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What is synchronization?

Synchronization = Adjustment of rhythms of oscillating objects
due to their weak interaction1

1Synchronization A universal concept in nonlinear sciences, A. Pikovsky,
M. Rosenblum and J. Kurths
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What is synchronization?

Synchronization = Adjustment of rhythms of oscillating objects
due to their weak interaction.

Calendario Maya
Tzolkin (divine) 13 × 20 = 260 days.
Haab (civil) 20 × 18 + 5 = 365 days.
La Rueda calendárica, Serie Inicial
or Cuenta larga
260 × 365/5 = 18,980 days = 52
years.

Three synchronized calendars (conmensurate)
The length of the year for the mayas is 365,242036 which
is more accurate than the Gregorian calendar 365,2425.
21st December 2012 is the end of a 5.126 year cycle of the
Cuenta Larga calendar that started in 3.113 a.C.
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Outline

Message of the talk

Simulation or Continuation

IVP or BVP

Motivation: broad band synchronization [1].
Structure of the synchronization tongues: isolas.
The onset of 1: k synchronization; a BVP approach.
The role of the tori.
Conclusions

[1] A. P. Kuznetsov, J. P. Roman. Physica D 238 1499-1506
(2009) Properties of synchronization in the systems of
non-identical coupled van der Pol-Duffing oscillators.
Broadband synchronization.
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The model: velocity coupled van der Pol oscillators

Oscillator 1 Oscillator 2

Y Ẏ
µ

λ1 1
X Ẋ

λ2 1 + δ

{
ẍ −

(
λ1 − x2) ẋ + x = µ (ẏ − ẋ)

ÿ −
(
λ2 − y2) ẏ + (1 + δ)y = µ (ẋ − ẏ)

The λ’s control the Hopf bifurcation and are taken as
λ1 = 1 + ∆λ and λ2 = 1.
δ is the frequency mismatch.
µ parametrizes the dissipative coupling.
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Measuring synchrony in time simulation [1]
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Fig. 1. (a) Dynamic regime chart and (b) its enlarged fragment for the system (1) for λ1 = λ2 = 1, β = 0.

Fig. 2. Dependence of the rotation number w on the frequency mismatch δ for (a) λ1 = 1.25, λ2 = 1, µ = 0.5, (b) λ1 = 1.25, λ2 = 1, µ = 1.05, (c) λ1 = 2, λ2 = 1,

µ = 1.5.

Fig. 3. Dynamic regime chart for the system (1) for λ1 = 1.25, λ2 = 1, β = 0 and phase plane portraits in characteristic areas of the parameter plane.

In case of distinctly different values of parameters λ1 and

λ2 there is an explanation for the appearance of the broadband

synchronization. It is essentially based on the non-identity of

oscillators. If µ exceeds both λ1 and λ2, both oscillators are behind

the threshold of the ‘‘oscillator death’’ effect. But in the range of

λ1 > µ > λ2 only the second oscillator appears to be essentially

dissipative. At the same time, the first oscillator appears to be

leading and excites the second oscillator. In this respect, different

scales along the coordinate axes on the phase plane portraits for

the first and the second oscillators are quite characteristic.

Constructed dependences of the coordinate amplitudes of

oscillators on the coupling parameter for several values of the

parameter λ1 justify this fact. The amplitude of the oscillatory

coordinates of the first and the second oscillators is represented

as the maximum values of x and y, respectively. In Fig. 6, we see

a gradual decrease in the coordinate amplitudes of oscillators up

to zero (oscillator death effect) with the increase of the coupling

parameter up to the value µ = λ1 for those values of frequency

mismatch δ when the ‘‘broadband synchronization’’ area was

observed on dynamic regime charts. At the same time, an essential

decrease of the coordinate amplitude of the second oscillator

takes place when µ ≤ λ2 and if there was not influence from

the first oscillator upon the second one its oscillations would

stop. So it is an explanation of the appearance of the broadband

synchronization on the dynamic regime charts. In Fig. 6,we see also

that the width of the coupling parameter interval in which the first

oscillator excites the second one and, correspondingly, the width

of the synchronization band on dynamic regime charts (Figs. 3–5)

increases with the parameter difference λ1 − λ2.

