4/24/2015

PHY 712 Electrodynamics
9-9:50 AM  MWF Olin 103

Plan for Lecture 36:

Review Part Il:

» Further comment of Kramers-Kronig
transform

» Some equations for top of your head

» Example problems

» Course evaluation forms

PHY 712 Sprin 5 - Lecture 3€

20 [Mon: 03/16/2015 |Chap. 8 [Review Exam; Wave guides [#19 03/18/2015
[21 |Wed: 03/18/2015 |Chap. 8 |Wave guides ‘m 03/20/2015
22 [Fri: 03/2012015  [Chap. 9 Radiation sources 21 03/23/2015
[23 [Mon: 03/23/2015 [Chap. 9& 10 [Radiation and scattering 22 03/25/2015
[24 [Wed: 03/25/2015 [Chap. 9& 10 |Radiation and scattering [
[25 [Fri: 03/27/2015 _[Chap. 11 [Special relativity [#23 03/30/2015
|26 |Mon: 03/30/2015 |Chap. 11 Special relativity ‘ﬁ 04/01/2015
27 |wed: 04/01/2015 Chap. 11 'Special relativity @ 04/06/2015

Fri: 04/03/2015  |Good Friday  [No class |
[28 [Mon: 04/06/2015 [Chap. 14 Radiation from moving charges [#26 04/08/2015
[29 [Wed: 04/08/2015 [Chap. 14 [Radiation from moving charges [#27 0411012015
30 [Fri: 04/10/2015 [Chap. 14 [Radiation from moving charges [#28 0411312015
31 Mon: 04/13/2015 |Chap. 15 Radiation due to scattering #29 04/15/2015
32 \Wed: 04/16/2015 [Chap. 13 Cherenkov radiation 30 0411772015
33 [Fri: 04/17/2015 Special topics - superconductivity
34 [Mon: 04/20/2015 [Special topics - superconductivity
35 |Wed: 04/22/2015 Review

- 36 |Fri: 04/24/2015 Review

Mon: 04/27/2015 Presentations |

|Wed: 0412072015 Presentations Il

Fri: 05/01/2015 11l & Take home exam

PHY 712 Sprin 2

Schedule for PHY 712 Presentations

Monday 4127/2015
Presenter Topic
9:00-9:25 AM Larry Rush “Superconductivity’
9:25-9:50 AM Junwei Xu *Electrodynamics in alternating current
electroluminescent device"
Wednesday 41292015
Presenter Topic
9:00 -9:25 AM Jason Howard “Ewald summations with anisotropic
dielectric screening”
9:25-9:50 AM Eric Chapman The Physics of MRI
Friday 5/1/2015
Presenter Topic
9:00-9:25AM Lauren Nelson Solar Cells
9.25-9:50 AM Hysun Lee Surface Plasmon and It's application
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Review topic — analytic properties of dielectric function
Material from Chapter 7 in Jackson

The displacement field D is related to the electric field E
D=c¢E =¢E+P
Dielectric function &(@) = &;(@) + i€, (@)
can be shown to be analyic for @ — z for 3(z) >0
Kramers-Kronig transform — for dielectric function:

& T & 0-o

ot

‘90

o) \_ 1 pfal) L

with &, (_ a)) =& (w); & (_ a’) ==¢& (w)
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Practical evaluation of Kramers-Kronig relation

o) L pfapale) 1

{”) ’;;d & Z >J

with &, (7 a)) =& (w)’ & (7 w) ==& (w)

Let 81(0)):M 52(0)),51(0))
0 &
sl(w)—lzlpTde,: jwsz(a))
w0 — O
&(w)=-— P-l.g'(w)71 / P-l'gl(a))*l ,

Practical evaluation of Kramers-Kronig relation
&(w)-1 =1Pj £(@) 44
Tl 0-0

o ' 0 ,
ZLPUMM 4@‘,&]
T o'-o Lo -w
[ gy @ 4
r \jo' - 2@+
Singular integral can be evaluated numerically:

© , w w_ _
P& oy —p[ LN Z20) iy () h{ oo
o' -0 v 0-o

w
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N ]‘ & (@) dw
o -




Evaluation of singular integral numerically:
o s w n_ _ o S
PJ 82'(0) ) do' :PJ &@ )' &(@) do' + gz(a))ln[ 7o (UD + jigﬁ(w ) do
V0 —@ 0 w — o [0 w @ —@
0.4
0:3 & (@)
0.2
0.1
(1]
-0.1 1 z
-0.2 52((()') - 52(0))
-0.3 o' -o
-0.4
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Evaluation of Kramer’s Kronig transform using
Mathematica (with help from Professor Cook)

. . .
e2[w ] 1= waExp[-wA2]
elmi[w ] :=
(2/Pi) sNIntegrate[x=e2[x] / (xA2-wA2), {x, 0, W, o},
Method - "P ipalValue"]
Plot[{elml[x], e2[x]}, {x, O, 10}, PlotRange + All]
.
A(@)
‘\‘ == 3' l:}
“o1f
.
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Another example 201 i
(x/4) » (22Exp[-(((x/4)*2-1)"2) /3] + 10=Exp[- (((x/13) A2-1)*2) /5])
ctmily 1 -

(2/Pi) s NIntegrate[xae2[x] / (xA2-¥*2), {x, 0, ¥, =},
Method » "PrincipalValue"]

40 Plot({e2(u], elmi[u]}, {u, 0, 50}, PlotRange + All]
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Some equations worth remembering --
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Maxwell’s equations

ST units; Microscopic or vacuum form (P =0; M =0):

Coulomb's law: V-E=p/eg,

1 0E
Ampere-Maxwell's law: VxB-— - Hod

c” ot
Faraday's law: VxE+ %—B =0

it
No magnetic monopoles: V-B=0
==
80/'[0

Maxwell’s equations

ST units; Macroscopic form (D=¢E+P =0; H:LB -M):
Hy
Coulomb's law: V-D=p,,
oD

Ampere-Maxwell's law:  VxH- o Hod e

t
Faraday's law: VxE+ aa—B =0

t
No magnetic monopoles: V-B=0




Maxwell’s equations

Gaussian units; Macroscopic form (D =E+4zP =0; H=B-47M):

Coulomb's law: V-D=4znp,,
Ampere-Maxwell's law: VxH - 1D _4z J e
cot ¢
Faraday's law: VxE+ 108 =0
c ot

No magnetic monopoles: V-B=0
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Energy and power (S| units)
. . 1
Electromagnetic energy density:  u = 5 (E-D+H-B)

Poynting vector: S=ExH

Equations for time harmonic fields:
Er)=R ( E(r,we™ )z %(ﬁ(r, we ™ +E'(r,w)e™ )
<u(r,t)>/ e %ER((E(r,a))-]~)*(r,a))+]~3(r,a))»]:l'(r,a))))

(s(r0),,, = %iR((E(r,a) JxH (1, )))
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Solution of Maxwell's equations:

1 OE
V-E=plg, VXB_?E:M}J
VxE+a—B=0 V-B=0
Ot

Introduction of vector and scalar potentials:
V-B=0 = B= VxA

VxE+a—B=O :Vx(E+a—Aj=0
Ot ot

E+A_ Vo or E=vo A

ot ot
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Scalar and vector potentials continued:
V-E=p/sg,:

o(V-A)

ot

-V - =ple,

1 oE
VxB—-——=ud
¢’ ot Ho

VX(VXA)+C_2 T+ 512 =

Hy

1 (a(vqn) a2A]_
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Analysis of the scalar and vector potential equations :

oV-A
—Vztbf%:p/go

1(o(vo) &’°A
Vx(VxA)+— + 2 =u]
( ) cz( o o ) o
Lorentz gauge form - - require V- A | +L202DL =0
o
1 o°®
-V, +?72sz/go
1 0°A
—VZAL+C—2 azZL = 41,d
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Solution methods for scalar and vector potentials

and their electrostatic and magnetostatic analogs:

18’0

7V2<DL +67?2L:p/€0
1 0°A

7V2AL +CTT2L: lqu

In your “bag” of tricks:
O Direct (analytic or numerical) solution of
differential equations
O Solution by expanding in appropriate
orthogonal functions
QO Green’s function techniques
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How to choose most effective solution method --
Q In general, Green’s functions methods work well when
source is contained in a finite region of space

