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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 you solutions in details. 

1. Three charges 𝑞1 = 3 nC, 𝑞2 = 7 nC and 𝑞3 = −5 nC are placed on the xy-plane, as shown. What is the 

net force vector �⃗�𝑛𝑒𝑡 on 𝑞1?                                                                                                                 [4 points] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Three uniformly charged infinite parallel lines with 𝜆1 = −6 nC/m, 𝜆2 = −3 nC/m, and 𝜆3 are fixed on 

xy-plane as shown. If �⃗⃗�𝑛𝑒𝑡 = 100 N/C 𝑖̂ at the origin, what is the value and sign of 𝜆3?                   [5 points]                                                                                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑦  

𝑥  

𝑞1  

𝑞2  𝑞3  

30° 
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C
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�⃗� 𝑛𝑒𝑡 = 100𝑖̂ = �⃗� 1 + �⃗� 2 + �⃗� 3,    �⃗� 3 = 370

N

C
 𝑖̂  

 

|𝜆3| =
𝐸2𝑟

2𝑘
= 8.22 × 10−9

C

m
  

 

𝜆3 = −8.22 × 10−9
C

m
 

 

𝐹12 =
𝑘𝑞1𝑞2

𝑟12
2 = 3.02 × 10−6N 

𝐹13 =
𝑘𝑞1𝑞3

𝑟13
2 = 5.4 × 10−7N  

 

Σ𝐹𝑦 = 𝐹12 − 𝐹13 sin(30) = 2.75 × 10−6 N 

 

Σ𝐹𝑥 = 𝐹13 cos(30) = 4.7 × 10−7 N 

 

𝐹 𝑛𝑒𝑡 = +4.7 × 10−7N 𝑖̂ + 2.75 × 10−6 N 𝑗̂ 

 

𝑥  

𝜆1  𝜆2  𝜆3  

𝑦  
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20 𝑐𝑚 20 𝑐𝑚 20 𝑐𝑚 



3. A line charge of length 𝐿 = 0.5m with charge 𝑄 = 10 μC distributed uniformly along its length, lies along 

the y-axis at distance 𝑎 = 0.4 m from the origin, as shown. Derive the formula for the electric field at the 

origin due to the line charge. Determine the magnitude and direction of �⃗⃗� at the origin.                                                                                                         

                                                                                                                               

 

 

 

 

 

 

 

 

 

4. A sphere of radius 𝑎 = 5 cm has a uniform volume charge density 𝜌1  = −20 nC/m3 and a concentric 

spherical shell of inner radius 𝑎, and outer radius 𝑏 = 10 cm has a uniform volume charge density 𝜌2 =

15 nC/m3. Find the magnitude and direction of the net electric field �⃗⃗� at distance 𝑟 = 8 cm from the center.                                                                                                                                        
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𝑄

𝐿
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0.5
= 2 × 10−5 C/m  

 

𝑑�⃗� =
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(−𝑗̂) =
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�⃗� 𝑛𝑒𝑡 = −2.5 × 105 
N

C
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Φ = 𝐸𝐴 =
𝑞𝑒𝑛𝑐

𝜖0

 

 
𝐴 = 4𝜋𝑟2 = 0.0804 m2  
 
𝑞𝑒𝑛𝑐 = 𝑄𝑎 + 𝑄𝑟  
 

𝑄𝑎 = 𝜌1

4

3
𝜋𝑎3 = −1.05 × 10−11 C 

 

𝑄𝑟 = 𝜌2

4

3
𝜋(𝑟3 − 𝑎3) = 2.43 × 10−11 C 
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[5 points] 
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5. Two uniformly charged infinite sheets are placed perpendicular to xy-plane as shown below. Sheet 1 has 

𝜎1 = 12 nC/m2, and sheet 2 has 𝜎2 = 8 nC/m2. Calculate the magnitude and direction of the net electric 

field at point P.                 [4 points] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. A charge 𝑞1 = 8 μC is held at rest. Another charge 𝑞2 = 4 μC with mass 𝑚 = 8 × 10−6 kg moves with 

initial speed 𝑣𝑖 = 350 m/s away from 𝑞1 when it is at distance 0.2 m. What is the speed of 𝑞2 when it 

reaches distance 0.7 m away from 𝑞1.           [4 points] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑞2 𝑞1 

