55 11 2006 11 Vol.55 No.1l November 2006
1000-3290/2006/55 11 /5866-06 ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.

410073
2006 2 19 2006 3 27

Mie
Mie

PACC 4320 4335

Mie
l.
19 20
1—17
Bragg Mie
Mie
1
Mie
311
2.
12—14
15 L
yA
Bragg
Bragg ‘
16
17 18 0 x
Mie {
. Bragg
Mie . . z

* 51307



11 5867
1 B=TA 7
B= b, A= a, T
u 5 7 4
Z[ 8ij8m1/8mf' - zt/;”o”n/d’ ij”o”nd] aﬁ’a/ = aim? . 8
A+2p4 V Vo u e "
-V xVxu+pou=0 1
e Ap
l
ur; - uii" r, o+ u‘jc T; det é\ss’ 81171’806/ - Zti”o”n/a' G;:;”na k ‘ = 0 9
= 2 anaJno' r; + bnﬂHno' r; 2 S, ;::f”na k
uii,n r; = Zamﬂ]rw r; u?“ r; =
" rsjoﬂno‘ k = ch//oﬂlw 05/ - 05 - R
anﬁHna r; T 8
1o . J " x exp ik R 10
l cdy T w T
. ¢ OS/
J,.r =V J ar e”
X y 0,=0,=0 2
JnZ r = v X z-]n Br em
1 i R
Jsr = E VxVx zJ], pr e
H, r =V H, ar "
H, r =Vx ZzH, fr e
! /
A in
H, r :EVXVX zH, Pr e 3 15mm. 1
a=wol A+2x B=wolp J, x H, /
x Bessel Hankel . 1 :
23 x'y
i 1
kg m~3 /m s~! /m 57!
- . . ) 11400 2160 860
wl o=l o = D> D> Wty 4 1180 2535 1157
Jj#i n'd
in 0
i T ST T
.o 12
i . 4
i J 10
N 8 L
; ;o g e
Hu"d' rj = ch"oﬂno‘]w r; 5 E 6
no .}ﬁ_ .........
R 4
.. Hn—n" aR[j e_i o ¢[j
Y —
n'd'ne = H , R -in'-n Sf’l.] 6 2
n—n' ﬁ i € 0
R,=R -R R R, ij M r X
2 / z
z 9 0,=0,=0c¢



5868 55
=¢' =3 n Brillouin
n=4 19 0.1 9
2
|
T—t 45 40365 05 =143 136G 1505 =115 136G 1513
det —ty303Go5 13 I — 1303603053 —th303Go313 =0 11
- 11313615 13 - 1131361303 1 — 5136153
|
4 Gysws 5
Hjls r; =Gi{3713f713 ri + Gi1j3o3jé)3 T
+G1313J£13 r, + 12
11 t113n3
T. 2
r n n=1 n=4
Mie 0.4% 11
11
|
1 —th303° Gosos -2 o303 Gosis
det =0 13
tisiss Gisos 1=tz Gisis+ b3 Gz,
|
13 Pf—u” k :{_[Yl B +%]8n—n"0
n-n’ + Qh in-n 0
ln nﬁz 1 e h}
10 7 Qh Qh_ﬁ
/] n-n" +1 B 17
=K, +k= Q, 0, K
Gisus 2,13m R exp ik R 9 " O O !
R Kh
=D H, o BR ¢ iexp ik R 14 15— 17 k=K, /2 n
R
2 -n G, k =0.
Goy.n k =P, k +i- P, k 15 Brillouin Gi3035=6Gy3,3=0 13
Plr’t—n” k —_8n—n"0 16 |
1 - tg303° Gosos 0
det =0. 18
0 IT—ti315 Gisis+tisis Gis s
|
1 —tg303° Gosos =0 19




11 5869
I-t313 G313+ t350 G35 =0. 20 9
5.0 T T T T T T
A, O 0 0
4.5} i
N 4.0r 1 det =0 21
| — 9 A(20) 00 45 0
2 -+ (DRI, n=4 0 0 0 Ay
¥ 3.0f
B
2.5F
Allzl_t()l(JI' G()l()l 22
2.0 F
s . . . . ) ——— Ap =1 = by =t tiari/tiags
“0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 Gl - 23
HamR
Ay =1 = t4502" Goaron 24
z Ay =1 = tioi = tiog tigraltiggg
3 19 Giyia- 25
20 1 n=4 22
0.6%. 4
0.2 1% 235
0.4 4%
7
-y 4 24 k
0.4 x-y n =0 )
n=4. l = th202" Goaoo = 0. 26
Brillouin Y/ 7.0 : . . . T T
9 ; ; . 6.5¢ — H(26)R 341
st * : 6.0} - Hﬂ(g)ﬁﬁ'ﬁ, n=4
Tt et RSO ‘Ei 5.5}
O =
£ 5 5.0f
= n L
Eat L ' 5}
® 3k s ! 4.0t
2f 3.5 - . . - . -
ik 0.0 0.10 0.15 0.20 0.25 0.30 0.35 0.40
. . . . B
M r X
5 wxy
4 / Xy
5 26
z n 9 n=4
n=1 0.4
0.6% . z
x-y
13 k=0
. k=0
15 16 17 k=0 n—n"
4 G, k 0.




