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Understanding Quantum
Computing

Introduction

Computing is the process of using computers
or other devices to perform tasks like
processing, storing, and communicating
information. It covers a wide range of
activities, from simple calculations to complex
data analysis, software development, and

artificial intelligence.

Quantum computing is a new type of
computing that follows the principles of
quantum physics, which explains the behaviour
of tiny particles such as atoms, electrons, and
photons. Compared to classical computers,
Quantum computers are radically different.
Computing is multitasking, it comprises
computer science, physics, and mathematics
that follows quantum mechanics to solve
complex problems faster than on classical
computers. It involves hardware research and

application development.
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Concepts in Quantum Computing
1. Superposition

Superposition means a quantum bit (called a
qubit) can be in multiple states at the same
time. Qubits can represent many possible
combinations of states at once, a quantum
computer can solve certain problems much
faster than classical computers like factoring
big numbers, simulating molecules, etc.

* A classical bit = either 0 or 1
e A qubit = 0 and 1 at the same time
e It turns on the parallelism, i.e., at a time it
can handle many tasks, i.e, multitasking.
Example: Spinning a coin in the air—it's both
heads and tails until it lands.

2. Entanglement

Entanglement is where two or more qubits
become linked, so that the state of one qubit
instantly affects the state of the other, no
matter how far apart they are. It perfectly
allows qubits to share information instantly and
perform operations in a highly coordinated
way, and also turn on the quantum things like
Quantum teleportation, Superdense coding,
and massive parallelism in computation. Two
qubits can become entangled, meaning their
states are linked—changing one instantly
changes the other, even across long distances.

Example: A pair of magic dice—roll one, and
the other shows a matching result, no matter
where it is.
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3. Quantum Interference

Quantum interference is the process of
combining the probabilities of different
quantum states, reinforcing each other, and
canceling out.

As qubits can be in a superposition of 0 and 1,
when a quantum algorithm runs, it controls the
phases of these superpositions. Correct
answers are made more likely, and wrong
answers are canceled out.

The Future Impact of Quantum Computing

1. Scientific Discovery & Innovation

* Drug discovery & genomics: Simulate
molecules and proteins to accelerate new
treatments and personalized medicine.

* Material science: Design new materials for
batteries, superconductors, or carbon
capture—faster and cheaper.

e Climate modeling: Run high-resolution
simulations to better understand and
combat climate change.

2. Business & Finance

* Portfolio optimization: Quantum algorithms
can evaluate countless financial strategies
simultaneously.

 Risk analysis & fraud detection: Spot
patterns and anomalies that classical
computers miss.
e Supply  chain

optimization:  Improve

logistics, routing, and resource planning on

a global scale.
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3. Cybersecurity

* Breaking traditional encryption: Algorithms
like Shor’s could break widely used systems
(RSA, ECC).

e Rise of post-quantum cryptography: A shift
toward new, quantum-resistant security
standards is already underway.

4. Al & Machine Learning

* Quantum machine learning:  Enhance
training of models, pattern recognition, and
data classification—especially in large,
complex systems.

* Better decision-making tools: Real-time
data  processing  for  smarter Al
applications.

5. Societal Impact

e Economic transformation: Industries will
shift, and new jobs will emerge in quantum
software, hardware, and cybersecurity.

¢ Global competition: Countries are investing
billions—quantum leadership will impact
economic and national security.

e Ethical questions: As with all powerful tech,
responsible development and access are
crucial.

Challenges in Quantum Computing

e Qubits are very thin and easily disturbed

e Quantum computers require the utmost
cold environments

e Error correction is not an easy task

* Not suitable for all tasks—only specific
types of problems

In conclusion, Quantum Computing is a new
computing paradigm. Though still evolving, it
may be the most important technological
innovation in the 21st Century.
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