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Dr. Iyad SAADEDDIN
Chapter 25: Capacitance 25-1: What is physics

 Capacitance, C, is the ability of a body to store an 
l t i l h  A bj t th t b l t i llelectrical charge q Any object that can be electrically 

charged exhibits capacitance
 the capacitor is The device that manifest this behavior 
(storing energy).
 storing energy (storing electrical charge) is always 
accompanied by electric field E due to charges and henceaccompanied by electric field E due to charges and hence 
potential difference ∆V.
 once electrical energy is stored it can be used as a an 
energy source

 Capacitor is a device used to store 
charge for short period of time.

25-2: Capacitance

Assume two El t i Potential

 Usually it consists of two isolated 
conducting plates of any shape

Assume two 
conductors 
with equal 
but opposite 
charges

Electric 
Field 
between 
them

Potential 
Difference V 
Between the 
Charges

 Now turn the problem around. If we have a potential difference (a 
voltage) between two conductors, what is the charge on them?

25-2: Capacitance

When closing 
switch sAssume uncharged 

conducting plates      
A and B

Electrons are pulled from A 
by +ve ∆V and injected via 
conductor B  +q on A and 
–q on B

Charge transfer will stop when V = ∆V

remove the battery

Capacitor for storing charge 
and energy

We will have 
both charges 
+Q and –Q 
stored on 
conductors

Charge transfer will stop when VAB = ∆V
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25-2: Capacitance
 The more conventional arrangement, called a parallel-plate 
capacitor, consisting of two parallel conducting plates of area A 

t d b di t dseparated by a distance d.
 The symbol used to represent the capacitor is (       ) . This symbol 
is used usually for all capacitor types

 When a capacitor is charged, its plates have charges of equal 
magnitudes but opposite signs: q+ and q-.

25-2: Capacitance
 The charge q (magnitude of charge on one plate) and the potential 
difference V magnitude 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.

F b ti 

The SI unit of capacitance C (Farad) can be deduced : 
1 Farad  (1 F) = 1 Coulomb per Volt = 1 C/V.

 From above equation 

25-2: Capacitance – Charging a capacitor

 As discussed before, Capacitors can be charged by connected to a 
battery of potential difference V

When the switch S is closed, the circuit is complete and charge can then 
flow through the switch and the wires  plates (h and l) become oppositely 
charged  potential difference between plates  that potential difference 
increases until it equals the potential difference V between the terminals of 
the battery B The capacitor is then said to be fully charged, with a 
potential difference V and charge q.

To calculate the capacitance, we follow the steps below:
(1) Assume a charge q on the plates; 

25-3: Calculating Capacitance

(2) calculate the electric field      between the plates in terms of this 
charge, using Gauss’ law;

(3) knowing     , calculate the potential difference ∆V between the plates

E


E


If we choose the path from –ve plate to +ve plate  is –ve 

(4) calculate C from equation
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1. Parallel plate capacitor
The E field between the plates is uniform

25-3: Calculating Capacitance

A
qE
00 




The E-field between the plates is uniform 
(assuming d<<width and length)

qd
The potential difference value:

A
qdEdV

0


d
A

V
qC 0The capacitance:

the capacitance of a parallel-plate capacitor is proportional to the area 
A of its plates and inversely proportional to the plate separation d.

Ex: two parallel plates capacitor of plate area 2×10-4 m2 and separation 
of 1mm. Calculate the capacitance

25-3: Calculating Capacitance
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2. A cylindrical capacitor: of length L and charge density λ
From Gauss’s law we have

25-3: Calculating Capacitance
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From Gauss s law we have
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3. A spherical capacitor:
2r

qkE 

da  11
From Gauss’s law

25-3: Calculating Capacitance
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4. An Isolated Sphere
For spherical capacitor

For isolated sphere of 
radius R = a, we have R

k
R

k
aC 04
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 A battery drives charges to 
accumulate on the capacitor 

25-4: Capacitors in Parallel and in Series

plates.
 A switch controls the flow of 

charge.

In electrical circuits, there are usually two or more capacitors 
connected in various ways with certain combinations 

1) Parallel combination and 2) Series combination 

 Parallel combination between capacitors is 
shown in figure (a). Assume capacitors in 

ll l t d t t ti l diff V

25-4: Capacitors in Parallel and in Series –
capacitors in parallel

parallel are connected to potential difference V
 each capacitor will have same potential V.
 since each capacitor have his own 
capacitance C1, C2, and C3  each will have 
different charge; q1 = C1V, q2 = C2V, and q3 = C3V.
 hence the total charge stored on capacitors

 f i it l l ti l th for circuits calculations, we can replace the 
parallel combination of capacitors with one 
equivalent-capacitor (Ceq) that have same 
total charge and potential as shown in figure (b)

