Existence and stability of Floquet breathers in a nonlinear system
with parametric modulation
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Abstract—Parametric time-modulation bring about
important changes in the phonon dispersion relation,
the conditions of existence and the stability analysis of
breathers. These changes are analyzed and explained.

Model and results

The system considered is an array of coupled can-
tilevers with a restoring force increased by an elec-
tromagnet fed with both DC and AC currents. In
this way, a parameter, the restoring constant is modu-
lated in time and it can be also be modulated in space
by implementing a phase difference in the AC cur-
rent through simple electronic means. The dynamical
equation are deduced modifying a simpler system [1].
The system differential equations after re-scaling be-
come [2]:

Uy = —wgun
Un
— ( — 61’&” —+ (1 + 52 COS(hn - Qt))W)
+ E(Unt1 + Un—1 — 2up) , (1)

with wg = 1, 1, d2, and dy constants.
Using Bloch theorem, it is deduced that the disper-
sion relation becomes:

w=—-m+ \/wg +26(1 —cos(qg +mh)), (2)

with m an integer.

We call the breathers in this type of system Flo-
quet breathers, similarly to Floquet solitons in opti-
cal systems [3]. Modifying the breather theory as des-
cribed in [4], a sufficient condition for breather ex-
istence is obtained: the moving-frame frequency of
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the breather and the modulating wave are commen-
surate. For stationary breathers the condition is ap-
plied to the breather frequency. We obtain statio-
nary breathers experiencing period-doubling, period-
halving, and many other combination of frequencies.
Some breathers are in phase and other in quadrature
with the modulating frequency.

It is observed and deduced that the system can be
embedded into an extended system which is both sym-
plectic and autonomous, therefore with the Floquet
multipliers at the unit circle when a breather is stable.
For the original non-autonomous system, the Floquet
multipliers are also at the unit circle but without the
phase and growth mode multipliers at +1. The exis-
tence of the breather appears as a pair of localized Flo-
quet multipliers at the unit circle corresponding to the
internal breathing mode of the breather. We analyze
the evolution of breather stability with the frequency
for a large number of breather frequencies.
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