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fi H;: With E; in the positive v direction (at a given time) and propagating in the positive x direction,
we would have a positive z component of H,, at the same time. We write (with jk =« + j8):

E, __ 300
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= (.60 1 I&I'E—j.:'l 1 lxt'_j'lﬁﬂ: A!l“

H, = —Jkrg, = 0.69¢ T Prei30y,

g} E(3,2, 4, 10ns): The real instantaneous form of E will be
E(x,y,z,t)=Re IE_,.?J'W] = 300e"* cos(awt — fx)ay
Therefore

E(3. 2, 4, 10ns) = 300~ cosf(64 x 10°)(10~%) — 311(3)]a, = 203 V/m



II:
The electric field of a uniform plane wave in free space is given by E; = 10({a, + ja;}

a) Determine the frequency, f: Use

P j25x

Be _ (25)(3 x 10%)
yI 2

Fim =1.2GHz

b} Find the magnetic field phasor, H,: With the Poynting vector in the positive x direction, a positive
v component for E requires a positive z component for H. Similarly, a positive ; component for
E requires a negative v component for H. Therefore,

10 |
H, = E [a: et jﬂ}.] e*—_.1'251

c) Describe the polarization of the wave: This is most clearly seen by first converting the given field
to real instantaneous form:

E(x.1) =Re [E,e/* | = 10 [cos(wr — 25x)ay — sin(wr —250)a;]
At x = 0, this becomes,
E(0. 1) = 10 [cos(wt)ay — sin(wi)a; |

With the wave traveling in the forward x direction, we recognize the polarization as lefi circular.

Q2:

The region z < 0 is characterized by €j, = g = 1 and €}, = 0. The total E field here is given as the
sum of the two uniform plane waves, E; = 1507192 a, + (50£20°)e/'% a, V/m.
a) What is the operating frequency? In free space, f = ky = 10 = w/c = w/3 x 10°. Thus,
w=3x10s"" or f = /27 =4.7 x 10° Hz.

b) Specify the inirinsic impedance of the region z = 0 that would provide the appropriate reflecied

wave: Use -
E.  50e L WS
Nz — = —— = -/ =031 4+ j0.1l =
Eine 150 3 * n+ 1o
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c) At what value of z (—10em = = < 0) is the total electric field intensity a maximum amplitude?
We found the phase of the reflection coefficient to be ¢ = 20° = 349rad, and we use

=—=—=—001Tm=—-17cm



1I:

A uniform plane wave in air is normally-incident onto a lossless dielectric plate of thickness A /8, and
of intrinsic impedance n = 260 £2. Determine the standing wave ratio in front of the plate. Also find
the fraction of the incident power that is transmitted to the other side of the plate: With the a thickness
of A/8, we have fd = 7/4, and so cos(fd) = sin(fd) = 1v2. The input impedance thus becomes

377 + j260

- [l o] BT
L |:26{]—|- j3??:| 4

The reflection coefficient is then

(243 — j92) — 377 .
= =—0.19— j0.18 = 0.26 — 2.4rad
(243 — j92) + 377 Y B

Therefore

5

| + .26
=0 17 and T— [FP=1—{(26)> =093
L ap = B

Q3: e = ¢! =™ ( from defination of penetration depth)
Sk, pz=0z
so=kp

and from defination o = l
7

Sofor zz10m 6 <0.1
" water 1s a good conductor

. attenuatio n coeflicien t ( p) can be approximated p = /3004

.-.5=%p=%1/3051 =27 mTE <0.1

%
30 4£0.l

B

4r° @*_: 0.01
A
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LA 247374 km
5 563325 Hz



Another solution: Using exact formula of P

Let’s X=\?
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