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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) = 𝑥*𝐸+𝑒∓./ and 𝐻$$⃑1(𝑧) = ±𝑦* 45
6
𝑒∓78/ 

Where 𝛾 = :(𝑗𝜔𝜇)(𝜎 + 𝑗𝜔𝜖) ≡ 𝛼 + 𝑗𝛽, 𝛼 = 𝑅𝑒{𝛾} is the damping factor, and 𝛽 = 𝐼𝑚{𝛾} is 
the wave number, 

And 𝜂 = J 7KL
NO7KP

≡ |𝜂|𝑒7R 

We summarize TEM wave parameters in homogeneous conducting media into four categories in 
the table below 

2 Perfect dielectric (𝝈 = 𝟎) 

𝛾 = 𝑗𝛽 = 𝑗𝜔√𝜇𝜖 and 𝜂 = JL	
P

, 𝛼 = 𝜏 = 0

3 Perfect conductor (𝝈 → ∞) 

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

Imperfect dielectric condition: N
KP
≪ 1 

𝛾 = :(𝑗𝜔𝜇)(𝜎 + 𝑗𝜔𝜖) = J(𝑗𝜔𝜇)(𝑗𝜔𝜖) \1 − 𝑗
𝜎
𝜔𝜖^ 

 

Using the Taylor theories expansion (1 ± 𝑎)` ≈ 1 ± 𝑝𝑎 for |𝑎| ≪ 1, we have 

𝛾 ≈ 𝑗𝜔:𝜇𝜖 \1 − 𝑗
𝜎
2𝜔𝜖^ =

𝜎
2
J
𝜇	
𝜖 + 𝑗𝜔:𝜇𝜖

Where damping factor 𝛼 = N
d J

L	
P

, and wave number 𝛽 = 𝜔√𝜇𝜖

So the electric field phasor is 𝐸$⃑&(𝑧) ≈ 𝑥*𝐸+𝑒∓(eO78)/

Also, the intrinsic impedance 𝜂 = J 7KL	
NO7KP

= J7KL	
7KP J

f	
fg7 hij

= JL	
P
\1 − 𝑗 N

KP
^
gkl ≈ JL	

P
𝑒7mno

pk h
lij

Such that magnitude |𝜂| ≈ JL	
P

 and phase 𝜏 = ∠𝜂 ≈ N
dKP

And the magnetic field phasor 𝐻$$⃑1(𝑧) = ±𝑦* 45
6
𝑒∓(eO78)/ 

5 Good conductor  

Good conductor condition: N
KP
≫ 1, so 𝜎 ≫ 𝑗𝜔𝜖, we can ignore 𝑗𝜔𝜖 term 

𝛾 = :(𝑗𝜔𝜇)(𝜎 + 𝑗𝜔𝜖) ≈ :𝑗𝜔𝜇𝜎 

Q: what is :𝑗?    

We can rewrite 𝑗 as 𝑗 = 1𝑒7
s
l , so :𝑗 = 1𝑒7

s
t = fO7

√d

Q: why can’t we just ignore 𝜎 in the equation above, since 𝜎 ≪ 𝑗𝜔𝜖? 
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𝛾 ≈ (1 + 𝑗)J
𝜔𝜇𝜎
2 = (1 + 𝑗):𝜋𝑓𝜇𝜎 

𝜂 = w
𝑗𝜔𝜇	

𝜎 + 𝑗𝜔𝜖 ≈
w𝑗𝜔𝜇	

𝜎 = J
𝜔𝜇	
𝜎 𝑒7

x
y  

Such that 𝛼 ≈ 𝛽 ≈ :𝜋𝑓𝜇𝜎 while |𝜂| ≈ JKL	
N

 and 𝜏 = 45° 

6 Penetration depth 

Penetration depth is defined as 

𝛿 ≡
1
𝛼

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

• For an imperfect dielectric with a fixed 𝜎 and a sufficiently large 𝜔, the penetration depth
is

𝛿 ≈
2

𝜎J𝜇𝜖

• For a good conductor with a fixed 𝜎 and a sufficiently small 𝜔, the penetration depth
(skin depth) is

𝛿 ≈ w
1

𝜋𝑓𝜇𝜎


