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Lecture 05 Review

 In Lecture 05, we learnt that potential energy is defined as the
stored energy of potential.

 The potential energy of a system composes of objects in a force
field is defined by the positions of the objects. By rearranging
their positions, one can adjust the amount of the stored energy in
the physical system.

 Potential energy is represented by the symbol U.
 One very important concept regarding potential energy is to

account for how the work gets done.
 The easy way to determine this concept is by comparing the

potential energy stored in the system before and after the
adjustment/rearrangement.
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 If there are more stored energy after the adjustment, then energy
is added to the system. In contrast, if the system has less potential
energy after the adjustment, the system lost or released energy
during the arrangement.

 We learnt the differences between conservative and non-
conservative forces.

 The conservative forces are path independence. All the
Electromagnetic forces considered in this course are conservative
forces.

 We also introduced the term Electric Potential which is
represented by the symbol V.
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 Electric Potential (V) is closely related to Electric Potential Energy (U), 
however there are some important differences:
– V is defined as the potential energy per unit charge 𝑉𝑉 = ⁄𝑈𝑈 𝑞𝑞.
– Unlike the electric potential energy U where a minimum of two charges are 

needed to define its value, a single charge can create a electric potential 
distribution.

– This is because the electric potential is characterized by the electric field 
created by the electric field distribution.

– The potential difference V
f
-V

i
between any two points i and f in an electric 

field is equal to the negative of the line integral from i to f 𝑉𝑉 = −∫𝑖𝑖
𝑓𝑓 𝐸𝐸 � 𝑑𝑑𝑑𝑑. 

– The SI unit of the electric potential is V Volt. 
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 Electric potential is a scalar field, or a scalar function that is defined in 
space V(x,y,z).

 From V(x,y,z), we can identify surfaces that have the same V values, we 
call these equipotential surfaces.

 There are two important properties about equipotential surfaces:
– The electric field is perpendicular to these surfaces;
– A test charge moving along the equipotential surface does not result 

in any work done.
 Finally, we can determine the positive or negative work done on a 

charge moving between the different potential surfaces from the 
product of the charge and the potential difference 

VqUW ∆=∆=−
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Lecture Outline

 Chapter 25, D Halliday, R Resnick, and J Walker, 
“Fundamentals of Physics” 9th Edition, Wiley (2005).

 Capacitance
– Capacitance and Unit
– Parallel plate capacitors
– Calculating capacitance of capacitors in series and in 

parallel
– Energy stored in a capacitor
– Potential energy and energy density of an electric field.

6



PHY 1202

Capacitors

A Capacitor is a common
passive electrical component
uses to store electric charges,
energy and can be used to
control variation time scales in
a circuit.

You can find capacitors in
virtually all electronic circuits
and appliances.
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25.2: Capacitance:

A capacitor can be constructed by simply placing two conductors of any shape in 
isolation. No matter what their geometry, these conductors are usually called 
conductor ‘plates’.

Two conductors, isolated electrically 
from each other and from their 
surroundings, form a capacitor.
When the capacitor is charged, the 
conductors, or plates as they are 
called, have equal but opposite 
charges of magnitude q.
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25.2: Capacitance:

A parallel-plate capacitor, is constructed by separating two conductive plates of 
area A by a distance d. 

Dielectric (insulator) is placed between the plates to prevent any flow of 
electrons between the plates.

If these plates contain no charge, their electric potentials are the same.
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25.2: Capacitance:

When a capacitor is charged, its plates have charges of equal magnitudes but 
opposite signs: q+ and q-. However, we refer to the charge of a capacitor as 
being q, the absolute value of these charges on the plates.
The charge q and the potential difference V for a capacitor are proportional to 
each other:

The proportionality constant C is called the capacitance of the capacitor. Its 
value depends only on the geometry of the plates and not on their charge or 
potential difference.

Capacitance is a measure of the capacitor’s ability to store electric charge.

The SI unit is called the farad (F): 1 farad  (1 F)= 1 coulomb per volt =1 C/V.
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25.2: Charging a Capacitor:

The circuit shown is incomplete because switch S is open; that is, the switch does not electrically 
connect the wires attached to it. When the switch is closed, electrically connecting those wires, the
circuit is complete and charge can then flow through the switch and the wires.

