
          CAPACITORS 

  CHAPTER = 9                           BOOK NUMERICAL 

 

1.    The capacitance of an air-filled parallel-plate capacitor is 1.3 pF.  If the separation 

of the plates is doubled and wax is inserted between them. The new capacitance is 

2.6  Find the dielectric constant of the wax. 

 

Data: 
 

𝒄𝟏   =  𝟏. 𝟑  𝐩𝐅  =   𝟏. 𝟑 𝐱 𝟏𝟎−𝟏𝟐    𝑪 

𝒄𝟐   =  𝟐. 𝟔  𝐩𝐅  =   𝟐. 𝟔 𝐱 𝟏𝟎−𝟏𝟐    𝑪 

𝝐𝒓   =  ? 

 
SOLUTION: 
air-filled parallel-plate capacitor  

𝑪𝟏  =  
𝑨 𝝐𝟎

𝒅
… … . . (𝒊) 

the separation of the plates is doubled and wax 

wax-filled parallel-plate capacitor 

 

𝑪𝟐  =  
𝑨 𝝐𝟎  𝝐𝒓

𝟐𝒅
… . . (𝒊𝒊) 

 

                     

Dividing equation (ii) by (i) 

𝑪𝟐

𝑪𝟏
 =

 
𝑨 𝝐𝟎  𝝐𝒓

𝟐 𝒅

 
𝑨 𝝐𝟎  

𝒅

 

𝑪𝟐

𝑪𝟏
 =

𝑨 𝝐𝟎  𝝐𝒓

𝟐𝒅
×

 𝒅

 𝑨 𝝐𝟎
 

𝑪𝟐

𝑪𝟏
 =  

𝝐𝒓

𝟐
 

  𝟐. 𝟔 𝐱 𝟏𝟎−𝟏𝟐    

𝟏. 𝟑 𝐱 𝟏𝟎−𝟏𝟐
 =  

𝝐𝒓

𝟐
 

𝟐 × 𝟐 =  𝝐𝒓 

𝟒 =  𝝐𝒓 

 

 

2.    Three capacitors   have capacitances   10, 50 and 

25 µF respectively as shown in figure.  Calculate 

(i) charge on each when connected in parallel to 

a 250 V supply (ii) total capacitance and (iii) 

potential difference across each when connected 

in series. 

 

Data: 

𝒄𝟏   =  𝟏𝟎  𝛍𝐅  =   𝟏𝟎 𝐱 𝟏𝟎−𝟔   𝑭 

𝒄𝟐   =  𝟓𝟎  𝛍𝐅  =   𝟓𝟎 𝐱 𝟏𝟎−𝟔𝑭 

𝒄𝟑   =  𝟐𝟓  𝛍𝐅  =   𝟐𝟓 𝐱 𝟏𝟎−𝟔    𝑭 

V  =  250 V 

𝝐𝒆   =  ? 

 



 

SOLUTION: 
Three capacitor are connected in parallel 

capacitor  

𝑪𝒆   =   𝑪𝟏 +   𝑪𝟐  +  𝑪𝟑  

𝑪𝒆   =   𝟏𝟎 +   𝟓𝟎 +  𝟐𝟓  

                𝑪𝒆   =   𝟖𝟓 𝝁𝑭 

                 𝑪𝒆   =   𝟖𝟓  𝐱 𝟏𝟎−𝟔  𝑭 

Total charge 

               𝑸𝒆    =   𝑪𝒆  ×   𝑽 

               𝑸𝒆    =   𝟖𝟓  𝐱 𝟏𝟎−𝟔  ×  𝟐𝟓𝟎 

                  𝑸𝒆 =   𝟐. 𝟏𝟐𝟓  𝐱 𝟏𝟎−𝟒 𝑪 

Charge on capacitor 𝑪𝟏 

              𝑸𝟏   =    𝑪𝟏  𝑽   

𝑸𝟏   =   𝟏𝟎 𝐱 𝟏𝟎−𝟔    × 𝟐𝟓𝟎 

              𝑸𝟏   =   𝟐. 𝟓 𝐱 𝟏𝟎−𝟑 𝑪   

Charge on capacitor 𝑪𝟏 

              𝑸𝟐   =    𝑪𝟐  𝑽   

𝑸𝟐   =   𝟓𝟎 𝐱 𝟏𝟎−𝟔    × 𝟐𝟓𝟎 

              𝑸𝟏   =   𝟏𝟐. 𝟓 𝐱 𝟏𝟎−𝟑 𝑪   

Charge on capacitor 𝑪𝟏 

              𝑸𝟑   =    𝑪𝟑  𝑽   

𝑸𝟑   =   𝟐𝟓 𝐱 𝟏𝟎−𝟔    × 𝟐𝟓𝟎 

              𝑸𝟑   =   𝟔. 𝟐𝟓 𝐱 𝟏𝟎−𝟑 𝑪   

Three capacitors are connected in series 

capacitor  

𝟏

𝑪𝒆
  =   

𝟏

𝑪𝟏
+   

𝟏

𝑪𝟐
 +

𝟏

𝑪𝟑
  

 

