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Abstract
Examples of synchronization can be found in a wide range of phenomena.
While in several situations the formation of a coherent state is positive as,
for example, in the blinking of fireflies to attract partners and the synchro-
nized motion of bearings, in many others it is unpleasant and should be
mitigated. Examples are the epileptic seizures, traffic congestion in commu-
nication networks, and the collapse of constructions. Here, we first describe
how the concept of synchronization can be applied to study the motion of
bearings and to find strategies of improving their synchronizability. Then,
we discuss the use of contrarians to suppress undesired synchronization.
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1. Introduction

A coherent synchronized motion can naturally emerge in a network of oscillators
when the coupling intensity exceeds the synchronization threshold [1, 2, 3]. Syn-
chronization is the mechanism responsible for numerous phenomena such as, e.g.,
the vital contraction of cells producing the heartbeats, the harmony in an orches-
tra, and the coherence of an audience clapping after a performance [4]. However,
undesired synchronization might also be responsible for neural diseases and collapse
of technical infrastructures and networks [5, 6]. Therefore, understanding how syn-
chronization can be enhanced or mitigated is a question of paramount importance.

2. Bearings: enhancing synchronization

Motter et al. [7, 8] showed that synchronization can be enhanced on scale-free topolo-
gies by asymmetric weighted couplings, in contrast to random graphs, where the
most efficient configuration corresponds to a uniform coupling strength. By express-
ing the interaction strength si of site i in terms of its degree ki as si ≡ k−βi , where β
is a tunable parameter, they observed that the properties of the coupling Laplacian
matrix lead to optimal synchronization at β = 1. Under this condition of max-
imum synchronizability, the coupling strength just counterbalances the number of
connections, thus minimizing the total cost associated with the network of couplings.

Bearings are mechanical dissipative systems that, when perturbed, relax to-
ward a synchronized (bearing) state. They can be perceived as a physical realization
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of complex networks of oscillators with asymmetrically weighted couplings. Accord-
ingly, these networks can exhibit optimal synchronization properties through fine-
tuning of the local interaction strength as a function of node degree. Araújo et al. [9]
showed that, the synchronization of bearings can be maximized by counterbalancing
the number of contacts and the inertia of their constituting rotor disks through the
mass-radius relation, m ∼ rα, with an optimal exponent α = α× which converges to
unity for a large number of rotors. Under this condition, the average participation
per disk is maximized and the energy dissipation rate is homogeneously distributed
among elementary rotors.

3. Contrarians: hindering synchronization

Louzada et al. [10] proposed the use of contrarians to suppress undesired synchro-
nization. The idea is to introduce a second population of contrarian oscillators cou-
pled to the network of normal oscillators but following a different dynamics. They
extended the Kuramoto model to include such contrarians and studied different
strategies. They showed that the most efficient one solely requires local information.
Additionally, by analyzing the model on different network topologies they concluded
that even when the distribution of neighboring interactions is narrow, significant
improvement is observed when contrarians sit at the highly connected elements.
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