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Travelling Wave Modulation
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Tellegen Type-Response
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Nonreciprocal and isotropic response

The chromium oxide Cr2O3 is an uniaxial Tellegen material

Topological insulators may have a Tellegen-type 
electromagnetic response

V. Dziom, et al., Nat. Commun. 8, 15197 (2017).
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Magnet-free bianisotropic Tellegen responses
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Belov and A. Sanmartin, Electromagnetics 23, 665 (2003).

Tellegen constitutive relations
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D. N. Astrov, “ Magnetoelectric effect in chromium oxide,” Sov Phys JETP, vol. 13, 729 (1961).
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Temperature

Tellegen Type-Response in Natural Materials
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Homogenization of anisotropic 
spacetime systems 
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Galilean transformation inverse

Anisotropic spacetime tensors
( )0z v tε − ( )0z v tµ −

P. A. Huidobro,  M. G. Silveirinha, E. Galiffi, J.B. Pendry, Phys. Rev. App., 16, 014044, 2021.



Effective Moving Medium in the Long Wavelength Limit 
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Equivalent moving medium: 
uniaxial, non magneto-electric, moving at speed vD

Spacetime modulated crystal
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Anisotropic Spacetime Crystal
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Anisotropic material parameters
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Glide Symmetry
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Generalized glide symmetry: translation + reflection

https://tinyurl.com/2trvw295

Glide symmetry: translation + rotation of 90º
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Constitutive relations for fields in the xoy plane

Effective Moving-Tellegen Response for Crystals 
with Glide Symmetry
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Two-Phase Anisotropic Spacetime Crystal
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Effective Response
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2û

1û
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Effective Moving-Tellegen Response
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Effective Tellegen Medium
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Effective Tellegen Medium
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Tellegen constitutive relations
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Tellegen Parameter
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Comparison Between the Exact 
and the Effective Response

Effective response in the quasi-static limit
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Offset Angle Between the Magnetic and Electric Fields
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Nonreciprocal Effects: Polarization Rotation
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Summary
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• Even for very moderate modulation speeds the axion parameter can be several
orders of magnitude larger than what is observed in any natural material.

• It was demonstrated that spacetime modulations provide an exciting path to sculpt
the nonreciprocal response in the long wavelength limit.

• While for isotropic materials the effective medium behaves always as a moving
material, crystals made of anisotropic materials offer increased design
flexibility, and in particular allow the synthesis of the (axion) Tellegen response.

• It was shown that when the spacetime crystal has a glide-rotation symmetry its
effective response in the xoy plane is polarization independent, and the effective
material behaves as a uniaxial moving-Tellegen medium.
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Thank you for your attention!
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