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Deepening Mysteries 
"In the world of quantum, where particles dance, 

Nothing is certain, all is by chance. 

Wave or particle, both or none, 

The mystery deepens with each rising sun." 

       - Anonymous physicist's poem, 1960s 
Some Recent Developments in Quantum Mechanics 
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Quantum Well Infrared Photodetctors (QWIPs) 

 
Working of QWIP 

 

Recent Developments and Future Horizons 

"In the quantum realm, invisible to eye, 

Where particles leap and waves multiply, 

A century of questions, deep and profound, 

Have left us with mysteries yet unbound." 

- Contemporary physics-inspired verse, 2015 

 



                                                                            

 

 

Foreword 

National Competition of Essay Writing in Physics (NCEWP) of Indian Association of Physics teachers 

is a permanent feature in the annual calendar of its activities. This year is an incredibly special year on 

the timeline of the development of Physics and is marked by the celebration of International Year of 

Quantum Science and Technology 2025. This volume of An Ensemble of Surround Physics is fifth 

such volume celebrating the broad theme: A Journey of Hundred Years of Quantum Mechanics. 

However, within the scope of this theme, it is expected that different people will bring a different 

perspective, looking at it from different vantage points, i.e., what has happened precisely. A clear 

distinction emerges as authors of these essays try to make a distinction between Quantum Revolution 1 

and Quantum Revolution 2. There are lot of historical facts in each essay with pictorial embellishments 

to put forth the concepts involved. Vocabulary of Quantum Revolution 2.0 is resonating in each essay. 

Students and teachers are on an even keel.  

As is often said Quantum Mechanics is Weird and to overcome this weirdness one must learn to 

understand and systematize that understanding into a good scientific composition which attracts the 

reader and binds it till the end. Authoring an essay is a good step to move in the direction of creative 

thinking and provides good training in communication skills. The winners of this competition have 

amply demonstrated their range of skills in writing their respective contributions.  

In getting together this set of essays a lot of hard work has gone into it by NCWEP core team led by 

Prof. Santosh Joshi, Coordinator of this competition and the judges drawn from across the country. I 

congratulate the participants whose essays find place in this collection and also to those participants 

whose essays are not in this collection. Participating in this process has many rewards, and all the 

participants have benefitted from this process.  

With best wishes and warm regards. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22.12.2025 

  

                   Prof. PK Ahluwalia 

                   National President 

           Indian Association of Physics Teachers (IAPT) 
 



                                                                            

 

 

Preface 
 

Writing makes one perfect and writing an essay even more soé. 

National Competition on Essay Writing in Physics (NCEWP) is one of the four national competitions 

held by IAPT every year. The competition is open to participants in two categories, viz., students and 

teachers (including Science Communicators). 
 

Category A ï Students of Higher Secondary /Jr. College, UG and PG levels; 

Category B ï Teachers of Higher Secondary/Jr. College, UG and PG institutions, also Science 

Communicators working in recognized institutions. 
 

Since 2019, due to the Covid Pandemic, NCEWP was conducted by submitting the essays through 

e-mail. Subsequently, an idea of e-Book containing the collection of Awarded essays was given by 

our President IAPT Prof. P. K. Ahluwalia. I am extremely thankful to our President for this novel 

suggestion. 
 

To get an overview of this essay competition, you can visit the NCEWP page on our website: 

https://www.indapt.org.in/f/essay-writing-ncewp-19875?source=view 

 

You can also download the winning essays from the past competitions available as e-books. 

 

Surround Physics: Collection of Prize Winning Essays 

1. e-book-on-essay-competition-ncewp-2019-to-2021 (1).pdf 

2. 
e-book-volume-2physics-behind-climate-change-year-2022.pdf 

Physics behind climate change 

3. 
e-book(final)Volume-3.pdf 

Physics in Forensic Science 

4. 
e-book(final)Volume-4(1).pdf 

Physics of Music and Musical Instruments 2024 

 

Now this most recent Volume-5 on the topic ñA Journey of 100 years of Quantum Mechanicsò 

includes 16 essays awarded in the IAPT Essay Competition NCEWP-2025. 

 

UNESCO declared 2025 as the international year of Quantum Science and Technology. In this light  

our topic  for the Essay Competition was ñA Journey of 100 years of Quantum Mechanicsò 

 

The essays were evaluated by three experts and aggregate marks were considered towards the final 

results. All entries were checked for plagiarism by me. Negative marks were assigned by the 

evaluators for copy-paste instances. We are very much thankful to the expert evaluators Dr.  A.P. 

Deshpande, Dr. Neetu Verma, Dr. Mihir Pal, Dr. Sapna Sharma, Dr. D.A. Deshpande and Dr. Swapan 

Majumdar for their voluntary services in this competition. 

 

Many IAPT members helped in getting essay entries from their regions: I am thankful to Dr. Sunder 

Singh, Prof. Y. K. Vijay,  Dr. Sarmistha Sahu and Dr. Ranjita Deka. 

 

 

https://www.indapt.org.in/f/essay-writing-ncewp-19875?source=view
https://www.indapt.org.in/api/campusfeed/downloadCfFile?blog_id=20296&file_name=1169_1717283531_a8b1a8f3dc2dd79fc18c4f4214552893.pdf
https://www.indapt.org.in/api/campusfeed/downloadCfFile?blog_id=20296&file_name=1169_1717283531_715a03d4c2b4a899f8f56f1de278b0c8.pdf
https://www.indapt.org.in/api/campusfeed/downloadCfFile?blog_id=20296&file_name=1169_1717283532_bf214e33087272bd602624d24666d503.pdf
https://www.indapt.org.in/api/campusfeed/downloadCfFile?blog_id=20296&file_name=1169_1729490320_ccef91147d7627fb9e1ee819ee56342f.pdf


                                                                            

 

 

 

 

I am extremely thankful to our President Prof. P. K. Ahluwalia and General Secretary Prof. Rekha 

Ghorpade. I sincerely thank all EC Members, Office bearers of RCs, all Vice Presidents IAPT, Prof. 

B. P. Tyagi and Prof. Manjit Kaur. Apart from this, I am also thankful to my committee members Dr. 

Viresh Thakkar, Dr. Runima Baishya and Dr.V. Rajeshwar Rao. Thanks to Kanpur Office: Dr. Sanjay 

Sharma, Dr. D. C. Gupta and Vinod ji for their excellent help in the Prize Distribution Ceremony. 

Finally, I am thankful to all the participants of Essay competition and those who helped me in 

conducting this event directly or indirectly. 

 

As an editor, I have only tried to rectify language errors and made the formatting more consistent. 

The basic content of the essays has been kept as it is. In the end, I am very much thankful to Sambodhi 

Translation Services, Indore for their professional services in getting this e-book (Volume-5) out in 

the current shape. In the last part of this e-book, the Guidelines for Essay Writing and Developing 

Skills for Science Communication have been included as an Appendix. 

 

  

 
10-12-2025  S K Joshi 

Coordinator NCEWP & Editor of e -Book 
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  IAPT National Competition on Essay Writing in Physics (NCEWP ï 2025) Category-A (A Journey of 100 years of Quantum Mechanics) 

 

Quantum Mechanics- Physics Redefined 

Yashvardhan Singh Varma 

Vardhman International School, Jaipur, Rajasthan 

Key words: Quantum, Energy, Technology, Superposition, Entanglement. 

Abstract 

Physics is better known as the science of everything. However, there are a lot of things that even physics 

could not rigorously explain. When it seemed like everything was solved, Max Planck decided to change 

everything. His venture into black-body radiation led to the emergence of a whole new branch of physics 

known as óQuantum Mechanicsô. It is a branch which is still expanding. New ideas, new technologies 

are being researched upon right now. Even the electronics we use work on the principles of quantum 

mechanics. 

This essay aims to delve into this extensively studied branch of physics, and provide insight about its 

past, present, and the future. It aims to provide a broad idea about basic quantum phenomena and their 

applications in different fields. It covers the implications of general ideas like quantum superposition 

and entanglement, and explores the first and second quantum revolutions. 

Introduction  

Back in the 18th century, physicists thought that there was little remaining to be discovered in the 

universe. With the advent of Newtonian mechanics, almost every phenomenon was understood. 

However, there was still a lack of advancements in electromagnetism as many phenomena like the 

nature of light and heat remained unresolved. This challenged Newtonian mechanics. 

Newton considered light to exhibit particle nature, but Huygens proposed a wave-theory. Later in 1801, 

Youngôs double-slit experiment showcased lightôs wave nature and the debate was settledéor was it? 

We shall find out through this oversimplified essay. 

Then there were the major uncertainties in atomic models of that time. Rutherfordôs model seemed a 

good enough representation. But there was a huge unanswered question--- If electrons orbit the nucleus, 

shouldnôt they lose energy over time and collapse into the nucleus? This question was just a spark 

foreshadowing the fire that was about to ignite. 

The Ultraviolet Catastrophe 

An ideal Black-body is defined as a body which absorbs hundred percent of the radiation incident on it. 

A good absorber is a good emitter. The Rayleigh-Jeans law attempted to quantitatively explain this 

phenomenon. It described the intensity of emitted radiation as a function of frequency or wavelength. 

The Rayleigh-Jeans law for wavelength ɚ is given as, 
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Where ὄɚ (Ὕ) is the spectral radiance, c is the speed of light, Ὧὄ is the Boltzmann constant, and Ὕ is the 

temperature in kelvins. 

This however would imply that as the frequency increases, the intensity of emitted radiation approaches 

infinity. This led to a discrepancy in theoretical and observed data, and was termed as the óultraviolet 

catastropheô. 

 
Figure 1- The comparison between classical predictions and the observed 

 

Max Planck and the First Quantum Revolution 

In order to resolve the ultraviolet catastrophe, Planck made a simple assumption that the energies 

absorbed and emitted are not continuous, rather they exist as packets or óquantaô. He assumed energy 

(E) to be directly proportional to wave frequency (’). Thus, he came up with the equation: 

Ὁ = ’ 

Where h is the Planckôs constant, which is 6.626 Ĭ 10ī34.  

Planckôs Law of Black Body Radiation 

Based on the quantization of energy, Planck derived an accurate law to predict spectral radiance at any 

temperature, 

 

Where Bv(T) is the spectral radiance at a temperature T, h is the Planckôs constant, and v is the frequency 

of a photon.  

The introduction of the concept of quantization of energy was revolutionary as it gave rise to a new 

branch of physics called óQuantum Physicsô, which is still expanding. We shall see further proof of 

quantization of energy through the photoelectric effect. 

The Photoelectric Effect 

In 1887, Heinrich Hertz observed that if he shined ultraviolet light on two metal electrodes, sparking 

occurred. This led him to conclude that there is a voltage change because of the light, and therefore light 

must have the ability to eject electrons from a metal surface.  
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According to classical electromagnetism, light was a pure 

electromagnetic wave. It was predicted that the energy due to light 

waves is accumulated in the electrons, and they are ejected when the 

accumulated energy crosses a certain threshold. It was determined 

that the rate of ejecting electrons was directly proportional to 

intensity, but it was shown experimentally that the kinetic energy of 

the ejected electron; whether it would even eject depends on the 

frequency of incident light rather than its intensity. However, a 

complete explanation was provided by Albert Einstein in 1905 based 

on the concept of quantization of energy. 

Figure 2- Ejection of 

photoelectrons from a surface 
He proposed that light is not a pure continuous wave, and instead it 

consists of packets of energy (later coined óphotonsô). 
 

He determined that different amount of energy was required to eject a photoelectron from different 

metal surfaces. This minimum energy (W) is known as the ówork functionô of that surface. It was given 

as:   ὡ = ’0, where ’0 is the threshold frequency of the material. 
 

Energy due to frequencies higher than the work function becomes the kinetic energy of ejected electron. 
 

The study of photoelectric effect proved Planckôs quantization of energy, and further showed that light 

has a dual wave-particle nature. This proved to be a major stepping stone for modern advancements in 

quantum physics. 

The Structure of the Atom  

1. The Bohr model and its limitations 

 

Niels Bohr theorized a model of the atom based 

on quantized energy levels. It explained the 

stability of atom, and the emission and 

absorption spectra using the quantum theory, 

something Rutherfordôs model failed to explain. 

Bohr considered electrons to revolve around the 

nucleus in fixed discrete energy levels or shells 

or orbits. The difference between the energies of 

two discrete energy levels was calculated by 
 

ȹὉ= f = Ὁ(i) īὉ(f), where f is the frequency, 

and h is the Planckôs constant 
 

According to the Bohr model, the ground state 

of an electron is a state with no changes in its 

energy levels. An electron may be excited by 

óphotonsô or quanta, and move to a higher 

energy state. The electron would then de-excite, 

and emit energy to return to its ground state. 
  

Bohrôs model however only correctly predicted 

the behavior of single electron species.  

Fig. 3 ï The energy spectrum of the hydrogen atom 

according to Bohrôs model 
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It failed to provide accurate predictions for atoms with more than one electron. De Broglie then 

theorized electron to be a physical circular standing wave which contradicted Bohrôs idea of fixed 

circular orbits. 
 

2. The Quantum Mechanical Model 

 

The quantum mechanical 

model of the atom 

developed primarily by 

Erwin Schrödinger and 

Werner Heisenberg took 

into account the dual nature 

of electron. Schrodinger 

extended De Broglieôs 

work. Instead of having 

fixed orbits, Schrödinger 

believed electrons to be 

physical waves. He 

described the electron in 

terms of 3-D wave 

functions, represented by 

óɣô. 

Figure 4- Orbital shapes and orientations  

 

However, it is important to note that the waves represented by óɣô arenôt physical waves, instead they 

are probability waves. The square of the wave function ɣ᷄᷄2 gives the probability of an electron being 

near a certain point in space. The simplest form of Schrodingerôs equation is ǦɊ(r) = EɊ(r) where óǦô 

is the Hamiltonian operator and óEô is the total energy of the system. 

Spherical harmonics and the Laplace operator lay the fundamental mathematics of the quantum 

mechanical model. Every electron has a unique identity, identified using four quantum numbers- the 

principal quantum number similar to Bohrôs energy levels, the azimuthal quantum number representing 

shape of the orbital, the magnetic quantum number representing orientation in space, and the spin 

quantum number describing the quantum spin of electron. 

The regions in space with the highest probability of finding an electron are called óorbitalsô, and the 

regions with zero probability are called nodes. 

Heisenbergôs Uncertainty Principle 

Heisenbergôs uncertainty principle is a cornerstone of quantum study. It provides crucial insight to the 

nature of quantum particles. It states that one can never correctly measure the momentum and position 

of a quantum particle simultaneously. The uncertainty in the measurement is inevitable. If there is high 

certainty in an electronôs position, then there will be a high uncertainty in its momentum and vice versa. 

Mathematically, 
 

Where, ῳὼ is uncertainty in position, ῳὴ is the uncertainty in momentum, and  is the Planckôs constant. 
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Technological Advancements in the First Quantum Revolution 

The above developments were just the beginning of the most influential branch of physics which took 

the world by storm. And thus, the foundation of quantum physics is laid. These discoveries would 

change the world forever. Quantum physics plays a major role in fields such as information and 

communication technology, quantum computing, data storage, efficient energy transfer, etcetera... 

Semiconductors 

 

Semiconductors are materials 

which have conductivity 

greater than insulators but less 

than conductors. They work 

by controlling the flow of 

electricity. A semiconductor 

contains valence bands and 

conduction bands, and relies 

on quantum energy levels for 

their functioning. There is a 

óband gapô between the two 

bands which can block or 

allow electron flow. 

Semiconductors are controlled 

by introducing impurities, or 

changing physical factors like 

temperature and light. 

Figure 5- Working of a semiconductor  

 

Transistors 

 

A transistor is a semiconductor device 

which can control the flow of electrical 

signals. It consists of three terminals- a 

base (or gate), a collector (or drain), and 

an emitter (or source). The current 

flowing between the collector and emitter 

can be controlled by controlling the 

voltage at the base, thus controlling the 

strength of electrical signals. Transistors 

can act as switches or amplifiers. This 

allows for efficient power usage, faster 

signal processing, and memory storage. 

Flash memory works by moving 

electrons on or off a small metal surface 

within a transistor by quantum 

tunnelling. These on and off states 

represent 0 and 1 in binary system. Figure 6- Transistor 
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Laser 

Laser stands for ólight amplification by stimulated emission of radiationô. The photons interact with 

excited atoms to produce more photons; this amplifies the intensity of light. It is based on the concept 

of specific energy levels as atoms excite and de-excite to emit photons. Lasers provide highly focused, 

monochromatic light. They have many applications in laboratories, in medicine, and in industries. 

Magnetic Resonance Imaging (MRI) 

It is a device used in medicine to map the internal structure of the body. It relies on the nuclear spin and 

magnetic moment of hydrogen atoms abundant in human tissue. The hydrogen atoms align themselves 

when placed under a strong external magnetic field and radiofrequency pulses are shot to excite them. 

The de-excitation energy release is mapped and a visual of the internal structure is mapped. 

The Second Quantum Revolution ï Shaping the Revolution 

The second quantum revolution was defined by the discovery of the following quantum effects:  

1. Quantum Confinement:  It is a phenomenon observed at nanoscale. When the dimensions of a 

material (called quantum dots) are so small that the movement of electrons becomes restricted, 

changes in materialôs electronic and optical properties are observed. The óholeô and the electron are 

pushed closer together, requiring more energy to separate them. Thus, size changes the energy of 

light required to activate the semiconductor. In large materials, energy levels are continuous but in 

quantum nanoparticles, the energy levels become quantized. The structures used to achieve 

confinement are called óquantum wellsô. 

 

2. Quantum Tunnelling: Quantum 

tunnelling is a quantum mechanical 

phenomenon where particles can be 

found in regions forbidden by classical 

mechanics. Consider a ball rolling 

towards a hill. It has some initial 

kinetic energy which gets converted to 

potential energy as it climbs the hill. 

However, it can only reach a certain 

height before it rolls back down. But if 

the ball was to quantum tunnel, it 

would cross the hill despite not having 

enough kinetic energy to break the 

potential energy barrier. At the 

quantum scale, this phenomenon 

occurs because according to the wave 

function, there is a non-zero 

probability that the particle penetrates 

the potential barrier and appear on the 

other side. 

 
 

Figure 7- Quantum Tunnelling 

      The probability decreases exponentially as the size and mass of the particle increases. 
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Fun fact: There is a 1 in 5.661 chance that you slam a table and your hand passes through it, thanks to 

quantum tunneling. 

3. Quantum Entanglement:  It is a phenomenon where two or more distinct quantum particles 

become linked in some way such that they share the same quantum state regardless of their relative 

position in space. So, if a property of one particle is measured, the corresponding property of all the 

particles entangled to it are affected instantaneously. Einstein described this phenomenon as 

óspooky action at a distanceô because it seemed to violate the classical concept of locality. However, 

despite its instantaneous nature, it does not allow for faster-than-light communication. This major 

phenomenon is a key driving element which gave rise to the second quantum revolution. 

 

4. Quantum Superposition:  It is a fundamental concept of quantum mechanics where a quantum 

particles like electrons can exist in more than one quantum state at the same time, until measured. 

This means that the electronôs properties like its position and momentum are not definite till they 

are measured. Instead, they exist as all the possible states at once known as superposition. And 

when these properties are measured, the superposition states collapse into a definite state.  

The famous thought experiment called óSchrºdingerôs catô illustrates the absurdity of this concept. 

Consider a closed box with a cat in it, enclosed with a device which has a 50% probability of killing 

the cat. Then as long as no attempt is made to identify whether the cat is really dead or alive, it 

exists in a superposition where it is simultaneously dead and alive. And only upon opening the box 

does the superposition collapse into a definite state of dead or alive. 

 

5. Quantum Interference:  It is a phenomenon relying on the wave-like properties of quantum 

particles. It causes the probability waves to interact and interfere constructively or destructively, 

thereby increasing or cancelling the amplitude of the wave. The double-slit experiment provides 

sufficient evidence for this phenomenon. When electrons are sent through a double slit, an 

interference pattern is observed on the screen behind, even though each particle is thought to pass 

through only one slit. 

 

6. Quantum Coherence: Simply speaking, it is the tendency of a quantum system to show quantum 

superposition and entanglement. It is very fragile and can be lost due to interactions with 

environment. This loss of coherence changes the quantum state into a classical one and is termed 

quantum decoherence. It is a major challenge in quantum computing because even a tiny interaction 

could make the quantum state collapse. 
 

Some Recent Developments in Quantum Mechanics 

The ongoing advancements in computing and information transfer guided by the discoveries of late 

20th century in quantum mechanics are termed as the second quantum revolution. It is still under way 

and new technologies are emerging rapidly. 

Quantum Computing: It is a revolutionary computation technique based on the concepts of 

superposition and entanglement. Classical computers use bits (0 and 1) to represent information. 

However, quantum computers rely on qubits which can exist as a superposition of 0 and 1 

simultaneously, allowing it to explore even more possibilities faster. Qubits can also be entangled with 

other qubits. Quantum computation is still in early stages of development as improvements in hardware 

are required. But it has huge potential to revolutionize fields where classical computers struggle. 
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Quantum Teleportation:  It is a technique to transfer quantum information from one location in space 

to another without physically moving the particle. It works on the principle of entanglement, and 

transfer of information by transfer of quantum state. 

Quantum Energy Teleportation: It is a field currently under research which aims to achieve energy 

transfer between two quantum particles at different points in space, without physically changing their 

positions. Unlike quantum teleportation which can only transfer information, this aims to transfer 

energy across quantum entangled particles. 

Machine Learning:  Machine learning is a field of artificial intelligence which allows a system to learn 

from data and improve over time without programming. Quantum machine learning (QML) is its 

counterpart which utilizes quantum technologies to enhance performance. Research is undergoing about 

the potential applications of phenomenon like superposition and entanglement in machine learning. 

Quantum Sensing:  Quantum phenomena can be used to make sensors more sensitive. These sensors 

are so precise that they can detect minute changes in gravitational fields. They are based on changes in 

quantum states due to interactions with environment. 

Quantum Well Infrared Photodetctors (QWIPs) 
 

 
Figure 8 - Working of QWIP  

QWIPs are based on the 

concept of quantum 

confinement. They use 

quantum wells to create 

discrete energy levels. If 

the energy of incident 

infrared photon is the 

same as energy gap 

between two energy 

levels, the electron gets 

excited and allows us to 

detect infrared light. 

 
 

Conclusion  

We have seen how a single problem created a whole new branch of physics. There are a lot of things 

not explained by science, and this is what makes science worth studying. Before concluding, we cannot 

forget the contributions of Richard Feynman in quantum electrodynamics (QED) in 1940s which 

explained interactions between particles. He was the first to correlate quantum mechanics and special 

relativity through QED. Werner Heisenberg led the foundation for the ónewô quantum theory in 1925. 

Now in 2025, it has been 100 years since the emergence of modern quantum physics. In order to 

commemorate the 100 years of these developments, UNESCO has announced 2025 as the óInternational 

Year of Quantum Science and Technologyô. 

The future holds innumerable possibilities in the field of quantum mechanics. Research is progressing 

at steady rate to enhance current technology. There are still many hurdles to overcome in order to fully 

harness the power of quantum mechanics in our daily lives. In the future, modern technologies may be 

more accessible to the general public. Decoherence is a major challenge in quantum computing, and the 
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hardware is not efficient enough. Even though we have achieved a lot, there is still a lot more to achieve. 

In the future, teleportation as we see in sci-fi movies might become real. But that may be too far-fetched. 

Further developments of quantum mechanics in the field of artificial intelligence may revolutionize 

(revolutionize) it forever. Nano-technology might become a common thing. But one thing is certain; 

there shall be a rise of quantum mechanics for the good of humanity. 
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Abstract 

Quantum mechanics, one of mankindôs most advanced theories of the subatomic realm, initially faced 

fierce resistance. Physicists called it outrageous for defying classical intuition and dismissed it as mere 

mathematical trickery, not reality. Yet today we recognize it as the universal truth i.e. nature is 

inherently quantum. This essay chronicles the journey from classical physicsô deterministic worldview 

to the enigmatic quantum universe, sparked by crises that classical mechanics failed to explain. It then 

explores how this understanding sparked two technological revolutions: the first and second quantum 

revolution which reshaped society. While quantum mechanics challenges our perception of reality, its 

empirical success and transformative applications affirm it as natureôs fundamental framework, a 

testament to the universeôs inherent wonder. 

1. Introduction  

ñQuantum Mechanics is Magicò 

- Daniel M. Greenberger at the 1984 Symposium on Fundamental Questions in Quantum Mechanics 

organized by the State University of New York. 

I have always been fascinated with magic shows since my childhood. Hence when I read about 

phenomena like quantum tunneling, quantum teleportation, quantum entanglement, stimulated emission 

of radiation, etc. in my undergraduate classes of quantum mechanics, my mind instantly leapt to various 

magic tricks- like ówalking through a brick wall magicô for quantum tunneling, óvanishing and 

reappearing magicô for quantum teleportation, ómind reading magicô for quantum entanglement, 

ómultiplying magicô for stimulated emission of radiation and so on. In fact physicists like N. David 

Mermin and Daniel M. Greenberger, known for their contribution in quantum information, often 

described the phenomena of quantum mechanics as ómagicô. 

But is Quantum Mechanics really magic? Well it is absolutely not! Quantum Mechanics is a well-

established scientific framework that describes the behavior of matter and energy at the smallest 

scales- atoms, particles and photons. Its phenomena are governed by established mathematics- 

Schrºdingerôs equation and rooted principles- Heisenbergôs Uncertainty Principle etc. Yet despite its 

scientificity, the result it yields defies classical intuition that seems closer to magic than reality. In this 

essay I will showcase the very underlying magical nature of Quantum Mechanics and why great 

physicist Richard Feynman ever commented: 

ñI think I can safely say that nobody understands quantum mechanics. The difficulty really is 

psychological and exists in the perpetual torment that results from your saying to yourself, óBut how 
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can it be like that?ô which is a reflection of an uncontrolled but utterly vain desire to see it in terms of 

something familiar. But nature is not classical, dammit, the imagination of nature is far greater than 

the imagination of man.ò 

2. Pre-Quantum Era and the Dark Looming Clouds 

Over the years, physics has revealed many mysteries from the deep cosmos to the subatomic realm. Yet 

we are painfully well aware that there lies even more beyond the now existing physics. But nearly a 

century ago, that was not the case. By the late 19th century, every common person and physicist believed 

that physics was nearing its complete state. From successfully predicting the existence of a new planet 

in the Solar system- Neptune, to that of the nature of light as an electromagnetic wave, classical 

mechanics became a celebrity. The blind trust on classical mechanics reached its peak when a celebrated 

experimentalist like Albert Abraham Michelson, one of the prime experimentalist of the famous 

Michelson-Morley experiment (1887), in 1894 dedication of the University of Chicago's Ryerson 

Physical Laboratory, famously remarked: 

ñIt seems probable that most of the grand underlying principles have been firmly established and that 

further advances are to be sought chiefly in the rigorous application of these principles to all the 

phenomena which come under our notice. It is here that the science of measurement shows its 

importance- where quantitative work is more to be desired than qualitative work. An eminent physicist 

remarked that the future truths of physical science are to be looked for in the sixth place of decimals.ò 

However this conviction soon crashed when the 19th century classical mechanics failed miserably to 

explain the various physics problems they once thought to be insignificant. In 1900, Lord Kelvin at the 

Royal Institution of Great Britain delivered a lecture titled "Nineteenth century clouds over the 

dynamical theory of heat and light", where he called these problems the looming clouds, casting a dark 

shadow in the seemingly clear sky of physics. While Kelvin famously identified two specific "clouds"- 

the failure of classical physics to explain heat capacity at low temperatures and the Michelson-Morley 

experiment's null result in the context of wave nature of light in a mechanical medium- the truth was 

that, multiple fundamental problems- blackbody radiation spectrum, atomic spectra, specific heats of 

solids, photoelectric effect, etc., had already been accumulating for decades. Hence at the 1911 first 

Solvay Conference, these problems were collectively recognized as a crisis by Hendrik Lorentz. This 

gathering of greatest physicists marked the first official acknowledgment that these weren't isolated 

issues, but rather symptoms of a deeper revolution needed in our understanding of nature i.e. the 

beginning of the first quantum revolution. So let's take a deep dive into what these 19th century physics 

crises were! 

