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Capacitor filling (complete) *  Gauss’ Law for a charged plane
Capacitor filling (partial) Laplace’s and Poisson’s Law
Divergence Theorem «  B-field of a thin long wire carrying a
E-field of a thin long charged wire current

E-field of a charged disk « B-field of a conducting charged
E-field of a dipole sphere

E-field of a line of dipoles « B-field of a homogeneously
E-field of a charged sphere charged sphere

E-field of a polarized object
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Partial filling of a capacitor (1)

Avalilable: Flat capacitor :
= surface area A ,

+Q = distance of plates d,
=empty (g,=1) .
| )
Assume: initially, plates are
| 2 : charged with +Q , -Q.
_Q/
o = Q /A charge density Question: What will happen with
E = electric field strength Q,0 E, D,4aV and C
D = dielectric displacement upon PARTIALLY filling the

AV = potential difference capacitor with dielectric material
(with g, > 1) ???

C = capacitance lling a capacitor with dielectric 3



Partial filling of a capacitor (2)

Options: A. Series B. Parallel
|. Free

|1. Connected /

to battery
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Partial filling of a capacitor (3)

Assume :

A B no “edge effects” :

s d << plate dimensions

% | Consequences :
—

— * no E-field leakage

| « planar symmetry everywhere

| * QGauss’ Law is applicable

« straight field lines (E and D)

Suppose:
« when empty: Q,, Vj ..... etc.

* when filled: Q’, V' ..... etc.
« filling for 1/3 of volume,
*with g =5
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Relations

for an ideal flat capacitor

Gauss:
Capacitance: 0 HDedA=Q; =[[[psdV
C=Q; /AV f 2 !
N oA Q, =DA=0,.A
Sotential AV D Q; = free charge
AV = [Eedl / AN Material constants:
path E
D= ¢,6 E
AV = E.d

Capacitance: C = g, ¢, Ald
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What to expect 22 <f>D > g,

AV =Ed
[ AV
A B C= Qf
- g £
| I/ % . A.l and B.l: total charge unchanged
| S/ ——]
1 '/ 2 ' A.ll and B.II: total potential unchanged
| - | a4
A.l and A.lI: B.l and B.II: =equal ; T up; | down

potentials in series potentials parallel
<..> = average

over both parts

|- Qf: D = <E> | AV | C1

II: 4Av= E=  <D>1 <Q>1 C1
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A.l Honzontal filling, not connected

_Qf,b ,

d, , d, : bottom and top layer Q

Fill:  d,=d;/3 withg =5 AV <>D
d, =2d, /3 with & =1 c

I 0 = old (empty)

[ 1t= tOp } total Qf =D.A

1 b = bottom

Q: remains constant




A.11. Horizontal filling, connected
M Fill:  d,=d,/3 withg =5 f

e d, = 2d, /3 with ¢ = 1 AV<> D

. ' mmm o =old (empty) E

b _

—1 t=top :
—— = } 777 total




B.1. Vertical filling, not connectegl

Fill: right: A, = A, /3 with & =5 AV<C>D
left: A, =2A,/3 with g =1

— A I o = old (empty)
T I =left | Q,=D.A
}m total
’ 1 r=right D =g, E
’ AV =E.d
Start: Q; remains constant ‘ C=Q/av
1-x:2 30-% 301-x E

3
xil I]-I- 7I 8
E’ AV '

C’
3 3x 5 3x_
2(1=0)=% 5




B.11. Vertical filling, connected

Fill: A =A,/3 withs =5 Qs
11 = A with & =
A =2A,/3 with g =1 AV<>D
E
I o = old (empty)
1 I =left 0= DA
total f
[ r =right }m D =op E
AV = E.d
Start: AV remains constant ‘ C=0Q/4aV




Overview: 1/3 filled, &,=5

S
/ / ya | / A.l and A.ll:
A '/ | potentials in series
i / /
o
Q; : unchanged AV : unchanged C: 15/11x
AV 1 11/15 x Q;: 15/11 x
|
|/ |/ B.l and B.Il: potentials
B parallel
o
Q¢ : unchanged AV : unchanged C: 7/3x

AV 3T X Q;: 7/3X

C does not depend on how the capacitor is used (intrinsic property) 12



All

S%lmgt 13 mm §=9"
! m old
1 top
£L——¢ @ bottom J’ I
m old
[ top
B bottom d’
m old

3 left
E right

B.1 I
B.Il m old
= left
Eright 4 AV’ E’
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Dielectric polarization P, for A.I. o,

| e
Qs+ d,, d; : bottom and top layer
| o Fill:  d,=d,/3 withe =5 E
4, d, = 2d, /3 with & = 1 Q.= DA
| 30 e 0= old (empty) D :8o<9|rc|lE
-Qsp” 1 t=top — AV =E.
| O b= bottom} il C=Q;/4V

Qf,t’ = o

+++++++++++++++

D’ 55 Et’; 5/5

S P’ 45
Polarization: ¢)E' = D — P _ j e .ﬂ
P=(¢, -1) ¢,E=y, ¢, E ; E = total field s LA, AT """ +

xe = & -1 = electric susceptibility Qf, =-Qy



Dielectric polarization P

Comparison with empty situation

Al

Qe

:QO

444+

D’ 1x

E.’: 1x

4‘+ e

E,’: 1/5
¢++++

W

B.l

Q'

:QO

| ++ﬁr++++++

D,”: 3/7

E,’: 3/7 E,

v

Qi=D.A
D =gy, E g)f =D — p|
AV =E.d
A.ll Qi =15/11Q,
++++++4++++ 4+ |
D’:15/11 E,.’: 15/11
P’:12/11
..... i E,” 3/11
BRI WP
Qrp’ +-
Bl Q" =780,
| ++T++++++' b
D/’:1 .
& & D,’: 5x
= o L P’ 4x
l E,’: 1x I
| \ 4 BAS S0
-Qsp I



Homework 1

In the example, the capacitor was filled
for 1/3 of the volume, withe, =5.

Now suppose that the filling was:
for a volume fraction p, withe, > 1.

Show that the capacitance changes with a factor F:

-1
p
F=11- L
[ p + €r] for SERIES / J

F=1—-p+e¢& .p  for PARALLEL

Note: with e, >1: forall pwith0 <p <1 : 1 <F(p) <e,.
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Homework 1

-1
F = [1_p+£] for SERIES
Er-

F=1—-p+e¢.p

for PARALLEL

F(p) fore, =5

_—7

3.5 M 7/3=2.33

/

//

series

1.5 /
1

&

15/11 =1.36

—parallel 7

/o 0.2

o

empty

1/3=10.33

0.6 0.8
P

AN

full

——

Z=nil

Example:
forp =1/3

ande, =5

series: F = 15/11
parallel: F =7/3
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Homework 2

In the example, the capacitor was filled
for 1/3 of the volume, withe, =5.

Now suppose that the filling was: 2 dielectrics,
- for volume fraction p, with ¢, > 1, and
- for volume fraction 1-p, with ¢, > 1.

Show that the capacitance changes with a factor F:

E,1E
F = rire for SERIES
87-1(1 o p) + Er2P

F=¢e,(1-—p)+e,p | for PARALLEL

Partly filling a capacitor with dielectric

—
2

18



&
ALS

Finally... Combination rules

| I
f £&—
|

&7 7

= =

Partly filling a capacitor with dielectric

A.l and A.ll;

Series

1 1 1

I +

C'" C C,

B.l and B.II:

parallel

C'=C, +C,
the end
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