FA1E5H 11 )
2012 4F 11 A

b/ R S
ACTA PHOTONICA SINICA

Vol. 41 No. 11
November 2012

doi:10. 3788/gzxb20124111. 1331

A TR R U /3y AL il RS i AP S50
WAL B

g] 7‘}(%{8 ,@l: %b ’ )a /f:‘iéaa ’ £ ‘E?‘L"%la
(1 AP B K2 a. WB2EBE s b L TRE 22 B . I TR 411201

B EERAARNBRESF R AATAMEAERAREZIAGLI R LHENR,FELITT
M B AR AR R Z MG RT VAR AR ST B 5Tk 0 %ol 25 R RO A B AR 4R 40 K 4% 09 R A & AR st
BEFEMABTHENLFHAMBAAALARKZIALNGRREL. & THRABES LR, Ag A1 K
K ey B LA ESTHRGATACERE T AT O ZHLRE T EKRRG GDEE, XIEFRE
PR R B RS K E A R LA, Bk, Ag ok Bk ) A8 RG],
KBR:ARESHB T F; 2B F B THRERRAREK LA AEMEE LR

hESHES.0431. 1
0 5§

1871 4, Maxwell & Bl 24 5 B8 5 9 4K i) 25 %
Y A S35 1900 4F Lebedev, 1903 4F Nichols
A Hull 23R UE B T — 451 M5
A R RO A AN KR 2% TR O AT DL | R AR 9
JRy 337y, 3 AR R s N AT T4 /N A B A T Bl fs S A
14 <55 Je E T J 2H s ) B R R S A [T R A X LA
Fed A B30 2 Ol I 45 (O 1 7 RS Ok IR
M KA 45 B - A L4 S F 5306 15 07 33X o
IR 4 Ja B A K S5 R T RE T — A8 i & AT
FE L. SCHERES IWFSR 1 46 Ja A K 45 44 14 R 56 )
5 H U 2 2 (U 42 & 91K 25 0 B ) ) 80T B 0O 19
SKFR BRI AH DG TLART 2 1 22 A X8 't g 52 el 1) AF 5
AR B BRI R R iy T AR R A A R G
A5 1 291 0K 45 4 <6 T B Y B 22 ML R R SR AR
A (E .

AR iz A B B 5 22 43 7 15 (Finite-Difference
Time Domain, FDTD)Y JBF5Y T 10 77 A 45 58 1k
R A 1 49 [ A T AR 40 K R 1R O . o i IR B
RGBS TR IRBON R T g K R TR
HO Al I AT . SCEE RN R IR A AT T Ak
ST LA B ARRT L B 55 2 6 10 722 Ak X Ot g 1 52 . 45
R 0T T SE R R GE DI B AT SR A0 K 2k 2 Ji)
W51 g AL 2 A ARG T A AR 2R
LRV I TEAR AN K 2K [B) 14 23 ) B S 7 & A 7 s 3

ERARIRAD : A

XEHS:1004-4213(2012)11-1331-4
IR UK T ARAOKR L BE N TR AR AR 5 - ORI
Hh O T 1) RE B A e T R TR R v 1 Bl RE L A AL
JiE v R 7 A ek /) 1) B0 BE 2 L DT 7 A WAL 1Y 1R
JeHs RPN L]

1 HEFE
FF Maxwell 741K FDTD & % G ™ 4% b

Ab B HORON . FE B R A R 4R M 4 R A T AL R Y
ZEE| W, Maxwell JF AT AFRR N

3 _ 1 7

atE(r’t) EC“(r’t)[V XHr,e)—J(r,t)] (1)
OH(r )= — 1V XE(r.0 2)
ot Ho

DI 0 =a] (r.0 RO EG D (3)

1542 J8 X 30 s e va T B IO J8 F 58 B (AL BLAK
BUEF N T RIELIH e =eve sa= —Ts f~eow;.

AR Lorentz 8 B RME AY , 2 #8570 32 %2
SR RGN € QU W R U D
B HL B 27 R k. Lorentz (UM RS A M R B A
Kh
U)2+}i)wcw
Ao =1 32 4% 5 I 9 A 0 A WL s o 0
Bl A3 5 0. R BHIEAA s 0, 45 I8 1 55 B 1300 56

