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Tuesday’s Clicker Question

fQ, =1 uC and Q1 = —2 uC
which graph most accurately
shows V(7r)?
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Tuesday’s Clicker Question

Qz =1,LlCandQ1 =_2‘U,C
What we know already:
 Netchargeis —1 uC

e Charge on inner surface of outer
spherical shell is +2 uC

e Electric field is always pointing towards the origin.

— V(r) will always be negative.

— A positive charge has less potential energy closer to the sphere.
e Electric potential inside the conductors is constant.

— V(r) will be flat in the shell and in the sphere.



Storing Energy

Tuesday’s example with the Van de Graaff...
Initial charge: Q

Initial electric potential at the surface:

Q
VIR) = 41ey R
Work needed to add an additional charge, AQ:
AU = V(R)AQ = LAl
4mey, R

Total work needed to add charge Q¢y¢qr:
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Storing Energy

Total work needed to charge sphere:

po 1. 10
— X —
4mteg R 2
Final voltage of sphere:
1
yo 10
41eg R
Q = 4‘7TEORV

Stored energy:

1
E = E (4‘7TEOR) VZ

In principle, we can use this energy to do work...



Capacitors

* A capacitor is a device that stores electrostatic
potential energy.

 These are (almost) always two conductors in close
proximity separated by an insulator:
— Air or vacuum
— Something that prevents sparks

— Something that also stores electrostatic potential energy
e Examples:

— Two parallel wires
— Two parallel plates

— Two coaxial cylinders



How Much Energy?

e Consider two conductors with electric
potentials I/; and 1/5...

e We can always pick V; = 0 and then 1/, is just
the potential difference between them.



How Much Energy?

e Take a small charge AQ from the blue conductor and
move it to the red conductor...

e Workdoneis AU = VAQ

e How much will this change I/'?
— It turns out that AV « AQ



Capacitance

AQ o< AV
 The constant of proportionality is the capacitance, C:
AQ = C AV

* If you transfer a total charge Q, then the potential
difference will be:

,_
C
e The capacitance is defined as:  Units for Capacitance:
Coulomb
Q Farad =
C = — Volt

4 €p = 8.85pF/m



Stored Energy

e How much work, U, does it take to charge a capacitor to a
final voltage, VV'?

AU =V AQ = CV AV

4 1
Usz Vav =-CV?
0 2

lyvalid: U = 1fQ dO = 1 o2
E id: - — - —
qually vali c OQ Q ZCQ

e This is the energy stored in the capacitor.

e You don’t have to “move” the same charge from one
conductor to the other, just the same amount of charge.



Question

—Q
+0Q

If the charge, Q, is doubled, will the capacitance...

(a) Increase?
(b) Decrease?

(c) Remain the same?



Examples

 General procedure for calculating capacitance:
1. Put charge £0Q on the two conductors

2. Calculate E between the conductors
3. Calculate the electric potential difference

V=—jE-d?

4. UseC =Q/V



First Example

e Parallel plate capacitor:

e
E
—

v

-y

Area, A




First Example

e Parallel plate capacitor:

e

Area, A

€nA
C= -2

+Q —Q d

This ignores any “edge effects”...

< d It is a good approximation when d is

small compared with the length and
width of a plate.




Coaxial Cylinder




Coaxial Cylinder




Examples

 Another way to calculate capacitance:

1. Put charge +0 on the two conductors
2. Calculate electric potential of each conductor

e Consider each conductor in isolation
e User the principle of superposition

3. Calculate the potential difference, IV
4. UseC =Q/V



Second Example

 Two long, parallel wires:
+Q

| —
2a E

We will suppose that L > d > a.



Second Example

 Two long, parallel wires:

+0
i .
2a E 0
ey L
C=—-"
log(d/a)

(assuming L > d > a.)




Numerical Example

What is the capacitance of an extension cord, 10
meters long with wires that are 1 mm in
diameter, separated by 2 mm?

o L=10m
O d=2mm
O a=05mm

meol  m(8.85pF -m™)(10 m)

C ~
log (%) log (o?sn;zn;z)

= 200 pF




Numerical Example

* How much energy is stored if there is a

potential difference of 100 volts?

U—lCVZ
2

1
= - (200 pF)(100 V)2

= %(zoo pC-V~1)(100V)(100]-C™1)
=1y



Clicker Question

 To double the capacitance of a parallel plate
capacitor, you should:

(a) Double the area of the plates

(b) Half the distance between the plates
(c) Both (a) and (b)

(d) Either (a) or (b)



