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In this work we investigate the phase resetting of a self pulsing laser, also known as a Q-switching laser,
with a saturable absorber, consisting of a gain and an absorber section. We study a specific model, due
to Yamada [1, 2], consisting of a set of three coupled ordinary differential equations for the gain G, the
absorption @, and the intensity 1.

We take a dynamical systems approach and employ recently developed methods [3] to address how the
regular self-pulsating behaviour of a Q-switching laser is affected by external perturbations. In Fig. 1 we
consider an intensity perturbation, given by d; = (0,0,1) and amplitude A, > 0. Figure 1a depicts the
time-series of the intensity of an unperturbed periodic orbit, along with an example of a perturbed orbit.
The perturbation is applied at ¢t = 0, initially advancing the oscillations compared to the unperturbed
orbit. The perturbed orbit eventually returns to the same pulsing behaviour at ¢ ~ 300, though with a
slight delay of At ~ 4.5.

Figure 1(b) depicts phase transition curves (PTCs) for four different perturbation amplitudes. This rep-
resents the relationship between the phase of the periodic orbit where the perturbation is applied, 6,14,
and the shifted phase, 6,., Where each phase specifies a point on the periodic orbit. If no perturba-
tion is applied, the two phases are the same and thus the PTC is the identity (dashed line in Fig. 1b).
For weaker perturbations, we see qualitatively similar behaviour to the unperturbed case, as the new
phase 6, changes over 27 (as does 6,4). For much larger perturbations, we see completely different
behaviour. As the perturbation is applied along the original periodic orbit, there is no longer an increase
of 27 in fcvw, @s shown for A, = 25 and 30 in Fig. 1b.

20 (a) -

~

10H

A, =0.05

’ Ay =0.10
Ay = 25.00

A, = 30.00
0 L e
0 100 200 300 100 t 500 0 0.25 0.5 075 foq !

Figure 1: (a) Time series of the unperturbed pulsations (green). The perturbed response (black) returns
back to the original pulsations at ¢ ~ 300, with a delay. The perturbation is applied in the positive
I-direction, d = (0,0, 1), with amplitude A, =75att = 0. (b) PTCs for four different perturbation
amplitudes as shown. The PTCs for the two weaker perturbations are close to the identity (black,
dashed), while those for the two larger perturbations, are qualitatively different.
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