taking the ratio of the magnitudes,
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(a) At f =1 kHz, w = 2mx 10° rad/s, and
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The displacement current is negligible.
(b) At f =1 MHz, w = 27 10° rad/s, and
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The displacement current is practically negligible.
(c)At f =1 GHz,w = 2 x 1(° rad/s, and
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Neither the displacement current nor the conduction current are negligible
(d) At f =100 GHz,w = 27 x 10! rad/s, and
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The conduction current is practically negligible.
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Problem 6.25 Given an electric field

E = XEpsinaycoq wt — kz),
whereEy, a, w, andk are constants, find.
Solution:

E = XEpsinaycoq wt —kz),
E
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= 5;)1 [y ksinaycoq wt — kz) 4+ zacosaysin(wt — kz)] .




Problem 6.29 The magnetic field in a given dielectric medium is given by

H =96coszsin(2x 10t —0.1x) (A/m),

wherex andz are in meters. Determine:
(a) E,
(b) the displacement current density, and
(c) the charge densitg,.

Solution:

@)

H = §6cos2sin(2 x 10"t — 0.1x) = §6cos Z2cog2 x 10t — 0.1x— 11/2),

H=y6cosze 1% 12 = _yj6cosze 101X
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From the given expression fét,

w=2x10" (radls)
B =01 (rad/m)

Hence, o
U= =2x10° (m/s)

c\2  /3x10B\°
e (E) - (22) s

Using the values fow ande, we have

and

E = (—%30sinZ+2j1.5c052) x 10% 191X (v/m),
E = [-%30sinZcog2 x 10t — 0.1x) — 21.5cos 2sin(2 x 10't — 0.1x)]

(KV/m).



(b)

D = ¢E = §&E = (—X0.6sinZ+2j0.03cos 2) x 10 % 10 (C/nmp),
oD

Jo=—-
d at’

or
Jg = jwD = (—%j12sinZ— 206 cos 2)e 101,

Ja= %e[jdej“"]
= [x12sinZsin(2 x 10’t — 0.1x) — 20.6cos zcog2 x 10t — 0.1x)]  (A/m?).

(c) We can findp, from

0-D=py

or from 5
Pv
0.J=——.

J ot

Applying Maxwell’'s equation,
B B B 0Ex OE;
py=0-D=¢l] E—ere()( ox + 0z>

yields

Py =& { % [—30sinZcog2 x 10t — 0.1x)]

0z
= &€& [—3sin2sin(2 x 10't — 0.1x) + 3sin Zsin(2 x 10’t — 0.1x)| = 0.

0 .
+— [~1.5cos2sin(2 x 10"t — 0.1x)] }
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