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Sec. 9-1
Capacitance

1. Single-conductor capacitors
2. Two-conductor capacitors
3. Methods to evaluate capacitance



Single-conductor capacitor-1
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Single-conductor capacitor-2
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Single-conductor capacitor-3
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Single-conductor capacitor-4

The constant ratio of the deposited charge to 
the resulting potential is defined as the 
capacitance of a single conductor.
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Example 9-1: Conducting sphere (1)

Find the capacitance of a conducting sphere 
of radius b
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)(rs
vρ

⎪⎩

⎪
⎨

⎧

<<

≥
=

bR

bR
R

Qa
E R

0 if ,0

 if ,
4 2

0πε
v

v



Example 9-1: Conducting sphere (2)

The surface potential is: 
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Two-conductor capacitor-1
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Two-conductor capacitor-2
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The constant ratio of the deposited charge to 
the voltage difference is defined as the 
capacitance of the conducting pair: 
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Evaluation of capacitance (Method 1)

1. Assume charges         are depositedQ±

2. Find      by Gauss’s law orE
v
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Evaluation of capacitance-reference figure
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3. Find       by

Evaluation of capacitance (Method 2)

1. Assume        between the conductors

2. Find           by solving                 with BC

E
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Evaluation of capacitance (Method 3)

1. Assume        or V for the two conductorsQ±

2. Find      and      by M1, M2E
v

3. Find the stored energy
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Example 9-2: Parallel-plate capacitor (1)

1. Assume charges         are depositedQ±

2. By Gauss’s law (planar sym.):
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Example 9-2: Parallel-plate capacitor (2)
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Example 9-3: Coaxial cable capacitor (1)

1. Assume charges         are depositedQ±

2. By Gauss’s law (cylindrical sym.):
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Example 9-3: Coaxial cable capacitor (2)
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Now you know how to evaluate the 
capacitance per unit length of coaxial TX lines!
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Sec. 9-2
Electrostatic Energy

1. Energy of charges
2. Energy of fields



Energy of two charges-1
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Q2 from ∞ to P2 against 
V(R) due to Q1 is:

120

21
222 4 R

QQVQW
πε

==



Energy of two charges-2

R
QRV

0

2

4
)(

πε
=′

The work done to move 
Q1 from ∞ to P1 against 
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Energy of two charges-3

The electrostatic energy stored by a system of 
two charges Q1-Q2 is:
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Energy of three charges-1
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Energy of three charges-2

The electrostatic energy stored by a system of 
three charges Q1-Q2-Q3 is:



Energy of three charges-3
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Vk denotes the potential of charge Qk at position 
Pk (k =1, 2, 3) due to the remaining charges, i.e.,

,
44 230

3

120

1
2 R

Q
R

QV
πεπε

+=

230

2

130

1
3 44 R

Q
R

QV
πεπε

+=



Energy of N charges

The electrostatic energy stored by a system of N
discrete charges Q1-Q2-…-QN is:
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Energy of continuous charge distributions

The electrostatic energy stored by a system of 
continuous charge distribution          over V' is:)(rvρ
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Example 9-4: Sphere of uniform charge density (1)

Find the energy stored in a sphere of radius

with uniform volume charge density
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Example 9-4: Sphere of uniform charge density (2)

For any point P inside the sphere 
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Example 9-4: Sphere of uniform charge density (3)
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Energy of electric fields-1

In real applications (especially electromagnetic 
waves), sources are usually far away from the 
region of interest, only the fields are given. 

)(rvρ ∞→R
DE
vv

,

ROI



Energy of electric fields-2
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Energy of electric fields-3
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Energy of electric fields-4
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Energy of electric fields-5
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Energy of electric fields-6
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Example 9-5: Parallel-plate capacitor (1)

Planar symmetry, ⇒ uniform E-field:

Find the stored electrostatic energy of:
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Example 9-5: Parallel-plate capacitor (2)

Total stored energy:

Energy density:
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Example 9-6: Coaxial cable capacitor (1)

1. Assume charges         are depositedQ±

2. By Gauss’s law (cylindrical sym.):
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Find the capacitance of:



Example 9-6: Coaxial cable capacitor (2)
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Example 9-7: Sphere of uniform charge density (1)

Find the energy stored in a sphere of radius

with uniform volume charge density
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Example 9-7: Sphere of uniform charge density (2)

Instead of evaluating V by line integral of     ,

and arriving at
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Example 9-7: Sphere of uniform charge density (3)
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Example 9-7: Sphere of uniform charge density (4)

The corresponding “capacitance” is:
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Example 9-8: Conducting sphere (1)

Find the stored energy and the capacitance 
of a conducting sphere of total charge Q
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Example 9-8: Conducting sphere (2)

Instead of evaluating V by line integral of     ,

and arriving at
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