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Magnetism: The Fundamental Force behind Magnetic Phenomena
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INTRODUCTION

Magnetism, a fundamental force of nature, plays a crucial role in various physical phenomena and technological appli-
cations. This force, which arises from the motion of electric charges, governs the behaviour of magnetic materials and 
fields. From the simple magnetized needle of a compass to the complex interactions within advanced electrical devices, 
magnetism is an integral part of both everyday life and cutting-edge technology. Understanding magnetism not only 
provides insights into the fundamental principles of physics but also drives innovations in fields ranging from electronics 
to medicine. Magnetism originates from the movement of electric charges and can be observed in two main forms: Per-
manent magnetism and induced magnetism. Permanent magnetism is exhibited by materials that retain their magnetic 
properties over time, such as iron, nickel, and cobalt [1,2].

DESCRIPTION

These materials have intrinsic magnetic moments due to the alignment of their atomic magnetic dipoles. When these 
dipoles align in a uniform direction, they create a net magnetic field, giving rise to the permanent magnetic properties 
observed in everyday magnets. Induced magnetism, on the other hand, occurs when a material temporarily acquires 
magnetic properties in the presence of an external magnetic field. For instance, a piece of iron becomes magnetized 
when exposed to a magnetic field, but it loses its magnetism once the external field is removed. This phenomenon is 
explained by the alignment of magnetic domains within the material, which realign in response to the external field. 
Magnetic fields, which are central to magnetism, are created by moving electric charges or by changing electric fields. 
The strength and direction of a magnetic field are described by magnetic field lines, which emanate from the north 
pole of a magnet and enter the South Pole. These fields exert forces on other magnetic materials and charged particles. 
The interaction between magnetic fields and electric currents is harnessed in numerous applications, such as in electric 
motors and generators, where the motion of a conductor through a magnetic field induces an electromotive force, 
generating electrical power. This principle underpins the operation of transformers, electric generators, and inductors 
[3,4]. Another important concept is Ampère’s Law, which relates the magnetic field generated by an electric current to 
the current’s magnitude and direction. Together with Maxwell’s equations, these laws form the foundation of classical 
electromagnetism, describing the interplay between electric and magnetic fields. Magnetism also extends to quantum 
physics, where it is understood in terms of electron spin and the Pauli Exclusion Principle. Quantum mechanics explains 
phenomena such as ferromagnetism, where the magnetic moments of electrons align to produce a strong net magnetic 
field, and antiferromagnetic, where the moments align in opposite directions, cancelling out the overall field.

CONCLUSION

Magnetism is a fundamental force with a profound impact on both natural phenomena and technological advance-
ments. By understanding the principles of magnetism, we gain insights into a wide range of physical processes, from the 
behaviour of magnetic materials to the operation of electrical devices. Magnetism influences everyday life through its 
applications in electronics, data storage, and medical imaging, such as Magnetic Resonance Imaging (MRI), which relies 
on strong magnetic fields to produce detailed images of the body’s interior. 
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