ECE 329

Homework 11 — Solutions Due: Friday, November 7, 2025, 4:59:00 PM

1. For a wave propagating in a vacuum in x < 0, we are given an incident electric field phasor

v

m

E; = (j2 — g)e ¥

The wave encounters a boundary at z = 0 with y = p, and the reflected phasor is given by
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b)
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The incident wave is RHCP because ¢ leads 2 and the wave is propagating in the & direction.
The reflected wave is therefore LHCP.

The frequency can be calculated from f =
f =300MHz.

The permittivity of the dielectric can be calculated using the reflection coefficient, I

v .
%5 where 8 = 27 and v, = c in a vacuum. Thus
2 p 3

— 1
r = ®2-m__Z
n2 + M1 2
1
n = 3770
e = 9
e = 9e¢,

The transmitted electric phasor can be derived from the incident electric phasor with updated

Band 7. So, 1+T =7 = % and 8 = % % = 67 and therefore E; = %(jé—g)e*j("” %

The ratio of time-averaged incident power to time-averaged transmitted power can be found
using the conservation of energy: %072 =1-T? =75%. The proof is presented below.
The magnetic fields in both the regions are given as,

A
H, = L (Zjg+ e
H, = 2(—jj — 2o o

The corresponding time averaged poynting vectors ,

(S;) = %Re{Ei x H} = Lj
(S,) = %Re{f}r X H} =
(Si) = %Re{Et X ﬁt*} =7

It can be shown that the power density calculated for the incident, reflected, and transported
waves will satisfy

[(Sa)l = [(Sr)| + [{Se)l ,

which shows that the calculations are in compliance with energy conservation principle. Also,
note that

1_r,
No Mo n
%07'2 =1-T?
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2. The phasor form of the incident wave is E; = —2je %174 %

a) The reflection coefficient is given by

r="2""M _ (423 and 7=1+T=0.77.
N2 +mMm

Then, the reflected and transmitted electric fields are expressed as
; i1z pitrzy Y
E, = —TI'2je!"*z = 0.46je’"1* 3 —
m

and

. . \V4
E; = —72je 7% = —1.545e79P275 —
m

where 31 = w /€ty = % and fo = w\/2.56¢€,p1, = 1.6%.

b) The associated incident, reflected, and transmitted magnetic fields are

I:Ii — _zje—jﬁlzg _ —ije_jﬁlzg é
m 607 m’
I:Ir — zr‘jejﬁlzg _ _0'23j€j512g é7
m 607 m
and
I:It — —sze_jB”Q _ 1'23j€—j522g é
72 607 m

¢) The time-average Poynting vectors of the incident, reflected, and transmitted waves are given by

(Si) = lRe{Ei B} = 1 W

= —2Z—,
2 607~ m?2
1 (o s 3 W
Sr = 5 {Er Hr }:_ Aiv
(Sr) = gRe By x 33807~ m?
1 (e s 8 W
(8:) = gRe{ B x H,'} = o2 .

respectively. It can be seen that they match energy conservation principle.

d) The reflectance is defined as ‘F2| = % In order to express it in dB, we write
10logyo [I?| = 10log;0.23* = 101og;((0.053)
—12.77dB.

Therefore, the reflectance of an interface indicates the ratio of the reflected and the incident
powers. For this case, the reflected signal level is 12.77 dB below the incident signal level, which

is equivalent to 5.3% in power and 23% in amplitude compared to the incident signal.
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3. A plane wave field
A
H(y,t) = #5cos(wt + By) —
m
is propagating in a dielectric in the region y > 0. Here, € = 4¢p and thus n = %170. At x = 0, there

is a boundary to a perfect conductor where n = 0. Then the reflection and transmission coefficients
can be found to be

_e—m _0—3m

= — =-1 and 7=1+4+1=0.
N2 + M 0+ 5m0

a) It can be shown that the incident, reflected, and transmitted electric fields are

E;, = _éﬂejﬁy X’
2 m
2 2 m’
and
Et _ 27-5770 iBpecT — () X
2 m

b) The associated incident, reflected, and transmitted magnetic fields are

- A
H, = #5¢/%Y =,
m
- A
H, = i5e 7% —
m
and A
H,=0=—.
m

¢) The vector current density on the surface of the PEC is found using boundary conditions:
Jt) = axHT-H")
X (O - (Hi‘x:(] + Hr‘x:(]))
wt) + T5cos(wt))

—

= —y x —(Z5cos

A
= —10cos(wt)z —.
m
4.
a) The geometrical factor of the RG-59 coax cable is given by
2
GF = ———— =5.015
0.056 )
In (516)
from which we obtain
to 4w x 1077 nH
L= ———— = 250.6 —,
GF 271'/ In(3.5) m
1079 27 pF
Fre— =44.3 —
=€ 367 ln 3.5) 3 m’
,Uo
=1\/== 120 = 75.174,
V c GF \ e =
= =cr 3 X 108

Vv €ollo
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b) The geometrical factor of the RG-58 coax cable will not change since RG-58 has the same inner
and outer conductor diameters. On the other hand, the inductance, capacitance, characteristic
impedance, and the propagation velocity will be

E:S%Z;Zéiig:25%X1W7E:2m6§i
C::225%GF::22i£;0gmiza::998€f,
v:\/2.215760%:§CQQ><108I:.

due to the change in the permittivity of the dielectric filling.

5. For twin-lead transmission lines, the geometrical factor is given by

™

cosh™! (%)

z :1/521\/10%*1‘1(52)\/?
© C QGFV ¢ T €’
€
D = 2a cosh <ZO7T\/7>.
u

Assuming € = €,, 1 = o, and 2a = 1 mm, let us calculate D as follows:

GF =

Since

we can can find that

a) For Z, =150,

150
D=1x10"3cosh [ ) ~1.89 x 10~3m = 1.89 mm.
1207
b) For Z, = 300,
D=1x10" cosh { 20T ) ~ 6.13 x 10~ m = 6.13 mm.
1207
¢) For Z, =450Q,
450
D=1x10"3 cosh [ oo ) =921.27 x 103 m = 21.27 mm.
1207
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6. The voltage and current waves V' (z,t) and I(z,t) that propagate on a transmission line satisfy the
following set of partial differential equations (PDE’s)

ov ol

~5: = Lo (1)
ol oV
5, = Ca. (2)

Given that V(z,t) = 4 cos(wt + Bz), we get

or 19V B .
i e 42 sin(wt + f2),

by utilizing (1). Then, after integrating it over time, we get

I= —4% cos(wt + Bz).

Inserting this result into (2), we get

2
ov._ 191 _ B

ot Coz  wLC

sin(wt + fz),

and integrating over time, we finally obtain
2

w2 LC

V=4 cos(wt + [z).

This result implies that
B2
W2LC
In addition, the expression for the current becomes

I= —4\/§cos(wt + 5z).

1, then 8 =wVLC.
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