58 9 2009 9

Vol.58 No.9 September 2009

1000-3290/2009/58 09 /6351-05 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.
*
;
710129
2008 12 10 2009 1 5
2.1—3.5 kHz ATLM
HRs

PACC 4385D 6220D 4390

21

.Fang
1.
2
1
2 324
Oeft .
Doppler
Cherenkov M
HRs
6
78
’ Bragg
013 7.
Bragg A~a HRs 15 mm x 15 mm
14 15 1618 19 1 a
Liu a 16.2 mm
2
* 50632030 50872113 2004CB719805

T .E-mail xpzhao@ nwpu. edu. cn

E eff

.HRs

az;{/6

340



58

6352
mm. HR
I, x w, x dy =10 L-C 1 b
mm X 10 mm x 12 mm S, =1, X w, L= p,d,/S, C=8,d,/
S, =4 mm x4 mm d, poco
=3 mm. 2
M
d i
v <>
a4 L
M
dy
W
(b) T Ifz -

R = R iy + Riision acoustic transmission line method ATLM

=d, v/ 21wp,/ T o+ OCoco k1’ 1S, 1
R viscosity R radiation 7] HRS
, I-C
w r
- Qo Co
25
2.2
HR _ PoCo ( o .8kro)
| Zo= g X\ Tyt
ZHR=R+J(‘UL_E)- 2 ro S
k

dg=4d, +1.7¢ * .HR )
27 HR

Zy + jZtan k a

Jo = L = il . Z, = 7Zx -
2V L C - Sydydyg ! Z + jZytan kya
5y Z=pycolS a
ki=k-ja a
Z,  HR

7= 2y Tl Zy + Zm -
HR

vy = Ly Iyl Zy, + Zy

3.
Zy.i +jZtan kya
Iv = Zx Z +jZy_ytan kia °

HRs



6353

Luo—2L | Zg+ 2 T=1-/
2 a
ATLM
2b
2 a 2.1—3.5 kHz
1
2 a ATLM
. HR
ATLM
2b
Re Z4
LOp, .1 A
0.8 —.l'
5 0.6
=
B 0.4
0.2 . - -LWER
’ -y — N=20FJHLRI &R
\1 -+ - N=500 s 45 1
o.0f @
2 3 4 5 6 1 s
HiZR /10°Hz
2 ATIM a ATLM
HR
3.2.
3
20 HRs
3
HR .
3 3.72 kHz 4.14 kHz

Im Z 4
Re Z4 ®
Im Z Im Z
ATLM
1 kHz
N = 500
2 a
1 HR
c.DO
N
i
=
w
e
8
i /10°Hz
b ATIM
70 F
. —u—4. 14 kHz
60 L —0—3. 72 kHz
—A—2. 82 kHz
50 - —v=—2. 62 kHz
>
Z pf
S{ﬂ
LT
7 30
i
20 +
10 |
(U 1 L I L I N i
0 5 10 15 20
HR RS



6354

2.62 kHz  2.82 kHz

20

HRs HR

HR

HR

% /10°Hz

2.1—3.5 kHz

3.3.
HR A>a
22
e
Eeﬁ - Eo 602 - Wy
22
1 1(1 _Fwﬁ)
Ey — E, w - wy + jlw
F = Szdz/ Sa I'=0.1w HR
4 a
2.1—3.5 kHz
4 b
3 kHz
0.9
0.6
mg 0.3
@ 0.0
3
@ 0.3
®
= -0.6
-0.9
-1.2 1 1 1 1 1 1
1 2 3 4 5 6
i /10°Hz
b

