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Unit 13                                                Electrostatics 

Numerical Problesms 
Important formulas  
➢ Quantization Rule       𝑄 = 𝑛𝑒 
➢ Energy supplied by the charge 𝐸 = 𝑞(𝑉𝑎 − 𝑉𝑏) 

➢ Coulomb’s Law 𝐹 = 𝑘
𝑞1𝑞2

𝑟2 , 𝑘 = 9 × 109 𝑁𝑚2𝐶−2 

➢ Electric Field Intensity     𝐸 =
𝐹

𝑞°
 

➢ Electric Potential   𝑉 =
𝑊

𝑞
 

➢ Capacitor and Capacitance Formula 𝑄 = 𝐶𝑉 
➢ Equivalent  Capacitance For Series Combination 

1

𝐶𝑒𝑞
=

1

𝐶1
+

1

𝐶2
 

➢ Equivalent  Capacitance For Parallel Combination 
𝐶𝑒𝑞 = 𝐶1 + 𝐶2 

13.1 The charge of how many negatively charged 
particles would be equal to𝟏𝟎𝟎 𝝁𝑪. Assume charge 

on one negative particle is𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑪? (ALP) 
Given Data 

𝐶ℎ𝑎𝑟𝑔𝑒 = 𝑄 = 100𝜇𝐶 
𝑄 = 100 × 10−6𝐶 

𝐶ℎ𝑎𝑟𝑔𝑒 𝑜𝑛 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 = 𝑒 = 1.6 × 10−19𝐶 
To Find  

𝑁𝑜. 𝑜𝑓 𝑐ℎ𝑎𝑟𝑔𝑒𝑑 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 = 𝑛 =? 
Solution 
By using quantization rule 

𝑄 = 𝑛𝑒 

𝑛 =
𝑄

𝑒
 

𝑛 =
100 × 10−6𝐶

1.6 × 10−19𝐶
 

𝒏 = 𝟔. 𝟐𝟓 × 𝟏𝟎𝟏𝟒 

13.2 Two point charges 𝒒𝟏 =  𝟏𝟎 𝝁𝑪 and 𝒒𝟐 =  𝟓 𝝁𝑪 
are placed at distance of𝟏𝟓𝟎 𝒄𝒎. What will be the 
Coulomb’s force between them? Also find the 
direction of the force. (ALP) 
Given Data 

𝑞1 = 10 𝜇𝐶 
𝑞1 = 10 × 10−6𝐶 
𝑞2 = 5 𝜇𝐶 
𝑞2 = 5 × 10−6𝐶 

𝑟 = 150 𝑐𝑚 
𝑟 = 150 × 10−2𝑚 
𝑟 = 1.5 𝑚 

To Find  
𝐶𝑜𝑢𝑙𝑜𝑚𝑏′𝑠 𝑓𝑜𝑟𝑐𝑒 = 𝐹 =  ? 

𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑜𝑟𝑐𝑒 =  ? 
Solution 
By using formula of coulomb’s law 

 𝐹 = 𝑘
𝑞1𝑞2

𝑟2
 

𝐹 = (9 × 109)
(10 × 10−6)(5 × 10−6)

(1.5)2
 

𝐹 =
0.45

2.25
 

𝑭 = 𝟎. 𝟐 𝑵 
Direction: As both charges are same so force between 
two charges is repulsive (force of repulsion) 

13.3 The force of repulsion between two identical 
positive charges is 𝟎. 𝟖 𝑵, when the charges are 
𝟎. 𝟏 𝒎 apart. Find the value of each charge. (ALP) 
Given Data 
As both charges are identical, so  

𝑞1 = 𝑞2 = 𝑞 
𝐹𝑜𝑟𝑐𝑒 = 𝐹 = 0.8 𝑁 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑟 = 0.1 𝑚 
To Find  

𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑐ℎ𝑎𝑟𝑔𝑒 = 𝑞 =  ? 
Solution 
By using formula of coulomb’s law 

 𝐹 = 𝑘
𝑞1𝑞2

𝑟2
 

𝐹 = 𝑘
(𝑞)(𝑞)

