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If one is to linearize around Φ̃ = 0 the ensuing potential
would be

V2 (φ) = A cosφ+
2γφ

S
,

which has a maximum for φ = 0 and not a minimum as
V1 has.

The frequency locking reported in the previous sec-
tion is now transparent: around Φ = π there is an en-
ergy minimum corresponding to the system oscillating
on its eigenfrequency, while around Φ = 0 there is an
energy maximum of no physical interest. In the light of
our linear model we infer that due to the finite depth of
the energy-minimum well at Φ = π, there is a critical
strength of the driving field above which the frequency
locking is lost. This process is illustrated in Fig. 2.

V. CONCLUSIONS

In this paper we have shown by means of a varia-
tional treatment that modulating the scattering length
of a trapped BEC with repulsive interactions as
a
(

1 + ε sin
(

γt2
))

, leads to the locking of its response fre-
quency to the eigenfrequency for small values of ε. Phys-
ically, the mode-locking amounts to a breathing mode
whose frequency is equal to the natural frequency of the
system. To the best of our knowledge this is the first

paper to analyze mode-locking in a BEC context. In or-
der to exhibit the physical mechanism behind it we have
restricted ourselves to a variational calculation that cap-
tures the main dynamics. To this end we have used a
simple analytical model and showed that the equations
describing the collective behavior of the condensate are
equivalent to those of a particle trapped in a finite-depth
energy-minimum of a potential.

Future research should be focused on asymmetric
three-dimensional condensates and to analyzing the in-
terplay between the inherent mode-locking processes that
take place. Also on the side of future research lies the dy-
namics of the condensate for negative scattering lengths
and the extension of the current observations to multi-
component condensates.
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