It should also be noted that the phenomenon of oscillator

death is different from that of localization [21,22]. Oscillator death

effect is accompanied by transition to a state of rest through a

gradual decrease in the size of the limit cycle when coupling is

large enough. Conversely, localization typically appears in systems
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Measuring synchrony II: Poincaré-like sections [1]
1502 A.P. Kuznetsov, J.P. Roman / Physica D 238 (2009) 1499–1506

Fig. 4. Dynamic regime chart for the system (1) for λ1 = 2, λ2 = 1, β = 0 and phase plane portraits of the second oscillator, its Poincare sections and realizations in typical

areas of the parameter plane.

Fig. 5. Dynamic regime chart for the system (1) for λ1 = 3, λ2 = 1, β = 0.

of weakly coupled oscillators and is accompanied by a sudden

transition from small amplitude oscillations to large amplitude

oscillations which may occur due to small changes in some of the

parameters of oscillators. It was not observed in our system. So

an appearance of the broadband synchronization is caused by the

oscillator death effect.
1

To discuss the mutual influence of coupled van der Pol

oscillators in the domain of the parameters plane, where the

‘‘broadband synchronization’’ area is observed, we consider the

system (1) with the ‘‘shut off’’ influence of the second oscillator

upon the first one

d
2x

dt2
− (λ1 − µ − x2)

dx
dt

+ x = 0,

d
2y

dt2
− (λ2 − µ − y2)

dy
dt

+ (1 + δ)y = µ
dx
dt

.

(2)

1
We may offer for a described regime the term ‘‘synchronous response’’

because one oscillator dominates another. However, we use the term ‘‘broadband

synchronization’’ to stress the interaction between oscillators.

The chart of dynamic regimes for the system (2) is given in Fig. 7

for λ1 = 2, λ2 = 1. Comparing this chart with the chart for

the case of the mutual influence of oscillators (see Fig. 4) we see

that the formation of the synchronization band is the result of an

influence of the first oscillator that is behind the threshold of the

Andronov–Hopf bifurcation upon the second oscillator, oscillations

of which would damp without such an influence. The size and

structure of the broadband synchronization area in Figs. 4 and

7 is similar. The only difference is that, in the case without the

mutual influence, the oscillator death is observed at any point of

the parameter space satisfying conditions λ1 < µ and λ2 < µ.

In the case where the influence of the second oscillator upon the

first one is absent, this fact has a simple explanation: the first

oscillator appears to be before the threshold of the Andronov–Hopf

bifurcation taking place when λ1 − µ = 0 and its oscillations

cease. The second oscillator is also below the threshold of the

Andronov–Hopf bifurcation, because µ > λ1 > λ2, and its

oscillations also cease without the excitation of the first oscillator.

However, our consideration is valid only when values of λ1 and

λ2 are essentially different. If the values of these parameters are

close, this argumentation can’t be used.

3. The analysis of the broadband synchronization by means of
slow-flow equations

It is interesting to find out what elements of the outlined

picture one can reveal within the framework of quasiharmonic

approximation. We define it as

x = 1

2
(aeit + a∗

e
−it), y = 1

2
(beit + b∗

e
−it), (3)

and use the traditional additional assumption

1

2
(ȧeit + ȧ∗

e
−it) = 0,

1

2
(ḃeit + ḃ∗

e
−it) = 0. (4)

1: 1 1: 3 1: 5
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Bifurcation set: ∆λ = 0 [1]
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Fig. 1. (a) Dynamic regime chart and (b) its enlarged fragment for the system (1) for λ1 = λ2 = 1, β = 0.

Fig. 2. Dependence of the rotation number w on the frequency mismatch δ for (a) λ1 = 1.25, λ2 = 1, µ = 0.5, (b) λ1 = 1.25, λ2 = 1, µ = 1.05, (c) λ1 = 2, λ2 = 1,

µ = 1.5.

Fig. 3. Dynamic regime chart for the system (1) for λ1 = 1.25, λ2 = 1, β = 0 and phase plane portraits in characteristic areas of the parameter plane.

In case of distinctly different values of parameters λ1 and

λ2 there is an explanation for the appearance of the broadband

synchronization. It is essentially based on the non-identity of

oscillators. If µ exceeds both λ1 and λ2, both oscillators are behind

the threshold of the ‘‘oscillator death’’ effect. But in the range of

λ1 > µ > λ2 only the second oscillator appears to be essentially

dissipative. At the same time, the first oscillator appears to be

leading and excites the second oscillator. In this respect, different

scales along the coordinate axes on the phase plane portraits for

the first and the second oscillators are quite characteristic.

