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Lecture 24
1 Plane waves propagating in lossy media

In the lossy media, we can have x-polarized plane wave propagating in z direction in terms of
phasors as

E(z) = 2E,e™*  and H(z) = ij}%eiﬂ?z

Where y = /(jow) (o + jwe) = a + jB, a = Re{y} is the damping factor, and § = Im{y} is
the wave number,

Andn = /% = |nle/™

We summarize TEM wave parameters in homogeneous conducting media into four categories in
the table below
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2 Perfect dielectric (o = 0)

yzjﬁzjw\/ﬁandnz\/g,a=120

3 Perfect conductor (o — x)

There’s no field existing in perfect conductors.
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4 Imperfect dielectric

Imperfect dielectric condition: i <1

y =G +jad = [Gawgoe (1-1.2)

Q: why can’t we just ignore o in the equation above, since o < jwe?

Using the Taylor theories expansion (1 + a)? = 1 + pa for |a| < 1, we have
. S oN_ofw .
Y & jwy ue (1 J Zwe) = 2\/:"‘]0)\/#6
Where damping factor a = % \/g, and wave number 8 = w+/ue
So the electric field phasor is E (z) ~ RE, et (a+ip)z

e e .. jw 1) itan-1-2_
Also, the intrinsic impedance = |22 = Jor - ] — ~ Bl ae
o+ jwe ](()E 1- JE €

Such that magnitude |n| = \/g and phase T = 41 ~ —

2we

And the magnetic field phasor H(z) = +¥ % etlatip)z

5 Good conductor

Good conductor condition: i > 1,50 0 > jwe, we can ignore jwe term

vy =V (op)(o +jowe) ~ \Jjous
Q: what is \/7?

.TT .TT .
o . j= i j= _ 14J
We can rewrite j as j = le’z, soﬁ = le’s = N
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y = (1+)) |5 = (+ yafuo

_ / jop fjwu [z
n= - ~ = e’ 4
o+ jwe o o

Such that ¢ = = \/mfuo while || = /% and T = 45°

6 Penetration depth

Penetration depth is defined as

(%)
Il
IS

It is the distance for the field strength to be reduced from e® by e~ factor in its direction of
propagation.

e For an imperfect dielectric with a fixed o and a sufficiently large w, the penetration depth
is

e For a good conductor with a fixed o and a sufficiently small w, the penetration depth

(skin depth) is
5 1
T n fuo

© 2021 Yang Shao