𝑟2
 

𝐹 =
𝑘𝑞2

𝑟2
 

𝑞2 =
𝐹𝑟2

𝑘
 

𝑞2 =
(0.8)(0.1)2

9 × 109
 

𝑞2 = 8.89 × 10−13 

√𝑞2 = √8.89 × 10−13 
𝒒 = 𝟗. 𝟒𝟐 × 𝟏𝟎−𝟕 𝑪 

13.4 Two charges repel each other with a force of 
𝟎. 𝟏 𝑵 when they are 𝟓 𝒄𝒎 apart. Find the forces 
between the same charges when they are 𝟐 𝒄𝒎 
apart. (ALP) 
Given Data 
As both charges repel each other, they are similar 
charges, so  

𝑞1 = 𝑞2 = 𝑞 
𝐹1 = 0.1 𝑁 
𝑟1 = 5 𝑐𝑚 

𝑟1 =
5

100
𝑚 

𝑟1 = 0.05𝑚 
To Find  
 

𝐹2 =  ?      𝑤ℎ𝑒𝑛 𝑟2 = 2 𝑐𝑚 = 0.02𝑚  
Solution 
By using formula of coulomb’s law 

 𝐹1 = 𝑘
𝑞1𝑞2

𝑟1
2

 

𝐹1 = 𝑘
(𝑞)(𝑞)

𝑟1
2

 

𝐹1 =
𝑘𝑞2

𝑟1
2

 

𝑞2 =
𝐹1𝑟1

2

𝑘
 

𝑞2 =
(0.1)(0.05)2

9 × 109
 

𝑞2 = 2.78 × 10−14 

√𝑞2 = √2.78 × 10−14 
𝒒 = 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟕 𝑪 

Now for 𝐹2 

𝐹2 = 𝑘
𝑞1𝑞2

𝑟2
2
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𝐹2 = 𝑘
(𝑞)(𝑞)

𝑟2
2

 

𝐹2 =
𝑘𝑞2

𝑟2
2

 

𝐹2 =
(9 × 109)(1.67 × 10−7)𝟐

(0.02)𝟐
 

𝐹2 = 6.22 × 10−1 𝑁 
𝑭𝟐 = 𝟎. 𝟔𝟐 𝑵 

13.5 The electric potential at a point in an electric 

field in𝟏𝟎𝟒 𝑽. If a charge of +𝟏𝟎𝟎 𝝁𝑪 is brought from 
infinity to this point. What would be the amount of 
work done on it? (ALP) 
Given Data 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 = 𝑉 = 104 𝑉 
𝐶ℎ𝑎𝑟𝑔𝑒 = 𝑞 = 100 𝜇𝐶 

𝑞 = 100 × 10−6 𝐶 
To Find  

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 = 𝑊 =  ? 
Solution  
By using formula of electric potential 

𝑉 =
𝑊

𝑞
 

𝑊 = 𝑞𝑉 
𝑊 = (100 × 10−6)(104) 
𝑾 = 𝟏 𝑱 

13.6 A point charge of +𝟐 𝑪 is transferred from a 
point at potential 𝟏𝟎𝟎 𝑽 to a point at potential 𝟓𝟎 𝑽, 
what would be the energy supplied by the charge? 
(ALP) 
Given Data 

𝐶ℎ𝑎𝑟𝑔𝑒 = 𝑄 = 2 𝐶 
𝐻𝑖𝑔ℎ𝑒𝑟 𝑝𝑡𝑒𝑛𝑡𝑖𝑎𝑙 = 𝑉𝑎 = 100 𝑉 
𝐿𝑜𝑤𝑒𝑟 𝑝𝑡𝑒𝑛𝑡𝑖𝑎𝑙 = 𝑉𝑏 = 50 𝑉 

To Find  
𝐸𝑏𝑒𝑟𝑔𝑦 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑏𝑦 𝑐ℎ𝑎𝑟𝑔𝑒 = 𝐸 =  ? 

Solution  
By using formula of energy supplied 

𝐸 = 𝑞(𝑉𝑎 − 𝑉𝑏) 
𝐸 = 2(100 − 50) 
𝐸 = 2(50) 
𝑬 = 𝟏𝟎𝟎 𝑱 

13.7 A capacitor holds 𝟎. 𝟎𝟔 𝒄𝒐𝒖𝒍𝒐𝒎𝒃𝒔 of charge 
when fully charged by a 𝟗 𝒗𝒐𝒍𝒕 battery. Calculate 
capacitance of the capacitor. (ALP) 
Given Data 

𝐶ℎ𝑎𝑟𝑔𝑒 = 𝑄 = 0.06 𝐶 
𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 𝑉 = 9 𝑉 

To Find  
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 = 𝐶 =  ? 

