Magnetism

Magnetism is a fundamental force of nature that arises from the motion of electric charges, which results in attractive and repulsive forces between objects. At the heart of magnetism is the magnetic field, an invisible field that exerts a force on moving charges and magnetic materials like iron, nickel, and cobalt.
Magnetic fields are vector fields, characterized by both a direction and a magnitude, typically visualized by field lines emanating from a magnet's north pole and curving to enter at its south pole. The density of these lines indicates the strength of the magnetic field; closer lines correspond to stronger fields.
The theory of electromagnetism, unified by James Clerk Maxwell's equations, describes how electric currents produce magnetic fields and vice versa. When electrons in atoms align in the same direction, their magnetic moments add up to create a net magnetic field, as seen in permanent magnets.
Magnetism also plays a pivotal role in various technologies. For example, electromagnets are core components of motors and generators, using electrical currents to produce controlled magnetic fields. Additionally, magnetic materials are used for data storage in hard drives, with small magnetic domains representing binary information.
At the subatomic level, magnetism is explained by quantum mechanics. The intrinsic property of particles called spin contributes to their magnetic moment. Spin, along with the motion of charged particles, generates magnetic fields on an atomic scale, leading to the macroscopic phenomenon we observe.
