PHY 712 Electrodynamics
11-11:50 AM MWF Olin 107
Plan for Lecture 9:
Continue reading Chapter 4
Dipolar fields and dielectrics
A. Electric field due to a dipole
B. Electric polarization P

C. Electric displacement D and
dielectric functions
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Course schedule for 2013

(Preliminary schedule -- subject to frequent adjustment.)

Date JDJ Reading Topic Assign.
01-16(Wed) Chap. 1 Introduction, units and Poisson equation. #1
01-18(Fri) Chap. 1 Electronstatic energy calculations #2
01-21(Mon) No class MKL Holiday
01-23(Wed) Chap. 1 Poisson Equation and Green's Functions #3
01-25(Fri) Chap. 1 &2 Green's Theorem and Functions #4
01-28(Mon) Chap. 1 &2 Brief introduction to numerical methods #5
01-30(Wed) Chap. 2 Method of images #6
02-01(Fri) Chap. 3 Cylindrical and spherical geometries #7
02-04(Mon) Chap. 4 Multipole moments #8

*OZ-OG(Wed) Chap. 4 Dipoles and dielectrics #9
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WFU Physics Colloquium

TITLE: Polonium-210: Murder Weapon and Public Health Threat
SPEAKER: Dr. Charles W. Miller,

Chief, Radiation Studies Branch,
Centers for Disease Control and Prevention, Atlanta, GA

TIME: Wednesday February 6, 2013 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

02/06/2013

ABSTRACT

On November 23, 2006, Alexander Litvinenko died in London as a result of being poisoned
with Polonium-210. Public health authorities in the United Kingdom (UK) subsequently
found Polonium-210 contamination at a number of locations in and around London. UK
authorities determined that citizens of 52 countries other than the UK may have been
exposed to this contamination, and asked the Centers for Disease Control and Prevention
(CDC) to contact approximately 160 such individuals in the United States. These citizens
were contacted and advised that their risk of adverse health effects is likely to be low, but, if
they were concerned, they should contact their primary health care provider. In turn,
physicians were referred to state and local public health departments or CDC for further
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General results for a multipole analysis of the electrostatic
potential due to an isolated charge distribution:

General form of electrostatic potential with boundary value

r — oo, for isolated charge density p(r):

d(r) = 1 J‘ds p(r)

dre, |r r |

_ 1 3. ' 4 r<l P
B 471-50 J-d r ,O(l' {Z 21 1 [+1 Ylm(e’gg)}flm (9 ’gp)j

Im

Suppose that p Z sz
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Notion of multipole moment:

In the spherical harmonic representation - -

define the moment ¢, of the (confined) charge distribution p(r):
4, = ['r' ' Y, (0, )
In the Cartesian representation - -

define the monopole moment ¢ :
q= [drpr')

define the dipole moment p :
p= [d'r'v p(r')

define the quadrupole moment components Q. (i,j — x,y,z):

O, = der' (37"'1. r'j—r'2 0, )p(r')



General form of electrostatic potential in terms of
multipole moments:

For r outside the extent of p(r):

o)~ Pt Iy, (0,0)ote)

dre, 20 +1

dre, 4= 20+1 '

In terms of Cartesian expansion ;

(r) = 1 [q P ) }

4re,




Focus on dipolar contributions:

For r outside the extent of p(r):

Electrostatic potential :

- L (2

A, \ 1
Electrostatic field ;
2
E(r) = 4 1 (31' (p-rs)—r p 4ﬂp53(r)j
TTE, r 3
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Coarse grain representation of macroscopic distribution
of dipoles:

Electric polarization P(r):
P(r)=) po’(r-r)
Mono electric charge density p__(r):

prn¥)= X0 x)

Electrostatic potential for a single monopole charge g

and a single dipolep :

1 (g pr
d(r) = 24F -
(r) 47250( T j

r r



Coarse grain representation of macroscopic distribution
of dipoles -- continued:

Electrostatic potential for a single monopole charge g

and a single dipole p :
1 (q pr
d(r) = 4. F-
(r) 47e, (r T 7 j
Electrostatic potential for collections of monopole charges g,
and dipolesp, :
(D(r) — 1 jd3rv Pmono (r') + jd3rv P(l")' (l' ;l")
dre, r—r] r—r]

Note: Id3r' P(r')- (r —r') = J-d“?’r' P(r')-V'; J'd3,,' V'-P(r')

3 -
|r—r'| ‘r—r" ‘r—r"




Coarse grain representation of macroscopic distribution
of dipoles -- continued:

Electrostatic potential for collections of monopole charges g,

and dipolesp; :

— 1 3vpm0n0 3!
q)(r)_47zgo(-[d |r r| jd |r r|j

~ V(1) = V- El)= (9, (r) -V -P(r)

0

= V- (&E(r)+ P(r))= £, ()
Define Displacement field: D(r)= ¢,E(r)+ P(r)
Macroscopic form of Gauss'slaw: V-D(r)=p,  (r)




Coarse grain representation of macroscopic distribution
of dipoles -- continued:

Many materials are polarizable and produce a polarization field in the
presence of an electric field with a proportionality constant y. :

P(r)=¢,7.E(r)

D(r)=£,E(r)+ P(r)=¢,(1+ 7. JE(r) = &(r)

g represents the dielectric function of the material

Boundary value problems in the presence of dielectrics

For meI’lO (r) = O
V-D(r)=0 and VxE(r)=0

= At a surface between two dielectrics, in terms of surface normalr :

N

t-D(r)= continuous = #xE(r)



Boundary value problems in the presence of dielectrics
— example:

VVVVY

>Z

V-D(r):O and VxE(r)zO Atr=a: 58®<(r):508q;>(r)
r

Forr<a D(r) = —gVCD(r) or

oD (r) O0D_(r
Forr>a D(r)z—EOVCD(l‘) a}f ): 8j)




Boundary value problems in the presence of dielectrics
— example -- continued:

x ' Atr=a: gaq)<(r)=£0 8(D>(r)
ZAlr (cosb) or or
00 (r) _ o0, (r)

i( j (cos ) 00 00

1=0 For r >0 @ _(r)=—E,rcosf

Solution - - only / =1 contributes
B, = -k,

4 =— 3 E, C = slgy—1 O,
2+¢/¢, 2+¢/¢g,




Boundary value problems in the presence of dielectrics
— example -- continued:

3
D _(r)=- iele E,rcosd

~1\a’
O (r)=— r- elé a2 E, cos@
2+¢elg, )1
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