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DESCRIPTION 

Quantum entanglement is a phenomenon in quantum physics where particles become interlinked in such a way that 

the state of one particle instantly influences the state of another, regardless of the distance separating them. This non- 

local interaction challenges classical intuitions about separability and locality. Entanglement has profound implications 

for our understanding of quantum mechanics, information theory, and fundamental aspects of reality. The 

phenomenon, first described by Einstein, Podolsky, and Rosen (EPR) in 1935, has since become a cornerstone of 

quantum theory and a key resource for developing quantum technologies. The concept of quantum entanglement 

emerged from the Schrödinger equation, which describes how quantum states evolve over time. In entangled systems, 

particles such as electrons or photons are correlated in such a way that the measurement of one particle’s state 

provides immediate information about the state of the other particle, even if they are separated by large distances. 

Einstein, Podolsky, and Rosen’s 1935 paper, known as the EPR paradox, argued that quantum mechanics might be 

incomplete because it allowed for such "spooky action at a distance." They questioned whether the theory could be a 

complete description of physical reality. However, subsequent experiments, such as those by Alain Aspect in the 1980s, 

demonstrated that entangled particles do indeed exhibit correlations that cannot be explained by classical physics or 

local hidden variables, thus supporting quantum mechanics. Quantum entanglement has practical applications in 

various advanced technologies. Quantum teleportation, for instance, relies on entanglement to transmit quantum 

states between distant locations without physically moving the particles themselves. Similarly, quantum cryptography 

uses entanglement to achieve secure communication, where any attempt at eavesdropping can be detected by the 

parties involved. The study of entanglement also contributes to the development of quantum computing. Entangled 

qubits, the fundamental units of quantum information, can perform complex computations more efficiently than 

classical bits. The potential power of quantum computers arises from their ability to leverage entanglement for parallel 

processing and problem-solving. Quantum mechanics is a fundamental theory in physics that describes the behaviour 

of particles at the smallest scales, such as atoms and subatomic particles. It introduces concepts such as wave-particle 

duality, where particles exhibit both wave-like and particle-like properties, and quantization, which means that certain 

properties, like energy, can only take on discrete values. Key principles include the uncertainty principle, which states 

that one cannot simultaneously know both the position and momentum of a particle with absolute precision, and 

superposition, where particles can exist in multiple states at once until measured. Quantum entanglement remains one 

of the most intriguing and debated phenomena in quantum physics. It challenges our fundamental understanding of 

space, time, and causality, and drives innovations in quantum technology and information science. As research 

continues to explore the depths of entanglement, it promises to unlock new possibilities and insights into the nature 

of reality and the future of computing and communication. The ongoing pursuit of knowledge in this field is essential 

for addressing one of the most critical issues of our time. 
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