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Synchronization examples



More “complex” mechanisms



Original Kuramoto model
Population of  N oscillators described by 
phases 𝜃i with natural frequencies 𝜔i:

Complex order parameter:

Y. Kuramoto,  Springer Berlin Heidelberg, 1975.



Kuramoto with external drives

L. M. Childs and S. H. Strogatz, Chaos: An Interdisciplinary Journal of Nonlinear Science,2008



G. L. Buzanello, A. E. D. Barioni, and M. A. M. de Aguiar, Chaos: An Interdisciplinary Journal of Nonlinear Science, 2022.

Matrix coupling and generalized frustration



External drives on matrix coupled oscillators

Equations are non-autonomous!



Oscillatory states (𝜔 = 0.5 ; 𝛥=1.0)



Poincaré maps





Winding Number





Final remarks and Prospects

● The matrix coupling Kuramoto model exhibits novel and 

interesting new synchronized states.

● Adding a global external drive to it we can obtain dynamical 

equations for the order parameter via Ott-Antonsen ansatz. 

● The external driving acting on oscillatory synchronized states lead 

to the formation of Arnold tongues and mode-locking regions.

● What happens in the phase tuned region ?
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