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Abstract 

Quantum computing is a transformative field poised to revolutionize industries and scientific 

research. Unlike classical computing, which uses binary bits (0s and 1s), quantum computing 

leverages the unique properties of quantum mechanics to process information exponentially 

faster. This paper investigates the technological challenges quantum computing faces, such as 

error rates, qubit stability, and scalability. Additionally, it explores the myriad opportunities 

quantum computing presents across sectors such as cryptography, artificial intelligence, 



Saarth                ISSN: 2395-339X 
E-Journal of Research        Volume: 05 Issue: 1 jan to march 2020 

2 | P a g e 
 

optimization, and drug discovery. By examining the current state and future projections of 

quantum computing, this paper aims to provide a comprehensive overview of both the 

barriers and breakthroughs in this exciting field. 

 

1. Introduction 

Quantum computing is built upon the principles of quantum mechanics, an area of physics 

that governs the behavior of particles at the atomic and subatomic levels. While classical 

computers rely on binary bits to represent data, quantum computers utilize quantum bits or 

qubits. Qubits have the unique ability to exist in a superposition of states—meaning they can 

represent both 0 and 1 simultaneously—due to the principles of superposition and 

entanglement. These properties enable quantum computers to perform calculations 

exponentially faster than classical counterparts for certain problems. 

Despite the theoretical promise of quantum computing, the field faces considerable 

challenges. Quantum computers, to date, are still in the experimental stage, and scaling them 

to practical, large-scale systems remains a significant hurdle. Additionally, qubits are highly 

sensitive to external noise, which leads to errors in computations. Overcoming these 

challenges will require advances in hardware, software, and quantum error correction 

techniques. 

This paper delves into the current landscape of quantum computing, examining both the 

hurdles in technology development and the transformative potential it offers in various 

domains. 

 

2. Literature Review 

Quantum computing has been a subject of intensive research over the last few decades. Early 

breakthroughs in quantum algorithms, such as Shor’s algorithm for factoring large numbers 

and Grover’s algorithm for searching unsorted databases, demonstrated the theoretical power 
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of quantum systems. However, building practical quantum computers that can outperform 

classical systems in a wide range of real-world applications remains elusive. 

1. Quantum Algorithms: 

o Shor's algorithm, developed in 1994, showed that quantum computers could 

factor large numbers exponentially faster than the best-known classical 

algorithms. This has significant implications for cryptography, as many 

modern encryption schemes rely on the difficulty of factoring large numbers. 

o Grover's algorithm provides a quadratic speedup for unstructured search 

problems, which is valuable in optimization and database search tasks. 

2. Quantum Hardware: 

o Several physical implementations of quantum computing are being explored, 

including superconducting qubits, trapped ions, and photonic qubits. Each of 

these methods has its own set of challenges. For example, superconducting 

qubits require extremely low temperatures to operate, while trapped ions face 

difficulties in scaling up the number of qubits. 

o One significant challenge in quantum hardware is ensuring qubit stability. 

Qubits are highly susceptible to decoherence—where the quantum state of a 

qubit is destroyed due to interaction with its environment. This makes it 

difficult to maintain reliable computations over long durations. 

3. Quantum Error Correction: 

o Since qubits are unstable and prone to errors, quantum error correction (QEC) 

is crucial. However, implementing QEC requires additional qubits, increasing 

the computational cost and making large-scale systems even more challenging 

to build. Researchers have proposed various error-correcting codes such as the 

surface code, which can correct errors in noisy quantum systems, but they 

remain computationally expensive. 
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3. Challenges in Quantum Computing 

Despite substantial theoretical progress, quantum computing faces several significant 

technical challenges that need to be addressed before it can be used for large-scale, real-world 

applications. 

3.1 Hardware Limitations 

The development of quantum hardware is one of the most significant obstacles in realizing 

quantum computing. Current quantum processors are small-scale devices, with IBM's 

"Hummingbird" processor consisting of only 65 qubits and Google’s "Sycamore" processor 

utilizing 54 qubits. 

• Qubit Stability: Quantum bits are incredibly delicate and highly sensitive to their 

environment. Factors such as temperature fluctuations, electromagnetic fields, and 

cosmic rays can introduce errors in qubits, making it difficult to maintain their 

quantum state for long periods. 

• Scalability: A large-scale quantum computer would require thousands, if not millions, 

of qubits to perform useful tasks. Scaling quantum computers to this level is 

extremely challenging due to qubit instability, error rates, and the complexity of 

managing and interconnecting such a large number of qubits. 

3.2 Quantum Decoherence and Noise 

Quantum decoherence is a phenomenon where the quantum state of a qubit collapses due to 

interaction with its external environment. This destroys the quantum superposition and 

entanglement necessary for quantum computation. 

• Environmental Interference: Even the smallest disturbances can lead to a collapse 

of the quantum state. For instance, cosmic radiation and vibrations from the 

environment can affect qubits, leading to errors in calculations. 

