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ABSTRACT

Quantum computing is like, the next big thing
in tech.lt’s totally different from regular
computers because instead of using boring
old bits that are either 0 or 1, it uses these
things called qubits. The cool part is that
gubitscan be a0, a 1, or even both at the same
time! It’s called superposition, and it’s
basically what makes quantum computers so
powerful. There’s also this other crazy
concept called entanglement. It’s like two
qubits are linked together, and no matter how
far apart they are, if you change one, the
other one instantly changes too. While still in
early stages of development, quantum
computers have the potential to revolutionize
fields like medicine, materials science, and
cryptography.

Key words: Bits, cryptography,
decoherence, entanglement, qubits, quantum
computing, guantum mechanics,
superposition.

Introduction

Quantum computing is super mind-bending field
that totally different from the regular computers
we use. You know how a normal computer uses
bits that are either a 0 or a 1? Well, a quantum
computer uses qubits. The crazy thing about
qubits is that they can be a 0, a 1, or even both at
the same time! This is called superposition.
Because of superposition, a quantum computer
can do a ton of calculations at once. Its like it can
check all the possible answers to a problem
simultaneously, which is way faster than a
regular computer that has to check them one by
one. This also leads to a phenomenon called
entanglement, where two or more qubits are
linked together. If you measure one, you

instantly know the state of the other, no matter
how far apart they are. We’re still in the early
days of this tech, but it has the potential to solve
some really complex problems that are
impossible for today’s supercomputers, like
designing new medicines, creating new
materials, or even breaking some of the toughest
encryption codes. It’s a bit like a whole new kind
of logic, and it’s a really exciting time to be
learning about it. Quantum computing is built on
the bizarre rules of quantum mechanics, a field
that even Albert Einstein called “spooky.” The
two most important ideas are superposition and
entanglement. Now, here’s where it gets
awesome. A quantum computer, thanks to its
strange quantum rules, can be like a ghostly
version of that person that can explore every
single path in the maze simultaneously.

Qubits Aren’t Just Os and 1s. This is the
foundation. A normal bit is like a light switch,
either ON (1) or OFF (0). A qubit is like a
spinning coin. While it’s in the air, it’s not a head
or atail; it’s in a superposition of both. The more
qubits you have, the more possibilities you can
explore at the same time. With just 300 qubits,
you could store more information than there are
atoms in the observable universe. Think about
that for a second. Entanglement is a Secret
Superpower. This is the truly “spooky” part.
Entanglement is like linking two of those
spinning coins. If you measure one coin and it
lands on heads, you instantly know the other one
landed on tails, no matter how far apart they are.
This “spooky action at a distance” allows qubits
to work together in a deeply connected way,
letting the quantum computer see patterns and
correlations that are invisible to classical
machines.This is just about making faster
calculators. This is about solving problems that
are fundamentally impossible for classical
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computers, problems where the number of
possibilities is astronomical. Want to create a
perfect material that doesn&#39;t rust, or a room
temperature  superconductor  that  could
revolutionize energy transmission? Molecules
and atoms are ruled by quantum mechanics.
Simulating them on a regular computer is
impossible. A quantum computer could simulate
these interactions, leading to materials that could
solve the energy crisis or build new types of
electronics. Quantum computer uses qubits. The
crazy thing about qubits is that they can be a 0, a
1, or even both at the same time! This is called
superposition. Because of superposition, a
quantum computer can do a ton of calculations at
once. It like it can check all the possible answers
to a problem simultaneously, which is way faster
than a regular computer that has to check them
one by one.This also leads to a phenomenon
called entanglement, where two or more qubits

are linked together. If you measure one, you
instantly know the state of the other, no matter
how far apart they are.We’re still in the early
days of this tech, but it has the potential to solve
some really complex problems that are
impossible for today’s supercomputers, like
designing new medicines, creating new
materials, or even breaking some of the toughest
encryption codes. It’s a bit like a whole new kind
of logic, and it’s a really exciting time to be
learning about it. Quantum computing is built on
the bizarre rules of quantum mechanics, a field
that even Albert Einstein called “spooky.” The
two most important ideas are superposition and
entanglement. Now, here’s where it gets
awesome. A quantum computer, thanks to its
strange quantum rules, can be like a ghostly
version of that person that can explore every
single path in the maze simultaneously.

