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Conduciors vs. Trsulahrs

Weve devoted some hme T computi E in various
suystems, that i the force per unt ch’z?rjc
Muo the queshon anges: what do¢s a”charge achually
do_in Hhe presence. of Hhgr foree? ‘
For @ point chomge g in free spoace, we coulel worite
h&gm o compute acceleration, etc.
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respored. o the chames in ot mateal must be
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bound t ther” lopat nuder,
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A Tak of 2 Spheres

Loeve consdered the case oF bnnqr\q 2 cl”orﬁed
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In_on idealzed conducivr, the crarges respond  to the
E-Bed rear -iretartareousiy, So s Just Consider the
Conduckor a. gpht secondd e weve Fimned oo the E- -Gid,
frehned o edb’rmbuhrg

ond ore. now 5+ahor\ar3 aﬁain
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acd lets plop an uncharged conductor down in it
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. The chorges worl e b the E-Reld ard reconRaure.
. Furthermore, the E-Reld tsel? ol be modiRed in

| res + the reconfigured charges! How do coe
ﬁafpgﬂf\eamla on this? 3 -
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L«)hg’. Wed, # E ddot Vanish, then chorges  Loould shll
be m‘.ﬁ N cesporse o E. Zo just wait dnother spit
.00 TUnhl Hh shp,  Whatr iﬁj theﬁ Jdot 5@7,

¥ (el Hren aooin t?cve used 4 stahe E- create a

| prpetl mhofion machine > serd it to the patent offze,

Conclusion : abrer charges Stop movirg (neo/—fr\sianmneou:BJ
E=0 \msde o congutor

Lnat oot at e surfuce” This leads us 1 .

@ E is Pafpmdicu)ar to the <urfbee of o conducter
7 Zame ceazon a5 O; £ we had a component of E
pocole) to the sucface, charges would shil be rovry

®
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(4)'37. E;~§CP so i E-=0 insde then (oe'd beter
hale U constent eside. And # E.= 0 on surface, then
Y had beder nor o chmﬂirﬁ as we run oround on

the sucfoce.,

©) p=o inside, a conduchor

Lory? - Becavee VE=urp, = P E-0 then p-o

C® A ooy port *ustx outside the conducty, E = UTo
_ omwﬁwfa pefpagdawlar o tre sutice )

oF the conductyr
(ohere. O is the local sucface d’)org&.

Lhy?  To a pant st~ outsice the surfbce It locks
ke "o plane woith sutce tharge O

7 Take 4 small Causian bex, area A
/ Apply Goues' Law:
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L‘/ nside curfce K Coussion box : E =0
»Side walls F Graussan box: En on
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there 15 no comﬁonm’r of E achal
901 o through +he side  walls
P Crovssidn box
outside, sufpce. of (rausson box
EA=- 410 A
> E=urs )
(we alreagy knew that B wos perperdiciar
o ths outsde surface)

Far Rom the conduchr, E is
unchorged put clese tfo it the
E R hnes are pert 1n

o be perpendiculor.
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. Now lets consdes severn! conduchns, each held at
. & potenhal Lo (eq. bj a baﬁ% or power supply)

aF co

Evecrg‘wmre, away Ko these ¢conductors, ]ﬂ:o So
we cn oply Laglace’s egr = o

I+ durns our Laplaces eqo 15 prety hord fo solve
ondlyheally even o apparedly’ simple geome tes

ke~ 2 herical codue fors
@ e

o e con pssume thece B o sduhon, because thecels
| nai’hmﬁ 5TDppir5 e hookin our bateries to our
L condictors, ond then  the chordes will have. o do *Eorndhl/g*,

Lets prove Hhe solubon is unigue.,

(e stort bﬂ ossuming there are 2 sdlubons Plx 9,2)

o ond Wy, ) which “poth sah’s@ Laplace!s eqn &7 the

- gien botmo\arg tondihons,

o B Laplace’s eqn is lireor, so any hoeor combinahon F
&4 ang ¥ must alse be a solubor. In porheuler,

WC%,g.%) : @(z.g,z) - 717(%3.%)
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| omugt be o soutien. But the values of & and VU pre Fed
| of e boundories by the corductor con%umﬁon e
L sforted with at the top of Hoe poge.

it

= W(x,g,z) must be zed ot e bousdorie=,

Wixy2) shll soves Laploce’s egn, but  with dfferent
bOunalOfij condbions.

o Wr(jfb) =l theys Hus
value -af -center =avgo ¢ -on-sphere propefy
K al =dutons of Loplace’s eqgn,

= \A/C'C!(:j;’z';) @ bhave o local minimun or local maximum.,

So if Wy, is 2em on all boundane s (includhng ‘mﬁn.‘g)
then it must e zen 6V¢9whae..

