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A two-dimensional discrete-time laser model: Exploring bifurcations and chaotic behavior
Abdul Qadeer Khan
University of Azad Jammu and Kashmir, Pakistan

We investigate the local dynamics, bifurcations, and chaos in a two-dimensional discrete-time laser model. The study reveals that the model has a boundary 
fixed point and a unique positive fixed point under specific parametric conditions. Using linear stability theory, we explore the local dynamics and various 

topological classifications of these fixed points. The existence of prime-period and periodic points in the model is also examined. It is found that a flip bifurcation 
occurs at the boundary fixed point, and another flip bifurcation occurs when parameters vary within a small neighborhood of the unique positive fixed point. 
Furthermore, the model undergoes a Neimark-Sacker bifurcation near the unique positive fixed point, leading to the emergence of a stable invariant curve. 
Numerical simulations are conducted to validate the theoretical results and demonstrate the complex dynamics of periods 2, 3, 4, 5, 8, and 9. Additionally, Maximum 
Lyapunov exponents and fractal dimensions are computed to confirm the chaotic behavior of the laser model. Finally, a feedback control method is applied to 
stabilize the chaos observed in the model.
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