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Waveguides

*Guides Wave along Path Z
* Similarities with Cavity Solution

* Free Boundary Permits Wave Propagation

*Ref. [1] Example, Rectangular Waveguide
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Crystals Overview

*Sonic & Phononic Crystals
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Acoustic Frequency Band Structure

*Example 2D Lattice of Cylinders, Ref. [3]
* Solid Cylinders in Solid Matrix

* Transverse Waves Considered
(Particle Displacements Out of Plane)
*Acoustic Wave Equation Governs System
‘ PZZTZ =V, - (pcf Vo)
*Solution Using Bloch’s Theorem
- u(rt) = pilk7-ot) 2z uE(C_f) eiGT

*Frequency Band Gaps Exist — Forbidden
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FIG. 2. As in Fig. 1 for aluminum alloy cylinders in a nickel
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Quantum Hall Effect (QHE)

*Electrons in Magnetic Field
* Circular Motions

* Quantized Landau (Energy) Levels

*Quantized Conductivity & Resistance

*Gapless Edge States
* Unidirectional Edge Current

* Edge State Bridges Energy Bands

*Brillouin Zone Topology
* Ref. [5], Chern Number: n = Zmif}"mdzl_é
* Hall Conductivity <« n
* Non-Trivial Topology, n # 0

* Bulk-Boundary Correspondence, Ref. [5]
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® counter-propagating “one- / 4
way” edge states (Halperin)

® confined system with edge
must have edge states!
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Quantum Spin Hall Effect (QSHE)

*Spin-Orbit Coupling
 Similarity with Magnetic Field Using Electric

Fields, Ref. [6] example E(r, 0,z) = f(r) I[r;]aggge f3rom Ref.
* HgTe/CdTe Semi-Conductor Quantum Well, o -
Ref. [7]

*Pairs of Oppositely Traveling Particles on
Edge with Opposing Spins i N ko I o

*Symmetric Gapless Edge States
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* Time-Reversal Invariant
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Acoustic Edge States and Topological Acoustics

*Edge States Similar to Quantum Hall and Spin }
Hall Materials are Possible for Sonic/Phononic IQC b,
Crystals (4 ‘;,9’ :

*Quantum Hall Analogue

* Acoustic Non-Reciprocity and Time-Reversal
Symmetry Breaking Required, Ref. [9]

* Circulating Flow to Simulate Magnetic Field

*Quantum Spin Hall Analogue
* Pseudospin Required

*Waveguide Application — Edge Paths Only Edge

* Input Pressure with Frequency in Band Gap $o v ——Propagation
A t  Permitted

* Topologically Protected Edge States Carry the

Wave Images from C=1

Ref. [9] pg. 3




Protection of Edge States

*Resistance Against Lattice Defects
* Protected Against Backscattering

*No Open Bulk States
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*Chern Number Independent of
Material Properties

Image from Ref. [9] pg.5




Acoustic Topological Insulator Studies

(b) Pseudospin Quadrupole

*Pseudospins in Unsymmetric Lattice, Ref.
[10] & [11]

* Topological Phase Transition Between

* Circular Cylinder Rods Spacing in Hexagon
Pattern to Topological Phase, Ref. [10]

*Simulations and Tests Verify Edge
Propagation and Resistance to Lattice
Defects

W © v
o) i « »Nontrivial

,fsxiﬁigg

Images from Ref. [10] pg.3 & 5



Acoustic Topological Insulator Studies
Continued

*Ref. [11] Test Data and Equipment, Images
from pgs. 2,4, &5
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Acoustic Chern Insulator Test

*Test Results and Theory in Ref. [12]

*Active Motors Imparting Circulating
Airflow

* Simulates Effect of a Magnetic Field

*Edge States Observed with Resistance to
Lattice Defects

1
Images from E:
Ref. [12] 4
pgs.2 &4 -369




References

1. L. E.Kinsler, A. R. Frey, A. B. Coppens, J. V. Sanders, Fundamentals of Acoustics (John Wiley & Sons, Inc.,
1999), pp. 252-255

2. M. Balkanski and R. F. Wallis, Semiconductor Physics and Applications (Oxford University Press, 2000),
pp. 2-7, 18-33

3. M. Kushwaha, P. Halevi, L. Dobrzynski, and B. Djafari-Rouhani, Acoustic Band Structure of Periodic
Elastic Composites, Phys. Rev. Lett. 71, 2022 (1993).

