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

Plan for Lecture 23:
Continue reading Chap. 9 & 10

A. Electromagnetic waves due to
specific sources

B. Dipole radiation examples

C. Scattered radiation

3/23/2015

03/23/2015 PHY 712 Spring 2015 - Lecture 23

12 Wed: 02/11/2015 Chap. 5 \Magnetostancs ‘m 02/13/2015
13 Fri: 02/13/2015 _ Chap. 5 [Magnetostatics [#13 02/1612015
14 Mon: 02/16/2015 Chap. 6 \Maxwel\'s equations @ 02/18/2015
15 Wed: 02/18/2015_Chap. 6 [Electromagnetic energy and force [#15 0212012015
16 Fri: 02/20/2015 Chap. 7 [Electromagnetic plane waves @ 02/23/2015
17 Mon: 02123/2015  Chap. 7 Dielectric media [#17 02/25/2015
18 Wed: 02/25/2015 Chap. 7 IComplex dielectrics @ 02/27/2015
19 Fri: 02/27/2015 Chap. 1-7 IReview -- Take home exam distributed

Mon. 03/02/2015 |APS Meeting _[Take-home exam (no class meeting)
Wed. 03/04/2015 APS Meeting _[Take-home exam (no class meeting)
Fri.03/06/2015 APS Meeting _[Take-home exam (no class meeting)
Mon. 03/09/2015 | Spring Break
Wed. 03/11/2015  Spring Break
Fri.03/13/2015 Spring Break

20 [Mon: 03/16/2015 Chap. 8 [Review Exam; Wave guides 19 03/18/2015

21 Wed: 03/18/2015 [Chap. 8 [Wave guides [#20 0312012015

22 [Fri: 03/20/2015 Chap. 9 Radiation sources 21 03/23/2015

‘ 23 Mon: 03/23/2015 Chap. 9&10 |Radiation and scattering 22 03125/2015
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Review:
Maxwell’s equations

Microscopic or vacuum form (P=0; M =0):
Coulomb's law : V-E=p/sg,

Ampere - Maxwell'slaw: VxB-— iz %—}f =4,
c
Faraday's law : VxE+ %—]j =0

No magnetic monopoles: V-B=0
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Review:

Formulation of Maxwell’'s equations in terms of vector and
scalar potentials:

. 16@
Lorentz gauge form - - require : o
1 0*®
— V CD + 7672 =p / &y
1 &°A
—WAN_;&;—%J
OA
B=VxA E=-VO- =
t

Note that the Lorentz gauge is consistent with the

source continuity condition : oplr (gt )+V I(r,0)=0
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Review:
Electromagnetic waves from time harmonic sources

Charge density :  p(r,7)= ‘R(ﬁ(r, w)e ™™ )
Current density :  J(r,7)= iR(j(r, w)e ™ )
= Scalar potential : (D(r, t) = ER((T)(r, w)e""”’)
= Vector potential :  A(r,z)= ER(K(r, a))e’"“’)

For ksg:
c

Blr,0)= B, (r.0)+

iklr—r|

J.d3r|
4re, ‘r —r

Al @)

N itfe-r]
Alr,0)=A,(r, w)+ﬂjd3r'e I(r', o)
v ‘r r‘
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Review:

Electromagnetic waves from time harmonic sources —

continued: .
Useful expansion :

m lkZJz k” y’z kr)lm( )Y W( )
(D(r [2) r a) z¢,m r a))Y,m

ik|r—r|

e

B r.) —Id%r @), (kYo (k)Y " ()
A(ra) ra) Zamrw))’,(

a,m(r 10} zkyojd r‘Jr a))jl(k )h,( Y ()
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Review:
Forms of spherical Bessel and Hankel functions:
)= W)=
X ix
J (x): s1n£x) _ cos(x) I (x): | 1+£j e
X X X
3

X
jz(x):[%fljsin(x%&i(x) hz(x):i[lwt—if%j ¢
X X X e X X
Assymptotic behavior :

(x)

x<<l = j(x)= (2”1)”

x>>1 =)~ (i)
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Review:

Electromagnetic waves from time harmonic sources —
continued:

Dipole radiation case :
Define dipole moment at frequency w:

plw)= Jd3r rp(r, )= —i_{d% I(r, )

For fields outside extent of source and k7’ << 1 within the sourcg

. ikr
Alr.o)=— 2 (0) "

