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Problem 1: 
 
The electric field of a uniform plane wave of an electromagnetic field incident vertically on the 
ocean is given by: 
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where Eo is the electric field amplitude at z = 0.  The frequency f = 3 kHz and the ocean water 
has the following parameters:  σ = 4 S-m-1, ε = 81εο , μ = μo.  Determine the following:  [Hint: 

first calculate 
ωε
σ  ] 

 
 

(a) Direction of propagation of electromagnetic field:  _______ _______ (3) 
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(b) Polarization of the electromagnetic field:  _______ __________. (3) 
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(c) Direction of the magnetic field: ____________ ________ (3) ya
∧

 
(d) Τhe propagation constant β = _________________ (4) 
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(e) The wavelength  m9.282
==

β
πλ _. (3) 

 
 

(f) The phase velocity   v  = λf = 28.9x3x103= 8,66x104 m/s________ (3) 
 
 
 
 

(g) The attenuation constant α = _0.218 m-1__________ (3) 
 
 
 
 
 

(h) The skin depth δ = _1/α_= 4.587 m________ (3) 
 
 
 



 
Problem 2: 
 
The phasor expressions for the electric and magnetic fields of an electromagnetic wave in a fluid 
are given by: 
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(a) What is the real time form of the electric field? (4) 
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(b) What is the real time form of the magnetic field? (4) 
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(c) What is the time average Poynting vector?  (6) 
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(d) What is intrinsic impedance of the medium η? (4) 
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(e)  What is the propagation vector γ ? (4) 
 
       γ = α + jβ = 0.25 + j 1.57 
 
 
 
(f) If the wave is incident on a perfect conducting surface at x = b, What is the average 

power at 5 meters to the right of the interface (x = b + 5)? (3) 
 

Since there is a perfect conductor to the right of  x = b, the electric field is zero (E =0) 
 Therefore    Pave = 0.0  

 
 
 
 
 
 
 



 
Problem 3 

  
A plane wave in free space has: 
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is normally incident on a lossless medium in region x >0.  The 
reflection coefficient  at the interface x=0. Determine 
the following:  
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a) Frequency of incident wave? (3)    β = 4π  m-1 ;    λ = 2π/β = 1/2 m 
 
Free space , v = c = 3x108 m/s 

            f = c/λ = 6x108 Hz 

b) Total electric field 
_
E  in medium 1? (3) 
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c) Total magnetic field in medium 1? (3) 
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d) Reflection coefficient Γ(−λ/4)  at x =−λ/4? (4) 
 

Γ(−λ/4)=Γ(0)ej2βz = -0.5 4
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e) Total electric field  in medium 2,? (3)   τ = 1+Γ = 1 −0.5 = 0.5   
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f) Intrinsic impedance η2 in medium 2  (3) 

            5.02

12

2 =
+

=
ηη

η
τ     ,  π

η
η 40

3
1

2 ==  

 
g) The time average power (Poynting vector) in medium (2)? (6) 
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Problem 4: 
 

A plane wave in air has: 
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is incident on a glass slab in region y>0.  Determine the 
following: 
 

(a) Wave vector β and direction of propagation ak of the incident plane wave ? (4) 
   From equation sheet: 
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Comparing with above equation:  β=20π  ,     zyk aaa
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(b) Angle of incidence? (3) 
            Cosθι

 = 0.53   ,  θι = 58ο 

 
 

(c) Incident electric field (y,z)? Sketch on the above plot? (5) Using equation sheet iE
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   η = 377 Ω 
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(d) Incident power (time average Poynting vector)? (3) 
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(e) Brewster angle? (3) 

Electric field is parallel to the plane of incidence (H is normal to it).  Therefore 
 

       tan(θΒ) = 6.156.2
1

2 ==
ε
ε

 ;    θB = 58o 

(f)  Reflected Electric Field (y,z)? (3) rE
__

Angle of incidence is equal to Brewster angle.   = 0.      Also reflected powerrE
__

0=rP  

 
(g) Transmitted power? (3) 
  From energy conservation:  tri PPP += ;    4.1== it PP  W/m2 

             


