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Capacitor (device):

e Two oppositely charged conductors separated by an insulator.

e The charges +@Q and —(@Q on conductors generate an electric field E and a potential
difference V' (voltage).

e Only one conductor may be present. Then the relevant potential difference is between the
conductor and a point at infinity.

Capacitance (device property):
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e Definition: C' = 9
v
e Slunit: 1IF=1C/V (one Farad) |4
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e A: area of each plate
e d:. distance between plates
e (J: magnitude of charge on inside surface of each plate

Q

e Charge per unit area (magnitude) on each plate: o = 1

e Uniform electric field between plates:

P2 _ 9 +Q —Q
€0 €0 A
e \oltage between plates:
Qd
V=V -V_=Fd=—
i €0 A E
e Capacitance for parallel-plate geometry: —T
_ Q  eA
Vo d
V+ V-
d
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Conducting cylinder of radius a and length L surrounded concentrically by conducting cylindrical
shell of inner radius b and equal length.

Assumption: L > b.

A: charge per unit length (magnitude) on each cylinder
@ = A\L: magnitude of charge on each cylinder
Electric field between cylinders: use Gauss’ law

Elrrl] = 22 = Br) = —

€0 2meQT

Electric potential between cylinders: use V(a) = 0

V(?“)Z—/:E(r)dr:— A /;@:_ AT

2TeQ r 2TeQ a

Voltage between cylinders:

V=V, -V =V() - V()= —2 "

= In —
2megl a

Capacitance for cylindrical geometry:
Q 2meg L

~V  In(b/a)




i

II|| 1|;|___|

LI E_

Conducting sphere of radius a surrounded concentrically
by conducting spherical shell of inner radius b.

e (J: magnitude of charge on each sphere
e Electric field between spheres: use Gauss’ law

E[47T’I“2] = 9 = E(r) — Q
€0 Amegr?
e Electric potential between spheres: use V(a) =0
"d 1 1
Vi(r)= /Er)dr—— —T: < [———]
4dreq r2  Admey |”r a -Q
e \oltage between spheres:
b —
VeV -V = V() — V()= -2 24
4dmeg ab
e Capacitance for spherical geometry: N

ab

= — = 47meg

b—a




Charging a capacitor requires work.

The work done is equal to the potential energy stored in the capacitor.

While charging, V' increases linearly with ¢:

q
Vig) = —=.
(@) =5
Increment of potential energy:

dU = Vdq = %dq.

Potential energy of charged capacitor:

Q 1 [<Q Q2
U — Vdg = — do = X —
/0 1 C/qu 20

Q: where is the potential energy stored?
A: in the electric field.
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Energy is stored in the electric field between the plates of a capacitor.

: A
e Capacitance: C = 607.

e \oltage: V = Ed.
e Potential energy: U = 5C'V = §eoE (Ad).
e \Volume between the plates: Ad.

: . U 1
e Energy density of the electric field: ug = yvim 5eOE2 E

- >
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Electric field: E(r) =

Voltage: V =
a b

4dmeg ab - 47eq

Energy density: ug(r) = %60E2 (r)

b
Energy stored in capacitor: U = / wg (r)(4rr?)dr

b1 Q% 1 5
= U—/ —€0 (dreo)? 7 — (4mr)dr

2 2
Ly l@ /—dr—lQ [i—l]zéczv

2 47ren 24meng a b
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Consider two oppositely charged parallel plates separated by a very small distance d.

What happens when the plates are pulled apart a fraction of d? Will the quantities listed below
increase or decrease in magnitude or stay unchanged?

(a) Electric field E between the plates.
(b) Voltage V' across the plates.

(c) Capacitance C of the device.

(d) Energy U stored in the device.

+F + + + + + + + + + + + H
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Find the equivalent capacitance of two capacitors connected in parallel:

e Charge on capacitors: Q1 + Q2 = Q
e \oltage across capacitors: V3 = Vo =V

e Equivalent capacitance:

:Q_Q1+Q2_Q1_I_Q2
v 1% IR

o = (C=C1+0




Find the equivalent capacitance of two capacitors connected in series:

e Charge on capacitors: Q1 = Q2 = Q

e \oltage across capacitors: V; + Vo =V
1V i+
s=5=

. ) Vi Vs
e Equivalent capacitance: — = -1,
Q Q Q1 Q2
N 1 1 n 1
@ - = _
C Ch o
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Consider two equal capacitors connected in series.

