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1 Dipole in an external electric field

A sphere with radius R contains charge whose distribution, in spherical coordinates, is

3o
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where a > 0 has units of Coulombs. The dipole moment for this has the form p = pZ where

p is a constant.
a) Suppose that the dipole is placed in the external electric field

E=p8:%

where 3 > 0 is a constant. Based on physical reasoning, what is the direction of the net

force on the dipole? Calculate the net force on the dipole.

b) Suppose that the dipole is placed in the external electric field

E = fz% (l'x L2) ;

where 8 > 0 is a constant. Based on physical reasoning, what is the direction of the net

force on the dipole? Calculate the net force on the dipole.

¢) Suppose that the dipole is placed in the external electric field

E=pot (x+2)X

where 8 > 0 is a constant and the charge distribution is allowed to reorient itself. How

will it align so as to yield the smallest potential energy?

A

Answe: The  distibubon is

B X

a) ® Vi"' (\}e*’J \Col‘q; ang‘) + 2 .
: = (pWES P%ZE: PR

lz Net force i, 2250
5

S
Tl
Y]
oA g
il

F = p5iE

=0
&

MIA I UM E

o



—Dipales n o madenal: Polari%ah‘oa

We now  consicer e aﬂcc‘s F  extendl Nelds on maker whiele is

ot & conductor but whidh containg a collechen O)f e poles A simple -exomple
wodd ke o skt of kgl nseted bewan palel capacitor plakes

_ P
" d Q 8 _j_,{_l ; 3}.}1, )+’Z|. + 72 (10:"3 e
e § inser Q:: — e e
p .// < /,"',."‘_.
E , A
B lena e g 7 A
\L —J/ ‘1 ma I ‘ /‘///;”// : ;)/”/

S el T e - dokpﬂc‘,}e
g ngei chhﬁg?
We  axpect that
) the ddd die v He plotes  will reonent w'polzs-wifﬂu‘n
fe  matenal

2) g re-crinted dipdes wall produce Kl own  held | wlucke will
odpst e oveal held .

3) e e-onertd dipoles il produae on deed charge  olansify on
the plates .

TDewvo: PheET Cm}oac{}ar Lab
=2 Diclechne Tab
Ashde  delechiC wn ont wity bea ”‘3’3 tonnechked
¥ Wswonnech h}#(/y - slidg (,h@le(;hn C f/\/d'uf?
~abseve ¢ iflﬁo’"%ﬁ
— obseve Po&mmh@\
~ obseve
We will need en a@ﬁfdjab: qu&mh’hj o descnbe the eg‘ed“ J e CQPOLZS The
idgo. will be ) - |
/_\_’/‘t""’ il g

r.l

; | : : o LY
\ Polarizahion = dipcle momant por wiit volume (posidon ch;wt(:mly

B e e B, . _,..-——"'w" 7



MU"C, PPC ¢ l%‘ﬂ :

e Polan'"mﬂm oF o moenal is o« Vecdor 5(?) such
bhat #a  dipole momart in o small »eﬂion
ob ' witle  vluwe dz’ i

03 = P)de’

Tw's as unike of  (/m?

Polebed {rom PO]CU'L 2ahon

E|ec‘rramajmh'c M alrﬁaa&, Pondes o medhonism  Tof ddﬂWﬂt'fEﬂ

e polrhal  produad by o pont diple ond s con be exiended
v o Matenal whese polan'%ahm s kmolon, SFeoiFica‘b we break
Hee  distbubon inbp seqmarts . The
sheded segnat  gpives Polenh'af
ot lowhon 7

d\j - __‘_ ClE_\ s “? B
B A€o 7
o A
B 4-“—60 .g,l dz,

ngmh’on over all spact 8{\»&&1

P4
- T J
\/ - 4-ir60j ""é;_'{ dZ

| s ibuh'on




We ¢ plove:

F a region  has  polanizatisn B tun He polenhal producd
b\lﬂ e dAPOlQ dist i buhen withia 1&.1 F‘Eﬁ\bﬂ i§

Ay ____l__ 'O’LCF’) ¥ __l_, L(F’S_ J
V)= 4W6°J v WJP o

&~
Sw Fa(.@ r:ae'on

.wlwe,

Pul®) =~ VP

is e onnA yolume okw;_q& dovsihy and

O, (F) = P-n

is e bowd swhue chmﬂe alms!‘y- Hoe n 15 Hie flomal o
Yo swhuce

Pro

0‘1 We  use
iy #
% (’vf} = pt
whee di‘;lrmcnh'ah‘m g .M PHM.G(.‘;@

=/

VI e [T (R



—
WA T

N L SR an A 4
Uk AT 6o f v (E[r) 1") aT 4-%0[ VT ZoN
I‘Cj{oﬂ Fc%fon |

A

¥ 3/ S

- —_— —P{T") n | v’-‘ﬁ,m

= i _ 4L (EIED
AT, j pre drf e j dz!

Tf’"
swizcg rejl'on

le‘ e mcucak:d dﬁﬁmhf//‘lb OF }OWM{ volume &t/wf %UW C/LMJ%G.
censhes Hus fpw!& the required !t'.’SMtL



We cn estabhsla an intuibve idta Jor s pesiive B}
Y o ' o Sfmm ’IM ng >0

Y Consw(wmg the  illuskated  dishabuhen ¥l G £59 OB
O‘\" OUPOIQ;, The 3racuénk of dupoles ..’

clowly  tesults wn non-wo chege G0 @@ PP g@? V-
dushbubons  witin  ond on He swface - -

Tuese e band v He maeial dnd
tws  called  band charges. Sw{mé” iPey  Obeo

So e scue Hor C@ermmfn_(j g
electoskzhc Pol@\i{'al ond eleche feld s

Descr;be POlCU'; Bﬁhloﬁ D :Dzk,rm;% "Jmﬂ'\d SW‘FQC& + .
Tid ? v oluma. charge densihes:
\ )Dbr—-'%-ﬁ!?-') ‘!'l!
| \
‘\" / 1\%\ Oy = n :];
\ / AN

s,
¥ \“
o 5
sikirtrsisist® N
e e s st h,
A\
i x,
e \
.
// .
2 T

r/“f Compuh‘n% po#@wh'al from. \ ( o

|
‘-\ chage denaihes ~ e Pb, Ok >

N

/ Use Coulombs Law for

S T gt B wite
‘ swiace + volume
k\ duvge. dencibes
‘\“::w:_"::_::::h _,__,,a—/
/M I

Use Gauss’ Law and ™\
( beunt c,l/w%qs o GQWM’M ;_/

S felds .

2

e e e s T



2 Bound charge distributions: radial polarization

A sphere of radius R has polarization
P = ar’f
where o > 0 is a constant with units C/m*.

a) Draw a qualitative sketch of the dipole distribution within the sphere.

b) Do you expect that either the bound surface or bound volume charge densities will be
zero? If not what do you expect their signs will be?

c) Determine the bound surface and volume charge densities.
d) Determine the total charge on the sphere.

e) Determine the electric field at all locations.
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