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FOTD MY SKA R R BE A A B2 AR GBI maxwell F 42,

Mmaxwell FRERHE : VXE =—-06B/at (1)
VxH =0D/ot+J (2)
V-D=p
V-B=0
and D =¢E
B=uH

EMBMAFRENERE , RE (1) , 2 BEHS

EMHAERATER :
V x Etotal _ _ﬂaH total /at - CT* H total

VX Htotal _ gaEtotal lﬁt —I—(TEtOtal

Karl S. Kunz and Raymond J. Luebbers,1993 CRC press.



Etotal — Eincident 4 Escattered

H total — H incident 4 H scattered

HMEMHRARR : vxE™ =— 4 0H™ /ot

NE—41E
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6H seat __G_*Hscat _G_*Hinc
ot H Z
. (,Ll—,LlO) oH - 1 (VX Escat)
H ot u
aEscat :_g Escat _g Einc
ot E E
(e—4) OE™ 1

_ VX H scat
Poy ot 5( )

Karl S. Kunz and Raymond J. Luebbers,1993 CRC press.
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Karl S. Kunz and Raymond J. Luebbers,1993 CRC press.
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CDA (Coupled dipole approximation)
BHRBSIELL

B REARETEEBRBRT , ARETZEANBEH
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EZR—#HHAUR , IS A ER , RUENBEHRR{LR

B rfl o RR , LA
Pi = CZiD_

—loc,i

EALARTRA

EEXEN E . BREBEBASFXZMAA/NRBSIFHIRE,

FTEL , X F—H BRI,

Ejoc.i = Einc,i + Edipole,i = Eo

N
exp(ik)— > AP

j=1, j=i

BIFLZ DFNAN , FMERFHOBSTUERK

ikr; iy > (T < P;)

2
ikr: Py — 36 (1 Py)

2
i

Shengli Zou

+e i (1—ikr;)— -

ff

et al, Nanotechnology (2006)



MRBHEERBENMARTK , BAMBNNRL LHEAVLHE
BHE. BIMNBETE - EHBHNMEELTEL

AP=E
RAULRBESFMENRLEE p , BERTUUTESRS

FRIEX , RESHSYER

Ak *
Coxt = ) Z Im(EinC, j EPJ)

Eo|” i=1

Cope = 47“2 i{lm{PjE(aj_l)* Pj*}——k?’\P | }
E ]=1

Shengli Zou et al, Nanotechnology (2006)
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Tdipole = e
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Ly (Geometric resonances)
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DDA (Discrete dipole approximation )
a8 A iR )
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RERBERN ENER

17



DDA K EB oS ScoARMER , E—F RN R CDARRE
TTREARWARKETT , H&1B$TJ«XEaMleE HEEERDE ,
ﬁ'ﬁomﬂﬂ@ifcmﬁm&l]ﬁﬂg FNMNETHRLREB XIS
b7 3:0pTig ]

B {8 52 BY R PurcellF A KA Clausius-Mossotti polarizabilities:

,CM 3d° ¢ -1

j dipole:4 £, LD
X EH Wdzﬁﬁﬁl_ﬁﬁin*ﬁﬂgﬁﬁ g: MR EBEE

woﬁﬂﬁwﬁﬁmﬁinm;mwwzémm i — R
T, BEZMEEER,

18



DOAMHATRE SR TR 2B R/ EX , HETHERE/D
i , DDABGEERBERD

EERSERHER
1.33+0.01i89 /N BRI B 5T |
Ui, ooASMicHR

el P R TN T 7

g:! | WLEH

"y LEEFET , Woa s
: TRBEZ , RERD
@ 0

zﬂiﬂﬁmiiﬁﬁﬂ
B, BIEPNRERAR
K265 , REHBT 3%

[ ]

[

error in Q. (%)
0d

(=

Bruce T. Draine et al, J. Opt. Soc. Aml.gA ,
11, 1491 (1994)



DDAJER , R —REII 2 AELE , FTADDATTH
B G R TT .

