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with energy

What for?
To understand the world

Or to move on to capacitor, 
one of the three passive 
components in circuits 



Chapter 26

Capacitance 
and

Dielectrics



Capacitors = that which have  
capacitance to hold = containers

� Capacitors are devices that store electric charge
� Any conductors can store electric charge, but
� Capacitors that specially designed devices to story a lot of 

charges

� Examples of where 
capacitors are used 
include:
� radio receivers
� filters in power supplies
� to eliminate sparking in 

automobile ignition systems
� energy-storing devices in 

electronic flashes

How is my English?



Capacitance

� The capacitance , C, is defined as the ratio 
of the amount of the charge Q on the 
conductor to the potential increase � V of 
the conductor because of the charge:

� This ratio is an indicator of the capability 
that the object can hold charges. It is a 
constant once the object is given, 
regardless there is charge on the object or 
not. This is like the capacitance of a mug 
which does not depend on there is water in 
it or not. 

� The SI unit of capacitance is the farad (F)
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More About Capacitance

� Capacitance will always be a positive quantity
� The capacitance of a given capacitor is 

constant
� The capacitance is a measure of the 

capacitor’s ability to store charge
� The farad is an extremely large unit, typically 

you will see 

microfarads (mF=10-6F), 
nanofarads (nF=10-19F), and 
picofarads (pF=10-12F)



Capacitance of a one conductor system is 
small: for example, Isolated Sphere

� Assume a spherical charged conductor 
with radius R

� 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

� Even for R=1m, C = 0.1 nF
� Note, this is independent of the charge 

and the potential difference
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How to Make a Capacitor?
� Requirements:

� Hold charges
� The potential increase 

does not appear outside of 
the device, hence no 
influence to other devices.

� Is there such a good 
thing?

You get a bonus point if you propose a valid solution to answer these requirements



Energy stored in a charged capacitor

� Consider the circuit to be a 
system

� Before the switch is closed, the 
energy is stored as chemical 
energy in the battery

� When the switch is closed, the 
energy is transformed from 
chemical to electric potential 
energy

� The electric potential energy is 
related to the separation of the 
positive and negative charges 
on the plates

� A capacitor can be described as 
a device that stores energy as 
well as charge



How Much Energy Stored in a 
Capacitor

q -q

dq

To study this problem, recall that the work the field force 
does equals to the electric potential energy loss:
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When the charge buildup is q, move a dq, the work is

This also means that when the battery moves a charge 
dq to charge the capacitor, the work the battery does 
equals to the buildup of the electric potential energy:
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We now have the answer to the final charge Q: 
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Energy in a Capacitor, the formula

� When a capacitor has charge stored in it, it also 
stores electric potential energy that is

� This applies to a capacitor of any geometry
� The energy stored increases as the charge 

increases and as the potential difference increases
� In practice, there is a maximum voltage before 

discharge occurs between the plates
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Energy in a Capacitor, final 
discussion

� The energy can be considered to be stored in 
the electric field 

� For a parallel-plate capacitor, the energy can 
be expressed in terms of the field as 
U = ½ (� � Ad)E2

� It can also be expressed in terms of the 
energy density (energy per unit volume)
uE = ½ eoE2



Capacitors with Dielectrics

� A dielectric is a nonconducting material that, 
when placed between the plates of a capacitor, 
increases the capacitance
� Dielectrics include rubber, glass, and waxed paper

� With a dielectric, the capacitance becomes         
C = � Co

� The capacitance increases by the factor � when the 
dielectric completely fills the region between the plates

� � is the dielectric constant of the material



Dielectrics, cont

� For a parallel-plate capacitor, C = �� o(A/d)
� In theory, d could be made very small to create a 

very large capacitance
� In practice, there is a limit to d

� d is limited by the electric discharge that could occur 
though the dielectric medium separating the plates

� For a given d, the maximum voltage that can be 
applied to a capacitor without causing a discharge 
depends on the dielectric strength of the material



Dielectrics, final

� Dielectrics provide the following advantages:
� Increase in capacitance
� Increase the maximum operating voltage
� Possible mechanical support between the plates

� This allows the plates to be close together without 
touching

� This decreases d and increases C





Types of Capacitors – Tubular 

� Metallic foil may be 
interlaced with thin 
sheets of paraffin-
impregnated paper or 
Mylar

� The layers are rolled 
into a cylinder to form a 
small package for the 
capacitor



Types of Capacitors – Oil 
Filled

� Common for high-
voltage capacitors

� A number of interwoven 
metallic plates are 
immersed in silicon oil



Types of Capacitors –
Electrolytic

� Used to store large 
amounts of charge at 
relatively low voltages

� The electrolyte is a 
solution that conducts 
electricity by virtue of 
motion of ions 
contained in the 
solution



Types of Capacitors – Variable

� Variable capacitors consist 
of two interwoven sets of 
metallic plates

� One plate is fixed and the 
other is movable

� These capacitors generally 
vary between 10 and 500 
pF

� Used in radio tuning circuits



Dielectrics – An Atomic View

� The molecules that 
make up the dielectric 
are modeled as dipoles

� The molecules are 
randomly oriented in 
the absence of an 
electric field



Dielectrics – An Atomic View, 
2

� An external electric field 
is applied

� This produces a torque 
on the molecules

� The molecules partially 
align with the electric 
field



Dielectrics – An Atomic View, 
3

� The degree of alignment of the molecules 
with the field depends on temperature and 
the magnitude of the field

� In general,
� the alignment increases with decreasing 

temperature
� the alignment increases with increasing field 

strength



Dielectrics – An Atomic View, 
4

� If the molecules of the dielectric are nonpolar 
molecules, the electric field produces some 
charge separation

� This produces an induced dipole moment
� The effect is then the same as if the 

molecules were polar



Dielectrics – An Atomic View, 
final

� An external field can  
polarize the dielectric 
whether the molecules are 
polar or nonpolar

� The charged edges of the 
dielectric act as a second 
pair of plates producing an 
induced electric field in the 
direction opposite the 
original electric field



Induced Charge and Field

� The electric field due to the 
plates is directed to the right 
and it polarizes the dielectric

� The net effect on the 
dielectric is an induced 
surface charge that results in 
an induced electric field

� If the dielectric were replaced 
with a conductor, the net field 
between the plates would be 
zero


