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Storing electrical energy:
The capacitor

® Two parallel
metal plates of area 4
separated
by a distance d.

m Connect the plates
to the two sides ¥
of a battery.
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Charging a capacitor
!
m What 15 E,
the potential difference —
between the plates? =
B What is the field —
around the plates? —
® How much charge =
is on each plate? e
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Capacitor Equations
AV=EAcr=EL
J A
E=Adxk.o=4nk, g = {=|——|E
A 4xk,
r=[—A_|av =
¢= 4k L 4rk, is often
g written as “1/€ ,”
O =CAV
What does this
“Q”stand for? / Physics 122 8

Units of Capacitance

B The unit of capacitance is the Farad.

1 Farad = 1 Coulomb/\Volt

m Since a Coulomb is such a large unit, many
capacitors are measured in milli or micro
Farads.
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A “figure of merit”

m We define the capacitance the way we do
since what we want a capacitor for 15 to
store separation of charge — at the least cost,
that is, using the smallest battery.

B A bigger C means we get
more (I for less AV

0 =CAV
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Electrical Energy in a Capacitor

® Since it takes work to separate the charges in
a capacitor, the charges are at a higher energy
state than when they are not separated.

m Discharging the capacitor therefore releases
energy — either quickly (as when you put your
arm across it) or in a slower, controlled way.

.
Energy stored in a capacitor = LAV = LO(AV) = E_I‘.'
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Dielectrics

m In electrical systems, we want to store as large a
charge separation as we can, but creating potential
differences is expensive. We would like to find
ways of reducing AV while keeping O the same.

m In biological systems, we often have charge
separations, but the are almost always separated
by spaces containing fluids — not by empty space.

m [t turns out that the answer to the first problem is
provided by the second observation.
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Consider what happens
with a conductor

® The potential difference is
produced by adding up £ As. +
m If we can reduce E along the
path, we can reduce AV, +
& Inside a static conductor, there N
can be no E field. (Why not?)
B What happens if we put a
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conducting sheet between the
plates? 0
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Conductors

m Putting a conductor inside a
capacitor eliminates the electric
field inside the conductor.

® The distance, d', used to
calculate the AV is only the
place where there is an E ficld,
s0 putting the conductor in
reduces the AV for a given

charge.
I A

C=
4nk,. d
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Consider what happens

with an insulator

m We know that
charges separate
even with an insulator.

+
+
B This reduces the field +
inside the material, +
just not to 0. +

+

+

m The field reduction factor is
defined to be k.
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Capacitors filled
with an insulating material
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Dielectrics

m If a non-conductor is put between the
plates, there is still some polarization
reducing the field so the voltage
required for a given charge is
reduced, i.e., C is increased. L

B The factor (assuming the space
between the plates is filled) is called
the dielectric constant, | |
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