                     

𝟏

𝑪𝒆
  =   

𝟏

𝟏𝟎
+   

𝟏

𝟐𝟓
 +

𝟏

𝟓𝟎
  

𝟏

𝑪𝒆
  =   

𝟓 +   𝟐  +   𝟏

𝟓𝟎
 

                    
𝟏

𝑪𝒆
  =   

𝟖

𝟓𝟎
 

                  
𝑪𝒆

𝟏
  =   

𝟓𝟎

𝟖
 

                     𝑪𝒆   =   𝟔. 𝟐𝟓 𝝁𝑭 

                      𝑪𝒆   =   𝟔. 𝟐𝟓  𝐱 𝟏𝟎−𝟔  𝑭 

Total charge 

                𝑸𝒆 =  𝑪𝒆𝑽   

               𝑸𝒆    =   𝟔. 𝟐𝟓  𝐱 𝟏𝟎−𝟔  ×  𝟐𝟓𝟎 

𝑸𝒆 =   𝟏. 𝟓𝟔  𝐱 𝟏𝟎−𝟑 𝑪 

 

Pd across capacitor 𝑪𝟏 

              𝑽𝟏   =   
𝑸𝒆

 𝑪𝟏  
 =    

𝟏.𝟓𝟔  𝐱 𝟏𝟎−𝟑

𝟏𝟎 𝐱 𝟏𝟎−𝟔
 

              𝑽𝟏   =   𝟏𝟓𝟔. 𝟐𝟓 𝐕 

Pd across capacitor 𝑪𝟐 

              𝑽𝟐   =   
𝑸𝒆

 𝑪𝟐  
  =   

𝟏.𝟓𝟔  𝐱 𝟏𝟎−𝟑

𝟐𝟓 𝐱 𝟏𝟎−𝟔
  

               𝑽𝟐   =   𝟔𝟐. 𝟒 𝐕 

   Pd across capacitor 𝑪𝟑 

              𝑽𝟐   =   
𝑸𝒆

 𝑪𝟐  
  =   

𝟏.𝟓𝟔  𝐱 𝟏𝟎−𝟑

𝟓𝟎 𝐱 𝟏𝟎−𝟔
  

               𝑽𝟐   =   𝟑𝟏. 𝟐 𝐕 

 

 

 

 



3 Three capacitors are connected through a potential difference of   100 volts as 
shown in figure.  Find the charges and potential difference  across each capacitor 

 

SOLUTION: 
 𝑪𝟐  𝒂𝒏𝒅  𝑪𝟑 𝒂𝒓𝒆 𝒊𝒏 𝒑𝒂𝒓𝒂𝒍𝒍𝒆𝒍  
                𝑪𝟒   =   𝑪𝟐  +  𝑪𝟑  

𝑪𝟒   =   𝟑 +   𝟓 =   𝟖 𝝁𝑭  

                 𝑪𝟒   =   𝟖  𝐱 𝟏𝟎−𝟔  𝑭 

New circuit is 

 

𝑪𝟏  𝒂𝒏𝒅  𝑪𝟒 𝒂𝒓𝒆 𝒊𝒏 𝒔𝒆𝒓𝒊𝒆𝒔 

𝟏

𝑪𝒆
  =   

𝟏

𝑪𝟏
+   

𝟏

𝑪𝟒
   

𝟏

𝑪𝒆
  =   

𝟏

𝟐
+   

𝟏

𝟖
 =  

𝟒 +   𝟏

𝟖
 =   

𝟓

𝟖
 

𝑪𝒆   =   
𝟖

𝟓
 =   𝟏. 𝟔 𝝁𝑭 = 𝟏. 𝟔 ×  𝟏𝟎−𝟔𝑭  

Total Charge 

 𝑸𝒆 =  𝑪𝒆  𝑽  =  𝟏. 𝟔 ×  𝟏𝟎−𝟔 ×  𝟏𝟎𝟎    

               𝑸𝒆    =   𝟏. 𝟔   𝐱 𝟏𝟎−𝟒 𝑪 

                     