 In general, for n capacitors in parallel; n

n

j
jeq CCCCC 
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26.3: Combinations of capacitors:
1) parallel combination

All are parallel connections

This is not

 Series combination between capacitors is shown in figure 
(a). Assume capacitors in series are connected to potential 
diff V h it ill h h

25-4: Capacitors in Parallel and in Series –
capacitors in Series

difference V each capacitor will have same charge q.
 since each capacitor have his own capacitance C1, C2, 
and C3  each will have different potential; V1 = q/C1,           
V2 = q/C2, and V3 = q/C3.
 hence the total potential of battery is the sum of potentials 
on capacitors

We can replace the series combination of capacitors p p
with one equivalent-capacitor (Ceq) that have same total 
charge and potential as shown in figure (b)

 In general, for n capacitors in series;
n

n

j jeq CCCCC
1...1111

211






5

Ex: Find the equivalent 
capacitance between a and b

26.3: Combinations of capacitors:
3) mixed combination example

series
parallel parallel

parallel
series

25-4: Capacitors in Parallel and in Series : 
Example: Find

a) equivalent capacitance for the circuit shown
b) the charge on capacitor C1 if  a potential difference V = 12.5V is applied

C1 parallel with C2 (C1//C2)

C12 series with C3

a)

25-4: Capacitors in Parallel and in Series : 
Example: continued from previous

b) the charge on capacitor C1 if  a potential difference V = 12.5V is applied
b) With V = 12.5 V we can calculate total charge q123 on Ceq = C123

C12 and C3 are in 
series  they 
will have same 
charge equal to 
charge on C123

Voltage on C1 (V1) and 
C2 (V2) are equal and 
equal to V12

Hence the charge on C1
can be calculated from

q2 = q12 - q1 = 13.6μC or q2 = C2V2

25-4: Capacitors in Parallel and in Series : 
Example – capacitor charging an other

Capacitor 1, with C1 = 3.55 μF, is charged to a potential difference V0 = 6.30 
V, using a 6.30 V battery. The battery is then removed, and the capacitor is 
connected to an uncharged capacitor 2 with C = 8 95 μF When switch S isconnected to an uncharged capacitor 2, with C2 = 8.95 μF. When switch S is 
closed, charge flows between the capacitors. Find the charge on each 
capacitor when equilibrium is reached.

 Solution: the initial charge q0 on C1 will 
distributed on both capacitors  after 
equilibrium

 Al t ilib i b th ill h t ti l Also at equilibrium, both will have same potential

Sub. for 

Solve for q1  and
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 Since capacitors can carry charge after a battery is disconnected, 
they can store energy.

25-5 Energy Stored in an Electric Field

 Suppose that, at a given instant, a charge q’ has been transferred 
from one plate of a capacitor to the other. The potential difference 
V’ between the plates at that instant will be q’/C. If an extra 
increment of charge dq’ is then transferred, the increment of work 
required will be :

i lhfdW

qV
2
1W

 triangle theof areastoredenergy W
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Or you can perform an integral

25-5 Energy Stored in an Electric Field
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 Energy stored in capacitor is

Consider a simple parallel-plate capacitor whose plates 

25-5 Energy Stored in an Electric Field: Example

are given equal and opposite charges and are separated 
by a distance d. Suppose the plates are pulled apart until
they are separated by a distance D > d. The electrostatic 
energy stored in the capacitor is

1. greater than 
2 the same as

For Parallel plate capacitor

C=ε A/d as d ↑ C↓
(*)

2. the same as
3. smaller than

before the plates were pulled apart.

C=ε0A/d  as d ↑ C↓

Since U=Q2/2C  U↑as d↑

 Energy density is defined as stored energy per unit volume.
 Consider the parallel plate capacitor

25-5 Energy Stored in an Electric Field

 Consider the parallel plate capacitor.
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 The energy density (energy per unit volume) for parallel 
plate capacitor:



7

25-5 Energy Stored in an Electric Field: Example
An isolated conducting sphere whose radius R is 6.85 cm has a charge q =
1.25 nC. (a) How much potential energy is stored in the electric field of this 
h d d t ? (b) Wh t i th d it t th f f thcharged conductor? (b) What is the energy density at the surface of the 

sphere?
a) For isolated sphere, 

b) The E-field at the sphere 
surface is

1) Capacitors with vacuum or air between plates have small 
capacitance

25-6: Capacitor with a Dielectric

 To increase capacitance C, a dielectric material is inserted 
between the plate

2) Dielectrics:
 Dielectrics are insulators like glass, rubber or waxed paper, …..
 They are used to increase the charge storage capacity C and by a 

factor  while providing mechanical support.
 Increase in maximum operating voltage for capacitor
 They are characterized by a dielectric constant, , and are limited 

by the dielectric strength.