Solution  
By using formula of capacitance  

𝑄 = 𝐶𝑉 

𝐶 =
𝑄

𝑉
 

𝐶 =
0.06

9
 

𝑪 = 𝟔. 𝟔𝟕 × 𝟏𝟎−𝟑 𝑭 

13.8 A capacitor holds 𝟎. 𝟎𝟑 𝒄𝒐𝒖𝒍𝒐𝒎𝒃𝒔 of charge 
when fully charged by a 𝟔 𝒗𝒐𝒍𝒕 battery. How much 
voltage would be required for it to hold 𝟐 𝒄𝒐𝒖𝒍𝒐𝒎𝒃𝒔 
of charge? (ALP) 
Given Data 

𝑄1 = 0.03 𝐶 
𝑉1 = 6 𝑉 
𝑄2 = 2 𝐶 

To Find  
𝑉2 =  ? 

Solution  
By using formula of capacitance  

𝑄 = 𝐶𝑉 

𝐶 =
𝑄

𝑉
 

Capacitance for 1st capacitor  

𝐶 =
𝑄1

𝑉1
         … (𝑖) 

Capacitance for 2nd capacitor  

𝐶 =
𝑄2

𝑉2
         … (𝑖𝑖) 

Comparing equation (𝑖) and (𝑖𝑖) 
𝑄1

𝑉1
=

𝑄2

𝑉2
 

𝑄1𝑉2 = 𝑄2𝑉1 

𝑉2 =
𝑄2𝑉1

𝑄1
 

𝑉2 =
(2)(6)

0.03
 

𝑽𝟐 = 𝟒𝟎𝟎 𝑽 

13.9. Two capacitors of capacitance 𝟔𝝁𝑭 and 𝟏𝟐𝝁𝑭 
are connected in series with a 𝟏𝟐𝑽 battery. Find the 
equivalent capacitance of the combination. Find the 
charge and their potential difference across each 
capacitor. (ALP) 
Given Data 

𝐶1 = 6 𝜇𝐹 
𝐶2 = 12 𝜇𝐹 

𝑉 = 12 𝑉 
To Find  

𝐶𝑒𝑞 =  ? 

𝑄1 =?,         𝑄2 =?  
𝑉1 = ?, 𝑉2 =? 

Solution  
By using formula of equivalent capacitance for series 
combination  

1

𝐶𝑒𝑞
=

1

𝐶1
+

1

𝐶2
 

1

𝐶𝑒𝑞
=

1

6𝜇𝐹
+

1

12𝜇𝐹
 

1

𝐶𝑒𝑞
=

2 + 1

12𝜇𝐹
 

1

𝐶𝑒𝑞
=

3

12𝜇𝐹
 

1

𝐶𝑒𝑞
=

1

4𝜇𝐹
 

𝑪𝒆𝒒 = 𝟒 𝝁𝑭 
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Charge will be same for each capacitor in series 
combination, so 𝑄 = 𝑄1 = 𝑄2 

𝑄 = 𝐶𝑒𝑞𝑉 

= (4 𝜇𝐹)(12 𝑉) 
𝑸 = 𝟒𝟖 𝝁𝑪 

Voltage across 1st capacitor  
𝑄 = 𝐶1𝑉1 

𝑉1 =
𝑄

𝐶1
 

𝑉1 =
48 𝜇𝐶

6 𝜇𝐹
 

𝑽𝟏 = 𝟖 𝑽 
Voltage across 2nd capacitor  

𝑄 = 𝐶2𝑉2 

𝑉2 =
𝑄

𝐶2
 

𝑉2 =
48 𝜇𝐶

12 𝜇𝐹
 

𝑽𝟐 = 𝟒 𝑽 

13.10. Two capacitors of capacitances of 𝟔𝝁𝑭 and 
𝟏𝟐𝝁𝑭 are connected in parallel with a 𝟏𝟐𝑽 battery. 
Find the equivalent capacitance of the combination. 
Find the charge and the potential difference across 
each capacitor. (ALP)  
Given Data 

𝐶1 = 6 𝜇𝐹 
𝐶2 = 12 𝜇𝐹 

𝑉 = 12 𝑉 
To Find  

𝐶𝑒𝑞 =  ? 

