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Fig. 1. BVP oscillator under a weak periodic perturbation, showing (a) the circuit diagram, (b) the v — i characteristics of the nonlinear conductor g(x), (¢} the

geometric structure of the vector fields in the absence of perturbation (B; = 0) for & = 0.1, k; = 0.9, By = 0.207, and « = 0.8 (green: x-nullcline, black: y-nullcline,
purple: relaxation oscillation, orange: unstable periodic orbit, and cross: extreme), and (d) a magnified view of (c).
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Fig. 2. Simple and MMOIE-generated MMOs observed in a constrained nonautonomous piecewise-smooth BVP oscillator (Egs. {11, (2), and (2]), showing (a1) [1'],
(o = 0A47), (01) [1%, 1% x 1] {or =0.435), (1) [1%, 1% % 2] (o = 0.425), (d1) [1%, 1 % 3]y (e = 0.4197), and (2.1) [1¥]y (o= 0.405). In addition, (2], (b2}, (c2).
(d-2), and (£.2) show magnified views of (a1). (b.1), {c. 1) {d.1), and (e.1), respectively.
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Fig. 3. Trajectory of [1%, 1° x 3], in the x-y plane for @ = 0.4197, corresponding
to the time-series waveform shown in Fig. 2(d).
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Fig. 4. Geometric structure of the vector fields.
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Fig. 5. (a) Time-series waveform for [1%, 1% x 11];; for @ = 0.411, which emerges after eleven MMOIBs. (b) Corresponding return map T, showing its trajectory
with period 12.
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Fig. 25. One-parameter bifurcation diagrams generated in the smooth case
using (a) a continuous deformation method and (b) the fixed initial condi-
tions (7o. X0, ¥o) = (0, 1.12847365485316, 0.30858426904279), a point on the
relaxation oscillation path (¥ = 0 and ¥ < 0) with no perturbation applied.
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Fig. 29. First return maps and trajectories of the singly nested MMOIB-generated [[1%, 1° x 1)5. [1%, 1° % 2)5 % n)3a2 MMOs in the piecewise-smooth case (u = 100)
for (a) n = 1 (period 5, @ = 0.4302), (b) n = 2 (period 8, w = 0.4289), (c) n = 3 (period 11, w = 0.42827), (d) n = 4 (period 14, » = 0.42795), (e) n =5 (period

17, w = 0.427735), and (f) n = 6 (period 20, w = 0.4276). These are in qualitative agreement with Fig. 12(a)-(f), respectively.

08 : o : o
- MMOIB-generated MMO sequences -
o 08F [[14,0% 1], [14,15%2]) en], -
D = o
04k [1415¢2], n=3 =2 n=1 [Ilj‘,lsxl]_
0.2
B e R — Wil | 6
0426 0427 0428 0429 043 0431 0432 0433 0434
w

Fig. 28. One-parameter bifurcation diagram in the piecewise-smooth case show-
ing singly nested MMOIBs, generated via continuous deformation (u = 100). This
is in qualitative agreement with Fig. 11.
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Here,

the sequence [[[19, 17 = 1], [1%, 17 = 2] = 115, [[1%, 17 = 1], [1*, 17 = 2] =

2]g » nlspes appears for successive n, even though only one (indicated by “v")
is visible in the diagram, similar to the sequence shown in Fig. 19(a).
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