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Abstract 
Optical fiber communication systems play a vital role in modern telecommunications due to their 

high bandwidth, low transmission loss, and capability for long-distance data transmission. 

However, the performance of these systems is influenced by nonlinear and dispersive effects, 

particularly pulse broadening and self-focusing. This study focuses on the theoretical investigation 

of pulse broadening and self-focusing properties in optical fibers. Pulse broadening primarily 

occurs due to chromatic dispersion, modal dispersion, and polarization-mode dispersion, which 

cause optical pulses to spread during propagation and may lead to inter symbol interference and 

reduced transmission efficiency. The theoretical analysis examines the relationship between pulse 

duration, fiber length, dispersion parameters, and operating wavelength. In addition, self-focusing 

is investigated as a nonlinear optical phenomenon associated with intensity-dependent refractive 

index changes, commonly described by the Kerr effect. Under suitable conditions, the nonlinear 

refractive index can modify the spatial distribution of optical intensity, potentially leading to beam 

narrowing and the formation of localized high-intensity regions. The interplay between dispersion 

and nonlinear effects is considered to understand their combined influence on pulse propagation, 

signal quality, and fiber transmission characteristics. Mathematical models, including the 

nonlinear Schrödinger equation, provide a theoretical framework for analyzing these phenomena. 

The study aims to establish a fundamental understanding of the physical mechanisms governing 

pulse evolution and self-focusing in optical fibers. The findings may contribute to optimizing fiber 

parameters, improving communication performance, and supporting the development of advanced 

applications in nonlinear optics, ultrafast photonics, and high-capacity optical communication 

systems. 
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