𝑄1 =?,         𝑄2 =?  
𝑉1 = ?, 𝑉2 =? 

Solution  
By using formula of equivalent capacitance for parallel 
combination  

𝐶𝑒𝑞 = 𝐶1 + 𝐶2 

𝐶𝑒𝑞 = 6 𝜇𝐹 + 12 𝜇𝐹 

𝑪𝒆𝒒 = 𝟏𝟖 𝝁𝑭 

As potential difference (voltage) will be same for each 
capacitor in parallel combination, so 

𝑽 = 𝑽𝟏 = 𝑽𝟐 = 𝟏𝟐 𝑽 
Charge across 1st capacitor  

𝑄1 = 𝐶1𝑉1 
𝑄1 = (6 𝜇𝐹)(12 𝑉) 
𝑸𝟏 = 𝟕𝟐 𝝁𝑪 

 
Charge across 2nd capacitor  

𝑄2 = 𝐶2𝑉2 
𝑄2 = (12 𝜇𝐹)(12 𝑉) 
𝑸𝟐 = 𝟏𝟒𝟒 𝝁𝑪 

Examples 
13.1 Two bodies are oppositely charged with 𝟓𝟎𝟎 𝝁𝑪 
and 𝟏𝟎𝟎 𝝁𝑪 charge. Find the force between the two 
charges if the distance between them in air is 𝟎. 𝟓 𝒎. 
(ALP) 
Given Data 

𝑞1 = 500 𝜇𝐶 
𝑞1 = 500 × 10−6 𝐶 

𝑞2 = 100 𝜇𝐶 
𝑞2 = 100 × 10−6 𝐶 

𝑟 = 0.5 𝑚 
To Find  

𝐹𝑜𝑟𝑐𝑒 = 𝐹 =  ? 
Solution 
By using formula of coulomb’s law 

 𝐹 = 𝑘
𝑞1𝑞2

𝑟2
 

𝐹 = (9 × 109)
(500 × 10−6)(100 × 10−6)

(0.5)2
 

𝐹 =
450

0.25
 

𝑭 = 𝟏𝟖𝟎𝟎 𝑵 

13.2 The capacitance of a parallel plate capacitor is 
𝟏𝟎𝟎 𝝁𝑭. If the potential difference between its 
plates is 𝟓𝟎 𝒗𝒐𝒍𝒕𝒔, find the quantity of charge stored 
on each plate. (ALP) 
Given Data 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 = 𝐶 = 100 𝜇𝐹 
𝐶 = 100 × 10−6 𝐹 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 𝑉 = 50 𝑉 
To Find  

 𝐶ℎ𝑎𝑟𝑔𝑒 = 𝑄 =  ? 
Solution  
By using formula of capacitance  

𝑄 = 𝐶𝑉 
𝑄 = (100 × 10−6)(50) 
𝑄 = 5 × 10−3 𝐶 
𝑸 = 𝟓 𝒎𝑪 

13.3 Three capacitors with capacitances of 𝟑. 𝟎 𝝁𝑭, 
𝟒. 𝟎 𝝁𝑭, and 𝟓. 𝟎 𝝁𝑭 are arranged in parallel 
combination with a battery of 𝟔 𝑽, where 𝟏 𝝁𝑭 =

 𝟏𝟎−𝟔 𝑭. Find (a) the total capacitance (b) the voltage 
across each capacitor (c) the quantity of charge on 
each plate of the capacitor. (ALP) 
Given Data 

𝐶1 = 3.0 𝜇𝐹 
𝐶2 = 4.0 𝜇𝐹 
𝐶3 = 5.0 𝜇𝐹 

𝑉 = 6 𝑉 
To Find  

𝐶𝑒𝑞 = ? 

𝑉1 =? , 𝑉2 =? , 𝑉3 =?  
𝑄1 = ? , 𝑄2 = ? , 𝑄3 = ? 

