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INTRODUCTION 

Superconductivity, a quantum phenomenon where a material exhibits zero electrical resistance and expels magnetic 

fields, stands as one of the most fascinating discoveries in modern physics. First observed in mercury by Dutch 

physicist Heike Kamerlingh Onnes in 1911, superconductivity has since been the subject of intense research due to its 

potential to revolutionize various technologies. The ability of superconductors to conduct electricity without energy 

loss holds promise for advancements in power transmission, magnetic levitation, and quantum computing. 

Understanding the underlying principles of superconductivity offers deep insights into quantum mechanics and 

material science, making it a cornerstone of condensed matter physics [1,2]. 

DESCRIPTION 

 

Superconductivity occurs in certain materials when they are cooled below a critical temperature, leading to a dramatic 

drop in electrical resistance. This state is characterized by two key phenomena. The Meissner effect and the formation 

of Cooper pairs. The Meissner effect, discovered by Walther Meissner and Robert Ochsenfeld in 1933, refers to the 

expulsion of magnetic fields from the interior of a superconductor, causing it to become perfectly diamagnetic. This 

phenomenon is crucial for applications like magnetic levitation, where superconductors are used to create frictionless 

transportation systems. The formation of Cooper pairs, named after physicist Leon Cooper, is another fundamental 

aspect of superconductivity. In a superconducting material, electrons with opposite spins pair up to form Cooper pairs, 

which move through the lattice without scattering, thus eliminating electrical resistance. This pairing is a quantum 

mechanical effect and is described by the Bardeen-Cooper-Schrieffer (BCS) theory, which was developed in 1957. The 

BCS theory successfully explains conventional superconductors, where electron-phonon interactions lead to the 

formation of Cooper pairs. However, the discovery of high-temperature superconductors in the 1980s challenged 

existing theories and opened new avenues of research. These materials, often copper-oxide ceramics known as 

cuprates, exhibit superconductivity at temperatures significantly higher than those predicted by the BCS theory. The 

exact mechanism behind high-temperature superconductivity remains one of the biggest mysteries in condensed 

matter physics, with researchers exploring various theories, including those involving spin fluctuations and exotic 

pairing mechanisms.  Superconductors have a wide range of applications, from medical imaging devices like MRI 

machines to particle accelerators and quantum computers. Achieving superconductivity at or near room temperature 

would revolutionize industries by making superconductor-based technologies more practical and widespread [3,4]. 

 

CONCLUSION 

Superconductivity represents one of the most remarkable quantum phenomena, with profound implications for 

technology and our understanding of the universe. As research progresses, superconductivity is poised to play a 

transformative role in various industries, bringing us closer to a future where energy is transmitted without loss, 

transportation is frictionless, and quantum computers unlock new realms of computational power. 
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