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Tie : " Capacitors"

Recap

Conduchrs have high conduchivi

o (low resisﬁv{*? P“/r)
> c,harge, redistriputes

- instantaneous j

Insulanrs  have lowo conduah'viy o ( hiah msish'viy p= o)

- d‘\wge sfajs put
5 gg&h‘es QE LOnduchrs ¢

OE =0 in the interier o a corduchng reateral
® E,,=o pasale] o the surbace o a conductor

@ ¥ is costont %ru,(ﬁhow' a corductor (fnclud:}xj the surface)
® p:o within the gonduoﬁnj raterial
S\Dlumt oh‘yjb das«g
® E, = uror *juﬁh" outside. the condud‘irﬁ material
sucface dwy dmsit}j

Lagloce's gquation : V*$=0
= Oescribes the elechpstohe Pm‘uﬁa' n adnrﬂa»?ru reﬁl‘on
-2 Smoothi "avwgca" behoeen boumda@ condthone,
-> @(P) of the center of o sphere
= oversge o & pver the surboce of ony sphere. centered at P
> can solve mmacallfj b-j Hefaﬁvuj a\w'oﬁflg naﬁhwn;rﬁ
points on a 3rio\
= the solution is unigue. wih agprvpriste boundan cendihons

Exercise 4
&f »

’ B2
& closed, rellow, corduching bex

P
Qs

Lohat is E ot point P, inside +he. box ?

Exerpize 2
/ T e clozed, hollow, tonduchng box

(box ool has zer net charse)
P.
G

What 15 E at point P, qiside, a distance € Rom box conter?

charﬁe, B in center of box

| Exercise 3

- closed, bollow, mduoﬁl/z sphere
+

> (sphere iteelf has zero 7iet charge)

ohafge, Q o -center in sphere

What is E aF point P, outside, a distance R Roon Sphere center?




. M,_u__dﬂ;arﬁg&: a cute mathemabeal triclk

Groals r fDdaj

O Method of images: o poiet cherge near o cor\duavg plane
® Defire capacitance
® Enarﬂj stored in a capacitor

' Example ¢ bmﬂ a poit charge 1O near a corduchrg

o

plane 5 how “dots the chorde cedistalbute in the plane,
ond what il e the resghant E - Rela?

‘\/+& E clse o 43 ook

hee 103 olone (rache)
/{ x E pecpendiciar 1o surface

build wp neﬁdhve, chorge

Qua\ﬁra’n‘vejﬂ ;

Bur how o solve. guanttatvely?

i
I

;
H

1

 Answer + apply @ brick, methedl of images
(%15 method s anew\\ m@l not sonie ore-hme.
broin (ol estate

ﬁ\ }W Qdd Ich we
Ir\J(, pgrdmu)&r
k / j ‘fp the mudla pane
e

Tn the vpper ol plane, the fold meers al the cequicernonts
of the octual problem:

E s po pndicuior s plane & conductor

locke ke pont charge reor R

By +he ungumof;s thm, £ Hhis is one. soluhen in the
por WP space # must be the ooy soluhon.

(Note - sii ight] Aiorent bowndon condibons than Hhe
uniqueness f‘*?w we. proved : e we know Pe 0

on plane and ar infoity, but nstead of koo

the pont choge, we brow +he value of the c;?d/
Theces an Q/‘&I?/joué wniqueness  thm Br this stuahon
> maybe prove B homawOrk7)

7
A
E JuswL obove. plane :
E,- —26 _ 228 . h 26k
r2yh? £os0 ran?  (rap)’s (rap?)e
This tells ve the surface charge d&/bﬁy

e E.z- _ ‘&h

ur  arleep)r
What 15 the ’rbm\ surface clwgeﬂ
Qe - y(f 2rde - ~&5(rl h‘Y’l = -

hint: i youice too la
do on wtega), 4o

Or cont remember o o

hiip: // www. inhﬁra\s. com




Cut whar ¥ our conducte started u.nchorged?
Hao con # now have chage -G 7

. Thece must be On equal 000 opposite +8 distributed in plane,

R
h
L A I = "’—-:‘:_t‘:f::t_ + 3 4+
perm + T T i = RL - JL'.‘-]
ncgah‘v& .
¢ Lharse chist bubon
. — ‘\PD&M oo
e T / olishm buhon

What s the Rrce Lehoeen Hhe pont charge and  the
coﬂducﬁ/ﬁ plane?

F:'%N?, ad E & as i there were a chorge -3
lecoted o distarce 2h awaj

How mudh epes Y would t take T remove this poinf
C\(ﬂfﬁb to m@r\ﬁy?

Metrod 4 T separate 2 pont (,har?@ » /nﬁnnt\j Hom
6 distance Zh ould toke toork
W2 L e doe o e
enha) due Oher port chor
Pda’r a di;fmu 2h P 5
-l Lot
Zh a2 h

@
Method 2 @ e - 4t
w=-j°t=m=—f e ?(RL)I,, : aqn
this negabve v 7

sign s B uere Brce ord distarce of trotion point in cppesite dicechons
g Hhe ook 0 this dot product is n¢gahive
trat ol the external
I;ZA do to oppose.
¢ Coulomb Ryee F

Lohy do these methods ot aﬁra,?

