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Fundamental constants 

 

  𝑘 = 
1

4𝜋𝜀𝜊
= 9.0 × 109 N. m2/C2   (Coulomb constant)  

  0 = 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) 

 1 𝑒𝑉 = 1.6 × 10−19 𝐽 

 

Prefixes of units 
 

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

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

 

                         For use by Instructors only 

Prob. 1 2 3 4 5 6 7 8 Questions Total 

Marks           

 

 
 

 



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

 

1. Four point charges are placed on 𝑥 and 𝑦 axes as shown. If 𝑞1 = +3.0 μC, 𝑞2 = +4.0 μC, 𝑞3 = −1.5 μC, 

and 𝑞4 = +5.0 μC. Find the net electric force 𝐹⃗ acting on charge 𝑞1.              [4 points]

  

 

𝐹⃗21 = 𝑘
𝑞1𝑞2

𝑟12
2

(−𝑖̂) = −(67.5 N)𝑖̂ 

𝐹⃗31 = 𝑘
𝑞1𝑞3

𝑟13
2

(𝑖̂) = −(16.2 N)𝑖̂ 

 

𝐹⃗41 = 𝑘
𝑞1𝑞4

𝑟14
2

(−𝑗̂) = −(150 N)𝑗 ̂

 

𝐹⃗1 = −(83.7 N/C)𝑖̂ − (150 N)𝑗 ̂
 

 

       

 

 

 

2. A thin rod of length 𝐿 =  12.5 cm with a uniform charge density of 𝜆 = +1.2 nC/m is placed along 

the 𝑥-axis as shown. Calculate the electric field of the rod at point 𝐴.                           [4 points] 

 

 

   

𝐸⃗⃗ = ∫ 𝑘
𝜆𝑑𝑥

𝑥2

0.25

0.125
(−𝑖̂) 

= 𝑘𝜆 (−
1

𝑥
)

0.125

0.25

(−𝑖)̂ 

= −(43.2 N/C)𝑖 ̂
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3. An electron is moving at a velocity of 𝑣⃗ = (5.0 × 106 m/s)𝑖.̂ Find the uniform electric field that can 

stop the electron in a distance of 5.0 cm.                                                [3 Points] 

 

𝑎⃗ = −
𝑣0

2

2∆𝑥
𝑖̂ = −(2.5 × 1014 m/𝑠2)𝑖 ̂

𝐹⃗ = 𝑚𝑎⃗ = −(2.275 × 10−16 N)𝑖 ̂

𝐸⃗⃗ =
𝐹⃗

−𝑒
= (1422 N/C)𝑖̂ 

 

 

 

 

 

 

    

         

4. A non-conducting spherical shell with inner radius 𝑎 = 40 cm and outer radius 𝑏 = 70 cm is uniformly 

charged. If the electric field at a distance of 𝑟 = 55 cm from its center is 30 N C⁄  pointing inward, 

calculate the volume charge density 𝜌 of the sphere.                                     [4 points] 

∮ 𝐸⃗⃗ ∙ 𝑑𝐴 = −4𝜋𝑟2𝐸 =
𝑄𝑒𝑛𝑐

𝜀0
 

𝑄𝑒𝑛𝑐 = −
(0.55)2×30

9×109
= −1 × 10−9 C             

𝜌 =
𝑄𝑒𝑛𝑐

4𝜋
3

(𝑟3 − 𝑎3)
 

  

𝜌 =
−3 × 1 × 10−9

4 × 3.14 × (0.166 − 0.064)
= −2.34 nC m3⁄  

  

 

 

 

 

𝑎 

𝑏 

𝑟 

𝜌 



5. Two uniformly charged parallel infinite plates are perpendicular to 𝑥-axis as shown. The surface charge 

density on one plate is 𝜎1 = 15.0 nC/m2 and the net electric field at point 𝑃 is given as 𝐸⃗⃗ =

−(1000 N/C)𝑖̂. Find the surface charge density 𝜎2.               [4 points] 

 

     𝐸⃗⃗𝑃 = 𝐸1𝑖̂ + 𝐸2𝑖̂ = −1000𝑖̂                            

     
𝜎2

2𝜖0
𝑖̂ = −1000𝑖̂ −

𝜎1

2𝜖0
𝑖̂        

     𝜎2 = −32.7 nC/m2 

 

 

 

 

 

6. A ring of uniform charge 𝑄 = −50 nC and of radius 𝑎 = 6.0 cm is placed on the 𝑦𝑧-plane and is 

centered at the origin. A point charge 𝑞 = 0.45 μC with a mass of 𝑚 = 1.5 × 10−6 kg is released from 

rest at point 𝐴 on the 𝑥-axis. Find the speed of the point charge when it is at point 𝐵.            [5 points]

                

       ∆𝐾 = −∆𝑈 

       
1

2
𝑚𝑣2 − 0 = −𝑞(𝑉𝐵 − 𝑉𝐴) 