A 4
1.2 5 020‘
gy | \ \ I \ &%
o 100 nm g 015
g of 8
% g 0.10
2
4 =
@ 0 T 0.05-
)]
U.D' T T T T T T 000 T d T ¥ T T T "
400 500 600 700 800 400 600 800 1000
Wavelength (nm) Wavelength (nm)

BBREE DB N100, 150 , 200nm , RENSE D BIH
55 , 50 nmfY nanobarslélﬁkéhao BAREBEEN NN E
*% 2R, MENEZERERNFIRZNHIETENnanobars

Synthesis and Optical Properties of Silver Nanobars and Nanorice , Zhi-Yuan Li et al, Nano Let%(? 7,
1032 (2007)




TMM (Transition matrix method)
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ZR—FERAFHK
Einc (r) — Ez)nceikl-r

Z3—FERBRHARE , AFXNBHXBTLUBRERITH

E™(1)=3 3 [EmM%kur) (BN ()

n=lm=-—n

£ (1)=3 3" [ EM () +@NSkn) | >R

n=lm=-—n

( EAEN RPN , RESSEMNREEN —MES
RBMEE, R ERRRE—XNE =X X BREEK
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Michael |. Mishchenko et al, Cambridge ( 1994 )



AFXNBITRBAUFER L, MBRBEZRTFSIE
HNEHRER , BFEXANBARBAARERTREE -
PMEREXRR , IERTLUEN —NMERBIER ( T-matrix )

o0 n’
. 11 12
pmn — Z Z |:Tmn Mn’am’n’ +Tmn rﬁn’bm’n’:|

n'=lm’'=—n’
2 X 21 22
Omn = Z Z |:Tmn min’@m'n’ +Tmn Mn’bm’n’:|
n'=lm'=—n’
AR ETRRN

HEOEEAH
IR BER K T-matrix , BPA RS FERY BT REEL AT LUK Hi 5k

23
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NGB F—f& 8 F%: EBCM (Extended boundary
condition method)
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Michael |. Mishchenko et al, Cambridge ( 1994 )
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HREENRTF , THUBLRHEBERET
T(P)=—(ReQ)Q™

BEITERRHBFAXNBRTRE , WBESHESH—RI
MERMALIRERT , b
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Plasmonic Resonances of Closely Coupled Gold Nanosphere Chains , Nadine Harris et al. J. Phys.
Chem. C 2009, 113, 2784-2791







ST

BRI RTE

BE S| ARMI KL, RN KEGHPRILG A&
BR T A AN AT A NTREE | SREEALLLL.
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T, BEMEES,

An incident light E°(r)ei“t impinges on the following system,
the scattering field E(r) is a solution of the wave equation:

~V X V X E(r) + ke, (0)E(r) + k*e,(r.w)E(r) =0, (1)

With e(r,w) = g,(w) + &(r,w)

In the scattering: ¢(r,o)
out the scattering: ¢, Es
In E(r), eitis cancelled.

Generalized field propagator for electromagnetic scattering anu iy
confinement, Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)
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Introducing the operators
2 2
L=-VxVx e =k¢(0) ¢ =k'(0)
Eq.(1) can be rewritten as
(L+e +e)E=0 (2)

and E°(r) satisfies
(L + e,)E’ =0 (3)

The Green’s tensor G° associated with the reference is
(L +e,)G" =1 (4)
0 -1
—> G =(L+e)

The Green’s tensor G° associated with the complete system
'S (L +e +e)G =1 (5)
. -1
—> G=(L+e +e,)

30
Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)



if(2)=(3),then (L+e +e)E=(L+e)E"
— G 'E =(G°)'E"°
— GGE = G(G°)'E®°
—E=G(L+e, +e, —e )E"
— E = (I —Ge,)E®°

In the r-representation
E(r) :f dr'[6(r —r') — k*G(r,r', ) - &,(r',w)] - E°(t)) (6)

Finally, we get Lippmann-Schwinger equation

E(r) = E’r) — sz dr' G (r,r', w)e,(r', ) - E(r). (7)

This is the main results of Green’s tensor method
31
Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)



JUR Ui BA S iR R

E(r) = E%r) — sz dr' G (r,r', w)e,(r', ) - E(r). (7)

(1) NEATEEY , BFEEARBEFEAEA— KW

BB37 A LA B NS A MBS SR B R
RF|AR , KRR T K B 44 P R EUS BY B 3Rl 51
[A]

(2) BENMEREARHEHBFEERNNESYg , AR

ALRBRZEEA-ANEE , SHBEFNES. X2
_.”‘)\IEﬁmjﬁ}ﬁo

(3) R EH , MERFZEALATEEE, BUICHESH.
BEXRGFPAREREMMAT , BFE AL HBEFERRI
I EBHIEENRREEEHMITHIR (SPR) -
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X TFcHlcHyiRER :

XBGRIDRG M Green’s tensor

1 — ik, R
Gﬁ{r,r*,m>=—(1— g1 (8)
=3 + 3ik,R + kERZRR explik,R] 1
kZR4 47 R
where R = |R| = |r — r/| and k? = g,.(w)k>.

(1) A LES , c 88 THZHWR S , HETHELUSH,

(2) Er=rl , CFHEFREE, BEFNLEBREZRE—D
R=0/J?EIXHWFH$R§J‘ , BEiEGHASERT, BETSEL
TR,

(3) BERHNRE , FEFRNFERBMH KRG EPMHE—
By,

Yaghjian A. D., Proc. IEEE, 68 (1980) 248.
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BEEENES , TEBc xR :
G =G’ - G.,G
(1) BENREANEHRT , £ (6) FHGERIA , £
(7) FAGTRIA,

(2) BUTENMEREFHERNAENEEITHG , %
TEHEANTh RS L1 528 R KAERE R

N
_ 0 _ 42 0 5 _
G!.j '"'- G;J k Z Gi,pgp GF-!‘&P ’
p=1

/- m=—1 __ 1 2gHm—1 5 m
G",j - Gl,f k Ghm EFH Gm,j&”’i .

Generalized field propagator for electromagnetic scattering and light confinement, 34

Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)
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Generalized field propagator for electromagnetic scattering and light confinement, 35

Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)
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Resonant Optical Antennas, O. J. F. Martin and B. Hecht et al, Science,308,1607,2005.
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Lippmann-Schwinger equation is changed as

E(r)=E%r)+ j dr'GB(r.x") - kiA=(r')E(r').
v

Eg=2.25

NN

ere As(r)=g(r)—ep TRttt
Wh As(r)=s(r)
G°(r.r’) ={ AL o

ké 2
3—3iknR —kiR? | ex (1ksR)
+ BT BT gr| BT
kiR* 4R

EEHPFLIWLE BERIADO,

37
O. J. F. Martin et al, PRE, 58,3909 (1998).



BMHARGETLEBFIANPIREERBISPR (1)

2D Silver ellipse
size 20nmx10 nm

Results:
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Spectral response of plasmon resonant nanoparticles with a non-reqular shape

Jorg P. Kottmann et al, OPTICS EXPRESS, 6,213(2000)
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BHART ETLBEFIANUREBEIsPR (2)

2D Silver triange
size 20nmx*x20 nm

Results:

BEEXANFRNAE , iR
Hﬁw %ﬁﬂmﬁ%ﬁﬁﬁ
O%QEL , BLANA
WQELﬁTﬁmnio

-
=
(5]

Scattering cross section [rim])

10"k

107 b

400 500
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Spectral response of plasmon resonant nanoparticles with a non-reqular shape

Jorg P. Kottmann et al, OPTICS EXPRESS, 6,213(2000)
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I8P K75 AL B B R G R R

The Green’s tensor G(r.r') for an arbitrary scattering
system described by the dielectric permuttivity e(r) and the
magnetic permeability w(r) i1s the solution of the vector
wave equation with a point source term [1]:

VXu HrVXGrr' )—kie(r)VXG(r.r')

=pu " Hr)18(r—r"), (1)
7z i

G{r:rr}= ——5{R}+ _}J\ j d-k:. dk.}' Elﬂ:.p{f[kx{x—xr}
.i'r% S

1 .
+ky{;l*—J*'}]}E[ﬁ'ﬂﬂ*hglz—z’ )

+ R exp(ik;.z) + R exp( —ik.z)

+mm exp(ik,_|z—z'|)+ R exp(ik, z)
+RF exp( —ik,.2)].