3. Blackbody radiation spectrum and birth of Quantum Mechanics 

The late 19th century presented physicists with an extraordinary challenge which is the explanation of 

the unusual radiation spectrum of blackbodies. It was not just any ordinary theoretical gap that needed 

a few fixes but a catastrophic one that threatened classical physics! 
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A blackbody is defined as an idealized 

body that absorbs all radiations incident 

on it and emits all the radiations when 

heated. These emission by a blackbody at 

different temperatures creates the 

blackbody radiation spectrum. It is 

characterized with a continuous curve 

following both Wienôs displacement law 

ɚmT=b and Stefan-Boltzmannôs law 

E=ůT4. However, when physicists tried 

to derive its spectral function using 

classical mechanics, they repeatedly 

failed 

Fig 1: Blackbody radiation spectrum 

Source: ResearchGate 
In 1896, Wilhelm Wien pioneered a 

theoretical approach to derive the 

distribution law for blackbody radiation spectrum using thermodynamic and classical statistics, 

which comes out as below: 

 

In 1899, Lummer, Kurlbaum, Pringsheim and Ruben conducted various experiments on blackbody. 

Their data corroborated Wienôs distribution law solely at higher frequency regime. By 1900, it 

became indisputable that Wienôs distribution law failed at lower frequency. In the same year, June 

of 1900, Lord Rayleigh derived the distribution law for the blackbody radiation spectrum using 

equipartition theorem- which was then the cornerstone of classical statistical mechanics. His 

derivation comes out as below: 

 

However, this formula soon revealed a critical flaw. While it worked for lower frequency, it diverged 

catastrophically at higher frequency, predicting infinite energy emission. Thus neither Wien-Planckôs 

nor Rayleigh-Jeansô distribution law could fully describe the blackbody spectra. The profound failure 

of the more established Rayleigh-Jeansô distribution law at higher frequency i.e. ultraviolet region 

prompted Paul Ehrenfest in 1911 to coined the term ñUltraviolet Catastropheò for the blackbody 

radiation spectrum disaster by classical mechanics. 
 

This devastating failure of classical mechanics to explain blackbody spectrum soon reached Max 

Planck, a staunch classical physicist who initially vouched for Wienôs distribution law. Thus in a 

desperate attempt to make Wien's distribution law fit for lower frequency, Planck took a different 

approach which he later spoke of as just a mathematical trick. Instead of using equipartition theorem 

which assumed energy to be distributed equally among all modes by 1/2KbT, he used the concept of 

quantization of energy i.e. energy is absorbed, emitted or distributed in discreet packages called 

quanta and each quanta has an energy of ⱦ=hv. This led to his most revolutionary derivation of the 

distribution law as: 
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This empirical formula bridged both spectral regimes i.e approximated Wien-Planckôs law at higher 

frequency and converged to Rayleigh-Jeansô law for lower frequency. Hence, for resolving the 

blackbody spectrum paradox, Max Planck in 1918 received the Nobel Prize in Physics. Thus Planckôs 

simple mathematical trick of quantizing energy turns out to be the hidden reality of the world and went 

on to create a new branch of physics called the Quantum Mechanics in 1900. What a nice way to start 

a new century! 

 
Figure 2: In classical mechanics, energy absorbs or emits continuously like a steep platform, while in 

quantum mechanics, energy absorbs or emits in packets like steps.  

Source: The Quantum Atlas/Eileen Stauffer 

 

4. Photoelectric Effect and the Expansion of Planckôs idea 

While Planck, the founder of quantum mechanics, hesitated to accept the reality of quantization of 

energy in the early 20th century, it was Albert Einstein who recognized its profound implications and 

demonstrated it through the explanation of the photoelectric effect. 

Photoelectric effect is a phenomenon where electrons are emitted from the surface of metals when an 

appropriate frequency electromagnetic wave is incident on them. This phenomenon was first 

documented by Heinrich Hertz in 1886. In 1888, Wilhelm Hallwachs and in 1902, Philipp Lenard 

independently studied the photoelectric effect. Their work showed that electrons were ejected from the 

metal surface when the incident radiation exceeded a material specific threshold frequency. However 

this result contradicted classical electromagnetic theory- which states that energy of the incident 

radiation depends solely on the wave amplitude i.e intensity and hence any radiation of sufficient 

intensity should facilitate the emission of photoelectrons from the metal surface. Einstein resolved this 

paradox in 1905 by radicalizing Planckôs quantum hypothesis. He proposed that light itself is quantized 

into discrete energy packets called quanta, with each quanta having energy determined by ⱦ=hv, and the 

emission of photoelectrons from the metal surface requires the absorption of quanta of energy that 

exceed the materialôs required energy threshold. He mathematically derived the following expression 

to explain the photoelectric effect: 

 
Hence, Einsteinôs breakthrough explanation of the photoelectric effect earned him the Nobel Prize in 

Physics in 1921. 
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5. Quantum Mechanics and the Atomic Revolution 

The conceptual journey of atomic theory spans millennia, beginning with ancient philosophy. Over 

2500 years ago, Indian Philosopher Maharishi Kanada introduced the concept of fundamental 

indivisible particles, which he called anu. This seminal idea lay dormant for centuries until it was 

revived by John Dalton in 1808 and thereby forming the atomic theory. In 1897, the discovery of 

electrons within atoms by J.J Thomson brought a dramatic turn, challenging the previous concept of 

atomic indivisibility. In 1911, Ernest Rutherfordôs famous gold foil experiment discovered the atomic 

nucleus, leading to his planetary atomic nuclear model. This model, while initially compelling, faced 

an immediate theoretical crisis. Classical electrodynamics demanded the orbiting electrons in 

Rutherfordôs nuclear atomic model to continuously emit radiation and thus cause the electron to spiral 

into the nucleus within nanoseconds. If this was true, then none of the matters or us humans would have 

existed in the first place. Atomic stability wasnôt the only puzzle in atomic theory. In 1885, Johann 

Balmer observed that excited hydrogen emitted discrete spectral lines rather than a continuous 

spectrum. His empirical formula is:  

 
defied classical explanation for decades.  

 

These mysteries of atomic theory persisted until in 1913, Neils Bohr, a student of Rutherford, gave the 

first key explanation to them. As a quantum physics enthusiast, Bohr soon realized the importance of 

the findings of discrete emission spectral lines by Balmer, and thus synthesized a nuclear atomic model 

that combined both Rutherfordôs nuclear atomic model and Planckôs quantum theory. He put forward 

the three following postulates: 

These mysteries of atomic theory persisted until in 1913, Neils Bohr, a student of Rutherford, gave the 

first key explanation to them. As a quantum physics enthusiast, Bohr soon realised the importance of 

the findings of discrete emission spectral lines by Balmer, and thus synthesized a nuclear atomic model 

that combined both Rutherfordôs nuclear atomic model and Planckôs quantum theory. He put forward 

the three following postulates: 

inadequate to explain the spectral lines of varying intensities and offered no physical basis for quantized 

orbits in atoms. 

In 1924, Louis de Broglie fundamentally reimaginized Bohrôs second postulate through his wave-

particle hypothesis. He hypothesized that all matter exhibits both wave and particle behavior, relating a 

particleôs momentum to its de Broglie wavelength as: ɚ=h/p. 
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Fig 3: Visualization of electron waves for the first six Bohr orbits 

Source: Springer  
 

Based on his wave-particle hypothesis, de Broglie showed that electrons exist only in those orbits 

around the nucleus where the electron can exist as standing waves: nɚ=2ˊr where n=1,2éÐ. This 

revolutionary concept of wave-particle hypothesis received confirmation in 1927 through the Davisson-

Germer experiment which directly measured the de Broglie wavelength of an electron. Thus their 

experimental work alongside de Broglieôs theoretical work earned them the Nobel Prize in Physics with 

de Broglie in 1929 and Davisson in 1937. 

6. The Dawn of Quantum Mathematical Framework 

While de Broglieôs wave-particle duality resolved atomic stability, it also arose a new question which 

is, if electrons behaved as delocalized waves, then where were they located within the atom? This 

fundamental question catalyzed the simultaneous development of not one but two distinct quantum 

mathematical frameworks: Heisenbergôs Matrix Mechanics and Schrºdingerôs Wave Mechanics. 

In 1925, Werner Heisenberg, while analyzing the atomic spectral linesô varying intensities, realized that 

certain properties of quantum systems were inaccessible, not because of instrumental limitations but 

because they were ontological. This insight led to the development of what he called a crazy theory- the 

Uncertainty Principle which states that its impossible to simultaneously measure conjugate pairs i.e. 

position-momentum, energy-time, angular momentum-angular displacement of a particle and the 

product of their uncertainty must follow: ůxůy Ó ǩ/2, where ůx and ůy represents uncertainty of any 

conjugate pairs. Heisenberg represented quantities like canonical conjugates as arrays of transition 

amplitudes and showed that their multiplication is non commutative. Max Born identified this work of 

Heisenberg as matrices. Within months after the publication of uncertainty principle, Born and Pascual 

Jordan formularized a comprehensive matrix algebra for quantum observables thus establishing the 

fundamental commutation relation as [xd,pd] = xdpd - pdxd = iǩ, where xd and pd are operators of conjugate 

pairs. By 1926, their collaboration with Heisenberg expanded into a full matrix based quantum 

formalism, deriving energy conservation law and the quantization principles. Thus they completed the 

Matrix Mechanics- the first complete quantum mathematical framework that successfully described 

individual quantum particleôs behavior. For the work on Matrix Mechanics, Werner Heisenberg in 1932 
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received the Nobel Prize in Physics while Max Born received the Nobel Prize in Physics in 1954 for 

formulating his probability interpretation of wave functions. 

However, despite Matrix Mechanicsô profound theoretical significance, it was not widely adopted due 

to its esoteric mathematical formalism. Working independently in 1926, Erwin Schrödinger developed 

an alternative framework to describe the behavior of individual quantum particles on the basis of wave 

dynamics. His approach described quantum states through the wave functions Ɋ(r,t) evolving according 

to the famous Schrºdingerôs wave equation: 

 

Schrºdingerôs Wave Mechanics rapidly skyrocketed to popularity due to its familiarity with classical 

wave equations. Within a year, it generated unprecedented research activities, with thousands of 

publications exploring its implications, which later laid the foundation for quantum tunneling, atomic 

orbitals, quantum states and chemical bonding, etc., thus influencing fields like chemistry, solid-state 

physics, nanotechnology, etc. Schrºdingerôs extraordinary work for developing the Wave Mechanics 

earned him the Nobel Prize in Physics in 1933. 

Despite the initial rivalry between the two quantum mathematical frameworks, Schrödinger proved that 

both wave mechanics and matrix mechanics were equivalent to each other. In the following years, Paul 

Dirac and John von Neumann further synthesized both approaches into the modern Quantum 

Mechanics, thus completing physicsô most powerful mathematical framework. 

7. The Birth of Quantum Statistical Mechanics 

While Planckôs quantization resolved the blackbody radiation spectrum in 1900, it was the Indian 

Physicist Satyendranath Bose, who revealed the deeper quantum statistical principles at work. In 1924, 

Bose made a radical departure from classical statistics, treating photons as indistinguishable entities 

with variable particle number, enabling the first statistical derivation of Planck's radiation law. This 

demonstrated that photon ensembles fundamentally defy classical Maxwell-Boltzmann statistics. Albert 

Einstein subsequently extended this framework to all integer-spin particles (bosons), establishing Bose-

Einstein statistics with the distribution: 

 
Thus this created the first quantum statistical mechanics- Bose-Einstein Statistics. Simultaneously in 

1926, Fermi and Dirac developed complementary statistics for half-integer-spin particles (fermions) 

obeying Pauliôs exclusion principle, establishing Fermi-Dirac statistics with the distribution: 

 

Hence, while wave and matrix mechanics describe individual quantum behavior, these quantum 

statistical frame works enabled our understanding of quantum systems. 

  

8. Single Electron Double Slit Diffraction Experiment 

But wait! The journey of quantum mechanics doesn't just end here. The most exciting part of quantum 

mechanics comes only after you learn its principles. The real game of magic starts now. 
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You must remember the famous remark of Richard Feynman ñNobody Understands Quantum 

Mechanicsò which was added at the beginning of the essay. But have you thought what his saying 

reflected? Also, throughout the essay, have you wondered why did Max Planck not even believe his 

theory in section 2? Why did Heisenberg call his theory crazy in section 6? If yes, then let's dive into it 

together by understanding some of the most bizarre phenomena of quantum mechanics. 

At the forefront of all the bizarre quantum phenomena lies Feynmanôs favorite experiment: the single 

electron double slit experiment. It is a simple experiment with a set-up similar to Youngôs double slit 

experiment of 1801, but is instead conducted in three phases. In the first phase, the intense electron 

beam passes through the two parallel slits, showing a wave-interference pattern on the screen. Thus this 

confirms the wave nature of electrons. This phase was conducted in 1961 by Claus Jönsson. In the 

second phase, the intensity of the electron beam is reduced such that only one electron passes through 

the parallel slits, subsequently creating a bright dot on the screen. The experiment is repeated several 

times, each electron landing at a different part of the screen. 

When the individual results are merged, it shows a wave-interference pattern1. Thus displaying the 

wave-particle duality of an electron. 

The third phase is to track and study the path each electron chooses before ending at the screen. While 

the experiment is seemingly straightforward with no complexity till the second phase, the third phase 

introduces profound complexities. The third phase was first conducted in 1974 by Merli, Missiroli and 

Pozzi using a light detector. However it was observed that when detections were made to observe the 

electron path through a slit, it no longer showed the wave-interference pattern but rather the particle-

interference pattern. Thus this experiment operationalizes the Copenhagen Interpretation which states 

that the electron exists in a superposition of all of its states and the act of observation causes the wave 

function of the electron to collapse, thus locking the electron to a single state. That is also why 

Schrºdingerôs cat is both alive and dead inside the Schrºdingerôs cat in the poison box paradox, and 

only the act of opening the box causes the cat to be either dead or alive. Copenhagen interpretation is 

so outrageous that even Albert Einstein famously remarked ñI would like to think the moon is there in 

the sky even when I am not observing.ò But surprise! In the quantum world, the moon, if it was a 

quantum object, does not exist in the sky until and unless you observe it and till then the moon is in all 

its possible stages. 

 
Fig 4: Single electron double slit experiment with and without detectors 

Source: Medium 
_____________________ 

1 

Animation by wikipedia which shows the screen of the single electron double slit experiment slowly forming wave interference pattern with 
repetition of the experiment. 

https://en.m.wikipedia.org/wiki/File:Electron_buildup_movie_from_%22Controlled_double-

slit_electron_diffraction%22_Roger_Bach_et_al_2013_New_J._Phys._15_033018.gif 

https://en.m.wikipedia.org/wiki/File:Electron_buildup_movie_from_%22Controlled_double-slit_electron_diffraction%22_Roger_Bach_et_al_2013_New_J._Phys._15_033018.gif
https://en.m.wikipedia.org/wiki/File:Electron_buildup_movie_from_%22Controlled_double-slit_electron_diffraction%22_Roger_Bach_et_al_2013_New_J._Phys._15_033018.gif
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9. Quantum Tunneling 

Another such quirky phenomenon alongside the single electron double slit experiment is quantum 

tunneling. It is a phenomenon in which a low energetic particle can pass through a high energetic barrier. 

It was first theorized by Friedrich Hund in 1927 through solutions of Schrºdingerôs equation for 

particles traversing barriers. In 1928, George Gamow applied the tunneling idea to explain the 

emergence of low energetic alpha particles from the atomic nuclei i.e alpha decay. This garnered 

quantum tunneling worldwide fame. 

But what makes quantum tunneling truly fascinating? Let's take a look at the following analogy: the 

ówalking through a brick wallô magic trick. In our day to day life, walking through a solid wall is simply 

impossible for humans i.e. zero probability unless you are the mighty superman. But in the quantum 

realm, particles defy this classical intuition. A quantum particle having less energy than the potential 

barrier still have a finite probability to pass through it2, determined by solving Schrödinger's equation  

for that potential barrier. This 

phenomenon also powers our Sun 

itself, where hydrogen nuclei 

tunnel through the coulombic 

barriers to fuse, releasing energy 

that lights our world. Without 

quantum tunneling, our world 

would have been dark. Isnôt this 

mind-blowing? 

 

 
Fig 5:  

  

Today,   quantum   tunnelingôs 

unique magic has brought many 

innovations  like  Scanning  

Tunneling Microscope (STM) 

which enables imaging of 

Individual atoms, smartphone's flash memory, tunnel diode which enables high-speed electronics, 

etc., in our modern society. 
 

10. Quantum Entanglement and Einsteinôs worst nightmare 

The single electron double slit experiment and quantum tunneling, while bizarre, had experimental 

proof that no physicists could deny. However, there is one quantum phenomenon which is so strange 

that the 20th century physicists believed that its existence could never be tested. It questioned the very 

fundamental principle of locality that an object is influenced only by its immediate surroundings and 

no such interaction can propagate faster than the speed of light. This phenomenon was Einsteinôs worst 

nightmare, quantum entanglement. 

So why was Einstein and the other physicists baffled by entanglement? Consider this analogy: You 

have two one rupee coins which you toss towards two persons at a distance. When they each catch a 

coin and reveal them, the probability for the occurrence of head & tail or tail & head is 50%. But if you 

_______________ 
2. Animation of quantum tunneling of a quantum particle through a potential barrier by Wikipedia https://en.m.wikipedia.org/wiki/File:E14-

V20-B1.gif 
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were a magician or the coins were quantum entangled, then the answer would change to 100%. Quantum 

entanglement is a phenomenon in which two or more particles become interconnected in such a way 

that the state of one particle instantly influences the state of other particle, no matter how far apart they 

are. Hence quantum entanglement challenges the concept of locality in the universe. 

In the 1927 Solvay Conference, Albert Einstein clashed with Neils Bohr, rejecting the probabilistic 

nature of quantum mechanics i.e. Copenhagen Interpretation. He declared that ñGod does not play 

dice!ò and believed that quantum mechanics was far from complete. Though bested by Bohr at the 

conference, in 1935, Einstein along with Boris Podolsky and Nathan Rosen introduced entanglement as 

a weapon to disprove the Copenhagen Interpretation. Regardless of this dramatic showdown between 

Einstein and Bohr, entanglement largely disappeared from physics discussion for decades. It wasnôt 

until 1964, nearly 30 years after the publication of the EPR paradox paper, when John Stewart Bell 

seriously took the abandoned challenge and formulated Bellôs theorem.  

According to the theorem, if P denotes correlation measurements at different detector orientations, then 

any theory relying on realism and locality (hidden variable theory) must satisfy the Bellôs inequality: 

 
Thus Bellôs work transformed entanglement from a philosophical puzzle into an experimentally testable 

option. From 1972 to 1999, John Clauser, Alain Aspect and Anton Zeilinger conducted a series of 

independent experiments and found the violation of Bellôs inequality, thus proving nature is non-local 

and quantum. Their collective work on the field of entanglement earned them the Nobel Prize in Physics 

in 2022, 87 years after the birth of EPR paradox. Today, quantum entanglement is the face for the 

second quantum revolution, being used in Quantum Cryptography, Quantum Networking, Quantum 

Computer, Quantum Sensors, etc. and what not. 

11. Technological marvels of First Quantum Revolution 

So till section 10 we have explored the mind-blowing theories and phenomena of quantum mechanics. 

But when has humanity ever stopped at just knowledge without harnessing it? And that's exactly what 

happened! In the 20th century, humanity witnessed an unprecedented technological boom, previously 

unimaginable, powered by quantum phenomena. This was the dawn of the first Quantum Revolution- 

Quantum 1.0 which transformed both our understanding of the universe and human technology. 

 
Fig 6: Transistor, Laser, STM and MRI 

Source: Physics and Radio Electronics; Live Science: Texas Material Institute; National Health 

Institute  
 

The first quantum revolution produced transformative innovation, notably the transistor, laser, atomic 

clock, STM and MRI. Transistors, invented at Bell Labs in 1947, rely on quantum tunneling and band 

theory to control electron flow through semiconductors, thus catalyzing the digital age. Light 

Amplification by Stimulated Emission or lasers, invented in 1960 at Hughes Research Laboratories by 



                                                                            

 
20 

 

 

 

Theodore Maiman, works through the concept of Einsteinôs stimulated emission of radiation where 

photons clone themselves to produce coherent and monochromatic light. In todayôs society, lasers are 

used in everything from internet fiber optics to surgical tools. Atomic clocks, invented in 1955, utilizes 

cesium-133 electron transition for precise timekeeping that synchronizes GPS. The Scanning Tunneling 

Microscope (STM), invented in 1981 by Binnig and Rohrer, exploits quantum tunneling to image 

individual atoms, revolutionizing material science. Magnetic Resonance Imaging (MRI), invented in 

1970ôs, is a true technological marvel that revolutionized the field of healthcare. It works by aligning 

the quantum spin of hydrogen nuclei within the body in a strong magnetic field and detecting those flips 

to create a body scan, giving doctors a non-invasive window inside our bodies. These breakthroughs, 

rooted in quantum phenomena, collectively reshaped our modern world in the late 20th and early 21st 

century. 

12. The Second Quantum Revolution and The Challenge of Feynman 

While the first quantum revolution gave us foundational theories and technologies, the second quantum 

revolution actively brought technology that manipulates the quantum states. This shift from first 

quantum revolution began in earnest when Richard Feynman at the 1981 óFirst Conference of the 

Physics of Computationô organized by MIT and IBM, issued the greatest challenge of the 21st century 

to build a Quantum Computer that harnesses the quantum properties such as superposition, 

entanglement, coherence and tunneling. Thus the call for the second quantum revolution. 

Today, we're witnessing this revolution unfold across multiple fronts. Quantum computers from Google 

and IBM have achieved quantum supremacy, solving problems in minutes that would take classical 

supercomputers millennia. In 2016, Chinaôs Micius satellite pioneered the first space-based quantum 

communication. In 2017, IBM and University of Basel stimulated Beryllium Hydride (BeH2),  

the most complex molecule stimulated 

at the time using quantum computers, 

surpassing classical computing 

capabilities and pioneering new 

frontiers in drug discovery, material 

science, natural science, etc. Quantum 

cryptography, particularly Quantum 

Key Distribution (QKD) is already 

enabling unhackable communication 

networks in China and Europe.  

Meanwhile, quantum sensors such as 

Gravimeters can map underground 

resources with millimeter precision 
 

 

and 2022ôs spin based MRI prototypes can detect individual neuron activities. The coming decade 

promises even greater breakthroughs across interconnected domains than before. Researchers are 

working toward a global quantum internet to connect all quantum computers globally, while topological 

quantum computing aims to create stable qubits using exotic particles called Majorana fermions. 

Quantum AI systems promise exponentially leaps beyond classical machine learning. Perhaps the most 

exciting news among all are the potential applications of quantum simulations in quantum chemistry 

and materials science, where it could lead to fast discoveries of new drugs, superconductors, energy 

solutions, etc. Meanwhile, advances in quantum gravity could finally unify the general theory of 

relativity and quantum mechanics, creating the most awaited unified theory of everything. 
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Thus the second revolution is going strong, redefining what's possible across science and technology. 

Much like the space race shaped the mid-20th century, the quantum race is becoming the defining 

scientific challenge of our time, with the potential to reshape everything from healthcare to national 

security. Thus quantum supremacy can reshape geopolitics, and the nation that leads the pioneering 

quantum technological revolution will emerge as the next superpower of the quantum age. 

13. Conclusion  

As 2025 celebrates the centenary of quantum mechanics, we stand witness to history's most profound 

scientific transformation: from early skepticism of quantum mechanics to quantum technologies 

reshaping civilization. Yet paradoxically, while quantum mechanics can precisely describe nature, a 

fundamental question still persists: Are we close to understanding reality? A recent Natureôs survey of 

15,000 quantum physicists world-wide, conducted to celebrate the International Year of Quantum 2025, 

revealed that: ñPhysicists disagree wildly on what quantum mechanics says about reality, while still 

unanimously embracing its mathematics and use. It is thus evident that David Merminôs view óShut up 

and Calculateô is the dominant approach.ò 

Isnôt this the most beautiful irony of the 21st century? On one hand we can engineer quantum computers 

and on the other hand we disagree on what quantum mechanics say. These multiple views and 

interpretations of reality- Copenhagen Interpretation, Many-worlds view, Pilot wave theory, 

Spontaneous collapse, etc, each one more bizarre than the other, yet finitely probable. If this didnôt 

shock you, then nothing in this world can. 

When I was a kid, I was always puzzled by the hype of quantum mechanics with my peers. But now 

after taking a leap into quantum mechanics, I stand in that very crowd, awestruck by the irreducible 

mysteries of quantum mechanics. This essay does not serve as another academic discourse but as an 

invitation to join me in this wonderful exploration into the quantum world. So letôs watch God's dice 

game together! 
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Abstract  

The mysteries of quantum mechanics ð wave-particle duality, the observer effect, entanglement ð 

have revolutionized modern science yet remain deeply paradoxical. Surprisingly, the same riddles that 

baffle todayôs physicists echo ancient wisdom found in Indiaôs Vedic and Upanishadic texts. This essay 

explores profound parallels between modern quantum concepts and timeless Sanskrit verses such as 

Ekoôham BahusyǕm (the One becoming many), Sarvam Khalvidam Brahma (all this is Brahman), and 

Tat Tvam Asi (Thou art That). By weaving together quantum experiments, historical context, and 

philosophical insights, this work argues that the ancient rishis glimpsed truths that modern physics now 

confirms through rigorous observation. In an age where science and spirituality often seem divided, 

these parallels remind us that knowledge is one, and its pursuit is humanityôs oldest story. 

