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MACHAKOS UNIVERSITY  
 University Examinations for 2020/2021 

 

SCHOOL OF ENGINEERING AND TECHNOLOGY 

DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 

  

FOURTH YEAR FIRST SEMESTER EXAMINATION FOR  

BACHELOR (SCIENCE IN TELECOMMUNICATION AND INFORMATION 

ENGINEERING 

SPH 407: WAVEGUIDES 

DATE:  17/8/2021                                                                                   TIME: 8:30 – 10:30 AM 

INSTRUCTIONS: 

Answer Question One and Any Other Two Questions 

QUESTION ONE-COMPULSORY (30 MARKS) 

a) Explain why TEM mode of propagation is not supported in waveguides.               (2 
marks) 
 

b) Copper has a conductivity of 5.8x10
7
 mhos/m and is considered an ideal material for 

electromagnetic shielding. A shield is made of copper with a thickness of 1 mm. If a 
uniform plane wave is normally incident upon the copper shield, determine, at 1 MHz 
and 500 MHz:  

i) The attenuation constant 

ii) The intrinsic impedance 

iii) The absorption loss in the copper shield                                                        (9 marks) 

 

c) A uniform plane wave propagating in a medium has,                                                

� � ����� sin�10�� � ��� ��   �/� 

If the medium is characterized by �� � 1,  �� � 20 and � � 3 mhos/m, find the loss tangent, !, and �.                                                              (6 marks)                                                                
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d) A standard air-filled rectangular waveguide with dimensions a = 8.636 cm, b = 4.318 cm 

is fed by a 4-GHz carrier from a coaxial cable. Determine if a "#$% mode will be 

propagated. If so, calculate the phase velocity and the group velocity.                                           

(5 marks) 

                                                                                               

e) Find the & parameters of the 3 dB attenuator circuit shown in the figure below        

 

 
(4 marks) 

 

                                                                                                                                         

f) A certain two-port network is measured and the following scattering matrix is obtained; 

 '() � * 0.1 < 0 0.8 < 90%0.8 < 90% 0.2 < 0 / 

 

From this data, determine whether the network is reciprocal or lossless.                    (4 

marks) 

 

 

QUESTION TWO (20 MARKS) 

 

a) Derive and show that the scattering matrix, &, of a directional coupler is given by        

                                                                                                                                         

'() � 0 0 1 0 231 0 23 00 23 0 123 0 1 0 4        
 

Where 15 + 35 � 1                                                                                                   (10 marks) 

 

 

 

 

 

port 1 Port 2141.8 ohms

8.56 ohms8.56 ohms
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b)  

 

QUESTION THREE (20 MARKS) 

a) Dry ground has a conductivity of 5x10
-4

 mhos/m and a relative dielectric constant of 10 at a 

frequency of 500 MHz. Compute: 

i) The propagation constant 

ii) The intrinsic impedance 

iii) The phase velocity. 

 

Repeat for a frequency of 10 KHz. What does it imply about the ground as a conductor at 

very low frequencies?                 (10 marks) 

 

 

b) Find the cut off frequencies of the first two propagating modes of a circular waveguide 

with 7 �  0.5 9� and �� � 2.25. If the guide is silver plated and the dielectric loss tangent 

is 0.001, calculate the attenuation in dB for a 50 cm length of guide operating at 13.0 GHz. 

                                                                                                                                 (10 marks) 

                                                            

QUESTION FOUR (20 MARKS) 

a) Given the four time varying Maxwell equations,                                             

∇ ; # � � <=<�  

∇ ; > � ? + <@<�  

∇. @ � A 

∇. = � 0 

Show that the propagation constant of plane electromagnetic wave is given by   

 B � C2D��� + 2D�� � ! + 2� 
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(10 marks) 

 

 

b)  

 

QUESTION FIVE (20 MARKS)  

a) Derive and show that the scattering matrix, &, of an E-plane TEE junction is given by:       

                                                                                                                                                           

 

'() � E($$ ($5 ($F($5 ($$ �($F($F �($F (FF G 

 

                                                                                                                                          (10 marks) 

 

 

     b)                                                                                                                
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USEFUL INFORMATION 
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