Qubits Aren’t Just Os and 1s. This is the
foundation. A normal bit is like a light switch,
either ON (1) or OFF (0). A qubit is like a
spinning coin. While it’s in the air, it’s not a head
or a tail; it’s in a superposition of both.

The more qubits you have, the more possibilities
you can explore at the same time. With just 300
qubits, you could store more information than
there are atoms in the observable universe. Think
about that for a second. Entanglement is a Secret
Superpower. This is the truly “spooky” part.
Entanglement is like linking two of those
spinning coins.While it’s in the air, it’s not a
head or a tail; it’s in a superposition of both.
The more qubits you have, the more possibilities
you can explore at the same time.

With just 300 qubits, you could store more
information than there are atoms in the

observable universe. Think about that for a
second. Entanglement is a Secret Superpower.
This is the truly “spooky” part. Entanglement is
like linking two of those spinning coins. If you
measure one coin and it lands on heads, you
instantly know the other one landed on tails, no
matter how far apart they are. This “spooky

action at a distance” allows qubits to work
together in a deeply connected way, letting

the quantum computer see patterns and
correlations that are invisible to classical
machines.This isn just about making faster

calculators. This is about solving problems

that are fundamentally impossible for classical
computers, problems where the number of
possibilities is astronomical. Want to create a
perfect material that doesn & rust, or a room
temperature  superconductor  that  could
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revolutionize energy transmission? Molecules
and atoms are ruled by quantum mechanics.
Simulating them on a regular computer is
impossible. A quantum computer could simulate
these interactions, leading to materials that could
solve the energy crisis or build new types of
electronics. Quantum algorithms are circuits of
these gates designed to leverage superposition
and entanglement to get the right answer faster.
They work by setting up a complex quantum
state and then using quantum interference to
“amplify” the probability of measuring the
Quantum

Interference: During a quantum calculation,
This property is used to amplify the probability
of obtaining the correct answer while canceling
out the probabilities of incorrect answers,
directing the computation toward the desired
outcome.

Quantum computers aren’t meant to replace your
laptop. They are specialized machines for
solving problems that are impossible for today’s
supercomputers, such as: Drug Discovery &
Materials Science: Simulating molecules to
design new medicines and materials.

Everything about quantum computing.

The  Foundational  Principles  Classical
computers store information in bits (0 or 1).
Quantum computers use quantum bits, or qubits,
which leverage. fundamental concepts of
Quantum physics: Superposition: A qubit can
exist in a combination of both the 0 and 1

States simultaneously. This inherent

parallelism allows a quantum computer to
explore many possibilities at once. For n qubits,
the system can represent 2/*n states concurrently.
Entanglement: This is a strong, non-classical
correlation between two or more qubits, where
their fates are intrinsically linked.

Measuring the state of one entangled qubit
instantaneously provides information about the
state of the others, regardless of the distance
between them. This phenomenon is what gives
guantum computers  their  exponential
computational power.

Decoherence: This is the process where a qubit
loses its quantum properties (superposition and
entanglement) due to interaction with the
external environment (e.g., heat, vibration,
electromagnetic fields). Minimizing
decoherence is the single biggest hardware
challenge.

Types of Quantum Hardware Quantum
Computing hardware is still in its developmental
phase, with several competing platforms vying
for dominance. Superconducting

Circuits:Tiny circuits (often aluminum on
silicon) cooled to near absolute zero (\sim 15
mK) to become superconductors. Qubits are
manipulated with microwave pulses.

Trapped lons:Charged atoms (ions) are
suspended in a vacuum using electromagnetic
fields and manipulated with lasers.

