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computing systems due to progress in the area of quantum computing and the possible
extension of prospects for miniaturization and the search for new materials. Though there
are serious problems that are still unsolved, including qubit stability and error correction,
continuous research and development works have the potential to solve those issues, and
thus bring about a revolutionary change in the electronics of the future. In this paper, an
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that will be brought about and the relevant fields. This paper aims at giving an evaluation
of quantum computing in electronics the effects that will be realized and the fields that
will be impacted.
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Introduction

For decades, the electronics industry has been characterised by a fast pace, increased productivity, and
constantly decreasing size of electronic components. Every advance in the vacuum tubes and even the
microprocessors has required revolutionary changes that have in turn revolutionised society’s
activities. Today, as the world anticipates new technological frontiers, quantum computing appears as
one of the most promising innovations that has the potential of transforming electronics technology.
Quantum computing is not a simple evolution of classical computing; it is a different way of
appreciating, thinking, and deploying computing capabilities. Quantum computers, in their simplest
form, lie in the principles of mechanics, which refer to phenomena occurring at the subatomic level.
Unlike modern computers, which are built using binary bits, the quantum computer is built using
quantum bits, or qubits. These qubits are capable of being in a number of states at a go, thanks to
quantum superposition. Also, the qubits can be entangled, and in this case, the state of one of the qubits
will be able to affect the state of another qubit regardless of the distance between the two. Such features
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make the quantum computers the most unique computation tools efficient in handling huge data sets,
solving various problems faster than the classical computers, and performing some calculations that
would be otherwise unfeasible. The prospects such capabilities offer are enormous, ranging from
cryptography to artificial intelligence, drug discovery, and financial modelling, among others.

The concerns of how quantum computing is likely to affect the electronics industry cannot be
overemphasized. With the ever-increasing volume and complexity of data to be processed, due to big
data, machine learning, and the internet of things, among others, the shortcomings of classical
computing become conspicuous. Quantum computing now presents a solution that goes beyond these
requirements while at the same time presenting a pathway toward improved, stronger, and smarter
computing. However, the attainment of the full potential of quantum computing is not without its
problems. Thus, problems like stability of qubits, efficient error corrections, and the development of
useful quantum algorithms are among the primary technological challenges. However, the quantum
computers are still unable to operate independently; for example, they work effectively at low
temperatures, thus presenting extra technical and logistical issues. Yet the advancement of quantum
computing cannot be called into question anymore. Global giants in technology, research, and most
esteemed universities and governments worldwide are directing massive capital into fields related to
quantum technology due to the known prospect for much higher forms of computations. As these
efforts are still being developed, technology moves from classical to quantum computing, and it is
poised to be a new era in the history of electronics that will be powerful and efficient in terms of
processing and innovation. In the course of carrying out this research, the author will also determine
the potential prospect of quantum in influencing the electronics industry, the benefits, and the problems
that are likely to be faced. Subsequently, knowing about the revolutions made by quantum computing
makes it easier to be prepared for a future in which the scope of what is computationally feasible will
be a lot different.

Quantum Hardware and Software

Besides applying superconducting circuits in computing environments, the superconducting qubits
have become one of the most promising technologies for quantum computing. These qubits are made
from Josephson junctions, which show quantum mechanical properties at ultra-low temperatures. The
innovations seen in this area are IBM’s Quantum Hummingbird and more recently the Quantum Eagle
processors, which contain 127 qubits, making the Eagle chip a huge step forward in the advancement
of quantum chips. Current quantum computing hardware Sycamore by Google physically implemented
53 operational qubits that achieved quantum supremacy in the year 2019 by solving a certain problem
that classical supercomputers could not solve in a feasible amount of time. Rigetti Computing has also
progressed with the Aspen series of superconducting processors with increased performance and
connective qubit on its latest model, the Aspen-M. Superconducting qubits have coherence times
between 100 and 200 microseconds, and leading systems of qubits now possess gate fidelities greater
than 99 percent. single qubit gates with fidelities below 9%, while the two-qubit gates had fidelities
approximately equal to 99%.The diagram below presents the conceptual design of the layout of a
quantum processor: It consists of purposefully created quantum bits or qubits, individual quantum
gates, or the links purposefully depicting the flow of elementary operations in a quantum processor.
The qubits are identified as Q1, Q2, Q3 while the interaction of these qubits with different gates is
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represented by interaction nodes between the corresponding qubits and the gates while the
measurement node,M, represents the point at which the output is taken from the processor.By contrast,
trapped ion qubits make use of ions held in an electromagnetic field and controlled with laser beams,
providing high accuracy and long coherence time. lonQ and Honeywell are among the leading pioneers
of this field. lonQ quantum computational systems have up to 32 qubits, whereas Honeywell systems
come with up to 20 qubits. Trapped ion QUBITS are known to have coherence times in the order of
seconds or even longer and fidelity over 99 percent. Since Joe’s qubit is a single qubit, the probability
of success in all single qubit gate operations is 9% and in all the two qubit gate operations is 9%.
Topological qubits attempt to provide protection against errors in which information is encoded in
non-Abelian anyons, particles with topological characteristics.

