
Al-Mustansiriyah University                                                                  Subject: propagation 

Faculty of Engineering                                                                                 Class: 3rd-year 

Electrical Engineering Department                                                         Fourteenth Lecture                                     

Teachers: Asst. Prof. Dr. Eng. Malik Al-Khalid    

                  Asst. Lect. Eng. Mustafa Mahdi 

 

148 

 
 Conductors and Dielectrics 

In electromagnetic, materials are dividing roughly into two classes: 

conductors and dielectrics or insulators. The dividing line between the two classes 

is not sharp and some media (the earth for example) are considered as conductors 

in one part of the radio frequency range, but as dielectrics (with loss) in another 

part of the range. 

In Maxwell's second equation: 

EjEH    

The first term on the right is conduction current density and the second term 

is displacement current density. The ratio 


  is therefore just the ratio of 

conduction current density to displacement  current  density in the medium. 

Hence, 1


  can be considered to mark the dividing line between conductors 

and dielectrics . 

For good conductors  such as metals 


  is very much greater than  unity 

over the entire radio frequency spectrum.  

For good dielectrics or insulators 


  is very much less than unity in the 

radio frequency range. 

Example:   

state that the copper is conductor or dielectrics even at the relatively high 

frequency  of 30 GHz, ( m/s. and, oo
71085   ) 

 Solution: 

11053
1085810302

1085 7

129

7




*.
*.****

*.




 then the copper is good 

conductor  
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 Example:   

state that the mica at audio or radio frequencies (10KHz) is conductor or 

dielectrics, ( m/s and, oo
1510  ). 

Solution: 

1100017980
1085810102

10 6

123

15

 





*.
*.****


then the mica is 

good dielectric 
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 Wave propagation in Good Dielectrics 

   jj2
 

   jj2
                              

Let      jj 2
                   

And     jj                             

Then above equations are become  

 22   

 22                                            

𝛾 = 𝛼 + 𝑗𝛽 

  jj of part real   

 













 11

2 22

2




                                             

For  this case 1


  so that it is possible to write to a very  good 

approximation  
















22

2

22

2

2
11








 

where only the first two term of the binomial expansion have been used. 

Then   










2
1

2
1

2 22

2






























 , 

 𝜶 ≅
𝝈

𝟐
√

𝝁

𝜺
    

The expression for   reduces in a similar manner  














 11

2 22

2




  
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












































22

2

22

2

8
11

2
1

2 







  

𝜷 ≅ 𝝎√𝝁𝜺 (𝟏 +
𝝈𝟐

𝟖𝝎𝟐𝜺𝟐
)   

  is the phase shift factor for perfect dielectric. The effect of small amount 

of loss is to add the second term of above equation as a small correction factor. 

The velocity of the wave in the dielectric is given by: 
































22

2

22

2 8
1

8
1

1













ovv  

𝒗 ≅ 𝒗𝒐  (𝟏 −
𝝈𝟐

𝟖𝝎𝟐𝜺𝟐
)  

where 


1ov  is the velocity of the wave in the dielectric when the 

conductivity is zero. The effect of small amount of loss is to reduce slightly the 

velocity of propagation of the wave.  

The general expression for the intrinsic or characteristics impedance of the 

medium which has a finite conductivity is   






j

j


  

Using the same approximations as above, this becomes for a good dielectric  















































2
1

1

1
j

j

 

𝜼 ≅ √
𝝁

𝜺
 (𝟏 + 𝒋

𝝈

𝟐𝝎𝜺
)  

Since 


  is the intrinsic impedance of the dielectric  when 0   
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 Wave propagation in Good Conductor 

for  this case 1


  so that the expression for   may be written 

  451 jejjj 



 








  

Therefore  

𝜷 = 𝜶 = √
𝝎𝝁𝜺

𝟐
    

The velocity of the wave in the conductor is given by: 

𝒗 =
𝝎

𝜷
= √

𝟐𝝎

𝝁𝜺
 

The intrinsic impedance of the conductor is given by: 

𝜼 = √
𝒋𝝎𝝁

𝝈
= √

𝝎𝝁

𝝈
𝒆𝒋𝟒𝟓  

Example: 

Consider the possibility of propagating a plane wave through seawater (

814  r,  ). Find   and,v,,  at 1MHz.  

Solution: 

888


  

𝛽 = 𝛼 = √
𝜔𝜇𝜀

2
= √

2𝜋 × 106 × 4𝜋 × 10−7 × 81 × 8.85 × 10−12

2

= 5.32 × 10−5 𝑟𝑎𝑑/𝑠𝑒𝑐 

𝒗 =
𝜔

𝛽
=

2𝜋 × 106

5.32 × 10−5
= 118 × 109𝑚/𝑠  

km118
2





  
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 Example:  

A uniform plane wave at a frequency of 1GHz is traveling in a large block of 

Teflon ( 0121   ,., rr ) . Determine v, intrinsic impedance (η), phase 

constant (β), and wavelength (λ). 

Solution: 

0


  

At σ=0 , 𝛼 = 0     

sec/4.301.2
10*3

10*2

10*3

2
2

8

9

8
rad

f
f rrrroo 





  

sec/m*.
.

*f
vo

8
9

10042
430

1022











 

 260
12

1
120

.o

o

r

r 











  

cmm 4.20204.0
4.30

22







  

Depth of penetration  

The depth of penetration ( ) is defined as that  depth  in which the wave has been 

attenuated to 
e

1   or approximately 37 percent  of its original value.  

1     or    



1

                                                      

The general expression for depth of penetration is  


















11
2

11

22

2







                                    

For good conductors the depth of penetration is  




21
                                                              
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 Example:  

Find the depth of penetration of 1 MHz wave in copper which has 

conductivity  71085  .  mhos/meter and permeability approximately equal to 

that of free space. 

mm.
.

06670
1085104102

22
776






  

At   MHzf 100  

mm.
.

006670
1085104101002

22
776






  

At   MHzf 60  

mm.
.

066080
108510410602

22
776






  

Example: 

 find the depth of penetration of 1 MHz wave in sea water which has 

conductivity  4  mhos/meter and permeability approximately equal to that of 

free space.  

cm25
4104102

22
76







  