0.2 𝑚 𝑣𝑖  
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C
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|𝐸𝑛𝑒𝑡| = √4522 + 6782 = 815
N

C
  

 

𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛: 𝜃 = tan−1 (
452

678
) = 33.7°  
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7. A charge 𝑞1 = −12 μC is located at the origin. A charge 𝑞2 = 5 μC is located 10 𝑐𝑚 away from the origin 

on the x-axis. What is the external work needed to move a charge 𝑞3 = 3 μC from point 𝐴 to point 𝐵? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. A conducting sphere of radius 𝑅 = 5 cm is centered at the origin of xy-plane and has an electric charge 

𝑄 = 50 μC. Calculate the potential difference 𝑉𝐴 − 𝑉𝐵.                                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝐴 𝐵 

(3 cm, 0) (7 cm, 0) (10 cm, 0) 

𝑞2 

 

𝑊𝑒𝑥𝑡 = Δ𝑈 = 𝑞3(𝑉𝐵 − 𝑉𝐴)  
 

𝑉𝐴 =
𝑘𝑞1

 (𝑟1)𝐴

+
𝑘𝑞2

(𝑟2)𝐴
= −2.96 × 106 V   

 

𝑉𝐵 =
𝑘𝑞1

(𝑟1)𝐵
+

𝑘𝑞1

(𝑟2)𝐵

= −4.24 × 104 V    

 
𝑊𝑒𝑥𝑡 = 8.75 J  
 

𝑉𝐴 =
𝑘𝑄

𝑅
= 9 × 106 V 

 
𝑟 = √0.072 + 0.072 ≅ 10 cm   
 

𝑉𝐵 =
𝑘𝑄

𝑟
=  4.5 × 106 V  

 
𝑉𝐴 − 𝑉𝐵 = 4.5 × 106 V   
 

𝑞1 
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𝑦  

[4 points] 
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Part II. Conceptual Questions (each carries 1 point). Tick the best answer. 

 

1. Two charges 𝑞 and 𝑄 are placed along the x-axis as shown. If the net electric field is equal 

to zero at point 𝐴, then 𝑄 must be 

 

a) 2𝑞. 

b) 4𝑞. 

c) −2𝑞. 

d) −𝟒𝒒. 

2. A particle is slowing down as it moves along the direction of the electric field. The charge 

of the particle is   

 

a)  neutral. 

b)  positive. 

c)  negative. 

d) undetermined. 

 

3. Four charges are located at the vertices of a square. What is the direction of the electric field 

at point 𝐶 (at the center of the square)? 

 

a) ← 

b) ↑ 

c) → 

d) ↓ 

 

4. Two uniformly charged infinite sheets 𝜎1 and 𝜎2 are placed perpendicular to the 𝑥𝑦-plane, 

as shown. If 𝜎1 = −𝜎2, at which point(s) will the net electric field be equal to zero? 

 

a) A. 

b) B. 

c) B & C. 

d) A & C. 
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5. The magnitude of the electric field inside a uniformly charged non-conducting sphere is 

 

a) proportional to 1/𝑟. 

b) proportional to 1/𝑟2. 

c) proportional to 𝒓. 

d) constant. 

 

6. What is the electric flux through sphere A compared to sphere B? 

 

a)  𝜱𝑨 = 𝜱𝑩 

b)  𝛷𝐴 = 4𝛷𝐵 

c)  𝛷𝐴 =
1

4
𝛷𝐵 

d) 𝛷𝐴 =
1

8
𝛷𝐵 

 

7. If we decrease the distance between two identical positive charges, the work done by the 

electric field is 

 

a) positive. 

b) negative. 

c) zero. 

d) undetermined.  

 

8. Initially, we have two charges that are equal in magnitude and have opposite signs, as shown 

below. By adding an extra charge 𝑄 at point 𝑂, the total energy of the system will 

 

a) increase. 

b) decrease. 

c) remain the same. 

d) depend on the sign of 𝑄. 
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