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20. Chaotic and Regular Passive Q-switching in N
2

0

Laser with Intracavity Saturable Absorber

Feng-Lei Hong

For the past decade extensive researches on instabilities and chaos have

been carried out for various dynamical systems. The laser is a useful merlel

for the study of nonlinear dynamics in dissipative systems. Spontaneous

self-pulsation in the single mode oscillation occurs when a saturable

absorber is inserted into the laser cavity. The passive Q-switching (PQS)

pulsation is of great interest as a laser instability caused by an interplay

between the amplifier and absorber dynamics. Dynamical properties of both

media critically influence the temPJral PQS pulse structures.

Several types of instability in passive Q-switching and optical

bistability are observed in a number of laser lines in an N20 laser with

intracavity saturable absorbers such as SF6, C2H4, NH3, C2H3Cl, and CC12F2­

Observation of chaotic PQS is achieved in a limited region of the parameters

of the laser with a saturable absorber (absorption coefficient, relaxation

rate, and pumping rate etc.). The features of pericx:l-doubling bifurcation,

chaos, and periodic window are observed for the first time in an N20 laser

using NH3 as a saturable absorber.
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To reproduce the observed PQS behavior, a rate-equation analysis is

employed. The' present rate-equation analysis is on the basis of the three~

level:two-level merlel in which the laser-gain medium is represented by three

vibrational levels and the absorbing medium is represented by two

rotational-vibrational levels in resonance with the laser radiation. The

vibrational relaxation from the lower laser level is considered as an

essential process to produce the regular and chaoticPQS dynamics. The

merlel successfully explains the observed chaotic and regular PQS pulsations

of an N20 laser. Characteristic dependences of passive Q-switching,

bistabili ty and chaos on the laser parameters are explained with a phase

diagram derived theoretically. The present analysis gives quantitative

information on the vibrational relaxation rate in the N20 laser medium which

has not been measured so far.
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