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Question 1 (25 Marks) 

a) Two charges of 1𝜇𝐶 and -2𝜇𝐶 are placed at 𝐴( 15, −10, −15) and 

𝐵(10, −20,10), respectively. Determine electric field intensity 𝐸 at  

(i) 𝑃(0, 0, 0) and  

(ii) 𝑄(20, 10, 30).         

                 [16 marks] 

 

b) The volume in spherical coordinates between 𝑟 =  3𝑚 and 𝑟 = 6𝑚 contains a 

uniform charge density 𝜌 𝐶/𝑚3. Use Gauss law to find electric flux density 𝐷 in 

all regions.              

                        [9 marks]  

 

 

Question 2(25 Marks) 

a) Given the electric field intensity 𝐸 = 2𝑥 2𝑎𝑥 − 4𝑦𝑎𝑦(𝑉/𝑚), find the work done 

in moving a point charge of 4𝐶 

(i) from (3,0,0) to (0, 0, 0) and then from (0,0,0) to (0, 3, 0) 

(ii) from (3, 0, 0) to (0, 3, 0) along the straight line path joining the two points. 

     [12 marks] 

 

b) Three point charges 𝑄1 = 4 𝑚𝐶 , 𝑄2 =1𝑚𝐶, and 𝑄3  = −2 𝑚𝐶 are located at 

(1, 1, 2), (3, −1, 1), and (4, 3, −2), respectively. 

(i) Find the potential 𝑉𝑃 at 𝑃(1, 1, −2).      

(ii) Calculate the potential difference 𝑉𝑃𝑄 if Q is (2, 2, 1).    

     [13 marks] 
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Question 3(25 Marks) 

a) A perfectly conducting infinite plate is located in free space at 𝑧 = 0 and a 

uniform infinite line charge of 30 𝑛𝐶/𝑚 lies along the line 𝑥 = 0 and 𝑧 = 3. Let 

𝑉 = 0 at the conducting plate. At 𝑃(2 ,5, 0), find electric field intensity 𝐸. 

               [10 marks]  

 

b) A parallel-plate capacitor has its plates at x = 0, d and the space between the 

plates is filled with an inhomogeneous material with permittivity 𝜀 =

𝜀0 (1 +
𝑥

𝑑
). If the plate at 𝑥 = 𝑑 is maintained at 𝑉0 while the plate at 𝑥 =  0 is 

grounded, find: 

(i) potential 𝑉 and electric field intensity 𝐸 

(ii) polarization 𝑃 

(iii) surface charge density 𝜌𝑝𝑠 at  𝑥 =  0, 𝑑  

     [15 marks]  
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Question 4(25 Marks) 

(a) Consider the two-wire transmission line whose cross section is illustrated in 

Fig Q4(a). Each wire is of radius 2 𝑐𝑚 and the wires are separated 10 𝑐𝑚. The 

wire centered at (0, 0) carries current 3 𝐴 while the other centered at 

(10 𝑐𝑚, 0) carries the return current. Find the magnetic field intensity 𝐻 at 

(i) (3 𝑐𝑚, 0) 

(ii) (10 𝑐𝑚, 5 𝑐𝑚)       

 

Fig Q4(a) 

     [10 marks] 

 

(b) The cylindrical shell defined by 1 𝑐𝑚 < 𝜌 < 1.4 𝑐𝑚 consists of a nonmagnetic 

conducting material and carries a total current of 50 𝐴 in the 𝑎𝑧 direction. Find 

the total magnetic flux crossing the plate ∅ = 0, 0 < 𝑧 < 1: 

(i) 0 < 𝜌 < 1.2 𝑐𝑚 

(ii) 1 𝑐𝑚 < 𝜌 < 1.4 𝑐𝑚 

(iii) 1.4 𝑐𝑚 < 𝜌 < 20 𝑐𝑚 

                 [15 marks] 
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Question 5 (25 Marks) 

a) Suppose that permittivity of region 1 is 𝜇1 = 8 𝜇𝐻/𝑚 where 𝑧 > 0, and the 

permittivity of region 2 is 𝜇2 = 3 𝜇𝐻/𝑚 where  𝑧 < 0. If there is a surface 

current density 80𝑎𝑥 𝐴/𝑚 on the surface 𝑧 = 0, and if 𝐵1 = 2𝑎𝑥 − 3𝑎𝑦 +

𝑎𝑧 𝑚𝑇 in region 1, find the value of 𝐵2 in region 2.     

                            [10 marks] 

 

b) The parallel magnetic circuit shown in Fig. Q5(b) is with the same cross-

sectional area throughout, 𝑆 = 1.30 𝑐𝑚2. The mean lengths are 𝑙1 = 𝑙3 =

25 𝑐𝑚, 𝑙2 = 5 𝑐𝑚. The coils have 50 turns each. Given that  ∅1 = 90 𝜇𝑊𝑏, 

∅3 = 120 𝜇𝑊𝑏, 𝜇𝑟1 = 6314, 𝜇𝑟2 = 3730, and 𝜇𝑟3 = 5230, find the coil 

currents.     

 

Fig. Q5(b) 

               [15 marks] 

 

 

*******************************END OF PAPER***************************** 
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