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

HOMEWORK SOLUTIONS #3 — DUE September 30, 2010
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Problem 7.2 Write general expressions for the electric and magnetic fields of a
1-GHz sinusoidal plane wave traveling in the 4y-direction in a lossless nonmagnetic
medium with relative permittivity €, = 9. The electric field is polarized along the
x-direction, its peak value is 6 V/m and its intensity 1s 4 V/mat# =0 and y=2 cm.

Solution: For f=1GHz, ;= 1,and &, =9,

w=2nf =27 x 107 rad/s,
2t 2 2 27 % 10°
k= T_ 1\/5_1 — Lf1 fe, = L\/E_?: 207 rad/m,
c 3x 108

I iy
E(y,t) = %6cos(2 x 10°t — 20my + ¢g)  (V/m).

Att=0and y=2cm, £ =4 V/m:
4 = 6c0s(—20m x 2 X 107> 4 ¢p) = 6cos(—0.47 4 ¢y ).

Hence.

4
oo — 0.4t = cos™ (6) = (.84 rad,

which gives
¢o = 2.1 rad = 120,19°
and

E(y,f) = %6cos(2n x 10°t — 20y +120.19%)  (V/m),

7)



Problem 7.33 Given a wave with
E = XEcos(wt — kz),

calculate:
(a) the time-average electric energy density

1 T 1 T
(”"e)av = ?‘A\ We df = fﬁ eE-dt,

(b) the time-average magnetic energy density

I 1 T,
[Wm)av = ?./O‘ Wy dt = §£ pH-=dt,
and

(e) show that (We)ay = (W )av-

Solution:

(a)
]. T 3l 3l
(11,-6,)av = 3T L eEy cos—(oﬁ —kz) dt.

With 7 = 2%,

E2 2nfm s
(We)ay = — O/ cos(wt —kz) dt
0

4
= % ‘/0‘_‘ cosl(w! —kz) d(wt)
. EEO2
=—-
(b) E
H=§ -2 cos(wr — kz).
n
]. T .
(Wm)av = 5T ./o JH~ dt
1 T E2 5
=37 |, ;t}]—g cos~(wt —kz) dt
. ;rE&
- =1-1]2 )
(c)

HE? HEZ eE7
(Wm)av = 4‘102 — 4(}_?) — 40 — (1-,,-9)3‘._

8.) The electric and magnetic fields in a coaxial cable are given by



V N
E=—2"—cosw t—zus, f, fora<r<b
rin b/a

H =2l—°cosa) t—za/,uoeo ¢3 fora<r <b
r

where V,and I,are constants and the axis of the cable is the z-axis.

a.) Find the instantaneous and time-average Poynting vectors associated with the fields.
b.) Find the time-average power-flow along the coaxial cable.
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b) ‘:T‘?’hfiﬁ> et Reet
o “ds = —e=8 _ Adrd
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9.) The time-harmonic complex electric field radiated by a current-carrying small circular loop in

free space is given by
c-de, 00y L Lo
r 15,r
where ¢ is the spherical unit vector in the ¢ direction, E,is a constant, and £, = o[z, -

Determine the corresponding spherical magnetic field components. Hint: the following
relation could be useful:
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10.) A dielectric sloappofheightehiybsundgdratveand (¢ = 2. 5

below by free space, as shown in figure P4.6. Assuming the electric field within the slab is given
by

where ~, determine (a) the corresponding magnetic field within the slab and (b) the
electric and magnetic fields right above and below the slab.

g [.354-& 1@]@5(-\»&.-#:‘) Rt[(«as+a;107€.(wt-" TJ Re Ee.’m]
where. E ..Lc. s+a,10)e‘F
=_mvxe =4 ('3_1.)“: (?Eq) 4.244 %10 (aa:‘.o-uts)e

= Re[He™"] = 4.244%16 (-3, 4043, 8) eor (st - px)

Tkg 'l'.ov%tw\‘.\oﬂ Cowmp onents o{» electric and mo%m‘h'c. Ftlals
be con‘\'.muous acvoss the boundaries.

e normol cowmponents of the elec d magnetic field
must be “’:Psconinnuo«ts o Leoss 'eic\:)tn o:qn © {.‘t *




b.

E_'i(?ﬂ = 10 g (wk-px) ; EE(I;:H"): £ () con (wh- ) = 12,8 os (uk-px)
§[3= k)= [E.& 12,8 40440) tas (Wh- px)
"H:(iﬂ-f} = 4.244%15 (5) tos (k- R) 5‘]}5 [ﬂn‘ﬂ = 4.244%16 " (~40) cos[wh - x)
Ei('-a-:ﬂ'\ = 4.:44113‘(-3.#:. +0y%) con (wk-px)
In o simlor womer
€0 )= (&nu.i-a-&‘tu\ o5 (wh- )
qj[\é:-h‘] = 4.244 %10 "(-E.ﬂ-.tm 0y §) con[wh-px)
‘]j['a:-ﬂ = 4-;441164(-3%-4“3*5) tot (wh-px)



