DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
UNIVERSITY OF DELAWARE
ELEG 320 ELECTROMAGNETIC FIELD THEORY |

HOMEWORK SOLUTIONS #4 — DUE October 7, 2010
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Problem 7.4 The electric field of a plane wave propagating in a nonmagnetic
material 1s given by

E = [§3sin( % 10't —0.2mx) + 24 cos(x % 107t —0.27x)]  (V/m).

Determine (a) the wavelength. (b) €, and (c) H.

Solution:
(a) Since k =0,2m,

2 2
’o= = ——=10m.
k 0.2m
(b)
o ax 10’ e
HI}=E=T=5X10 m/s.
But
c
iy = .
P '\/E_I
Hence,

¢\ [3x108

= — = - =36
. (up) (5 > 10-‘)
(c)
1. 1, . o R .
H=—kxE= —%x [§3sin(mx 10t — 0.27tx) + 24 cos(n x 10t — 0.2x) ]
N 1
3. e 4 4
=z—sin(xx 10t —0.2mx) — y—cos(m x 10't —0.27x)  (A/m),
N N
with
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Problem 7.15

Dry soil is characterized by g, = 2.5, iy = 1. and 0 = 10~* (S/m).

At each of the following frequencies, determine 1f dry soil may be considered a good
conductor, a quasi-conductor, or a low-loss dielectric, and then calculate o, . A, ji,.

and 1)¢:
(a) 60 Hz,
(b) 1kHz,
(e) 1 MHz,
(d) 1 GHz.

Solution: &, =25, iyy=1, o= 10~* S/m.

o 60 Hz 1 kHz 1 MHz 1 GHz
c/ o
- =
£ ‘f 1.2 x 10* 720 072 7.2%10~*
= 2 fereg

Type of medium

(Good conductor

Good conductor

Quasi-conductor

[Low-loss dielectric

a (Np/m) 1.54 x 10~ 6.28 x 10~ 1.13% 1072 1.19 % 10~
p (rad/m) 1.54 x 10~ 6.28 x 10— 3.49 x 10~ 33.14
. (m) 4,08 x 10* 10+ 180 0.19
up (m/s) 2.45 x 10° 107 1.8 x 108 1.9 x 108
Ne () L54(1 + j) 6.28(1 4+ j) 204.28 4 j65.89 238.27




Problem 7.22 In a nonmagnetic, lossy, dielectric medium, a 300-MHz plane wave
1s characterized by the magnetic field phasor

H=(%— j42)e e (A/m).

Obtain time-domain expressions for the electric and magnetic field vectors.

Solution:
E=—nkxH.

To find 1., we need " and €”. From the given expression for H,

a=2 (Np/m),
p=9 (rad/m).

Also, we are given than f =300 MHz = 3 x 10® Hz. From (7.65a).

o2 — B = —aw’pe,
8 7, 1070
4-8l=—(2nx3x10%)*x4nx 107" x &,
(2nx 3% 10%)" x 4w % REX S
whose solution gives
el = 1.95
Similarly, from (7.65b).
20 = m{ue”,
2x2%xX9= (7J'EA3AID ) X 4mx 107 AE Am—_
361

which gives

=0.9L.



Hence,
E=—256.9¢/"%§x (X — jdz)e e ¥
= (% j4+42) 256,972 =126
= (%4e7™° +2)256.9 ¢ VI 2E
E = Re{Ee/"}
= %1.03 x 10°¢= cos(wt — 9y + 102.6%)
+2256.9¢ % cos(wt — 9y +12.6%)  (V/m),
H= ﬁe{ﬁeimf}
= Re{(&k+ jd4z)e e P/}
= ke P cos(wt — 9y) 4 z4e ? sin(wt —9y)  (A/m).

Problem 7.31 Consider the imaginary rectangular box shown in Fig. 7-19 (P7.31).
(a) Determine the net power flux P(f) entering the box due to a plane wave in air

given by
E =%Egcos(wt —kyy  (V/m).

(b) Determine the net time-average power entering the box.

Solution:
(a)

E = X Ejcos(wf —ky),

E
H=-3—" cos(wt —ky).
1o

-

E_ 9
S(t) =EXH=§ —2cos (wt —ky),
o

E_ 9 7
P(1) = S(t) Aly=0 — S(t) A|y=p = -2 ac[cos” wt — cos” (wt — kb)].
Mo
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Figure P7.31: Imaginary rectangular box of Problems 7.31 and 7.32.

(b)
1 T
Pu=1 L P(r) dt.

where T = 2x/o.

Elac (w e ,
Py=""2 —/ * i — cos”(wt —kb)]dt ¢ =0.
W= { 27 /s [cos™ wt — cos™(w )] }

Net average energy entering the box is zero, which is as expected since the box is in
a lossless medium (air).

Problem 7.32 Repeat Problem 7.31 for a wave traveling in a lossy medium in which

E = £100e—"" cos(27 x 10°t —40y)  (V/m),
H = —70.64¢7"% cos(2 % 10°t — 40y — 36.85%)  (A/m).

The box has dimensions A=1cm, b =2 cm, and ¢ = 0,5 cm.
Solution:
(a)
S(t)=ExH
=%100¢% cos(2 x 10°t — 40y)
X (—20.64)e™% cos(2m % 107t — 40y — 36.85°)
= §64¢* cos(27 x 10°t — 40y) cos(27 x 10°t — 40y — 36,85°),



Using the identity cosBcosd = 3[cos(8+ ¢) +cos(8 — )],

64 oy
S(1) = — e [cos(4n x 10”7 — 80y — 36.85%) +cos 36.85°],
P(r) = (1) Aly=o — S(r) Aly=»
= 32ac{[cos (4 X 10°t — 36.85%) + cos 36.857]
— ¢ P[cos(4n x 107t — 80y — 36.85%) 4 cos 36.85°]}.

(b) T f
1 W 2rfm
Po=7 L P(r) di = L P()dr.

2

The average of cos(w? + 6) over a period T is equal to zero, regardless of the value
of 8. Hence,
P, = 32ac(1—e=*%") cos 36.85°.

Witha=1cm. b =2 cm. and ¢ = 0.5 cm.,
P =7.05% 107" (W).

This 1s the average power absorbed by the lossy material in the box.

2 2 dn) &t
° %’é’f‘ - fxf > fe fq= A€ R, B
Usng =44 = A €1 adon
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-n\e, same con be shewn \na hﬁ.mg 'F""'Fﬁ Bie"‘.l'ﬁu*
Now let ws 'Eﬂa the wsinuroidol solwhions,
Lt {- £a= Cy con(@uax)
Suhs&i‘ku\:ina +his inke the di F&Tﬂ\kaﬂ Q%udwu \eads T

'l%:cim(ﬁx\“-ﬁ:: Cim(ﬁ,x) Q.ED,
The same. can be theum bl.a h.{-.{-m% {:-f,_ = D sin(AcX)



