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Cho4 Eledric Fields in Motter
Matte r Conductors
{ insulators (or dieledtrics)

Ex’rﬁrr\a& eled‘ric_ 1{:\’8|Q| Co-n iﬂelMLSL J(pole on neutra atoms

P =dE

cIiPOlE T " external elec.‘th'c \Qech

mome nt *omic  polarzability

l_Jr\’d' o’F 2
F=({7375de » [p1=cCm
I Y

So, P=°(E 31\}85 us Cwm = Edj L_['IFLLQ -%L‘ v E:'Jéo - fw@
By 2L = 03157

Ex 41D A prmitive model for ow otom .

- consists of o point nucleus (+8) surrounded by o unifrml,
charged sphercad  doud (-4) of radius a.
Coludote Hie atomic polarzabilihy of such @ aton
-% — E
[ The exdernd feld T - +% (nucleuy shifted +o rAglt
—%(cloud) v o left
— Lt’s assume thot  equilibium occurs  +g is displand a distunwe d From
T amter of tha Sphere

cl The Feld ot o distonce d from the wnter is (% horgs ©
+% - radius d)
E = ‘ C ﬁw_‘i'i - Lad
e T 4Teo d*  uTw a®  4TE oF
—F
The external eld (E) Pugl,,;nj 13 o the nght exactly  bolanws
the feld Producad by the e€lectron cloud
%d _ _
E= 2= . P=2d= (4T, 2)E
< = YTe, & = 2¢, U
= =2 =(15'"° m)3: 16°° m3 A volume of Hhe atom

4Tés
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For read molewules, the atomic polanzabilik deperds on +the direction of E feld
So, most general linear relakion between E and P :
o= olxx Bx * AxyBy Tolzbe
Ra = oyl + %y By T o3 By
Pa = oo By + Lz Ey +olgz £
s polarzabilty tensor
413 @ Nignment of polar Molecules

Luts diswss  fore due to extermoll field oa  polar molewles

B4 e WIS leok b The forc on  net positive charge (+3)
9 tq ]—:; and oh net negative charge (-g)
o -
g cl_ﬁj

Foras canald <xactly bul there will be a torgue (N)
ﬁ= ax{? TCH"E)

= [ 6D]r [DHxaDH]= aIxE o
\ﬁ B } (P=2d)

If +he Feld s nonuniform, (F,+F40)
F= Fo+F = 3(T-E)= 3(4F)
where T differen. between Geld ot (4) and &
AEX:—Q?";)’? ond same for Ex and Ty Or
sE=(d79)E
and therefore

P=(FF)E




Page 3

Alg ® Blanzation — Copitnd o ter
brs define the polarzaton Vecdtor -‘Sv

Polarization P = dipole momed  per uni Volume.

Suppose We hove polanzed moteral - Contains  miicroswopic dipoles lined up.

QA whot is the eledtrnc field Produed by +his  object
For o single dipole,

V= L P

Yme JL*
S.7
For continuous disthbution, P:Fc—, ﬂ
SN —9/‘[~ , S +Ho }f\tr—oQLU\c“ﬁcﬁ'\ O‘F
VL?)ztﬁrlZng P(;L-—,)_nlclz polanzotion Vector 18
houwy clear (JIS‘I’rﬂou-hmf\ of
A o ole
I\]Duo, usng ( > %_ poles)
\
I (Note: ()=~
(&i#&r&hﬁoﬂ’ior\ < w.rt ?/)
S 2 =271\ 1
V= e, gu P Z<ﬂ>°l—‘
L =7 (P _ 1 = 4
= e [ 7 (£)d= gu r (¥ P)dt]
—_ ( =4 2 _ 1 / = -,
T Y4TG tgﬂg%{?d (un(ﬁ’P)‘J_C]
T R term witle Volume Chargz

eledtric  potential densihu
terame  With surfac “charge”

O, = ? A ( bound SU\I‘]CaUL CI’IO\F&Z-)
R onormel unak Vector
ﬁ,': - ?? ( bound chargz_ c‘w_nsi-\-:b

So we get  V(F)=gmp & Tedd + g Sdu

— A polorized object hos eledric potenkial fromw 8 and from Sy
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Example 4.2) Fnd T produad by « uniformly  polarized Sphere of radius R.

F=%.F=o Sinw the sphere s uniformly chorged

—

Sy = P',;._, = Pecosh < This is same form os in E 39

(og(6)= F<osp)

Frome exo.,w?le 349), We know +that

P reog r<

\/ cr, B) - 3;° RC; v ( R>
_— >

36—0 rﬁ. cosp (('-' R)

Since  reesg = 2,

b 4 - n —
For r<g, E=-FV=-Lz=-2-F
For r>g,
3 —
v(ne)zg%o%cmﬁ Wik 5; G P
N\ Po\aﬁ?a‘{,‘iof\ vector
dipole Mmomen
- L K P
3¢, r* =80 '=3LT\'|<3
N N ' and is identice to the potenticl for o perfet
4Té r* dipole ot the ongin.
N4/
s, (= Pcos@) builds vp on surfacw .
Y EJ‘ t disconhinuowns

43 The eledtnc drs plo.ca mety

We will discuss Gausss law  dm the presene of dielectrics .

