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Capacitance: Definition
A capacitor consists of two isolated conductors (the plates) with charges 
+q and −q. Its capacitance C is defined from

.q CV=

Where :
• 𝐶𝐶: is the capacitance and it’s always a positive quantity
• 𝑄𝑄: is the charge on each plate
• 𝑉𝑉: is the potential difference between the two plates

Section 25.1 Capacitance
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Parallel Plate Capacitor
A parallel-plate capacitor, made up of two plates of 
area A separated by a distance d. The charges on the 
facing plate surfaces have the same magnitude q but 
opposite signs
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Fig. (a), a battery B, a switch S, an uncharged capacitor C, and interconnecting wires form a circuit. The same circuit is 
shown in the schematic diagram of Fig. (b), in which the symbols for a battery, a switch, and a capacitor represent 
those devices. The battery maintains potential difference V between its terminals. The terminal of higher potential is 
labeled + and is often called the positive terminal; the terminal of lower potential is labeled − and is often called the 
negative terminal.

Charging a Capacitor

When a circuit with a battery, an open switch, and an uncharged capacitor is 
completed by closing the switch, conduction electrons shift, leaving the 
capacitor plates with opposite charges.
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Gauss’ Law for Calculating Capacitance

To relate the electric field      between the plates of a capacitor to the charge q on 
either plate, we shall use Gauss’ law:

E


A Gaussian surface encloses the charge on the positive plate. The integration is 
taken along a path extending directly from the negative plate to the positive 
plate. We obtain : 

0q EAε=
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0
.

d
V E ds E ds Ed

+

−
= = =∫ ∫

Now if we substitute q=ε0EA and V =Ed into q = C  V, we get,

( )0 parallel-plate capacitor .AC
d
ε

=

The potential difference between the plates of a capacitor is related to the field by:

Letting V represent the difference V = Vf - Vi , we can then recast the above equation 
as : 

,

f

f i i
V V E ds− = − ⋅∫

 

 For this path, the vectors    and      will have opposite directions ; so, the dot 
product will be (-Eds).

E




Example

• A parallel plate capacitor is constructed with plates of area (0.028 m2) and separation 
(0.55 mm).
• Find the magnitude of the charge on each plate of this capacitor when the 

potential difference between the plates is (20.1 V) .
• What is the magnitude of the electric field between the plates of the capacitor. 
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Section 25.3 Capacitors in Parallel and In Series

When a potential difference V is applied across several capacitors connected in 
parallel, that potential difference V is the same across each capacitor. The total 
charge q stored on the capacitors is the sum of the charges stored on all the 
capacitors.

1 1 2 2 3 3, , and .q CV q C V q C V= = =

The total charge on the parallel combination is then:

( )1 2 3 1 2 3 .q q q q C C C V= + + = + +

Net/Equivalent Capacitance for Capacitors in Parallel 
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The equivalent capacitance, with the same total charge q and applied potential 
difference V as the combination, is then

eq 1 2 3,q
VC C C C= = + +

a result that we can easily extend to any number n of capacitors, as

( )eq
1

capacitors in parallel .
n

j
j

C C n
=

=∑
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Net/Equivalent Capacitance for Capacitors in Series

When a potential difference V is applied across several 
capacitors connected in series, the capacitors have same 
charge q. The sum of the potential differences across all the 
capacitors is equal to the applied potential difference V.

1 2 3
1 2 3

, , and .q q qV V V
C C C

= = =

The total potential difference V due to the battery is the sum:

1 2 3
1 2 3

1 1 1 .V V V V q
C C C
 

= + + = + + 
 
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The equivalent capacitance is then:

1 2 3

eq 1 1 1

1 ,
C C C

qC
V

= =
+ +

or

eq 1 2 3

1 1 1 1 .
C C C C

= + +

( )
1eq

1 1 capacitors in series .
n

j j

n
C C=

=∑



Example

Find the equivalent capacitance of the shown circuit 
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F20. µ=eqCans
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Extra Practice 

Solution:
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The electric potential energy U of a charged capacitor,

( )
2

potential energy .
2
qU
C

=

and

( )21
2 potential energy .U CV=

is equal to the work required to charge the capacitor. This energy can be associated 
with the capacitor’s electric field

Section 25.4 Energy Stored in an Electric Field

𝑈𝑈 = 1
2𝑄𝑄𝑉𝑉

and
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Energy Stored in an Electric Field

The potential energy of a charged capacitor may be viewed as being stored 
in the electric field between its plates.
Every electric field, in a capacitor or from any other source, has an 
associated stored energy. In vacuum, the energy density u (potential energy 
per unit volume) in a field of magnitude E is

( )21
02 energy density .u Eε=



Example

• A parallel plate capacitor is fully charged by a 300 V battery. If the area of each plate is 
35 cm2 and the gap between them is 1.77 mm. What is the charge carried by the 
capacitor and the energy stored in it?
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Example

• A parallel plate capacitor of plate area 82 cm2 carries a charge of 55 nC when charged 
at 220 volt. What is the plate separation (d) of this capacitor and the energy stored in 
it? 

18



Example

For the circuit shown, find the voltage, charge  and energy stored for each 
capacitor.
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Example

• Two capacitors, 𝐶𝐶1  =  𝐶𝐶 , 𝐶𝐶2  =  2𝐶𝐶, are connected to a battery.
• Which capacitor will store more energy when they are connected to the battery in 

series? Explain

• Which capacitor stores more energy when they are connected in parallel? Explain. 
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Definition of a Dielectric
If the space between the plates of a capacitor is completely filled with a dielectric material, 
which is an insulator, the capacitance C in vacuum (or, effectively, in air) is multiplied by the 
material’s dielectric constant     (Greek kappa) which is a number greater than 1.,κ
In a region completely filled by a dielectric material of dielectric constant      all 
electrostatic equations containing the permittivity constant ε0 are to be modified by 
replacing ε0 with

,κ

0.κε

Section 25.5 Capacitor with a Dielectric



• If a dielectric is placed between the plates of a capacitor it gives a lower potential 
difference with the same charge, due to the polarization of the material. This 
increases the capacitance.
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Dielectric In a Parallel Plate Capacitor ( same charge )



• The polarization of the dielectric results in a lower electric field within 
it; the new field is given by dividing the original field by the dielectric 
constant κ:

• Therefore, the capacitance becomes:
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• The dielectric constant is a property of the material; here are some 
examples:
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• If the electric field in a dielectric 
becomes too large, it can tear the 
electrons off the atoms, thereby 
enabling the material to conduct. 
This is called dielectric 
breakdown; the field at which 
this happens is called the 
dielectric strength.
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Example

• Determine (a) the capacitance and (b) the maximum potential difference that can 
be applied to a Teflon-filled parallel-plate capacitor having a plate area of 1.75 cm2 
and plate separation of 0.04 mm. (𝜅𝜅 for Teflon = 2.1)
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Example

• A parallel-plate capacitor is constructed using a dielectric material whose dielectric 
constant is 3 and whose dielectric strength is 2× 108 N/C. The desired capacitance is 
0.25 μF, and the capacitor must withstand a maximum potential difference of 4000 V. 
Find the minimum area of the capacitor plates. 
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Dielectric In a Parallel Plate Capacitor (  same potential difference)

If the potential difference between the plates of a capacitor is maintained, as by the 
presence of battery B, the effect of a dielectric is to increase the charge on the plates.



Extra Practice 
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