        𝑉𝐴 =
𝑘𝑄

√𝑥2+𝑎2
= −3354 V 

        𝑉𝐵 = −6240 V 

        
1

2
𝑚𝑣2 = 2886𝑞  →    𝑣 = 41.6 m/s 
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7. The three points 𝑎, 𝑏, and 𝑐 are in a uniform electric field as shown. The potential difference between 

points 𝑎 and 𝑐 is 𝑉𝑎𝑐 = 600 V. How much work must be done on an electron by an external force to 

move it from point 𝑏 to 𝑐? Write your answer in eV.               [4 Points] 

 

𝐸 =
𝑉𝑎𝑐

𝑑
=

600

0.006
= 1 × 105 V/m 

𝑊𝐸 = |𝑞|𝐸𝑑𝑐𝑜𝑠180° = −𝑒𝐸𝑑 

𝑊𝑒𝑥𝑡 = −𝑊𝐸 = 𝑒𝐸𝑑 = 1 × 1.0 × 105 × 0.004 = 400 eV 

 

 

 

  

8. A conducting spherical shell of inner radius 𝑎 = 4.0 cm and outer radius 𝑏 = 6.0 cm carries a net 

charge 𝑄 = −10.0 nC. A point charge 𝑞 = 5.0 nC is placed at the center of the shell. Calculate the 

electric potential at a distance of 3.0 cm from the center of the shell.              [4 points] 

 

  𝑉 = 𝑘
𝑞

𝑟
+ 𝑘

−𝑞

𝑎
+ 𝑘

𝑞+𝑄

𝑏
 

   𝑉 = −375 V 
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PART II :  Conceptual Questions (each carries 1 point). Tick the best answer. 
 

 

 

1. Which one of the following values can be the net charge of a free particle? 

 

a) 4.0 × 10−19 C. 

b) −4.0 × 10−19 C. 

c) 3.2 × 10−20 C. 

d) 𝟑. 𝟐 × 𝟏𝟎−𝟏𝟖 𝐂. 

 

2. Two point charges 𝑞1 and 𝑞2 are placed on the 𝑥-axis as shown. The net electric field 𝐸⃗⃗ at point 𝑃 on 

𝑦-axis 

 

a) is zero if 𝑞1 = 𝑞2. 

b) is zero if |𝑞1| = |𝑞2|. 

c) is zero if 𝑞1 = −𝑞2. 

d) is never zero. 

 
 

3. Two positive point charges 𝑞1 and 𝑞2 of the same mass are released from rest at the same distance from 

a negatively charged infinite plate. The point charges have speeds 𝑣1 and 𝑣2 when they reach the plate. 

Which statement is correct? 

 

a) 𝒗𝟏 > 𝒗𝟐 if 𝒒𝟏 > 𝒒𝟐. 

b) 𝑣1 > 𝑣2 if 𝑞1 < 𝑞2. 

c) 𝑣1 = 𝑣2 for any 𝑞1 and 𝑞2. 

d) any of the above depending on the charge of the plate. 

 

 

 

4. Which statement is wrong about linear charge density 𝜆? 

 

a) 𝜆 is a constant for a uniform charge distribution. 

b) 𝜆 is a constant for any charge distribution. 

c) 𝜆 is a constant for a uniformly charged infinite line. 

d) 𝜆 can be greater than the total charge of the line. 

 

 

- - 
- - - - 
- 
- 
- 
- 
- 

𝑞1  ● 

𝑞2  ● 

● 𝑞2 ● 𝑞1 𝑥 

𝑦 

𝑎 𝑎 

● 𝑃 

- 



5. A conducting sphere is placed between two oppositely charged plates as shown. The electric field 𝐸⃗⃗ 

inside the sphere is: 
 

a) 𝐸⃗⃗ = 𝐸𝑖̂. 

b) 𝐸⃗⃗ = 𝐸(−𝑖̂). 

c) 𝐸⃗⃗ = 𝐸𝑥 𝑖̂ + 𝐸𝑦𝑗.̂ 

d) 𝑬⃗⃗⃗ = 𝟎. 

 

 

6. A positive point charge 𝑞 moves from point 𝑎 to 𝑏 near two positively charged infinite plates as shown. 

In this motion the electric potential energy of the point charge 

 

a) decreases. 

b) increases. 

c) does not change. 

d) does not change if 𝜎1 = 𝜎2. 

 

7. Which one of the following is not the unit of electric field?  

 

a) N/C. 

b) V/m. 

c) 
𝐽

𝐶∙𝑚
 . 

d) 
𝑱∙𝒎

𝑪
. 

 

 

8. Two concentric conducting spherical shells carry equal charges 𝑄. A point charge 𝑞 is moved between 

different points on these shells. Which statement is correct regarding the work done on 𝑞 by the electric 

field? 

 

a) 𝑊𝐴→𝐷 > 𝑊𝐴→𝐶. 

b) 𝑾𝑨→𝑫 = 𝑾𝑨→𝑪. 

c) 𝑊𝐶→𝐷 > 𝑊𝐴→𝐵. 

d) 𝑊𝐶→𝐷 < 𝑊𝐴→𝐵. 

 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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- 
- 
- 
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