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Lecture 8: fields in Dielectric and

Good conductors

ECE 313: Electromagnetic Waves

Lecturer :Dr. Gehan Sami



wave propagation in dielectric:
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Example:
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Example:









Example:

If  Teflon is coaxial dielectric material compute
its conductivity, Complex permittivity, phase velocity 

, ratio of conduction current to displacement current and 
penetration depth



• Good conductors has large conduction current w.r.t displacement current 
(Jc>>Jd, or Jc/Jd>>1)   

Wave propagation in good conductors:

r

d

c

E

E

J

J









0,1 =


==

2

1
451901

2
)1(

2

1)(

j
j

fjj

jjjjjjjj

oo

c

−
=−=−=−

===→+=+

−


−=−==

















 −=− jjc

Attenuation and propagation 

inside good conductor

Depend only on freq & conductivity

Loss tangent(tan𝛳)



• Medium of EM travels: parameters in general formula

• Free space:

• Lossless dielectric:

• Lossy dielectric:

• Good conductor:
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Lossy dielectric partially conducting medium



Wave propagation in good conductors:
Assume Ex travelling in +z direction

)cos(00 
 fzteEeeeEE

fz

x

tjzjz

xx −==
−−−

At boundary surface z=0 
Displacement current is negligible(at good conductor) 
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Exponential decay to e-1=0.368 of initial value(z=0)  at:

Skin depth or depth of penetration



• For cupper 𝜎cu=5.8×107 S/m   so skin depth 𝛿cu=8.53 
mm at f=60HZ

• Electromagnetic energy is not transmitted in the 
interior of a conductor; it travels in the region 
surrounding the conductor, while the conductor 
guide the wave.

• As frequency increase skin depth decrease, so at 
microwave frequencies only 0.0001 inch coating 
silver for waveguide(may be glass) is excellent at 
these frequencies.

• So skin depth depend only on frequency and 
conductivity,

• We will see for submarine communication a very low 
frequency is required to made a communication in 
water.

Skin Depth



Velocity, wavelength, intrinsic impedance inside conductor
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Surface impedance
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Consider a good conductor, a plane wave normally incident on this conductor is mostly reflected, and the power that is 

transmitted into the conductor is dissipated as heat within a very short distance from the surface[pozar page33]



Example


