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Chapter 13: Capacitor





Exercise 1                  

A parallel plate capacitor of capacitance 𝑪𝟏 = 𝟒𝟖𝒏𝑭consists of two identical

parallel conducting plates of common area 𝑺 = 𝟏𝟎𝟎𝟎𝒄𝒎𝟐. The two plates

are separated by a distance 𝒅 = 𝟎. 𝟏 𝒎𝒎. An insulating material of relative

permittivity 𝜺𝒓 is used to separate the two plates. The following table gives

the values of 𝜺𝒓 of some mediums: Given 𝜺𝟎 = 𝟖. 𝟖𝟓 × 𝟏𝟎−𝟏𝟐𝑭/𝒎

Medium Vacuum Paraffin Mica Porcelain 

𝜺𝒓 1 4.5 5.4 6.5

1. Calculate the value of 𝜺𝒓. Deduce the nature of the insulating medium.

2. The capacitor is being charged under a voltage of U=24V.

a. Calculate the quantity of the electric charge q on the capacitor 𝑪𝟏.

b.Calculate the electric energy stored by the capacitor when it is

completely charged.
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𝑪𝟏 = 𝟒𝟖𝒏𝑭; 𝑺 = 𝟏𝟎𝟎𝟎𝒄𝒎𝟐;𝒅 = 𝟎. 𝟏 𝒎𝒎; 𝜺𝟎 = 𝟖. 𝟖𝟓 × 𝟏𝟎−𝟏𝟐𝑭/𝒎

Medium Vacuum Paraffin Mica Porcelain 

𝜺𝒓 1 4.5 5.4 6.5

1. Calculate the value of 𝜺𝒓. Deduce the nature of the insulating medium.

𝑪 = 𝜺𝟎𝜺𝒓
𝑺

𝒅 𝟒𝟖 × 𝟏𝟎−𝟗 = 𝟖. 𝟖𝟓 × 𝟏𝟎−𝟏𝟐𝜺𝒓
𝟏𝟎𝟎𝟎 × 𝟏𝟎−𝟒

𝟎. 𝟏 × 𝟏𝟎−𝟑

𝟒𝟖 × 𝟏𝟎−𝟗 = 𝟖. 𝟖𝟓 × 𝟏𝟎−𝟗𝜺𝒓

𝜺𝒓 = 𝟓. 𝟒

Referring to the table insulating

medium is Mica
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𝑪𝟏 = 𝟒𝟖𝒏𝑭; 𝑺 = 𝟏𝟎𝟎𝟎𝒄𝒎𝟐;𝒅 = 𝟎. 𝟏 𝒎𝒎; 𝜺𝟎 = 𝟖. 𝟖𝟓 × 𝟏𝟎−𝟏𝟐𝑭/𝒎

1. The capacitor is being charged under a voltage of U=24V.

a. Calculate the quantity of the electric charge q on the capacitor 𝑪𝟏.

b. Calculate the electric energy stored by the capacitor when it is

completely charged.

𝐪 = 𝐂 × 𝐔 𝐪 = 𝟒𝟖 × 𝟏𝟎−𝟗 × 𝟐𝟒 𝐪 = 𝟏. 𝟏𝟓𝟐 × 𝟏𝟎−𝟔𝑪

𝐰 =
𝟏

𝟐
𝐂𝐔𝟐 𝐰 = 𝟎. 𝟓 × 𝟒𝟖 × 𝟏𝟎−𝟗 × 𝟐𝟒𝟐

𝐰 = 𝟏. 𝟑𝟖𝟐𝟒 × 𝟏𝟎−𝟓𝑱
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3.The capacitor 𝑪𝟏 being completely charged is

now connected across another uncharged one

of capacitance 𝐂𝟐 = 𝟒𝐂𝟏 as indicated in the

adjacent figure. At electric equilibrium, the

electric charges on 𝑪𝟏 and 𝑪𝟐 are

respectively 𝒒𝟏 and 𝒒𝟐.

3.1) Write a relation between 𝒒𝟏 , 𝒒𝟐 and q.

3.2) Deduce the voltage 𝑼′ across each

capacitor at electric equilibrium and the

charges 𝒒𝟏 and 𝒒𝟐.
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𝑪𝟏 = 𝟒𝟖𝒏𝑭; 𝐂𝟐 = 𝟏𝟗𝟐𝐧𝐅(uncharged); equilibrium, 𝑪𝟏 have 𝒒𝟏 and 𝑪𝟐
have 𝒒𝟐.

