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Abstract—We consider a model that can be modulated in
time and space and can be reproduced physically as a can-
tilever array. We explore the linear spectrum and show
that localized nonlinear excitations, as breathers, can be ob-
tained in such a complex system.

Model and results

Dynamic metamaterials, are artificial structures that in-
corporate non only space modulation, but also time mod-
ulation, or space-time modulation. The modulation can be
achieved with acoustic waves, voltage waves, or electro-
magnetic waves, that may change media parameters as per-
mittivity, magnetic permeability, refractive index, or other
properties [1].

One of the authors constructed a physical model for can-
tilever arrays with an on-site potential provided by electro-
magnets, which is therefore both nonlinear and tunable by
changing the electric current [2] described by the dynami-
cal equation:

ün = −(ω2
0 − δ cos(hn−Ωt))un + κ(un+1 + un−1 − 2un) , (1)

The modulation in time and space produce a transformation
of the the phonon bands in ω − q space where new bands
and forbidden bands appear. We develop the spectral the-
ory [3] for the modulated systems and were able to obtain
the equations of the bands (see Fig. 1):

ω = +mΩ +
√
ω2

0 + 2κ(1 − cos(q + mh)) (2)

A modification of the system introduces nonlinearity and
we are able to find breathers, both site centered and bond
centered. The properties of those breathers and analyzed
and related with the band spectrum.
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Figure 1: Theoretical and numerical frequency-momenta
representation

In conclusion, modulated systems offer an striking
change in the phonon spectrum providing for new nonlin-
ear excitations to appear. As they can be engineered, they
allow for the design of breather properties.
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