~ i . ie*
() =— | 1+—
(r,a)) 4rws, p(a)) r( " kr) r
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Review:
Electromagnetic waves from time harmonic sources — continued:

E(r,0)=-VO(r,0)+ioA(r,»)
= 47;0 %kr(kZ (Fxp(o))x#)+ [wj(l B ikr)]
B(r,0)=VxA(r,0)

L ieealo)1- )

dre,c® v ikr

Power radiated for kr >>1:

P _ . "o 5
7 = r2r.<S>wg = o r .i}a(E(r,a))x B (r,a)))




Properties of dipole radiation field for kr >>1:

(e (xp(o)x#))

ikr

1 ikr

Elr.0)= dng, 1
0

Blr,0)-

= k2 (F
47%:002 r (rxp(a)))

Power radiated for kr >>1:

274
oL
dQ w3277\ €&

Example:
re 6

~
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Alternative approach
Fields from time harmonic source:

5 1 eik‘r—r" ~
(D — d3 [ '
() g 47 g
1 Hy 3.€ s '
A =t
(r,o) 4”Id r ‘rﬂ”‘J(r,a))
Forr>>r': Ir—r'|=r(1-F-r'+.
ikr
ci)(r,a))z 47160 e‘r Jd3r' o /B(r‘,a))

i
A(r,w) ~ %’[%J‘dsr. ok j(r',a))
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Alternative approach -- continued

z
Linear center-fed antenna AN

/\(/1/2\
A(r,0)~ @__ '

o
%Ljd3rl eﬂ’/ti'~r' j(rl7w)
T r

I(rio)=1, sin[% —k|z |j§(x)§(y)i
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Alternative approach — linear center-fed antenna continued
ik d/2

A(r,a))zime— J dz' e e sin(%—ku'\j

Ar r 3,

kd kd
4 | €os| —cos @ |—cos
:2 /uo[o e 2 2

27 r sin* @

Time averaged power:

[kd j (kd]
cos| —cosf |—cos| —
dP:[2 Hy 1 2 2

dQ "\, 87° ‘

sin @
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Alternative approach — linear center-fed antenna continued
Time averaged power:

kd kd

cos| —cos @ |—cos| —

dP:]2 Hy 1 2 2
aQ "\, 872'2‘

sin @ ‘

2

NE
AP | cos (Ecosﬁj
for kd=n€: —=1 /&—7

aQ g, 877 sin’@

dQ o 87° sin’ @
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Ne
AP 4 cos (ECOSQJ
for kd=27: —=1I; /&—7
£

Alternative approach — linear center-fed antenna continued
Time averaged power:

2 3 4r
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Dipole radiation in light scattering by small (dielectric) particles

— @ — E
> \ H
l sc
Einc
I-Iim:
a ikkyr 1 -~
Einc = SOEOe ! Hinc =7k0 ><lcinc
Ho€
In electric dipole approximation :
1 o . 1 .
E =— k" ((Fxp)<i) H =—#xE,
4re, r oC
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Dipole radiation in light scattering by small (dielectric) particles

— @ Eec
l -~ Hge
Einc
I-Iim:

Scattering cross section :

. F(S,,
99 (¢ 1k, 5, )= Lo Sl
dQ Ko (Sic) e
&K, ’ (4”50E0 )2 P

Estimation of scattering dipole moment:

Suppose the scattering particle is a dielectric sphere
with permittivity e and radius a:

p=dmis,| L8 g
eley+2

Scattering cross section :

~ 2
do (. . r . r’&-E kK .2
—I\r.&:k,.&, |= Xl = £p
dQ( 0 0) ﬁo'Emz (47[80E0)2 ‘
2
e elg,—1 aal?
elg,+2 0




Scattering by dielectric sphere with permittivity ¢ and radius a:

For E;, polarized in scattering plane:
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2
do (.« ¢ 4 eley—1| 4 A 2
—( ,s;ko,so):zk“aﬁi" g,
dQ elg,+2
Ve, -1[
El&y—
=k*a® === | cos’ @
elgy+2
Scattering by dielectric sphere with permittivity £ and radius a:
For E;,. polarized perpendicular to
scattering plane: N
do (. .~ 4 eley—1| . A 2
—( ,a;ko,so):k4a67° £,
dQ eley+2
2
P elgy—1
elgy+2

Assuming both polarizations are equally likely, average

cross section is given by :

do (. .~ .\ k'alele,~1]
é(,s;ko,so)z Za m (coszt9+l)

Scattering by dielectric sphere with permittivity € and radius a:




