
39 

resonator can exhibit multiple Dirac cones and Dirac-like cones simultaneously, which can 

be used for wide verities of applications in air media.  

  

Figure 5.3: The triply degenerated point at Γ after tuning the 
resonator for 𝜃 = 9.7 𝐷𝑒𝑔. Perfect orthogonal transportation can 
be observed at the acoustic pressure filed distribution when 
excited at the Dirac-like frequency. 
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 Figure 5.3 shows the acoustic pressure field distribution of plane wave, excited at 

a frequency f = 12.505 kHz. This frequency is the Dirac frequency for the first Dirac-like 

point of the dual Dirac cone. Proper transmission along multiple orthogonal bends can be 

observed from Figure 5.3 which validates the existence of real Dirac-like point. An acoustic 

pressure excitation at a magnitude in terms of normal displacement of 0.1 m, has been 

given at the left boundary shown, and the wave manages to transmit along the orthogonal 

directions for 4 consecutive bends without getting decayed. 
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CHAPTER 6 

ACOUSTIC TOPOLOGICAL CONDUCTION 

6.1 Background 

 Topological insulator has been one of the intriguing topic of research for the past 

decade. The ability of transporting electrons only along the edge of a surface, prohibiting 

the transportation at the middle, is the prime phenomenon of topological insulators. 

Regardless of any deformation of the boundary, the edge transportation remains 

uninterrupted. That is why, they are called topologically protected. Recently, materials 

possessing topological properties have been found in nature. This has been one of the 

breakthrough discovery in the history of condensed matter physics. Till date, topological 

insulator has been researched in the area of photonics and condensed matter physics. In 

case of phononics and acoustics, this area is still to be covered and very less work have 

been done in this aspect. Like the way topological insulator is crucial in directional energy 

transportation, counter phenomena of topological insulator can also be considered as 

important.\ 

 6.2 Methodology 

 Topological insulator helps to conduct electrons along the boundary of the material, 

where the rest of the material acts as an insulator, prohibiting conduction. Similarly, there 
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might be a phenomenon where the material acts like a conductor, keeping the boundary 

protected from the conduction. Here, the boundary exhibits insulating phenomena, keeping 

all the conduction away from the edge. We have developed a basic acoustic model where 

this phenomenon has been observed and that is why, we have proposed this phenomenon 

as “topological conduction”. The counter phenomenon of topological insulator made us 

name it a topological conductor. If a PnC matrix is excited from one end at a certain 

frequency, the matrix acts like a topological conductor, keeping the edge safe from the 

acoustic energy propagation.  

 Acoustic energy excited at a frequency of 18.947 kHz creates topological 

conduction. We have generated the plane wave from the left boundary, shown in Figure 

6.1. Here, the wave keeps travelling inside the PnCs, keeping the edge protected. A 

negligible amount of energy is leaking outside the PnCs which can be treated as a 

computational error. Now the material can be topologically protected when the edge 

Figure 6.1: The band structure for the model of topological conduction phenomenon. A 
perfect topological conductor developed has been showed here where the acoustic energy 
is trapped and conducting inside the PnCs, keeping the boundaries unharmed and protected.
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deformation does not vary the topological property of the material. We have changed the 

PnC matrix size and shape to observe the topological property of this topological 

conductor. We have found that, regardless of any shape and size, the topological properties 

remain unharmed and the PnCs remain topologically protected. Due to further study and 

finding for my PhD dissertation, I will keep this study up-to here.    
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CHAPTER  7 

CONCLUSION AND FUTURE WORKS 

 In this study, we have analytically solved the dispersion behavior of PVC PnCs in 

air media, having multiple probable triple degeneracy at the Dirac-like point at 𝑘ሬ⃗ = 0. We 

pivoted our study on two ‘deaf bands’ that are identified as probable governor of the Dirac–

like cones. There we selected two frequency regions, to study further if the accidental 

degeneracies occur by modulating the physical parameter of the resonators. A predictive 

optimization process discussed in this article leads us to find the region of the Dirac-like 

cone based on the zero-group velocity flat bands, or the ‘Deaf bands’. With this unique 

phenomenon depending on the deaf band, we fabricated two numerical experiments to 

determine the behaviors of the Dirac-like points, to test if the regions identified are actually 

the Dirac-like points. After test, we demonstrated that the orthogonal wave guidance at the 

Dirac points are evident in Region A and Region B. In this article, however, only the 

Region A Dirac point behaviors are discussed with several other phenomena like, 

orthogonal wave transport, channeling plane waves along the offset axes, acoustic No 

Zone, acoustic clocking, acoustic vortex or self-looping leaving imaginary acoustic sources 

at offset locations. Mode identification, relation between the mode shapes and their role in 

the above mentioned unique wave propagation behavior are logically analyzed and 
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discussed in this article. This this study, it will help us in the future to further find the 

intriguing wave guiding properties of Dirac cone in acoustic metamaterials. 
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