Constructed dependences of the coordinate amplitudes of

oscillators on the coupling parameter for several values of the

parameter λ1 justify this fact. The amplitude of the oscillatory

coordinates of the first and the second oscillators is represented

as the maximum values of x and y, respectively. In Fig. 6, we see

a gradual decrease in the coordinate amplitudes of oscillators up

to zero (oscillator death effect) with the increase of the coupling

parameter up to the value µ = λ1 for those values of frequency

mismatch δ when the ‘‘broadband synchronization’’ area was

observed on dynamic regime charts. At the same time, an essential

decrease of the coordinate amplitude of the second oscillator

takes place when µ ≤ λ2 and if there was not influence from

the first oscillator upon the second one its oscillations would

stop. So it is an explanation of the appearance of the broadband

synchronization on the dynamic regime charts. In Fig. 6,we see also

that the width of the coupling parameter interval in which the first

oscillator excites the second one and, correspondingly, the width

of the synchronization band on dynamic regime charts (Figs. 3–5)

increases with the parameter difference λ1 − λ2.

It should also be noted that the phenomenon of oscillator

death is different from that of localization [21,22]. Oscillator death

effect is accompanied by transition to a state of rest through a

gradual decrease in the size of the limit cycle when coupling is

large enough. Conversely, localization typically appears in systems
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Bifurcation set: ∆λ = 0,25 [1]
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Fig. 3. Dynamic regime chart for the system (1) for λ1 = 1.25, λ2 = 1, β = 0 and phase plane portraits in characteristic areas of the parameter plane.

In case of distinctly different values of parameters λ1 and

λ2 there is an explanation for the appearance of the broadband

synchronization. It is essentially based on the non-identity of

oscillators. If µ exceeds both λ1 and λ2, both oscillators are behind

the threshold of the ‘‘oscillator death’’ effect. But in the range of

λ1 > µ > λ2 only the second oscillator appears to be essentially

dissipative. At the same time, the first oscillator appears to be

leading and excites the second oscillator. In this respect, different

scales along the coordinate axes on the phase plane portraits for

the first and the second oscillators are quite characteristic.

Constructed dependences of the coordinate amplitudes of

oscillators on the coupling parameter for several values of the

parameter λ1 justify this fact. The amplitude of the oscillatory

coordinates of the first and the second oscillators is represented

as the maximum values of x and y, respectively. In Fig. 6, we see

a gradual decrease in the coordinate amplitudes of oscillators up

to zero (oscillator death effect) with the increase of the coupling

parameter up to the value µ = λ1 for those values of frequency

mismatch δ when the ‘‘broadband synchronization’’ area was

observed on dynamic regime charts. At the same time, an essential

decrease of the coordinate amplitude of the second oscillator

takes place when µ ≤ λ2 and if there was not influence from

the first oscillator upon the second one its oscillations would

stop. So it is an explanation of the appearance of the broadband

synchronization on the dynamic regime charts. In Fig. 6,we see also

that the width of the coupling parameter interval in which the first

oscillator excites the second one and, correspondingly, the width

of the synchronization band on dynamic regime charts (Figs. 3–5)

increases with the parameter difference λ1 − λ2.

It should also be noted that the phenomenon of oscillator

death is different from that of localization [21,22]. Oscillator death

effect is accompanied by transition to a state of rest through a

gradual decrease in the size of the limit cycle when coupling is

large enough. Conversely, localization typically appears in systems
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Bifurcation set: ∆λ = 1 [1]

1502 A.P. Kuznetsov, J.P. Roman / Physica D 238 (2009) 1499–1506

Fig. 4. Dynamic regime chart for the system (1) for λ1 = 2, λ2 = 1, β = 0 and phase plane portraits of the second oscillator, its Poincare sections and realizations in typical

areas of the parameter plane.

Fig. 5. Dynamic regime chart for the system (1) for λ1 = 3, λ2 = 1, β = 0.

of weakly coupled oscillators and is accompanied by a sudden

transition from small amplitude oscillations to large amplitude

oscillations which may occur due to small changes in some of the

parameters of oscillators. It was not observed in our system. So

an appearance of the broadband synchronization is caused by the

oscillator death effect.
1

To discuss the mutual influence of coupled van der Pol

oscillators in the domain of the parameters plane, where the

‘‘broadband synchronization’’ area is observed, we consider the

system (1) with the ‘‘shut off’’ influence of the second oscillator

upon the first one

d
2x

dt2
− (λ1 − µ − x2)

dx
dt

+ x = 0,

d
2y

dt2
− (λ2 − µ − y2)

dy
dt

+ (1 + δ)y = µ
dx
dt

.