• Error Correction Overhead: Quantum error correction schemes require a substantial 

number of qubits to detect and correct errors. This introduces a trade-off between the 
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number of qubits used for error correction and the actual computational power of the 

quantum system. 

3.3 Quantum Software Development 

While quantum hardware faces physical challenges, software development for quantum 

computing is also in its infancy. Unlike classical computing, quantum algorithms are 

fundamentally different and require new programming languages and tools. 

• Lack of Standardization: There is no universal quantum programming language, and 

various companies and research institutions have developed their own quantum 

programming environments. For example, IBM offers Qiskit, while Google uses Cirq. 

These platforms are not yet widely accessible to non-experts, limiting the 

democratization of quantum programming. 

• Algorithmic Limitations: The development of quantum algorithms is still a work in 

progress. Only a few algorithms have demonstrated clear advantages over classical 

ones, and most quantum algorithms are highly specialized. A broader range of 

quantum algorithms that can solve real-world problems is needed. 

4. Opportunities in Quantum Computing 

While quantum computing faces significant challenges, it also presents unique opportunities 

across various sectors that could radically transform industries and scientific fields. 

4.1 Cryptography and Security 

Quantum computers have the potential to break widely used encryption schemes like RSA 

and ECC (Elliptic Curve Cryptography), which rely on the difficulty of factoring large 

numbers and solving discrete logarithms. Shor’s algorithm has already demonstrated that 

quantum computers could factor large numbers exponentially faster than classical computers, 

posing a threat to current cryptographic systems. 

However, this threat also presents an opportunity. Post-quantum cryptography (PQC) aims to 

develop cryptographic methods that are secure against quantum attacks. Algorithms based on 
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lattice problems, hash functions, and code-based cryptography are being explored to provide 

security in a quantum world. 

4.2 Optimization Problems 

Quantum computing offers a significant advantage in solving complex optimization problems, 

which are pervasive across many industries. Classical algorithms for optimization, such as 

those used in supply chain management, financial portfolio optimization, and machine 

learning, are often inefficient for large-scale problems. Quantum computers can theoretically 

explore multiple solutions simultaneously, providing a speedup over classical systems. 

Quantum optimization algorithms, such as the Quantum Approximate Optimization 

Algorithm (QAOA), show promise for solving these types of problems much faster than 

classical methods. 

4.3 Artificial Intelligence and Machine Learning 

Quantum machine learning (QML) is an emerging field that combines quantum computing 

with machine learning to speed up data processing and pattern recognition. Quantum 

algorithms can potentially offer exponential speedup in tasks like clustering, classification, 

and regression. 

One promising application of QML is in data analytics, where quantum computers can 

process large datasets and extract insights much faster than classical systems. This could 

revolutionize fields such as personalized medicine, financial modeling, and market 

prediction. 

4.4 Drug Discovery and Material Science 

Quantum computing can significantly accelerate the process of simulating molecular 

interactions, a task that is computationally intensive for classical computers. By simulating 

the behavior of atoms and molecules with quantum precision, quantum computers could lead 

to breakthroughs in drug discovery and the development of new materials. 

For instance, quantum simulations could help researchers identify new drug compounds by 
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simulating how molecules interact at the quantum level, reducing the need for trial-and-error 

in laboratories. Additionally, quantum computing could assist in designing more efficient 

materials for batteries, superconductors, and other technologies. 

5. Conclusion 

Quantum computing holds transformative potential, offering breakthroughs in areas such as 

cryptography, optimization, artificial intelligence, and materials science. However, the 

technology faces significant challenges, particularly in the realms of qubit stability, scalability, 

and error correction. Addressing these hurdles will require a concerted effort from academia, 

industry, and government. 

In the coming decades, quantum computers are expected to revolutionize industries and 

enable us to solve problems that are currently beyond the capabilities of classical computing. 

The future of quantum computing is exciting, but realizing its full potential will require 

continued research, technological development, and collaboration across sectors. 

References 

 Shor, P. W. (1994). Algorithms for Quantum Computation: Discrete Logarithms 

and Factoring. SIAM Journal on Computing, 26(5), 1484-1509. 

 Grover, L. K. (1996). A fast quantum mechanical algorithm for database search. 

Proceedings of the 28th Annual ACM Symposium on Theory of Computing, 212-219. 

 Arute, F., et al. (2019). Quantum supremacy using a programmable 

superconducting processor. Nature, 574(7779), 505-510. 

 Preskill, J. (2018). Quantum Computing in the NISQ era and beyond. Quantum, 2, 

79. 

 Lidar, D. A., & Brun, T. A. (2013). Quantum Error Correction. Cambridge 

University Press. 

 

 





ERROR: syntaxerror
OFFENDING COMMAND: --nostringval--

STACK:

/Title 
()
/Subject 
(D:20250618175703+05’30’)
/ModDate 
()
/Keywords 
(PDFCreator Version 0.9.5)
/Creator 
(D:20250618175703+05’30’)
/CreationDate 
(Abhi)
/Author 
-mark- 


