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Fundamental constants 

 k = 
229 C/m.N100.9

4

1
=




  (Coulomb constant) 

 o = 8.85  10-12 C2 / (N·m2)   (Permittivity of free space)  

 0 = 4  10-7 T .m/A    (Permeability of free space) 

 e  = 1.60  10-19 C    (Elementary unit of charge) 

 NA = 6.02  1023     (Avogadro’s number)  

 g = 9.8 m/s2     (Acceleration due to gravity) 

 me= 9.11  10-31 kg    (Electron mass) 

 mp = 1.67  10-27 kg    (Proton mass) 
 

Prefixes of units 
 

m = 10-3 = 10-6  n = 10-9  p = 10-12 

k = 103  M = 106 G = 109  T = 1012 
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Important:  

1.  Mobiles or other electronic devices are strictly prohibited during the exam. 
 

2.  Programmable calculators, which can store equations, are not allowed. 
  

3.  Cheating incidents will be processed according to the university rules. 
 



Part I. Solve the following problems. Show your solutions in details. 

1. Three charges 𝑞1 = 50 μC,  𝑞2 = −10 μC, and 𝑞3 = −30 μC are placed on the xy-plane, as shown below. 

Calculate the net force vector 𝐹⃗ on 𝑞3.                                                                                           [4 points]                                       

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

2.  A ring of radius 𝑅 = 20 cm in the 𝑦𝑧-plane is centred at the origin and carries a charge 𝑄 = 20 nC 

uniformly distributed along it. An infinitely long line parallel with the 𝑦-axis with uniform linear charge 

density 𝜆 = 30 nC/m, and an infinite sheet in the 𝑦𝑧-plane with uniform surface charge density 𝜎 are 

located, as shown below. If 𝐸⃗⃗𝑛𝑒𝑡 = 0 at point 𝑃, what is the value and sign of 𝜎?                                        

[5 points] 
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𝑬⃗⃗⃗𝝀,𝑷 =
𝝀

𝟐𝝅𝝐𝟎𝒙𝟏
=

𝟑𝟎×𝟏𝟎−𝟗

𝟐𝝅𝝐𝟎𝟎.𝟐
𝐍 𝒊̂ = 𝟐𝟔𝟗𝟕 𝐍 𝒊̂            

 

 𝑬⃗⃗⃗𝑸,𝑷 =
𝒌𝑸𝒙𝟐

(𝒙𝟐
𝟐+𝒂𝟐)

𝟑/𝟐 =
𝟗×𝟏𝟎𝟗×𝟐𝟎×𝟏𝟎−𝟗×𝟎.𝟕

(𝟎.𝟕𝟐+𝟎.𝟐𝟐)𝟑/𝟐 𝐍 𝒊̂ = 𝟑𝟐𝟔 𝐍 𝒊̂    

 
𝑬⃗⃗⃗𝒏𝒆𝒕 = 𝑬⃗⃗⃗𝝀,𝑷 + 𝑬⃗⃗⃗𝑸,𝑷 + 𝑬⃗⃗⃗𝝈,𝑷 = 𝟎   →    𝑬⃗⃗⃗𝝈,𝑷 = −𝟑𝟎𝟐𝟑 𝐍/𝐂  𝒊̂  
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𝐂
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𝟏𝟑| =

𝒌|𝒒𝟏𝒒𝟑|

(𝒓𝟏𝟑)𝟐 =
𝟗×𝟏𝟎−𝟗×𝟓𝟎×𝟏𝟎−𝟔×𝟑𝟎×𝟏𝟎−𝟔

𝟎.𝟒𝟐𝟒𝟐 𝐍 = 𝟕𝟓 𝐍          

 

|𝑭 ⃗⃗⃗⃗
𝟐𝟑| =

𝒌|𝒒𝟐𝒒𝟑|

(𝒓𝟐𝟑)𝟐 =
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𝟎.𝟑𝟐 𝐍 = 𝟑𝟎 𝐍           

 
𝑭⃗⃗⃗𝟏𝟑 =  −|𝑭 ⃗⃗⃗⃗

𝟏𝟑| 𝐜𝐨𝐬(𝟒𝟓) 𝒊̂ + |𝑭 ⃗⃗⃗⃗
𝟏𝟑|𝒔𝒊𝒏(𝟒𝟓)𝒋̂ = (−𝟓𝟑 𝐍 𝒊̂ + 𝟓𝟑 𝐍 𝒋̂)    

 
𝑭⃗⃗⃗𝒏𝒆𝒕 = 𝑭⃗⃗⃗𝟏𝟑 + 𝑭⃗⃗⃗𝟐𝟑 = (−𝟐𝟑 𝐍) 𝒊̂ + (𝟓𝟑 𝐍) 𝒋̂                                            



 

3. A sphere of radius 𝑎 = 4 cm has a uniform volume charge density 𝜌1 = 5 nC/m3. A concentric spherical 

shell of inner radius 𝑎, and outer radius 𝑏 = 9 cm, has a uniform volume charge density 𝜌2 = −13 nC/m3. 