Pd 𝑽𝟏  across capacitor 𝑪𝟏 

             𝑽𝟏   =   
𝑸𝒆

 𝑪𝟏  
 =    

𝟏.𝟔   𝐱 𝟏𝟎−𝟒

𝟐 𝐱 𝟏𝟎−𝟔
 

              𝑽𝟏   =   𝟖𝟎 𝐕 

Pd 𝑽𝟐  across capacitor 𝑪𝟐 

              𝑽𝟐   =   
𝑸𝒆

 𝑪𝟒  
  =   

𝟏.𝟔   𝐱 𝟏𝟎−𝟒

𝟖 𝐱 𝟏𝟎−𝟔
  

               𝑽𝟐   =   𝟐𝟎 𝐕 

Pd 𝑽𝟑  across capacitor 𝑪𝟑 

              𝑽𝟑   =   𝟐𝟎 𝐕 

Charge on 𝑪𝟏 

                𝑸𝟏 =  𝑪𝟏  𝑽𝟏   

               𝑸𝟏    =   𝟐  𝐱 𝟏𝟎−𝟔  ×  𝟖𝟎 

𝑸𝟏 =   𝟏. 𝟔 𝐱 𝟏𝟎−𝟒 𝑪 

Charge on 𝑪𝟐 

                𝑸𝟐 =  𝑪𝟐  𝑽𝟐   

               𝑸𝟐    =   𝟑  𝐱 𝟏𝟎−𝟔  ×  𝟐𝟎 

𝑸𝟐 =   𝟔  𝐱 𝟏𝟎−𝟓 𝑪 

Charge on 𝑪𝟑 

                𝑸𝟑 =  𝑪𝟑  𝑽𝟐   

               𝑸𝟑    =   𝟓  𝐱 𝟏𝟎−𝟔  ×  𝟐𝟎 

𝑸𝟑 =   𝟏𝟎  𝐱 𝟏𝟎−𝟓 𝑪 

 

 



4 Capacitor is charged through a large non-reactive resistance by a battery of 

constant voltage V. For this arrangement, if the capacitor has a capacitance of 10 

µ F and the resistance is 1 M Ω, calculate the time taken for the capacitor to receive 

90% of its final charge 

Data: 

𝑪 = 𝟏𝟎 µ𝐅 = 𝟏𝟎 ×  𝟏𝟎−𝟔  𝑭  

𝑹 =  𝟏 𝐌 𝛀  =  𝟏 × 𝟏𝟎𝟔 𝛀 

 

SOLUTION: 
(a) 

𝑸 = 𝟗𝟎%  𝑸𝟎 

𝑸 = 𝟎. 𝟗  𝑸𝟎 

𝝉 = 𝑹 𝑪  

𝝉 = (𝟏𝟎 × 𝟏𝟎−𝟔)(𝟏 × 𝟏𝟎−𝟔)  

𝝉 = 𝟏𝟎 

𝑸 =  𝑸𝟎   {𝟏  −    𝒆 
−(

𝒕
𝑹 𝑪)} 

𝟎. 𝟗  𝑸𝟎 =   𝑸𝟎   {𝟏  −    𝒆 
−(

𝒕
𝟏𝟎)} 

𝟎. 𝟗 =    𝟏  −    𝒆 −(𝟎.𝟏  𝒕) 

𝒆 −(𝟎.𝟏  𝒕) =  𝟏 − 𝟎. 𝟗 

𝒆 −(𝟎.𝟏  𝒕) =  𝟎. 𝟏 

Taking loge (ln ) on both the side 

𝒍𝒏 (𝒆 −(𝟎.𝟏  𝒕)) =  𝒍𝒏(𝟎. 𝟏) 

− 𝟎. 𝟏 ×  𝒕   𝒍𝒏 (𝒆) =  𝒍𝒏(𝟎. 𝟏) 

− 𝟎. 𝟏 × 𝒕  =  −𝟐. 𝟑 

𝒕  =  𝟐𝟑  𝒔𝒆𝒄𝒐𝒏𝒅𝒔 

 

5 What capacitance is required to store energy of 10 kWh at a potential 

difference of l 000 V? 

Data: 
𝑼 = 𝟏𝟎 𝐊𝐖𝐡   

𝑼 = 𝟏𝟎 × 𝟏𝟎𝟎𝟎 (
𝐉

𝒔
) 𝟑𝟔𝟎𝟎 𝐬 

𝑼 = 𝟑𝟔𝟎𝟎𝟎𝟎𝟎  𝐉 =   𝟑. 𝟔 × 𝟏𝟎𝟕 𝑱 

𝑽 =  𝟏𝟎𝟎𝟎 𝐕 

 

 

SOLUTION: 

𝑼 =
𝟏

𝟐
  𝑪 𝑽𝟐 

𝟑. 𝟔 × 𝟏𝟎𝟕 =
𝟏

𝟐
  𝑪 (𝟏𝟎𝟎𝟎)𝟐 

𝟐 × 𝟑. 𝟔 × 𝟏𝟎𝟕 =   𝑪   × 𝟏 ×  𝟏𝟎𝟔 

𝟕. 𝟔 × 𝟏𝟎𝟕

𝟏 ×  𝟏𝟎𝟔
=   𝑪    

𝟕𝟔 𝑭 =   𝑪 

 

 

 

 

 

 

 

 

 



6 A 2.0 µF capacitor and a 4.0 µF capacitor are connected in parallel across a 

300 V potential difference. Calculate the total energy stored in the capacitors. 

Data: 

