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Abstract 

In this talk I will consider space-time metamaterials of 
travelling-wave type and introduce the theory of 
homogenisation of these modulated media [1]. This 
framework provides analytical expressions for the effective 
permittivity, permeability and magnetoelectric coupling of 
these media in the long wavelength limit. From the derived 
parameters we will see how it is possible to achieve 
nonreciprocal effects away from the asymmetric band gaps, 
and even down to the quasistatic limit if both the 
permittivity and permeability are modulated, and how the 
synthetic motion present in these systems allow us to make 
a link to the Fresnel drag effect of light in moving media 
[2].  

 
Our theory also unveils a regime when the modulation 

speed approaches that of waves in the background medium 
where homogenisation breaks down and a new mechanism 
for gain emerges [3], enabling a form of nonreciprocal 
broadband amplification that could be realised in graphene 
[4], or that could be chirally selective by implementing an 
Archimedes screw for light [5].  
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(a) Sketch of pace-time modulation of the permittivity 
and/or permeability of travelling wave kind. (b,c) The 
long wavelength dispersion relation of the 
electromagnetic modes is nonreciprocal if both the 
permittivity and permeability are modulated, and the 
sign and magnitude of the bianisotropic coupling can be 
tuned with the modulation parameters, e.g. by 
modulating the permittivity and permeability in or out-
of phase, and by modulating at speeds larger or smaller 
than the speed of light in the medium.  Reproduced 
from [1].  
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