HHO/12  Elechesiohc Rental  Energy

When the charge. clestntudion o atic., the edchnc
field (s decouples! fom the magrehc. frefd :

V.E = bt We Gamed that the first cguation
’iﬁ‘xéﬂ =0 o] Loools To Causs' . Here we

WoulAd ConCentraafe. on the Secorna]
sguotion.  The vanishing curl enswres that the E FHeld &

Congervative —% the existerce of the elbcine pofertizd V-

D EQoctrc pofental. We would Gike to Show that VxE=0
is equivalent o geip Ciradation, & [ §Ear=o)
Let wus consiter a tiry Square on

the X-y plane. The Circulation
alX

Copsist> of 4 parfs:
1 % Vo pEar o
Lx = [E),(xwfx) o E),(x)] dy a— EyCrrdx) = By(X)
 n - g—EXXO/X
[ ECyrely) + B ] i

The circdation of the E Beld arowurd the tiny Suare &

\f?-d?-z —a—EXo/xdy —Qgidydx— gf %E—)abfo/y

Note that the hhy Souare défines a tiny area da = dxdy 2
%E-dr o (VXEL dxdy -DME-OM = (VXE)-O/C;’

Because. the Curl vanishes i ectosiatics, the Circulation (o

66?-0!?: A %efnfegfa,@%moﬁ Hhe Moxwell
Cuztion VxE =0 Y :\ ==

S
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Obvicurly, the obove calladiation can be generalized

lo ofher hiny Spuare Leops. abifrery Lecp

PN ETRS

Ad explained an HHONF0,  2ero Circufadion of fhe E feld
ernabds us 1o define the Cmmpsndf/g SHectne _pofenfie V,

AV = VW) = = [ EoF

The pofertiol difference. AV s indepent of
the path I as borg ax the end  poink are the
[ M give the  Same. Thua, We. can Cheose the eosiext path
Sume AV & o Compute the potertal) clifferenca .

A

Now We know Fow To buldd a scalar el V- (up to q
Condtant ) Flom the vector el E. Gan we achieve the.

oprosite ¥ Wﬂ because a vector fielel conteens

more inforation. Bul, when TXE =0, wecap costract:.
the vector fefd E. V.

B Choc@e, A R /nﬁnn‘esmaﬁ?y Close @ each other,
/(\:F B-Tx=dF and VRY-V(TR)=dV .
A

—> BV-‘-’ ~E-dF = ~Edx-Edy-gdz
The akove. relation Aoteds z‘c?fcesz‘fra/y dr. Choose diF=@Elx 0 0)
P — - . 8\/
[AV) s ~Eelx  — @X N
9

AO@U/@}{,& SfﬁL{‘Q@f@y, @= O o Ep=— oV
Corvwstnt

Department of Physics National Tsing Hua Universit



In vector notation, the E Geld is

E--tv- (H K )

I Shall be a fin exercise. To Show thal™ Vx 7V =0
L an we expected Br o onservahve GeQd .

D Elockric potertial Br different Charge didtributions. Let wn
Spct i %M@i&ﬂ the orgin.
AV = — / = fE ar

=_f z_co__co
a ‘erof"z Ay 4y

Thw, the electne polential due foa point charge o

LV( r) = ng ¢ Cmbf') @Oﬁf‘i@; HESE S0 R

Because the E f(feld sabisfes the principle of Sperpasition
the potenhal V- due to many pointcharges BN
P A A A

g
P 4 ,’|"r*
T (-_L+_C?L2_+-.- i\l)
qp‘, % ?4 2- r:\)
T3 . S ﬁ Q; Fe e He dtarnce
e, =T To the (# chapge.