Neutral Atoms:Neutral atoms (e.g., Rubidium)
are trapped and controlled by precise laser
tweezers. Quantum

Dots:Utilizes nanoscale semiconductor crystals
(similar to classical chip manufacturing) to
confine single electrons as qubits.

The Era of Quantum Computing:

NISQ:Noisy Intermediate-Scale Quantum
(Present day). Devices have limited qubits (sim
50 to 1000) and high error rates.Focuses on
hybrid classical-quantum algorithms (e.g., VQE,
QAOA) for nearterm use cases like simulation
and optimization.

FAULT-TOLERANT: (Future) Devices will
use Logical Qubits—many physical qubits
working  together with  Quantum  Error
Correction (QEC) to form one stable, error- free
qubit.lt focuses general-purpose, large- scale
algorithms (Shor’s, full Grover’s) and true
quantum advantage.

KEY QUANTUM ALGORITHMS

Quantum computers are not a faster version of
classical computers; they are specialized
machines designed to solve specific types of
problems exponentially faster.

1.Cryptography

2.Quantum Chemistry &amp; Materials Science
3.0ptimization

4.Machine Learning (QML)

Major Challenges to Practical

Implementation:

Decoherence and Noise: Protecting the fragile
guantum state from environmental noise is the
correct answer while “canceling out” the
incorrect ones.

Error Correction and Fault Tolerance: Building
a logical qubit requires tens to thousands of
physical qubits to correct errors. This is a
massive engineering feat that is a prerequisite
for reliable, complex computations.
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Cost and Infrastructure: Quantum computers
require extremely specialized environments
(e.g., cryogenic dilution refrigerators) and are
very expensive to build and maintain.

Skills Gap: A severe shortage of researchers,
developers, and engineers trained in quantum
mechanics, computer science, and linear algebra
is slowing commercial adoption.

The Future Outlook

The industry is experiencing immense private
and public investment, signaling a long-term
commitment to the technology:

Hybrid Computing: In the near term, quantum
systems will operate as accelerators alongside
classical  supercomputers, with  classical
machines managing the overall computation.
The Race to Logical Qubits: The primary focus
of the mid-term (next 3-7 years) is transitioning
from noisy physical qubits to stable,
error-corrected logical qubits.

Quantum Networking: Research is expanding
beyond computation to Quantum
Key Distribution (QKD) for
communication and the conceptual
Quantum Internet for connecting distributed
quantum processors.

Market Growth: The quantum computing market
is projected for explosive growth, with major
tech giants, startups, and governments
establishing aggressive roadmaps to achieve
quantum advantage—the point where a quantum
computer solves a commercially relevant
problem demonstrably faster or cheaper than any
classical machine.

Cryptography: Potentially breaking current
encryption methods and creating new, more
secure ones.Optimization: Finding the best
solution to complex problems with countless
variables (e.g., logistics, Of course, there & a
reason you don & have one on your desk. Qubits
are incredibly fragile. A single vibration, a stray
magnetic field, or even a tiny temperature
change can cause them to lose their quantum
state—a problem called decoherence. Building
these machines requires extreme conditions,
often cooling them down to near absolute zero
(-273°C), colder than deep space! The biggest
challenge right now is error correction: how to
build a reliable machine out of such delicate
parts. It & s a crazy challenge, but the potential is
S0 massive that it & s worth the effort.

(This image shows the intricate golden structure
of a dilution refrigerator, a key component for

ultra-secure

keeping superconducting qubits at temperatures
just a fraction of a degree above absolute zero.)

Quantum Computing Development

Timeline:
The chart below displays the most significant
milestones in quantum computing from 1980 to
2025, including key theoretical and

experimental breakthroughs.