𝒄𝟏   =  𝟐. 𝟎  𝛍𝐅  =   𝟐. 𝟎 𝐱 𝟏𝟎−𝟔   𝑭 

𝒄𝟐   =  𝟒. 𝟎  𝛍𝐅  =   𝟒. 𝟎 𝐱 𝟏𝟎−𝟔𝑭 

V = 300 V 

 
 
SOLUTION: 
 𝑪𝟏  𝒂𝒏𝒅  𝑪𝟐 𝒂𝒓𝒆 𝒊𝒏 𝒑𝒂𝒓𝒂𝒍𝒍𝒆𝒍  
                𝑪𝟒   =   𝑪𝟐  +  𝑪𝟐  

𝑪𝟒   =  𝟐 +   𝟒 =  𝟔 𝝁𝑭  

                 𝑪𝟒   =   𝟔  𝐱 𝟏𝟎−𝟔  𝑭 

 

 

𝑼 =
𝟏

𝟐
  𝑪 𝑽𝟐 

𝑼 =
𝟏

𝟐
  (𝟔  𝐱 𝟏𝟎−𝟔) (𝟑𝟎𝟎)𝟐 

𝑼 =
𝟏

𝟐
  (𝟔  𝐱 𝟏𝟎−𝟔) (𝟗𝟎𝟎𝟎𝟎) 

𝑼 = 𝟎. 𝟐𝟕 𝑱 

 

 
7 A 12.0-V battery is connected to a capacitor, resulting in 54.0 µC of charge stored 

on the capacitor. How much energy is stored in the capacitor? 

Data: 
𝑽  = 𝟏 𝟐 𝐕   

𝑪 =  𝟓𝟒. 𝟎  𝛍𝐅  =   𝟓𝟒. 𝟎 𝐱 𝟏𝟎−𝟔𝑭 

U 

 
 

 

SOLUTION: 

𝑼 =
𝟏

𝟐
  𝑪 𝑽𝟐 

𝑼 =
𝟏

𝟐
  (𝟓𝟒. 𝟎  𝐱 𝟏𝟎−𝟔) (𝟏𝟐)𝟐 

𝑼 =
𝟏

𝟐
  (𝟓𝟒. 𝟎  𝐱 𝟏𝟎−𝟔) (𝟏𝟒𝟒) 

𝑼 = 𝟑. 𝟖𝟖 ×  𝟏𝟎−𝟑   𝑱 

 

 

 

 

 

 



WORKED EXAMPLE 

 

1 A parallel plate capacitor consists of two plates with an area of 0.01 m2 each, 

separated by a distance of 0.002 m.  The capacitor is filled with a dielectric material 

having a relative permittivity (𝝐𝒓) of 4. Calculate the capacitance of this capacitor 

 

Data: 
𝑨 =  𝟎. 𝟎𝟏 𝐦𝟐 

𝒅 =  𝟎. 𝟎𝟎𝟐 𝐦 

𝜖𝑟 =  𝟒 

𝑪 = ? 

 

SOLUTION: 

𝐂 =
𝐀 𝛜𝟎   𝛜𝐫 

𝐝
 

𝐂 =
(𝟎. 𝟎𝟏) (𝟖. 𝟖𝟓𝟒 × 𝟏𝟎−𝟏𝟐)   (𝟒) 

𝟎. 𝟎𝟎𝟐
 

𝐂 =
𝟑. 𝟓𝟒 × 𝟏𝟎−𝟏𝟑 

𝟎. 𝟎𝟎𝟐
 

𝐂 = 𝟏. 𝟕𝟕 × 𝟏𝟎−𝟏𝟎  

𝐂  = 𝟏𝟕𝟕 × 𝟏𝟎−𝟏𝟐 

𝐂  = 𝟏𝟕𝟕 × 𝒑𝑭 

2 Find the equivalent capacitance and charge on each of the capacitor shown in the 

 diagram 

 

Data: 

C1 = 2F 

C2 = 4F 

C3 = 6F 

Solutions: 

C1 and C2 are in parallel 

 C4 = C1 + C2 

     C4 = 2 + 4 

      C4 = 6F 

 
 

Now, C4 and C3 are in series, 

 

∴
𝟏

𝑪𝒆
=

𝟏

𝑪′
+

𝟏

𝑪𝟑 

𝟏

𝑪𝒆
=

𝟏

𝟔
+

𝟏

𝟔
 

𝟏

𝑪𝒆
=

𝟏 + 𝟏

𝟔
 

𝟏

𝑪𝒆
=

𝟐

𝟔
=

𝟏

𝟑
 

𝑪𝒆 =   𝟑 𝝁𝑭
 

 
      

 



SELF ASSESSMENT QUESTIONS 

1 The capacitance of a capacitor formed by two parallel metal plates each 200 

cm2 in area separated by a dielectric 4 mm thick is 0.0004 microfarads. A 

potential difference of 20,000 V is applied. Calculate the total charge on the 

plates. 