Introduction  

In 1900, Max Planckôs reluctant idea of quantized energy gave birth to a branch of physics that would 

soon upend everything we knew about matter and reality. Over the next decades, quantum mechanics 

exposed a world stranger than science fiction ð a world where particles behave like waves, where 

observation shapes existence, where two particles remain linked across the universe. 

Yet for all its cutting-edge equations and experiments, quantum mechanics echoes a voice much older 

than Planck, Einstein, or Schrºdinger: the ancient voice of Indiaôs sages. Long before the electron was 

named, the Vedas and Upanishads spoke of a reality that is One yet appears as Many; a Self that remains 

unchanged while the universe flickers like a dream; a cosmic net that binds everything in an indivisible 

whole. 
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This essay journeys through these resonances ð from Oppenheimerôs Gita quote at the Trinity Test to 

the double-slit experiment, from Schrºdingerôs cat to Indraôs Net. By comparing modern physicsô 

paradoxes with timeless Sanskrit hymns, it invites us to see that the frontier of knowledge is not just 

technological but deeply philosophical. In the flicker of an electron or the echo of a mantra, we find the 

same enduring truth: the universe is not a lifeless machine, but a living mystery ð and perhaps, as the 

seers whispered, Thou art That. 

Cosmic Verse at the Dawn of the Atomic Age  

On July 16, 1945, at exactly 5:29 a.m. in the New Mexico desert, human history crossed an irreversible 

threshold. A device, code-named ñThe Gadget,ò was hoisted atop a 100-foot tower and detonated in 

what would be called the Trinity Test ð the worldôs first atomic bomb. In that instant, the sand beneath 

the tower fused into glass, a blinding fireball rose into the dawn sky, and the modern nuclear age began. 

Standing in the desert watching the explosion was J. Robert Oppenheimer, the brilliant theoretical 

physicist who led the Manhattan Project. While his team celebrated the success of their terrible 

invention, Oppenheimer felt something deeper ð a recognition of cosmic power, and a haunting 

connection to words written thousands of years earlier. 

In a 1965 interview, Oppenheimer famously recalled a verse from the Bhagavad Gita, one of 

Hinduismôs greatest scriptures: in Sanskrit. 

 

 

Yet this moment was not only historical but also captured the deeper paradox of the new physics. The 

same quantum theories that described the flicker of subatomic particles also unlocked the chain 

reactions in the atomic bomb. Quantum mechanics is a science of paradoxes; energy and matter 

interconvert, particles pop in and out of existence, uncertainty and probability replace certainty and 

determinism. 

The same dualities appear in the Gitaôs cosmic vision; life and death, creation and destruction, form and 

formlessness ð all coexisting in a single reality. The ancient seers saw time as a wheel (Kalachakra), 

a destroyer and creator in endless cycles, just as modern nuclear physics shows that matter can be 

transformed, energy can be released, and nothing remains forever static. 

By quoting the Gita at the birth of the atomic age, Oppenheimer reminded the world that the deepest 

truths do not belong to physics alone. They belong to the oldest questions humanity has ever asked; 

what is the universe made of ? Where does life end and begin again? Who are we in the face of such 
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infinite forces? This is why the first verse of this story is not an equation but a hymn; a cosmic chant 

that echoes across millennia, binding ancient Indiaôs wisdom to the dawn of modern quantum power. 
 

 
 

Theme Ancient Insight  Scientific Discovery 

Creator & Destroyer ñNow I am become Deathò  

--- Gita 11.32 

First explosion; energy-mass 

equivalence 
 

Time & Change Time as a devourer of all  Time dilation, space-time curvature 

 

At the dawn of the 20th century, science stood triumphant. Newtonôs mechanical universe had carried 

ships across oceans, powered engines, launched empires. It promised a clockwork cosmos: predictable, 

measurable, stable. Yet in tiny hidden corners ð inside the atom, inside the very light that Newton once 

split with a prism ð cracks were beginning to show. 

In 1900, Max Planck reluctantly suggested that energy is not continuous but comes in tiny, indivisible 

packets ð quanta. In 1905, Einstein showed that light itself behaves not just as a wave but as particles 

ð photons. Over the next two decades, experiments with electrons and photons upended the neat 

machinery of classical physics. This new world was not a clock but a shimmering sea of probability. 

One experiment, above all, laid bare this enigma: the double-slit experiment. Imagine firing a stream of 

electrons ð tiny particles ð at a barrier with two narrow openings. Logic says: each electron must pass 

through either slit A or slit B, like a marble through a hole. But the pattern that appears on the screen 

behind the slits is not two bands of impact, but an interference pattern ð bright and dark fringes like 

ripples overlapping in water. Somehow, each electron interferes with itself, behaving like a wave that 

passes through both slits simultaneously. 
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Yet when a detector is placed at the slits to check which path the electron takes, the interference pattern 

vanishes. The electron suddenly behaves like a particle again ð choosing a single slit, following a 

single path. The mere act of observation collapses possibility into certainty. 

This is the heart of the quantum enigma: particles that are not particles alone, but clouds of potential. 

Matter that is both solid and ghostly. A reality that exists in multiple overlapping states ð until someone 

looks. 

Centuries ð perhaps millennia ð before physicists uncovered this paradox in the laboratory, the 

ancient seers of the Rig Veda intuited the same riddle in poetic form: 

Sanskrit: 

"ȓșɋɰȽȆ ȰȽɂҁȿȲ" (Rig Veda 10.129.4) 

Meaning: "I am One; may I become many." 

This hymn comes from the Nasadiya Sukta; the famous Hymn of Creation. In it, the rishi does not claim 

certainty. Instead, he marvels that existence itself is paradoxical: how can One become Many? How can 

the invisible become visible? How does unity bloom into multiplicity without ceasing to be One? 

Modern quantum mechanics gives this ancient riddle new form: the wave function ð a single 

mathematical entity; contains all possible states at once. An electron can be here and there. A photon 

can spin left and right. These states coexist until an observation demands a single outcome. Reality itself 

is a question asked and answered by the universe ð just as the rishi asks: How did the One become the 

Many? 
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Physicist Niels Bohr, one of quantum theoryôs founders, once said: "Anyone who is not shocked by 

quantum mechanics has not understood it." Likewise, the ancient poets did not pretend to explain away 

the paradox. They lived inside it ð asking, chanting, accepting that the deepest truths defy simple 

reason. The One becomes the Many. The Many return to the One. In modern physics, this riddle of 

superposition is no metaphor ð it is measurable, testable, and at the cutting edge of technology. 

Quantum computers exploit superposition to store multiple states at once. Quantum cryptography relies 

on the fact that observing a quantum bit changes it. 

These are not mere theories but the foundations of the next technological revolution ð all built upon 

the same mystery the rishis once whispered in verse. In the interference fringes of an electron wave and 

the chant of Ekoôham BahusyǕm, we see the same truth flicker: reality is not fixed but fluid, not singular 

but shimmering with possibility. 

The Observer: Atman & Quantum Collapse  

For centuries, science assumed that nature behaves like a machine: independent of our gaze, ticking 

away like clockwork whether anyone is watching or not. But at the heart of quantum mechanics lies a 

shocking rebellion against this idea ð the role of the observer. 

× The Puzzle of Measurement  

In the quantum world, a particle like an electron is described by a wave function ð a mathematical 

cloud of probabilities. It tells us where the particle might be, how fast it might be moving, but never 

exactly where or how fast at the same time. This uncertainty is not due to imperfect instruments ð it is 

woven into the very nature of reality. 

When we measure the particle, however, the possibilities vanish. The wave function collapses: the 

electron appears at one point with a definite position and momentum. This sudden jump from infinite 

possibilities to one observed reality is one of the strangest puzzles in physics. It forces a question that 

rattled even Einstein: does the observer create reality? 

× Schrºdingerôs Cat: A Thought Experiment 

To show how bizarre this is, Erwin Schrödinger in 1935 proposed his now-famous paradox: imagine a 

cat sealed in a box with a vial of poison triggered by a single radioactive atom. According to quantum 
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theory, until we look inside, the atom is both decayed and not decayed. The cat is both alive and dead 

ð a ghostly superposition. Only when the box is opened does the wave function collapse ð the cat 

becomes definitely alive or dead. 

This is not just a philosophical riddle. Today, real experiments with particles, molecules, and even 

superconducting circuits prove superposition at ever larger scales. The observer effect is not a metaphor 

ð it is testable. 

 
 

The Ancient Seer: Atman as Eternal Witness  

Long before physics spoke of the observer collapsing the wave function, the sages of the Upanishads 

spoke of a witness consciousness ð the Atman. In this vision, the universe is not a stage that runs on 

its own, but a play that needs a seer to be real. 

Sanskrit: 

Ȕ ȈȧțȐȯ ѦɼțȐȯ ȡȧ ȁȒȧѩȆΏȧțǮ șȫͯȧ șѦȡȐȧ ȡȧ Ȕ șȫț8ȿ 
'Bhagavad Gita 2.20)  

Meaning: "The Self is never born, nor does it ever die. It has not come into being, does not come into 

being, and will not come into being." 

The Atman does not change with birth or death. It is the ultimate observer, untouched by the world yet 

making the world known. Just as the wave function collapses only when it is measured, the play of the 

universe appears only because the witness is there to see it. 

The Chandogya Upanishad expands this truth in its simple, profound statement: Tat Tvam Asi ð ñThou 

art That.ò The seer and the seen are not separate. 

Modern Echoes of an Ancient Insight 

Schrödinger, who helped build the mathematical backbone of quantum theory, openly acknowledged 

the parallels: "In truth, there is only one mind." 

For him, the apparent separation between observer and observed was an illusion ð just as the sages 

taught. When physicists speak of the observer effect today, they echo an ancient realization: the knower 

and the known are woven together. The world appears because it is seen ð it collapses because it is 

measured. This idea has inspired modern interpretations too. Physicists like John Wheeler proposed the 

Participatory Universe: reality is not passively out there ð it unfolds through interaction with conscious 

observers. Amit Goswami writes in The Self-Aware Universe: 
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"The observer is not only necessary in quantum mechanics, but consciousness itself is the ground of 

being." 

A Timeless Witness 

At the heart of the quantum paradox, the Upanishadic wisdom stands tall: the dance of matter and 

energy, the flicker of particles and waves ð all arise in the field of awareness. The Atman is the timeless 

witness, the scientist within, the seer that sees yet remains untouched. 

From Schrºdingerôs cat to the Gitaôs undying Self, the same question remains: Who watches? And when 

we look deep enough, are we not That which watches itself? 

Entanglement: The Web of Brahman  

For centuries, physicists believed that the universe obeyed the principle of locality: objects can only 

influence each other through direct contact or signals that travel through space. This made sense in 

Newtonôs mechanical world ð a planet pulls another planet through gravity; a magnet affects nearby 

iron filings. 

Then came quantum mechanics ð and with it, one of its strangest and most haunting discoveries: 

entanglement. 

The Paradox of Instant Connection  

In the 1930s, Einstein, Podolsky, and Rosen (EPR) tried to show that quantum mechanics must be 

incomplete. They imagined two particles created together in such a way that their properties ð like 

spin or momentum ð are perfectly linked. If you separate these two particles by light-years, quantum 

theory says they remain entangled: measure one, and the other instantly responds, no matter the 

distance. Einstein dismissed this as absurd ð ñspooky action at a distance,ò he scoffed. He believed no 

influence could travel faster than light. But decades later, experiments by John Bell and Alain Aspect 

proved Einstein wrong: entanglement is real. When two particles are entangled, their link is instant ð 

they behave like a single system, no matter how far apart they drift. 

No Separation in the Quantum Web 

This defies our everyday logic. How a choice can made here affect something light-years away 

instantly? How can two separate things remain one? 

Modern physics accepts this paradox because it is testable, repeatable, and confirmed thousands of times 

in labs around the world. Quantum computers, quantum cryptography, and emerging quantum networks 

all rely on this ghostly connection. 
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Brahman: The Ancient Unity 

Long before physicists puzzled over entangled particles, the sages of the Chandogya Upanishad 

declared a truth that sounds strikingly familiar: 

Sanskrit:  ȼȹʹ ȚԏѓȪȆ ˛҇ ɗɗ 'Chandogya Upanishad 3.14.1)  

Meaning: "All this is Brahman." 

In this single line, the Upanishad proclaims that the entire universe is an indivisible whole. Beneath the 

changing forms ð people, rivers, stars, atoms ð there is only Brahman, the unbroken reality that 

connects all things. 

The rishis saw this oneness not as theory but as direct experience. Just as two entangled particles share 

hidden information, all things share the same ultimate reality ï no part is truly separate from the whole. 

 
Modern Voices Echo Ancient Truths  

Fritjof Capra, in The Tao of Physics, writes: "Quantum theory thus reveals a basic oneness of the 

universe. It shows that we cannot decompose the world into independently existing smallest units." 

Nobel laureate David Bohm described reality not as isolated particles but as an ñundivided wholeness 

in flowing movement.ò His Implicate Order theory visualizes the universe as a vast ocean of 

interconnected waves ð not unlike the oceanic Brahman of the Upanishads. 

Entanglement: The Brahman of Physics 

In the laboratory, entangled photons and electrons are like tiny messengers of this ancient unity. They 

remind us that the deeper we look into matter, the less it resembles a collection of separate objects and 

the more it reveals itself as a single cosmic dance ð instant, intimate, indivisible. Even the fabric of 

space-time itself may be woven from quantum entanglement. Modern physicists like Leonard Susskind 

and Juan Maldacena propose that the structure of space could emerge from the invisible threads of 

entangled quantum bits ð a theory that brings physics full circle to the Vedic vision of a vast net of 

connected jewels. 

Indraôs Net: A Poetic Twin 

This idea is beautifully mirrored in the ancient metaphor of Indraôs Net ð a boundless cosmic web with 

a jewel at each node. Each jewel reflects every other jewel ð endlessly. Touch one, and the entire net 

responds. This ancient image from Vedic and Buddhist thought is entanglement in poetic form. 

A Web that Holds Us All 

What Einstein mocked as ñspooky actionò is todayôs quantum backbone for encryption, teleportation, 

and possibly even future interstellar communication. But beneath the technical marvel lies something 

timeless: the truth that separation is illusion, that every particle, every being, every thought is part of an 

indivisible web. 
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Modern physics and the Chandogya Upanishad meet in this hidden thread. They whisper the same truth: 

the universe is not made of isolated parts, but of relationships ï instant, silent, eternal. 

In the flicker of an entangled photon, the echo of Brahman remains. 

 
 

 
 

 

Smaller than the Smallest ð The Mystery of Duality When you look around, the world feels solid 

and certain. A stone is a stone, an apple an apple, the moon moves silently through the night sky with 

calm predictability. For centuries, this was the comfort of classical physics: matter is made of particles, 

particles have positions, and reality obeys clear rules. 

But with the birth of quantum mechanics, this neat picture shattered. Physicists found that the deeper 

they looked into matter, the more it dissolved into paradox. 
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Wave-Particle Duality: Both Yet Neither 

At the heart of this paradox lies wave-particle duality ï the idea that matter is not purely a particle or a 

wave, but somehow both. An electron ð the very building block of atoms ð can act like a tiny marble 

under some conditions and like a spread-out ripple under others. 

How do we know this? Again, the double-slit experiment gives us the answer. When electrons are fired 

one by one at a barrier with two slits, they do not pile up in two bands, as weôd expect if they were solid 

particles choosing slit A or B. Instead, they build an interference pattern ð dark and bright fringes like 

waves on water. 

Itôs as if each electron passes through both slits at once, interferes with itself, and spreads out like a 

wave. But place a detector to see which slit the electron chooses ï and the pattern collapses. The electron 

óchoosesô a single path, acting like a particle again.  

 
 

 
 

Uncertainty at the Core 

This strange behavior puzzled even the giants of physics. Heisenbergôs uncertainty principle showed 

that at quantum scales, you cannot know both the position and momentum of a particle with absolute 

precision. The act of pinning down one fuzzes out the other. The universe at its core is not definite but 

dances on probabilities. 
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The Upanishadic Parallel  

Thousands of years before quantum physicists found this paradox in their experiments, the rishis of the 

Upanishads spoke of a similar mystery ð that reality at its deepest is beyond fixed forms. It is both 

infinitely small and infinitely vast, both formless and the source of all forms. One of the clearest 

statements of this truth appears in the Katha Upanishad: 

Sanskrit:  ȉȧɋȴȧɁȳȿЅȽȨɋ ȲȽɁȳȿȬɗɗ  
(Katha Upanishad 1.2.20) 

Meaning: "Smaller than the smallest, greater than the greatest." 

What could be smaller than the smallest? The rishis hint that the essence of reality ð the Atman or 

ultimate Self ï is subtler than any measurable thing, yet vaster than the cosmos. This is not only a 

spiritual riddle but an idea that matches quantum reality: the same electron can behave as a point with 

no size at all and as a spread-out wave stretching across space. 

Modern Science Embraces the Riddle  

This duality is not merely philosophical. It is the reason modern technology works. Semiconductors, 

lasers, quantum dots, electron microscopes ð all rely on the fact that electrons can tunnel like waves 

and scatter like particles. 

In quantum field theory, particles are not solid óthingsô but excitations in a vast underlying field ð 

ripples that appear point-like when measured but extend like waves when left undisturbed. 

Richard Feynman, one of the great interpreters of quantum mechanics, said: "I think I can safely say 

that nobody understands quantum mechanics." Yet despite its strangeness, it works perfectly ð the 

best- tested theory in the history of science. 

Dual Concept Vedic View Quantum View 

Wave-Particle Brahman as form and formless Photon/electron is both wave and particle 

Seen-Unseen Maya hides true form  Reality exists in probability until measured  

 

The Same Riddle, New Eyes 

What the Upanishads hinted at in a line ð smaller than the smallest, greater than the greatest ï  quantum 

mechanics demonstrates in equations and experiments. When we look into the heart of matter, we find 

something that refuses to stay still: a particle that is not a particle, a wave that is not only a wave.  

When we pin it down, it slips away; when we watch closely, it transforms. What remains is the same 

timeless mystery the rishis glimpsed under ancient forest skies: the heart of reality is subtle, fluid, and 

ever paradoxical. 
 

In the flicker of an electron and the whisper of a verse, the world reveals itself ð not as either-

or, but as both, and more. 
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The Cycle of Time ð Kalachakra and Quantum Cosmology 

When we look up at the night sky, we often imagine time as a river ð a straight, endless flow from past 

to future. Classical physics reinforced this image: time was absolute, an arrow pointing forward. 

Newtonôs universe was a vast machine ticking steadily onward. But deep inside the quantum world ð 

and on the largest scales of the cosmos ð modern science tells a different story. Here, time is not a 
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simple straight line, but a mystery that bends, loops, and returns. At this strange frontier, ancient visions 

of time as a wheel resonate with the newest theories of physics. 

Quantum Foam: A Bubbling Foundation 

At the tiniest scales ð far smaller than atoms ð quantum theory predicts that space and time are not 

smooth but frothy, restless, like the surface of a boiling ocean. This is the realm of quantum foam, a 

term coined by John Wheeler. In this realm, virtual particles flicker in and out of existence, borrowing 

energy for a heartbeat before dissolving back into the vacuum. Here, space-time itself is unstable ð 

full of tiny fluctuations that can create black holes, wormholes, or entire baby universes. In this view, 

reality is not fixed but forever bubbling, dissolving, and reappearing. 

The Cosmic Cycle: Birth, Death, Rebirth 

On the grandest scale, modern cosmologists have proposed models where the entire universe is not a 

single event but a cycle of endless creation and destruction. Indian physicist Jayant Narlikar and Nobel 

laureate Roger Penrose both explored models where our universe could be one of many in an infinite 

sequence ð each born from the ashes of the last. These ideas echo the ancient Indian vision of 

Kalachakra ð the Wheel of Time. 
 

 
 

 

 

Kalachakra: The Wheel That Turns Forever 
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The concept of Kalachakra is found throughout Hindu and Buddhist philosophy. Literally meaning 

ñTime Wheel,ò it describes time not as a straight line but as a circle of creation, preservation, and 

dissolution. 

In Hindu cosmology, each cycle is called a Kalpa, lasting billions of years. After creation comes 

sustenance, then dissolution (Pralaya), then the seed of the next universe arises from the old. This grand 

cosmic clock ticks in aeons, not minutes.  

Sanskrit: "ȁȧȞȆɫǮ ɸȡȐɗȐȯ! 'Puranic idea) 

Meaning: "The Wheel of Time turns eternally." 

The rishis did not see time as linear but as the breathing in and out of the cosmic Self. 

Modern Science Meets the Ancient Wheel 

The Big Bang theory tells us that our universe was born 13.8 billion years ago in a tiny instant of 

unimaginable energy. But quantum cosmology also suggests that our universe could be one bubble in 

an endless foam ð or one cycle in an eternal loop. 

Roger Penroseôs Conformal Cyclic Cosmology (CCC) proposes that the death of one universe sets the 

initial conditions for the birth of the next. Quantum fluctuations and black holes might carry information 

from one cycle to the next ð echoes of past universes hidden in the cosmic microwave background. 

Time: Not Absolute, but Entangled 

Einsteinôs relativity showed us that time is not a rigid backdrop but stretches and contracts with speed 

and gravity. Quantum theory goes further: at tiny scales, time may break down altogether. Some 

physicists believe that time itself could emerge from entanglement ð that deep below the level of 

particles and fields, there may be no separate ñclock,ò only relationships that give rise to what we call 

before and after. This is strikingly close to the Kalachakra idea: time is not a solid road but a wheel 

made of relationships, dissolutions, and rebirths. 

Amit Goswamiôs Vision 

Physicist Amit Goswami, one of the pioneers of consciousness studies in quantum mechanics, writes: 

"Quantum physics has shown that the observer is crucial. Consciousness is the ground of being." In his 

view, the cycles of creation and dissolution mirror the play of consciousness collapsing possibilities 

into reality, then dissolving them again. The quantum vacuum ð the sea of potential ð is like Brahman, 

the infinite Self. The bubbles of time and space are like dreams arising within it. 

A Timeless Dance 

Thus, in the flicker of quantum foam and the turn of Kalachakra, the modern physicist and the ancient 

rishi glimpse the same truth: what appears solid is not final; what appears lost returns. The end is not 

the end ð it is a pause before the wheel spins again.  

In every quantum fluctuation, in every new star born from an old oneôs death, the Wheel of Time 

turns ð reminding us that even time bows before the eternal mystery. 
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Sage Meets Scientist ð East Inspires West  

When we think of science, we often imagine test tubes, equations, and cold laboratories ð a world of 

logic cut free from ancient myth and mystical verse. Yet, at the very heart of quantum theory ð the 

field that shattered our certainties about reality ð stand pioneers who openly turned to the wisdom of 

the East to make sense of the paradox they uncovered. 

Schrödinger and the Upanishads  

Among them was Erwin Schrödinger, one of the founding fathers of quantum mechanics and the man 

who gave the world the famous Schrºdingerôs cat thought experiment. Less known to many is that 

Schrödinger was deeply influenced by Advaita Vedanta ð the non-dual philosophy of the Upanishads. 

In his personal writings and lectures, Schrödinger often quoted Sanskrit texts and described his debt to 

Indian thought. He was fascinated by the Upanishadic vision that the multiplicity we see ð the 

countless forms, particles, and beings ð is only an appearance, not the ultimate truth. Beneath this 

shifting dance lies a single consciousness. 

Schrödinger wrote: ñIn truth there is only one mind. Our apparent multiplicity is only a series of 

different aspects of this one mind.ò 

This is not poetry from a philosopher but the reflection of a scientist who discovered that the equations 

describing subatomic particles point toward an underlying unity ð the same unity the Upanishads 

declared thousands of years ago. 
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Bohr, Heisenberg, and the Parallels  

Schrödinger was not alone, Niels Bohr, the architect of the Copenhagen Interpretation, visited India in 

1937 and met with Rabindranath Tagore, who often spoke of the Upanishadic worldview. Bohr believed 

that the paradoxes of quantum physics ð complementarity, uncertainty, superposition ð echo the 

Eastern acceptance of contradictions. Werner Heisenberg, who formulated the Uncertainty Principle, 

also discussed how meeting Indian scholars shaped his understanding of quantum paradox. He once 

said that talking to Tagore made him realize that Western rational thought needed the broader openness 

of Eastern philosophy to grapple with quantum reality. 

Fritjof Capra: Bridging Worlds  

In 1975, physicist Fritjof Capra published The Tao of Physics ð a landmark book that explored how 

the worldview of modern quantum physics and relativity resonates deeply with the mystical insights of 

Hinduism, Buddhism, and Taoism. 

Capra wrote:  ñThe parallels to Eastern mysticism are most striking when one tries to interpret 

and understand the worldview implied by modern physics.ò 

He argued that the quantum worldôs holistic, interconnected, and paradoxical nature mirrors the ancient 

wisdom that reality is a dynamic unity, not a collection of separate, fixed parts. 

A Meeting of Thought, Not Just Faith 

It is important to see that these connections are not shallow or decorative. Schrödinger and his peers did 

not turn to the Upanishads for poetic comfort ð they found in them a philosophical language capable 

of holding the strange truths quantum equations demanded. In the Upanishads, the Atman ð the inner 

Self ð is not separate from Brahman ð the cosmic Self. This idea that observer and observed are one 

finds a mirror in quantum mechanics, where the act of measurement collapses reality into a definite 

state. In both views, separation is an illusion ð the world is an unbroken whole. 

Modern Echoes  

Today, this meeting of worlds continues. Physicists like Amit Goswami, in The Self-Aware Universe, 

argue that consciousness is not a byproduct of matter but its source ð a vision that resonates with 

Advaita Vedantaôs declaration that consciousness is the ground of being. Quantum biology, quantum 

computing, and quantum consciousness studies ð fields still unfolding ð carry forward this quiet 

revolution: the scientistôs equations and the sageôs chants both whisper that the ultimate reality may be 

one, indivisible and participatory. 

Science Needs Wonder  

In an age where knowledge often feels fragmented ð where science and spirituality seem to live in 

separate rooms ð this forgotten bridge reminds us that wonder is the seed of all inquiry. The equations 

that describe the dance of electrons were born not only from experiments but from questions that have 

no final answer: What is reality? Who are we? How can the One become Many? 

In the meeting of East and West, sage and scientist, we glimpse a timeless truth: knowledge is not only 

a tool but a journey back to the source. 

In Schrºdingerôs cat and the Upanishadôs Atman, in the particleôs flicker and the rishiôs verse ð the 

sage still meets the scientist, and the question remains: are we not That? 
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Quantum Experiments: When Verses Come Alive : Modern physics does not live only in equations 

or in the blackboards of theorists ð it is tested in real laboratories, proven through experiments that 

defy our common sense and reveal a universe more mysterious than we ever imagined. These 

experiments are the heartbeat of quantum mechanics ð and remarkably, each one echoes the riddles 

sung by ancient seers. 

1. The Double-Slit Experiment ð Ekoôham BahusyǕm The double-slit experiment is perhaps the 

most famous demonstration of quantum strangeness. It shows how a single electron, photon, or 

even molecule can exist in a superposition ð passing through two slits at once and interfering with 

itself. 

Thousands of experiments, from Thomas Youngôs first demonstration of light interference to todayôs 

electron diffraction labs, prove this over and over: at the quantum scale, the universe refuses to be either-

or ð it is both-and, until we observe. 

This beautifully mirrors the Rig Vedic riddle: Sanskrit: ¤¾ɨjßɰ ÔßȓĦ×ɟÖn 'Rig Veda 10.129.4) "I am 

One; may I become Many." The wave function ð the mathematical expression of a quantum state ð 

is the modern One that becomes Many possibilities. The interference pattern is its shadow. 

2. Schrºdingerôs Cat ð The Atman Watches 

The thought experiment of Schrºdingerôs cat shows how a quantum system can be in a superposition 

ð alive and dead at once ð until an observer looks. While no one puts a real cat in a box, real quantum 

computers rely on superposition states exactly like Schrºdingerôs cat to store and process information. 

This is the observer effect in action: measurement collapses the wave function. The timeless witness 

described in the Upanishads is reborn here: 

Sanskrit: Ȕ ȈȧțȐȯ ѦɼțȐȯ ȡȧ ȁȒȧѩȆ ȔȧțǮ șȫͯȧ șѦȡȐȧ ȡȧ Ȕ șȫț8 'Bhagavad Gita 2.20) 

"The Self is never born, nor does it ever die." 

The Atman is the changeless observer ð the seer of all appearances. 

3. Bellôs Theorem & Entanglement ð Sarvam Khalvidam Brahma  

The most astonishing proof of entanglement is Bellôs Theorem, tested by Alain Aspect and others. 

When two particles are entangled and sent far apart, measuring one instantly affects the other. No hidden 

signal travels between them ð they remain mysteriously linked. Today, quantum entanglement powers 

secure quantum cryptography and quantum teleportation. This is not science fiction ð it is science fact. 
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Sanskrit: Ȥȡɗ ȂӋϝȒǮɺЎ 'Chandogya Upanishad 3.14.1) 

"All this is Brahman." 

This ancient declaration ð that all is connected in an indivisible whole ð finds physical proof in 

entanglement. The universe is not a machine made of parts, but a seamless fabric. 

4. Quantum Foam ð Kalachakra Unfolds  

In quantum cosmology, the tiniest scales reveal quantum foam ð a restless ocean of virtual particles 

flickering in and out of existence. This chaotic ground state creates bubbles of space-time, black holes, 

and possibly even entire new universes. 

Physicists like Wheeler and Penrose argue that the universe may endlessly cycle ð creation rising from 

dissolution in an infinite dance. 

Sanskrit: !ȁȧȞȆɫǮ ɸȡȐɗȐȯ! 'Puranic idea) 

"The Wheel of Time turns eternally." 

The ancient vision of time as a wheel ð Kalachakra ð is reborn in the restless dance of quantum 

creation. 

5. Quantum Computing ð Mysticism Becomes Technology: Quantum computers are not just 

futuristic machines ð they are direct applications of the same ancient paradoxes. Qubits exist in 

superposition, holding multiple states at once. Entanglement links qubits to perform tasks 

impossible for classical bits. 

The same experiments that prove quantum weirdness power tomorrowôs technology ð proving that 

ancient ideas are not only philosophical but practical when reborn as quantum code. 

A Living Bridge: Experiment and Mantra  

Each quantum experiment is like a modern mantra ð a repeatable ritual that reveals hidden reality. 

Where the ancient rishi sat in silent meditation, todayôs physicist sits at a particle accelerator, splitting 

beams and entangling photons. 

One uses language, the other mathematics ð yet both seek the same secret: how the One becomes 

Many, how the Many returns to the One. 

In every interference fringe, every entangled pair, every flicker of the quantum field ð the verses 

come alive. The universe whispers the same riddle the rishis once sang beneath starlit forests: that 

beneath the changing play of forms, there is one, timeless, watching, and forever dancing. 
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Indraôs Net ð The Ancient Quantum Field  

Before quantum mechanics was born, before any scientist split the atom or imagined the wave function, 

ancient Indian and Buddhist philosophers offered a vision of reality that foreshadowed the deepest 

paradoxes of modern physics. This vision is known as Indraôs Net ð a timeless metaphor that captures 

the very fabric of the cosmos as an endless web of reflection and interconnection. 

The Story of Indraôs Net  

In the Avatamsaka Sutra, a foundational Mahayana Buddhist text inspired by older Hindu cosmology, 

the image of Indraôs Net appears as a jewel-encrusted web stretching infinitely in all directions. At each 

knot of this vast net rests a shining jewel. Each jewel reflects every other jewel ð and every reflection 

contains every other reflection, endlessly. Touch one jewel, and the entire net responds. Look into one, 

and you see the whole universe mirrored back infinitely. 

This image is not just poetic ð it is a profound statement about the nature of reality: nothing exists by 

itself; everything exists in relationship. 

Entanglement: Indraôs Net in the Lab 

In quantum physics, the clearest echo of Indraôs Net is entanglement. When two particles become 

entangled, they are no longer separate entities. No matter how far apart they drift ð to opposite ends 

of the universe ð a change in one instantly affects the other. 

Einstein called this ñspooky action at a distance,ò but modern experiments ð from Bellôs Theorem to 

quantum teleportation ð show that entanglement is real and measurable. The particles behave not as 

isolated dots but as ripples in a shared web. 

Quantum Field Theory: The Cosmic Web  

The link goes even deeper. According to quantum field theory, the most successful model in modern 

physics, particles are not truly particles at all. They are excitations ð tiny ripples or vibrations ð in 

underlying fields that stretch through all of space. Every electron, photon, or quark is just a localized 

wave in an invisible ocean. The fields are continuous, woven through all reality ð one disturbance here 

affects the whole field everywhere. There are no ñseparateò parts; only a connected field, humming with 

possibility. 

This Indraôs Net, reborn as physics.  
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A Verse for the Web  

The Chandogya Upanishad captures this interconnectedness with its simple yet profound declaration: 

Sanskrit:  Ȥȡɗ ȂӋϝȒǮɺЎȿ 'Chandogya Upanishad 3.14.1) 

 "All this is Brahman." 

Here, Brahman is the unbroken reality that underlies all forms, just as the quantum field underlies all 

particles. To see one is to see all ð to touch one is to touch the whole. 

Modern Reflections: The Net as Reality  

Physicist David Bohmôs Implicate Order theory proposes that the universe is not built from separate 

parts, but from an undivided wholeness. The ñexplicateò world ð the one we see ð is just an unfolded 

version of a deeper, hidden order where everything is enfolded into everything else. This idea echoes 

Indraôs Net perfectly: reality is not built from isolated beads but from endless reflections within 

reflections. In quantum computing and quantum communication, this insight 

becomes practical: entanglement links qubits in networks that mirror Indraôs infinite web. Our 

technology now weaves threads through the same net the ancients described. 

 A Universe of Jewels  

In todayôs age of science and information, Indraôs Net reminds us that knowledge itself is a web ð one 

discovery reflecting another, one insight shining light into countless others. 

When we peer into an entangled photon or map the ripples of the Higgs field, we are peering into a 

cosmic net that echoes the jewels in Indraôs palace. We are not separate observers looking at isolated 

pieces ð we are woven into the very fabric we study.  

In every ripple of the quantum field, in every jewel of Indraôs Net, the universe reflects itself ð 

infinite, interconnected, indivisible. What the rishis and sages glimpsed in their hymns, todayôs 

physicists measure in equations: that all is One, and in each part, the whole remains. 

 
 

Symbol  Spiritual Meaning  Quantum Concept 

Indraôs Net  Infinite inter-reflection  Entanglement Field excitation  

Jewels in the Net  All reflects all  Qubits in entangled networks 
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The Mahavakya: Thou Art That  

In the ancient Chandogya Upanishad, one of the most profound declarations of non-duality appears in 

three simple words: Tat Tvam Asi ð ñThou Art That.ò (Chandogya Upanishad 6.8.7), Spoken by the 

sage Uddalaka to his son Shvetaketu, these words dissolve the barrier between the seeker and the sought. 

The vast Brahman ð the timeless, spaceless Absolute ð is not something separate, distant, or abstract. 

It is the same as the deepest Self (Atman) within every being. 

Sanskrit: ȐˢȚѪȤ 'Tat Tvam Asi) 

"Thou Art That."  

This is not merely a comforting thought ð it is the culmination of Vedic insight: that behind every eye 

is the same seer, behind every form the same formlessness, behind every changing world the same 

unchanging truth.  

The Quantum Mirror  

Modern quantum physics, in its paradoxes, hints at the same unsettling intimacy. When an electronôs 

wave function collapses, it does so in the act of being measured ð by a conscious observer, a piece of 

the universe looking back at itself.  

Quantum mechanics removes the safe distance between The Circle Closes: the experimenter and the 

experiment. The observer is not From Oppenheimerôs Gita verse at the birth of the outside the system 

ð the observer is part of the system. atomic age to the flickering interference fringes in a The particle 

does not reveal its state until there is physics lab, this essayôs journey comes home to the same someone 

ð somewhere ð to see it. 

This is the final echo of Tat Tvam Asi in physics: the split between the knower and the known breaks 

down. The scientist does not stand apart, but within the very web he studies. 

From Many Eyes, One Truth 

The rishis understood this intuitively. If all beings are reflections of Brahman, then every eye that looks 

out at the world is a window through which Brahman sees itself. Many eyes ð one vision. Many forms 

ð one essence. Modern physicists like John Wheeler have gone further, proposing the idea of a 

Participatory Universe ð the radical thought that reality comes into being through acts of observation, 

choices made by conscious participants scattered throughout space and time. In this vision, we are not 

passive witnesses to a dead cosmos but living nodes in an ever-creating net ð Indraôs Net, reborn in 

lab coats and laser beams. 
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The Circle Closes 

 From Oppenheimerôs Gita verse at the birth of the atomic age to the flickering interference fringes in 

a physics lab, this essayôs journey comes home to the same ancient doorway: knowledge is not separate 

from the knower. The experiment is not separate from the experimenter. The universe is not separate 

from the witness.  

Where the seer sees the Self in all beings, the quantum physicist discovers the observer in all 

experiments. 

In the final reckoning, the oldest whisper remains true: Tat Tvam Asi. The wave collapses. The 

jewel reflects. The electron flickers. The Net shimmers. The sage smiles ð and the scientist nods 

ð for in this dance of Many eyes and One Truth, we find that the mystery is not ñout there,ò but 

here, within. 

Reflections: Why This Matters Now 

As humanity stands on the threshold of quantum computing, artificial intelligence, and interstellar 

exploration, the echoes of ancient Indian wisdom return ð not as forgotten myths, but as timeless 

metaphors, scientifically resonant and spiritually relevant. In a fragmented world split between science 

and spirit, East and West, object and observer ð the synthesis of Vedic insight and quantum discovery 

brings healing clarity. It reminds us that: ñKnowledge is not just measurement ð it is meaning.ò When 
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Erwin Schrödinger turns to the Upanishads, or when the double-slit experiment whispers the mystery 

found in the Nasadiya Sukta, this is not coincidence ð it is a cosmic reunion.  

It is the Rishi meeting the Researcher.  

It is the moment we realize: Tat Tvam Asi ð Thou Art That.  

The observer and the observed are one. 

This convergence is more than academic curiosity ð it is a call to humility and wonder. It tells us that 

both the ancient mantra and the quantum formula are not in conflict, but in conversation. And in that 

dialogue, we rediscover our place ð not as outsiders of the cosmos, but as living reflections of it. 

Echoes of Truth ð From Sage to Scientist 

ñMultiplicity is only apparent.ò 

ðErwin Schrºdinger ñThou Art That.ò 

ðChandogya Upanishad 

ñThe universe begins to look more like a great thought than a machine.ò 

ðJames Jeans 

ñSarvam Khalvidam Brahma ð All this is Brahman.ò 

ðChandogya Upanishad 3.14.1 ñConsciousness is the ground of all being.ò 

ðAmit Goswami 

ñHe who sees all beings in the Self and the Self in all beings, never turns away.ò 

ð Isha Upanishad 

 
From Verse to Equation ð A Timeline of Vedic and Quantum Thought 
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Authorôs Note 

This essay is not merely a study of verses and variables. It is a personal journey ð from reading ancient 

texts as a seeker of meaning, to decoding quantum fields as a student of science. In connecting Vedanta 

and Physics, I found not just answers ð but resonance. This work is my humble attempt to bridge the 

ancient and the future ð the meditative silence of the rishis with the mathematical elegance of quantum 

mechanics. Because somewhere between the shloka and the wave function, we hear the same truth: You 

are not in the universe ð the universe is in you. 

Conclusion: From Rishi to Quantum Reality 

As we journeyed through the verses of the Upanishads, the threads of Indraôs Net, the rhythms of 

Kalachakra, and the riddles of quantum mechanics, one truth emerged ð wisdom knows no boundary 

of time or tradition. What the ancient rishis intuited in meditative stillness, modern physicists now 

glimpse through precision experiments: That the observer is not separate from the observed, that 

consciousness may be fundamental, and that the unity of all existence is not merely a spiritual insight, 

but perhaps a scientific inevitability. From Tat Tvam Asi to quantum entanglement, from Nasadiya 

Sukta to the uncertainty principle, this cosmic dialogue whispers a timeless truth: ñThe cosmos is not a 

machine to dissect ð it is a mirror to awaken.ò In weaving Vedic insight with quantum paradox, we 

donôt just rediscover ancient India ð we reclaim the future. 
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A Century of Quantum Mechanics: From Foundation to Frontiers   

Poorti Sharma 

Bareilly College, Bareilly  

ñI think I can safely say that nobody understands quantum mechanicsò 

-Richard P. Feynman 

With these words, one of the greatest physicist of the 20th century captured both the brilliance and 

mystery of quantum theory. For 100 years, quantum theory has painted the subatomic world as strange 

beyond words. But bold new interpretations and experiments may help us finally understand what it 

really means. 

The problem with quantum mechanics, or at least the reason even physicist donôt understand it, isnôt 

that it paints an unfamiliar picture of reality. It isnôt difficult to accept the world of fundamental 

particles, of which we have no direct experience, is radically different to the world we perceive. Our 

fundamental understanding of the physical world is now rooted in quantum principles. Modern physics 

is quantum physics. 

The word quantum refers to the way matter absorbs or releases energy- in discrete packets, or quanta. 

Its use in physics comes from the German word quant, which is derived from a Latin term meaning 

óhow muchô. Quantum mechanics, often called the crown jewel of modern physics, emerged at the turn 

of the 20th century and has since become a global scientific language. 

What sparked the birth of quantum mechanics? 

In around 1900, physicists such as Max Planck and Albert Einstein began to describe, in an ad hoc way, 

why several phenomena of the subatomic realm could not be explained using the classical mechanics 

developed by Isaac Newton and others. Then, in 1925, quantum came to be used to describe the 

fundamentals of an entirely new form of mechanics ï the branch of physics that describes the 

relationship between forces and the motion of physics. 

× Birth of quantum mechanics (1900 -1925) 

¶ 1900 ï Max Planckôs quantization of energy marked the beginning 

 

 

 
Fig 1: Max Planck  Fig 2: Quantization of energy 
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¶ 1905 ï Albert Einsteinôs explanation of the photoelectric effect suggests that light consists of 

individual quantum particles or photons. 

 
Fig 3: Albert Einstein 

 

Fig 4 
 

How did Einsteinôs explanation of the photoelectric effect support quantum theory? 

Einstein proposed that light consists of photons ï individual quanta of energy. His explanation of the 

photoelectric effect, where electrons are ejected from metal surfaces under light exposure, won him the 

Nobel Prize and confirmed the particle nature of the light. 

¶ 1913 ï Niels Bohr proposes an atomic model using quantum theory for the first time. 

¶ 1925 ï Werner Heisenberg, Max Born and Pascual Jordon develop the theory of matrix 

mechanics. 
 

× First quantum revolution  ï The first Quantum Revolution refers to the period when quantum 

mechanics was born and formalized as a scientific theory. It changed how we understand matter 

and energy at the smallest scales ï atoms, electrons, and photons. 

The first quantum revolution led to technologies like transistors, lasers, semiconductors, nuclear 

power and microscopes. It formed the foundation for modern physics and chemistry. 

 
Table: 1 
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× Heisenberg Uncertainty Principle ï The Heisenberg Uncertainty Principle is a fundamental 

concept in Quantum mechanics, also known as Heisenbergôs indeterminacy principle. Proposed by 

Werner Heisenberg in 1927, it states that: 
 

ñPosition and Momentum of an electron cannot be determined simultaneously with absolute 

accuracyò. 

 

 
 

Fig 5: Position x and momentum p wave functions corresponding to quantum particles. The color opacity 

of the particles corresponds to the probability density of finding the particle with position x or 

momentum component p. 

Heisenberg uncertainty principle is a cornerstone of quantum mechanics. It explains why electrons donôt 

spiral into the nucleus of an atom and used in scanning tunneling microscopes (STM). It reminds us 

that at the smallest scales, nature behaves differently from our classical expectations ï probabilistic 

rather than predictable. 

× Schrºdingerôs cat: A Quantum Paradox ï One of the most iconic and puzzling concepts in 

quantum mechanics is Schrºdingerôs cat, a thought experiment concerning quantum superposition. 

It is proposed by Erwin Schrödinger in 1935. 

In this scenario, a cat is placed inside a sealed box with a radioactive atom, a Geiger counter, and a 

poison vial. If the atom decays (a quantum event), the detector triggers the release of the poison, killing 

the cat. But until the box is opened, the atom exists in a superposition of decayed states ï meaning the 

cat is simultaneously alive and dead. 

  

Fig 6: Erwin Schrödinger Fig 7: Schrºdingerôs Cat: a cat, a flask of poison, 

and a radioactive source connected to a Geiger counter are 

placed in a sealed box. As illustrated, a live cat and a dead cat. 
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What Schrödinger was trying to say? 

Schrödinger used this paradox to criticize the Copenhagen interpretation, which says a quantum systems 

remains in superposition until it is observed. Though it was never a real experiment, Schrºdingerôs cat 

highlights the measurement problem and the strange nature of quantum reality. It continues to spark 

debate and has inspired alternative interpretations like many ï worlds and Quantum Decoherence. 

× Second Quantum Revolution: The second quantum revolution refers to the modern phase of 

quantum science and technology that leverages the most profound principles of quantum 

mechanics. From computing and communication to sensing and security, quantum mechanics is 

now something we can engineer, not just observe. 

 

 

 

 

 
 

What is Quantum Entanglement and why does it challenge our classical understanding? 

Quantum entanglement is one of the most far ï out phenomena of quantum theory. It describes a 

phenomenon where two or more particles become so deeply connected that the state of one instantly 

determines the state of the other ï regardless of the distance between them. 
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This idea first debated by Einstein, Podolsky, and Rosen in 1935 and later demonstrated by physicist 

Alain Aspect in the 1980s. Einstein referred to it as ñspooky action at a distanceò. 

Is quantum entanglement faster than the speed of light? 

Quantum entanglement, however, appeared to conflict with Einsteinôs theory of special relativity, which 

postulates that nothing can travel faster than the speed of light and is demonstrated mathematically by 

the equation E= mc2. . The ability to instantaneously measure the quantum state of one particle by 

measuring that of its entangled partner somewhere else in the universe means that information would 

have to be delivered faster than light speed. This contradicts Einsteinôs theory of special relativity. 

 

 

 
Fig 8: Article headline regarding the EPR 

paradox paper, in the 4 May 1935 issue of 

The New York Times 

 
 

Fig 9: Quantum Entanglement 
 
  

 

 
Fig 10: Spontaneous parametric down ï 

conversion process 

 Applications of Quantum Entanglement: 

Entanglement plays a central role in the second 

quantum revolution, where it forms the backbone 

of quantum technologies like quantum 

teleportation, quantum cryptography, and the 

emerging quantum internet. It also invites us to 

reconsider fundamental ideas about locality, 

information, and the fabric of reality. 
  

 Today international research in countries like the 

U.S., China, and the EU is accelerating the 

development of entanglement ï based 

technologies, making it not just a scientific 

curiosity, but a symbol of global cooperation in the 

quantum era. 
  

 How does entanglement contribute to quantum 

computing? 

 In quantum computers, qubits can be entangled to 

perform parallel calculations. This allows them to 

solve certain complex problems exponentially 

faster than classical computers ï such as factoring 

large numbers or simulating molecules in 

chemistry. 
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Can quantum entanglement be used in sensing and metrology? 

Yes! Quantum entangled states improve the precision of measurements in fields like gravitational wave 

detection, atomic clocks, and magnetometry. They exceed classical sensitivity limits using quantum ï 

enhanced techniques. 

What is Quantum computing, and how does it work? 

Quantum computing is an advanced field of computing that uses the principles of quantum mechanics 

ï such as superposition, entanglement, and quantum interference, to perform calculations. Unlike 

classical computers, which use bits (either 0 or 1), quantum computers use quantum bits or qubits, 

which can represent both 0 and 1 simultaneously. 

 

 

 

Fig 11: A quantum computer by IBM from2019 

with 20 superconducting qubits. 

  

 Fig 12: Quantum computer with fibre optic leads 

   

 

 
Fig 13: Classical bit and Qubit 

 

How it works? ï Quantum computers work by using three key principles of quantum mechanics. 

(1) Superposition: A classical bit can be either 0 and 1. A qubit, however, can be in a combination of 

both 0 and 1 at the same time. Superposition allows quantum computers to process many 

possibilities at once. 

(2) Entanglement: It links quantum bits or qubits together and creates powerful correlations that can 

be used for complex calculations. Einstein referred entanglement to as ñspooky action at a 

distanceò. 
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(3) Quantum Interference ï Quantum computers use interference to combine and cancel probabilities. 

It refers to how probability amplitudes from different quantum states combine with each other 

and guiding the system toward the correct answer among many possibilities. 
 

These properties allow quantum systems to perform many calculations simultaneously, providing 

significant advantages in data processing, pattern recognition and optimization. Quantum 

computation forms the backbone of quantum machine learning. Quantum computing is used in variety 

of advanced applications, such as drug discovery, cyber security, logistics, and predictive data 

analysis. 

× Machine learning: Machine learning is a sub-field of artificial intelligence that gives computers 

the ability to learn from data and make decisions or predictions without being explicitly 

programmed for every task. 

Machine learning is the field of study that gives computers the ability to learn without being explicitly 

programmed.ò 

-Arthur Samuel, IBM researcher and creator of one of the first self ï learning programs 

(Source: Samuel, A.L. 1959. IBM journal of research and development) 

 
Fig 14 

 
Fig 15 
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Quantum Machine Learning 

Quantum Machine Learning (QML) is an interdisciplinary field at the intersection of quantum 

computing and machine learning. It is the study of quantum algorithms which solve machine learning 

tasks. QML algorithms use qubits and quantum operations to try to improve the space and time 

complexity of classical machine learning algorithms. 

 
Fig. : 16 

 

Quantum machine learning has the potential to revolutionize many industries by solving complex 

problems that are difficult for classical computers. QML can model molecular structures and chemical 

reactions at the quantum level, speeding up the process of discovering new drugs and materials. It is 

useful for portfolio optimization, fraud detection, and market prediction. Quantum algorithms can solve 

route optimization problems much faster, which helps in transportation, delivery, and warehouse 

management. Quantum machine learning could help in detecting cyber threats and anomalies in real 

time. It also plays a role in developing quantum safe encryption methods. It can analyze large data sets 

in particle physics, astronomy, or climate science more effectively than classical tools. 

Quantum Machine Learning is still developing, but with continuous progress in quantum hardware, 

hybrid algorithms, and global research, many of its current limitations can be overcome in the coming 

decade. 
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Benefits of quantum technology for mankind: 

   

Quantum mechanics is already the foundation of modern physics, enabling technologies like 

semiconductors, lasers, and MRI machines. But its full potential is far from reached. With the rise of 

quantum computers, entangled networks, and quantum sensors, the next chapter of quantum mechanics 

promises to be even more impactful. What lies ahead is not just a scientific revolution but a 

transformation of how we live, think, and understand reality. 

Conclusion 

Over the past 100 years, quantum mechanics has sparked a scientific revolution ï challenging classical 

ideas and opening doors to entirely new possibilities. This journey began with the Quantum Revolution, 

laying the foundation of modern physics. The phenomenon of Quantum Entanglement deepened our 

understanding of non- locality and information transfer, while the rise of Quantum Computing has 

begun to transform how we process data and solve complex problems. As technology evolved, Machine 

Learning emerged as a powerful tool to analyze data, and its combination with quantum principles in 

Quantum Machine Learning now represents the cutting edge of both science and AI. Together, these 

developments show that quantum mechanics is not just a theory of the past ï it is the engine of future 

innovation. 

As we look ahead, the continued exploration of quantum ideas will not only enhance our technologies 

but also reshape our perception of reality itself. 
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Abstract 

The development of quantum mechanics over the past century has fundamentally altered our 

understanding of nature. From Max Planckôs hypothesis of energy quantization to the modern control 

of individual quantum systems, this essay traces the conceptual, experimental, and technological 

evolution of quantum theory. It highlights pivotal moments in both the first and second quantum 

revolutions, including the rise of semiconductors, lasers, and magnetic resonance imaging, followed by 

advances in quantum computing, sensing, and communication. Emphasis is placed on landmark 

experimental validations, key scientific contributors, and the gradual shift from theoretical frameworks 

to applications capable of transforming computation, metrology, and secure communication. The essay 

also outlines recent developments such as superconducting qubits, entangled networks, and quantum-

enhanced measurement standards, concluding with a forward-looking view of the challenges and 

possibilities in the emerging quantum technological landscape. 

Introduction  

Quantum mechanics emerged as a revolutionary framework in the early 20th century, challenging the 

deterministic worldview of classical physics with a probabilistic and non-intuitive model of reality. 

Initiated by Max Planckôs hypothesis of quantized energy exchange, quantum theory rapidly evolved 

through the contributions of Einstein, Bohr, Schrödinger, Heisenberg, and Diracðeach addressing 

fundamental inconsistencies which classical mechanics could not resolve. These developments laid the 

foundation for a formalism that would redefine our understanding of matter, light, and their interactions 

at microscopic scales. 

This essay traces the century-long journey of quantum mechanics, emphasizing both its conceptual 

evolution and its increasing technological relevance. From the passive observation of quantum effects 

in the first half of the century to the deliberate control of quantum states in recent decades, the narrative 

showcases how theory has matured into application. It highlights key experimental breakthroughs, 

pivotal scientific contributions, and the rise of two distinct ñquantum revolutionsòðeach enabling novel 

technologies that are reshaping computation, communication, and sensing. 

With 2025 designated by UNESCO as the International Year of Quantum Science and Technology, this 

retrospective aims not only to commemorate a century of quantum thought but to reflect on its societal 

impact and future directions. By examining the progression from theoretical insights to engineered 

quantum systems, the essay underscores the transformative potential that lies ahead in the quantum age. 

Theoretical Foundations and Early Development 

The inadequacy of classical theory to explain certain experimental results became evident through key 

anomalies that resisted interpretation via Newtonian mechanics or Maxwellôs electrodynamics. This 
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intellectual crisis catalyzed a period of rapid conceptual innovation, resulting in the formation of an 

entirely new theoretical edifice for understanding matter and radiation at microscopic scales. 

The foundational step toward quantum theory was taken by Max Planck in 1900. In attempting to 

explain the spectral distribution of blackbody radiation, Planck introduced the revolutionary idea that 

electromagnetic energy is not emitted continuously, but in discrete packets or quanta. By proposing 

that the energy of each quantum is proportional to the frequency of radiation, E=nhɜ, where n is an 

integer and h is Planckôs constant, he resolved the ultraviolet catastropheða divergence predicted by 

classical theory at high frequencies. Though initially viewed as a mathematical trick, Planckôs 

hypothesis introduced a profound concept: energy at atomic scales is inherently quantized. 

Building upon this idea, Albert Einstein in 1905 extended the quantization principle to light itself. He 

proposed that light consists of individual quanta, later termed photons, and used this concept to explain 

the photoelectric effectðwhere electrons are ejected from a metal surface only when incident light 

exceeds a certain frequency, irrespective of intensity. This observation could not be reconciled with the 

wave theory of light. Einsteinôs particle-like model not only explained the threshold behavior but also 

connected the energy of photons directly to frequency, strengthening the case for a quantized nature of 

electromagnetic radiation. The next major development came with Niels Bohrôs atomic model in 1913. 

Integrating Rutherfordôs nuclear model with Planckôs quantization, Bohr postulated that electrons 

revolve around the nucleus in discrete orbits without emitting radiation, and transitions between orbits 

involve absorption or emission of photons with energy equal to the difference between quantized levels. 

Though Bohrôs model successfully explained hydrogenôs spectral lines, it lacked generalizability and 

internal consistency, particularly for multi-electron systems. 

By the early 1920s, it became clear that a deeper theoretical structure was needed. This led to the 

formulation of wave-particle duality and the evolution of quantum mechanics as a rigorous framework. 

Louis de Broglie (1924) hypothesized that matter, like light, exhibits wave properties, suggesting that 

electrons possess an associated wavelength, ɚ=h/p. His idea was soon confirmed experimentally and 

provided a critical bridge between classical mechanics and emerging quantum concepts. Two 

independent but ultimately equivalent mathematical formulations of quantum theory emerged in 1925ï

1926. Werner Heisenberg developed matrix mechanics, focusing on observable quantities and non-

commuting operators to describe quantum systems. In contrast, Erwin Schrödinger introduced wave 

mechanics, where the evolution of a quantum system is governed by a wave function ɣ satisfying a 

differential equationðthe now-famous Schrödinger equation. While initially seen as conflicting 

approaches, both were shown to be mathematically consistent and complementary, offering different 

perspectives on quantum behavior. 

Max Born further clarified the meaning of the wave function by proposing its probabilistic 

interpretation. The square of the amplitude, ɣ᷄(x)᷄2, represents the probability density of finding a 

particle at position x, introducing intrinsic uncertainty and replacing deterministic trajectories with 

statistical predictions. This philosophical shift was cemented by Heisenbergôs Uncertainty Principle 

(1927), which established a fundamental limit to the precision with which conjugate variables such as 

position and momentum can be known simultaneously: ȹxȹpÓ /2. This principle is not a limitation of 

experimental technology but an inherent property of quantum systems. 

These theoretical breakthroughs culminated in a general mathematical structure for quantum theory. 

Paul Diracôs work unified the Schrödinger and Heisenberg formalisms and extended quantum 
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mechanics to account for special relativity, ultimately predicting the existence of antimatter. The 

abstract frameworkðbased on Hilbert spaces, linear operators, eigenstates, and commutation 

relationsðprovided a universal language for quantum physics, applicable to systems ranging from 

atoms to fields. 

Thus, the foundational period of quantum mechanicsðfrom Planckôs energy quantization to the 

formalism of Diracðrepresented a systematic dismantling of classical assumptions and their 

replacement with a framework that was consistent with both observation and internal logic. Each 

contribution addressed a specific paradox or empirical inconsistency, while simultaneously opening 

new directions for exploration. This coherent but counterintuitive structure laid the groundwork for 

future developments, both theoretical and experimental, and initiated the most significant conceptual 

revolution in physics since Newton. 

Experimental Evidence and Confirmations 

The strength of quantum mechanics lies not only in its mathematical elegance but in its power to predict 

and explain experimental results that classical physics could not. Across the 20th century, pivotal 

experiments confirmed quantum theoryôs core principlesðquantization, wave-particle duality, and 

entanglementðreshaping our understanding of physical reality. 

One of the earliest confirmations came from the FranckïHertz experiment, where electrons striking 

mercury atoms lost energy in discrete amounts, validating the idea of quantized energy levels and 

supporting Bohrôs atomic model. Soon after, the DavissonïGermer experiment demonstrated that 

electrons produce interference patterns when scattered off a crystal, proving the wave nature of matter. 

This was a striking affirmation of de Broglieôs hypothesis that all particles exhibit wave-like properties. 

The SternïGerlach experiment deepened this shift by revealing the quantization of angular momentum. 

A beam of silver atoms split into discrete paths in a magnetic field, defying classical expectations of a 

continuous distribution. This finding introduced the concept of quantized spin and supported a 

probabilistic framework of quantum behavior, where measurement outcomes are inherently uncertain. 

As technology advanced, attention turned to entanglementðarguably quantum theoryôs most non-

intuitive feature. In 1964, John Bell proposed a testable inequality to distinguish quantum mechanics 

from any local hidden-variable theory. The Aspect experiments of the 1980s confirmed that entangled 

particles violate Bellôs inequality, proving that quantum correlations defy classical locality. These 

results gave credence to what Einstein once called "spooky action at a distance." 

Subsequent quantum optics experiments, including delayed-choice and quantum eraser setups, probed 

the role of the observer and the timing of measurement. Their results hinted that choices made after a 

system evolves can affect its behavior retrospectively, suggesting a non-classical link between 

information and reality. Despite overwhelming experimental success, interpretational debates continue. 

The Copenhagen interpretation accepts intrinsic randomness via wave function collapse, while the 

Many-Worlds interpretation posits that all outcomes occur in branching universe. Though these 

frameworks make identical predictions, they reflect differing philosophical views about realityôs 

structure. 

These landmark experiments transformed quantum mechanics from abstract theory into empirically 

grounded science. They laid the foundation for the first quantum revolution, where these principles 

moved from laboratory curiosities to technologies that define modern physics. 
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The First Quantum Revolution: Foundations of Modern Technology 

The first quantum revolution, spanning from the 1920s to the latter half of the 20th century, marked a 

profound transformation in the relationship between fundamental physics and practical technology. 

While early quantum theory provided a framework for understanding phenomena at the atomic and 

subatomic levels, the first revolution arose when this abstract knowledge began to be harnessed for 

concrete applications. This period saw the transition of quantum mechanics from a theoretical necessity 

into a foundational toolkit for engineering the modern world. 

One of the earliest and most impactful applications was the development of semiconductor technology, 

rooted in quantum principles such as energy band theory and tunneling. The quantum mechanical 

understanding of electron behavior in periodic potentials enabled the design of materials with tailored 

electronic properties. This understanding culminated in the invention of the transistor in 1947, a device 

that exploits the controlled flow of electrons through semiconducting materials. The transistor's 

operation depends critically on quantum tunneling and discrete energy levels in doped silicon, marking 

the beginning of the digital age. The miniaturization and scalability of transistors laid the foundation 

for integrated circuits, microprocessors, and ultimately modern computing. 

Another landmark innovation was the laser, developed in 1960 based on the principle of stimulated 

emission, first predicted by Einstein in 1917. In a laser medium, electrons are excited to higher energy 

states and then induced to emit coherent photons by incoming radiation of matching energy. This 

process relies on precise control of quantum transitions, making lasers a quintessential quantum 

technology. Today, lasers are ubiquitous, playing roles in telecommunications, medicine, 

manufacturing, and data storage. Magnetic Resonance Imaging (MRI), a powerful diagnostic tool in 

medicine, also owes its existence to quantum mechanicsðspecifically, the manipulation of nuclear spin 

states. MRI is built upon the principles of nuclear magnetic resonance (NMR), discovered in the 1940s, 

where nuclei with intrinsic spin respond to external magnetic fields and radiofrequency pulses. The 

quantum mechanical treatment of spin dynamics and relaxation processes enables high-resolution 

imaging of soft tissues, revolutionizing non-invasive diagnostics. 

Quantum theory also transformed our understanding of light-matter interactions, giving rise to the field 

of quantum optics. The quantization of the electromagnetic field, photon statistics, and the interaction 

of atoms with quantized radiation fields became central topics in both fundamental physics and applied 

photonics. The invention of the photo detector and light-emitting diode (LED) are direct descendants 

of quantum electronic principles, involving the controlled recombination of electron-hole pairs across 

quantized energy bands. 

Furthermore, the phenomenon of quantum tunnelingðwhere particles traverse classically forbidden 

energy barriersðbecame a key enabler in both theoretical insight and practical devices. It found use in 

scanning tunneling microscopy (STM), which allows for atomic-scale resolution imaging of surfaces 

by exploiting the exponential sensitivity of tunneling current to tip-sample separation. This 

development marked the beginning of the era of surface science and nanotechnology. Throughout this 

revolution, the application of quantum statistical mechanics was equally transformative. The 

classification of particles into fermions and bosons, governed by the Pauli Exclusion Principle and 

Bose-Einstein statistics respectively, led to advancements in solid-state physics and low-temperature 

physics. The realization of phenomena like superconductivity and super fluidity further underscored the 

predictive power of quantum mechanics in describing collective behavior in condensed matter systems. 
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Importantly, the first quantum revolution was not the result of a single discovery, but a convergence of 

theoretical insight, experimental verification, and engineering innovation. It enabled technologies that 

have become so deeply embedded in modern life that their quantum origins are often taken for granted. 

Yet, each of these advancementsðfrom consumer electronics to advanced imaging techniquesðarose 

from the abstract quantum principles developed during the foundational decades of the 20th century. 

By the end of this period, quantum mechanics had firmly transitioned from a domain of abstract thought 

to the backbone of modern technology. This technological shift set the stage for the second quantum 

revolution, where the goal would no longer be to exploit bulk quantum effects, but to directly 

manipulate individual quantum systems with precision. 

The Second Quantum Revolution: Control of Quantum Systems 

While the first quantum revolution helped us understand collective quantum behaviors and build 

technologies like semiconductors and lasers, the second is centered on mastering the fragile details of 

individual quantum states. What sets this phase apart is not just applying quantum theory, but designing 

systems whose function depends on entanglement, coherence, and superpositionðdelicate features that 

earlier generations tried to average away. This transition emerged gradually as experiments grew more 

refined. Innovations such as laser cooling, ion trapping, and nanofabrication moved quantum physics 

from the blackboard to the lab bench, allowing active control over previously untouchable quantum 

degrees of freedom. 

The foundational building block of this era is the qubit, the quantum analog of the classical bit. Unlike 

a 0 or 1, a qubit exists in superpositionðholding probabilities of both states until measured. And when 

qubits become entangled, they encode global correlations that classical systems canôt replicate. This 

principle enables quantum algorithms like Shorôs factoring and Groverôs search, which can outperform 

their classical counterparts on specific problems. These theoretical tools ignited serious investment in 

quantum computing. 

Whatôs remarkable is how many distinct physical systems can host qubits: trapped ions, 

superconducting Josephson junctions, semiconductor quantum dots, NV centers in diamond, and even 

exotic topological quasiparticles. Each platform has trade-offs between coherence time, control fidelity, 

and scalability. When I first encountered superconducting qubitsðessentially electrical circuits 

operating near absolute zeroðit was eye-opening to see something so classical behave so quantum. 

That contradiction sits at the heart of this revolution. 

But quantum computing is just one piece. Quantum communication is another rapidly advancing field. 

Protocols like Quantum Key Distribution (QKD) use the no-cloning theorem and measurement collapse 

to enable provably secure channels. From Chinaôs Micius satellite to Europeôs SECOQC network, 

prototype systems already distribute entangled photons over vast distances. These arenôt science 

fictionðtheyôre functioning testbeds of a future quantum internet. Also accelerating is quantum 

sensing, where phenomena like coherence and entanglement boost measurement sensitivity beyond 

classical limits. NV-center magnetometers, atomic clocks, and quantum gravimeters are finding uses in 

medical diagnostics, geophysical surveys, and inertial navigation. These sensors detect signals that 

classical devices cannot, revealing dynamics that were once hidden by noise. 

Often overlooked in popular discourse is quantum simulation, where engineered quantum systems 

model the behavior of other quantum systems too complex for classical computation. This approach is 
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already yielding insights into high-temperature superconductors, strongly correlated systems, and 

chemical reaction dynamics. In some ways, simulation brings quantum theory full circle: we began by 

trying to describe nature, and now, with new tools, we simulate it directly. Naturally, the field faces 

steep challengesðfragile coherence, error-prone gates, and the immense difficulty of building fault-

tolerant systems. But progress is evident. Research groups and companies like IBM, Google, and IonQ 

are building increasingly stable multi-qubit architectures, moving steadily toward quantum advantage. 

What inspires me most is how this revolution dissolves academic boundaries. Physicists, engineers, and 

computer scientists collaborate daily, mirroring the entanglement they study. In method and mindset, 

science today is evolving into something deeply, wonderfully quantum.  

Recent Advances and Frontier Research 

As the second quantum revolution matured, quantum science transitioned from experimental novelty to 

a dynamic, interdisciplinary enterprise. Over the past two decades, a convergence of physics, 

engineering, and computation has dramatically expanded both the scope and ambition of quantum 

research. From quantum-enhanced sensing to hybrid computing, recent advances continue to refine our 

control over quantum systems, pushing the boundaries of what is measurable and computable. 

A key area of progress is quantum sensing, where coherence and entanglement enable precision far 

beyond classical limits. Optical lattice clocks, using narrow atomic transitions, now achieve 

timekeeping accuracy so precise that they drift less than a second over billions of years. Meanwhile, 

quantum magnetometers based on nitrogen-vacancy (NV) centers in diamond can detect femtotesla-

level magnetic fieldsðcrucial for applications in medicine, geophysics, and space navigation. In 

quantum metrology, the adoption of the quantum Hall resistance standard and Josephson voltage 

standard reflects a deeper shift: even our definitions of precision are now fundamentally quantum. In 

parallel, quantum simulators have emerged as powerful tools for modeling complex quantum systems. 

Unlike general-purpose quantum computers, these simulators are tailored to problems in materials 

science, chemistry, and high-energy physics. For example, analog and digital quantum platforms have 

begun replicating lattice gauge theories and topological phases, bridging abstract theory with 

experimental insight. 

Another fast-evolving frontier is quantum machine learning (QML). While often surrounded by hype, 

certain quantum algorithms do show promiseðparticularly in optimization and kernel-based methods. 

Variational algorithms like VQE and QAOA, which operate as hybrid routines on current noisy 

quantum processors, are being explored for real-world tasks. As someone drawn to both theoretical 

physics and computation, I find this intersection compellingðit suggests a future where learning and 

prediction are constrained not only by data but by quantum structure itself. 

Meanwhile, quantum photonics has enabled breakthroughs in quantum communication. Networks like 

Chinaôs Micius satellite and Europeôs SECOQC project demonstrate the feasibility of entanglement-

based encryption, offering eavesdropping-proof key distribution. These advances rest on years of 

development in high-fidelity photon sources, entangled-pair generation, and low-loss transmission 

infrastructure. 

Importantly, quantum research is no longer siloed within national labs or elite institutions. Global 

collaborationsðsuch as the Quantum Internet Alliance, QUANTERA, and Indiaôs National Quantum 

Missionðhighlight how strategic and inclusive this field has become. Open-source frameworks like 
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Qiskit and Cirq provide access to real hardware and allow students, like myself, to participate in frontier 

work regardless of geography. Perhaps most exciting is the shift in how quantum phenomena are 

perceivedðnot as fragile curiosities, but as resources. Entanglement enables secure communication; 

coherence enables ultrasensitive sensors; superposition powers new computational paradigms. In this 

reimagining, the very features that once seemed abstract or troublesome are now the basis of 

transformative technologies. 

What strikes me most is how quantum research continues to provoke fundamental questionsðabout 

knowledge, predictability, and control. These are not only scientific inquiries, but philosophical ones. 

In that sense, the quantum frontier remains one of the most intellectually alive regions in all of modern 

science. 

Key Scientists and Their Contributions 

The history of quantum mechanics is not simply a catalog of discoveries, but a deeply human sequence 

of responses to physical puzzles that resisted classical reasoning. The earliest cracks appeared when 

Max Planck, attempting to resolve the blackbody radiation problem, introduced the idea of energy 

quantization. Though originally a mathematical fix, his constant  became the cornerstone of a theory 

that would redefine our understanding of nature. Albert Einstein built on this foundation by proposing 

the quantum nature of light, explaining the photoelectric effect using discrete energy packetsðphotons. 

It is a curious irony that Einstein, one of the fathers of quantum theory, would later challenge its 

probabilistic interpretation, famously declaring that ñGod does not play dice.ò Yet his early work was 

instrumental in legitimizing the quantum worldview. 

As the theory matured, Niels Bohr constructed a model of the atom that incorporated quantized orbits, 

later leading to the philosophical stance known as the Copenhagen interpretation, which emphasized 

complementarity and the central role of measurement. This framework was given formal mathematical 

structure through Werner Heisenbergôs matrix mechanics and Erwin Schrºdingerôs wave mechanics, 

two approaches that seemed at odds but were ultimately shown to be equivalent. Their unification was 

largely achieved by Paul Dirac, whose formulation of relativistic quantum theory predicted the 

existence of antimatter. Max Bornôs interpretation of the wave function as a probability amplitude 

provided the crucial statistical framework, completing the shift from determinism to inherent 

uncertainty. Decades later, John Bell demonstrated that quantum mechanics could not be mimicked by 

any local hidden-variable theory, and Alain Aspectôs experiments confirmed this, establishing the 

physical reality of quantum entanglement. 

In the modern era, Peter Shorôs quantum algorithm and John Preskillôs work on fault-tolerant quantum 

computing mark a new frontier, where the theoretical structure of quantum mechanics is actively being 

transformed into scalable technologies. These contributions, though separated by decades, form a 

continuous arcða conversation across generations about what it means to describe, measure, and 

influence reality itself. 

Quantum Technologies for the Good of Mankind 

Quantum mechanics, once a subject confined to the pages of theoretical physics journals, now finds 

itself woven into the fabric of modern society. The technologies it has inspiredðfrom semiconductors 

to magnetic resonance imagingðhave profoundly shaped medicine, communication, computing, and 

measurement. As we move deeper into the era of controlled quantum systems, this influence is 
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expanding, with the potential to solve complex societal problems and address needs that classical 

systems have struggled to meet.  

One of the clearest examples of quantum benefit lies in medicine and imaging. Techniques such as MRI 

and PET scans rely on the quantum behavior of nuclei and positron-electron annihilation, respectively, 

to provide non-invasive and high-resolution diagnostics. These technologies have transformed medical 

practice, enabling early detection of disease and guiding critical interventions. In more recent years, 

quantum-enhanced sensors are being developed to detect magnetic fields produced by brain activityð

offering promise for the diagnosis of neurological disorders with unprecedented sensitivity. In 

information security, quantum mechanics offers a fundamentally new paradigm through quantum key 

distribution (QKD). By leveraging the no-cloning theorem and measurement-induced collapse, QKD 

allows two parties to share encryption keys with provable securityðany eavesdropping attempt disrupts 

the quantum state and becomes detectable. This is not just a theoretical curiosity; prototype quantum 

networks now exist in several countries, with applications ranging from banking to government 

communication. As concerns around data privacy and cyber-attacks escalate, quantum-secure 

communication may become a cornerstone of future infrastructure. 

Another promising application lies in climate and environmental science, where quantum sensors can 

measure gravitational fields, magnetic anomalies, and atmospheric conditions with exceptional 

precision. Such sensors can help monitor groundwater reserves, map underground structures, and detect 

early signs of earthquakes. Quantum simulators, on the other hand, may help us understand the behavior 

of complex molecules, contributing to the design of green catalysts or materials for carbon capture-

technologies critical for mitigating climate change. 

Importantly, quantum technologies also encourage scientific inclusivity and collaboration. Unlike the 

industrial revolutions of the past, the quantum revolution is unfolding in the age of open-source 

software, shared research platforms, and global academic exchange. This accessibility allows 

researchers in developing regions to participate in frontier science, leveling the playing field in a 

discipline once dominated by resource-heavy institutions. In this sense, the future of quantum 

technology is not only about computing speed or precision but about the kind of scientific culture we 

choose to build. 

Future Possibilities and Conclusion 

The next frontier in quantum technology lies in the pursuit of systems that are not only functional but 

integrated, secure, and scalable. One major goal is the realization of a quantum internetða network 

based on entangled quantum states, capable of ultra-secure communication and distributed computing. 

While still experimental, progress in satellite-based entanglement and quantum repeaters suggests that 

such infrastructure may be feasible within the coming decades. In computing, advances in fault-tolerant 

architectures and error correction are gradually addressing the limitations of noisy quantum devices. As 

control over larger qubit arrays improves, practical quantum advantage may soon extend beyond narrow 

demonstrations to real-world problemsðranging from materials design to optimization in logistics and 

finance. Equally important is the shift in how society may interact with quantum systems. What began 

as abstract mathematics has become a cross-disciplinary platform for innovation. In this light, quantum 

technologies are not just tools, but opportunities to reshape how we learn, collaborate, and solve 

problems. 
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Ultimately, the story of quantum mechanics over the past century is a testament to the power of ideas ï 

ideas that once defied logic, but now define technology. As the field enters its second century, it offers 

not just deeper understanding, but deeper responsibility. The quantum world, once hidden, is now a 

canvas for scientific and societal transformation. 
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Abstract 

Quantum physics, as the name suggests, is the branch of physics which initiates the exploration of the 

universe from the fundamental (quantum) level. From the microscopic objects to the macroscopic ones 

in our everyday lives, it is present everywhere. Even so most of us donôt have any clear understanding 

about it. Neils Bohr once said, ñIf quantum mechanics hasnôt profoundly shocked you, you havenôt 

understood it yet.ò So come letôs delve deeper into this fascinating world of quantum science. 

Introduction  

Look around. What do you see? I am sure you will see at least one person with a smartphone, computer 

or laptop, isnôt it? Well in todayôs world itôs nothing surprising to have smart devices around us. But 

letôs imagine a scenario where a person has gone for grocery shopping for the week. During the 

payment, he has to stand in a long queue waiting for his turn as the cashier records the price of each of 

the products and calculate the total bill using an abacus one by one. This indeed takes a whole lot of 

time. Actually this was the scenario back in the 19th century when digital smart devices did not exist. 

Contrary to those times, in the present digital era, if we go shopping, the cashier would instantly scan 

the bar code on the products and the total bill would be generated in a computer connected to it, in just 

a jiffy. You would be wondering how all these grocery shopping is related to quantum physics. Well 

this will be cleared to you in just a bit. 

Science, as we know, is all about exploring the mysteries of nature. Nature itself is the origin of science 

and the mysteries it holds calls for curious minds to go deeper into it and look for answers or even 

questions never thought before. One such question arose, which shook the world of classical physics 

was, when Gustav Kirchhoff in 1860 came up with a peculiar concept- The Black Body. 

Kirchhoff was doing his work on thermal radiation, when he formulated a law stating that the ratio of a 

body's emissive power to its absorptivity is the same for all objects at the same temperature and 

wavelength. To understand this law, Kirchhoff introduced the concept of a black body, which he defined 

as an object which is a perfect absorber and emitter of electromagnetic radiation when it's in thermal 

equilibrium. This was an idealization, as no real object absorbs 100% of radiation, however, he showed 

that a small hole in a cavity, coloured completely black from inside could closely approximate a black 

body. This blackbody model given by him laid the groundwork for a new era in the world of science. 

THE DAWN OF A NEW ERA  

It was during the period when classical mechanics prevailed in the physical world when Kirchhoff came 

with the blackbody model. So evidently physicists around the world made great efforts to explain this 

peculiar behaviour of the blackbody. As per classical physics, a blackbody should emit radiation at all 
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wavelengths, with the intensity increasing infinitely  at 

shorter wavelengths (ultraviolet catastrophe). However, 

this contradicted experimental observations, which showed 

a peak in the radiation intensity at a specific wavelength 

(dependent on the temperature) and smaller intensity for 

shorter and longer wavelengths. Gradually came scientists 

like Wein, Rayleigh-Jeans who tried to explain the 

observation but only to a certain level. It was then in 1900, 

when Max Plank proposed his revolutionary idea of energy 

not being continuous but quantized in discrete packets 

called quanta. This idea resolved the ultraviolet catastrophe 

and brought physics into a new era: The Quantum Era. 
 

 
Fig 1: Black Body 

Another crucial piece of the puzzle came from Albert Einstein in 1905, when he successfully 

explained the Photoelectric effect by proposing that light itself is quantized and exist as photons 

carrying energy. His groundbreaking insight clearly explained the dependency of the energy of 

ejected photoelectrons on the light's frequency and not on its intensity. On the same lines, Neils Bohr 

in 1913, with his work on Atomic spectra where he applied quantum concepts to the structure of the 

atom, proposed a model where electrons orbit the nucleus in specific energy levels. Transitions 

between these levels involve the absorption or emission of photons with corresponding energies. This 

model by Bohr brilliantly explained the observed hydrogen atom's spectrum. 
 

The early 20th century, thus, saw further development of more sophisticated quantum theories, 

including matrix mechanics by Heisenberg and wave mechanics by Schrödinger, which, along with 

the concept of wave-particle duality, were pivotal for the future of quantum mechanics which has 

revolutionized our understanding of the universe. 
 
 

A PARADIGM SHIFT: THE FIRST QUANTUM REVOLUTION  

Prior to the early 20th century, classical physics offered a seemingly complete framework for explaining 

physical phenomena in the macroscopic world. However, a series of puzzling observations at the atomic 

and subatomic scales revealed the limitations of classical theories. This sparked a scientific revolution 

that still continues to shape our technological landscape: The First Quantum Revolution. 

The first quantum revolution was a period of intense scientific discovery in the early 20th century, 

marking a critical moment in the history of science, ushering in a fundamental shift, broadening our 

horizon to understand the universe. This revolution, driven by cutting-edge theories and experiments, 

all coming together like the pieces of a puzzle, laid the foundation for numerous technological 

advancements that shape our world today. 

On this accord letôs dive into the past and see how piece by piece the different aspects of this intriguing 

field was put together. 