(2)

1
We may offer for a described regime the term ‘‘synchronous response’’

because one oscillator dominates another. However, we use the term ‘‘broadband

synchronization’’ to stress the interaction between oscillators.

The chart of dynamic regimes for the system (2) is given in Fig. 7

for λ1 = 2, λ2 = 1. Comparing this chart with the chart for

the case of the mutual influence of oscillators (see Fig. 4) we see

that the formation of the synchronization band is the result of an

influence of the first oscillator that is behind the threshold of the

Andronov–Hopf bifurcation upon the second oscillator, oscillations

of which would damp without such an influence. The size and

structure of the broadband synchronization area in Figs. 4 and

7 is similar. The only difference is that, in the case without the

mutual influence, the oscillator death is observed at any point of

the parameter space satisfying conditions λ1 < µ and λ2 < µ.

In the case where the influence of the second oscillator upon the

first one is absent, this fact has a simple explanation: the first

oscillator appears to be before the threshold of the Andronov–Hopf

bifurcation taking place when λ1 − µ = 0 and its oscillations

cease. The second oscillator is also below the threshold of the

Andronov–Hopf bifurcation, because µ > λ1 > λ2, and its

oscillations also cease without the excitation of the first oscillator.

However, our consideration is valid only when values of λ1 and

λ2 are essentially different. If the values of these parameters are

close, this argumentation can’t be used.

3. The analysis of the broadband synchronization by means of
slow-flow equations

It is interesting to find out what elements of the outlined

picture one can reveal within the framework of quasiharmonic

approximation. We define it as

x = 1

2
(aeit + a∗

e
−it), y = 1

2
(beit + b∗

e
−it), (3)

and use the traditional additional assumption

1

2
(ȧeit + ȧ∗

e
−it) = 0,

1

2
(ḃeit + ḃ∗

e
−it) = 0. (4)
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Bifurcation set: ∆λ = 0,25 Zoom[1]
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Fig. 1. (a) Dynamic regime chart and (b) its enlarged fragment for the system (1) for λ1 = λ2 = 1, β = 0.

Fig. 2. Dependence of the rotation number w on the frequency mismatch δ for (a) λ1 = 1.25, λ2 = 1, µ = 0.5, (b) λ1 = 1.25, λ2 = 1, µ = 1.05, (c) λ1 = 2, λ2 = 1,

µ = 1.5.

Fig. 3. Dynamic regime chart for the system (1) for λ1 = 1.25, λ2 = 1, β = 0 and phase plane portraits in characteristic areas of the parameter plane.

In case of distinctly different values of parameters λ1 and

λ2 there is an explanation for the appearance of the broadband

synchronization. It is essentially based on the non-identity of

oscillators. If µ exceeds both λ1 and λ2, both oscillators are behind

the threshold of the ‘‘oscillator death’’ effect. But in the range of

λ1 > µ > λ2 only the second oscillator appears to be essentially

dissipative. At the same time, the first oscillator appears to be

leading and excites the second oscillator. In this respect, different

scales along the coordinate axes on the phase plane portraits for

the first and the second oscillators are quite characteristic.

Constructed dependences of the coordinate amplitudes of

oscillators on the coupling parameter for several values of the

parameter λ1 justify this fact. The amplitude of the oscillatory

coordinates of the first and the second oscillators is represented

as the maximum values of x and y, respectively. In Fig. 6, we see

a gradual decrease in the coordinate amplitudes of oscillators up

to zero (oscillator death effect) with the increase of the coupling

parameter up to the value µ = λ1 for those values of frequency

mismatch δ when the ‘‘broadband synchronization’’ area was

observed on dynamic regime charts. At the same time, an essential

decrease of the coordinate amplitude of the second oscillator

takes place when µ ≤ λ2 and if there was not influence from

the first oscillator upon the second one its oscillations would

stop. So it is an explanation of the appearance of the broadband

synchronization on the dynamic regime charts. In Fig. 6,we see also

that the width of the coupling parameter interval in which the first

oscillator excites the second one and, correspondingly, the width

of the synchronization band on dynamic regime charts (Figs. 3–5)

increases with the parameter difference λ1 − λ2.

It should also be noted that the phenomenon of oscillator

death is different from that of localization [21,22]. Oscillator death

effect is accompanied by transition to a state of rest through a

gradual decrease in the size of the limit cycle when coupling is

large enough. Conversely, localization typically appears in systems
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Fig. 1. (a) Dynamic regime chart and (b) its enlarged fragment for the system (1) for λ1 = λ2 = 1, β = 0.

Fig. 2. Dependence of the rotation number w on the frequency mismatch δ for (a) λ1 = 1.25, λ2 = 1, µ = 0.5, (b) λ1 = 1.25, λ2 = 1, µ = 1.05, (c) λ1 = 2, λ2 = 1,

µ = 1.5.

Fig. 3. Dynamic regime chart for the system (1) for λ1 = 1.25, λ2 = 1, β = 0 and phase plane portraits in characteristic areas of the parameter plane.

In case of distinctly different values of parameters λ1 and

λ2 there is an explanation for the appearance of the broadband

synchronization. It is essentially based on the non-identity of

oscillators. If µ exceeds both λ1 and λ2, both oscillators are behind

the threshold of the ‘‘oscillator death’’ effect. But in the range of

λ1 > µ > λ2 only the second oscillator appears to be essentially

dissipative. At the same time, the first oscillator appears to be

leading and excites the second oscillator. In this respect, different

scales along the coordinate axes on the phase plane portraits for

the first and the second oscillators are quite characteristic.

Constructed dependences of the coordinate amplitudes of

oscillators on the coupling parameter for several values of the

parameter λ1 justify this fact. The amplitude of the oscillatory

coordinates of the first and the second oscillators is represented

as the maximum values of x and y, respectively. In Fig. 6, we see

a gradual decrease in the coordinate amplitudes of oscillators up

to zero (oscillator death effect) with the increase of the coupling

parameter up to the value µ = λ1 for those values of frequency

mismatch δ when the ‘‘broadband synchronization’’ area was

observed on dynamic regime charts. At the same time, an essential

decrease of the coordinate amplitude of the second oscillator

takes place when µ ≤ λ2 and if there was not influence from

the first oscillator upon the second one its oscillations would

stop. So it is an explanation of the appearance of the broadband

synchronization on the dynamic regime charts. In Fig. 6,we see also

that the width of the coupling parameter interval in which the first

oscillator excites the second one and, correspondingly, the width

of the synchronization band on dynamic regime charts (Figs. 3–5)

increases with the parameter difference λ1 − λ2.

It should also be noted that the phenomenon of oscillator

death is different from that of localization [21,22]. Oscillator death

effect is accompanied by transition to a state of rest through a

gradual decrease in the size of the limit cycle when coupling is

large enough. Conversely, localization typically appears in systems
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Questions

Are the change of colours bifurcations?
Can we compute the separations curves?
What is the structure of the synchronization tongues?
What happens in the white regions?
Do sync-people speak the same language as the
dinsys-people ?
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Fig. 1. (a) Dynamic regime chart and (b) its enlarged fragment for the system (1) for λ1 = λ2 = 1, β = 0.

Fig. 2. Dependence of the rotation number w on the frequency mismatch δ for (a) λ1 = 1.25, λ2 = 1, µ = 0.5, (b) λ1 = 1.25, λ2 = 1, µ = 1.05, (c) λ1 = 2, λ2 = 1,

µ = 1.5.

Fig. 3. Dynamic regime chart for the system (1) for λ1 = 1.25, λ2 = 1, β = 0 and phase plane portraits in characteristic areas of the parameter plane.

In case of distinctly different values of parameters λ1 and

λ2 there is an explanation for the appearance of the broadband

synchronization. It is essentially based on the non-identity of

oscillators. If µ exceeds both λ1 and λ2, both oscillators are behind

the threshold of the ‘‘oscillator death’’ effect. But in the range of

λ1 > µ > λ2 only the second oscillator appears to be essentially

dissipative. At the same time, the first oscillator appears to be

leading and excites the second oscillator. In this respect, different

scales along the coordinate axes on the phase plane portraits for

the first and the second oscillators are quite characteristic.