FIrS'I,‘, polanzation produes acwmulabon of  bound C'ﬂ.ar‘az.
ﬁ,:'?P Within  the  dielednc

{ s.= P on the surfac

(not result of

We also introduce " free clq-\rgx“ f{; for tHe rest of chara,cs
POIarizad-ion)
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Within olieled'hcg/ the toteld charge d@nSiM con be
f: §b + fjc
ond (Gousss |ad reods
— > -
E, V-E = g:?k+€{ =_€’P+§JC

M—’{;M Held
- é‘(é}g"' ?) = ¥ ond we defre D= E+T
N\Nélet%hc displaw ment
34 —S = SDf or C§S 3 ola;? = Q"Fem; @_FEM : “‘D'\'a& '(:r& df\afa{ enc|osecl im Hhae

Volume .

Exdd A long straghll wire With bime chorge density L s surrounded by rubber

4
insulation out to radine a. O =7

-
=7 51 Applying  Grusss [ad
- D (awsL) = AL
-
- _ r n
. D= 5w S
xS siomn S\*"'-Fo.LL
Tn +he oufsde, F=o So E‘—é; g = ZT,\I’GS S (s>

—

Thside +the mLLer/ E cannct be determ‘.ned/ Sinw 1_9; (S nof given. I

Two things abkout P
- Even f VD=8 Bt 5, = S5

because +there i no Coulombs oo GHr ?D;

. ﬁx gzo buf ’§—7)><S= & (€X§)+ (ﬁx?ﬁ = ?X?:}&o

BOme‘av\j condfions o 5
The previows cose of bownelask,‘ tondifions -
—1 I
E:Lo\/e = zblelouo
i

=21 2L
Etove ~ Elelnn= &
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Now, for 3, from ‘%53"’1%= Qene. So for the perpendicular to an interfac
1 1 ‘

_? .
while 6x~5’= =P 9ives

| —h (| 1
~Do-Love— -Dbelou T Vobeve ~ ﬁbelaw

448 Linear Dielectnes
_HUL |>o|ahza:|-'|on_ 1S U\Sb\al\j Pr-oporﬁom& +o f;

—='_ é —
P= oLe EV* +totzl feld
Ao ¢ electric susaphbilihy
Material s olae/utinj ?:e,,;@E’ s called linear dielecthcs
Sine E is the total field, one connot compute P From ?:é,;&?‘

Tn  lineor meclia/ we haye

V= B+ P = ©E+7el = € (1x.)E
5«#5 and l?ﬂ defining C—Eéo(l—l-xe)

—_—

D=c¢cE

Pfrm’ll'l'i\Ji'T)/ of the ma{-eria&.

c
é = = é
r HXe c.

> relative permithuity or dielectnc constant
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Exus>) A metell sphere of redius o cormes a charge @ Ttis surmunded by

owf to radinse b lpxl ~ lineor dielecthc matenol O{‘ Perm'(‘l'hU”'_u] C.
Polential ot the canter?

Sfovr{:mg W i+l §53.Ql$ = @”Fenc

>_ & °r
l-l—ll-fl'r for >a
Sinz B; € g, we axjt
- K F
E = Frer for acr<b
]
%1? '(:Dr‘ r>b
The potentialll ot +Hae omter Note: Eowp, dU=ERde= (P (dD)= Fdr
- _(° - _(F 1 * e | _(° "'?-JZ’:EJF
=-( Ed- ( Grgm)dr = (7 (ame ) ("o ar
= %r(glnt "'GJZ - :l: s obtauned
The Po|o~e—\2—w|1’an ?: é.,’)(eﬁz 2;&& = in the dielectric, and
Ters
- - — n C*) -
= - . = (o) . . _r_ = —[Tg
f,=-V-P=o Note: ¥+ (L,)= wT& ()
ond for  a<rcb, V-P=o
While, oL= FAa gites
= €xe ouler surfwc
O—"’{ 4Te b* f
= - éo_x__e&l inside surfac
yrea

442 @ Bouﬂc\ag Volue. Prpblems  with Diele drcs.