Consider the electrostatic problem:
V'@, =pleé,
Define: VG(r,r") =475 (r—r")

@, (r)= ﬁ jyd%’p(r’)G(r,r’) +

4i j dF [ Gr.r Vo) - o)V G(r.r) | .
T N
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For electrostatic problems where p(r) is contained in a small

region of space and S » o0, G(r,r)= ‘ "
r-r

l

1 4 *
> E Ly (B, (0.9

r—r] - et D] +1
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Electromagnetic waves from time harmonic sources
Charge density :  p(r,7)= ‘R(ﬁ(r, a))e""’)
Current density :  J(r,7)= iR(j(r, w)e ™ )
Note that the continuity condition :
%+V-J(r,t): 0 = —iwp(r,w)+V-J(r,0)=0
For dynamic problems where p(r,®)and J(r,w) are
contained in a small region of space and S — o,
i%]‘rfr“
e

G(r,r'\w)= m
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Electromagnetic waves from time harmonic sources —
continued:

For scalar potential (Lorentz gauge, k = )

(D(r,a)): (T)O(r,a))Jr

ik|r—r|

1 30 Sy
drg, Id : r—r plre)

For vector potential (Lorentz gauge, k = g)

xk\r r\

Alr,0)=A,(r,0 +—Id

@)

Ir- r\
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Electromagnetic waves from time harmonic sources —
continued:

Useful expansion :
zk‘r T ‘
e

4;1‘1’ r‘ lk2]1 k”y’/ ()Y ""( )

Spherical Bessel function : j, (kr)
Spherical Hankel function : &, (kr) = j, (kr)+ in, (kr)

(T)(r, w) = (T)O(r, a))+ z %m (r, a))Y,m (f')

¢lm(r @ 7J.d3r P r w)]l(kr<)hl(kr>)Y*1"’(f")
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Radiation from a moving charged particle

Variables (notation) :
. dR,(t,)
R = a\r/
] )=y

,
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R(,)=r-R,(,)=R




Liénard-Wiechert potentials —(Gaussian units)

4/24/2015

Er,f)=— 1 3{[R—ﬁ)[l—i]+[Rx{[R—ﬁjx%}ﬂ
(R—V.R)‘ c c® c c
c
Br.n=2 -Rxv x(17\% sz]’ R><v/cZ
(R_ij ¢ (R_ﬂj
c c
_ RxE(r,1)
B(r,t)—iR .
Example:

Problem 15.2 in Jackson:

A nonrelativistic particle of charge e and mass m collides
with a fixed, smooth, hard sphere of radius R. Assuming
that the collision is elastic, show that in the dipole
approximation (neglecting retardation effects) the classical
differential cross section for the emission of photons per unit
solid angle per unit energy interval is:

2 2 2 2
L:Li(fj L(2+3sinz g)
de(ha}) 127 he\c) ho

where @is measured relative to the incident direction.
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Suppose that

V=Vi

v'=v(sinacosbX +sinasin by + cos az)
r=sin 6% +cos 6z

g =y

€, = —Cos OX +sin 62

Cross section depends on <‘£, (V= v)‘2>
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Low frequency radiation from charged particle during a collision
as analyzed by Eq. 15.2 :

d’1 e .. BB ’
1_F-p 1-Fp

dodQ 4rc
d’c [ d'1 do\ & R2<‘8_(VLV)‘Z>
dQd(ho) \dedQdQ| 4z’c’ 4

~ 3 }(,»(v'— v)‘Z

For: v=vi v'=v(sinacosbX +sinasinby +cos az)
v'=v =v(sinacos bt +sinasinby +(cosa—1)2)

N ' 2 > . Lo 4m o,
g =y 2<\s, S(v'= V)| >=v’Jdcosb da(sinasinb) =3
£, = —cosOX +sin Oz

e, - (V' v)‘z> = v’J‘dcosb da(—cos Osinacosb +sin O(cosa -y = 47”"1 (cos2 9+4sin19)

d’c _ eV'R?
dQd (he)  127¢°

(1+cos® 0 +4sin’ 0)
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