Ay L Lo the charged ring . The Linear chaige density s A
:'E b =t 83 o L. )\qub
riie e, I Z'L’T% [ 2%R?2 )

= . \
4 AS=Rel o fdv 4‘”'&3@— \/;’ Yo getom. @k
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The e@zofncpofm‘ui? %racﬁa/@eo/nrgaa

V(2
ok 2IRA 4 A 2
| 4TE, 2IRL _ : :

In the &rg ~disternce Cimif,
4 2PR, the Pa@f\ﬁ\a@ 8066—L | :

back To the point-charge form V& 7z . i

In genersd, given a statie charge Aistribudion, d‘c& easier

To compute the Saakar #e,()o/ Vo Arst Then, use E =~V 5
Obtain the vector el E.

Let§ compute V' 1or a Charged disk . The poferhia® fiom
l dg= oda he infinikesimal a2at=! D

= 02wdw, T/ = T ﬂg{%
Infegrate %e varioble W lo get the ,Qof’a\hab
= v mdzy -

e o V WE R 260 W+£
Harcle the Cower Uimit fo get the potential),

. it 2
Vo= _2%_0 /QT/?Q"”/21> @Qy@dfsz’a/\cq@wt >R

@]

g

J /2%_Q0.=/2,! /_,_B; 2
/Vlc:z/Qz‘r@ use of biromial CxPansion, ( = )
o (14 )~ Ve A=

4TE, (2 |

f—m—‘(—\(‘“{w\(—\(’\(—m\(‘\
The pofertial) becones the poin-chayge Grm when £>>/Q &
@ Short distrrce Omit, 2<<R,

,/ R =R (+
%epofenﬁai? Takey the e, 2R i Rl)

-
.. @\\%:'f
2 [RrR A& =121 = 5 12 (3E
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Jok: e
The constant term %26, is rot /mpsrz’af\f“ The

Einear 2] fem givea rise To Const E feld &

= e vV %eo 2>0
E=E E,=-3 =
4 The above tesudf agrees uwith %e prewm lulatons.
Combme both regimen Together & o MER
o, V@) L x
V
Y \_9;
= = VISHN

Ih real Cife, R is aQu)%w tinite and the elocinc Feld ¢ Nor
reaQQy ConSten!”

D Rterhal of chayged condluctors.  Consicler a Spherical)
Concluctor with charge Q. The E Bl cutside (P>R) ¢

7< the same as that of o ,ocv‘/\f'o‘»cuag —

V= 72 per | Onthe otber Rl
(@]

the E Fefdd inside
IS Zero .~ po pofentialdifference AV =0

V)
— | V= O, e
"% IS

Some#\frg infe/ez;h‘na f%c,qm R = ; P
when we put two Sphenca¥
Conductor) ‘/‘oae%ef w &qqooSe'/f\e c’/a/geson Hhe inner arcl

e 8 Outer spheres ale +Q and =@ . By Gawm’ﬁaco,
© B E=0—{r F<Ry or M>Ry E+0O onQy

+A
KLK® | 5- Rk B8R | e

no Sphevex | ‘g}{
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P ©
It & ShoghtBrnad fo compute. the. pofental

o&ﬁé/e/\cebeﬁvem%esd\e/m
- e
aV=AV6-—fEd lﬁre ,-Qf;\%ﬂ

Nofe that AV < Q) all the imes. Introduck the

Ggpccdancxz oy the set
. Rs Ra Qapaciance 15
LC ] Ad (—“‘O T Hky | asprenod apaibr
Because. E +0 only betweon the tw
be viewed a deuvice Storage (charge
cz:zpacn&sv\ W ) withoud inferfering the exteral envimnment.
%CD@ Sonetimes, %egroma‘eaf sphere (S faken o iNfindty
te. Rg—> 0. The capocitrce ora Single. sphere
then becomes  C = HT§ Ry . But one shoubel keap o mincl
that the othersphere [s at the infinity.

