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University Examinations 2019/2020 
 

FOURTH YEAR SECOND SEMESTER EXAMINATION FOR THE DEGREE OF 
BACHELOR OF PHYSICAL SCIENCES AND BACHELOR OF EDUCATION SCIENCE 

(MATHS/PHYSICS) (CHEM/PHYSICS) 
 

SPH 3450: ELECTRODYNAMICS 
 

DATE: OCTOBER  2020                                                                                   TIME: 2 HOURS 
 
INSTRUCTIONS: Answer question one and any other two questions 
 

    QUESTION ONE (30 MARKS) 

a) i. State Gauss’ law in differential form      (2 marks) 

ii. Using Gauss’ law in (a)(i) above, derive Laplace equation  (4 marks) 

b) i. Give the boundary conditions for potential 
→
rψ  at a point 

r

∧  for the above cable 

(4 marks) 

                     ii. Calculate the potential 






→
rψ at a point 

→
r for the above cable  (6 marks)   

               iii. The coaxial cable has an inner and outer conductor of radius a=1.5mm and       

b=3mm respectively. The outer conductor is earthed. Calculate the potential of the 

cable at a point r=2mm from centre of the cable given that the potential difference 

between the inner and outer conductor is 0.2mV       (4 marks)  

c) i. Modify Gauss’ Law in a(i) above in the presence of polarisation charges  (5 marks) 

ii. Define what is meant by a dielectric      (2 marks) 

iii. Explain the effect of external electric field on a dielectric  (3 marks)  
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     QUESTION TWO (20 MARKS) 

a) using Maxwell’s equation, derive the wave equation for 
→→
BandE and show that they 

reduce to free wave equations under specified conditions   (10 marks) 

b) i. Show that the 4 Maxwell’s equation of electrodynamics can be reduced to 2-

compiled equation        (7 marks) 

ii. State the Gauge condition and show that when applied to above Maxwell’s equation 

in (a) (i) above, they give rise to poison equation   (3 marks) 

          

     QUESTION THREE (20 MARKS) 

a) i. State the continuity equation       (2 marks) 

ii. Show that the principle of conservation of electric charge follows from continuity 

equation          (5 marks) 

b) Use Newton’s 2nd law to derive the principle of conservation of electric energy 

           (13 marks)

               

QUESTION FOUR (20 MARKS) 

a) Consider a plane polarized wave propagative along the z-direction given by  

)(cot
0

zkieEE
→

−
→

= when E0=is the amplitude and 
→
k is the wave vector 

Using appropriate equation, calculate the magnetic field induction 
→
B  (10 marks) 

b) Consider a rectangular wave guide with internal dimension of a =2cm and b=1cm. 

Suppose the frequency of a TEmn mode is GHZf 20= with corresponding 

wavelength cm5.10 =λ . Calculate the TEmn modes that are accessible (10 marks)

             

            

 

   

        


