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Abstract

A new experimental method is developed to precisely measure the effective density and bulk
modulus using impedance tube. Considering the multiple reflections on multi-surfaces, a new al-
gorithm using transfer matrix method is considered to obtain the transmission and reflection
coefficient through a lossless sample and the corresponding effective parameter can thus be re-
trieved. Good consistence can be found between simulations and experiments. Having little impact
from the absorbing property of the termination, our newly developed method has advantages to
traditional impedance tube methods and can benefit the development of acoustic metamaterials.
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Figure 1. Schematic of impedance tube measurement: (a) impedance tube measurement schematic diagram, (b) the impedance
tube device
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Figure 2. Effective density and bulk modulus obtained by
experiments (dashed line) and simulations (solid line) and the
schematic of sample is shown in inset
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Figure 3. Comparison of effective density between different
terminations

& 3. T EHAIRRIEFRBNEE

1000 2000 3000 « 4;)b0 5000 6000
Hz

Figure 4. Comparison between different experimental methods
4. TEEHMNEF EREERAIEEMBRFEES
HEXTEEE

RO SR, BRI p 864G “ AR aR 7 RHERE S AT R0 B8, B 200 i 26
FoRs By TROUTEAERE i A RS, EIh SO ELERR: B, fn UL AL AR A AL
PREESCHR, B SR ORELERIR; By fafe g “ AR AR AR dh A R R SRS, P SR
LR WK 4 TTUEN, “VIEAESE" KR RIERE oA RO FENA AR s tAe 5t “ = A 8
7 EEGL i RAE, HEANZEEREH “ A aE" K.

5. &g

ARG RE U AL 2 B DU S I T E RGP B g A e SRIR S RN TR 4 “ =1%
FREE” R DML A" BRI A R . 1RG0 “ A A EHE” M DAL 88057 — R
ARG P A BT 6 BN AR AR 4 (V8 P, i DA — M IS PR B 75 e A A3 AR B R 7 o T X
TMASHITNEHSIE T 2 EIREHE L, SRR VS ELAL™, AGE FE 00 B i 38 FH TR A o
T HLR T P i (PR RCR R IEAN R, R BRI A TSkt T DL, B AR T A H B A )
ZER. MEREERF Rl GE “ =AE Ak A “DUAE a7 ARMEMRUIN . Hofsti Fom B R S, 45 R
FERTVERA B, R M.



HIig%, Bl

=g
/N

SEHk (References)

[1] Liu, Z2.Y., Zhang, X.X., Mao, Y.W., Zhu, Y.Y., Yang, Z.Y., Chan, C.T. and Sheng, P. (2000) Locally Resonant Sonic
Materials. Science, 289, 1734-1736. https:/doi.org/10.1126/science.289.5485.1734

[2] Zigoneanu, L., Popa, B.-l., Starr, A.F. and Cummer, S.A. (2011) Design and Measurements of a Broadband Two-
Dimensional Acoustic Metamaterial with Anisotropic Effective Mass Density. Journal of Applied Physics, 109, Article
ID: 054906. https:/doi.org/10.1063/1.3552990

[3] Yang, M., Ma, G., Yang, Z. and Sheng, P. (2013) Coupled Membranes with Doubly Negative Mass Density and Bulk
Modulus. Physical Review Letters, 110, 134301. https:/doi.org/10.1103/PhysRevLett.110.134301

[4] Hu, W.L, Fan, Y.X, Ji, P.F. and Yang, J. (2013) An Experimental Acoustic Cloak for Generating Virtual Images.
Journal of Applied Physics, 113, Article ID: 024911. https:/doi.org/10.1063/1.4775408

[5] Popa, B.-l., Zigoneanu, L. and Cummer, S.A. (2011) Experimental Acoustic Ground Cloak in Air. Physical Review
Letters, 106, Article ID: 253901. https:/doi.org/10.1103/PhysRevLett.106.253901

[6] Wiks, MlEZ, WEE, BT2. ROMERP]. HEYEES, |t ERZEB BT 5T, 2012(9): 589-594.

[71 Zhai, S.L., Chen, H.J., Ding, C.L. and Zhao, X.P. (2013) Double-Negative Acoustic Metamaterial Based on Meta-
Molecule. Journal of Physics D: Applied Physics, 46, Article ID: 475105.
https:/doi.org/10.1088/0022-3727/46/47/475105

[8] Ma, G.C., Yang, M., Xiao, S.W., Yang, Z.Y. and Sheng, P. (2014) Acoustic Metasurface with Hybrid Resonances.
Nature Materials, 13, 873-878. https:/doi.org/10.1038/nmat3994

[91 RfiE, A, MpE. BHUE RS BN VE]. o E S 2444, 2006(4): 108-110

[10] JRF&EWN, ZBeME. SRy MR B 77k )], A E S 54, 2000(6): 41-43.

[11] Fokin, V., Ambati, M., Sun, C. and Zhang, X. (2007) Method for Retrieving Effective Properties of Locally Resonant
Acoustic Metamaterials. Physical Review B, 76, Article ID: 144302. https:/doi.org/10.1103/PhysRevB.76.144302

[12] &%, %K, Ef&, RS, 5K FET LabVIEW BIRPRRZE R 2 500 & S0 RG] b st
BHRBEFAT, 2010, 29(10): 32-37.

[13] Popa, B.-1. and Cummer, S.A. (2009) Design and Characterization of Broadband Acoustic Composite Metamaterials.
Physical Review B, 80, Article 1D: 174303. https:/doi.org/10.1103/PhysRevB.80.174303

Lt
LY
Hans Xl
TR E B EZ T RS

BT EHARSS (QQ. flfE . WEAH BT
SR DU B A58 1 3 )

24 /NI DL SR IS O BT 6 )

AT HIAE LR 3R S

B AT

IR

G R 244 7 26 U IS RO A

Noakowpdr

¥efEiE s hitp://www.hanspub.org/Submission.aspx
HATIMBAE: ojav@hanspub.org



https://doi.org/10.1126/science.289.5485.1734
https://doi.org/10.1063/1.3552990
https://doi.org/10.1103/PhysRevLett.110.134301
https://doi.org/10.1063/1.4775408
https://doi.org/10.1103/PhysRevLett.106.253901
https://doi.org/10.1088/0022-3727/46/47/475105
https://doi.org/10.1038/nmat3994
https://doi.org/10.1103/PhysRevB.76.144302
https://doi.org/10.1103/PhysRevB.80.174303
http://www.hanspub.org/Submission.aspx
mailto:ojav@hanspub.org

	Measuring Effective Parameters of Composite Acoustic Metamaterials Using Impedance Tube
	Abstract
	Keywords
	利用阻抗管测量复合声学超材料特性
	摘  要
	关键词
	1. 引言
	2. 多重反射情况下样品参数的测量
	3. 实验系统及测量结果
	3.1. 阻抗管的测量系统
	3.2. 信号的发生和采集
	3.3. 实验测量结果

	4. 结果讨论
	5. 结论
	参考文献 (References)

