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A capacitor is a way to store electric potential R R St S S St St S SR Al o)
energy in an electric field. The simplest form of
a capacitor is a parallel plate capacitor.
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Capacitance, C, is defined as the magnitude of
the charge stored on one plate Q
divided by the electric potential C=— Lt -0
difference between the two plates: AV

- Capacitance is always positive.

o Q, is the charge on the positive plate.

o AV is the positive electric potential difference between the two plates.
The net charge on a capacitor is zero.

Qiota = +Q+(-Q) =0
coulombs

_Q . .
] C= AV = Capacitance in ~—vofts — F, farads

charge, Q = coulombs, C & capacitance, C = farads, F

o Itis not my fault the symbol for capacitance is C and capacitance is charge per electric
potential difference and the units for charge are coulombs for which the symbol is C.

- The three-line equal sign, =, means “is defined as”. This is not a derivation. We made it up. We
have simply decided to define the charge on a capacitor divided by the electric potential
difference of the capacitor as “capacitance”.

- Energy is stored in the electric field of the capacitor.

- The capacitance of a capacitor depends only on the capacitor’s physical characteristics. For
example, the capacitor's shape and material used to separate the plates of the capacitor.
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The basic idea is:

- Start with an uncharged capacitor.
o No charge on either plate.
o No electric field between the plates.

- Attach the terminals of a battery to the two plates of the capacitor.

- Charges flow from one plate to the other plate of the capacitor.

- We now have a charged capacitor.
o Both plates have equal magnitude charge.
o There is an electric field and an electric potential difference between the plates.
o Energy is stored in the electric field of the capacitor.

Let’s derive the equation for the capacitance of a parallel plate capacitor. We have already derived two
equations for two parallel, infinitely large, charged plates with equal magnitude, but opposite sign.

0} Q 0
E” plates = E_@. = A_€0 & Avconstant E= '—'Ed = ”AV” = Ed = (A—EG) d
Q Q €0A
& CzA_V=o_—d=>Cuplate=T
AS@

This assumes there is a vacuum between the two plates. Usually, we place an insulating material
between the plates of a capacitor. This is both to help physically separate the two plates and because it
increases the capacitance of the capacitor. This insulating material is called a dielectric.
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The charged particles in the dielectric are polarized and induce their own electric field (above in blue)
which is opposite the direction of the original electric field of the capacitor Eo (above in black). The net
electric field (below in black) is decreased. Because the electric field is decreased, the electric potential
difference across the capacitor is decreased, the charge of the capacitor remains the same, and the

capacitance of the capacitor is increased.
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= AV ]| & Qisconstant & C=A£V:>CT

The way we define the effect of a dielectric is with the dielectric constant. The symbol for the dielectric
constant is the lowercase Greek letter kappa, k. It looks basically like a lowercase k. The dielectric
constant equals the ratio of the electric permittivity of the dielectric to the electric permittivity of free space.
3
K= —
€o
- The dielectric constant has no units.
- Electric permittivity is the measurement of how much a material is polarized when it is placed in
an electric field.
o The easier it is for electrons to change configurations in a material, the larger the
dielectric constant of that material.
- The dielectric constant is also sometimes called relative permittivity.

We can also determine the relationship between the electric field between the parallel plates of the
capacitor with a vacuum and with a dielectric.
€ E E
s S e e o vacuum:K:_ﬁ
€9 Edielectric E

o Evacuum _

_ _ =
Evacuum = E_@ & Edielectric =
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E E dielectric
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And then use that to determine the relationship between the capacitance of the capacitor with a vacuum
and the capacitance of the capacitor with a dielectric.

€A €
C"p|ate=C0_T & K—€—0=>€—K€g
gA ngA ngA

& Cdlelectnc =C= d d Cdielectric — d & C= KCG

According to the College Board, students are responsible for determining the capacitance only of the
following shapes: parallel-plate capacitors, spherical capacitors, and cylindrical capacitors.

Next, let’s derive the equation for the energy stored in a capacitor. Starting with an uncharged capacitor,
we move one, infinitesimally small charge from one plate to the other plate. Because the electric potential
difference between the plates is zero, moving this first charge takes no work. However, moving the next
charge does take work because there is now an electric potential difference between the two plates. The
work it takes to move a charge equals the change in electric potential energy of the capacitor and it
equals the magnitude of the charge which is moved times the electric potential difference the charge is
moved through which is the electric potential difference across the capacitor which now has an
infinitesimally small electric potential difference across it. We need to identify the infinitesimally small
charge as dqg and the amount of work it takes to move that charge dW. And take the integral of both
sides.

Q; =0 & W= AUgec = qAV = dW = AVdq
Q Q

&C—A—V:AV—Ezﬂ) OCAV
W:f@Aqu:f@o%dqz[g—H g—Z—g—z UC:S_Z
= Uc = % = %CAVZ = % (AOV)AVZ —OAV

= Uc = gz %CAVZ —OAV

Note: The energy stored in the capacitor is stored in the electric field of the capacitor and is equal to the
amount of work needed to move the charges from one plate to the other.

The capacitor in the disposable camera:

C = 120uF; AV = 330V
1 1
= Uc = 5CAV? = (120 x 1076) (330)° = 6.532 ~ 6.5J

2 2
leV
Ue = 6.532]
=58 X(1.6x10—19J

= Ur =~ 41 x 10° x 10%eV = U, ~ 41 billion billion eV

) =4.0825 x 1019 ~ 41 x 1018eV
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