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Question (1)    (26 marks) 

a) Two 2µC point charges are located on the x axis. One is at x =1 m, and the other is at x = - 1 m. 

(a) Determine the electric field on the y axis at y = 0.5 m. (b) Calculate the electric force on a - 3µC 

charge placed on the y axis at y = 0.5 m.  

Solution  

point a subjects to two electric fields from the two charges 1 and 2 takes the directions as shown in 

figures the magnitudes of E is  
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E1=E2 

Since the angle between both E1 and E2 with X-axis are the same value of θ the X-components of 

the two fields are canceled each others  

EX= - E1 cos θ + E2 cos θ = 0 
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(b) the force acting on - 3µC placed at point a has magnitude  

mNNCKNCqEF Y 637.38310637.38/879.126103   

This force directed along positive Y-axis  

 

 Answer all the following question  No. of questions: 6 

 Illustrate your answers with sketches when necessary.  Total Mark:  115 Marks 

 The exam consists of two  pages  The first Page 



b) An electric field with a magnitude of 3.5 kN/C is applied along the x axis. Calculate the electric 

flux through a rectangular plane 0.35 m wide and 0.7 m long assuming that (a) the plane is parallel 

to the yz plane; (b) the plane is parallel to the xy plane; (c) the plane contains the y axis, and its 

normal makes an angle of 40° with the x axis.  

Solution 

 

Electric flux φ is determined by knowing the electric field E and the perpendicular area An where  

 cos. AEAE n    

Where θ is the angle between direction of E and direction of unite vector n perpendicular to A 

(a) In fig. a            0)180cos()0cos(  EAEAEAEA  

(b) In fig. b          0)90cos()90cos(  EAEA  

(c) In fig. c      
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c) Using principal of charge distributions to find electric field at point on the axis of charged ring 

and discuss the value of field at points on center of the ring and points of infinity 

               Solution 

The derivation state in lecturer note book 

 

d) A point charge q is located at the center of a uniform ring having linear charge density 3 and 

radius a, as shown in Figure. Determine the total electric 

flux through a sphere centered at the point charge and 

having radius R, where R< a. 

Solution 

 Gauss law state that the total electric flux φ through a closed surface containing an electric 

charge q is equal to q/εo 
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The total electric flux through a sphere of radius R is the sum of the electric flux due to point charge 

q say φ1 and duet the surrounded charged ring say φ2 where  

21  + =   

The flux dueto point charge q is              



q

1  

where all Gauss conditions are satisfied for closed surface and charge q inside the surface 

the flux due to charged ring on through the sphere surface is zero because the charge of the ring is 

completely outside the sphere surface and condition of Gauss law is not satisfied where the total 

flux which  flow in the surface is equal to that flow out the surface   
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Question (2)    (16 marks)  

a) Define with equations and units:   i) Electron-volt.          ii) Specific resistance. 

i) The Electron Volt is defined as : “The change in potential energy (or the work done) when an 

electron would move between two points that differ in potential by one volt.” 

Wa→b =  qo (Va– Vb) 

1 eV = 1.6 x 10
-19

  J 

 

ii) Specific resistance is defined as: “the ratio of electric field across the conductor to the 

current density in the conductor” 

 

 

 

 

 

   

b) The electric field at a point 6 cm from the surface of a charged metal ball is 2x10
4
 N/C and the 

potential at the same point is found to be 1800 V.    i) What is the charge of the ball? 

E = 2x10
4
 N/C 

V = 1800 V 

r = R + 0.06   m 

 



E = k q/ r
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V = k q/ r 
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So,       V
2
/E = k q 

          (1800)
2
/ 2x10

4
 = 9x10

9
  q 

                  q = 1.8 x10
-8

 C 

 

ii) If the ball is let to be more charged, what would be the maximum charge of ball’s surface without 

breaking down of the air around it? (the dielectric strength of air is 3x10
6
 N/C).  

Vmax = Eair R 

k qmax/ R = Eair R 

qmax = Eair R
2
/ k 

to find R,         1800 = 9 x10
9
 x 1.8 x10

-8
/ (R+0.06) 

                            R = 0.03 m 

qmax = 3x10
6 
x (0.03)

2
/ 9 x10

9
 

        = 3x10
-7

  C 

   

c) A parallel-plates capacitor in air has a plate separation of 0.5 cm and a plate area of 50 cm
2
. The plates 

are charged to a potential difference of 200 V and disconnected from the source. Then Teflon of 

dielectric constant 2.5 is inserted and filling the space between the plates. Determine:    i) The charge 

on the plates before and after filling of Teflon.          

Cbefore = εo A/ d 

    = 8.85x10
-12

 x 50x10
-4

 / 0.5x10
-2

 

    = 8.85x10
-12 

 f 

C before = Q before /V before 

Q before = 1.77x10
-9

 C = Q after 

 ii) The change in energy of the capacitor. 

W = ½ Q
2
/C 

ΔW = ½ Q
2

 before /C before - ½ Q
2

 after /C after 

           = ½ (1.77x10
-9

)
2

  /8.85x10
-12 

 - ½ (1.77x10
-9

)
2
  /2.5 x 8.85x10

-12
 = 1.062x10

-7
  J 

 

Question (3)     (16 marks) 

a) Derive an expression of cylindrical capacitor consisting of a solid cylindrical conductor of length L, 

radius r1 and charge Q is coaxial with a cylindrical thin shell of equal length, radius r2 and charge – Q? 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Consider you have an air condition, a heater and a toaster rated at 2 KW, 1800 W and 600 W 

respectively are connected in parallel to 220 V input source.     i) Find the current density in the input 

wire if it has a radius of 6 mm? 

P1 = 2000 W 

P2 = 1800 W 

P3 = 600 W 

V = 220 V 

P = I V 

Ptotal = I total / V 

I total = (2000+1800+600) / 220 

        = 20 A 

J = Itotal / A 

   = 20/ [3.14x (0.006)
2
] = 1.77x10

5
  A/m

2
  

 

      ii) If the cost of electricity is 0.5 Pounds per KW.h, calculate the monthly cost for the air condition if 

it works  5 hours each day? 

W = 2000 x 5 x 30 = 300 KW.h 

Electricity cost = 0.5 x 300 = 150 pounds 

 
c) In the opposite circuit, the potential at point (b) is taken to be zero. Find:   i) The currents I1, I2 and I3?       

 

 

 

 

 

 

 

 

 

 

 

a b 

c d 

e f 

18 V 

12 V 

36 V 5 Ω 

11 Ω 7 Ω 
8 Ω 

5 Ω 

I3 

I2 

I1 



 

I1 = I2 + I3           …… (1) 

Loop febd,             18 + 12 = 11 I2 + 7 I2 + 5 I1 + 8 I1  

13 I1 + 18 I2 = 30        ……. (2) 

Loop fdcef,            36 – 12 = 5 I3 – 7 I2 – 11 I2 

5 I3 – 18 I2 = 24      ……..  (3) 

I1 = 2.884 A 

I2 = - o.416 A 

I3 = 3.302 A 

ii) The potential of point (F)? 

from b to f,                Vb – Vf  + 18 = 13 I1 

                                    0 – Vf  + 18 = 13 (2.884)  

                                           Vf  =  –  19.492 V 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 



 

 


