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Magnetic fields play a fundamental role in many cosmic phenomena, governing the motion of charged particles in space and influencing the large-scale structure of the universe. A particularly important example occurs when high-speed charged particles emitted by the Sun, known as the solar wind, encounter Earth’s magnetic field. This interaction raises an important question: how effectively does Earth’s magnetic field protect the planet from energetic particles that could otherwise impact the atmosphere and surface? Classical electromagnetism provides the theoretical foundation for understanding this process. According to the Lorentz force, a charged particle moving through a magnetic field experiences a force perpendicular to its velocity, causing the particle to follow a circular or helical trajectory. These principles, derived from Maxwell’s equations, have long been used to describe particle motion in both laboratory plasmas and astrophysical environments. However, earlier analyses were often based on simplified assumptions or limited observational data, leaving opportunities to improve quantitative modeling using modern measurements of solar wind properties and planetary magnetic fields. In this work, I model the trajectory of a proton entering Earth’s magnetic field by applying the Lorentz force equation under typical solar wind conditions. Using reported values for average solar wind velocity and the strength of Earth’s magnetosphere, I calculate the proton’s radius of curvature and construct a vector diagram illustrating the relationship between velocity, magnetic field direction, and magnetic force. This analysis provides a simple quantitative illustration of how charged particles are deflected before reaching Earth. This study demonstrates how fundamental electromagnetic principles explain the shielding effect of Earth’s magnetic field and highlights the broader importance of magnetic fields in protecting planetary environments and shaping cosmic particle dynamics.
