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ABSTRACT Anisotropic metamaterials are widely used in the field of topics because of their unique 

electromagnetic properties. These metamaterials can be mode from multilayer metallo-electric structures. These 

properties depend not only on the wavelength and polarization but also the direction of the optical wave-vector 

In this paper we have reviewed the receat Progress on the Parametric design the transportation devices. 

INTRODUCTION Anisotropic Metamaterials expressions for the anisotropic mass density were reported in 

the quasistatic limit and they depend on the cylinder’s parameters and the lattice geometry . It can be shown 

that even neglecting the terms of multiple scattering interaction, mass anisotropy appears for non-symmetric 

lattices. The components of the effective mass density tensor are 
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Where A is the anisotropy factor introduced in [38] and    is given by equation (4.14) with  . aa  It is 

assumed that the coordinate axes are oriented along the principal axes of the tensor ik  

The  expression for effective bulk modulus remains the same as that in the previous section, so that we can 

obtained the tensor for the effective speed of sound [38] as follows: 
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Note that the anisotropic mass density tensor can have both the principal value of the same sign (negative or 

positive) or they can be of opposite signs. 

Therefore, for the acoustic refractive index, we have 
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Where   defines the direction of propagation of acoustic waves in the effective medium. The refractive index 

surface n*( ) can be either elliptical, hyperbolic or imaginary, and also positive or negative, depending on the 

sign of B* and the components of the mass density tensor. 

When both the diagonal components of the mass density tensor have the same sign, but have signs different 

from that of the effective bulk modulus, the refractive index becomes imaginary and there is no sound 

propagation. When the signs are the same as that of the effective bulk modulus, the refractive index becomes 

elliptical – or circular in the case of isotropic media– and we have normal refraction or negative refraction, 

depending on the sign of the components of the mass density tensor. 
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If the components of the mass density tensor are of different signs, the refractive index surface is hyperbolic, 

and the sign of the square root in equation (4.20) is the same as that of B*. The propagation of waves in this 

medium will be determined by the component of the mass density tensor that has the same sign as B*. In this 

case the refractive index surface is hyperbolic, positive or negative. 

Figure (A) Summarizes all types of propagation regimes allowed in metamaterials, Note that, for a given 

frequency, it is not possible to have a positive index in one direction and a negative index in another direction, 

since the character of the propagation is determined by the bulk modulus, whose sign is determined by the 

operating frequency. 

 

Figure (A) : Summary of the different types of propagation inside acoustic matematerials. 

 

The mass density tensor and the scalar bulk modulus are plotted in figure B for a system of cylinders with 

ba BB 02.0  and ba  5.0 . The underlying lattice is rectangular with b = 2a and its filling fraction f = 

0.3771, corresponding to cylinders with radius .49.0 aRa   Figure C depicts the real part of the corresponding 

components of the sound speed tensor. We observe that from 
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to 0.05, the refractive index is elliptical and 

positive; then a region of non-propagation appears, where the bulk modulus is negative and the two components 

of the mass density tensor are positive, leading to a refractive index imaginary for all directions. Finally, two 

frequency regious with a negative hyperbolic index appear since the mass density tensors have two resonances 

and still a negative effective bulk modulus.  
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Figure B.  Effective parameters, normalized to those of the background, of fluid-like cylinders distributed in a 

rectangular lattice with b = 2a. The parameters of the cylinders are ,5.0 ba   ba BB 02.0 and .49.0 aRa 

Note that the two narrow multipolar resonances observed at about 
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=0.3 and 0.35 are located in a 

frequency region where the homogenization hypothesis is not valid. The thin horizontal line is a guide to the 

eyes defining the zero of the vertical axis. 

 

Figure C. Real part of the effective speed of the sound tensor of the medium described in figure B as a function 

of frequency. Note that we can have both components positive, or one negative and the other imaginary (the 

real part is equal to zero in this plot). It is impossible to have one component negative and the other positive. 

The horizontal dashed line is a guide to the eyes. 

Multiple scattering interactions have been included within this analysis; however, their effects are negligible at 

low frequencies. Note also that as ,5.0 ba   we have that ,
3

1
  which is three times smaller than the air-

water case, where ,1  which make multiple scattering interactions irrelevant in general. 

This simple example shows the variety and complexity of the propagation characteristics of anisotropic 

metamaterials. It is obvious that correct design of both elliptic and hyperbolic refractive indices should be done 

by properly engineering the constituent scatterers as well as the chosen underlying lattice.  
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