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• The PhonoMeta gang
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• What are metamaterials?

• Why might they be of interest for defense purposes?

• Unhearability

• Zero radar cross section

• Large radar cross section

• Outlook
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Nature 455, 376 (2008)



What are metamaterials?

Science 314, 977 (2006)



Defense purposes?

AI generated



Acoustic spectrum

EM spectrum
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Animal echolocation

Arizona State University

Wikipedia



Defense purposes?

Deflection
Deception (spreading of misinformation)

How to avoid detection?

Anti-bat ultrasound

• Frighten 

• Jam 

• Deceive (Aposematism)

Tiger moths sound like toxic Whistling moths!



Camouflage

Complete absorption

Defense purposes?

How to avoid detection?



Unhearability



Unhearability

Wavefronts from left to right 

impinging the submarine hull.

Strong reflection acoustic “shadow”



Unhearability

Camouflage acoustic “shadow”



Unhearability

Perfect unhearability



Zero radar cross section
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Large radar cross section
Deception (spreading of misinformation)

Anti-bat ultrasound

• Frighten 

• Jam 

• Deceive (Aposematism)

Tiger moths sound like toxic Whistling moths!



Large radar cross section

𝜎𝑀𝑎𝑥,𝑚 = 
2λ

π

Superscattering from small objects
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Superscattering from small objects



Large radar cross section

Ordinary small object Metamaterial-superscatterer



Outlook

• Broadband ultrathin absorbers still missing!

• For radar waves, polarization insensitive.

• Testing superscattering with enlarged RCS.

• Weight and aerodynamics.

Thanks for your attention!


