
Prof. Leena Sinha
Department of Physics
University of Lucknow



NIELS BOHR 
THE FATHER OF QUANTUM THEORY





Can it be applied from microscopic particles to 
everyday macroscopic objects



Schrödinger proposed it to show something feels wrong:        superposition seems reasonable for atoms, 
       but absurd for a macroscopic cat.

A radioactive atom 
may or may not 

decay

Detector triggers 
poison if decay 

happens; the cat’s 
fate is linked to that 

quantum  event

Before you open 
the box, the system 

is described by a 
superposition of 
“cat alive” + “cat 

dead.”

When you open the 
box (measure), you 

observe one 
outcome: either 

alive or dead—this 
mirrors collapse in 

Copenhagen.

Copenhagen’s reply 
In real life, a macroscopic cat cannot stay in a clean 
superposition. The environment quickly destroys the coherence. 
So we do not see a cat behaving like a neat quantum 
superposition.



v Albert Einstein disagreed with the Bohr’s concept of reality

v He believed that reality was knowable and that probabilities could not 
completely define reality—that there had to be an objective reality out 
there, independent of measurement. 



•No influence can travel faster than light.

•What happens at one place cannot instantly 
affect something far away.

•Physics must respect special relativity.



vPhysical properties exist before measurement.

vA particle has definite values (like position or spin), even if we do 
not measure them.

vMeasurement reveals reality — it does not create it.



No “spooky action at a distance.”

Reality is definite and independent.



The EPR paradox (1935) was a thought experiment by Albert Einstein, Boris Podolsky, and Nathan Rosen arguing 
that quantum mechanics is an incomplete description of reality. 

It highlights the strange implications of quantum entanglement, where measuring one particle instantly determines 
the state of a distant, entangled partner. 

Einstein argued this implied "spooky action at a distance", suggesting hidden variables must exist to maintain local 
realism.

https://www.google.com/search?q=EPR+paradox&sca_esv=ffa6fe38ad5a2295&sxsrf=ANbL-n5noy3qncpLidWhNYr-QCU8_alSpg%3A1770893637240&ei=RbGNaYy1DvSGnesPwsK52A8&biw=1440&bih=772&oq=EPR+parado&gs_lp=Egxnd3Mtd2l6LXNlcnAiCkVQUiBwYXJhZG8qAggAMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABEjaJFD1BViqGXABeAGQAQCYAboCoAGBC6oBBzAuNS4xLjG4AQHIAQD4AQGYAgigAucLwgIKEAAYRxjWBBiwA8ICDRAAGIAEGIoFGEMYsAPCAg4QABjkAhjWBBiwA9gBAcICExAuGEMYgAQYigUYyAMYsAPYAQHCAhMQLhiABBiKBRhDGMgDGLAD2AEBwgIKEAAYgAQYigUYQ8ICDRAAGIAEGIoFGEMYsQPCAgoQLhiABBiKBRhDwgIQEC4YgAQYigUYQxjHARjRA8ICBxAAGIAEGAqYAwCIBgGQBhG6BgYIARABGAmSBwcxLjMuMy4xoAesKrIHBzAuMy4zLjG4B9cLwgcFMi02LjLIB0WACAE&sclient=gws-wiz-serp&ved=2ahUKEwjI7bH15NOSAxX3UGcHHQnvBbQQgK4QegYIAQgAEAM
https://www.google.com/search?q=EPR+paradox&sca_esv=ffa6fe38ad5a2295&sxsrf=ANbL-n5noy3qncpLidWhNYr-QCU8_alSpg%3A1770893637240&ei=RbGNaYy1DvSGnesPwsK52A8&biw=1440&bih=772&oq=EPR+parado&gs_lp=Egxnd3Mtd2l6LXNlcnAiCkVQUiBwYXJhZG8qAggAMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABDIFEAAYgAQyBRAAGIAEMgUQABiABEjaJFD1BViqGXABeAGQAQCYAboCoAGBC6oBBzAuNS4xLjG4AQHIAQD4AQGYAgigAucLwgIKEAAYRxjWBBiwA8ICDRAAGIAEGIoFGEMYsAPCAg4QABjkAhjWBBiwA9gBAcICExAuGEMYgAQYigUYyAMYsAPYAQHCAhMQLhiABBiKBRhDGMgDGLAD2AEBwgIKEAAYgAQYigUYQ8ICDRAAGIAEGIoFGEMYsQPCAgoQLhiABBiKBRhDwgIQEC4YgAQYigUYQxjHARjRA8ICBxAAGIAEGAqYAwCIBgGQBhG6BgYIARABGAmSBwcxLjMuMy4xoAesKrIHBzAuMy4zLjG4B9cLwgcFMi02LjLIB0WACAE&sclient=gws-wiz-serp&ved=2ahUKEwjI7bH15NOSAxX3UGcHHQnvBbQQgK4QegYIAQgAEAM






