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Capacitors are devices that store electric 

charge.

A capacitor consists of two conductors.

These conductors are called plates.

When the conductor is charged, the 

plates carry charges of equal 

magnitude and opposite signs.

A potential difference exists between the 

plates due to the charge.

Definition of Capacitance

The capacitance, C, of a capacitor is defined as the ratio of the magnitude of the 
charge on either conductor to the potential difference between the conductors.

𝐶 =
𝑄

∆𝑉

• The SI unit of capacitance is the Farad (𝐹 = 𝐶 𝑉⁄ ).

• Capacitance is a scalar quantity.

• Capacitance will always be a positive quantity

• The capacitance of a given capacitor is constant.

• The total charge on a capacitor is ZERO.
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Definition of Capacitance
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Circuit Symbols

A circuit diagram is a simplified 

representation of an actual circuit.

Circuit symbols are used to represent 

the various elements.

Lines are used to represent wires.

The battery’s positive terminal is 

indicated by the longer line.
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Calculating Capacitance

Example 1:
Parallel Plate 
Capacitor

Two parallel, metallic plates of equal area 𝐴 are 
separated by a distance 𝑑. Each plate is connected to a 
terminal of the battery. The battery is a source of 
potential difference. If the capacitor is initially 
uncharged, the battery establishes an electric field in the 
connecting wires.
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Answer: The capacitance is:

The capacitance is proportional 

to the area of its plates and 

inversely proportional to the 

distance between the plates.

𝐶 =
𝐴𝜖°

𝑑
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Example 2:
The Cylindrical 
Capacitor

A solid cylindrical conductor of 

radius a and charge +𝑄 is 

coaxial with a cylindrical shell 

of negligible thickness, radius 𝑏

> 𝑎 , and charge – 𝑄 . Find the 

capacitance of this cylindrical 

capacitor if its length is ℓ.
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Answer: The capacitance is

𝐶 =
𝑄

Δ𝑉
=

𝑙

2𝑘௘𝑙𝑛 𝑏 𝑎⁄

• The capacitance depends on the radii (𝑎) and (𝑏) and 
is proportional to the length of the cylinders

Example 3:
The Spherical 
Capacitor

A spherical capacitor consists of a 

spherical conducting shell of 

radius b and charge −𝑄 concentric 

with a smaller conducting sphere 

of radius a and charge +𝑄. Find 

the capacitance of this device.
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Answer: The capacitance is

𝐶 =
𝑄

∆𝑉
=

𝑎𝑏

𝑘௘ 𝑏 − 𝑎

• The capacitance depends on the radii (𝑎) and (𝑏)

.
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Example 3:
Isolated Sphere

Assume a spherical charged conductor with radius (𝑎)

and charge (𝑄). The sphere will have the same 

capacitance as it would if there were a conducting sphere 

of infinite radius, concentric with the original sphere. 

Assume 𝑉 = 0 for the infinitely large shell:
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𝐶 =
𝑄

∆𝑉
=

𝑄

𝑘௘𝑄 𝑎⁄
=

𝑎

𝑘௘

Note, this is independent of the charge on the sphere and 

its potential. The capacitance of an isolated sphere is 

proportional to its radius (𝑎).
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The parallel plates of a 1.0-F capacitor are 1.0 mm apart. What is their area?

This problem uses the relationship among the capacitance 𝐶, plate separation 𝑑, and plate area 𝐴 for 
a parallel-plate capacitor.

𝐶 =
𝐴𝜖∘

𝑑
⎯⎯⎯ → 𝐴 =

𝐶𝑑

𝜖∘
⎯⎯⎯

𝐴 =
1 × 1 × 10ିଷ

8.85 × 10ିଵଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = 113 × 10଺𝑚ଶ

𝐿 = √𝐴
⎯⎯ 

= 10.6 × 10ଷ𝑚 = 10.6𝑘𝑚

This corresponds to a square about 10 𝑘𝑚 on a side! The volume of such a capacitor would be at 
least 𝐴𝑑 =  1.1 × 10ହ 𝑚ଷ, equivalent to that of a cube about 50 𝑚 on a side. In fact, it�s possible to 
make 1 − 𝐹 capacitors a few centimeters on a side. The trick is to have an appropriate substance 
between the plates rather than a vacuum.

Size of a 1-F Capacitor
Tuesday, 6 April, 2021 21:19
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The plates of a parallel-plate capacitor in vacuum are 5 𝑚𝑚 apart and 2 𝑚ଶ in area. A 10𝑘𝑉 potential difference is applied 
across the capacitor. Compute 

the capacitance; ○

the charge on each plate; and ○

the magnitude of the electric field between the plates.○

the capacitance C is:

𝐶 =
𝐴𝜖∘

𝑑
⎯⎯⎯ =

2 × 8 ⋅ 85 × 10ିଵଶ

5 × 10ିଷ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 3.54 × 10ିଽ𝐶 = 3.54𝑛𝐶

○

The charge on the capacitor is:

𝐶 =
𝑄

Δ𝑉
⎯⎯⎯→ 𝑄 = 𝐶Δ𝑉 = 3.54 × 10ିଽ × 10 × 10ଷ = 3.54 × 10ିହ𝐶 = 35.4 𝜇𝐶

○

The electric-field magnitude is:

Δ𝑉 = 𝐸𝑑 → 𝐸 =
Δ𝑉

𝑑
⎯⎯⎯=

10 × 10ଷ

5 × 10ିଷ
⎯⎯⎯⎯⎯⎯⎯⎯= 2 × 10଺ 𝑉 𝑚⁄

○

properties of a parallel-plate Capacitor
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Two concentric spherical conducting shells are separated by vacuum. The inner shell has total charge +𝑄 and outer radius 
𝑟௔ = 9.5 𝑐𝑚, and the outer shell has charge −𝑄 and inner radius 𝑟௕ = 10.5 𝑐𝑚. Find the capacitance of this spherical 
capacitor.

The spherical capacitance is:

𝑐 =
𝑎𝑏

𝑘(𝑏 − 𝑎)
⎯⎯⎯⎯⎯⎯⎯⎯

=
9.5 × 10ିଶ × 10.5 × 10ିଶ

9 × 10ଽ × (10.5 − 9.5) × 10ିଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

= 111 × 10ିଵଶ𝐹 = 111𝑝𝐹

a Spherical Capacitor
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