A QUANTUM AWAKENING: BLACK BODY RADIATION  

The year was 1900. Physics, at least on the surface, seemed to be nearing completion with Newtonian 

mechanics and Maxwell's electromagnetism reigning the world of science. Yet, a strange problem 

persisted ï the curious case of óBlack-Body Radiationô. Classical physics predicted that a black body 

(an idealized object that absorbs all incident radiation) at thermal equilibrium should radiate an infinite 
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amount of energy at high frequencies (short wavelengths). This prediction, dramatically at odds with 

experimental observations, was termed theóUltraviolet Catastropheô. Max Planck, a German physicist,  

found himself wrestling with this 

puzzle. He was a brilliant mind 

steeped in classical 

thermodynamics, striving to find 

an explanation to the 

experimental data. He proposed 

that the energy of the oscillators 

within the black body, which were 

responsible for emitting the 

radiation could only exist in 

discrete packets, or "quanta" 

given by: óE=hɜô, where h is 

Planck's constant and ɜ is 

frequency. Thus was born the  

 
Fig:2 Black Body Radiation: wavelength vs. intensity 

óQuantum Theoryô that opened doors to an entirely new understanding of the universe at its most 

fundamental level. 

 

QUANTUM LEAP OF LIGHT: PHOTOELECTRIC EFFECT  

After just 5 years, in 1905, a young patent clerk in Bern, Albert Einstein, shook the foundations of 

physics once again. He took Planck's quantum concept and, rather than seeing it as a mathematical 

artifice, embraced it as a revolutionary truth about the very nature of light. 

He focused on the perplexing phenomenon of óPhotoelectric Effectô, wherein when light falls on a 

metal surface, it ejects photoelectrons. Classical physics, treating light as a continuous wave, predicted 

that the energy of these ejected electrons should depend on the intensity of the light. Contrast to this, 

experiments showed that the electron's energy actually depended on the frequency of the light, and there 

was a minimum threshold frequency below which no electrons would be ejected, no matter the intensity. 

 
Fig:3 Photoelectric Effect 

Einstein, thus, proposed that light also 

composed of discrete packets of energy, 

which he called ólight quantaô, later known as 

óphotonsô and each photon's energy was given 

by Planck's equation Ὁ=’. He explained that 

when a single photon strikes an electron, if its 

energy is greater than the work function, then 

the electron is ejected, with any excess energy 

becoming the electron's kinetic energy.  This 

was summarized by the  

Equation: óὉ=’=‰+ὑὉάὥὼô.  

This    explanation    perfectly    matched    the 

experimental observations and accounted for 

the threshold    frequency    and    the    

frequency dependent kinetic energy. Yet, 

despite his crucial role in establishing 
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quantum theory, Einstein grew increasingly uneasy with its probabilistic nature as the theory developed. 

He believed in a deterministic universe governed by definite laws, famously remarking, óGod does not 

play diceô. His philosophical objections led him to challenge the completeness of quantum mechanics 

and publishing the EPR paradox in 1935 which provoked a famous and lengthy debate with Niels Bohr. 

ECHOES OF LIGHT: BOHRôS MODEL ATOM 

Later in 1913, a Danish physicist, Niels Bohr, building upon Planck's quantum theory and Rutherford's 

model of atoms, proposed a revolutionary óModel of The Atomô wherein electrons could only occupy 

specific, quantized orbits around the nucleus, each with a fixed energy, called as stationary states. In 

these orbits, electrons did not emit energy, ensuring atomic stability. 

Electrons could also move between these allowed orbits by absorbing or emitting energy in discrete 

packets, or photons. The energy of the photon corresponded exactly to the difference between the two 

energy levels: óȹE=E2īE1=hɜô. He further introduced the idea that an electronôs angular momentum in 

an orbit is quantized, meaning it could only take on values that are whole-number multiples of óh/2ˊô. 

This quantization was key to explaining the atomic spectra. 

Bohr's model was a monumental success as it explained the stability of atoms and accurately predicted 

the specific spectral lines observed in the light emitted by hydrogen atoms, both of which classical 

physics failed to explain in Rutherfordôs model. However being limited to simple atoms, it did not 

account for the wave-particle duality of matter. 

QUANTUM RIPPLE: DE BROGLI E HYPOTHESIS 

On these lines, in 1923, Louis de Broglie, a French aristocrat, fascinated by the emerging quantum 

mysteries and light's wave-particle duality, posed a question: could particles like electrons also exhibit 

wave-like behavior? He, as a result, introduced the concept of óMatter Wavesô: the idea that particles, 

 
Fig. 4: Davisson ï Germer experiment 

like electrons, also possess wave-

like properties given by the 

equation: óɚ=h/pô, where ɚ is the 

particleôs wavelength (de Broglie 

wavelength), p its momentum, and h 

is Planckôs constant. This suggested 

that higher-momentum particles had 

shorter wavelengths. 

Broglieôs idea that electrons behave 

like waves explained Bohrôs 

quantized orbits as standing waves 

fitted whole numbers of 

wavelengths. This wave nature was 

confirmed in 1927 when Davisson 

and Germer observed óelectron 

diffraction off a nickel crystalô. 

Independently, Thomson 

and Reid in the UK saw similar diffraction patterns using thin metal films-validating Broglieôs 

Hypothesis. 
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MATRICES AND  MYSTERIES: HEISENBERGôS QUANTUM VISION 

In the year of 1925, a German physicist at Bohrôs Copenhagen institute, Werner Heisenberg, developed 

óMatrix Mechanicsô, the first full formulation of quantum mechanics. He proposed that physics should 

focus only on observable quantities, like light frequencies from atomic transitions, avoiding imagined 

electron paths. Using non-commuting matrices to represent state transitions (AB Í BA), Heisenberg, 

along with Max Born and Pascual Jordan, built a new mathematical framework for quantum theoryð 

just six months before Schrödinger introduced wave mechanics. 

Then in 1927, he revealed that certain pairs of physical propertiesðlike position and momentumð 

cannot both be precisely known at the same time, due to the fundamental nature of quantum mechanics. 

He illustrated this using a ógamma-ray microscopeô: in order to locate an electron precisely, high-energy 

light (short wavelength) is needed, but this disturbs its momentum. Conversely, accurately measuring 

the momentum requires lower energy, making position less certain. This intrinsic limitation was 

expressed by the famous equation of uncertainty: óȹxȹp Ó /2ô 

óThe Uncertainty Principleô, thus, showed that quantum indeterminacy is not due to poor measurement 

but is a fundamental feature of nature. It marked a sharp break from classical physics and troubled even 

Einstein, who resisted the idea of an inherently unpredictable universe. 

PULSE OF THE QUANTUM WORLD: SCHRODINGER EQUATION  

By the mid-1920s, quantum theory had advanced through Planckôs energy quanta, Einsteinôs photons, 

Bohrôs atomic model, and de Broglieôs matter wavesðbut it lacked a coherent mathematical 

framework. 

In 1926, Erwin Schrödinger, an Austrian physicist, came to the rescue. He was intrigued by de Broglie's 

hypothesis of matter waves and was curious to know whether these waves could be described by a 

mathematical equation, just as light waves are described by Maxwell's equations? Thus he came up with 

the óSchrºdinger equationô, describing how óWave Functions (Ɋ)ô evolve over time and space. This 

became a cornerstone of quantum mechanics, providing a tool to calculate the wave function of a system 

and its dynamic changes. His equation came in two forms: 

¶ Time-independent Schrödinger equation: 
 

HɊ=EɊ, describing the stationary states of a system and their corresponding energy levels. 
 

¶ Time-dependent Schrödinger equation: 
 

i ÖɊ/Öt=HɊ, describing how wave function changes over time. 

 

This equation revolutionized physics by:  

¶ Explaining quantized electron energy levels. 

¶ Introducing atomic orbitals as probability distributions and supporting wave-particle duality. 
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Later, in 1935, Schrödinger proposed his 

famous óCat Thought Experimentô to 

challenge the Copenhagen interpretation, 

which held that quantum systems exist in 

superposition until observed. He 

imagined a cat in a sealed box with a 

radioactive atom, a Geiger counter, and 

poison. If the atom decays, the cat dies; if 

not, it lives. According to quantum 

theory, until observed, the cat is both 

alive and dead. Schrödinger meant this as 

a critiqueð highlighting the absurdity of 

applying quantum rules to the 

macroscopic world and questioning 

where the boundary between quantum 

and classical reality lies. 

Fig:5 Schrºdingerôs cat thought experiment  

QUANTUM SYMPHONY OF SPIN AND RELATIVITY: DIRAC EQUATION  

By the late 1920s, quantum mechanicsðwith Heisenbergôs Matrix Mechanics and Schrºdingerôs Wave 

Equationðwas successfully describing atomic behavior. However, it lacked compatibility with 

Einsteinôs special relativity which was crucial for high-speed phenomena. Early efforts, like the Klein- 

Gordon equation, faced issues such as negative probabilities and unphysical solutions. 

This challenge drew the attention of Paul Dirac, a brilliant, mathematically driven physicist at 

Cambridge. In 1928, he formulated the óDirac equationô, a relativistic wave equation for the electron 

that was first-order in both space and time. It introduced matrices and a four-component wave function 

given by: ó(i ɔɛÖɛīmc)Ɋ=0ô 

Its key implications include: 

1. Electron Spin: The equation naturally explained spin as a consequence of relativity, not an added 

feature. 

2. Antimatter: It predicted negative energy solutions, which Dirac interpreted as antiparticles. In 1932, 

Carl Anderson discovered the positron, confirming Diracôs prediction. 

Diracôs ideas also laid the groundwork for óQuantum Electrodynamics (QED)ô, beginning with his 1927 

paper. Though QED became one of the most precise theories in physics, Dirac was critical of later 

methods like renormalization, which he found mathematically unsatisfying. 

The collective contributions of these scientific giants marked the First Quantum Revolution focusing 

on understanding the fundamental nature of reality. These theories not only explained previously 

inexplicable phenomena but also opened new avenues for research and led to the development of 

technologies unimaginable in the classical era. 

FROM THOUGHT TO TECHNOLOGY: THE SECOND QUANTUM REVOLUTION  

Carrying forward the legacy, the Second Quantum Revolution is a time of rapid advancements and 

practical applications built upon the foundational principles of quantum mechanics, extending beyond 
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the initial discoveries of the 20th century. This revolution is characterized by the manipulation and 

harnessing of quantum phenomena, like entanglement and superposition, to create new technologies 

and explore the fundamental nature of reality. It is not just about understanding the quantum world, but 

actively engineering it for technological advancement.  This revolution is deeply intertwined with 

óQuantum Information Science (QIS)ô, a field born from the fusion of quantum mechanics and 

information theory. 

Unlike the first revolution, which focused on the collective behavior of quantum systems (like electrons 

in semiconductors), the second revolution centres on controlling and exploiting the properties of 

individual quantum particles. Besides, it also involves leveraging key quantum phenomena such as 

superposition and entanglement. 

QUANTUM LANGUAGE OF LIGHT: QED  

In the late 1940s, three physicists independently made QED predictions, using renormalization, which 

matched experiments with remarkable precision. They were: 

¶ Richard Feynman ï He introduced the path integral formulation and intuitive Feynman 

diagrams, revolutionizing the calculation of particle interactions. 

¶ Julian Schwinger ï He developed a rigorous operator-based QED, predicting effects like the 

anomalous magnetic moment of the electron. 

¶ Sin-Itiro Tomonaga ï He formulated a relativistically invariant QED in wartime Japan and 

applied renormalization effectively. 

Later, Freeman Dyson showed their approaches were mathematically equivalent, unifying them into a 

consistent and predictive framework. QED became the most accurately tested theory in physics and a 

pillar of the óStandard Modelô. 

BELLôS THEOREM 

In 1964, in an attempt to test whether quantum mechanics is complete or if hidden variables, as Einstein 

suggested, existed, John Stewart Bell, developed the óBell Inequalitiesô. This marked the theoretical 

start of the second quantum revolution by making entanglement testable. Even though Bell's theorem 

revolutionized the understanding of the quantum world, numerous experiments had shown violations 

of the inequalities. 

One such confirmation was done by John Clauser where he showed that the predictions of óQuantum 

Entanglementô held true, violating Bellôs inequalities and confirmed the nonlocal nature of quantum 

mechanics. This foundational result laid the groundwork for the field of quantum information science. 

Alain Aspect refined and extended Clauserôs work and closed key loopholes in Bell test experiments 

by rapidly switching measurement settings mid-flight, also confirming the violation of Bellôs 

inequalities. Further, Anton Zeilinger advanced the field by using entangled photons in his experiments, 

which demonstrated the practical use of entanglement. 

CONDENSED MATTER AND QUANTUM PRECISION  

Wolfgang Ketterle, Eric Cornell, and Carl Wieman, later, created the first óBose-Einstein Condensate 

(BEC)ô, a new state of matter where atoms behave as a single quantum entity. Their breakthrough 

enabled deeper exploration of quantum mechanics at macroscopic scales and opened the door to 

advanced technologies such as atom lasers and ultra-precise quantum sensors. 
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QUANTUM IN ACTION  

Quantum physics has profoundly impacted the society and the technological landscape through various 

aspects. 

1. Quantum Entanglement 

It is a phenomenon where particles become intrinsically linked so that the state of one instantly affects 

the other, no matter the distance. Einstein called it óspooky action at a distanceô. It is essential for 

quantum computing, communication, and sensing, enabling powerful processing and ultra-secure data 

transfer. 

2. Quantum Energy Teleportation (QET) 

QET is a fascinating theoretical quantum 

protocol, experimentally demonstrated in 2023 

using superconducting quantum computers, 

where energy is transferred between distant 

locations via entanglementðwithout moving 

the energy itself. A sender (Alice) injects 

energy through measurement, and a receiver 

(Bob) extracts it using a classical signal from 

Alice. 

This respects relativity, as the classical signal 

travels no faster than light. 
 

 Fig 6: Quantum Entanglement 

3. Quantum Machine Learning (QML) 

This is an interdisciplinary field that applies the principles of quantum computing to enhance and 

accelerate machine learning algorithms and tasks typically performed on classical computers. Some 

examples include Quantum Neural Networks (QNNs), Quantum algorithms, Quantum Clustering 

Techniques. 

4. Quantum Resistance Standard 

The quantum Hall effect, a phenomenon occurring in two-dimensional electron systems at low 

temperatures and high magnetic fields, produces quantized electrical resistance that is extremely 

precise and independent of material properties. This forms the basis for the quantum resistance 

standard, essential for highly accurate and stable measurements for metrology and fundamental physics 

research. 

5. Infrared Detectors 

These convert infrared radiation into an electrical signal. Unlike thermal detectors, Quantum detectors 

operate by detecting the absorption of individual photons and are typically based on semiconductor 

materials, offering higher sensitivity and faster response times. These include Quantum Well Infrared 

Photodetectors (QWIPs) and Quantum Dot Infrared Photodetectors (QDIPs), used in thermal imaging, 

surveillance, and environmental monitoring. 

6. Quantum Sensing 

This leverages the principles of quantum mechanics, like entanglement and superposition, to achieve 

measurements with unprecedented precision and sensitivity. It offers faster, more accurate, and more 

reliable geolocation than is possible with today's satellite-dependent GPS devices. Also used in 

medical imaging (MRI) and materials science as well. 
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7. Laser Techniques 

Lasers are quantum mechanical devices whose operation relies on the quantum property of 

stimulated emission and are essential tools for manipulating and controlling individual quantum 

systems. Some innovations include Laser cooling, Optical pumping and precision. 

 

8. Superconducting Circuits 

These when cooled to extremely low temperatures (millikelvins), exhibit macroscopic quantum 

phenomena like zero electrical resistance and the quantization of magnetic flux. These properties make 

them excellent candidates for building qubits. Different architectures like transmon, flux qubits, and 

charge qubits have been developed using superconducting circuits among which superconducting qubits 

are the fastest. 

These when cooled to extremely low 

temperatures (millikelvins), exhibit macroscopic 

quantum phenomena like zero electrical 

resistance and the quantization of magnetic flux. 

These properties make them excellent candidates 

for building qubits. Different  architectures like 

transmon, flux qubits, and charge qubits have 

been developed using superconducting circuits 

among which superconducting qubits are the 

fastest. 
 

Fig.7: Qubit 

9. Qubits (Quantum Bits) 

These are the fundamental building blocks of quantum computers, analogous to bits in classical 

computing. Unlike classical bits, which can only represent 0 or 1, qubits can exist in a superposition 

of both states simultaneously. They can also be entangled with other qubits, creating exponential 

increases in computational power. Superconducting qubits, trapped ion qubits, photonic qubits, and 

neutral atom qubits are some examples. Advancements in qubit coherence times, gate fidelity, and 

scalability are crucial for building larger and more reliable quantum computers. 

10. Quantum Technology 

Quantum technology applies quantum mechanics to create devices and systems that outperform 

classical counterparts. It's the practical outcome of the first quantum revolution and includes: 

¶ Quantum computing ï Uses quantum bits for vastly faster computation. 

¶ Quantum communication ï Enables ultra-secure data transfer via quantum key distribution. 

¶ Quantum sensing ï Allows extremely precise measurements. 

¶ Quantum simulation ï Models complex quantum systems for research and innovation. 

¶ Post-quantum cryptography (PQC) ï Designs encryption resistant to quantum attacks. 

All these interwoven concepts and innovations are propelling the quantum revolution forward, 

promising to reshape various aspects of our life and open up new frontiers in science and engineering. 

QUANTUM LEAP FOR HUMANITY  

The second quantum revolution is fundamentally shifting quantum physics from a field primarily 

focused on understanding the microscopic world to one focused on controlling and engineering it for 

practical applications. This revolution promises a new era of technologies with the potential to address 

some of humanity's most pressing challenges. 
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1. Healthcare and Life Sciences 

Quantum computers can simulate complex molecular interactions with higher accuracy accelerating 

drug discovery and development, analyzing vast amounts of genomic data to identify patterns and 

correlations to create personalized and effective treatments, significantly improve the accuracy and 

resolution of MRI scans to enable earlier and more accurate detection of abnormalities like tumours and 

optimization of complex treatment plans like radiotherapy. 
 

2. Climate Change and Sustainability 

Quantum technologies can contribute to climate action and sustainability by improving climate 

modelling, optimizing renewable energy systems, enhancing environmental monitoring with sensitive 

quantum sensors, and potentially making carbon capture more efficient. Quantum simulations could 

also lead to the development of new materials for solar cells and batteries. 

3. Security and Communication 

Quantum technologies can offer solutions for cybersecurity through Quantum Key Distribution (QKD): 

un-hackable encryption, Post-quantum cryptography (PQC): focuses on developing classical algorithms 

resistant to quantum attacks. Secure communication networks utilizing QKD are being explored 

globally, potentially securing critical infrastructure. 

4. Industries and Infrastructure 

Quantum computing can benefit industries through improved manufacturing processes and materials 

design, optimized logistics and supply chains, and enhanced financial modelling for better risk 

assessment and fraud detection. 

5. Communication and Navigation 

Quantum  technology  finds  

application  in  GPS satellites  which  

utilize  highly  accurate  atomic clocks, 

which are based on the principles of 

quantum mechanics, to determine 

locations with precision. The 

transmission of information through 

fibre optic cables is also enabled by 

quantum mechanics.  

 Fig:8 Quantum in communication and navigation 
 

QUANTUM EDGE OF FUTURE  

The second quantum revolution is still in its early stages, but the potential for quantum technologies to 

reshape various aspects of our lives is immense. 
 

1. Computing and Artificial Intelligence 

Quantum computing, utilizing principles like superposition and entanglement, promises to solve 

complex problems exponentially faster than classical computers. This could revolutionize further drug 

discovery, materials science, and cryptography. Specialized quantum computers like simulators and 

annealers are already making strides in optimization and quantum chemistry. Quantum computing can 

also accelerate advancements in AI and Machine Learning by efficiently handling complex algorithms 

and massive datasets. 
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2. Secure Communication and Sensing 

Quantum cryptography (e.g., QKD) uses superposition and entanglement to enable unbreakable 

encryption and secure communication. A future quantum internet could link quantum devices for secure 

long-distance data sharing and distributed computing. Quantum sensors offer ultra-precise 

measurements, promising breakthroughs in medical imaging, navigation, and environmental 

monitoring. 
 

3. Materials Science and Emerging Frontiers 

Quantum materials are enabling next-gen semiconductors, superconductors, and energy-efficient 

technologies, enhancing solar cells, batteries, and sustainable energy solutions. Quantum 

thermodynamics is exploring quantum batteries and engines for novel energy management. Long-term 

goals like quantum gravity aim to unify quantum mechanics with general relativity, potentially 

transforming our understanding of space, time, and the universe. 
 

4. Emerging Quantum Technologies 

Recent breakthroughs in Quantum field like entangled photons on ultra-thin chips for scalable quantum 

networks, twistable materials revealing new quantum states, self-lighting biosensor chips using 

quantum tunnelling, GPS-free quantum motion sensors using ultra cold atoms, and ultra-thin lenses 

converting infrared to visible lightðeach pointing toward transformative, next-generation quantum 

applications still in development. 
 

CONCLUSION 

As a person living in this era of ongoing second quantum revolution and an enthusiastic student in 

quantum physics, I believe that each one of us should know and acknowledge the profoundness of this 

extraordinary discipline of quantum world. The evolution from classical physics to quantum mechanics 

marks one of the most impactful transformations in the scientific world. 100 years ago what just began 

as an effort to explain the blackbody radiation, soon laid the strongest foundations of redefining our 

understanding of nature and is still striding forward gloriously, enchanting us with its immense 

capability of helping and changing the world. So as we stand on the edge of this quantum future, the 

legacy of early visionaries continues to drive us to do something for the betterment of mankind. Thus, 

quantum physics is no longer just a theoryðitôs a powerful engine of progress, illuminating new 

frontiers and unlocking the universeôs deepest secrets. 
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1. Early Developments (c. 1900ï1930) 

The birth of quantum mechanics began with Max Planck's solution to black-body radiation in 1900, 

introducing energy quanta (E=hɜ). Einstein immediately extended the idea in 1905, proposing that light 

is quantized into photonsðexplaining the photoelectric effect. In the 1910sï1920s, Bohrôs model of 

the atom, de Broglieôs wave-particle duality, Heisenbergôs matrix mechanics, Schrºdingerôs wave 

equation (1926), and Diracôs formalism (1930) collectively established the mathematical and 

conceptual foundations of quantum theory. Dirac's The Principles of Quantum Mechanics (1930) 

offered the first axiomatic exposition, introducing bra-ket notation and formal operator rules. Later, von 

Neumannôs Mathematical Foundations of Quantum Mechanics (1932) formalized quantum mechanics 

rigorously in terms of Hilbert spaces and operators. Thomas Kuhnôs historical analysis in Black-Body 

Theory and the Quantum Discontinuity (1978) provides deep insight into Planck's early struggle and 

conceptual turning points. 

2. Experimental Evidence of Quantum Hypothesis & Theory 

Seminal experiments confirmed quantum postulates: Einsteinôs photoelectric effect, Compton 

scattering showing particle behaviour of photons, DavissonïGermer electron diffraction demonstrating 

de Broglie waves. Bellôs theorem (1964) and subsequent experiments (ClauserïAspect in the 1970sï

80s) offered strong evidence that quantum mechanics violates local realismðsupporting entanglement 

and non-local correlations. 

3. First Quantum Revolution (c. 1900ï1960s) 

After fundamental theory matured, quantum physics quickly led to real-world inventions influencing 

society: the transistor (leading to modern electronics), semiconductor devices, lasers, atomic clocks and 

MRI machines. These technologies all rely on quantum principles (band theory, stimulated emission, 

nuclear magnetic resonance). This era is known as the first quantum revolution , where devices 

harnessed quantum behaviour as passive properties. 

4. Second Quantum Revolution (c. 1980sïtoday) 

In contrast, the second quantum revolution is defined by active control of individual quantum statesð

engineering superposition, entanglement, and coherence at will. As NIST and other institutions 

describe, this involves building systems where ñyou are engineering the quantum mechanics itself to 

do somethingò. Dowling and Milburnôs 2002 review Quantum Technology: The Second Quantum 

Revolution laid out how technologies like quantum computers, sensors, coherent electronics, and 

quantum optics follow from controlled quantum systems. Lars Jaegerôs The Second Quantum 

Revolution (2018) further describes societal, philosophical, and technological dimensions of this 

transformation. 
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5. Quantum Entanglement 

Quantum entanglement, highlighted in the EPR paradox (Einstein-Podolsky-Rosen, 1935) and named 

by Schrödinger, raised fundamental questions about locality and determinism. Bell's inequality (1964) 

provided a way to experimentally test between local hidden-variable theories and quantum mechanics. 

Aspectôs experiments in the early 1980s confirmed violation of Bell inequalities, demonstrating natureôs 

non-locality. Entanglement now underpins advanced applications such as quantum teleportation, 

quantum key distribution (QKD), and distributed quantum networks. 

 

6. Quantum Sensing & Metrology 

Quantum sensing harnesses coherence, entanglement, and squeezing to surpass classical sensitivity 

limits. Degen, Reinhard & Cappellaroôs 2017 review in Reviews of Modern Physics summarizes core 

platforms: SQUID magnetometers, atomic vapor sensors, spin qubits (NV centers, trapped ions, flux 

qubits) and atomic clocks.Diamond NV-centre sensors measure magnetic fields, temperature, and 

pressure at nanoscale with exceptional spatial resolutionðeven in biological contexts. Recent work 

(e.g. quantum plasmonic sensors) pushes sensitivities beyond shot-noise limits in chemical and 

biological detection. NASA has even deployed quantum sensors in spaceðcold-atom interferometers 

aboard the International Space Station to measure minute vibrations and gravitational effects. 
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7. Qubits and Quantum Computing 

A qubit is the quantum Analog of a classical bitðcapable of superposition (|0ἃ and |1ἃ simultaneously) 

and entanglement with other qubits. Physical realizations include superconducting circuits, trapped 

ions, semiconductor quantum dots, and photonic qubits. Quantum Computation and Quantum 

Information by Nielsen and Chuang (2000, 2nd ed. 2010) is widely regarded as the definitive text on 

the theory of quantum computation, algorithms, and error correction. 

In 2019, Googleôs Sycamore processor demonstrated quantum supremacyðperforming a 

computational task beyond reach of classical computers. Researchers including David Deutsch laid the 

theoretical groundwork decades earlier; Deutsch formalized the concept of a quantum Turing machine 

and embraced the many-worlds interpretation as part of his view of quantum computing. 

8. Quantum Energy Teleportation (QET) 

Quantum Energy Teleportation is a theoretical concept that allows the transfer of energy using quantum 

entanglement without the physical movement of energy carriers. Proposed by Masahiro Hotta in 2008, 

QET exploits local quantum measurements and correlated entangled states in a quantum field to 

ñteleportò energy between two distant points. Unlike classical energy transmission, which involves 

particles or waves, QET depends on pre-shared entanglement and a sequence of measurements and 

unitary operations. Though not yet realized experimentally, it has profound implications for non-local 

energy distribution and foundational quantum physics. It may someday play a role in future quantum 

networks and low-power devices. 
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9. Quantum Resistance Standards 

Quantum mechanics has revolutionized the precision of electrical measurements through the Quantum 

Hall effect, discovered by Klaus von Klitzing in 1980. This effect forms the basis of the quantum 

resistance standard, where resistance is quantized in units of RK. It is approximately 25,812.807 ohms. 