Find the magnitude and direction of the electric field at distance 𝑟 = 6 cm from the centre.           [5 points] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. A line charge of length 𝐿 = 0.5 m with charge 𝑄 = −20 μC distributed uniformly along its length, lies along 

the 𝑦-axis. Derive the electric field 𝐸⃗⃗ at point P at distance a = 0.20 m from the origin.               [5 points] 
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𝜌2 𝚽 =  ∮ 𝐸⃗⃗⃗ ∙ 𝑑𝐴⃗⃗⃗ =
𝑞𝑒𝑛𝑐

𝜀0
                

𝒒𝒂 = 𝝆𝟏  (
𝟒

𝟑
𝝅𝒂𝟑) = 𝟏. 𝟑𝟒 × 𝟏𝟎−𝟏𝟐 𝐂                              

 𝒒𝒓 = 𝝆𝟐  (
𝟒

𝟑
𝝅(𝒓𝟑 − 𝒂𝟑)) = −𝟖. 𝟐𝟖 × 𝟏𝟎−𝟏𝟐 𝐂            

 
 𝒒𝒆𝒏𝒄 = 𝒒𝒂 + 𝒒𝒓 = −𝟔. 𝟗𝟒 × 𝟏𝟎−𝟏𝟐𝐂 
 

𝑬 =
|𝒒𝒆𝒏𝒄|

𝟒𝝅𝒓𝟐𝝐𝟎
=
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 𝐍/𝐂 = 𝟏𝟕. 𝟑 𝐍/𝐂         

 
|𝑬⃗⃗⃗| = 𝟏𝟕. 𝟑 𝐍/𝐂,  direction: inward             
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5.  Two charges 𝑞1 = 4 nC and 𝑞2 = −6 nC are located, as shown. How much work is done by the electric 

field when a third charge 𝑞3 = −3 nC moves from point A to point B? Given 𝑎 = 30 cm.              [5 points] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Two charged particles of 𝑞1 = 𝑞2, with masses 𝑚1 = 4 × 10−6 kg and 𝑚2 = 6 × 10−6 kg, are initially at 

rest at distance 10 cm apart. While charge 𝑞1 remains rest, charge 𝑞2 is released from rest and moves with 

speed 𝑣 = 800 m/s when it is 30 cm away from 𝑞1. Find the value of the charge 𝑞1 and 𝑞2.       [4 points]                                                                              
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𝑽𝑨 =

𝒌𝒒𝟏

𝒂
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𝒌𝒒𝟐

𝒂
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𝑾𝒇𝒊𝒆𝒍𝒅 = −𝒒𝟑𝚫𝑽 = −𝒒𝟑(𝑽𝑩 − 𝑽𝑨) =  −𝟏𝟖𝟎 × 𝟏𝟎−𝟗 𝐉         

 

           
 𝑬𝒊 = 𝑬𝒇 ⇒ 𝑼𝒊 = 𝑼𝒇 + 𝑲𝒇                           
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−
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PART II : Conceptual Questions (each carries 1 point). Tick the best answer. 

 

1. Two charges 𝑞1 = 2𝑞2 are placed on the 𝑥-axis. The net electric field on the 𝑥-axis will be equal to zero in 

 

a) region A. 

 

b) region B, closer to 𝑞1. 
 

c) region B, closer to 𝑞2. √ 

 

d) region C. 

 

 

2.  An uncharged metal ball is placed on an insulating stand. Then, a negatively charged rod is brought close 

to the ball. Which of the following statements is correct?  

 

a) The ball is positively charged. 

 

b) The ball is negatively charged. 

 

c) The ball is still neutral. √ 

 

d) The rod is discharged. 

 

 

3. Two positively charged particles of charges 𝑞1 > 𝑞2 and identical masses are released from rest. If 𝑎⃗1 is the 

acceleration of 𝑞1, and 𝑎⃗2 is the acceleration of 𝑞2, what is the magnitude and direction of the accelerations 

relative to each other? 

 

a) |𝑎⃗1| = |𝑎⃗2| and they show toward each other. 

 

b) |𝑎⃗1| > |𝑎⃗2| and they show toward each other. 

 

c) |𝑎⃗1| < |𝑎⃗2| and they show away from each other. 

 

d)  |𝑎⃗1| = |𝑎⃗2| and they show away from each other. √ 

 

 

4. If 𝑟 is the distance from the centre of a uniformly charged insulating sphere, the magnitude of the electric 

field inside the sphere is proportional to 

 

a) 𝑟. √ 

 

b) 𝑟2. 

 

c) 1/𝑟. 

 

d) 1/𝑟2. 
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5. Two parallel infinite sheets of uniform surface charge density 𝜎1 < 0 and 𝜎2 < 0  are placed 

perpendicular to the 𝑥𝑦-plane, as shown. If |𝜎1| > |𝜎2|, then the net electric field is  

 

a)  zero in region 𝐴. 

 

b)  zero in region 𝐵. 

 

c)  zero in region 𝐶.  
 

d)  nowhere zero. √ 

 

                
 

6. Which plot shows the relationship between the potential energy U and the distance r between two 

opposite charges? 

    

 

 

 

                                                                                          

 

 

 

 

            a)                                       b)                                     c) √                                   d) 
  
 

7)  If an electron is travelling in the opposite direction of a uniform electric field,  

 

a) the potential energy increases and the electric potential increases. 

 

b) the potential energy decreases and the electric potential decreases. 

 

c) the potential energy increases and the electric potential decreases. 

 

d) the potential energy decreases and the electric potential increases. √ 

 

 
8. Two negative charges 𝑞1 and 𝑞2 are placed on the x-axis, as shown. If we add a third negative charge 𝑞3 

between 𝑞1 and 𝑞2, the electric potential energy of the system will   

 

a) increase. √ 

 

b) decrease.  
 

c) stay the same. 

 

d) undetermined.  
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