Data: 
𝑨 =  𝟐𝟎𝟎 𝐜𝐦𝟐 = 𝟐𝟎𝟎 × 𝟏𝟎−𝟒 𝒎𝟐 

𝒅 = 𝟒  𝒎𝒎 =  𝟒 × 𝟏𝟎−𝟑 𝒎 

𝑪 = 𝟎. 𝟎𝟎𝟎𝟒 𝝁 𝑭 = 𝟒. 𝟎 ×  𝟏𝟎−𝟏𝟎  𝑭  

𝑉 =  𝟐𝟎, 𝟎𝟎𝟎𝐕 

 

SOLUTION: 
𝑸 = 𝑪 𝑽 

𝑸 = (𝟒. 𝟎 × 𝟏𝟎−𝟏𝟎) (𝟐𝟎, 𝟎𝟎𝟎) 

𝑸 = 𝟖. 𝟎 × 𝟏𝟎−𝟔 𝑪 

2 Find the equivalent capacitance of the circuit shown in the figure and all capacitors have 

the same capacitance of 15 μF 

 

Data: 
𝑪 𝟏 = 𝑪 𝟐 = 𝑪 𝟑 =  𝑪 𝟒 = 𝑪 𝟓  = 𝟏𝟓 𝝁𝑭 

𝑪𝒆 =? 

SOLUTION: 
𝑪 𝟓𝒂𝒏𝒅 𝑪 𝟔 𝒂𝒓𝒆 𝒊𝒏 𝒔𝒆𝒓𝒊𝒆𝒔 

𝑪 𝟕 =   
𝑪 𝟏   × 𝑪 𝟐
𝑪 𝟏  +  𝑪 𝟐

 

𝑪 𝟕 =   
𝟏𝟓  × 𝟏𝟓

𝟏𝟓 + 𝟏𝟓
 =   

𝟐𝟐𝟓

𝟑𝟎
  =   𝟕. 𝟓 𝝁𝑭 

 
New circuit is 

 

𝑪 𝟓  𝒂𝒏𝒅 𝑪 𝟔 𝒂𝒓𝒆 𝒊𝒏 𝒑𝒂𝒓𝒂𝒍𝒆𝒍𝒍 

𝑪 𝟔 =  𝑪 𝟓 +   𝑪 𝟔 

𝑪 𝟔 =   𝟏𝟓 + 𝟕. 𝟓  =   𝟐𝟐. 𝟓 𝝁𝑭 

 

New circuit is 

 

𝑪𝟑 𝒂𝒏𝒅 𝑪 𝟕  𝒂𝒓𝒆 𝒊𝒏 𝒔𝒆𝒓𝒊𝒆𝒔  

𝑪 𝟖 =   
𝑪 𝟑   × 𝑪 𝟕
𝑪 𝟑  +  𝑪 𝟕

 

𝑪 𝟖 =   
𝟏𝟓  × 𝟐𝟐. 𝟓

𝟏𝟓 + 𝟐𝟐. 𝟓
 =   

𝟑𝟑𝟕. 𝟓

𝟑𝟕. 𝟓
  =   𝟗. 𝟎 𝝁𝑭 

 

𝑪 𝟒  𝒂𝒏𝒅 𝑪 𝟖 𝒂𝒓𝒆 𝒊𝒏 𝒔𝒆𝒓𝒊𝒆𝒔 

𝑪 𝒆 =  𝑪 𝟒 +  𝑪 𝟖 

𝑪 𝟔 =   𝟏𝟓 + 𝟗  =   𝟐𝟒 𝝁𝑭 
 



3 Two capacitors X and Y are connected in series across a 100 V supply and it is 

observed that the potential difference between them are 60 V and 40 V respectively. 

A capacitor of 2 µF capacitance is now connected in parallel with X and the 

potential difference across Y rises to 90 volts. Calculate the capacitance of X and Y 

 
 

SOLUTION: 
Capacitor x and y are connected in series 

𝑸 = 𝑪𝒙 𝑽𝒙 

𝑸 = 𝑪𝒚 𝑽𝒚 

In series combination charges are equal on 

each capacitor 

𝑪𝒙 𝑽𝒙 = 𝑪𝒚 𝑽𝒚   

𝑪𝒙  =
 𝟒𝟎

𝟔𝟎
𝑪𝒚 

𝑪𝒙  =
 𝟐

𝟑
𝑪𝒚  … … … . . (𝒊) 

When 2 μF capacitor is connected,   Let C 

be the equivalent capacitance of Cx and 𝐶⸍ 

Connected in parallel 

 

𝐂  =  𝐂 ⸍   +   𝐂𝐱 

𝐂  = 𝟐  +   𝐂𝐱 … … . . (𝒊𝒊) 

 

Now C and Cy are in series, let the charge 

𝑄⸍𝑜𝑛 𝐶  𝑎𝑛𝑑  𝑄𝑦
⸍   𝑜𝑛 𝐶𝑦  

𝑸⸍ =   𝑸𝒚
⸍    

𝑪  (𝟏𝟎) =   𝑪 𝒚 (𝟗𝟎)  