(a) Find the voltages V4 — Vg,V — Vo,Va — Vp.
(b) Find the charge @ 4 on plate A.
(c) Find the electric field E between plates C' and D.

2Cm 2Cm
- B " @D
24\ 12V
O—
Ae — C

2uF 21 F




Find the equivalent capacitances of the two capacitor networks.
All capacitors have a capacitance of 1uF'.

@ o— B

(0) o .
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Consider the two capacitors connected in parallel.

12V C,=luF C,=2uF

(a) Which capacitor has the higher voltage?

(b) Which capacitor has more charge?

|
I
|
|
|

(c) Which capacitor has more energy?

Consider the two capacitors connected in series.

C,=MF C,=2F

(d) Which capacitor has the higher voltage? ” [

12V

() Which capacitor has more energy? |]

(e) Which capacitor has more charge?




Connect the three capacitors in such a way that the equivalent capacitance is C'e; = 4uF. Draw
the circuit diagram.

2UF 2UF 3uF

H 4 -

o— 4uF o




Connect the three capacitors in such a way that the equivalent capacitance is C'e; = 2uF. Draw
the circuit diagram.

1uF SuF Suk

H 4 -

o— 2UF o




Find the equivalent capacitances of the following circuits.

1uF

(@) o— 3uF 1uF

2UF \/\/ M=

(b) =

'E”
=5
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(a) Name two capacitors from the circuit on the left that are connected in series.
(b) Name two capacitors from the circuit on the right that are connected in parallel.

Cq
I
O | O
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(@) In the circuit shown the switch is first thrown to A. Find the charge Q¢ and the energy U 4 on
the capacitor C'; once it is charged up.

(b) Then the switch is thrown to B, which charges up the capacitors C> and C3. The capacitor

(' is partially discharged in the process. Find the charges 01, Q2, @3 on all three capacitors
and the voltages V1, Vs, V3 across each capacitor once equilibrium has been reached again.

What is the energy Upg now stored in the circuit?

A B
S — Cor=uF
= — C,=4uF
Vo = 120V
p— C3: oL F
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In the circuit shown find the charges Q1, Q2, Q3, @4 on each capacitor and the voltages
V1, Va, V3, V4 across each capacitor

(a) when the switch S is open,
(b) when the switch S is closed.




The circuit of capacitors connected to a battery is at equilibrium.

(a) Find the equivalent capacitance Clg.

(b) Find the total energy U stored in the circuit (excluding the battery).
(c) Find the the charge Q3 on capacitor C's.

(d) Find the voltage V5 across capacitor C-.

C]_: BHF

I_I___I__I C3= 4|.1F —_

C2= GHF —

12V
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No two capacitors are in parallel or in series. nl e +| | =
Solution requires different strategy: g |(|:
Cq + 4
e zero charge on each conductor C —
(here color coded), _ C2 3 C5 |
e zero voltage around any closed loop. +I I_ +I I
Specifications: C'1,...,Qs5, V. V
Five equations for unknowns Q+1, ..., @s: D
®* Q1 +Q2—-Q1—-Q5=0 @ Cm=1pF,m=1,...,5and V = 1V:
® Q3+ Qs—Q1=0 Cow = 1pF, Qs = 0
o W5 U8 Gu_ A | ,1
Cs  Cs  Ca Q1=Q2=0Q4=Q5=pC.
@2 @1 Ws 0
¢z C1 (3 ®) Con =mpF,m=1,....,5and V = 1V
OV—@—%ZO 159 55 104
Ch Cy Ceq — WPF, Ql — ﬁpca Q2 — WPC’
. . _ Q1+ Q2 9 64 95
Equivalent capacitance: Ceq = —v Qs = _ﬁpc’ Qy = ﬁpc’ Q5 = ﬁpc’
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