5870

4. Bragg Mie
Brillouin
z xy
GOQ‘OUZI/tOGOU 27
6=2 3 z k=Kh/2 X~y k:Kh.
Mie
Mie
61 — iﬁfﬁ%ﬁo 01 '1/to,o,o,a' ‘ l !“"
o | = BB 050 11400,
- HFE K0, 400 1/10. 0.0
‘‘‘‘‘ 8 .
ﬁ 2} 0,0,0,0
ics L
s [
% P
& 2
H.,
B oa4f
pr
§
R
BT

Bragg

-10 1 ) !
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Pi% /10" Hz

6
6 z
[On) . 17
Q. -5 =0 28
Brillouin

k=n K,/2 28

wy=mn 7w c/L
p3)

Mie

55
Wo
Wy -
19 26 27
Wo
Mie
Mie . 6
wy Bragg Bragg
Wo
Mie
Mie
17 18
5.
Brillouin
Mie
Mie
Mie

Kushwaha M' S Halevi P Dobrzynski L. Djafari-Rouhani B 1993

Phys. Rev. Lett. 71 2022
Wu F G Liu Y Y 2002 Acta Phys. Sin. 51 1434 in Chinese
2002 51 1434

Wang G LiuYZ WenJH YuD L2006 Chin. Phys. 15 407
Kushwaha M S Halevi P Martinez G Dobrzynski L Djafari-
Rouhani B 1994 Phys. Rev. B 49 2313

5 WenJH Wang G Liu Y Z Yu D L 2004 Acta Phys. Sin. 53

3384 2004

in Chinese

53 3384

6 Psarobas I E  Stefanou N Modinos A 2000 Phys. Rev. B 62 278
7 LiuZY Chan CT Sheng P Goertzen A L Page J H 2000 Phy.

Rev. B 62 2446
8 WuFG LuZY LiuY Y2002 Phys. Rev. E 66 046628



11 5871
9 LiuZ Y Zhang X X Mao Y W et al 2000 Science 289 1734 15  Martinez-Sala R Sancho J Sanchez J V et al 1995 Nature 378 241
10 Wang G WenJ H LiuY Z et al 2005 Acta Phys. Sin. 54 1247 16  Dattas Chan CT Ping Sheng et al 1993 Photonic Band Gaps and
in Chinese 2005 54 Localization New York Plenum p 289
1247 17 Kafesaki M Economou E N 1995 Phys. Rev. B 52 13317
11 Wang G Wen J H Han XY et al 2003 Acta Phys. Sin. 52 1943 18  Klironomos A D Economou E N 1998 Solid State Commun . 105 327
in Chinese 2003 52 19 MetJ LiuZY Shi]J Tian D C 2003 Phys. Rev. B 67 245107
1943 20  Kafesaki M Economou E N 1999 Phys. Rev. B 60 11993
12 Sigalas M M Economou E N 1993 Solid State Commum . 86 141 21 Chin S K Nicorovici N A McPhedran R C 1994 Phys. Rev. E 49
13 Vasseur ] O Djafari-Rouhani B Dobrzynski L. Kushwaha M S 4590
Halevi P 1994 J. Phys. Condens. Maiter 6 8759 22 Gu B L Wang X K 1989 Solid-state Physics Beijing Tsinghua
14 Kafesaki M Sigalas M M Economou E N 1995 Solid State University Press p68 in Chinese 1989
Commun . 96 285 68

Study of the band-structure and the uncoupled modes in
two-dimensional phononic crystals with the
multiple-scattering theory *

Cai Li Han Xiao-Yun
Institute of Mechatronical Engineering  National University of Defense Technology Changsha 410073  China

Received 19 February 2006 revised manuscript received 27 March 2006

Abstract

The multi-scattering theory MST method is applied to study the band structure of the two-dimensional phononic band-gap

material. A comprehensive study is performed for the coupling between various order components of the cylindrical scattered

wave. It has been found that there are decoupling effects at the edge of the band gap. Therefore a self-contained self-consistent

multiple scattering model of the zeroth-order scattered wave is obtained at the edge of the first band gap. A Mie scattering factor

and a lattice structure factor are introduced to give a physical insight into the variation of the gap’ s starting frequency by graphic

analytic method.
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