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The Scattering Problem
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Computational Light Scattering

} /\/umer-ic.al

J)
« Mie theory

« Periodic structures, ... } Anal\7+ica’

)

M. Mishchenko, Scattering, Absorption, and Emission of Light by Small Particles, Cambridge (2002)
M. Kahnert, Numerical methods in electromagnetic scattering theory, JQSRT 79 (2003)



Light Scattering %§22%7>
The T-Matrix N

Framework . T
7~_.

k ,E far-field zone




Transition Matrix
InC — EO Z aan(l) klr) + bnmN,(qln)q (klr)

Eco = o anmMﬁﬁz (kit) + GomN$) (Kyr)

electric—electric
magnetic-electric
electric-magnetic
magnetic-magnetic




L@ — S % | 3
Scattering & VSWFs 3 ﬁfﬁ

®
Vector Spherical

Wave Functions

M,.n(kr) = N,h,(ke)V x (rY7(0, D))
N

(k)
n(kF) = kr(Nr)ry,,m(e,¢)+

nh,(kr)
kr

kind of like

SPL.er-ic.cJ L.ar“monic.s

N, | h,_1(kr) rVY(0,d)

® O § o » O () O P
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Incident Field (E) =

—
/ e ——— — = e —_— = P —
( _— = = e = = —= - __

‘\

o0 n 4!
E = Z Z amnl\/l(l)(klv I‘) + bmnN(l)(klv r) n‘
i

n=1 m=—n i

“simple” angular functions for a plane wave
(4 )

(family of Legendre functions) ea$7

point-matching for an arbitrary beam L.ar“c’er“



Calculating T '

(< £

— Painfuf —

5 Tematrix method and Lorenz-Mie theory

ke boundary conditions require continuity of the tangential compoacnts of the elec

J§ {products of VSWFs}

(5.17%)

fixH (r)=fixH (r)

where the subscript minus labels the ficlds on the interior side of the particle surface
(cf. Egs. (1.13) and (1.15)). Substituting Egs. (5.176)(5.178) im0 Eq. (5.173) and

wsing £Eq. (5.169), we have

oo e .- . Simplifications for axial symmetry

.+ Simple for spheres

R)I“_,I‘ r,0.9)xM _(kr, 0 9)

RegM_ (&7, 8, @)xN__(kyr, 0, 9)
(=)™ | 45%
RN olhr, 0. @)xM __(kyr. 0. 9)

- Requires regular shapes

Simuilarly, substituting Eqs. (5.176)-(5.178) im0 Eq. (5.175) yiclds

P _ ‘RgQ" RgQ“ |[c
q ) a] .K)‘o' RgQ- 76'.

—— | “Rayleigh hypothesis”

kRgJ s

kRgJ o

k.RgJ,

. Codes available:

ReM . (kyr, 0, 90)xRgN __(kyr. 0, ¢)
(-)* dsn ) _
RN o(kyr, 0, 9)xRgM __ (kyr, 0, 9)

| RgN _ (k,r, 0, @)xRgN__ (k7,0 9) |
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Rotations Al

Translation-Addition Theorems Etc.
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(Bu’l' ‘J'L.e7 exiS’l’)



Strengths

- Analytical properties, e.g. angular averaging

(e Z Re ( nn| 33| )

+ Independent of incident beam

+ Multiple scattering

- Fast, accurate, physical meaning



The Force
a.k.a Stress Tensor

Lorentz force f =q(E+v x B)

\\ f:/ﬁ_fnds
‘ S
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/T =¢EE—uHH — = ( E° + uH?) 1

/7
N 7

N 7
-~

arbitrary S



Forces

=)

(Continued)

Nc. — SC.cJL

b nm pnmqnm) I

n_|_1 nm

n=1 m=—n

|

n(n+2)(n—m+1)(n+m+1)]

n+1]

X éR (3nman_|_1 m T bnm n+1m

(2n+ 1)(2n + 3)

“Ezgs7f

sk
pnmpn—l—l,m

N|—=

— Gnm i1 m)

(once a,b,P,c,'-s are known)



Computer Requirements

150

30:1

100 -
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o
|

40:1

SQed

Cross—-sections /10° nm?
w
(N
|

N
o
|

10 - 20:1

30:1

8IS

40:1

—

0 ] ] 1
0.5 1.5 2.5 3.5

4.5 5.5 6.5

Wavelength/um

- Very fast (<17)
for axi-symmetric particles

» OK for arbitrary shape
BUT convergence + complexity

- Tweezers:
also need incident beam
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Parting Thought




Interlude:
Radiation & Self-Reaction

self-reaction
(radiation field
acting back on the charges)

()

point dipole
higher multipoles
extended particle
etc.

Introducing The K-Matrix



A Plane Wave

e




Mie Theory
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