40

Accurate and efficient computation of the Green’s tensor for stratified media
Michael Paulus el al,PRE,62,5797(2000).
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B A R E=E"+G" AcE ® 6 0 ¢
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G =G" + G" - AeG, .{Pr ® o6 0
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w {mcfa)

Olivier JF martin et al, PRL, 82,315 (1999).

41



I8 PR I 2K 5 75 4 R s PR THI BY 20 K BURL L (8] |

AL :

E. (r)=EX(r) + EL(r),

where E_?EP and Ez; are the electric fields of the scattered
SPPs and the waves propagating away from the metal-
dielectnc interface, respectively. Here,

Effpmil'}=kﬁj Gsppr(r. 1" )[e,(r') — &, JE(r’ )dr’,

v

. . o . _ 42
Surface plasmon polariton scattering by finite-size nanoparticles

A. B. Evlyukhin et al, PHYSICAL REVIEW B 76, 075426 (2007).
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*ﬁ%%ﬁﬁﬁﬂi (Green’ s matrix method or GMM)
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Starting from Lippmann-Schwinger equation

E(r) = E%r) — sz dr' G (r,r', w)e,(r',®) - E(r').

If the clusters subspace V' 1s divided into N pieces with R
the volume 8V (with 6V < V'), eq. (3) becomes éi'lgﬂﬁ,l Eﬁ

B o {60 AERE &Y
> lalr,w)@rrw) 8w B(r) =—E°()  (4) /" AEFEE

reVv
with IErrﬂ'lir, r',w) =dVEAG"(r,r',w). Let us rewrite it in e
the form S
,_, - _ 0
Y (@ w) - B =)
EalT, )

reV

where s= ! Eﬂ, a AN *3N matrix, is called

e(rw—epiw)’

Green’s matrix.
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Electric fields in the nanostructures:
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Electric fields outside the nanostructures
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Y.Gu et al, EPL, 83 (2008) 27004
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Resonance Capacity (RC)

Definition in view of the inside electric field energy of the

nanostructures
o vl fres EGOIE
b ,
Jy dv'|ealw)|.[E°(x')
In.E
res| E(r ][], = ITJT R,|
where
e = = + elw). (eaEql = €nEn ),

Y.Gu et al, EPL, 83 (2008) 27004
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Physics meaning:

(1) RC quantitatively expresses the ability to gather the
electromagnetic energy from the environment for free
electrons in metals.

(2) the larger RC means the larger value of ¢ _E,, so the
more enhanced near field E

(3) by RC distribution, we can select those SPRs with the
strong near fields in the subwavelength metallic structures

(4) the extinction peaks of far field should correspond to
those SPRs with the high values of RC

Resonance capacity of surface plasmon on subwavelength metallic structures ,
Y.Gu et al, EPL, 83 (2008) 27004
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Comparison with the nanoantena experiment

200
i = (X .
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T ¥ ' T
200 300 400
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Science, 308, 1607 (2005)

Nanoantena effects : at the wavelength
830nm, a nanostrip 260X 40X 45nm?3 has
no SPR, while with a gap, SPR happens.

GMM results

Resonance capacity of surface plasmon on subwavelength metallic structures ,
Y.Gu et al, EPL, 83 (2008) 27004
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Resonance capacity distribution of rectangular

nanostrips

A=632nm
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On the other hand: o0l
RC distribution has H

a little modification 0.96] () S320m
with increasing the wavelength
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Comparison between GMM and DDA
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Good agreement, DDA data by Li zhi-yuan

, J. Li et al, Journal of Modern Optics, Vol. 56, 1396-1402 (2009).
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