F. Duncan M. Haldane, Nobel Lecture: Topological quantum matter, Rev. Mod. Phys. 89, 040502 (2017)

M. Z. Hasan and C.L. Kane, Colloquium: Topological insulators, Rev. Mod. Phys. 82, 3045 (2010).

B. A. Bernevig and S. Zhang, Quantum Spin Hall Effect, Phys. Rev. Lett. 96, 106802 (2006).

N o Uk

T. Schapers, Semiconductor Spintronics (De Gruyter, 2016), pp. 39-47, 246-262


https://journals-aps-org.offcampus.lib.washington.edu/prl/abstract/10.1103/PhysRevLett.71.2022
https://journals-aps-org.offcampus.lib.washington.edu/rmp/abstract/10.1103/RevModPhys.89.040502
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.82.3045
https://journals-aps-org.offcampus.lib.washington.edu/prl/abstract/10.1103/PhysRevLett.96.106802

References (continued)

8. X.QiandS. Zhang, Topological insulators and superconductors, Rev. Mod. Phys. 83, 1057
(2011).

9. X.Zhang, M. Xiao, Y. Cheng, M. Lu, and J. Christensen, Topological Sound, Commun. Phys. 1,
97 (2018).

10. Z.Zhang, Q. Wei, Y. Cheng, T. Zhang, D. Wu, and X. Liu, Topological Creation of Acoustic
Pseudospin Multipoles in a Flow-Free Symmetry-Broken Metamaterial Lattice, Phys. Rev.
Lett. 118, 084303 (2017).

11. B. Xia, T. Liu, G. Huang, H. Dai, J. Jia, X. Zang, D. Yu, S. Zheng, and J. Liu, Topological phononic
insulator with robust pseudospin-dependent transport, Phys. Rev. B 96, 094106 (2017)

12. Y.Ding, Y. Peng, Y. Zhu, X. Fan, J. Yang, B. Liang, X. Zhu, X. Wan, and J. Cheng, Experimental
Demonstration of Acoustic Chern Insulators, Phys. Rev. Lett. 122, 014302 (2019)



https://journals-aps-org.offcampus.lib.washington.edu/rmp/abstract/10.1103/RevModPhys.83.1057
https://journals-aps-org.offcampus.lib.washington.edu/rmp/abstract/10.1103/RevModPhys.83.1057
https://www.nature.com/articles/s42005-018-0094-4
https://journals-aps-org.offcampus.lib.washington.edu/prl/abstract/10.1103/PhysRevLett.118.084303
https://journals-aps-org.offcampus.lib.washington.edu/prl/abstract/10.1103/PhysRevLett.118.084303
https://journals-aps-org.offcampus.lib.washington.edu/prb/pdf/10.1103/PhysRevB.96.094106
https://journals-aps-org.offcampus.lib.washington.edu/prl/abstract/10.1103/PhysRevLett.122.014302

	Slide 1: Topological Acoustics with Applications in Waveguides
	Slide 2: Waveguides
	Slide 3: Crystals Overview
	Slide 4: Acoustic Frequency Band Structure
	Slide 5: Quantum Hall Effect (QHE)
	Slide 6: Quantum Spin Hall Effect (QSHE)
	Slide 7: Acoustic Edge States and Topological Acoustics
	Slide 8: Protection of Edge States
	Slide 9: Acoustic Topological Insulator Studies
	Slide 10: Acoustic Topological Insulator Studies (Continued)
	Slide 11: Acoustic Chern Insulator Test
	Slide 12: References
	Slide 13: References (continued)