= Cf(x,g,%h Yz, 5,2)

OL, 20 we proved that the Spluher to VAP0 15 unique
4s long as 415 @xed at al boundones (mcludm_fj mﬁn.y,

P Dpplicaidle ).
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clozed, hdlowo
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Q_;:’] s

Lt 15 E ot point P, insde. the box? Lohy 7

f Arsoer: e know P is constart on the surface of +he

box, becouse 1t 15 0 conductor,

S Winsge = Y surbae = CONSTONT 7 2 dlepéf ot @)((3]0/{1“0"5

OO cont hove 0 local min o widx 10side box

@C)wf'ﬂ Yin = Basct = corstont 15 ore soluhon o D*P=0
2071 must be  the mlj solubon

SE-DP=0 ircice




Exertise 2
‘ What gbout his

(R A center of hollpes
o deuoh'm% box
R (box it=¢l® is unchomed)
-

Answer: E 4 0 outsicle (opply Grausy laco)
rot eoay 1o caleuldte He txact Bron of E.

Execize 3
v A of-conter in

: hollow  conduchng sphere.
(sphere itsel is uncherged)

Arswer : E = %F outside, a= £ O wece at e cente.
Loy 7

The conolum'/g spharical shell must rove Some thickoess

S5\ s is ou &)f‘duc‘hg shel),
dmacon with txaggerdted
tickneszs

draw a Govssior su-face
0. Concentric sphee withn
; the shell

BE dd = 4T Genoes

but E -0 because if's withn +he conductor

D Qedeed O

LD @ must how distributed Fself on the insde of the
shel), leawirg +O To disribute tself on the outside

i Bur o thot purside 4@ knows 5 that e Kerd IMWAIQT&B
' odjpcent o i (st inside the ghell) s E-0, = % wil
I Oishibute I)Léélf évw\lﬁ

Aot Hhe same loge work B +he 'wbe?
o 7

ts true e will 3K hawe - QR on He nnes surfbce
of he Cube, uaviﬂﬂ 10 b diedibute tself al oot on
the outer surface.

. Bt the cube doesnt hove the s gmrwm off the sphere,
, so the chorge ot distribute is

HD()/
osheulor, 1t Ol wonts 1o get gs 4 Ko
rba\ 0% pogs:ble, so it will bild up at the Zorrers.

‘ ﬂw@a chorges : a cute motrewatceal trick
| Examge : bring a point drarge 1O near a conduch

plane 5 how “dots the chorde cedistabute in the placz,
and what ol be the resgltont E - Rela?

Gualtahvely . > E clse b +6 logkes
N & ke 4103 slong (radicl

ﬂm E perpencheulor 1o Sufpace,

build up negd’ﬁ've, choge
But how b solve quanh’rahvu
Arswer = apply 2 Mck tmethodl o images
(This method s Oeneral m%f not sevie one-bme
broin (ol estote

f_\// \’w Reld lines, ore
Vi here, lcaalar
\\ / // e et pane
h
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Tn tre vpper hall place, the Reld meers o the rzquirecnents
of the ochual problem:

E s prpndedor s pare o conduch

looks ke pont chan':g nesr (R
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By e unguenezs Hm, # Hhis is one sdluton in the
u#per WP space. + must be the enly  scluhon.

(Note = =light Ao bouﬂd}/? condibors than the
uhiqueness” i we  proved - ¢ we knoo PO

~on plare and gt inReity, but instead of knsor 4P

the pont chorge, we Frow the value of the ¢

Thece)s an aﬁdbaoui um(,)uem;sﬁ then for this =0 ahon

-2 maHbQ prove B hom@U)Ork'?)
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E,- —28 =28 . h . -2ah
r2yh? (o6 r&an® ol rapr)e

This tells ws the swfbce d\é\rg& daa#y
o= E: _ -Gh

gr  arlrR)¥>
Whet 15 the ’mm V swbace chomé/
Bt - f(f o -6 | Lo de < -a
(hint: i youwre too o2y or cont remember howo o
do on Tntegra), go ‘

hitp: [/ wuww. inharab. com

Pur whar ¥ oue corductse started unchorged?
-~ Howo con # row hove chorge -7

L There must be On qual 0nd opposite. +0 distributed in plane,
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Closirg thought = (ot is the Rece between the
point CForge and conduchng pare”