3.1) Write a relation between 𝒒𝟏 , 𝒒𝟐 and q.

𝒒 + 𝟎 = 𝒒𝟏 + 𝒒𝟐𝑸𝒕𝒐𝒕𝒂𝒍 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 = 𝑸𝒕𝒐𝒕𝒂𝒍 𝒇𝒊𝒏𝒂𝒍 𝒒 = 𝒒𝟏 + 𝒒𝟐

3.2) Deduce the voltage 𝑼′ across each capacitor at electric equilibrium

and the charges 𝒒𝟏 and 𝒒𝟐.

𝒒 + 𝟎 = 𝒒𝟏 + 𝒒𝟐

𝒒 = 𝑪𝟏 × 𝑼′ + 𝑪𝟐 × 𝑼′

𝒒 = 𝑼′(𝑪𝟏 + 𝑪𝟐)

𝒒 = 𝑼′(𝑪𝟏 + 𝑪𝟐)

𝟏. 𝟏𝟓𝟐 × 𝟏𝟎−𝟔 = 𝑼′(𝟒𝟖 + 𝟏𝟗𝟐) × 𝟏𝟎−𝟗

𝑼′ = 𝟒. 𝟖𝑽
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Consider five capacitors of capacitance 𝑪𝟏
= 𝑪𝟐 = 𝟐𝝁𝑭 , 𝑪𝟑 = 𝟐𝝁𝑭 and 𝑪𝟒 = 𝑪𝟓
= 𝟏. 𝟓𝝁𝑭 are connected to a dry cell of

voltage 𝑼𝑷𝑵 as shown in the adjacent

figure. Given that: 𝑼𝑩𝑫 = 𝟓𝑽.

1)Calculate the equivalent capacitance 𝑪𝒆𝒒 between A and D.

2)Calculate the charge 𝑸𝑩𝑫. Deduce the charge 𝑸𝒆𝒒 of 𝑪𝒆𝒒.

3)Deduce the voltage 𝑼𝑷𝑵.

4)Calculate the charge and the voltage across each capacitor.
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𝑪𝟏 = 𝑪𝟐 = 𝟐𝝁𝑭, 𝑪𝟑 = 𝟐𝝁𝑭 and 𝑪𝟒 = 𝑪𝟓 =
𝟏. 𝟓𝝁𝑭; 𝑼𝑩𝑫 = 𝟓𝑽.

1)Calculate the equivalent capacitance 𝑪𝒆𝒒
between A and D.

𝑪𝟏 and 𝑪𝟐 are in series: 𝑪𝟏,𝟐 =
𝑪𝟏 × 𝑪𝟐
𝑪𝟏 + 𝑪𝟐

𝑪𝟏,𝟐 =
𝟐 × 𝟐

𝟐 + 𝟐
=
𝟒

𝟒
= 𝟏𝒏𝑭

𝑪𝟏,𝟐 and 𝑪𝟑 are in parallel: 𝑪𝟏,𝟐,𝟑 = 𝑪𝟏,𝟐 + 𝑪𝟑

𝑪𝟏,𝟐,𝟑 = 𝟏 + 𝟐 = 𝟑𝝁𝑭
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𝑪𝟏 = 𝑪𝟐 = 𝟐𝝁𝑭, 𝑪𝟑 = 𝟐𝝁𝑭 and 𝑪𝟒 = 𝑪𝟓 =
𝟏. 𝟓𝝁𝑭; 𝑼𝑩𝑫 = 𝟓𝑽.

𝑪𝟒 and 𝑪𝟓 are in parallel: 𝑪𝟒,𝟓 = 𝑪𝟒 + 𝑪𝟓

𝑪𝒆𝒒 =
𝑪𝟏,𝟐,𝟑 × 𝑪𝟒,𝟓
𝑪𝟏,𝟐,𝟑 + 𝑪𝟒,𝟓

=
𝟑 × 𝟑

𝟑 + 𝟑
=
𝟗

𝟔
𝑪𝟏,𝟐,𝟑 = 𝟏. 𝟓𝝁𝑭

𝑪𝟒,𝟓 = 𝟏. 𝟓 + 𝟏. 𝟓 𝑪𝟒,𝟓 = 𝟑𝝁𝑭

𝑪𝟏,𝟐,𝟑 and 𝑪𝟒,𝟓 are in series:
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𝑪𝟏 = 𝑪𝟐 = 𝟐𝝁𝑭, 𝑪𝟑 = 𝟐𝝁𝑭 and 𝑪𝟒 = 𝑪𝟓 =
𝟏. 𝟓𝝁𝑭; 𝑼𝑩𝑫 = 𝟓𝑽.