𝑪  =   𝑪 𝒚 (𝟗) 

𝑪  =   𝟗 𝑪 𝒚  … … … (𝒊𝒊𝒊)  

Comparing equation (ii) and (iii), we get 

𝟐 +   𝐂𝐱   =   𝟗 𝑪 𝒚 

Substituting the expression for Cx from 

equation (i) in above equation, we get 

𝟐 +  
 𝟐

𝟑
𝑪𝒚   =   𝟗 𝑪 𝒚 

𝟔 +  𝟐𝑪𝒚   =   𝟐𝟕 𝑪 𝒚 

𝟔   =   𝟐𝟕 𝑪 𝒚 −  𝟐𝑪𝒚 

𝟔   =   𝟐𝟓 𝑪 𝒚 

𝟎. 𝟐𝟒 𝝁𝑭  =   𝑪 𝒚 

Putting 𝐶 𝑦 value in equation (i) 

𝑪𝒙  =
 𝟐

𝟑
(𝟎. 𝟐𝟒 ) 

𝑪𝒙  = 𝟎. 𝟏𝟔 𝝁𝑭 

 

 



4 A 2200 µF capacitor is charged to a potential difference of 9 .0 V then discharged 

through a 100 k Ω resistor. Calculate (a) the initial charge stored by the capacitor, 

(b) the time constant of the circuit, (c) calculate the potential difference after a time 

of 300s equal to the time constant. 

Data: 

𝑪 = 𝟐𝟐𝟎𝟎 µ𝐅 = 𝟐𝟐𝟎𝟎 ×  𝟏𝟎−𝟔  𝑭  

𝑉 =  𝟗. 𝟎 𝐕 

𝑹 =  𝟏𝟎𝟎 𝐤 𝛀  =  𝟏𝟎𝟎 × 𝟏𝟎𝟑 𝛀 

 

SOLUTION: 
(a) 

𝑸𝟎 = 𝑪 𝑽 

𝑸𝟎 = (𝟐𝟐𝟎𝟎 × 𝟏𝟎−𝟔) (𝟗. 𝟎) 

𝑸𝟎 = 𝟏𝟗𝟖𝟎𝟎 × 𝟏𝟎−𝟔 𝑪 

𝑸𝟎 = 𝟏. 𝟗𝟖 × 𝟏𝟎−𝟐 𝑪 

(b) 

𝝉 = 𝑹 𝑪  

𝝉 = (𝟏𝟎𝟎 × 𝟏𝟎𝟑)(𝟐𝟐𝟎𝟎 × 𝟏𝟎−𝟔)  

𝝉 = 𝟐𝟐𝟎  𝐬𝐞𝐜𝐨𝐧𝐝 

𝑸 =  𝑸𝟎   𝒆 
−(

𝒕
𝑹 𝑪) 

𝑸 =  (𝟏. 𝟗𝟖 × 𝟏𝟎−𝟐)  𝒆 
−(

𝟑𝟎𝟎
𝟐𝟐𝟎) 

𝑸 =  (𝟏. 𝟗𝟖 × 𝟏𝟎−𝟐)  𝒆 −(𝟏.𝟑𝟔𝟑𝟔) 

𝑸 =  (𝟏. 𝟗𝟖 × 𝟏𝟎−𝟐)  (𝟎. 𝟐𝟓𝟓𝟕) 

𝑸 =  𝟓. 𝟎𝟔 × 𝟏𝟎−𝟑 𝑪 

(c)    

𝑽 =  
𝑸

𝑪
 

𝑽 =  
 𝟓. 𝟎𝟔 × 𝟏𝟎−𝟑

𝟐𝟐𝟎𝟎 ×  𝟏𝟎−𝟔  
 

𝑽 =  𝟐. 𝟑  𝑽 

5 An air-capacitor of capacitance 0.005 µ F is connected to a direct voltage of 500 V, 

is disconnected and then immersed in oil with a relative permittivity of 2.5. Find 

the energy stored in the capacitor before and after immersion. 

Data: 
𝑪 = 𝟎. 𝟎𝟎𝟓 𝝁 𝑭 = 𝟓. 𝟎 × 𝟏𝟎−𝟗  𝑭  

𝑉 =  𝟓𝟎𝟎 𝐕 

𝝐𝒓  = 𝟐. 𝟓 

𝑼 =? 