These standards provide extremely stable, reproducible references used in national metrology labs 

worldwide. With the 2019 SI unit redefinition, Planckôs constant h and elementary charge e became 

fixed, making quantum resistance fundamental to the modern definition of the ohm. Graphene and GaAs 

heterostructures are now routinely used to create devices for resistance calibration. 

10. Quantum Infrared Detectors 

Quantum effects also enhance the sensitivity of infrared (IR) detectors, especially in low-light or space 

applications. Quantum well infrared photodetectors (QWIPs) and quantum dot IR photodetectors 

(QDIPs) operate using intersubband transitions in nanostructured semiconductors. These devices 

exploit quantum confinement to tune the detection wavelength and improve efficiency. They are widely 

used in military, astronomy, and thermal imaging technologies. QDIPs offer advantages such as normal 

incidence response and potentially lower dark current than QWIPs. As research progresses, these 

detectors are expected to improve signal-to-noise ratios, operate at higher temperatures, and integrate 

with quantum communication platforms. 
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11. Quantum Scientists and Their Contributions 

¶ Max Planck, Albert Einstein: Introduced and extended energy quantization and photon 

concept. 
 

¶ Niels Bohr, Werner Heisenberg, Erwin Schrödinger, Paul Dirac: Developed atom models, 

uncertainty principle, wave mechanics, and formal quantum operators. Diracôs Principles and 

von Neumannôs Mathematical Foundations remain pillars of the theory. 
 
 

¶ John Bell, Alain Aspect, Clauser & Zeilinger: Established and experimentally confirmed 

entanglement and nonlocality. Zeilinger received the Nobel Prize in 2022 for fundamental 

contributions to quantum information. 
 

¶ C. L. Degen, F. Reinhard, P. Cappellaro: Lead figures in quantum sensing research. 

 

¶ Jonathan Dowling, Gerard Milburn, La rs Jaeger: Authors and theorists of the second 

quantum revolution. 
 

 

¶ Michael Nielsen & Isaac Chuang: Modern architects of quantum information theory. 

 

12. Emergence of Quantum Technologies for the Good of Mankind 

Quantum technologies have begun delivering societal benefits: 

¶ Quantum cryptography (QKD) : Allows provably secure communication resistant to future 

quantum-computer attacks. 
 

¶ Quantum sensing: High-precision tools for biomedical diagnostics, environmental 

monitoring, navigation, and archaeology. NV-Centre biosensors can detect single cells, neural 

activity, or tumor biomarkers. Quantum atomic clocks enhance global timekeeping and GPS 

accuracy. 

 

¶ Space-based quantum research: Cold-atom interferometers and photon detectors on the ISS 

and satellites contribute to Earth science, gravitational tests, and future navigation systems. 

 

13. Future Possibilities 

Looking ahead, quantum technologies hold transformative promise: 

¶ Scalable qubit platforms: Topological qubits, hybrid quantum architectures, error-corrected 

universal quantum computers. 
 

¶ Quantum internet: Networks using entanglement for secure global communication and 

distributed sensing. 
 

 

¶ Quantum-enhanced AI & simulation: Leveraging quantum advantage to accelerate materials 

discovery, climate modelling, optimization, and generative AI (Time article highlights the 

emerging synergy between quantum computing and gen-AI).  
 

¶ Fundamental physics tests: Long-baseline entanglement distribution, quantum gravity 

experiments in space, probing space-time at quantum limits. 
 
 

¶ Quantum radar and LiDAR : Exploiting entanglement and quantum illumination to achieve 

unprecedented range and detection sensitivity for remote sensing and defense applications. 
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Conclusion 

Over a century, quantum mechanics progressed from abstract ideas about energy quanta to a world 

where we can manipulate single particles and entire quantum states. The first revolution  brought us 

technologies like lasers, semiconductors, and MRI. The ongoing second revolution empowers us to 

engineer quantum coherence and entanglement as toolsðleading to quantum computers, sensors, 

cryptographic systems, and global quantum networks. Pioneers such as Planck, Einstein, Dirac, Bell, 

Aspect, Nielsen, and Chuang paved the way, while new platforms like NV-centres and space-based 

atom interferometers are delivering real-world benefits. 

The future holds unprecedented promise: scaling quantum computing, enabling a quantum internet, 

advancing AI, probing the deepest laws of physics, and pioneering quantum-enhanced sensing across 

medicine, environment, and beyond. The story of quantum mechanics is far from overðit is writing the 

next chapter in human technological and scientific evolution. 
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Quantum mechanics: real black magic calculus. 

ð Albert Einstein, writing to a colleague in 1925 

Have you ever thought about whether the things that appear solid and definite to us are actually as they 

appear? 

The world we live in on a day-to-day basis appears easy at first glance ð with trees everywhere, houses, 

humans, and the vast sky above. But if we go deeper - into the world of atoms - everything is different. 

This is a domain where no law can withstand, a domain where particles sometimes looked like particles 

and sometimes like waves, the same particle exists in two places at once. Here, Certainty turns into 

probability and laws turns into mystery. 

This is not a fairy tale; it is science. 

It is the world of quantum mechanics, astonishing, enigmatic, and surpassing human imagination. 

If quantum mechanics hasn't profoundly shocked you, you haven't understood it yet. ï Niels Bohr 

In this essay, I will outline some of the strange wonders that have been emerging from this new world 

of quantum physics, and how it challenged us to think about the world we perceive in terms of energy, 

scientific measurement, and the character of the surrounding objects. 

When Physics Broke Its Own Rules ï and a New Universe was Born 

Imagine a deterministic world which accurately predicted the motion of planets, the fall of apples, and 

even the mechanics of machines. It was the world of classical mechanics. For over two centuries, it 

ruled science. With Newtonôs laws, we could launch rockets, build machines, and predict eclipses to 

the second. 

But when we looked deeper, we found a strange world. Where these rules failed. 

The First Crack: The Strange Glow of Heated Objects 

The fascination began in 1879, when Thomas Edison lit up the world with the successful invention of 

the electric light bulb. But as history would have it, each light creates new shadows. As electric bulbs 

gained more light and illumination covered the globe, scientists grew curious: What exactly is light? 

Why do hot objects glow the way they do? Why do filament in a light bulb glow warm yellow? Why 

does metal first glow red, then orange, then white as it heats? What rules govern this change? 

The faults in classical physics appeared in the study of blackbody radiation. According to classical 

theory, as an object gets hotter, it should emit more and more energy at higher frequencies. At very 
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short wavelength or very high frequencies like ultraviolet it should release an infinite amount of 

energy. This contradiction became known as the ultraviolet catastrophe because it threatened to 

destroy the foundation of physics. Max Planck resolved this paradox on 14 December 1900. 

The Dawn of Something Strange 

ï The Birth of Quantum World  
 

On Dec. 14, 1900, in a meeting of 

the German Physical Society, Max 

Planck read his paper, "On the 

Theory of the Energy 

Distribution Law of the Normal 

Spectrum." He suggested that the 

energy is not continuous, but 

comes in tiny packets, or quanta. 

That single thought planted the 

first seed of quantum mechanics. 

The day Dec 14, 1900 is 

considered to be the birth date of 

Quantum Mechanics. 
 

 

Light That Didnôt Obey the Rules ï Photoelectric Effect 

Another major challenge came from the photoelectric 

effect. Classical wave theory of light predicted that 

increasing the intensity of light, regardless of its 

frequency, should cause electrons to be ejected from a 

metal surface. However, if blue light falls on a metal 

sometimes electrons ejected from the metal surface but if 

red light is used no electrons are ejected. 
 

Why does light sometimes knock electrons off a metal 

surface and sometimes it doesnôt? The problem was at that 

time light was considered as a wave. Albert Einstein 

noticed this in 1905 and he suggested that light is not just 

a continuous wave, as classical physics claimed, but it 

can be considered as small packets of energy, which he 

called photons. The energy of each photon is proportional 

to its frequency. Hence light exhibits both wave-like 

 

and particle-like properties. 

 

The Mystery of Atoms 

Another issue with the classical world. According to classical mechanics, electrons moving around the 

nucleus should constantly emit energy and spiral inward. In this model, atoms should collapse in a split 

second. Everything is made up of atoms. That would mean everything should be destroyed in a split 

second. But how is it possible? Niels Bohr in 1913 addressed this by proposing that electrons can only 

exist in special orbits. In those orbits, they donôt lose energy, and that radiation is emitted or absorbed 
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only when electrons jump between these orbits. In this way atoms become stable. This was another 

step towards quantum world. It was a glimpse of a new kind of physics. 

When Particles Became Waves 

A question is still arising in your mind that if light can exhibit both wave like and particle like nature 

since particle nature is proved by the photoelectric effect but how can we prove that particle is also a 

wave? The solution to this question is Double Slit Experiment. 

Imagine firing single electrons one at a time through a barrier with two slits. Youôd expect two bands 

on the screen behind, right? Thatôs how particles behave. But instead, they formed an interference 

pattern, like waves overlapping. This proved the wave nature of particles. 

 Transition from Certainty to Uncertainty  

Classical mechanics believed in certainty. The final blow came from Werner Heisenberg. He proved 

that you could never know both the position and speed of a particle at the same time. This is known as 

Heisenberg uncertainty Principle. Mathematically, it represents as 

ȹxẗȹp Ó h/4ˊ 

This meant the more precisely you knew a particleôs position (ȹx), the less you could know about its 

momentum (ȹp), and vice versa. This was not due to poor instruments, it was a fundamental property 

of the universe. 

The future, it turned out, was not predictable it was probabilistic. 

As I described earlier that particles also have wave nature and it was also proved by de-Broglie that 

particles have wavelength than a troubling question is if particles behave like wave, what kind of wave 

are they? 

In 1925 Erwin Schrodinger considered this question. He did not see electrons as points but electrons as 

waves of probability and then he developed a equation which was another revolution in the world of 

quantum mechanics. That equation was termed as Schrodinger wave equation. 

 
It is an equation that described how the wave function Ɋ of a quantum system evolves with time. Not 

where a particle is, but where it might be. Not a fixed path, but a cloud of possibilities, humming with 

potential. 

Here,  is the reduced Planckôs constant, and H^ is the Hamiltonian operator, representing the total 

energy of the system. 

The Schrödinger Equation allowed physicists to predict the behavior of atoms, electrons, and subatomic 

particles with incredible precision but only in probabilities, not certainties. Schrodinger equation 

governs the quantum world same as Newtonôs equation (Force = mass x acceleration) governs the 

classical world. 

The wave function described by Schrodingerôs equation gives the range of possible outcomes in a 

system. 
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For example, in a hydrogen atom an electron can be located anywhere from the nucleus's centre to a 

distant point away from it. The locations where the electron could be and where it is most likely to be 

at a particular time are not the same. The probable position is calculated by multiplying the wave 

function itself. 

Wave function does not tell about the exact position of electron in atom. For example, a probability of 

0.6 means there's a 60% chance the electron is within that area. In this way, the Schrödinger equation 

revealed a world where outcomes exist in superposition. 

It unlocked the language of quantum world. 

 
 

All the developments I mentioned earlier are termed as First Quantum Revolution. During this first 

revolution, physicists werenôt trying to build technology. They were simply trying to understand why 

the microscopic world behaved so strangely. Why could an electron be in two places at once? Why 

couldnôt we precisely know both its position and momentum? Why did particles behave like waves and 

waves like particles? Now itôs time to use the rules of quantum world to make new technologies. It 

begins with the second revolution. 

The Second Quantum Revolution Focuses on manipulating and controlling individual quantum systems 

to build new technologies. 

Do you know, Transistors, the heart of every modern computer, would not exist without understanding 

how electrons move through materials. Lasers, used in everything from barcode scanners to eye 

surgery, depend on quantum transitions of electrons. Even MRI  machines that let doctors see inside the 

human body rely on quantum spin. 

Quantum Weirdness: A Universe beyond Intuition  

Quantum mechanics is often described as weird because it contradicts everyday experience. Now I will 

describe these weird concepts of quantum mechanics: 
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I. Superposition ï Suppose you have applied for a university and are eagerly waiting for your 

result. The email hasnôt arrived yet. In your mind, you are both accepted and rejected at the 

same time. You start daydreaming about your life on campus, then suddenly worry about what 

you will do if you donôt get in. These two outcomes feel equally real until the moment you check 

the result. Only then does your future become definite: you see the word "Congratulations!" or 

"Regretfully..." and your state collapses into one reality. 
 

This is similar to what happens in the quantum world. Before we observe a quantum particle, like 

an electron, it doesnôt have just one defined state. Instead, it exists in a superposition - a blend 

of all possible states. It can be here and there, spin up and spin down, at the same time. Just like 

your future held two possibilities until you checked the result, the particle holds many possibilities 

until it is observed. When it is observed it holds only one state. It is extremely useful in atomic 

clocks, quantum computers, quantum cryptography and quantum sensors etc. I will explain this 

in further sections. 
 

II.  Mysterious Cat - Schrodingerôs Cat is a famous thought experiment in quantum physics. It 

describes a cat placed inside a sealed box along with a radioactive atom, a vial of poison, and a 

trigger mechanism. If the atom decays (with a 50% chance), it activates the trigger and releases 

the poison, killing the cat. If it doesnôt decay, the cat remains alive. 
 

According to quantum theory, until the box is opened and someone observes the system, the atom 

exists in a superposition both decayed and not decayed. This means the cat is also both alive and 

dead at the same time. Only when we open the box does the superposition collapse into one 

definite outcome: the cat is either alive or dead. This raises profound questions: What was the 

actual state of the cat before we looked? Was it truly both alive and dead? Did our observation 

force it into one state? As of now, quantum theory doesnôt offer a clear or universally accepted 

answer to these questions. 
 

III.  Entanglement - In the 1930s, when scientists like Albert Einstein and Erwin Schrödinger first 

encountered the phenomenon of entanglement, they found it deeply puzzling. This strange 

behavior suggested that two particles could stay linked and influence each other instantly, even 

when separated by vast distances, without any physical connection.  
 

If we imagine the two particles as people, it would be like one person raising their right hand and 

the other instantly raising their left hand, and vice versaðdespite the fact that neither can see or 

communicate with the other. Einstein, Boris Podolsky, and Nathan Rosen (EPR) contended that 

"hidden variables" should be included into quantum mechanics to explain entanglement and to 

restore "locality" and "causality" to the particle behaviour in order to explain the strange 

implications of entanglement. This argument further laid to the EPR Paradox. Entanglement was 

experimentally proved for the first time by John Clauser. It is very useful in quantum key 

distribution where entangled pair of photons are used to exchange cryptographic keys securely as 

in banks for financial transactions or top-secret messages of military. 
 

IV.  Quantum Teleportation - The ability to transport a particle's precise quantum state such as that 

of an electron or a photon from one location to another without actually moving the particle is 

known as quantum teleportation. It is based on entanglement. 
 

In 2017 Chinese researchers in the Tibetan mountains have employed "spooky" quantum 

mechanics, which allows particles to quickly transmit information even when they are separated 
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by more than 1,200 kilometre to beam "entangled" particles of light between a satellite and the 

ground for the first time. (Source: Pursuit) 
 

A once-impossible engineering achievement was accomplished in 2024 when a quantum state of 

light was successfully teleported via over 30 kilometre (about 18 miles) of fibre optic cable while 

internet traffic was raging. This proved quantum teleportation really (Source: Science alert). 
 

V. Quantum Tunneling ï It is a phenomenon in quantum mechanics that makes it conceivable for 

a particle to cross a potential energy barrier even if its energy is less than the height of the barrier, 

something that is not possible in classical physics. 
 

Imagine a tiny ball rolling toward a small slope to get a sense of this. The ball will just roll back 

down the hill if it lacks sufficient energy to climb it. That's how classical mechanics operates. 

However, particles are more than just solid points in quantum physics. And they are waves, 

probability waves. Additionally, a portion of that wave may go past the hill and even into the "not 

supposed" area. This implies that there is a slim possibility that the particle will be discovered on 

the opposite side of the hill without ever having to ascend it. The ball seemed to have tunnelled 

directly through the barrier. 
 

Do you know, without quantum tunnelling, the Sun would not shine because protons in the sun's 

core fuse together due to tunnelling otherwise like charges repel, and classically, they should 

never get close enough. In modern devices like tunnel diodes and quantum chips, tunnelling is 

used for high-speed performance. Particles should be able to travel faster than light when they 

quantum mechanically "tunnel" through walls, according to recent research. 

Scientific Contributions: From Foundations to Future 

 
Scientists at the 1927 Solvay Congress. The middle of the second row lines up Hendrik Kramers, Paul Dirac, Arthur 

Compton, and Louis de Broglie. Behind Compton stands Erwin Schrödinger, with Wolfgang Pauli and Werner 

Heisenberg next to each other behind Max Born. (From Cinquantenaire du Premier Conseil de Physique Solvay, 

1911ï1961) 
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A century-long journey full of daring questions, surprising discoveries, and ground-breaking insights 

led to the development of quantum mechanics. Max Planck first proposed the concept of quanta in 1900 

in an attempt to address the blackbody radiation issue. Albert Einstein expanded on this by describing 

the photoelectric effect. Despite contributing heavily to quantum theory, Einstein remained 

uncomfortable with its unpredictability. His famous quote, ñGod does not play dice,ò reflects his belief 

that the theory was incomplete.  

Niels Bohr gave us the first quantum model of the atom. Soon after, Werner Heisenberg developed 

matrix mechanics and formulated the Uncertainty Principle. In 1924, de ï Broglie gave the formula for 

wavelength of electron. After it, Erwin Schrodinger described particles as waves of probability, leading 

to the famous Schrödinger equation. Bohr later played a key role in the formation of the Copenhagen 

Interpretation the idea that quantum systems donôt have definite properties until measured. According 

to this view, reality at the quantum level is not deterministic, but probabilistic.  

Wolfgang Pauli explained the structure of atoms with his Exclusion Principle. Paul Dirac merged 

quantum mechanics with special relativity, predicting antimatter a particle identical to the electron but 

with opposite charge. His Dirac equation changed how we understood the universe at high speeds and 

energies. Later, Richard Feynman introduced quantum electrodynamics (QED), and John Bell 

revolutionized the foundations of physics with his Bellôs Theorem, showing that entangled particles are 

connected in ways that defy classical logic. After Bell, quantum mechanics entered an era of 

experimental proof and technological ambition. In the 1980s, Alain Aspect confirmed quantum 

entanglement through precise experiments that supported Bellôs predictions. Then came Anton 

Zeilinger, who demonstrated quantum teleportation and advanced the field of quantum communication. 

 In parallel, theoretical breakthroughs by David Deutsch and Peter Shor laid the foundation for quantum 

computing, where information is stored in qubits that exist in multiple states at once. Shorôs algorithm 

showed that quantum computers could one day break current encryption systems, sparking a global race 

to build reliable quantum processors. 

Today, companies like Google, Microsoft and IBM are developing early-stage quantum machines, 

while physicists explore quantum networks, error correction, and quantum cryptography. 

Applications and Technologies of Quantum Mechanics 

I. Quantum Computing: The idea of using quantum mechanics in computing stems in part from 

a talk and a paper by Richard Feynman in the early 1980ôs. In our daily lives, we rely on 

computers for almost everything from sending a message to navigating across cities, from 

online banking to running space missions. These classical computers run on a system of binary 

code, where every bit of information is processed or stored 0 and 1. While in quantum 

computers, Qubits are used in place of bits. Qubits are the basic unit of quantum information 

as classical bits. Unlike classical bits that are strictly 0 or 1, a qubit can exist in a state called 

superposition meaning it can be 0, 1, or both at the same time. A quantum computer can execute 

2ὔ computations where N is the number of qubits. For example, a quantum computer of 100 

qubits can do 2100 calculations in single step. That is the reason why quantum computers are so 

powerful than classical computers. In quantum computers pairs of qubits are entangled with 

each other, due to it, qubits separated by large distances interact with each other. 
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Googleôs Quantum Computer 

 

You will get an idea of extraordinary speed of quantum computer by a news that Googleôs 

Willow quantum chip, once completed a complex computation in under five minutes a task that 

would take one of todayôs most powerful supercomputers approximately 10Į  years, or 10 

septillion years, to finish. Which means 10,000,000,000,000,000,000,000,000 years. Recently, 

a team of researchers solved a variation of Simonôs problem, by using clever error correction 

and IBMôs powerful 127-qubit processors. Apart from it, IBM has already made Condor 

processor which is 1121 superconducting qubit processor. 
 

II.  Quantum Cryptography:  Cryptography is a process of securing data, protecting information 

and communication. Quantum cryptography relies on the principles of quantum physics to 

securely transmit private information. The most prominent technique in this field, known as 

Quantum Key Distribution (QKD), involves sending a stream of photons to deliver a secret, 

randomly generated key. Both the sender and receiver measure the photons and compare their 

results; any discrepancy indicates the presence of an intruder. 
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Quantum cryptography ensures that any attempt to observe the key will alter the photons being 

measured. This security is due to the uncertainty principle of quantum mechanics, which states 

that measuring one property of a quantum system inevitably disturbs other properties. This is 

essential in future because quantum computers can break todayôs encryption. So, Quantum 

Cryptography is must have to protect confidential information. 

III.  Quantum Sensing ï It is the use of individual atoms, ions, photons, or quantum systems (like 

qubits) to detect and measure physical quantities such as acceleration, frequency, rate of 

rotation, magnetic fields and electric fields, or temperature with the highest accuracy. Quantum 

Sensors take advantage of quantum effects such as entanglement, superposition and quantum 

interference. One of the most well-known uses of quantum sensors is in atomic clocks. These 

clocks donôt tick like ordinary ones instead they use the vibrations of atoms to measure time. 

Also in healthcare, quantum sensors are extremely useful. Recently, engineers at the University 

of Pennsylvania, have used quantum sensors to realize variation in nuclear quadrupolar 

resonance spectroscopy by this we became able to isolate individual nuclei and reveal very 

small differences. It will be extremely useful in fields like drug development. 

Concluding Remarks ï Gateway to Future 

Quantum mechanics represents a monumental shift in how we understand the universe. It teaches us 

that reality is not deterministic and fixed but probabilistic and fluid. From the birth of quantum theory 

in Planckôs blackbody solution to the mysteries of entanglement and quantum computing, this journey 

has transformed both science and philosophy. 

I think I can safely say that nobody understands quantum mechanics é Do not keep saying to yourself, 

if you can possibly avoid it, ñBut how can it be like that?ò because you will get ñdown the drainò, into 

a blind alley from which nobody has yet escaped. Nobody knows how it can be like that  

                                                                                                                                 ï Richard Feynman 

Quantum mechanics provides answers to many intriguing questions about the physical world around 

us. As, why are some materials hard while others are soft? Why can a diamond scratch almost any 

surface, yet pencil lead glides smoothly and leaves a mark? Why do metals conduct heat and electricity 



                                                                            

 
90 

 

 

 

efficiently, while glass does not? Why is glass transparent, but metals reflective? What makes one 

substance heavy and another light, or one material strong and another brittle? Why are some metals 

magnetic while others are not? In essence, quantum mechanics helps us understand the fundamental 

reasons behind the properties and behaviors of materialsðshaping our understanding of why the world 

appears and functions the way it does. 

Quantum technologies help in many ways in future as Airbus and SandboxAQ recently tested a 

quantum-based navigation system called MagNav that uses Earthôs magnetic field like a natural GPS. 

Itôs so precise it can guide airplanes without needing satellitesðand canôt be jammed or hacked. This 

technology could one day ensure safer flights, autonomous cars, and submarines, even in remote or 

hostile environments. Quantum sensors are also revolutionizing healthcare industry, for example, in 

Australia, scientists from CSIRO have developed a quantum sensor that can directly measure iron levels 

in blood something thatôs been hard to do accurately until now. This could help diagnose iron- 

deficiency anaemia much faster and more reliably. Considering over 2 billion people worldwide suffer 

from iron-related issues, this breakthrough is a step toward more accessible and early healthcare 

solutions, especially in underserved areas. While in the UK, gravimeters based on cooled atom clouds 

are allowing scientists to detect hidden underground structures, from buried water pipes to 

archaeological treasures, without a single shovel of dirt. 

We are entering a new era where the quantum world is no longer just a theoretical playgroundðitôs a 

toolset for humanityôs greatest challenges. 

IBM, one of the global pioneers in quantum technology, is playing a central role in this transformation. 

In 2023, IBM unveiled the IBM Quantum System Two, their most powerful quantum computing 

platform to date. Their ambitious roadmap includes scaling up to 100,000 qubits by 2033, developing 

fault-tolerant quantum computers, and creating cloud-based access to quantum systems for global 

research. 

But the most profound impact of quantum mechanics may not lie in what we build but in how it changes 

our understanding of reality itself. It challenges the boundaries between what we know and what can 

be known. 

As we continue to harness its power from sensing the invisible to computing the impossible quantum 

mechanics reminds us that the universe is far more mysterious, interconnected, and full of potential than 

we ever imagined. 

We are no longer just observing the quantum world. We are living in it. And in this unfolding chapter 

of science, the journey is just beginning. 

The first century of quantum mechanics has led to groundbreaking technologies and helped solve 

countless mysteries. Yet, at the same time, it has also opened the door to new and deeper questions in 

physics. 
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Abstract 

Quantum Mechanics, born out of a crisis in classical physics, has revolutionized our understanding of 

nature at its most fundamental level. From Planckôs hypothesis of quantized energy to modern 

breakthroughs in quantum computing and teleportation, the century-long journey of quantum theory  

has been both intellectually transformative and 

technologically empowering. This essay traces the origins, 

experimental underpinnings, and dual revolutions of 

quantum mechanics, highlights pivotal contributions of 

key scientists, explores the emergence of quantum 

technologies, and envisions their potential to shape the 

future of humanity. By interweaving historical 

developments, theoretical insights, and futuristic 

applications, the essay aims to celebrate the profound 

elegance and impact of quantum science. 
 

 

I. Introduction: The Quantum Disruption  

At the turn of the 20th century, physics stood proudly on Newtonian pillars. Yet cracks were 

appearing. 

The ultraviolet 

catastrophe, the 

photoelectric effect, 

and atomic spectral 

lines stubbornly 

defied classical 

explanations. The 

stage was set for a 

revolution ð not one 

of tweaking 

equations, but of 

altering our 

conception of reality 

itself.  

 

With Max Planckôs audacious idea of energy quanta in 1900, and Einstein's 1905 paper on the 

photoelectric effect, the quantum era was born. Over the next 100 years, quantum mechanics would 
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not only redefine our understanding of matter and energy but also launch technological revolutions 

that continue to accelerate. 

II.  Early Developments: Laying the Foundation 

The earliest breakthroughs came from the realization that energy is not continuous but quantized. 

Planckôs black-body radiation law (1900) suggested that electromagnetic energy is emitted in 

discrete packets ð quanta. This was not just a mathematical trick; it was a radical ontological 

proposal.  