The. simplext Capocitor ts probaldy a pairof parlled plites.

of1o  The eloctic fild E=E+E. . Quisie the pates,
Qg : g- the contributiorsance) — E=O.  The E (o
e inside. the plates s =_+%=__jl
v U= R S cknoily >
iidaisiiia The pofential difference betwesn
the plafes can be computed Gy, AN gy _Qd
Agwh, s cavy lo See AV Q) WWWY@W\'

_ Qo I Wiilkis fm@hr@p lo Compare wiHh
C = = €
wd ° I Sope=_Co HTRARe /(ReRy)

Capocifance for the. AREA i\\m -
Pafe. capocitor, O 7 S dinee (EE
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page 7
D Potential energy.  Let ws dfert writh the Simpst
Cade — clechosiatic pokntial encrgy betfween two
point charges U, 92 Rt 9, af the orgin ard meve
2y f?om 0 1o the clsteence .<r72>. PRI
C4:REd .=/ n-R . The diference 7
o{? pofe/\f'la_Q e/\ezgy can be e»gofa%aeo{ ad

/2_,,,
i der“-"*‘? Eolr=92dv
= i S
W%@leﬁcéfﬁnceObD@mhoqutopo@\haQ Al frencs,
D
= LK, 98, | Tt Convenient to
Alg = GG )~ Gfea) 4, I | St Ugea)=0

The above residt Qan be Spremlized To M point oharges.
9, Take N=3 ad an exampii..

= 'Qg (9(?2 ‘- 993 P 993 )

I3

v___L (92+_3

Ta. 173

Siuar BV, Vs
The, the eloctrastatic potential energy for N pointchegea is
| %% @

. ch 1 > o, 02 Mmaany ald
K <j> & I A dintinct pairs.
The = foctor IS o remoeve the doubls Counting of” Dochre
inferactions - For a given chage distribution, we Compede the
pofenticl V- first. Mulfipliedd by the ohyge, the pofentialf
Srefgy @ be Computed by Summation or infegrahon !
Consider o plate capocifor of area A -

B“: TV + QI = ‘ZLQAVJ \

K
\

e _2L(9/V;+92Vz+93[/é

\

Uz Comep fom harge -charge inferaction .
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e
Accoding fo the definihon, @= CAV.
B av=

2 2 N
Ug= 7 QAav = iLC@V) B QL%]M

9.
_ AL LA gd* 4. T?
U=z OOy =565 T = A 5e d

The pofertial erergy Ve A ad expected & .

I & quite inferestirg thatt the potertial energy Can aliso be
Viewed fom the freld. T

LU!:‘:/C’WQE and QE:'ZL%EZ from the E feld ¥

e e The erergy dersity cutsice the plfes is O &
E=O

@%@

e o

=o® = -2;38[‘016 %6 P‘Pafes, C{E= ELECI)E Q-= .ﬁ'

E=+0 gives rnise to 2o

—_— UE:fdvaE= A.d._zge_o' As axlewbated from the
= dmfa@—d\m&e INteachos .
The lochostohe pofentia energy aan be Computes) by

@ Feuge-cheage inferachons > equvalent for stahc
@ (9')6/8—)/ de/\bffy From the el wa/@e aistnbuchon - f

Let wd check the Gquivaknce (or the Sphenaa capaciton
E-=o V=404V = 7Q 7% (7 -%)
$/ N LA N )

DR - LS Vi

Now Gf ws fake the el perspechive.

S D .~ L . i ) :i\{.;;/
= T8E = TS (amn) T B
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page 9
Ihfegmfe over the E+O regime

2
Ug= [olv ti = f&dr‘an*r“ 33’1@7@

_ Q° %df* - @/
Av | Ve T 8#@@, rz " e, (R %)l
77\6;307‘&\75@0 energy Carried by the Feld & identiaa® fo
that from the chaige- Q/wa/gemfemoﬁoho The cquivalence.
highigh 1he feerdamental imporfance of the el

The eloctrestatic. pofertal erneray of a Sphenaal condactor
Can be computed] by Seffing Ra=R end Rg=> oo
'1_
E 811'6;3R - Re—g@ e = 3 u
Aocwa\% fo curtent theory, an elocton O
a pont witheud™ infermef Sfructere . So, the elecheshtic
petenticl energy of an election w infinite . Ib this really

frue © Wil we run into Some Sericxes problem P We dont
Krow the answer et ...
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