Solution  
By using formula of equivalent capacitance for parallel 
combination  

𝐶𝑒𝑞 = 𝐶1 + 𝐶2 + 𝐶3 

𝐶𝑒𝑞 = 3.0 𝜇𝐹 + 4.0 𝜇𝐹 + 5.0 𝜇𝐹 

𝑪𝒆𝒒 = 𝟏𝟐 𝝁𝑭 

As potential difference (voltage) will be same for each 
capacitor in parallel combination, so 

𝑽 = 𝑽𝟏 = 𝑽𝟐 = 𝑽𝟑 = 𝟔 𝑽 
Charge across 1st capacitor  

𝑄1 = 𝐶1𝑉1 
𝑄1 = (3.0 𝜇𝐹)(6 𝑉) 
𝑸𝟏 = 𝟏𝟖 𝝁𝑪 
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Charge across 2nd capacitor  

𝑄2 = 𝐶2𝑉2 
𝑄2 = (4.0 𝜇𝐹)(6 𝑉) 
𝑸𝟐 = 𝟐𝟒 𝝁𝑪 

Charge across 3rd capacitor  
𝑄2 = 𝐶2𝑉2 
𝑄2 = (5.0 𝜇𝐹)(6 𝑉) 
𝑸𝟐 = 𝟑𝟎 𝝁𝑪 

13.4 Three capacitors with capacitances of 𝟑. 𝟎 𝝁𝑭, 
𝟒. 𝟎 𝝁𝑭, and 𝟓. 𝟎 𝝁𝑭 are arranged in series 
combination to a  battery of 𝟔 𝑽, where 𝟏 𝝁𝑭 =

 𝟏𝟎−𝟔 𝑭. Find (a) the total capacitance of the series 
combination. (b) the quantity of charge across each 
capacitor. (c) the voltage across each capacitor. 
(ALP) 
Given Data 

𝐶1 = 3.0 𝜇𝐹 
𝐶2 = 4.0 𝜇𝐹 
𝐶3 = 5.0 𝜇𝐹 

𝑉 = 6 𝑉 
To Find  

𝐶𝑒𝑞 =  ? 

𝑉1 =? , 𝑉2 =? , 𝑉3 =?  
𝑄1 = ? , 𝑄2 = ? , 𝑄3 = ? 

Solution  
By using formula of equivalent capacitance for series 
combination  

1

𝐶𝑒𝑞
=

1

𝐶1
+

1

𝐶2
+

1

𝐶3
 

1

𝐶𝑒𝑞
=

1

3.0 𝜇𝐹
+

1

4.0 𝜇𝐹
+

1

5.0 𝜇𝐹
 

1

𝐶𝑒𝑞
=

20 + 15 + 12

60 𝜇𝐹
 

1

𝐶𝑒𝑞
=

47

60 𝜇𝐹
 

𝐶𝑒𝑞 =
60 𝜇𝐹

47
 

𝑪𝒆𝒒 = 𝟏. 𝟑 𝝁𝑭 

Charge will be same for each capacitor in series 
combination, so 𝑄 = 𝑄1 = 𝑄2 = 𝑄3 

𝑄 = 𝐶𝑒𝑞𝑉 

𝑄 = (1.3 𝜇𝐹)(6 𝑉) 
𝑸 = 𝟕. 𝟖 𝝁𝑪 

Voltage across 1st capacitor  
𝑄 = 𝐶1𝑉1 

𝑉1 =
𝑄

𝐶1
 

𝑉1 =
7.8 𝜇𝐶

3.0 𝜇𝐹
 

𝑽𝟏 = 𝟐. 𝟔 𝑽 
Voltage across 2nd capacitor  

𝑄 = 𝐶2𝑉2 

𝑉2 =
𝑄

𝐶2
 

𝑉2 =
7.8 𝜇𝐶

4.0 𝜇𝐹
 

𝑽𝟐 = 𝟏. 𝟗𝟓 𝑽 

Voltage across 3rd capacitor  
𝑄 = 𝐶3𝑉3 

𝑉3 =
𝑄

𝐶3
 

𝑉3 =
7.8 𝜇𝐶

5.0 𝜇𝐹
 

𝑽𝟑 = 𝟏. 𝟓𝟔 𝑽 
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