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Fig.1 A transverse cross section of 2D phononic crystal:
a rectangular array of infinite elliptical cylinders
periodically distributed in an infinite host
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Fig.4 The band structures and density of states for a rectangular array of

elliptical water cylinders surrounded by mercury bost, with a = 0.
The left part of the triptych represents the band structure in the five
principal symmetry directions, letting k scan only the
periphery of irreducible region MIXMYT of the first Brillouin zone.
The middle part illustrates the eigenvalues ,, as a function of
| k i3 i.e., the distance of a point
in the irreducible part of the Brillouin zone from I' point.

The third part shows the density of states.
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Fig.7 The band structures and density of states for a rectangle array

of elliptical water cylinders surrounded by mercury host, with @ = /4.

The other parameters are the same as those used in Fig. 4

B8FERHar:a; = 0.8,ryir, = 0.8, Ha%r
HHO,x/8, /4, 3x/8, n/2 1, A0, Bl F 97254k
M. TR B, Y o RREIE, REFT AR KE
TR Foux ANF, 3% E 3R A BE 5 B3R 0.785,0.

726,0.613,0.531,0.503( LB 2 HIHELR). MBI
ERTLIRIL, A0, B F KB KRN, S F
= 0.3~ 0.4, RFEMAEH AQ, B TERKER
B, HY o K, AQ, TRABTR.

0.5

0.4
0.3
e
<

0.2

0.1

B8 Maya =0.8,r:r, =0.8,a 35K 0,7/8,7/4, 3178,
and n 72 8F,A0, B F #9738 {L3LE

Fig.8 The relations between AR, and F for five different rotating angle 0,

7/8,m/4,37/8, and n/2, with ay:a; = 0.8 and r,:7, = 0.8

B 9 Fm S B MR B DL R TR
Bf,AQ; FE o« WL B ay:ay = 0.8,F =
0.35, LK LR M SRR HIXBL ry:r, = 0.9,
0.8F10.7 WIEAR. EDALIES, Y F —E8,
A FEE o« WK KBRS r, 5r, B
B, AQ KB o B EE, Y r,:r, 1
R/, AR IR AE RN, HARH 32 A AR ALY
K.

0.48
0.46 ;///—\
044 eememes .
g | T \
3 I y
0. 42f |
\
A\
\
N
0.4 \
F=0.35 N
0.38 N . .
0 n/8 n/4 3x/8 /2
a

B9 Yayia; =0.8,F = 0.358,A0, B o BEILHA.
B LR A RIE S BN ryor, = 0.9,0.8 70 0.7 HIER
Fig.9 The relations between AQ, and a with a5:a4; = 0.8
and F = 0.35. The dashed line, solid line and dot-dashed line represent
the situation of r,:7, being 0.9, 0.8 and 0.7 respectively



B W R S R B B 91

% 41
4 4ig

A CHEBER 2D WA TS T ka3 YO i
BETLROH A KT S, 3R T H R
TR T B R M A AR T R B S B R
BSOS T BB O . BR IR SRR (1)
HEREFAETE F pan, BENRERR
SR ST AR Q) S SBER,
WERERRFIEIR F 555 E 0, 9% & e
ekt fa BERT 52 B A0 A B — . ()X
FEFBES, YHEAR F —an, BB RE LK
I 4 N — RSB WEKX.

8 £ x W

1 Kushwaha M S, Halevi P, Dof:uzynsn L, et al. Acoustic
band structure of periodic elastic composites. Physical Re-
view Letters ,1993,71(13) :2022~2025

2 Martinez-Sala R, Sancho J, Sanchez | V, et al. Sound at-
tenuation by sculpture . Nature, 1995,378:241

3 Kushwaha M S, Djafari-Rouhani B. Complete acoustic
stop bands for cubic arrays of spherical liquid balloons.
Journal of Applied Physics ,1996,80(6):3191~3195

4 Kushwaha M S, Halevi P. Giant acoustic stop bands in
two-dimensional periodic arrays of liquid cylinders. Applied
Physics Letters ,1996,69(1):31~33

5 Wu Fugen, Liu Zhengyou, Liu Youyan. Acoustic band

10

11

12

gaps in 2D liquid phononic crystals of rectangular struc-
ture. Journal of Physics D: Applied Physics,2002,35(2):
162~165

Kushwaha M S, Djafari-Rouhani B. Giant sonic stop
bands in two-dimensional periodic system of fluids. Journal
of Applied Physics ,1998,84(9) :4677~4683
Vasseur ] O, Djafari-Rouhani B, Dobrzynski L, et al. A-
coustic band gaps in fibre composite materials of boron ni-
tride structure. Journal of Physics: Condensed Matter ,
1997,9(35):7327~7341
Vasseur ] O, Deymier P A, Frantziskonis G, et al. Ex-
perimental evidence for the existence of absolute acoustic
band gaps in two-dimensional periodic composite media.
Journal of Physics: Condensed Matter , 1998, 10 (27):
6051~ 6064
Sigalas M M, Carcia N. Theoretical study of three dimen-
sional elastic band gaps with the finite-difference time-do-
main method. Journal of Applied Physics,2000,87(6):
3122~3125

Kafesaki M, Economou E N. Multiple-scattering theory
for three-dimensional periodic acoustic composites. Physical -
Review B,1999,60(17) : 11993~ 12001

Yang Suxia, Page ] H, Liu Zhengyou, et al. Ultrasound
Tunneling through 3D Phononic Crystals. Physics Review
Letter ,2002,88(10) :104301

35 . B P 3. QL5 T8 R AL, 2003 (We
Dan. Solid State Physics. Beijing: Tsinghua University
Press, 2003 (in chinese) )

.



) B o ¥ 5 #7 # ¥ # 2005 F5 3 &

ACOUSTIC BAND GAPS FOR RECTANGULAR ARRAYS OF
ELLIPTICAL LIQUID CYLINDERS

Huang Fei,He Zeng
(Department of Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract The acoustic band gap structures for rectangular arrays system made of elliptical water cylinders
surrounded by a mercury host were investigated by plane wave expansion method. Multiple, complete acoustic
band gaps were found for different elliptical cylinder radii and rotating angles. When lattice constants a; =4
cm, a;=3.2 and filling fraction F =0.35, there is only one complete band gap and the corresponding width is
0.453 for rotating angle being 0, but there are three complete band gaps and the corresponding widths are 0.
458, 0.023 and 0.062 respectively for rotating angle being /4. It can be concluded that, in such a simple
two-dimensional inhomogeneous system of liquids, the acoustic band gap structures are affected by the filling

fraction, the shape of elliptical cross section, and the rotating angle.

Key words phononic crystal, periodic structure, phononic band gap, band structure
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