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Problem 1: ( 28 poits) 
 
The magnetic field intensity of a plane wave of angular frequency ω = 105 rad/sec is given in 
phasor form as: 

Hs = 0.1 e 0.1 y ej2y ax  A/m 
 

(a) The wavelength is :  β = 2, λ = 2π/β = π meters 
 

 
(b) The phase velocity is:     u=ω/β=105/2 = 5x104 m/s 
 
 
 
(c) The direction of propagation is:   - ay 
 
(d) The direction of the electric field intesity vector for this field is:  -az 

 
 

(e) The expression of the actual magnetic field intensity is: 
 

       H(y,t) =  0.1 e 0.1 y cos(ωt + 2y)  ax A/m 
 
(f) The amplitude of the magnetic field after propagating a distance 100 meters into the 

medium would be : 
__________________ e -10 _________________ times its initial amplitude. 

 
 
 



Problem 2: (24 points) 
 
A perpendiculary polarized plane wave is incident on a boundary between two materials with 
parameters given in the figure below: 
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a) If  θ1 = 15Ο , the angle θ2 =  _________75o_________ 
 
 

b) If  If  θ1 = 15Ο, the angle θ3  = ____51ο________________ 
 
     n1 sin θ1   = n2 sin θ3   and n1 = c/u = 3 , n2 = 1 
 
c) If the reflected field is zero, the angle θ1  = _____45Ο_______________ 
 
   Εr = ΓΤ ΕI    ,  ΓΤ = 0,    θ1  = θΒΤ 

    tan θΒΤ  = 
1

2

µ
µ

 =  1,    

 
 
 
d) If  θ1  = 0, determine the ratio of the amplitude of the reflected electric field 

intensity to the amplitude of the incident electric field intensity. 
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Problem 3: (16) 
                                                          x 

(1) Free space 
 

 
   

 

 
(2) 

Perfect conductor 
oεε =  

 

    z  
A plane wave in air has: 

)3sin(100 zxwtai yE −−=  
is incident on a perfect conductor slab in region z>0.  Determine the following: 
 

(a) Propagation vector of the incident Ei field ? Show  on the above plot ? (4) iE
−

 
1. ki = ax + az 3    

 
(b) Propagation constant of the refelected Er field? Sketch on the above plot? (4) 
 

                        kr = ax - az 3    
 
(c) Angle of reflection? (4)         tan θr = kx / ky = 1/ 3  
 

θr = 30o 

(d) Transmitted Electric field ? (2) tE
−

Medium 2 is perfect conductor   ,   tE
−

= 0 
 

(e) Reflection coefficient Γ at interface z=0? (2) 
 

η2 = 0,   Γ = −1. 
 
 
 
 

 



Problem 4: (20) 
                                                                          x 
 
 
      
 
 
                            z 
 
 
 y  
 
 
The above waveguide has perfect conducting metal walls and extends to ∞   in the z-diectrion.   
It has dimensions a = 8 cm and b = 6cm (a  along x-axis) and is filled with lossless dielectric 
( ooand )εεµµ 9== .  One of the TE mode has the following component: 
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Determine the following: 
 

a) The TE mode of operation (m,n) is ?   (4) 
 
 m=2, n=3 

b) The phase velocity u’ in the unbounded dielectric medium is: (4) 
 
                u’ = 1/ smoo /109/1 8== εµµε  

 
c) The cut off frequency for this mode is:  (4)     fc = 2.8 GHz 
 
 
 
d) The group velocity for a 5 GHz signal?  (5) 

 
                      Ug = 108 2)5/8.2(1− m/s 
 
 

e) The electric field vector 
−
E  for the TE10 mode?  (5) 

 

Exs = 0,   Ezs =0,   
−
E  = ay Eys 
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Problem 5: (12) 
 
In an air filled wave guide the TE10 mode has cutoff frequency fc = 12 GHz. The TE01 mode has 
fc = 5 GHz. 
 

a) The dimensions of the guide are:   
 

               a = ______1.25_cm______    and b = ____3 cm______________ 
 
 
 
 

b) The cutoff frequency for the TM20 mode when the waveguide is filled with a medium : 
µ=µο , ε = 4εο 

 

                             TM20 mode is not supported.   Cut frequency has no meaning 
   

 
 
 
 
 