Constructed dependences of the coordinate amplitudes of

oscillators on the coupling parameter for several values of the

parameter λ1 justify this fact. The amplitude of the oscillatory

coordinates of the first and the second oscillators is represented

as the maximum values of x and y, respectively. In Fig. 6, we see

a gradual decrease in the coordinate amplitudes of oscillators up

to zero (oscillator death effect) with the increase of the coupling

parameter up to the value µ = λ1 for those values of frequency

mismatch δ when the ‘‘broadband synchronization’’ area was

observed on dynamic regime charts. At the same time, an essential

decrease of the coordinate amplitude of the second oscillator

takes place when µ ≤ λ2 and if there was not influence from

the first oscillator upon the second one its oscillations would

stop. So it is an explanation of the appearance of the broadband

synchronization on the dynamic regime charts. In Fig. 6,we see also

that the width of the coupling parameter interval in which the first

oscillator excites the second one and, correspondingly, the width

of the synchronization band on dynamic regime charts (Figs. 3–5)

increases with the parameter difference λ1 − λ2.

It should also be noted that the phenomenon of oscillator

death is different from that of localization [21,22]. Oscillator death

effect is accompanied by transition to a state of rest through a

gradual decrease in the size of the limit cycle when coupling is

large enough. Conversely, localization typically appears in systems
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Bifurcation approach: ∆λ = 0,25

Start from the trivial unique equilibrium.
Scan either in the µ or δ direction with a fixed value of ∆λ.
Locate a bifurcation point and follow it in two parameters.
Repeat the process with the periodic orbits and tori (if
possible).
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One param. bifurcation diagrams:∆λ = 0,25 δ = 10

Jorge Galán Vioque Bifurcation approach to coupled Van der Pol oscillators



Two param. bifurcation diagrams:∆λ = 0,25
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One param. bifurcation diagrams:∆λ = 0,25 δ = 9,5
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One param. bifurcation diagrams:∆λ = 0,25 δ = 9,45
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One param. bifurcation diagrams:∆λ = 0,25 δ = 9,45
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Looking for the 1:3 sync.: degraded top ∆λ = 0,25
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Looking for the 1:3 sync.: degraded top ∆λ = 0,25
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Looking for the 1:3 sync.: degraded top ∆λ = 0,25
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Looking for the 1:3 sync.: degraded top ∆λ = 0,25
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Looking for the 1:3 sync.: degraded top ∆λ = 0,25

The upper border of the degraded top is not a bifurcation.
It is a geometrical feature (tangency).
Can we trace in two parameters the locus of such events?

Yes, by setting up an appropriate BVP
dx
dτ = Tx1
dy
dτ = Ty1
dx1
dτ = T [(λ1 − x2)x1 − x − µ(x1 − y1)]
dx1
dτ = T [(1 − y2)y1 − (1 + δ)y − µ(y1 − x1)] with

periodicity boundary conditions:
x(0) = x(1), ẋ(0) = x1(0) = ẋ(1) = x1(1)
y(0) = y(1), ẏ(0) = y1(0) = ẏ(1) = y1(1)

phase condition: y ′(0) = y1(0) = 0
tangency condition: ˙y1(0) = 0
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phase condition: y ′(0) = y1(0) = 0
tangency condition: ˙y1(0) = 0

Jorge Galán Vioque Bifurcation approach to coupled Van der Pol oscillators
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Looking for the 1:3 sync.: degraded top ∆λ = 0,25

The upper border of the degraded top is not a bifurcation.
It is a geometrical feature (tangency).
Can we trace in two parameters the locus of such events?

Yes, by setting up an appropriate BVP
dx
dτ = Tx1
dy
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dτ = T [(λ1 − x2)x1 − x − µ(x1 − y1)]
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Looking for the 1:3 sync.: tangencies ∆λ = 0,25
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The degraded top: ∆λ = 0,25
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The complete picture: ∆λ = 0,25
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The complete picture: ∆λ = 0,0
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The complete picture: ∆λ = 1

0 5 10 15 20 25 30
0

0.5

1

1.5

2

2.5

3
!

C

 

 

1:1
1:3
1:5
oscillator death area

Jorge Galán Vioque Bifurcation approach to coupled Van der Pol oscillators



Conclusions

Message of the talk

Simulation or Continuation

IVP or BVP
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Conclusions

Message of the talk

Simulation AND Continuation

IVP AND BVP

The interaction of the tori with the resonance tongues
seems to be related to the isolas formation.
The resonances along the tori bifurcation curve gives rises
to periodic curves in the white region.
The geometric mechanism and some of the results may be
applicable to other systems.
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