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Capacitors

Any two conductors separated by 
an insulator (or a vacuum) form a 
capacitor, which stores electrical 
energy in an electric field.

When the capacitor is charged, it 
means the two conductors have 
charges with equal magnitude 
and opposite sign, and the net 
charge on the capacitor as a 
whole is zero.



Capacitance

One common way to charge a capacitor is 
to connect the two conductors to opposite 
terminals of a battery. 

This gives a potential difference Vab

between the conductors that is equal to 
the voltage of the battery. 

If we change the magnitude of charge on 
each conductor, the potential difference 
between conductors changes; however, the 
ratio of charge to potential difference does 
not change. 



Capacitance

This ratio is called the capacitance C of the capacitor:

The SI unit of capacitance is the farad, F.

1 F = 1 C/V = 1 C2/N · m = 1 C2/J



Capacitors in series

Capacitors are in series if they are connected 
one after the other.

When several are connected in series, the 
magnitude of charge is the same on all plates 
of all the capacitors. Therefore the potential 
differences of the individual capacitors add to 
give the total potential difference across the 
series combination: 

Vtotal = V1 + V2 + V3 + · · ·
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Capacitors in series

Capacitors are in series if they are connected 
one after the other.

Since the capacitors have the same charge, Q,
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Thus the capacitance can be defined as
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Capacitors in parallel

Capacitors are connected in parallel between 
a and b if the potential difference Vab is the 
same for all the capacitors. 

Potential differences are the same for all the 
capacitors, and the charges add up:

Qtotal = Q1 + Q2 + Q3 + · · ·
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Capacitors in parallel ! = #
$%&

Capacitors are connected in parallel between 
a and b if the potential difference Vab is the 
same for all the capacitors. 

This time the capacitors have the same 
potential, V, thus the capacitance is defined 
as:

!'( = !) + !+ + !, +⋯



Calculate the equivalent capacitance of two 5 F 
capacitors in parallel.

!'( = 5 + 5 = 10 F

Calculate the equivalent capacitance of two 5 F 
capacitors in series.
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Energy stored in a capacitor

Potential energy stored in a capacitor (in the electric field between the plates):



Capacitors in the real world

A practical application of 
capacitors is their ability to 
store energy and release it 
quickly. 

An extreme example of the 
same principle is the Z machine 
at Sandia National Laboratories 
in New Mexico, which is used in 
experiments in controlled 
nuclear fusion.



Capacitors in the real world

In flash photography, the 
energy used to make the 
flash is stored in a capacitor, 
which consists of two closely 
spaced conductors that carry 
opposite charges.

The energy of a capacitor is 
actually stored in the electric 
field.



Dielectrics

Most capacitors have a non-
conducting material, or dielectric, 
between their conducting plates. 

A common type of capacitor uses 
long strips of metal foil for the 
plates, separated by strips of 
plastic sheet such as Mylar. 



Polarization

Reminder: Lecture 1

Separation into opposite charges

Polarization is the reason a 
charged body can exert a (always 
attractive) force on an uncharged 
nonconducting body such as a bit 
of paper or a pith ball.



Dielectrics

When a dielectric 
is inserted 
between the 
plates of a 
capacitor, the 
electric field 
decreases.

This is due to 
polarization, 
forming a layer of 
charge on 
surface.



Gauss’s Law in dielectrics

The Gaussian surface lies half in the conductor and half in 
the dielectric.

where Qencl-free is the total free charge (not bound charge) 
enclosed by the Gaussian surface.



Dielectrics

When a dielectric is inserted between the plates 
of a capacitor
- Potential difference, V, decreases
- Q is unchanged 
Therefore, capacitance (C = Q/V) increases by a 
factor κ :



What has the greatest κ value?

a) Vacuum 

b) Water

c) Glass

d) Paper 

e) Silicon
sli.do/1e4



Current

A current is any motion of charge from one region to another. It can be 
produced by positive or negative charge flow. Conventional current is treated 
as a flow of positive charges.

Note: Current density, J = I/A [A/m2], is the current per unit cross sectional area!

Unit: Ampere, where 1 A = 1 C/s



Electromotive force

For a conductor to have a steady current, it must be 
part of a path that forms a closed loop or complete 
circuit. The influence that makes current flow from 
higher to lower potential is called electromotive force.  

The SI unit of emf is the volt:
1 V = 1 JC-2

A typical flashlight battery has an emf of 1.5 V; this 
means that the battery does 1.5 J of work on every 
coulomb of charge that passes through it. 



Resistance

Resistance is a measure of opposition to 
current flow in an electrical circuit.

The resistance of a conductor can be 
expressed by Ohm’s Law:

$ = 5 6

Note: power (time rate of energy transfer),

7 = $ 5 = 526 = $+
6

SI unit of electrical resistance is 
the Ohm (Ω), 1 Ω = 1 V/A



Resistors

Resistors are electronic components 
which have a specific, never-
changing electrical resistance. 



Resistors

In series: current, I, is the same in all of them, so
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V = I R



Resistors

In parallel: current in each resistor doesn’t need to the be same, but the 
potential difference across them must be.
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In the real world

When connected to the same source, two incandescent light bulbs in series (top) 
draw less power and glow less brightly than when they are in parallel (bottom).



Circuit symbols

resistor

capacitor

source of emf
+

V

A

Ω

voltmeter

ammeter

ohmmeter



Real world: R-C circuits

Many devices incorporate circuits in which a 
capacitor is alternately charged and discharged. 
These include flashing traffic lights, automobile 
turn signals, and electronic flash units. 



• Capacitance CH 24

• Dielectrics CH 24

• Resistance and circuits CH 25/26

Next time: Magnetic fields CH 27

Summary

parallel: !'( + !) + !+ + !, + ⋯

series: )89: =
)
8;
+ )

8<
+ )

8=
+ ⋯

parallel: )>9: =
)
>;
+ )

><
+ )

>=
+ ⋯

series: 6'( + 6) + 6+ + 6, + ⋯



Calculate resistance

What's the resistance from terminals A to B in this circuit?



To solve such a problem, start at the back-end of the circuit and simplify 
towards the two terminals. In this case R7, R8and R9 are all in series and can be 
added together. Those three resistors are in parallel with R6, so those four 
resistors could be turned into one with a resistance of R6||(R7+R8+R9). 
Making our circuit:



Now the four right-most resistors can be simplified even further. R4, R5 and our 
conglomeration of R6 - R9 are all in series and can be added. Then those series 
resistors are all in parallel with R3.

And that's just three series resistors between the A and B terminals. Add them 
up! So the total resistance of that circuit is: R1+R2+R3||(R4+R5+R6||(R7+R8+R9)).


