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Plane waves in lossy media:  (     
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Wave propagation in low-loss dielectrics: 
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For a low-loss dielectric (like ordinary imperfect insulators) 
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Wave propagation in good conductors: 
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Example 1: For copper (cu) with             , and phase velocity ( 

            at f = 3 MHz:µ= µ0 =4π*10
-7

 H/m. 

Wavelength: 

   
  

 
 

  

 
  √

 

   
=0.24mm 

      

For                   in air at f = 3 MHz. Where   
 

 
      

Skin depth   = Depth of penetration of a good conductor 

                     = Distance thru which the wave amplitude decrease by (   ) 

For  ⃑⃑   ̂   
     ̂   

          

 

  
 

 
 

 

√    
 

  
 

 
 

 

  
 

        and/or f   



 
6 

 

Cu                  at    f = 3 MHz 

                        at    f = 10 GHz 

   
 

 
 

 

√    
 

 

(                      
 
 

              at   f = 50 Hz 

Example 2: A LP plane wave  ⃑⃑   ̂ (     propagating along +z-direction 

in seawater(                   ) with     ̂      (       

V/m at z=0. Find  

a)      
 
          

b) Z1 when            

c) E (0.8, t) &H (0.8, t) 

Solutions: 

       

f = 
 

  
      Hz 

     
 

  
                        good conductor 

a)     √                
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b)           

      
      

          
      

        = ln (0.01) 
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c)  (    ̂                    in the phasor domain 
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EMW- Propagation states: 

 Free space       σ = 0,      ,       
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E & H in phase & amplitude does not decay            

  Lossless dielectric medium       σ = 0,    &    
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E & H in phase & amplitude still does not decay 
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  Lossy media:  (      
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E & H out of phase & amplitude decay 

 Good conductor            ,      Skin depth (  
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Very strong attenuation, wave tend to reflect from good conductor so often 

do not experience the loss & E leads H by  
 

 
. 

Refractive index (dielectric): 

The refractive index of dielectric medium given by: 

n = √         (                        
 

 
 

n < 1   &   v < c 

For non-magnetic material (   = 1) 

η = √         (   

 
Power flow & energy density: 

  

  
  

 

 
     

 

 
     

  
   

    
  

 

 
           where η = √

 

 
 

  

  
  

 

 
   

 

 
      Ue = Um 

> s   <    =  
    
 

 
         Energy flow   

 

 

 

 

 

 

 

 

 

 

 

 

 



 
11 

 

Refraction of E &   fields: 

To determine the refraction of E-field across the interface between two 

mediums, used boundary conditions (B. C. S) 

 
 

B.C.S.  

    =        ……….  (1)  

    =     …….. (2) 

  sin    =   sin    …….. (3) 

   Cos    =    Cos    …….. (4) 

                          (   

From eq (5) & eq (3) get  

                                               Law of refraction of the E-field at the boundary 

                                           free of charge (  = 0) 

 

 

 

 

𝒕𝒂𝒏 𝜽𝟏

𝒕𝒂𝒏 𝜽𝟐
  

 𝒓𝟏

 𝒓𝟐
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Now used B.C.S to determine the refraction of H- field a cross the interface 

between two mediums.  

 

B.C.S 

Ht1 = Ht2 ……….  (1) 

BU1 = BU2 ……… (2) 

B1 Cos θ1 = B2 Cos θ2 …….. (3) 

H1 sin θ1 = H2 sin θ2 ……… (4) 

  
  

       
  
  

      

From eq. (5) & eq. (3) get  

                                                  Law of refraction of the magnetic flux lines of 

                                                 the boundary with no current density flow (J = 0) 

 

 

 

 

 

 

𝒕𝒂𝒏 𝜽𝟏

𝒕𝒂𝒏 𝜽𝟐
 

𝝁𝟏

𝝁𝟐
 

𝝁𝒓𝟏

𝝁𝒓𝟐
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The relation between   ⃑⃑  &  ⃑⃑⃑ : 

