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Abstract- Quantum entanglement is a fundamental feature of quantum mechanics that refers to the correlation of properties of 
two or more quantum systems, even when they are separated by large distances. This phenomenon has been extensively 
studied and has led to a deeper understanding of quantum mechanics as well as potential applications in quantum computing 
and communication. This paper provides an analytical review of the current state of research on quantum entanglement. It 
covers the historical development of the concept, starting with the EPR paradox, the experimental tests of Bell's inequality, and 
the implications of quantum entanglement in quantum computing and communication. The paper also highlights the open 
questions and debates in the field of quantum entanglement. The paper concludes that while much research has been done on 
the topic, many questions remain unanswered and further research is needed to fully understand and harness the power of 
quantum entanglement. 
 

 
1 INTRODUCTION 
Quantum entanglement is a fundamental feature 
of quantum mechanics that has fascinated 
scientists and philosophers for decades. It refers 
to the correlation of properties of two or more 
quantum systems, even when they are separated 
by large distances. The phenomenon has been 
extensively studied and has led to a deeper 
understanding of quantum mechanics as well as 
potential applications in quantum computing and 
communication. 
 
 
One of the most famous examples of quantum 
entanglement is the Einstein-Podolsky-Rosen 
(EPR) paradox. In 1935, Einstein, Podolsky, and 
Rosen proposed a thought experiment involving 
two particles that are entangled and separated by 
a large distance. They argued that the properties 
of one particle could be determined 
instantaneously by measuring the properties of 
the other particle, in contradiction with the 
principles of causality and local realism. This 
paradox led to intense debate and ultimately the 
development of the theory of quantum mechanics. 
Since then, the phenomenon of quantum 
entanglement has been extensively studied, both 
theoretically and experimentally. In 1964, John 
Bell proposed an inequality that could be used to 
test the predictions of quantum mechanics against 
those of local realism. This inequality has been 
tested in various experiments and the results have 
consistently supported the predictions of quantum 
mechanics. 
 
One of the most striking applications of quantum 
entanglement is in quantum computing. Quantum 
computing relies on the principle of superposition, 
which allows a quantum bit (qubit) to exist in 

multiple states simultaneously. Entanglement 
allows for the creation of highly correlated qubits, 
known as a Bell state, that can be used to perform 
quantum operations faster than classical 
computing. 
 
Another area where quantum entanglement has 
potential applications is in quantum 
communication. Quantum key distribution (QKD) 
uses the properties of entanglement to securely 
distribute cryptographic keys. The security of QKD 
relies on the fact that any attempt to intercept the 
key will disturb the entanglement and be detected. 
Despite the vast amount of research that has been 
done on quantum entanglement, many questions 
still remain unanswered. One of the most pressing 
questions is how to understand and interpret 
quantum mechanics as a whole. Many theories 
such as the Many-Worlds interpretation, and the 
Copenhagen interpretation attempt to explain the 
behavior of entangled particles but they are still 
under debate. 
 
CONCLUSION: 
In summary, quantum entanglement is a 
fascinating and mysterious phenomenon that has 
led to a deeper understanding of quantum 
mechanics and potential applications in quantum 
computing and communication. While much 
research has been done on the topic, many 
questions remain unanswered and further 
research is needed to fully understand and 
harness the power of quantum entanglement. 
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