SOLUTION: 
𝑸 = 𝑪 𝑽 

𝑸 = (𝟓. 𝟎 × 𝟏𝟎−𝟗) (𝟓𝟎𝟎) 

𝑸 = 𝟐. 𝟓 × 𝟏𝟎−𝟔 𝑪 

Energy stored before immersion 

𝑼 =
𝟏

𝟐
 𝑪⸍ 𝑽𝟐 

𝑼 =
𝟏

𝟐
 (𝟓 × 𝟏𝟎−𝟗) (𝟓𝟎𝟎)𝟐 

 

𝑼 = 𝟔. 𝟐𝟓  ×   𝟏𝟎−𝟒 𝑱 

After immersion in oil, capacitance will 

increase 

𝑪⸍ = 𝝐𝒓  𝑪 

𝑪⸍ = (𝟐. 𝟓) (𝟓. 𝟎 × 𝟏𝟎−𝟗) = 𝟏𝟐. 𝟓 × 𝟏𝟎−𝟗 𝑭 

Pd decreases with the factor of oil permittivity  

 𝑽⸍ =
𝑽

 𝝐𝒓
 =   

𝟓𝟎𝟎

𝟐.𝟓
  =   𝟐𝟎𝟎 𝑽 

Energy stored after immersion 

𝑼 =
𝟏

𝟐
 𝑪⸍ 𝑽𝟐 

𝑼 =
𝟏

𝟐
 (𝟏𝟐. 𝟓 × 𝟏𝟎−𝟗) (𝟐𝟎𝟎)𝟐 

𝑼 = 𝟐 . 𝟓  ×   𝟏𝟎−𝟒 𝑱 



ADDITIONAL PROBLEMS 

 
1 Two parallel plates of an air-filled capacitor are 1.0 mm apart. What must the 

plate area be of the capacitance is 1 nano-farad? 

Data: 
𝒅 = 𝟏. 𝟎  𝒎𝒎 =  𝟏. 𝟎 × 𝟏𝟎−𝟑 𝒎 

𝑨 = ? 

𝑪 = 𝟏. 𝟎 𝒏 𝑭 = 𝟏. 𝟎 ×  𝟏𝟎−𝟗  𝑭  

𝜺𝟎 =  𝟖. 𝟖𝟓 ×   𝟏𝟎−𝟏𝟐  
𝑪𝟐

𝑵 𝒎𝟐
  

 

SOLUTION: 

𝐂 =
𝐀 𝛜𝟎   

𝐝
 

𝐀 =
𝐂 × 𝐝   

 𝛜𝟎
   

𝑨   =   
(𝟏. 𝟎 ×  𝟏𝟎−𝟗  )(𝟏. 𝟎 × 𝟏𝟎−𝟑)

𝟖. 𝟖𝟓 ×   𝟏𝟎−𝟏𝟐   

𝑨  =   𝟎. 𝟏𝟏 𝒎𝟐 

 

2 A parallel plate capacitor has the plates 10cm x 10cm separated by a distance 2.5 

cm. It is initially filled with air. What will be the increase in the capacitance if a 

dielectric slab of the same area and thickness 2.5cm is placed between the two 

plates? r = 2. 

Data: 
𝑨 =  𝟏𝟎𝐜𝐦 × 𝟏𝟎 𝐜𝐦 = 𝟏𝟎𝟎 𝒄𝒎𝟐  

𝑨 =  𝟏𝟎𝟎 𝒄𝒎𝟐 =   𝟏𝟎𝟎 × 𝟏𝟎−𝟒 𝒎𝟐 

𝑪 = 𝟏. 𝟎 𝒏 𝑭 = 𝟏. 𝟎 ×  𝟏𝟎−𝟗  𝑭  

𝒅 = 𝟐. 𝟓 𝒄𝒎 =  𝟐. 𝟓 × 𝟏𝟎−𝟐 𝒎 

𝜺𝟎 =  𝟖. 𝟖𝟓 ×   𝟏𝟎−𝟏𝟐  
𝑪𝟐

𝑵 𝒎𝟐
  

𝜺𝒓 = 𝟐  

SOLUTION: 

(i) Capacitance with air as medium 

 

𝐂𝟏 =
𝐀 𝛜𝟎   

𝐝
 

𝐂𝟏 =
𝟏𝟎𝟎 × 𝟏𝟎−𝟒  ×   𝟖. 𝟖𝟓 ×   𝟏𝟎−𝟏𝟐     

𝟐. 𝟓 × 𝟏𝟎−𝟐  

𝐂𝟏 =   𝟑. 𝟓𝟒 × 𝟏𝟎−𝟏𝟐 𝑭 =  𝟑. 𝟓𝟒 𝐩𝐅  

 

(ii) Capacitance with with a dielectric medium 

 