® ®

Figure 1 Quantum Processor Layout

With reference to quantum software, quantum algorithms make use of quantum computers to solve
instances that are beyond the ability of classical algorithms to solve. There are many important
algorithms, such as “random circuit sampling," Shor’s algorithm, which relates to integer
factorisation, and Grover’s algorithm for unstructured search. Variational quantum algorithms
(VQAS), namely VQE and QAOA, are being worked out for optimisation tasks and quantum
chemistry. The performance of these quantum algorithms is measured in their quantum steps,
compared to classical ones, and how well these algorithms work with practical constraints of quantum
computing technology.
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Figure2: simplified flow chart
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Quantum programming languages are in fact used to write and run quantum algorithms. Some of the
popular tools are IBM’s Qiskit, which is an open source that contains development tools for quantum
circuits and algorithms and has majorly been adopted by majority institutions both in academia and
industries. Another open-source platform from Google is the Cirg, which is focused on the creation
and execution of quantum circuits along with Google’s quantum chips. The programming language
used for designing and simulating quantum algorithms is Q# of Microsoft, which has integration with
QDK. The effectiveness of these programming languages is evaluated in terms of their functionality,
the richness of libraries they support, their capability to interface with quantum computing hardware,
the extent of integration with quantum computing hardware platforms, and the available resources and
documentation.

New advances in devices, including superconducting qubits, trapped ions, and topological qubits, have
enhanced the performance of qubit control and expanded its functionalities. On the other hand, growths
in quantum software, especially within algorithms and programming languages, have facilitated
practical and complicated applications of quantum computing. Quantifying parameters like coherence
time, gate fidelity, and algorithm efficiency are important for the evaluation of QC hardware and
further advancements of this emerging technology.

Potential Impact of Quantum Computing

Quantum computing offers the possibility to improve computational power compared to classical
computers. Qubits can be in more than one state concurrently because of principles that are unique to
the world of quantum mechanics; these include principles of superposition as well as entanglement.
This ability makes quantum computers solve a large number of calculations simultaneously; this makes
it easier to solve numerous complex problems. For example, quantum algorithms are able to solve
optimisation and simulation problems in many cases much faster than other computer algorithms. It is
at such a high rate of processing that machine learning can be transformational to applications that are
currently beyond reach of classical computers, such as cryptography, material science, and simulation
of complex systems. The fourth benefit of quantum computing is in the area of energy since the energy
can be utilised in an efficient way. Conventional computers, particularly supercomputers, are major
consumers of energy, mostly because of the heat produced by large-scale computation and cooling
systems used. On the other hand, quantum computers that are currently developed to work at nearly
absolute zero temperatures may take less energy to perform these calculations. This has the added
advantage of requiring less energy to perform an operation because quantum computers can hope to
deliver the answer in a fewer number of steps than classical computers. Nevertheless, the cryogenic
systems that keep the qubits at extremely low temperatures may be high in energy consumption, which
will be a problem for the more extensive use in the future.
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Coherence Times of Qubits in a Quantum Processor

Coherence Time (ps)

Qubit Number

Figure 3: coherence time in quantum processor

Below is a bar chart that illustrates the coherence times of ten qubits existing in an imaginary quantum
processor. The horizontal axis is labelled with the qubit name, and the vertical axis is the coherence
time in microseconds, represented by the height of the bar. For example, qubit 8 has the longest
coherence time and hence will be appropriate for the quantum operations, while qubit 6 will be
relatively complex to maintain its coherence in the computation process due to having a shorter
coherence time. This makes it easier to comprehend an aspect of the quantum processors, where more
than one qubit can be processed in a quantum processor, but its stability can vary a lot, and this
influences how efficient the quantum computers can be.

Progress in Quantum Computing Efficiency Over Years

20
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Figure 4 : efficiency over years

There is a growing trend to make electronic devices smaller and less power hungry, as exemplified by
the miniaturisation of technology. Quantum computing could extend this by facilitating the production
of quantum processors that are substantially smaller than their classical counterparts yet with a greater
computational capacity. Quantum processors do not require the use of transistors (unlike in classical
CPUs), which is what allows their miniaturization. Another plain example of a quantum computer is
their qubits that can be in multiple states at once, software components to perform superposition
techniques. This opens the door to a new range of incredibly small, ultra-efficient electronic devices
that integrate surface layers below ten nanometres into their materials. There are still major engineering
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hurdles to overcome, in particular the issue of how qubits will be stabilised and coherent at smaller
scales.

