Applied Physics 5. f#)#, 2016, 6(4), 83-90 Hans XM
Published Online April 2016 in Hans. http://www.hanspub.org/journal/app
http://dx.doi.org/10.12677/app.2016.64012

Complex Dynamic Mass Density in Acoustic
Metamaterials

Guanghao Wang, Ping Bai, Jie Luo, Yun Lai*

Collaborative Innovation Center of Suzhou Nano Science and Technology, College of Physics, Optoelectronics
and Energy, Soochow University, Suzhou Jiangsu
Email: 358994216@qq.com, ‘laiyun@suda.edu.cn

Received: Apr. 6", 2016; accepted: Apr. 21%, 2016; published: Apr. 27", 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The mass density of normal acoustic materials is usually a real number. Energy dissipation is in-
duced by the volume or shape change of the materials, which relates to the imaginary parts of
complex moduli. Here, we show that by using acoustic metamaterials, complex dynamic mass den-
sity can also be realized. In this case, energy dissipation is induced by the change of momentum of
the material. We analyze the physical origin of such complex mass density and provide a theoreti-
cal approach to calculate the effective complex dynamic mass density for acoustic metamaterials
with dissipation. The obtained effective complex mass density is verified by finite element simula-
tions, including both transmission studies and realization of coherent perfect absorption. Our
work shows a way to realize complex mass density, which has important applications in enhancing
absorption of acoustic waves.
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Figure 2. (a) and (b) shows the real and imaginary parts of the complex eigen-frequency (Re( f ) Im( f )) as functions of the

real wave vector for the longitudinal dipolar mode, respectively. Loss is added in the silicone rubber coatings by changing the
modulus to be E:(2—0.1i)GPa. (b) and (d) shows the real and imaginary parts of the complex eigen-frequency

(Re(f),Im(f)) as functions of the imaginary part of the wave vector (Im(k,)) for a given real part of Re(k,)=0.9n/a,
respectively. Apparently, with increase in Im(k,), the Im(f) decreases gradually. At the point of k, =(0.9n+0.128i)/a

(marked by a red dot in (d) and (e)), the eigen-frequency turn into a purely real number (Im( f ) = 0) . (€) The real part and im-
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Figure 1. The band structure of the elastic metamaterial (inset graph)
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Figure 3. (a) The obtained «,, for the band of dipolar lon-

gitudinal mode; (b) The obtained p,, for the band of dipolar
longitudinal mode. The longitudinal coordinates of the left are
the real part of the effective parameters and the longitudinal

coordinates of the right are the imaginary part of the effective
parameters
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Figure 4. Reflection and transmission rates as a function of the
sample thickness
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Figure 5. Snapshots and amplitude distributions for displace-
ments obtained for both the metamaterial sample and the ef-
fective medium, under two beams with opposite phases inci-
dent from the left and the right. The background medium is
epoxy
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