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PROBLEM SET E:   PLANE WAVES 
 

PROBLEM E.1 (Hertz and Maxwell) 

 Perhaps the most fundamental concept of all the 

electromagnetic sources is the so-called Hertzian 

dipole shown in the related figure. It is constituted by 

a spatially constant, time harmonic and infinitesimal 

in length   current   with volume density given by: 
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The developed electric field in spherical coordinates 

(     ) has been computed in the theory lectures as 

follows: 
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The notations       are used for the free-space wavelength and wave impedance respectively. (a) Compute the 

divergence of the electric field. Is it what you expected? (b) Calculate the magnetic field using Faraday’s law. (c) 

What is happening in the far region (     )? What is the ratio 
  

  
  in that case? 

 

PROBLEM E.2 (Circular Polarization) 

 A right-handed circularly polarized plane 

wave, as shown in the related figure, hits a 

planar interface with the incidence angle of 

   . The wave is incident from air (     ), and 

the lower half space is of homogeneous, 

lossless, non-magnetic material with relative 

permittivity     . (a) Calculate the reflected 

wave? (b) What is its polarization state? Is the 

circular polarization property retained after 

the reflection? 
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PROBLEM E.3 (Oblique Incidence) 

 A linearly polarized, obliquely incident electric field of the 

form: 

          [     (           )],  

 (1) 

illuminates a slab of thickness   filled with a magnetically 

inert material of relative dielectric constant    as shown in 

the related figure. (a) Find the field in each region of the 

problem. (b) For            ,         and     , find 

the expressions for the reflection and the transmission coefficient. (c) Plot the magnitudes of these quantities as 

functions of the incidence angle     
 

 
. 

 

PROBLEM E.4 (Normal Incidence) 

 A linearly polarized, normally incident magnetic 

field of the form: 

          (      ), (1) 

excites a vertical slab of thickness   which is filled 

with a lossy material with relative complex 

permittivity   ̃       as shown in the related 

figure. (a) Find the field in each region of the 

problem. (b) For             represent visually 

the magnitudes of the reflection and the 

transmission coefficient as functions of the thickness              for various values of the parameter 

           in the same diagram and in logarithmic scale. 

 

 

PROBLEM E.5 (Grounded Slab) 

 A linearly polarized, obliquely incident electric field of the 

form: 

          [     (           )],  

  (1) 

illuminates a grounded slab of thickness   with relative 

complex permittivity   ̃         and relative magnetic 

permeability    as shown in the related figure. (a) Find the 

field in each region of the problem. (b) For             

and        ,  sketch the contour plot of the reflection 

coefficient on the (     ) map for     
 

 
 
 

 
 
 

 
. Four contour 

plots are required. 


