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Abstract

This project aims to present an introduction to the mathematical structure of Minkowski space and its essential role in
describing the relationship of space and time in special relativity. Minkowski space is presented as a four-dimensional
real vector space equipped with a symmetric, nondegenerate bilinear form of signature (1, 3), known as the Minkowski
metric or Lorentzian product. The study examines the algebraic and geometric foundations of this space, including bilinear
forms, orthogonality, and subspaces, and explains how the metric classifies vectors as spacelike, timelike, or lightlike.
The geometric structures of Minkowski spacetime, such as spacetime intervals and light cones, are then related to physical
concepts of causality and simultaneity. The work highlights the key differences between Euclidean and pseudo-Euclidean
geometries, emphasizing the role of time as a geometric dimension and the resulting changes in classical geometric
properties.
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