As the plates become oppositely charged, that potential difference increases until it equals the potential 
difference V between the terminals of the battery. With the electric field zero, there is no further drive 
of electrons. The capacitor is then said to be fully charged, with a potential difference V and charge q.
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25.3: Calculating the Capacitance (parallel plate capacitor):

s=0

s=d

Gauss’ Law

Integrate E to get the potential

Relates q and V

EddsEsdEVVV
d

if ==⋅−=−= ∫∫
+

− 0



Integrate E from the –ve plate to the +ve plate.
The E field is in opposite direction with the 
integration path ds

For the air filled parallel plate capacitor, if the region between the plate 

is filled with dielectric with permittivity constant ε, then 𝐶𝐶 = 𝜀𝜀𝜀𝜀
𝑑𝑑

.0 qAdE =⋅∫∫


ε

Eq. 25-25

q=ɛ0AV/d
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25.4: Capacitors in Parallel:
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25.4: Capacitors in Series:
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Example, Capacitors in Parallel and in Series:
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Example, One Capacitor Charging up Another Capacitor:
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25.5: Energy Stored in an Electric Field:

Consider that we are charging up a capacitor by moving a small amount of 
charge dq from one plate to the other plate. The amount of work dW we do 
moving the change dq across the plates with potential V’, is

The total W needed to move 
all the charge q  is

This is the energy that is 
stored in the charged 
capacitor
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25.5: Energy Density:

From slide 12

We define the energy density u (J/m3) in the parallel plate capacitor by 
dividing the potential energy U with the volume of the capacitor. 

Note that the energy density u is a function of the electric field E only. 

Eq. 25-25EdV =
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Dielectric Filled Capacitors

 We have so far studied the properties of parallel plate 
capacitors where the plates are separated by air.

 We will like to ask what will happen if we fill the space 
between the plates with materials other than air.

 We can consider two cases:
– If we fill the space with a conductor, the charges on the plates 

cannot be isolated, thus C=0, V=0.
– To maintain capacitance and keeping the plates isolated, the filled 

material must be an insulator, dielectric is an insulating material 
that can perform this function.
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Polar Dielectrics

(a) Molecules with a permanent 
electric dipole moment, such as 
water molecules, showing their 
random orientation in the 
absence of an external electric 
field. 

(b) Once an electric field is applied, 
producing partial alignment of 
the dipoles. Thermal agitation 
prevents complete alignment.
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Induced Electric Dipoles

Symmetrical atoms or 
molecules, e.g. Ar, CO2

An electric field distorts the  
electron cloud of the atoms or 
molecules, causing induced 
electric dipoles



PHY 1202

Dielectric

2
04

1
r
qE

πκε
=

In a region completely filled by a dielectric material of dielectric constant κ, all 
electrostatic equations containing the permittivity constant      are to be modified 
by replacing        with .

e.g. Electric field due to a point charge 
inside a dielectric will be modified by

For a fixed distribution of charges in the dielectric, the electric field will 
be weaken by a factor of κ compares to in free space (air).

0ε
0ε 0κε
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25.8: Dielectrics and Gauss’ Law:

A dielectric, is an insulating material such as mineral oil or 
plastic, and is characterized by a numerical factor κ, called the 
dielectric constant of the material.
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25.8: Dielectrics and Gauss’ Law:

0κεε =

qAEAdE ==⋅∫∫ 0000 εε


A
qE
0

0 ε
=

'00 qqEAAdE −==⋅∫∫ εε


A
qqE

0

'
ε
−

=

Let then whereA
q

A
qE

εκε
==

0

ε dielectric 
permittivity

)dielectric with Law s(Gauss'       0 qAdEAdE ∫∫∫∫ =⋅=⋅


εκε Eq. 25-36
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Capacitor filled with Dielectric with 
constant κ

CVVCq air ==  κ

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

The presence of a dielectric increases the capacitance of 
a capacitor by a factor κ called the dielectric constant.

When a dielectric slab is inserted between the plates, the 
charge q on the plates increases by a factor of κ ; the 
additional charge is delivered to the capacitor plates by 
the battery.

airCC  κ=
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25.6: Capacitor with a Dielectric:

The introduction of a dielectric limits the 
potential difference that can be applied between 
the plates to a certain value Vmax, called the 
breakdown potential. Every dielectric material 
has a characteristic dielectric strength, which is 
the maximum value of the electric field that it 
can tolerate without breakdown.

It actually can increase the capacitance of the 
device. Recall that
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Example, Dielectric Partially Filling a Gap in a Capacitor:
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Example, Dielectric Partially Filling a Gap in a Capacitor, cont.:
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Example, Work and Energy when a Dielectric is inserted inside a Capacitor:
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