QUANTUM 
MECHANICAL VIEW EINSTEIN’S RESPONSE

Entanglement
Measuring particle A instantly 
fixes the result of B, even 
when far apart.

Appears as:
“Spooky action at a 

distance.”

Locality
No real influence travels 

faster than light.

Realism
B must already have a 
definite value before 

measurement.
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Quantum 
mechanics is 
incomplete.
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In 1964, Irish physicist John Bell devised a way to prove whether 
Einstein’s view of the local hidden variable theory was correct or 
incorrect.

Bell proved that any local-realist theory imposes strict limits on 
measurable correlations between separated particles—limits 
called Bell inequalities.

Quantum mechanics, however, predicts correlations that can exceed 
those limits.



In 1972 John 
Clauser realized—

Bell’s inequality  
could be tested in 

the lab

His first 
experimental 

version 
demonstrated a 

violation of Bell’s 
inequality, showing 

that nature really 
does behave the 

strange way 
quantum mechanics 

predicts.

Anton Zeilinger then pushed these ideas 
further into the realm of quantum 

information science, including a landmark 
demonstration of quantum teleportation - a 

real method for transferring quantum 
information using entanglement.

Between 1980 and 
1982,  Alain 

Aspect carried out 
more refined 

experiments and 
addressed 
important 

experimental 
“loopholes,” 

making the case 
even stronger.



To understand the core idea behind Bell tests, let’s focus on one commonly used version called the CHSH 
inequality (named after Clauser, Horne, Shimony, and Holt).

X Projection of the particle
Y Projection of the particle

X Projection of the particle
Y Projection of the particle

RANDOM RANDOM

OUTPUT

+1 or -1 +1 or -1

Assume 
LOCAL REALISM



𝑪𝑯𝑺𝑯	𝑽𝒂𝒍𝒖𝒆

𝐴!𝐵! +	𝐴!𝐵" +	𝐴"𝐵! 	− 	𝐴"𝐵"	

=𝐵! 	(𝐴!+	𝐴") +	𝐵"(𝐴!	−	𝐴"	 )

< 𝑨𝑿 𝑩𝑿 >+< 𝑨𝑿𝑩𝒀 > +	< 𝑨𝒀 𝑩𝑿 > −	< 𝑨𝒀 𝑩𝒀	 >	 ≤ 𝟐

Max value =2CHSH 



REPEAT THE EXPERIMENT AGAIN
But when the particles are not ordinary particles—when they are entangled qubits— 

If you run the experiment many times with 
properly entangled pairs and the right 
measurement choices, 

The observed CHSH value can come out around:
CHSH ≈ 2.8

you can explore it yourself using a 
quantum computing simulator. 

entangled qubits





LOCAL REALISM 











New materials: batteries, superconductors, catalysts, solar-cell materials

Optimization: faster planning for routes, supply chains, scheduling, 
portfolios

Drug discovery & chemistry: simulate molecules to design better medicines

Quantum sensing integration: using quantum processors + sensors for better signal 
processing/control
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A special feature of quantum cryptography is 
that two people who are communicating 
can detect if someone else is trying to spy on 
their key.

Uses quantum properties like superposition 
and entanglement to send information in the 
form of quantum states.

Because of this, any attempt to eavesdrop will 
disturb the system and can be noticed.

If the eavesdropping is small and below a safe 
limit, a secure key is generated and 
communication continues.

If the eavesdropping is small and below a safe 
limit, a secure key is generated and 
communication continues.



Quantum teleportation of 
quantum states (moving a 
qubit state without moving 
the particle)





From superposition
to entanglement,
from paradoxes
to real experiments —
Quantum mechanics continues to challenge
our intuition and expand our understanding
of reality.




