Synchronization

Common rhythms of interacting systems
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Fireflies in Sync Beating of the heart
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Pendulum clocks
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Mechanical Oscillators: Metronomes
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Chimera States

Coexistence of synchronous and incoherent domains in arrays
of identical oscillators

@ Y. Kuramoto & D. Battogtokh (2002) : ;
Array of nonlocally coupled Complex 9 | ___,e;.{: ) ‘.f-ss\
Ginzburg-Landau equation ES e

@ D.M Abrams & S.H. Strogatz (2004) -
Exact solution for ring of phase Phase pattern of a typical
oscillators coupled by a cosine kernel chimera

Abrams & Strogatz, PRL (2004)
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Numerical simulations and experimental demonstration of
chimera states in homogeneous networks.

A homogeneous network would require a breaking a
continuous symmetry, while a clustered network would involve

the breaking of a discrete symmetry.

One dimensional translationally invariant network of identically
coupled mechanical oscillators
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Metronome-swing oscillator network setup
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Metronome-swing oscillator network setup
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Data acquisition system

@ Piezoelectric contact microphone
@ NI-USB multifunction card

@ Matlab data acquisition software
@ Sample rate 15,000 S/s
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Data acquisition system

@ Piezoelectric contact microphone
@ NI-USB multifunction card

@ Matlab data acquisition software
@ Sample rate 15,000 S/s

Sample of acquired data
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Experimental realization, F=208bpm
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Experimental realization, F=208bpm
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Two dimensional phase space projection
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Snapshot of Phase Traces
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Metronome-Swing Dynamics

Equations of Motion

d (0L oL o
P (—) === = — P
dt \ 9¢;

d (oL\ oL 6\ _ |4
dt\ag,) a6, — " |\6o '
3: energy dissipation in the swing
w: damping/driving of the metronome escapement
and for the air resistance of the bob motion. It is of

van der Pol type, the angular velocity increases for
0; < 6y and decreases for ¢; > 6.

J. Pantaleone, Am. J. Phys. (2002)

R. Follmann SIAM Applications of Dynamical Systems, May 17-21, 2015




Metronome-Swing Dynamics

Equations of Motion

i & - -
bi+— 0; cos(¢i—0;)+—0 sin(p;i—0;)—

v sin ¢,+A A
%(sin bi_1—25sin ¢;j—sin ¢ 1)L2 cos ¢; = —%d},-
i+ Sin -+ Bab, cos(pi—0;)— E@,? sin(¢;—6;) =

A= (Is + (my + m)L3), B = (mF + mpl3), C = (mh — molp)Lp,

D = (MsLc + (my + mp)Lp)g. E = (myly — mply)gand pg =
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Simulations: Initial conditions

@ Velocities zero, - Initial Conditions
0i(0) =0and #;(0) =0 o
@ Swing starts in S i G G i i 8 9
equilibrium position, iy 0
@,‘(0) =0 “ 2 3 4 5 6 7 - J
Oscillator #

@ Metronomes pendulum initial angles
® 0i(0)g1 = 26,
@ 0i(0)g2 = Aexp(—30(x — .5)?)r(x) + a, where r(x) is a
uniform random number in the interval —0.5 < r < 0.5.
Kuramoio & Battogtokh NPCS (2002)

- Parameters used in the simulations: F = 208 bpm, my = 0.0283 m, mp, = 0.0056 m, /y = 0.01 m,
lo =0.0734 — 0.000227 x F.Ly =0.09m, L3 =0.11m,Lp =0.17m, Lc =0.15m,
Is =0.0018 kg.mz. Ms = 0.082 L = 9.81 m/s, k = 17.51 N/m, p = 0.5, fg = rr/8and A = 0.001.
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Evolution of the order parameter for each group
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Numerical simulations: Snapshot of the phase
traces
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Basin of attraction of a typical chimera state

Eincoh

“sync

Relative difference between the

coefficient of variation of the

incoherent and synchronous groups, ACV = (I — 7%)/max[, 7%
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@ Addressed an experimental observation of spontaneous
emergence of chimeras in a one-dimensional network of
identically coupled identical mechanical oscillators
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