  ̂ : unit vector along  ⃑⃑   

  ̂ : unit vector along  ⃑⃑  

 ⃑⃑   ⃑⃑⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑  ⃑   ⃑                 Pointing vector 

Pointing vector is the same direction of propagation(  ̂) or (  ̂ : 

  ̂    ̂    ̂    ̂ …. …. …. (1) 

  ̂    ̂     ̂       .… …. …. (2) 

  ̂    ̂    ̂          …. …. …. (3) 

 ⃑⃑  
 

 
   ̂   ⃑⃑            …. …. …. (4) 

 ⃑⃑       ̂   ⃑⃑         …. …. …. (5) 

If a uniform plan wave travel in the +z-direction may have x- & y- 

compounds: 

  ⃑⃑ (    ̂ ⃑⃑  
 (    ̂ ⃑⃑  

 (   …. …. (6) 

The associated H- field is  

 ⃑⃑ (    ̂ ⃑⃑  
 (    ̂ ⃑⃑  

 (   …. …. (7) 

The exact expression of magnetic field in terms of electrical field will be:  

 ⃑⃑ (   
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Notes: 

         &        
 

 
   

   
     

   
 

    
   

   
 

In free space     ,       

Low-loss medium  
   

  
 

 

  
      

Good conductor   
   

  
 

 

  
     

Loss tangent       
   

  
 

 

  
 

In general     √
 

  
(              

dB scale 

Power intensity ratio in log scales not a unit:  

dB = 10 log (
 

  
       (

 

  
)        (

 

  
)   < 0  gain 

                                                                           < 0 loss 
                    intensity      power              voltage 

Attenuation: 
 
   E (Z) = E0  

              
     

   A (Z) = 20 log ( 
 (  

 (  
              

  A (z) = 
        

  (   
    

Example3: If E-field intensity going through a medium attenuates at a rate of 

(0.4 dB/ m) what is α. 

Solution: 
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-0.4 = - 8.686 α + lm 

α= 
   

     
      

      

 
 

Note: α positive number for attention.  

 

Example4: The sinusoidal electric field with E0 = 250 v/ m and frequency 

f= 1 G Hz exists in a lossy dielectric medium with Er = 2.5 and loss tangent 

of 0.001. Find the average power dissipated in the medium per cubic 

meter. 

Solution: 

tan θ = 0.001    
 

  
  

 

      
  

 

             
    

   
      

 

⁄       x 1.39 =   ؞  

The average power Pave dissipated per unit volume V: 

    
 

  
 

 
  ⃑⃑  ⃑    

 

 
       

 

 
 (               (      

       = 4.34 w/m
2 

Note: 
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𝑅
  

 

 
 
(𝐸𝑙  

 𝜌𝑙 𝐴
  

 

 
σ 𝐸 (𝑙𝐴  
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Skin depth: 

 = 
 

 
 √

 

    
    ……….. (1 

E (z) = E0  
                ……… (2 

At    z=               |E| decreases   to (
 

 
 ) or (0.63  drop)  

A (z) = 20 log |
 (  

 (  
| = 20 log |     |   

A (z) = - 8.686  z   dB   

at    z=     ,  |E|   decrease  by (-8.7)  dB   

at   z = 2    , |E|  decrease  by  ( - 17.3)  dB . 

 

Example5: The skin depth or non-magnetic conducting medium is (2  m) 

at f= 5 GHz, Find phase velocity vp in this medium, then find the 

attenuation in dB , when the wave penetrates (10   ) into the material?  

Solution: 

   vp = 
 

 
   

      For   conductor    =   = 
 

 
  

    vp =      = 2  x 5 x 10
9
 x 2 x 10

-6
  = 6.28 x 10

4
  m/s  

A (z) = 20 log |
 (  

 (  
 | = 20 log |    | = -8.686  z 

A (z) = -8.686 z/   = -8.686 . 
  