Benefits and Challenges of Integrating Quantum Technology

Benefits:Quantum technology can be incorporated into the present electronics, which should offer a
significant improvement in the computing capacity to accommodate difficult processes that are
currently unsolvable in the classically designed computers. It has potential for application in artificial
intelligence, new drug discovery, financial modelling, and logistics of products. This feature of
quantum computing could be helpful in essentially every facet where problems can be posed since it
might allow computation to be done more efficiently by needing fewer operations. This efficiency
could help to scale down the time and resources possibly needed in processing large data sets, hence
providing more efficient and sustainable computational solutions. New forwarding capabilities could
be introduced using quantum technology: for instance, quantum sensors capable of detecting small
variations in magnetic fields—promising medical imaging, environmental monitoring, and fully
autonomous vehicles.Challenges:There is still a long way to go in the development of quantum
computing technology, where many barriers, including error rates, coherence time of qubits, and
scalability issues, remain to be solved. The current quantum computers have constraints in the qubit
processing capacity and the time the computers can retain a quantum state, which are major challenges
towards the adoption of quantum computers. Another particularity is the combination of quantum
computing with conventional classical systems. The ability to incorporate the best of classical and
quantum computing means that there is a need to come up with new architectures, interfaces, and
communication protocols. Such an integration should be smooth to fully reap the advantages of
quantum computing. Quantum computing at present remains costly due to the specific materials
required, the need for cryogenic systems, and strict environmental controls towards ensuring the
stability of the equipment. This infrastructure for quantum computing could be very expensive for
many organisations, and the kind of infrastructure required may be complex, thus putting a big barrier
to having many organisations utilise this kind of technology. Quantum computing can provide threats
for security by being able to crack most of the applied cryptographic codes today. Security concerns
are another issue that has to be met when integrating quantum technology into existing systems and
processes; hence, to develop new encryption approaches that are immune to quantum attacks.

Projected Future Trends and Developments in Quantum Computing

The influence that will be brought about by the advancements of the quantum computer does not only
have strong repercussions in electronics but also in fields of relevant and certain significance. It can
be expected that over the next ten years, the following trends and developments will define the
quantum computing systems of the future. Here we look at these trends and what they could mean for
the electronics industry. Most of the quantum hardware advancements’ objectives refer to expanding
the number of qubits alongside enhancing the coherence time and minimising the errors. That is why
only such companies as IBM, Google, and Rigetti have been recently focused on creating future
scalable quantum processors with hundreds or thousands of high-quality qubits. Future advancements
in quantum computers will involve coming up with a correction code that can make the system fault-
tolerant. Quantum computing with higher numbers of qubits offers the potentialities of enhanced
quantum computational systems necessary for computational problems that cannot be solved at the
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current moment. Out of them, superconducting qubits and trapped ions are more developed, but a lot
of efforts are being made for other qubit technologies like topological qubits, quantum dots, photonic
qubits, etc. Such different forms of qubits may prove beneficial in terms of stability, manufacturability,
and compatibility with already established chip architectures. The stability and the scalability of the
qubit systems would play a significant role in the future enhancement of quantum computing for
practical and large-scale applications.As the quantum hardware develops, it is only normal that new
quantum algorithms must be invented in order to reap the benefits of quantum computing. There are
many applications of algorithms such as cryptography, optimisation, machine learning, and quantum
chemistry where we look forward to seeing considerable improvement in algorithms of this type. Any
quantum algorithm that shows potential to yield a result better than classical computation will define
the use of quantum computing in different fields. Combined systems of quantum and quantum-
classical systems are expected to become more frequently used where quantum computers are used
with classical computers. These systems can employ the features of the first and second paradigms—
employing the classical computer for the operational calculations and the quantum one for particular
tasks. The influence that will be brought about by the advancements of the quantum computer does
not only have strong repercussions in electronics but also in fields of relevant and certain significance.
It can be expected that over the next ten years, the following trends and developments will define the
quantum computing systems of the future. Here we look at these trends and what they could mean for
the electronics industry. Most of the quantum hardware advancements’ objectives refer to expanding
the number of qubits alongside enhancing the coherence time and minimising the errors. That is why
only such companies as IBM, Google, and Rigetti have been recently focused on creating future
scalable quantum processors with hundreds or thousands of high-quality qubits. Future advancements
in quantum computers will involve coming up with a correction code that can make the system fault-
tolerant. Quantum computing with higher numbers of qubits offers the potentialities of enhanced
quantum computational systems necessary for computational problems that cannot be solved at the
current moment. Out of them, superconducting qubits and trapped ions are more developed, but a lot
of efforts are being made for other qubit technologies like topological qubits, quantum dots, photonic
qubits, etc. Such different forms of qubits may prove beneficial in terms of stability, manufacturability,
and compatibility with already established chip architectures. The stability and the scalability of the
qubit systems would play a significant role in the future enhancement of quantum computing for
practical and large-scale applications.As the quantum hardware develops, it is only normal that new
quantum algorithms must be invented in order to reap the benefits of quantum computing. There are
many applications of algorithms such as cryptography, optimisation, machine learning, and quantum
chemistry where we look forward to seeing considerable improvement in algorithms of this type. Any
guantum algorithm that shows potential to yield a result better than classical computation will define
the use of quantum computing in different fields. Combined systems of quantum and quantum-
classical systems are expected to become more frequently used where quantum computers are used
with classical computers. These systems can employ the features of the first and second paradigms—
employing the classical computer for the operational calculations and the quantum one for particular
tasks.

