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Non Homogenous Wave equations for E and H 

 

Wave equations for E: 
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Wave equations for H: 
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Plane electromagnetic waves 

Theoretical and experimental works investigated that radio waves produced by the 

antenna, and waves produced by Dipole are plane electromagnetic waves. 

In plane waves, the two vectors (E & H) are infusing, but perpendicular to each other. 

The (   ) gives the direction of propagation. 

If (E) is in the x-direction and (H) in the y-direction, then: 
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Propagation of Electromagnetic Wave in different media 

 

1- Propagation of Electromagnetic Wave in Free Space: 
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The ratio of     to    is constant, so that     and     are in phase. 

The square root of  √
  

  
  is called the intrinsic impedance ( )  and has the dimensions 

of ohms. 
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:(   )and Power considerationnting vector yPoThe  
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2- Propagation of Electromagnetic Wave in non conductor(perfect dielectric): 
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If the direction propagation in the z-direction  
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In perfect dielectric         
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Poynting vector     :  (H.W) 
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3- Propagation of Electromagnetic Wave in Loss Dielectrics (Conductor) 
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By Compare between the (1&2)equations we get: 
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Q1/  The electric field intensity E of a uniform plane wave in air has an amplitude of 

(800 volt/m) and wave length (       ) find: 

a- The frequency    b- The period   c- The value of (k) if the field is expressed in 

the form (      (     ))    d- The amplitude of H 

Q2/ A (9.4GHz) plane wave is propagation in polyethylem if the amplitude of the H 

is ( 
  

 
), and the material is assumed to be Lossless. Find  

a- u     b- λ in polyethlylem                   c- The phase constant   

     d- The intensity amplitude of (H)          d- The intensity amplitude of (E) 
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4- Propagation of Plane Wave in Conductor media (Lossy dielectric ) 
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The phase of E with respect to H 
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:    nting vector Poy 
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5- Propagation of Plane Electromagnetic Wave in Good Conductors 

In conductors ( Lossy dielectrics)  
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If the direction propagation in the z-direction 
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The attenuation constant: 
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  is the distance the amplitude of the wave attenuation by a factor of (
 

 
) in one 

radial. 

 As                                  

So Good conductors are there for always opaque of light. Except in the form of 

extremely thin films. 

 The non-conducting media at optical frequency are necessary transport. 
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There for E leads H by(
 

 
) radian in Good conductors 
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6- Propagation of Plane Electromagnetic Wave in low pressure ionized 

gas: 

We shall use the general result of a homogenous (Isotropic) medium, which its 

properties do not vary from point to point. 

Isotropic: The properties are same in all direction from any given point. 

The wave equation for ( E ) and ( H ) in such media follows: 
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We assume the Gas pressure is low so that collations   

 And energy loses can be neglected . We all so neglect thermal agitation by setting 

T=0 

Under these conditions the pressure in ionized gases is different from that in metals. 

Let us consider a plane electromagnetic wave travelling in z-direction through 

ionized gas, which an ion own properties ( mass=m, charge=q&velocity=v),situated 

at (x,y,z) then: 
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From eq(1): 
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From eq(2):  
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Assume that       

   
 

 

  

  
    

Then we can written the eq(3) as:  
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From eq(4&6) we get: 
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If the charge particle it’s an electron:  
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This seems to indicate that it is possible for (
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 to exceed the velocity of light 

source, we have neglected the relativistic effect. 
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Is usually much smaller than unity. 

Example: At 1km from an antenna radiating 50kwatt of power is tropically at 

frequency of 1MHz. 
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Example: A laser beam can carry power density of the order of (     

  
       

      ) (visible light). 
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The conductivity of an ionized gas 

Since vd (drift velocity)can be a scribed to the E, we can consider the ionized gas as 

having conductivity (σ) such that: 
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This means that     loges E by ( 
 

 
  Radius) and     leads E by ( 

 

 
  Radius), so 

            by (        ) , or             are by (        )  out of phase. 
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Q1/ Copper (Cu) has a conductivity         

  
       and    = 3.5, at 

       6MHz. Find:  , skin depth, phase velocity and 
  

  
 .  Or          

 

  
   | | 

 

  
  

 
 

                             

     
                 

       √
 

   
 √

 

                          
 

     

√     
                 

   
 

  
 

 

(
   

 
)

 
 

 (
  

  
)

 

 
                            

            

 

          
   

   
 √

  

 
=√

                        

     
         

 

Q2/ If the 20MHz laser beam passes through a glass whose index of Refraction is 

n=1.6 find: 
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