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Abstract

This research aims to explore spectral analysis and eigenvalues from
both theoretical and practical perspectives, as they are among the most

fundamental mathematical tools used to analyze complex systems.

The study begins with the mathematical foundations of these concepts
within linear algebra and matrix theory, then moves to their applications

in physics, engineering, and computer science.

It demonstrates how eigenvalues are used to determine system stability
and natural frequencies, while spectral analysis is applied to big data

processing, image analysis, and artificial intelligence algorithms.

Finally, the paper discusses recent trends and challenges, highlighting
future prospects of integrating spectral analysis with Al to develop more

advanced analytical methods.
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