2) Calculate the charge 𝑸𝑩𝑫 . Deduce the

charge 𝑸𝒆𝒒 of 𝑪𝒆𝒒.

𝑸𝑩𝑫 = 𝑪𝟒,𝟓 × 𝑼𝑩𝑫 𝑸𝑩𝑫 = 𝟑𝒏𝑭 × 𝟓

𝑸𝑩𝑫 = 𝟏𝟓𝝁𝑪

𝑸𝑩𝑫 = 𝑸𝑨𝑩 = 𝑸𝒆𝒒 = 𝟏𝟓𝝁𝑪 Law of uniqueness of charges in series
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𝑪𝟏 = 𝑪𝟐 = 𝟐𝝁𝑭, 𝑪𝟑 = 𝟐𝝁𝑭 and 𝑪𝟒 = 𝑪𝟓 =
𝟏. 𝟓𝝁𝑭; 𝑼𝑩𝑫 = 𝟓𝑽.

3) Deduce the voltage 𝑼𝑷𝑵.

𝑼𝑷𝑵 =
𝑸𝒆𝒒

𝑪𝒆𝒒
𝑸𝒆𝒒 = 𝑪𝒆𝒒 × 𝑼𝑷𝑵

𝑼𝑷𝑵 =
𝟏𝟓 × 𝟏𝟎−𝟔

𝟏. 𝟓 × 𝟏𝟎−𝟔
𝑼𝑷𝑵 = 𝟏𝟎𝑽
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𝑪𝟏 = 𝑪𝟐 = 𝟐𝝁𝑭, 𝑪𝟑 = 𝟐𝝁𝑭 and 𝑪𝟒 = 𝑪𝟓 =
𝟏. 𝟓𝝁𝑭; 𝑼𝑩𝑫 = 𝟓𝑽.

4)Calculate the charge and the voltage

across each capacitor.

𝑪𝟒 and 𝑪𝟓 are in parallel then:𝑼𝟒 = 𝑼𝟓 = 𝑼𝑩𝑫 = 𝟓𝑽

𝑸𝟒 = 𝑪𝟒 × 𝑼𝟒 𝑸𝟓 = 𝑪𝟓 × 𝑼𝟓 = 𝟏. 𝟓𝝁𝑭 × 𝟓𝑽 = 𝟕. 𝟓𝝁𝑪

𝑸𝟒 = 𝟏. 𝟓𝝁𝑭 × 𝟓𝑽

𝑸𝟒 = 𝟕. 𝟓𝝁𝑪

𝑸𝟓 = 𝟏. 𝟓𝝁𝑭 × 𝟓𝑽

𝑸𝟓 = 𝟕. 𝟓𝝁𝑪
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𝑪𝟏 = 𝑪𝟐 = 𝟐𝝁𝑭, 𝑪𝟑 = 𝟐𝝁𝑭 and 𝑪𝟒 = 𝑪𝟓 =
𝟏. 𝟓𝝁𝑭; 𝑼𝑩𝑫 = 𝟓𝑽.

𝑪𝟏,𝟐 and 𝑪𝟑 are in parallel then:

𝑼𝟏,𝟐 = 𝑼𝟑 = 𝑼𝑨𝑩 = 𝟓𝑽

𝑸𝟑 = 𝑪𝟑 × 𝑼𝟑 𝑸𝟏,𝟐 = 𝑪𝟏,𝟐 × 𝑼𝟏,𝟐 = 𝟏𝝁𝑭 × 𝟓𝑽 = 𝟓𝝁𝑪

𝑸𝟑 = 𝟐𝝁𝑭 × 𝟓𝑽

𝑸𝟑 = 𝟕. 𝟓𝝁𝑪

𝑸𝟏 = 𝑸𝟐 = 𝑸𝟏,𝟐 = 𝟓𝝁𝑪

𝑪𝟏 and 𝑪𝟐 are in series then:

𝑼𝟏 =
𝑸𝟏

𝑪𝟏
=

𝟓𝝁𝑪

𝟐𝝁𝑭
= 𝟐. 𝟓𝑽.

𝑼𝟐 =
𝑸𝟐

𝑪𝟐
=

𝟓𝝁𝑪

𝟐𝝁𝑭
= 𝟐. 𝟓𝑽.