 
 = - 43.4 dB       high loss 

There are only surface current on conductors. 
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Example6: 

a) Calculate the diclectric loss (in dB) of an EM ware propagating 

through ( 100 m) of teflon at f=(MHz)  

b) at  f= 10 GHz .     r = 2.08  , tan   = 0.0004 at 25 c
0
  assuming 

frequency independeue  

 

Solution:   

a) tan  = 
 

  
   

       =   0     tan   = 2  x 10
6
  x 

    

   
 2.08 x 0.0004  

      = 4.6 x 10
-8

  s/m 

      =   
 

 
  √

 

 
  = 

    

 √  
  = 

                

    √    
 

      = 6.04 x 10
-6

 Np/m 

    A (z) = -8.686   z 

  = -8.686 x 6.04 x 6.04 x 10
-6

 x 100 = - 0.005 dB 

 

  b)    =   0  r tan  = 4.6 x 10
-4

 s/m  

        = 
 

 
  √

 

 
  = 

    

 √  
    = 6.04 x 10

-2
   Np /m  

    A (z) = - 8.68  z = -8.68 x 6.04 x 10
-2

 x 100  

          = - 50 dB  

Coaxial cable works well at low frequency (Tv to antenna) but not so well at 

high frequency. 
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Example7: In a non – magnetic , lossy , dielectric medium a plane was of 

frequency f=30 MHZ characterized by the magnetic field phasor : 

 H=(  ̂ – j4 ̂) e
-2y 

e
-j9y

A/m . Determine the time domain expressions for the 

electric and magntic field vectors .  

Solution: 

H(r,t ) = Re  ) ̂- j4 ̂) e
-2y

 . e
j(wt-9y)

 . 

H(r,t) = ̂e-2y
 cos (ωt – 9y) +  ̂4e

-2y
 sin (wt – 9y)  

  = 2 , & β = 9  

-ꞷ2    ̅=    - β
2
 

ꞷ2   ̿ = 2     

 ̿

 ̅
=   

   

     
= 

       

     
 = 0.468 = tan   

  r = 
 

  

̅
  = 

     

ꞷ     
  = 

    

ꞷ 
 = 

     (          

(                 
  

  r = 1.95 

ηc  = √
 

 ̅
   ( 1-j tan )

-1/2
  = 

  

√  
  ( 1- j tan  )

-1/2 
 

ηc  = 
   

√    
  ( 1-j 0.468)

-1/2
  = 257           

E =  ̂ 
ηc cos ( ωt – 9y)  -  ̂ 4 ηc 

 
e

-2y
 sin (ωt – 9y)  

  = ̂257 e
-2y

 cos ( ωt – 9y + 0.22) –  ̂ 1028 e
-2y

 sin ( ωt – 9y + 0.22). 

Example8: 
A uniform plane wave propagate in a lossless dielectric in the 

+
z direction. 

The electric field is given by:  (    ⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑ ⃑⃑  ⃑ =      (   
  

 
  

 

 
   ̂V/m 

The average power density measured was 377 W̸̸̸̸ m
2
, Find: 

(i) Dielectric constant of the material if 
0    

(ii) Wave frequency 
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(iii) Magnetic field equation 

Solution: 

(i) Average power: 

 







5.1882/377

377
)377(

2

1

377
2

1

2

2







E
Pave

 

For lossless dielectric: 

0.4

9986.1
1

0

0

0

0







r

r

r



















 

(ii) Wave frequency: 

)100(1093.99

109946.32

3

4

3/4

6

16

0

0

MHzf

f


















 

iii) Magnetic field equation: 

 ⃑⃑⃑ (     
   

 
   (   

  

 
z+

 

 
  ̂ = 2Cos(   

  

 
z+

 

 
  ̂ 

Example9: 
 

 

Solution: 
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Example10: 
 

 

Solution: 
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Example11: 
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