𝐂𝟐 =
𝐀 𝛜𝟎   𝛜𝒓  

𝐝
 

𝐂𝟐 =
𝟏𝟎𝟎 × 𝟏𝟎−𝟒  ×   𝟖. 𝟖𝟓 ×  𝟏𝟎−𝟏𝟐  × 𝟐   

𝟐. 𝟓 × 𝟏𝟎−𝟐
 

𝐂𝟐 =   𝟕. 𝟎𝟖 × 𝟏𝟎−𝟏𝟐 𝑭 =   𝟕. 𝟎𝟖 𝐩𝐅  

Increase in capacitance, C 

𝑪 =   𝐂𝟐    −   𝐂𝟏 

𝑪 =   𝟕. 𝟎𝟖 × 𝟏𝟎−𝟏𝟐    −  𝟑. 𝟓𝟒 × 𝟏𝟎−𝟏𝟐

 
𝑪 =  ( 𝟕. 𝟎𝟖    −  𝟑. 𝟓𝟒 ) 𝟏𝟎−𝟏𝟐

 
𝑪 = 𝟑. 𝟓𝟒 × 𝟏𝟎−𝟏𝟐 𝑭

 
𝑪 = 𝟑. 𝟓𝟒 𝐩 𝐅

 
 

 

 

 

 

 

 



3 A capacitor of 100 pF is charged to a potential difference of 50V. If the plates are 

then connected in parallel to another capacitor and it is found that the potential 

difference between its plates falls to 35 volts, what is the capacitance of the second 

capacitor? 

Data: 
𝑪𝟏 = 𝟏𝟎𝟎 𝒑 𝑭 = 𝟏𝟎𝟎 ×  𝟏𝟎−𝟏𝟐  𝑭  

𝑽 = 𝟓𝟎 𝑽 

𝑪𝟐 = ? 

𝑽 ̷ ′ = 𝟑𝟓  𝑽  

SOLUTION: 
 𝐂𝐡𝐚𝐫𝐠𝐞 𝐨𝐧  𝑪𝟏 

𝑸𝟏  =  𝑪𝟏𝑽  

𝑸𝟏  =  𝟏𝟎𝟎 × 𝟏𝟎−𝟏𝟐  (𝟓𝟎) 

𝑸𝟏  =  𝟓𝟎𝟎𝟎 ×  𝟏𝟎−𝟏𝟐   𝑪 
 

When charged C1 and uncharged C2 are 

connected in parallel (after removing the 

battery), the p.d is      V = 35 V; and the charge 

on C1, now is: 
 

𝑸𝟏
′  =  𝑪𝟏 𝑽 ̷ ′  

𝑸𝟏
′  =  𝟏𝟎𝟎 × 𝟏𝟎−𝟏𝟐  (𝟑𝟓) 

𝑸𝟏
′  =  𝟑𝟓𝟎𝟎 ×  𝟏𝟎−𝟏𝟐   𝑪 

 

Let the charge transferred to C2 is q2, then 

𝑸𝟏  =  𝑸𝟏
′  +    𝑸𝟐

′

 
𝑸𝟐

′  =  𝑸𝟏 −    𝑸𝟏
′

 
𝑸𝟐

′  =   𝟓𝟎𝟎𝟎 ×  𝟏𝟎−𝟏𝟐  −  𝟑𝟓𝟎𝟎 × 𝟏𝟎−𝟏𝟐  

 
𝑸𝟐

′  =   𝟏𝟓𝟎𝟎 ×  𝟏𝟎−𝟏𝟐  𝑪
 

 

The p.d. across C2 is V = 35 V 

Hence capacitance  𝑪𝟐
 

𝑪𝟐 =
𝑸

𝟐
′

𝑽′
 

𝑪𝟐  =  
1500 × 10−𝟏𝟐

35
 

𝑪𝟐  =  42.8 × 10−𝟏𝟐 𝑭 

𝑪𝟐  =  42.8   𝒑𝑭 

 

4 A parallel plate capacitor consists of two plates with an area of 150 cm2 each, 

separated by a distance of 20 mm.  The capacitor is filled with a dielectric material 

having a relative permittivity (𝝐𝒓) of 2. Calculate the capacitance of this capacitor 

 

Data: 
𝑨 =  𝟏𝟓𝟎 𝐜𝐦𝟐 =  𝟏𝟓𝟎 × 𝟏𝟎−𝟒𝐦𝟐 

𝒅 =  𝟐𝟎 𝐦 𝐦  = 𝟐𝟎 × 𝟏𝟎−𝟑 𝒎 

𝜖𝑟 =  𝟐 

𝑪 = ? 

 

SOLUTION: 

𝐂 =
𝐀 𝛜𝟎   𝛜𝐫 

𝐝
 

𝐂 =
(𝟏𝟓𝟎 ×  𝟏𝟎−𝟒) (𝟖. 𝟖𝟓𝟒 × 𝟏𝟎−𝟏𝟐)   (𝟐) 

𝟐𝟎 ×  𝟏𝟎−𝟑  

𝐂 =
𝟐. 𝟔𝟓𝟔 × 𝟏𝟎−𝟏𝟑 

𝟐𝟎 ×  𝟏𝟎−𝟑 
 

𝐂 = 𝟏. 𝟑𝟐 × 𝟏𝟎−𝟏𝟏  

𝐂  = 𝟏𝟑. 𝟐 × 𝟏𝟎−𝟏𝟐 

𝐂  = 𝟏𝟑. 𝟐 × 𝒑𝑭 

 