Einstein's 1905 explanation of the 

photoelectric effect confirmed the particle-like 

behavior of light, introducing the concept of 

photons. In 1913, Niels Bohr proposed a 

quantum model of the atom, explaining 

hydrogen spectra through discrete energy 

levels. 
 

Yet the true mathematical formalism began 

taking shape in the 1920s: 
 

¶ Werner Heisenbergôs matrix mechanics 
(1925) focused on observable quantities. 
 

¶ Erwin Schrºdingerôs wave mechanics 
(1926) gave us the iconic Schrödinger 

equation. 
 

 

¶ Paul Dirac unified quantum theory with special relativity, predicting antimatter. 

The quantum formalism was sealed by Bornôs probability interpretation and Heisenberg's 

uncertainty principle . With this, determinism gave way to probability ð a departure that even Einstein 

found unsettling. 

3. Experimental Evidence: Quantum Theory Tested 

While quantum theory was abstract and counter-intuitive, it yielded experimentally verifiable 

predictions: 

¶ Davisson-Germer experiment (1927) 

confirmed wave-particle duality of 

electrons. 

 

 

¶ Stern-Gerlach experiment demonstrated 

quantum spin and superposition. 
 

¶ Double-slit experiment with electrons 

and photons continues to challenge our 

classical intuitions. 

More recently, Bellôs Theorem (1964) and its 

experimental tests in the 1980s (Aspect et al.) 

confirmed quantum entanglementôs "spooky 

action at a distance", violating local realism. 
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4. The First Quantum Revolution : Physics to Technology 

The first half of the 20th century witnessed the First Quantum Revolution ð applying quantum 

principles to explain natural phenomena and develop technology. Some milestones include: 

¶ Semiconductors and Transistors ð foundation of 

modern electronics 

 

 

¶ Lasers ð based on stimulated emission 
 

¶ Nuclear Magnetic Resonance (NMR)  ð the 

precursor to MRI 

 

¶ Superconductivity and Quantum Statistics ð 

Bose-Einstein condensates (1995) validated long-

predicted quantum phases 

 

Quantum theory transitioned from abstract equations to 

practical devices ð radios, TVs, computers, and GPS all 

owe their existence to quantum mechanics. 

  

5. The Second Quantum Revolution : From Observation to Control 

The Second Quantum Revolution, ongoing since the late 20th century, is about manipulating 

individual quantum systems. We have moved from observing quantum phenomena to engineering 

them: 

¶ Qubits and Quantum Computers: Exploiting 

superposition and entanglement for exponential 

computational advantage. 

 

 

¶ Quantum Cryptography : Ensuring unbreakable 

communication using quantum key distribution 

(QKD). 
 

¶ Quantum Teleportation: Transfer of quantum 

states without physical transmission. 
 

¶ Quantum Sensors: Ultra-precise measurements 

in timekeeping, navigation, and gravimetry. 

Laboratories today routinely trap and manipulate single atoms, ions, and photons. The level of 

precision is unprecedented. 
 

6. Quantum Scientists: Pillars of the Discipline 

Many brilliant minds shaped the quantum era: 

¶ Max Planck ï The father of quantum theory 
 

¶ Albert  Einstein ï Photon concept, quantum statistics 
 

¶ Niels Bohr ï Quantum atom, Copenhagen interpretation 
 

¶ Heisenberg, Schrödinger, Dirac, Born ï Formalism and foundations 
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¶ Richard Feynman ï Path integrals, quantum electrodynamics (QED) 
 

¶ John Bell ï Challenged hidden variable theories 
 

¶ Peter Shor, David Deutsch ï Algorithms and formalism for quantum computing 
 

¶ Alain Aspect, Anton Zeilinger ï Experiments in entanglement and teleportation 
 

 

7. Recent Developments in Quantum Technology 

As we celebrate 100 years of quantum mechanics, here are some cutting-edge achievements: 

¶ Quantum Supremacy (Google, 2019): 

Demonstrated a quantum processor 

outperforming classical ones. 

 

 

¶ Energy Teleportation: Theoretical 

possibility of energy transfer through 

entanglement. 
 

¶ Quantum Machine Learning: Using 

quantum computers for pattern recognition 

and AI. 
 

¶ Quantum Resistance Standards: Based on 

the quantum Hall effect and Josephson 

junctions. 
 

¶ Superconducting Qubits and Photonic 

Chips: Towards scalable quantum computers. 
 

Countries like the USA, China, and India (e.g., Indiaôs National Quantum Mission 2023) are 

investing heavily in quantum R&D. 

 

8. Quantum Technologies for the Good of Mankind 

Quantum technologies promise to: 

¶ Revolutionize computing, solving 

problems like protein folding, 

material design, and cryptanalysis. 

 

 

¶ Secure global communications 

through quantum networks 
 

¶ Enhance healthcare using 

quantum imaging and diagnostics. 
 

¶ Tackle climate modeling and 

finance via superior simulations. 
 

¶ Enable deeper space exploration 

through quantum sensors and 

clocks. 
 

But with power comes responsibility. Ethical use and global equity in quantum access will be crucial. 
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9. Future Possibilities: What Lies Ahead? 

The next century of quantum science may see: 

¶ Fault-tolerant universal quantum 

computers. 

 

 

¶ Quantum internet. 
 

¶ Macroscopic quantum devices. 
 

¶ Quantum biology and consciousness 

research. 
 

 

¶ Unified theories merging gravity 

and quantum mechanics (e.g., Loop 

Quantum Gravity, String Theory). 
 

As UNESCO has declared 2025 the International Year of Quantum Science and Technology, 

we are reminded not just to celebrate quantumôs past ð but to shape its future with curiosity, 

collaboration, and care. 
 

10. Conclusion: More than a Theory, a Philosophy 

Quantum mechanics is more than physics ð itôs a philosophy of reality. 

It taught us humility in the face of uncertainty and possibility. It connected imagination with 

experimentation, mystery with mathematics. As we continue exploring the quantum frontier, we carry 

forward the torch of inquiry lit by Planck and passed through generations. 

The quantum journey has only begun.  
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Abstract 

What if the universe operates on a logic beyond 

human classical thinking? The realm of 

quantum uncertainty exists beyond human 

reasoning and beyond certainty, it creates a 

probabilistic non-locality that brings into 

question our most fundamental beliefs about 

relative reality. This essay examines the 

meaning between two bizarre ideas of quantum 

superposition; where a single particle can exist 

in more than one state at the same time; and 

quantum non-locality and entanglement; a 

realm where instantaneous information 

transfer between particles happen over vast 

distances exceeding the speed of light. 
 

Through the examination of a few central 

experiments, notably the double-slit 

experiment and the theoretical discoveries 

surrounding Bell's Theorem, the writing 

examines how the two quantum phenomena 

ask us to re-consider the principles of local 

realism and the limits of transfer of any 

information. The essay purports that in order to 

face this inherent strangeness, we must adopt a 

different philosophy of reality; we exist in a 

web of interconnectedness, at the very purest 

level of reality. Engaging with the processes of 

quantum phenomena asks us to go beyond 

understanding the minutia of the small, it 

challenges our notions of existence and   

___________________ 

ñThe universe is not only stranger than we imagine, it is stranger than we can imagine.ò 

ð J.B.S. Haldane 
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fundamentally what we perceive to exist, with ramifications stretching from consciousness studies to 

what it means to be or more accurately, to have being. Quantum mechanics, 100 years old, has changed 

the way we think about reality. The quantum realm is a strange one; it is a world where particles can 

exist in multiple states at the same time, and particles can remain connected to each other across large 

distances. This essay will explain the most salient ideas, mysteries, and experiments within quantum 

mechanics that violate our ideas of space, time, and existence. 

ñIf you think you understand quantum mechanics, you donôt understand quantum mechanics." 

                                                                                                                                 ð Richard Feynman 

Introduction  

Think of a world shaped by certainty, a world where the dropping of an apple or the orbit of a planet 

were just pieces on a difficult-to-perceive clock, something certainly predictable. This was the beautiful, 

but still only half-finished, masterpiece of classical physics. Then came the end of the 19th century, and 

with it the first inklings of a new way of seeing the universe. Finally, in 1900, Max Planck whispered, 

the possessed word ñquantaò into a world untouched by obvious pathways of future reality. He claimed 

that energy was not a smooth, continuous stream of potential but made of discrete, tiny packets, like 

drops of water falling from a heavenly shower. Only later, in the course of the twentieth century, would 

we recognize this claim as a powerful unsettling draw to reveal and explore pathways to unknown 

territory, as if entitled to be educated and potentially equipped to write the plans for our next phase of 

existence, humanityôs step into quantum mechanics, and a path on which particles became probabilistic 

entities, ambiguous paradoxes, and unexpected possibilities. Since that totality, the passage from 

classical physics to quantum physics has been a one-hundred-year continuous revelation and 

technological evolution of new possibilities, and a continuing journey reflected in UNESCOôs 

launching of the International Year of Quantum Science and Technology in 2025. 

Long before quantum mechanics showed us an uncertain universe shaped by observation, ancient Indian 

philosophy had a strikingly similar idea. In the 8th century, Adi Shankaracharya presented the 

philosophical method of Advaita Vedanta to the Western world with the important insight of Maya - an 

illusion that obscures the true reality. For Indian philosophy, Brahman is our one indivisible, infinite 

consciousness. It is not that we exist as separate observers (Atman) from the observed, it is that in reality 

they are one phenomenon. This idea fits smoothly with quantum theory, where only measurements and 

observations force particles into constrained states of existence, while all other possibilities remain in 

superposition within a probability matrix. Thus, scientific observation, as in the principle of uncertainly, 

collapses any observations about either potential outcomes. 

This idea seems to resonate with the ancient 

teachings found in the Bhagavad Gita (Chapter 

2, Verse 16): "NǕsvato vidyate bhǕvo nǕbhǕvo 

vidyate sata" - "That which is unreal never is; 

that which is real never ceases to be." The 

inclusive teachings found in the Mandukya 

Upa i had, elaborated on at greater length in 

the Gaudapada Karika, include the elaborate  
 

 Bhagwat Geeta, Chapter 2,Verse 16 

__________________________________ 

ñLight behaves like a hammer, not a wave. But where is the impact hidden in Maxwellôs equations?ò 

                                                                   ð Heinrich Hertz, on the photoelectric effect (1887) 
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teachings of the illusionary layers of consciousness and the true nature of existence which is non-dual. 

Through an awareness of quantum physics combined with these ancient philosophies, we may come to 

see a greater meaning: that the real nature of "reality" may not be what we think, and that perhaps the 

line scientists have drawn between science and spirituality is not as sturdy or defined as we thought. 

Experimental Clues to the Quantum World: Pre-1900 Observations That Shook Classical Physics 

By the close of the 19th century, experimental evidence had begun to show were serious flaws in 

classical physics, especially at atomic and subatomic levels. One big clue came from blackbody 

radiation. It was found experimentally that heated blackbodies emitted light in a spectrum that changed 

with temperatureðfrom red to blue at higher temperatures. Wien's and RayleighïJeans' laws could 

explain parts of the spectrum but not the entire curve. The inability to account for the ultraviolet region, 

where classical physics predicted infinite energy (called the "ultraviolet catastrophe"), was a definite 

theoretical embarrassment.The photoelectric effect reported by Hertz and then studied by Lenard further 

deepened the mystery. It was found that light would eject electrons from metal surfaces only if its 

frequency were above some threshold value, independent of its intensity. Classical wave theory simply 

could not explain why an increase in intensity of lower-frequency light would not release electrons, 

contrary to its predictions of the relation between energy and amplitude. 

By contrast, atoms show groups of discrete spectral lines being emitted, not continuous spectra. 

Extending Balmerôs work on the hydrogen lines, the Rydberg formula could predict these wavelengths 

precisely. Classical theory, however, could provide no explanation as to why electrons would never 

spiral into the nucleus and disappear, or for atomic stabilityðinstructors instead said electrons rotated 

in special orbits-the quantized orbits. 

 
Fig: Atomic Spectra 

The experiments, while varying in approach, arrived at the 

unified conclusion that energy interchange occurs in atoms 

in discrete chunks. Max Planck came along in 1900 to state 

that energy is emitted or absorbed in quanta. His formula 

accounted exactly for the blackbody spectrum and 

introduced a new constant of nature: Planckôs constant. 

Hence, the very birth of quantum theory. This one 

revolutionarily departed from a centuries-old classical logic 

and ushered in a new scientific era.   
 

 
Fig: Photoelectric Effect 

 

 
Fig: Black Body Radiation 
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From Certainty to Curiosity: The Birth of Qua ntum Thought 

Classical physics was a guiding principle for thousands of years, and it provided a successful 

explanatory model for our understanding of the macroscopic world. However, as scientists started to 

look closer and as they investigated matters involving the very small, atoms and subatomic particles, 

we started to run into some very strange occurrences. Attempts were made to look through the classical 

model to explain observations such as black-body radiation; the emission of light from an object based 

on the object's temperature; the photoelectric effect, when the emission of electrons occurs when 

materials are struck by light, etc. These phenomena were the first indicators that there were cracks 

beginning to appear in what had seemed like a perfectly ordered business. 

Max Planck was the first to take the leap of faith and accept the idea that energy is not continuous and 

is emitted and absorbed in discrete packets or "quanta," each packet having a specific, prescribed 

amount of energy. In 1900, he used this idea to help explain the phenomenon of black-body radiation, 

and softly ushered in the acceptance of quantum theory. By doing so, he definitively broke away from 

the classical notion of energy exchange being continuous. Simply put many years later, he showed that 

the energy (E) of a quantum is directly proportional to its frequency (f), with Planck's constant (h) being 

the proportionality constant. In his 1905 paper, Albert Einstein elaborated on Planck's hypothesis to 

explain the photoelectric effect arguing that light is made up of discrete quantum particles, now called 

photons, reclaiming the far less popular corpuscular theory of light and allowing for the possibility of 

wave-particle duality. In 1913, Niels Bohr took the ideas of Planck and Einstein and developed his own 

atomic model, proposing that electrons exist in certain and quantised energy levels or "stationary 

orbits," and would go from one stationary orbit to another by absorbing or emitting energy (quanta). 

Bohr's model accounted for the spectral lines when elements emit light and provided success for the 

early development of quantum theory. 

Bohr's atomic model offered a significant advancement yet was only the start. As quantum theory 

developed, the challenge was whether these bold ideas would hold up to experimentation. Physicists of 

the early 20th century not only proposed bold ideas, they also invented ingenious experiments to test 

these bold ideas. This was followed by an astonishing decade of confirmations, and the experimental 

observations pointed to nature in its most fundamental form being governed by quantized behavior, 

wave-particle behaviors, and inherent uncertainties. 

Experimental Discoveries: Validating Quantum Paradoxes 

The groundbreaking ideas of Planck, Einstein, and Bohr, which were initially met with skepticism due 

to the strange departure from classical thinking, were firmly supported through many important 

experiments. The Franck-Hertz experiment in 1914 provided some of the earliest evidence of quantized 

energy levels in atoms. James Franck and Gustav Hertz studied inelastic electron collisions in mercury 

and demonstrated that electrons only lose energy in specific discrete amounts. Those energy losses 

corresponded to Bohr's predicted transitions between quantized orbits and provided direct verification 

of his atomic model. 

_______________________ 

ñAll these fifty years of conscious brooding have brought me no nearer to the answer to the question, what are 

light quanta?ò 

                                                                 

ð Albert Einstein 
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The dual nature of matter became more apparent in 1927 with the DavissonïGermer experiment. When 

electrons were shot at a nickel crystal, they diffracted in such a way as to produce an interference pattern, 

which is the kind of behavior you would normally observe only for waves and not for particles. 

  

This unexpected behavior verified Louis de Broglie's earlier speculation that electrons (and all other 

particles) behaved like waves and was the first definitive concurrence of wave-particle duality as an 

inherent element of quantum entities.  

 

The Compton Effect (1923) subsequently supported light's particle-like character. Scattering of X-rays 

from electrons shifted their wavelengthðan occurrence not compatible with wave theory, but entirely 

explained if light is composed of particles (photons) that lose momentum and energy to the electron in 

the same way billiard balls exchange momentum in a collision. 

  

The mysterious quantum property of spin was manifested in the Stern-Gerlach experiment of 1922. 

When a beam of silver atoms was passed through a no uniform magnetic field, rather than forming a 

continuous spread, it was bisected into two distinct paths. This indicated that atomic angular 

momentum, that is spin, is quantized, meaning it could only take specific, discrete values against every 

classical intuition.  

 

Among all evidences of quantum peculiarity, one of the most famous was the Double-Slit Experiment. 

Employed in 1801 to demonstrate the wave nature of light, it was later repeated for electrons and even 

big molecules.  

 

These particles did interference when unobserved-waving behavior. Measurement would stop that 

interference-from there on out, particle behavior. In the havoc of these contradictory quantum 

behaviors, there lies the beautiful idea of measurement affecting the system itself: The central idea of 

quantum mechanics. 

 

Meanwhile, Heisenberg's Uncertainty Principle (1927) shattered the classical idea of determinism. It 

showed that the more precisely one measures a particle's position, the less precisely can it measure; and 

vice versa with the momentum. This was not a limitation of technology; it, in fact, was the law of nature. 

 

Erwin Schrödinger came out with his wave equation in 1926 to describe these strange quantum realities 

mathematically. Rather than monitor the particle's exact position, this equation governed the wave 

function, a probability approach predicting where one would find a particle. 

 

________________________ 

ñAnyone who is not shocked by quantum theory has not understood itò 

--Niels Bohr 
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______________________________________ 

ñQuantum theory provides us with a striking illustration of the fact that we can fully understand a connection 

though we can only speak of it in images and parables.ò 

ð Werner Heisenberg 
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The First Quantum Revolution: Building the Modern World One Particle at a Time 

Laser, transistor. MRI. Semiconductor era. The Dawn of the Digital Age: A Quantum Spark Ignites the 

World 

Amid the many tangled enigma of everything about atoms and energy, a silent revolution was emerging 

ð one which was changing not just textbooks but the circuitry of our modern world. It started in 1947 

at Bell Laboratories where the small transistor was born ð but not as a simple invention, but as the 

offspring of quantum insights into semiconductors like silicon and germanium. Quantum Mechanics, 

by that time, had revealed the hidden choreography of electrons in solids, successfully explaining the 

notions of energy bands and conduction ð where unique materials could be harnessed for relevant 

purposes that classical physics could not. Quantum Mechanics had transformed materials into miracles, 

allowing the transistor to phase out large vacuum tubes, constricting whole rooms of computation into 

a single fingertip. Thus, not only was the First Quantum Revolution born ð it was also wired into 

history. 

The transistor was just the start of the unstoppable march: from the ENIAC to the iPhone 14 Pro, from 

a few transistors to over 16 billion in the palm of our hands. Moore's Law, which said transistors would 

double every two years, could not have been both a technical prediction and a prophecy without being 

enabled by the quantum-based miniaturization. With each miniaturization there was a leap - in speed, 

power, and accessibility. The classical computing era was built on the quantum underpinnings. 

But the impact did not end with computing. Quantum mechanics, with its strange yet accurate insights, 

awarded us a new lens for looking at reality - almost literally. When the laser was invented in 1960, it 

also used the quantum principle of stimulated emission, producing light beams so coherent and focused 

that we could store music, perform eye surgery, cut steel, and use them to link voices thousands of miles 

across the oceans using fiber optics. Next came atomic clocks, which ticked at the quantum transition 

for the atom, enabling GPS satellites to locate us within meters anywhere on the planet. Even in 

hospitals, we used quantum spin as an invisible healer - in Magnetic Resonance Imaging (MRI), the 

nucleus itself became a storyteller of our internal health. 

All of the technologies we have discussed ð lasers, transistors, superconductors, atomic clocks, and 

MRI were not derived from control of quantum states, but nevertheless, they emerged from having a 

deeper understanding of the states of quantum. This was the realization of the First Quantum 

Revolution: we were not in command of the quantum world yet ð but we were listening, listened ð 

and in listening, we changed the world. 

 
Invention of transistor in 1947 at Bell Laboratories, USA 
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Today, a smartphone is a quantum symphony. 

Behind the glass screen, there is a tangle of 

quantum ideas: photons governed by wave 

equations, electrons roaming through silicon 

valleys, and time kept to atomic precision. And 

still, this feels strangely ordinary ð the 

quantum architecture is so thoroughly 

integrated into the fabric of our everyday lives. 

That is the understated success of the First 

Quantum Revolution: the strange has become 

necessary, the abstract has become normal ð 

and the universe's weirdest laws have created 

fundamental tools for the human experience. 

 

 

The Second Quantum Revolution: 

Engineering the Unseen 

The Second Quantum Revolution is a 

watershed moment in the story of humanity ð 

not only in the understanding of nature's laws 

but in governing them. The first quantum 

revolution enabled us to build things based on 

quantum theory; the Second Quantum 

Revolution allows us to actively engineer it in 

order to entangle the fundamental quantum 

properties of particles - such as superposition, 

entanglement, and quantum coherence - in 

ways previously unimagined. In this 

revolution, nature is no longer a passive 

interpreter; it becomes a programmable code. Technologies of the First Quantum Revolution 
 

At the core of this era is superposition, a situation in which a quantum bit (qubit) can occupy a 

combination of many states simultaneously, a notion that once puzzled both physicists and 

philosophers. Superposition is now propelling the emergent field of quantum computing. Computers 

based on classical logic process information in bit modes of either 0 or 1. Conversely, quantum 

computers, based on qubits, will evaluate all possible solutions simultaneously ð parallelism on a 

cosmic level. Issues that would take classical computers centuries to decipher ð for instance, 

simulating molecules for drug discovery, solving logistics networks, or cracking modern encryption ð 

would take minutes with quantum machines. But possibly even more astonishing than this is quantum 

entanglement, a phenomenon that Albert Einstein dismissively dubbed "spooky action at a distance." 

In this state, two particles become so deeply connected that an alteration in one will instantly alter the 

other, regardless of how far apart the two are. This strange and bizarre principle, which has been verified 

experimentally, forms the heart and backbone of quantum communication - and ultra-secure method of 

transmitting information in a way that makes it impossible to eavesdrop.  

________________ 

The real voyage of discovery consists not in seeking new landscapes, but in having new eyes.ò 

ð Marcel Proust 
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By employing Quantum Key Distribution (QKD), we can make any attempt at finding eavesdropping, 

or even directly intercepting the message impossible by simply hacking the system. And as soon as the 

eavesdropper exists, we can tell that someone is trying to intercept the communication. This means that 

we are entering an age of cryptography that is impossible to hack.  

In addition, the Second Quantum Revolution has also enabled quantum sensing and quantum metrology, 

which use quantum interference and entanglement to make measurements of physical quantities with 

incredibly high levels of precision. Quantum sensing and quantum metrology are already having an 

effects: from gravitational wave detectors, to next-generation GPS, to brain-imaging devices that 

demonstrate atomic resolution to map the veteran's neural activity. Quantum sensing and metrology are 

advancing and transforming sectors such as medical diagnostics, navigation, geophysics, and even 

archeology. What sets this revolution apart is not only the promise, but also the basic foundations of 

this revolution. This was possible because the tools of the First Quantum Revolution ð lasers, atomic 

clocks, semiconductors, low-temperature superconductors that permitted the extremely precise control 

and isolation required to manipulate single particles. Using these tools we can trap single atoms, cool 

them nearly to absolute zero, and entangle them with laser light pulses, allowing us to shape quantum 

systems which behave exactly how we intended and designed. 

 
(a) Quantum entanglement (qe) (b) Quantum superposion (qs) 
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And yet, we are just scraping the surface of the true potential. Quantum networks, in which entangled 

photons entangle information to be transferred to distant nodes, could create a Quantum Internet one 

day. Quantum simulators may very soon begin to understand the mysteries of high-temperature 

superconductivity or the era of the early universe. Fault-tolerant quantum computers are still being 

developed; these could be the potentially disruptive technology that will affect diverse fields ranging 

from artificial intelligence to climate change modeling. 

This revolution is not just a better form of technology; it is an entirely different relationship with nature 

itself. For the first time in history, we are not merely observers of the quantum realm, we are architects 

of the quantum realm. We are beginning to identify the invisible rules that were once strange, they were 

once questionable, they were once not even viewable and not even believed, now we are beginning to 

use these as tools. As we progress into this quantum age, we remember that the universe does not just 

obey logic or act with logic, it is logic, spelled out simultaneously in all dimensions from probabilities 

to entanglements to wave functions. 

 

Second Quantum Revolution ï Technologies & Timeline 
 

___________________________ 

"Everything we call real is made of things that cannot be regarded as real 

ð Niels Bohr 
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The Second Quantum Revolution represents more than just another leap in technology ð it offers a 

complete rewrite of possible computing and physical realities, rather than merely observing passively, 

humanity now has the capacity to 

manipulate and engineer 

quantum states. With the 

principles of superposition, 

entanglement, and quantum 

interference, we are building 

quantum computers that calculate 

the unimaginable; entangled 

communications that cannot be 

intercepted; and sensors that can 

detect universe's quietest 

whispers. With the first era of 

quantum physics build upon with 

lasers, atomic clocks and 

superconductors as the proverbial 

wheels under our feet, we are 

now able to go deeper and control 

the once uncontrollable.  
 
 

In this bold new age, the possible is being radically redefined. Theoretical is becoming the 

technological. Abstract is becoming necessity. And what might have been dream is becoming 

framework. The Second Quantum Revolution reminds us that the universe is not built from certainties, 

but from possibilities; and the key to tomorrow is not about dominating the visible, but capturing the 

invisible. 

Recent Developments: Redefining the Limits of Reality 

As we enter the 21st century, the quantum realm, which was once a world of paradox and probability, 

is beginning to represent a space of precision, control and ability. The Second Quantum Revolution is 

not something that is in the future, but one that is unfolding now, with astonishing discoveries happening 

that will change not just the discipline of physics, but the underpinning structure of modern technology 

and understanding itself. 

Quantum Entanglement: Threads of the Invisible 

What Einstein had famously derided as "spooky action at a distance" is now a key component of 

quantum science. Quantum entanglement, where particles share a state, regardless of their spatial 

separation, has evolved from philosophical mystery to practical advantage. The Nobel Prize in Physics 

awarded in 2022 to Alain Aspect, John Clauser, and Anton Zeilinger put the phenomenon on the 

experimental footing confirming it, and decisively ruling out local hidden variable theories. In 2019, 

physicists at the University of Glasgow even took the first image of entanglement, moving from 

abstraction to visual impedance. 

___________________ 

ñThe universe begins to look more like a great thought than like a great machine.ò 

ð Sir James Jeans 
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Indian echo: mirrors Advaita Vedanta - the oneness of all beings without spatial separations. 

 

 
Allain Aspect 

 
John Clauser 

 
Anton Zeilinger 

 

 

Energy Teleportation: The Transferral of the Intangible Quantum energy teleportation makes it 

possible to transfer information-carrying quantum states across space without transferring any matter. 

This isn't science fiction; it is creating the basis for quantum networks of tomorrow. 

Indian echo: A contemporary echo of Sankhya dualism, where information (Purusha) transcends the 

material (Prakriti). 

 


