
NASSP Honours Electrodynamics Part 1 

Tutorial Problem Set 3: EM Waves    SOLUTIONS 



 Comment on  Q. 1 (a) : 
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NASSP Honours Electrodynamics Part 1 

Tutorial Problem Set 3: EM Waves    SOLUTION: Q.5 

Q. 5. 

We are assuming           . Then            ⁄      ⁄        here. 
We want to plot a graph of       ⁄  (   ) (   )⁄    and          ⁄   (   )⁄  
So we need   as a function of    : 
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    by Snell’s law (                ) 

This equation can easily be used to calculate   for a given    , e.g. every 10, in a spreadsheet. 

Then we can calculate        ⁄  (   ) (   )⁄    and          ⁄   (   )⁄  
[see spreadsheet] 

(a) Amplitudes at normal incidence : when       , then       from above eqn. and 

      ⁄  (   ) (   )⁄  (      ) (      )⁄           ⁄         

      ⁄   (   )⁄   (    )⁄        

(b) At Brewster’s angle,       ⁄  (   ) (   )⁄     when      . 

i.e.    
√  (     )

    

     
     . Put        √  (     )  , square and solve for   

 (     )  (    ) (   ⁄    )⁄     Hence         √          ⁄        

(c) At the crossover angle,         ⁄        ⁄  , i.e.  (   ) (   )⁄   (   )⁄  

so          i.e.              where by def.        
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   (using Snell’s law) 

or       (  (     ) )    
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where        and           , so we have 

            (     )
          (     )

  

or             (     )
    so          √          ⁄     and          

The plot shows the cross-over angle to be just less than    . 

 



   E parallel to plane of incidence: E0r/E0i = (a-b) / (a+b)

E0t/E0i = 2 / (a+b)

q deg q rad a b E0r/E0i E0t/E0i

0 0 1.000 2.420 -0.415 0.585

10 0.175 1.013 2.420 -0.410 0.583

20 0.349 1.053 2.420 -0.393 0.576

30 0.524 1.130 2.420 -0.363 0.563

40 0.698 1.259 2.420 -0.316 0.544

50 0.873 1.476 2.420 -0.242 0.513

60 1.047 1.868 2.420 -0.129 0.466

70 1.222 2.694 2.420 0.054 0.391

80 1.396 5.260 2.420 0.370 0.260

90 1.571 3.60E+16 2.420 1.000 0.000

Plot of Fresnel Equations for  b  =  n2/n1 = 2.42 (air/diamond)
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Q.7. 