Quantum Computing Miestones (1280-2026)

The graph shows leading

Companies in Quantum Computing
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[llustrative Quantum Computing Market Share
by Adopting Industry BFSI (Banking, Finance,
Insurance)-30%

Pharmaceuticals Healthcare-25%

Aerospace and defence-15%

Logistics-15%

R & D and Al-10%

Review of literature

A literature review on Quantum Computing
reveals a rapidly evolving field at the
intersection of physics, mathematics, and
computer science, promising to revolutionize
computation by leveraging principles of
quantum mechanics. Here is a summary of the
key themes, historical context, current state,
challenges, and applications found in the
literature:

Technology Industry: Market Growth, Key
Players, and 2025 Outlook,” describes a
qguantum  technology landscape that s
accelerating toward commercial viability faster
than previously anticipated. The outlook for
market growth is aggressive, with projections
suggesting the quantum computing market could
expand by nearly

35% annually between 2024 and 2032.

Vendors are accelerating their expected
timelines, now projecting the achievement of
commercial scale and tangible business benefits
over the next five to seven years, moving the era
of quantum advantage closer

1.The Deloitte report, “State of the

Quantum to the end of the decade. This rapid progress

is driven by significant advancements in
hardware and the maturation of key talent hubs,
oI leading to a scenario where the technology could
be widely ready within the next five years.
Ultimately, the report emphasizes that the
primary drivers and key
applications of quantum
technology—simulation, optimization, and
machine learning—will compel organizations
across virtually every industry to adopt
o qguantum-enabled strategies to maintain a
competitive edge.

2.The McKinsey report, “The Year of Quantum:

From concept to reality in 2025,”

underscores that quantum technology is
- transitioning from research to deployment, with

innovation focusing on real-world use cases and

deployment.The study projects that

BOR L]
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quantum technologies could generate up to $97
billion in value by 2035, with quantum
computing capturing the largest share. While
the report focuses on the core quantum
pillars—computing,  communication, and
sensing—it identifies several industries poised
for significant impact.

Pharmaceuticals and Chemicals are highlighted
as having the most likely near term returns
through molecular simulation for drug discovery
and materials science.

Other key sectors mentioned in relation to
quantum’s transformative potential include
Financial ~ Services  (optimization, risk
management), Mobility/Automotive (supply
chain optimization, new materials), and
applications in Sustainability (carbon capture
and fuel efficiency), while Cybersecurity is
identified as a major, immediate driver due to the
need for post-quantum cryptography.

3.The debate over quantum advantage—the
point where a quantum computer solves a
problem demonstrably better than a classical
machine—is shifting from a long- term
challenge to a near term breakthrough,
particularly according to major players. IBM’s
updated roadmap targets the achievement of the
first quantum advantages by the end of 2026,
driven by advancements in error mitigation
techniques and a focus on variational problems
in chemistry and materials science. IBM
distinguishes this as achieving “quantum
utility,” where the device does scientifically
useful work beyond brute- force classical
computation, and further projects a large scale,
fault-tolerant quantum computer by 2029.
Meanwhile, D-Wave, a leader in quantum
annealing, has released its Advantage2 system
with over 4,400 qubits, claiming to solve hard
problems beyond the reach of classical
computers, though such claims, which the
company has called computational supremacy,
often invite debate within the research
community. This video provides IBM’s updated
guantum roadmap through 2033, which includes
their prediction for the first quantum advantages
by the end of 2026.

5.Quantum computing is a revolutionary
computational paradigm that harnesses the
principles of quantum mechanics, such as
superposition and entanglement, to process
information using quantum bits (qubits), as
described by the IEEE Computer Society. Unlike

classical bits, which are confined to a state of
either 0 or 1, qubits can exist in multiple states
simultaneously, enabling quantum computers to
explore an exponentially large computational
space. This allows them to achieve massive
speedups for specific high-complexity or
seemingly- intractable problems, such as those
involving optimization, molecular simulation,
and factoring large numbers (which has
significant implications for breaking current
encryption systems). However, the technology is
still nascent, residing primarily in the
Noisy-Intermediate Scale Quantum (NISQ) era,
facing significant technical challenges related to
qubit fragility, environmental sensitivity, and the
need for robust quantum error correction to fully
unlock its promise.