In & linear dieledne | we have

5, = —?l_?) = -V (éo’{e L?) - Q:(H‘ﬂje)
— 5y X ~ _ (X
- Flen B) = -2 75 - - (2%

If free chorges are nof  imbeded . Hie motenal (§,c=°)/ thim S =
Within  such a &ielcd’hc/ 'Hnem, Hre Poknhql oLg Laplatz,/s equotion

The Freule on +he bpoundany condikon for -{?:

1 A
Dibove = Dielows = S%
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i e@LoVQ Ei‘LQqe - GLC'M EJ;CIM: O-'F or n ‘|‘er'ms O'F PO“{n'haQ
o oo 1 hwens e b

continuows Vol = Vielns
Ex.43) A sphere of homogeneous (ieor dielectnc. materal (s plaed in an
otherwise uniform electrc feld B,.  Fnd the eledric feld nside?
|_ wtx list bounclaw| conditions i V(r,8) when 2R,
() Vin = Vout ot r=R

.. \/.’ B\/w‘l‘ _ —
Ul) é%—rn =éo_a—r_ otk r=R (S‘p—o)

Li;i) \/ou+ - —E,rcos@ or r>e.
So, nside +he sphere, we have
.= - F o
Vin éa Ay 17 (cosg)
omd  outside the sphere

> B
Vout = ~Eyreose + Z_ =, fleosod
Now, oo bow"clmj c,oncl(-l-io,-. oy M=K gives wg
oo 2 _ - B/L
Ea AgR™ F(coso) = - EOK/c;ovsvo; + Z v fr (cosp)
= Pl(CQ_SG)
wWhen =1- AR =-CR + %
| | - L — ‘Bz(
\ Q*‘ Ay_ﬁ W-\-(

US{rD ‘e bowdomj, condihon (W) we g

WVin s 2—1
2_[‘ r=R - ZL’:’O 9~A’°~R

F}(cosl?)

9Vw1—} =~ E cep— 2= L0 By B (cos6)
r=«.

>r =0 Rl'l‘l
Qr:Z_ When g=1- é’r{lw:“];o' %B'
- (2+1>
N ETF EAp R = — T, B
. c _ 20+
For 4, Hre () mgR™ = Lw 7 Be= AR ol
.0 -\ (AFD By —(2H) A, gAY
rL Ag R zh =L 2

> AL[GrSLR’L"+(}f|)R““J=o fr ol L

AL:O So B,Q_:O .(:Ur G.ll Q:t—|
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bor 2=1:
AR = - E R+ oL
{ \ o R?_
- _r - 2B
AR s
- AR=-ER + l%(_érAn_E0>
&N\p = —3F A= — 2
R(H—_Lf)AI ?EDR — \ SicCe
B = ARt ER = &g g2
l 2 Cove 3L
So, Via (e = Al F,(cosa) = ‘2+ - E. rcose = —z-r;-%
£.= 3

z . Plectne Feld nsde s uniform.
2+6&r

ﬁ
IV\ \/(RC\AUM/ c-> C_o/ E_r_>{ So Ein,:e

o .

=) S . & |
o < < o E < E Qlso. ’
- 2 i Cr I m o

443 @ Er\erw in Pielecdtrc 57’5{-6“"-5

Tt tekes work 4o charge wp @ opacitor: =Lcy?
I{ the copattor s Lled with linear dielectnc constant_ e have

= er CV&L ( In ‘FrCSlf\W\D*VL Plnysl'csl |g =€, Omcl —qu

Capacitonw 1S increosed )

ond e Cw‘oacihnu\. 1S |ncreased by &r

> The work 4+ chorge up He Copacitor IS also increased
(v There is more free charges +o store to adiieve a
given potentiall Since E s conulled by boung clnarg,es)
Th vacuum, the energry Stored 0 any electrostatic SySteny
W= S (el

015

> How 1S it 9oing 4o be changed s Hie presenc of linear
dielectnes ?

2 — €
From a.loove/ Wo= JZ‘C.-V < rC;/aq\

—_

SO, V\I:e_z"gEch-C? %SGrElol_C, = —Izg ‘3 Eal‘(_ 2

w=<1( T EJde
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444 8 Forces on Djelectrics

So far, we assumed that T £eld inside a parzllel capacitor is

uniform. Th realith, it is not and there is fringing field around
edges.

Lts consider e ‘Gollocoihg/ Situation.

VS
— ]

N—

0 —

v_

Q Dielectric

V\): Gﬂerjj of “+he S\/s{-em. O«IDO\/E’ (_may be 0~1’:.mc-|-{0n o-[:- ‘r)
11: one pulls out & by Ax/ +Hna energy c,han%q < EOEU\QL [
+Hw work done:

dw = Fe dx , Fme=-TF
~— electro static fora
. F=— dw on the dielectnc.

dx

The enerqy Stored in Hw copadter is wW=L5cv®

In vacuum §’s?clc?=§° — % = %{3
\V/d
—762=C‘°TA\/ - cV
- C = &A

Now, for the copautor above,

+

444+ I

_ _) E—— <‘Y_l'jg
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= &R ep- (6 -0x] €= HtXe= ¢
= =0 [eh-Uex] is obtained.
From = <

2 dC  _ 2
Fo-oWue = - 2 ()T = SV =

.1l g2 E,0 = — Coew 2
- zv Zl 7(9 > d \/

(=) : dielecthc s pulled into 4 capao\ﬁ(__,

No-l-e'- a dielecthe 1= G\|Wst drvwn From oo h?gion o]c weak -F\'elA
bwaerd o region of stronger fHeld .

\\ - Net force is wpwoard becaunse +he Feld

s stronger  wpward

\ C Feynmen, Fg 10-3)

dielectrnc
Object




