Capacitance
&
Capactiors



What do the following
all have i1n common?

A compressed gas. Internal Energy
A stretched spring. Elastic PE

A raised mass. Gravitational PE
Glucose molecule. Chemical PE

They all have (potential) energy stored in them.



Storing Electrical Potential Energy

A device that stores EPE 1s called a capacitor.

It consists of two 1solated conductors with equal
but opposite charges on them.

%




Capacitance defined

Each conductor is an equipotential surface. Thus, there exists
some potential difference between them. This AV is found to be

proportional to the magnitude of the charge on either conductor.
That 1s,

lql = ClAV]

The proportionality constant, C, 1s defined as the “capacitance.”

charge on either conductor
potential dif ference between the conductors

c =‘%

Note that C 1s ALWAYS a positive quantity.



Capacitance

1. C describes how much (equal, but opposite)
charge must be placed on the two conductors in
order to produce a certain A} between them.

2. (Cdepends on NEITHER the charge ¢ NOR the
potential difference AV, but rather only on the
geometry of the conductors.

. Coulomb
3. (C has units of ( Ol;;)z: S) defined as “Farads”

Thatis, ]l F=1 C/V.



Example 1: Parallel Plates

+q —q
From Gauss law:
E===-
€o SoA
B P43

Using AV = — [ E - d5:

AV =-Ed=--1d
EoA
E
So then, C = ‘—‘ = — 24



Example 2: Concentric Cylinders
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Example 3: Concentric Spheres
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Questions...

What is the capacitance of an 1solated conducting sphere?

Answer: This 1s the just the previous example while letting
b — co. That 1s...

47'[80

C = Q{ 1) - 4mena

a
0

Calculate the capacitance of a sonducting sphere that 1s the
size of the Earth (Rg,,,, = 6370 km).

C =708 uF



Parallel Combinations

= The battery transfers electrons from the
left plates to the right plates. Note that
each capacitor has the same AV,

g1 | | C,
across them.
-4 B
' The total charge separated on the
AV patiery capacitors1s g = q; + q».

q 1+ 4> d1 d>
Corpring = — = = =4+ —==0,+(C2
equiv = Ay AV AV T AV 1

Extending to NV capacitors: Cegy iy = NG



Series Combinations

C, The battery transfers electrons from the
+ ‘— left plate of C; and the right plate of C,.
q
| B

C
_|_
q
No charge 1s transferred to the inner plates.

Note that each capacitor has the same

AV patiery charge ¢ on each plate Av,,,,,,,.
AV I q h bo . . A A . q q
battery across the combination 1s AV, + AV, =—+
g4 Cequiv Cq 1
1 1 1
Then e 4
Cequiv Ci Gy
. 1 1
For N capacitors: = YN =
equiv Ci



Example #1

C,=120uF  C,=530uF

Solution:
—1

C,
—

AV | Cequiv —_

C; =4.50 uF AV =125V
Determine C,,,;,.

C, and C, are 1n parallel:

C,, and Cj are 1n series:

L = Ll 4 —0.280 uF!

C, . =357uF

equiv



Example #1 cont’d

o — | C, =12.0 uF C, =5.30 uF
C
ar| T 7 C;=450uF  AV=125V

Determine the g; on C;.

Solution: Knowing C,,,;, has same AV as the battery, the total charge

on the network 1s ¢q,,,,, = C,,,..,, AV =(3.57 uF)(12.5 V) = 44.6 uF.

equiv
Working backwards, this 1s the charge on C; and C,;, since they are in

series. The AV across C,; and C, 1s the same as C;, since C; and C,
are in parallel. AV ,,=C,,/q,,.,=17.3 ukF/ 44.6 uF =2.58 V.

So, ¢, = C,AV, = (12 .0 uF)(2.58 V)



Example #2

S, / S C,=355uF (C,=895uF
o —— == AV =630V
= B =
AV ' Close §; to fully charge C;.
Open §,;, then close S,.
Wait until AV, = AV, = AV,
Determine AV

AV, =179V



Solution to Example #2
S, / /5

= =

When §; 1s closed, C; acquires
a charge gq;,; = C,AV.
When S, 1s opened, the charge
remains on C,.
When S, 1s closed, some of the g /i transfer to C, until
AV, = AV, = AV
Conservation of charge required that g,,+ g,,= ¢q,;.

C,AV+ CoAV, = C, AV

ClAV (3.55 uF)(6.30 V)

=179V

Solve for AV}



Energy Stored in the E-field

In order to move charge from one conductor to the other,
you need to do WORK.

If g already on plates, giving a potential difference AV at
that instant,




Dielectrics

Dielectric: An insulating material placed
between the oppositely charged conductors
that alters the capacitance as 1t becomes

polarized upon msertion.

The new capacitance, C’ = «C,
where x = dielectric constant.
K = 1. (x,

acuum — 1)

_ _Ep . _ AV,
Etotal o EO o Eb o ?’ SINCC Etotal R AVnew R 7 d =

E,

Eg

K




K
- . Gaussian “box”
1| !
Eb: | | N N
I g . —_ — —
| 417,/ SﬁE dA = EtotalA — (EO Eb)A
1 1 R
1| |
1 4 E _ qenC — qf_qb
| : > total _ SoA _ goA
9
i > . O'f—O'b
N Etotal - <
I R E 0
= g R T
Ty —qp

- Ey =E0—ﬂ=EO(1—l).

K K

Recall that 1 < k< . So, £, 1s always less than E,,.

Also, since £ < 0, 0p = 0 (1 — l) o, 1s always less than oy

K

For k= 1: 0, =0 (No dielectric mserted.)

For k=oc0: 0, =0 (Conducting slab inserted.)



d
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Composite Capacitors

Treat as capacitors

1n series:

Treat as capacitors

in parallel.

d




Two cases:

1) Inserting the dielectric with the battery attached:

AV = constant
C’'=xC . — ]

q = Kq

2) Inserting the dielectric with the battery disconnected:
g = constant
C’'=xC
AV’ = AV/k
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