SUGGESTIONS.

We can try to develop Fault-Tolerant Hardware:
The primary challenge is decoherence, where the
fragile quantum state of qubits is corrupted by
environmental noise.

The solution lies in building more robust qubits
(e.g., superconducting, ion trap, photonic) and
developing Quantum Error Correction (QEC)
codes, such as the Surface Code, which encode a
single, stable “logical qubit” across many
physical, noisy qubits to detect and correct errors
without destroying the quantum information. We
can also try to achieve Scalability: Engineers
must find ways to increase the number of
interacting qubits from dozens to thousands and
eventually millions, while maintaining high
fidelity control and high-speed communication
between them, often in extreme conditions (like
near absolute zero).Advance Tooling and
Software: Researchers need to create more
mature, user-friendly quantum programming
SDKs (like Qiskit or Cirg), compilers, and
simulators to help translate complex algorithms
into executable circuits and assist with
debugging, which is difficult due to the
“no-cloning  theorem”  preventing  direct
observation of a qubit’s state.

CONCLUSION

1. Technology is Accelerating Toward
“Quantum Advantage” Diverse Hardware Race:
Major tech companies and specialized startups
(IBM, lonQ, Quantinuum, Google, Microsoft)
are in a public race to scale qubits and reduce
error rates. Breakthroughs like those in
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multi-chip  modular  processors  (IBM’s
Flamingo) and more inherently error-resistant
designs (Microsoft’s topological qubits) signal a
shift from focusing solely on quantity to
prioritizing quality (stability and coherence).
NISQ Era Transition: The field is actively
moving out of the Noisy Intermediate-Scale
Quantum (NISQ) era and aiming for
fault-tolerant systems. The focus is now on
demonstrating “useful quantum
advantage”—where a quantum computer solves
a specific, real-world business problem faster or
more economically than any classical computer
can.

2. Market Value is Shifting from Potential to
Early  Application Significant Economic
Potential: Market projections remain robust,
anticipating the quantum computing market to
grow by over 30% annually, unlocking hundreds
of billions to trillions of dollars in economic
value by 2035 across key global industries.
Near-Term Adoption Drivers: The BFSI
(Finance) and Pharmaceuticals/Healthcare
sectors are the earliest and most aggressive
adopters, leveraging quantum computing for
mission-critical ~ optimization  (e.g., risk
modeling, portfolio design) and simulation (e.g.,
drug discovery, materials science).

These applications are driving the industry’s
near-term revenue.

Cloud Accessibility: The democratization of
access through cloud platforms like AWS Braket
and Azure Quantum is crucial, allowing
businesses and researchers worldwide to
experiment with cutting-edge quantum hardware
without massive capital investment.

3. Dual-Natured Societal Impact Requires
Proactive Planning

The Quantum Threat: The most immediate and
critical societal concern is the threat quantum
computers pose to modern public- key
cryptography (the basis of current internet
security). This necessitates an urgent,
coordinated global shift toward
guantum-resistant (post-quantum) cryptography
to secure data before fault- tolerant machines
become commonplace.

The Quantum Promise: Quantum computing
offers unparalleled benefits for global
challenges, including climate change (through
new catalysts and battery materials), healthcare
(personalized medicine), and sustainable

development (optimized smart and
resource management).

Workforce Imperative: The growth of the
guantum ecosystem is creating tens to hundreds
of thousands of new jobs, shifting the focus to
developing the specialized talent pool necessary
to design, program, and manage these systems.
In conclusion, quantum computing is no longer
science fiction. It is a maturing, high-stakes
technology with the capacity to fundamentally
redefine computational limits. The coming five
to seven years will be decisive, as the industry
works to overcome its core challenges—noise
and scalability—to deliver on the enormous
promise of useful, commercial-grade quantum

machines.

grids
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