TIn the @=t method, O72h would be the total roork.

| dore_ 4> seporote 2 charges. But one of these chames

is Rehbous, 1o cemove “the. sirgle real ohorﬁe reﬁu.'rec,

| Oﬂfj hat of this ork.,

( l_a_,gaaif once.

Corsider o0 eolated conduchr cacry chorge Q.
IF we toke -0 of nfinity, %ay potenhal A
5 fxed on e conductor

Now iagre e double G, what hagpens 1o the potenbal?

Answer: i+ dloubles twp, _

wh;? The s¢cond @ must distrivute )€ or  Hae
ooducior 10 the some way as the frst O, so oo the
chage dens@ at each g&j’r on the swface s exact

twiee wha{ it wos before. So the E -Reld cutsile e
conduchr s fuice what it was befre. So the work Py,
requiced o bring a test 2 in fom infx’n@ (Lhich is

the defotion 02ﬁ poteatial) miGt glso  double:

50, wve cormrced ourseles that 4 4 (3
lpcteotal 15 proporticral o charﬁc)

e coulpl JU5‘F’ a5 well state this the other way Q<
In ?acr, Lt's name this constont - Q:%CP
“oopocitocce of o guen condlucter




@
Exergice : What is the capacitance oF +he earth?
Assume the Earth 1s o rzasorably goce corductor (i is).
Radius of e Earth: R= 6,375 kilometers

cgo: TP we put chage & on the eorth
the eorth wil Rave  potenhial

= %— (Lith =0 at ""Q"'B)
Compare. ths o Q=¥

We see trat (= R=(,2%3 km

what'?! units of distance 717

Yup, that's the ¢gs unit of capocitance

Tr makes some Zense when you rzalize
that capactorce of 0 corductr Ut scakes with
te size of Hat corductor You double the
sz of a coduchr, i+ con bold” toice as ruch
Oharae, o the same Pcfenhal.

SC: Now # we put chorge @ on the carth,
the earth wlll ale potebal

- ETI?(, % (wth $=0 at /’/)Rh@)

£o= 3357107 CN-m*> .
Commre this o Q= CP, ard we cee that new
C= UTrgo R = 4T(F 355107 CHYNmM* N 6378 %I0° m)
= 0.0002 C*/Nm
"Farad” = unit of tapacitorce in ST
Apparentiy 1 Fared 5 a mdiculouelj brge unit
0 sprere the size of He earth has V(=077 mF.
Tn Ao, usualy we deal in pF  (peofarad = 10°7™ Farad)

onrd cecasionall sees 10 the lab a capacitr as
bge 05 1 pF  (MicooFored = 107“Faad).

Pacallel plate. copacitors

New in the ceal werld, c,harge 5 conserved, So
o cant Just give one conductr charge G witheut
oking it away fom come place else.” So  usuall
we gdegl with- "capocitors"  which are objects  (w
2 corguctors cacrying equal and oppos'r% charge Q.

for a gwen 20, thee & adgiven erhal difference

loehw,en these ch&rg@d conduchys, which will be
proportornal > Q. "0 pow we have :

Q= C(4-%) = Cp¥
Copacitarce.
(Ohat 15 the ¢ oFf a paraliel plote  capacitor of prea
A ano separaben distorce 47

Co5: Suppese we put +Q o0 the fap plate and QR on
] the odltom plate. Then the chage f@/b: s
0’=_t%on+h¢1‘mppmes. _
Loe knaw fom o previous result (using Gauss Law)
that the &u o0 infinite. plare with surface
charge 010t B gmp poiohing perpendicular 1 the plane
on sicles
/\¢K‘przﬁuceﬁ Reld E = QW%
& < Ooun behoeen the plates

/& LR proguces Reld E-org
T dan betoeen the plates

S the otal Reld betieen the pates is Epr= Lﬂ"%
(are\ the totel Reld cutside the. plates \apishes)




&
The potental Adference behocen the plates is the Enemyy stored 10 a_copacibor
work. per cho/gz, wred fo bring a test charge Kom -~
ore plate o , through Hms feld E7ur CJeorGIy we have done some work B charde a capacitor
pzauz A Howo tnuch?
- T8 = yr & ,
by M‘ff i ‘DJ?L/” aa Lﬂr7\‘d | Corsider a capacifer C with charge £ O .
‘ U)Mf is the ncremental ok 1o brm an addihoral
Covpre this o Q=C Y da fuom the neqative p!are o e ihve. plate,
_ A o that the coppditr will nowo hawe o#’mrﬁc £(R+dAR)?
2L g
; TF we toke AO inBritesimal, so that He &ld it
Note: we agsumed the plates wece nfnite. Tn rgah'@ : expeciences 0s t mows behasen the plates is 5hll
%eﬁ oe Rate ond we will have edge effects fre same 05 when the pates had charge 18, then

\ | e uork is st dQ B (Hhis 15 tee defoiton oP potential)
P Reld lines -

R / & 1 50 the wore to charge the acihr Starbng fom
giminn)) L e e
LI T e

/ (bur K> 56 Fom de defbon of capacitarce
Bur 06 bng as A" >>a, the edge effecrs are regigible. | > W _r & g - Qg
i i > pol

| Execcice : verify this expression ()=3 Qz: for the

energy S in a pamllalfplaha copaciter by
lnmam’nrﬂ over the energy shred 10 the Beld.




