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Topic

Using finite element methods, we will replicate a 2D acoustic metamaterial that hosts a

Dirac-like cone, a feature in the dispersion relation that induces a simultaneously vanishing

compressibility and density (a so-called “double-zero” metamaterial).

Specifically, we will replicate the results described in “Observation of acoustic Dirac-like

cone and double zero refractive index,” which reports “the first experimental realization of

an impedance matched acoustic double zero refractive index material.”1

We will discuss the significance of the Dirac cone,2 drawing parallels between relativis-

tic quantum mechanics3 and acoustics. We will summarize perspectives presented by the

condensed-matter physics community4567 and interpret these perspectives in the context of

acoustics.8 We will also discuss the potential applications and future directions of double-zero

acoustic metamaterials.91011

In addition to replicating the results of this paper and discussing the significance of its

findings, we will explore the manufacturing limitations involved in production and determine

a range of errors under which the Dirac cone can still be observed. We will also qualita-

tively (and numerically, time permitting) discuss how changing the unit cell geometry of the

metamaterial alters the Dirac cone and double-zero properties.

Work distribution

C.G. will derive the dispersion relation12 and numerically find the frequency at which the

metamaterial hosts double-zero properties. C.G. will write the introduction and discussion,

which will draw parallels between quantum mechanics and acoustics. C.G. will also discuss

the potential applications and future directions of this technology.

R.W. has modeled the metamaterial’s physical structure in SolidWorks and will import
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the model into COMSOL. R.W. will explore the manufacturing limitations/errors involved in

production and determine a range of errors under which the Dirac cone can still be observed.

R.W. and A.N. will run the simulations in COMSOL. R.W. and A.N will calculate the

transmission coefficient at a range of frequencies and compare to figure (2f) in the paper.

R.W. and A.N. will replicate the Dirac cone structure at various frequencies and compare

to figure (4a). A.N. will explore how changing the unit cell geometry of the metamaterial

alters the Dirac cone and double-zero properties.

Logistics & Timeline

We will use GitHub for code and Overleaf for the report.

• 11/06: C.G. derives dispersion relation; R.W. imports geometry into COMSOL.

• 11/13: C.G. replicates figures (2a) & (2b) and identifies Dirac point frequency; R.W.,

A.N. replicate figure (2f).

• 11/20: R.W., A.N. replicate figure (4). A.N. explores different geometries.

• 11/27: C.G. completes QM ô acoustics discussion; R.W. explores limits.

• 12/4: C.G. completes discussion on potential application & future directions.

• 12/11: Term paper is completed; A.N., C.G., R.W. practice presentation.

• 12/14: A.N., C.G., R.W. present to class and submit report on Canvas.

Potential obstacles

C.G. may need help deriving the 2D dispersion relation and identifying the Dirac point.

As a group, we do not understanding figure (3) in the paper; is this something we should

replicate? Should we also attempt to replicate Supplementary Movies 1-3?
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https://github.com/cag170030/AMM_group_project
https://www.overleaf.com/8569867689cdpfgzhjqvpq
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