25-6: Capacitor with a Dielectric
 If the charge q across the capacitor is held constant  potential will 
change when inserting a dielectric material.


0VV 

qq

0

0
0 C

qV 

With no dielectric With dielectric 
between plates

Since q0 does not change

materialsinsulatingotherfor1
airfor1

vacuumfor1









0

00

V
q

V
qC 

0CC 
When dielectric is inserted 
between plates, capacitance 
increases by a factor 

25-6: Capacitor with a Dielectric
 If the potential difference V between 
plates is held constant by a battery 
the charge on plates will increase by 
the effect of battery 0qq 

 Every dielectric material have 
breakdown potential Vmax. This is due 
to the dielectric strength, which is the 
maximum value of the electric field 
that it can applied without breakdown.
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25-6: Capacitor with a Dielectric: Example
What is capacitance for parallel plate capacitors when dielectric is 
inserted?

 For parallel plate capacitor with 

When dielectric is inserted between plates  the capacitance 
becomes

 Hence, the capacitance for parallel plate capacitor depends on the 
area A, the separation d and the dielectric material between the plates

0CC 

Ex: A parallel-plate capacitor has plates of dimensions 2 cm by
3 cm separated by a 1 mm thickness of paper (κ = 3.7, Emax=16×106 

25-6: Capacitor with a Dielectric: Example

V/m). Find (A) capacitance. (B) maximum charge that can be placed 
on the capacitor.

(A)

(B)

 for a charged capacitor with charge q0, What is energy stored before 
and after inserting a dielectric?

25-6: Capacitor with a Dielectric: stored energy

Before inserting a dielectric 

After inserting a dielectric 

But

 Energy stored decrease with dielectric

With Dielectric V = V0/κ the E-field with dielectric will be

This is due to creation of induced E-field when external E is applied

25-7, 8: Dielectrics: An Atomic View, E-field in 
Dielectric materials

With no external E-field 
 Random oriented 
dipoles in dielectric.

With external E-field 
 molecules align 
with the field due to 
dipole orientation

Induced charge 
densities σind 
induced E-field Eind

This is due to creation of induced E field when external E is applied

  E-field in the dielectric has the magnitude


0
0

EEEE ind 
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 E
In the parallel-plate capacitor shown

25-7, 8: Dielectrics: An Atomic View, E-field in 
Dielectric materials
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25-7, 8: Dielectrics: An Atomic View, E-field in 
Dielectric materials: Example

a parallel-plate capacitor of plate area A = 115 cm2 and plate separation d = 
1.24 cm. A potential difference V0 = 85.5 V is applied between the plates by 

ti b tt b t th Th b tt i th di t d dconnecting a battery between them. The battery is then disconnected, and 
a dielectric slab of thickness b = 0.780 cm, and dielectric constant κ = 2.61 
is placed between the plates as shown. 
(a) What is the capacitance C0 before the 
dielectric slab is inserted?
(b) What free charge appears on the 
plates?
(c) What is the electric field E0 in the 
gaps between the plates and the 
dielectric slab?
(d) What is the electric field E1 in the dielectric slab?

(e) What is the potential difference V between the plates after the slab has 
been introduced?

25-7, 8: Dielectrics: An Atomic View, E-field in 
Dielectric materials: Example – dielectric slab

(a) the capacitance C0

(b) the free charge appears on the plates

(c) E0 in the gaps between the plates and the dielectric slab

(d) the electric field E1 in the dielectric slab is

(e) the potential difference V between the plates with the slab has been 
introduced

Ex: A parallel-plate capacitor has a plate separation d and plate 
area A. An uncharged metallic slab of thickness a is inserted 

25-7, 8: Dielectrics: An Atomic View, E-field in 
Dielectric materials: Example – metallic slab

g
midway between the plates. (A) Find the capacitance of the device. 
(B) Show that the capacitance of the original capacitor is 
unaffected by the slab if the slab is infinitesimally thin.

Like we have 
two capacitors 
in series

a)

b) For very thin slap  a<<d 
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A parallel-plate capacitor with a plate separation d has a capacitance 
C0 in the absence of a dielectric. What is the capacitance when a slab 

25-7, 8: Dielectrics: An Atomic View, E-field in 
Dielectric materials: Example – partial filled capacitor

of dielectric material of dielectric constant κ and thickness d/3 is 
inserted between the plates

Two capacitors in series

Summary
 Capacitors are geometries that can hold 

chargescharges.
 Use Gauss’ Law symmetries to calculate 

capacitance.
 Series and parallel connections.
 Dielectrics increase capacitance. Dielectrics increase capacitance.