One of the emerging areas with the possibility for new breakthroughs will be the creation of software,
frameworks, and interfaces that are used to interact between quantum and classical systems. Device

https://internationalpubls.com 378



Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 32 No. 3 (2025)

scaling, that is, making quantum processors compact, will be a common trend, and so will
the incorporation of quantum chips with traditional CMOS chips. There will be further enhancements
in nanotechnology and material science that will lead to the design of a smaller and more efficient
quantum processor that is seamlessly incorporated into the present multipurpose electronic equipment.
This integration is set to give way to new breeds of devices that have capabilities for classical and
quantum computing, thus giving way to new efforts in computing power and efficiency.
This is a brief look at the particulars demonstrating that quantum technologies might go a long way in
defining the future of sensing and communication. Quantum sensors will be used to measure variations
in physical quantities where miniaturisation of sensors will be integrated in the medical field,
environment, and navigation technologies. Quantum computers will allow the usage of devices of
quantum entanglement and provide secure channels of communication immune to wiretapping. These
developments are going to change the future of the electronics industry, as it is likely to bring new
products and services to the market. Quantum computing operated in the electronics industry will
uphold processing characteristics, thereby increasing turnover assets, acceleration of data and
simulation, and optimization. Consumer applications like electronics design and telecommunication,
along with computational fields like semiconductor design, material science, etc., will directly harness
the power to perform computation that earlier would be difficult to achieve. This will result in the
creation of new sophisticated parts and electronic systems. Quantum computing is currently associated
with the vulnerability of the established cryptographic scenarios and the decrement of currently used
methods of protection. But it also has solutions in quantum safeguard against cryptography and
quantum key distribution, which provide the means to establish secure channels of communication and
data interchange. These changes will have to be addressed in the electronics industry by inventing and
deploying quantum-safe encryption technologies to ensure data security. Quantum computing can
thereby transform specific problems to be solved by fewer computational stages, hence being more
energy-saving. This reduction in energy consumption will be significant in data centres and high-
performance computing applications as it fits in the current drive of sustainability. The electronics
industry will gain from advancing and optimising technologies for computation that cut on energy
consumption and impacts.

Conclusion

Quantum computing can be said to be a major advancement in technology, as it holds the potential of
changing the entire electronics market through its high processing capabilities, energy-saving features,
and new opportunities. The development of core quantum components, namely superconducting
qubits, trapped ions, and the recent topological qubits, exhibits promising signs of true large-scale
fault-tolerant quantum hardware. At the same time, progress in quantum software and new algorithms
and programming languages has been creating the practices that can provide practical uses that can
surpass  conventional computers and solutions in  particular  sophisticated  tasks.
Nonetheless, the incorporation of quantum computing into the electronics industry is not without some
challenges. Concerns like error correction, qubit coherence, and the creation of the quantum
cryptographically secure system will have to be accomplished in order to achieve quantum computing.
However, there is an issue of ethics, data privacy, and the impact of such a disruptive industry on
society. Further down the line, the next decade is predicted to experience tremendous advancements
in quantum computing as different industries gear up for real-time change and transformation. Of
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course, such developments will be a boon for the electronics industry because at its core are the
possibilities to create leaner, deeper, and more secure systems. Thus, the electronics industry can take
a leading position in the new era of technological advancement through quantum computing, changing
the fate of computing and information processing.
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