W Ah  AESE B TARILIR S0 T L i g R (E)
Wl % i CHD Wl 21 1 1 B4y

4)

e(w) =e. —

ELWA - HEHRE2H4 (No. 51175172) FbI 4 A 2B} % 4 (No. 106101, No. 10JJ6008) ¥ 1l
E—EE HAKB 958 —) B A WSy O HLMAR B A2 J) 2. Email: gaoyongyi5188@163. com
BIWRAESE AP EQ985—) L W WFFE AL, R IE J5 1 o MR Y #E4E 2. Email: zhonghuil217@163. com

Wi HE 2012-03- 2118 E HHR:2012- 05— 29



1332 n T

EE ¢ 11 %

E(r)=E™(r)+ki X G (riroe(HEG) (5

s

H(r)ZHi“"(r)—ikﬂ: G (rar 0 (WHEG)  (6)
A ko=w/cor="C(x, ), 4H S HEAS FH
P NS Ol =TT = £ Al e S 3 7 Ny
G Gryr )N Bk i B M MO R G (rarD)
T EAR R Gu (o) =V X[ g, (ror) ], Horh
g0 (ror’) = (i/4) H, (kop) exp C(ik.z). A Y3 HAE
ey PR (k. =00, XK AEEES & GL =
—i/Up ko (y—y )Y H, (ko) Bl G =i/ (4p) ky (2 —
Y Hy Ceop) s Hotp o= [ r—7" [ Hoe 43 458 F R
PR ZAG R Gy = — Gy AR 0e () =e— 1 WU A
B H T r BT AR R e, A5 .
W 9 K 2 2% 1T B RO B A L 5 R (5D T i R
PRI B0 0 R R I AR AL TR 3. U A R
FAER T EGORATT G P HO). Xk
i & -k e ek el LGE Y E kit
i H.

2 HESRSW

P 1 DAy o B8] A R 0 K 2 B T A oy P TG £ T
P HCr a0 b Sy e TR i R R A Ay A A [
FEG K L8] (Y 18] B, 7 i KR e 8T 1 om0
WKL TECT 2 o, FEHH T XY « J7m) E R
SE MM VE BLJZ » v J7 ) bR TR 00 580 A SO
W o S5 AR A SO T B T RN TE Al 2 i
O LT U1 D I 44 2K 48 22 18 119 D' g 1 i = 1) A [
KA AR 3l K 0 5108 @ =16 nm Ml 6=9 nm I},
PP AR (B8] A 2 0K 2K 0] B [R) B AL X 98 K 20 2Z 18] 1 8 )
T4 WD 5 2) A (0l A R A B 3 Ry @ =16
nm il 6=9 nm If. 4K L ZE I 7 5 o0 Bl e 5% 19
FAE o XK ER Z 18] 19016 0 1 Jo 1) A 5 3) 1P A 13
G K 2 T (8] (9 (B B A S 5 nm B 8 R il K
JE a VR BE b X 40 K 2k 2 18] 199 56 F1 4 Jo 19 4
.

PB
/
a PML
| @G- -
1 2 /
4
X Incident wave

1 WHEEN AgHAEE +y FTEENITHERE
Fig. 1 The cross section geometries in x-y plane of

two elliptic silver wires
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Fig. 2 The optical forces on wire 2 with the elliptic
cylindrical dimension is 16 nm>X 9 nm change

with the gap distance
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Fig. 3 The optical forces on wire 2 with the elliptic cylindrical

dimension is 16 nm X9 nm change with the angle
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Fig. 4 The optical forces on wire 2 change with the elliptic

cylindrical dimensions when the gap distance is 5 nm
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Fig.5 The electric field E, distribution and the tangential
electric field E, distribution
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Plasma Resonance and Optical Forces Between Two Ellipsoidal Silver Nanowires

GAOYong-yi"s ZHONG Hui *, ZHOU Ren-long®, ZHAN Shi-ping®

(a. College of Physic; b. College of Electromechanical Engineering ,
Hunan University of Science and Technology ., Xiangtan, Hunan 411201, China)

Abstract: Based on the finite-difference time-domain method, the optical forces between two ellipsoidal
silver nanowires and the physical mechanism were investigated. The effect of the relative position and the
dimention of two ellipsoidal silver nanowires on the optical forces were analyzed. A slight change of them
would result in an obvious change of the optical force. The silver internal electrons were oscillated due to
local coupling resonance. The plasma resonance would convert the photon energy in cavity into the kinetic
energy of electronic collective oscillation. The electromagnetic field energy was reduced to negative state,
which caused the contractive and negative optical force. Therefore, ellipsoidal silver nanowires attracted
each other.

Key words: Finite-Difference Time-Domain (FDTD); Plasma resonance; Silver nanowire; Optical force;

Local coupling resonance



