
Plasma Electrodynamics 2 Solutions

1.a) X ( E-plane → H-plane or  for    →  for a constant  )

b) O c) O

d) X ( a very short length compared → a length comparable )

e) X ( Herzian dipole → linear dipole antenna

or depends → does not depend )

f) O

g) X ( equal currents → unequal currents )

h) O i) O

j) X ( proportional to the square → independent )

2. a) Spherical components of :

  

  
  ,     

  
  ,   

Magnetic field from   ∇× and   :
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Electric field from Faraday's law,  


∇× :

b) In the far-field zone (≫    ≫  ), neglecting 


and 
 terms,

 

 
  (A/m)

  

 
    (V/m)

c) Pattern function:

  

E-plane pattern independent of  at a given R:

  Normalized    
for ≤ ≤  ≤ ≤







d) H-plane pattern for for    at a given R:

    
for    ≤ ≤ 

e)    


 

  where    
Consider H-plane    radiation patterns of two-element parallel

dipole array directed in z and placed along the x-axis.

Broadside array factor for          (in phase):

 =  
    




 



At  ±, ∃   .

At     , ∃    .

Main beams only, no side lobes

f) Broadside pattern by the principle of pattern

multiplication using the above results:

   

 





More directive than the two-element array

Main beams only, no sidelobes

g) Array factor of an 3-element uniform linear array:

  







 

 


  

⇒   
   

For     

Therefore, the normalized array factor becomes

 ≡


 

 
   
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  
  

 

 







3. Given: Two identical antennas with  ,     
,

     × ,   


a)     ××   

  
 



  ×
× 



     

b)    


 




⇒ 
 


 

 
×
×

×

⇒   

 × 

 
≈  

4. Given: a very thin center-fed half-wave dipole lying along the z-axis

with   .

a) Current continuity equation (Charge conservation equation):




∇⋅  

For time-harmonic fields () on a thin half-wave dipole,




  ⇒ Charge distribution:   






⇒   





 


    


 

b)      ⇒    

5. E-plane pattern of a Hertzian dipole:

   for ≤ ≤  ≤≤

Maximum radiation field:     

Half-power points:   





  

⇒     
 

∴ Beamwidth: ∆        

  
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