Quantum Theory and Nuclear Physics are
fundamental areas of modern physics that
describe the behavior of matter and energy at
microscopic scales. While quantum theory lays
the foundation for understanding atomic and
subatomic particles, nuclear physics focuses
specifically on the properties and interactions

of atomic nuclei.

Quantum Theory: A Peek into the
Weird and Wonderful World

Have you ever wondered how the tiniest
particles in the universe behave? Imagine a
world where things can be in two places at

once or spin in two directions at the same time.

May 2025 | Page 42

Welcome to the mind-bending realm of

Quantum Theory!

Quantum theory is a fundamental field of
physics that studies the behavior of particles
that behave in ways that defy classical physics.
Classical  physics describes macroscopic

objects in the world around us.

Why Should You Care?

If you're using a smartphone, GPS or watching
a laser light show, you're already reaping the
benefits of quantum theory. It's what powers
our modern technology and is shaping the
future of computing, medicine and space

applications.
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Quantum Theory and Nuclear Physics

Indian Inventions

Fundamental Principles of Quantum

Theory

e Quantization: Energy isnt a smooth,
continuous flow, it comes in packets called
quanta. Think of climbing stairs (quantized)
vs a ramp (continuous). Electrons can jump
from one energy level to another, but can't

exist between levels.

e Wave-Particle Duality: It states that
quantum objects like light and electrons
exhibit both wave-like and particle-like
properties, depending on how they are

measured or observed.

* Uncertainty Principle: You can't know
both a particle’s position and momentum
exactly. The more you know about one, the
less you know about the other. This isnt

due to poor tools, it's how nature works.

» Superposition: Particles can exist in
multiple states at once, like being “on” and
“off” at the same time until measured. This
is what powers the idea of quantum

computers.

* Entanglement: When two  particles
become linked, their properties remain
connected, even if separated by light-
years. Changes in one particle leads to
reactions in the other particle instantly.
Einstein called this “spooky action at a

distance.”

Breakthroughs in Quantum Physics
Around the World

Teleportation: Not Just in Movies! Scientists in
China and the US have teleported quantum
information (not humans yet!) across hundreds

of kilometers using entangled photons.
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It's called quantum teleportation, and it's the

backbone of future quantum communication.

Google’s 105-Qubit “Willow” Processor: It
ran an application in under five minutes,
whereas today's best classical supercomputer
would need 10 septillion (that's a 1 followed by

25 zerosl!) years to run the same application.

And in India...

Quantum Key Distribution (QKD):
Researchers from ISRO and DRDO have
successfully tested quantum encryption over
300+ km. This  means

communication for satellites, banks and

unhackable

defence.

QSim - |India’s First Quantum Simulator:
Developed by IISc, CDAC, and IITs, this helps
students and researchers experiment with
quantum  algorithms  without needing «a

quantum computer.

Nuclear Physics - The Heart of the
Atom

At the center of every atom is a tiny, incredibly
dense core called the nucleus and nuclear
physics is all about understanding what's going
on in there.

It studies how protons and neutrons interact,
what keeps them stuck together despite their
electric repulsion, and what happens when the
balance tips, like when atoms decay, split or

fuse and release colossal amounts of energy.

Why is it so cool?

Because it's where the universe stores its most
explosive secrets, Nuclear physics lets us peek
inside the heart of matter and discover the

forces that light up stars, fuel our cities, and -
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- rewrite medical science. It explains how a
tiny change in the nucleus of an atom can
release more energy than burning tons of fuel.
It's the science behind the Sun’s endless glow,
Nuclear power that could run entire countries,

and life-saving radiation therapy in hospitals.

What's

Nucleus?

Happening Inside the

The nucleus is a party of positively charged
protons and neutral neutrons, packed tightly
intfo a space a hundred-thousand times smaller
than the atom itself. But here's the twist:
Protons repel each other, it's like pushing two

magnets together.

So why doesn’t the nucleus blow apart? That's
where the strong nuclear force comes in, the
true powerhouse of the subatomic world. It's
an invisible force, but stronger than anything
else in nature, overcoming the repulsion
between protons to hold the nucleus tightly

together.

Nuclear Reactions: Power from the

Core

Fission: A heavy nucleus splits into smaller
ones, releasing energy. This powers nuclear

reactors and atomic bombs.

Fusion: Two light nuclei merge to form a
heavier one and it releases even more energy.

It's how the sun works.

These processes release enormous energy,
much more than chemical reactions (thanks to

Einstein's famous equation: E=mc?2)

A tiny amount of mass becomes a huge amount

of energy.
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Applications of Nuclear Physics:

Medicine (Saving Lives with Atoms): When
people think of “radiation”, they often imagine
danger. But in the right hands, it becomes a
life-saving force.

e Cancer tireatment (Radiotherapy):
Targeted radiation beams destroy cancer
cells without harming healthy ones.

¢ Medical

Radioactive tracers help doctors see inside

imaging (PET  scans):

your body in stunning detail.

Energy (Power from the Nucleus): Split one
atom of uranium, and you release millions of
times more energy than burning a carbon
atom. That's nuclear fission in action.

* Nuclear power plants: Use controlled
chain reactions to generate electricity - no
smoke, no carbon emissions.

* Fusion power (future goal): Still in
development, fusion could offer clean,

limitless energy, just like the sun.

www.YoungScientistindia.org


http://www.youngscientistindia.org/

Quantum Theory and Nuclear Physics

Inventions

Research (Probing the Secrets of the

Universe):

From mapping the age of ancient rocks to
discovering new elements, nuclear physics is a
scientific detective tool.

* Carbon dating: Measures the age of

fossils and  artefacts by  tracking
radioactive decay.

* Particle accelerators: Smash atoms
together to reveal what they're made of,
and sometimes discover new particles
altogether.

* Astrophysics: Helps us understand how

stars live and die.

Security and Industry

e Nuclear  submarines: Can stay
underwater for months using compact
nuclear reactors.

e Smoke detectors: Use a tiny bit of
radioactive material to sense dangerous
smoke particles.

* Food safety: Radiation can safely preserve
food and kill bacteria without changing

taste or nutrition.
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Space Exploration (Power Beyond the
Sun):

Solar panels don't work well in deep space, but
nuclear batteries do.
e Mars rovers: Use nuclear power to
explore where sunlight barely reaches.
e Future space missions may use nuclear
propulsion for faster interplanetary travel.

Quantum Meets Nuclear - A Powerful
Partnership

Nuclear physics relies on quantum theory to
explain:
e How protons and neutrons behave inside
the nucleus
e Why certain nuclei are stable and others
radioactive
e How particles can escape a nucleus (via
quantum tunneling)
e Why energy levels in nuclei are quantized,
just like in atoms

For example, alpha decay (emission of a helium
nucleus) is only possible because of quantum
tunneling. Classically, the alpha particle is
trapped inside the nucleus. But in quantum
physics, it can “tunnel” through the potential
barrier and escape, something no classical
theory could explain.

Final Thoughts

Quantum theory teaches us that nature doesn’t
always behave the way we expect. Nuclear
physics shows that immense power lies within
the smallest particles. Together, they reveal a
universe more mysterious, powerful, and
beautiful than we ever imagined.

The universe is not only stranger than we
imagine, it's stranger than we can imagine. But
quantum and nuclear physics give us the tools
to try.
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