HRs


Absent Image
File: 0


9 6355
1 Pendry J B 1996 Phys. Rev. Leit. 76 4773 2004 Phys. Rev. Leit. 93 024301
2 Pendry ] B Holden A J Robbins D J Stewart W J 1999 IEEE 16  Zhang X D Liu Z Y 2004 Appl. Phys. Leit. 85 341
Trans . Microwave Theory . Tech . 47 2075 17 Feng L LuXP LuMH Chen YB Chen YF Mao Y W Zi
3 Veselago V G 1968 Sov. Phys. Usp. 10 509 J Zhua YY Zhu SN Ming N B 2006 Phys. Rev. Leit. 96
4 Shelby R A Smith D R Schultz S 2001 Science 292 77 014301
5 Pendry J B 2000 Phys. Rev. Leit . 85 3966 18 IuMH Zhang C Feng L. ZhaoJ Chen YF Mao YW Zi]
6 Zhou X Fu QH ZhaoJ) YangY Zhao X P 2006 Opt. Express Zhu YY Zhu SN Ming N B 2007 Nat. Mater. 6 744
14 7188 19 WangWG LiuZY ZhaoD G Ke M Z2006 Acta Phys. Sin. 55
7 LiuH Zhao X P Yang Y Li QW Lv ] 2008 Adv. Mater 20 4744  in Chinese 2006
2050 55 4744
8 LiuB Q Zhao X P Zhu W R Luo W Cheng X C 2008 Adv. 20 LiuZY ZhangXX MaoYW ZhuYY YangZY ChanCT
Funct . Mater . 18 3523 Sheng P 2000 Science 289 1734
9 Wang LS Luo C R Huang Y Zhao X P 2008 Acta Phys. Sin. 21 LinZY Chan CT Sheng P 2005 Phys. Rev. B 71 014103
57 3571 in Chinese 2008 22 FangN XiD XuJ Ambati M Srituravanich W Sun C Zhang
57 3571 X 2006 Nat. Mater. 5 452
10 Parimi PV Lu W T Vodo P Sokoloff ] Derov J S Sridhar S 23 DingYQ LuZY QuCY Shi]2007 Phys. Rev. Leit. 99
2004 Phys. Rev. Letr. 92 127401 093904
11 Cubukcu E  Aydin K Ozbay E  Foteinopoulou S Soukoulis C M 24 Li] Chan C T 2004 Phys. Rev. E 70 055602
2003 Phys. Rev. Lett. 91 207401 25 ChengY XulJY LiuXJ2008 Phys. Rev. B 77 045134
12 IuZ L Murakowski J] A Shuetz C A Shi S Schneider G J 26 Kinsler L E 1982 Fundamentals of Acoustic 3rd ed. New York
Prather D W 2005 Phys. Rev. Lett. 95 153901 Wiley Press
13 Steinberg AM Kwiat P G Chiao R'Y 1993 Phys. Rev. Leit. 71 27 DuGH ZhuZM Gong X F 2001 Fundamentals of Acoustic
708 Nanjing Nanjing University Press p254 in Chinese
14 Sukhovich A LiJ Page J H2008 Phys. Rev. B 77 014301 2001
15 YangSX PageJH LiuZY Cowan ML Chan CT Sheng P 254

Audible sound metamaterial

Ding Chang-Lin  Zhao Xiao-Peng'
Department of Applied Physics ~ Northwestern Polytechnical University ~Xi'an 710129 China

Received 10 December 2008  revised manuscript received 5 January 2009

Abstract

We fabricated a kind of 1D metamaterial which consists of periodic array of Helmholiz resonators and tested its acoustic

transmission at audible sound frequency in air. The experimental results show that a transmission dip appears at the frequency

range of 2.1—3.5 kHz. The transmission ratio simulated by acoustic transmission line method ATLM is in accordance with the

experimental results. From the effective impedance calculated by ATLM the transmission dip is ascribed to the backward wave

reflection of HRs’resonance. Furthermore

the transmission pressure distribution measurement of the inner sample clearly

demonstrates the resonance effect in the metamaterial in which there is an out-of-phase response to the driving field. The value

of effective modulus is calculated to be negative based on the resonant model mentioned before .
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