
UNIT 1: INTRODUCTION TO QUANTUM THEORY AND TECHNOLOGIES 

 

1)The transition from classical to quantum physics: 

The transition from classical to quantum physics marked one of the most profound 

revolutions in the history of science. It occurred primarily in the early 20th century, as 

physicists encountered phenomena that classical physics couldn’t explain. Here's an overview 

of this transformation: 

 

🌟 1. Classical Physics Overview 

Classical physics, based on Newtonian mechanics, Maxwell’s electromagnetism, and 

thermodynamics, worked well for describing: 

 Motion of macroscopic objects 

 Planetary dynamics 

 Electricity and magnetism 

 Heat and energy transfer 

However, it began to fail at microscopic scales (atoms, electrons, photons). 

 

⚠️ 2. Key Failures of Classical Physics 

Classical theories could not explain: 

Phenomenon Classical Prediction Actual Observation 

Blackbody 

Radiation 

Infinite energy at short 

wavelengths (“ultraviolet 

catastrophe”) 

Energy peaks and drops at high 

frequencies 

Photoelectric 

Effect 
Light energy depends on intensity 

No electrons emitted below a certain 

frequency, regardless of intensity 

Atomic Spectra Continuous spectrum Discrete spectral lines (e.g., hydrogen) 

Stability of 

Atoms 

Electrons should spiral into 

nucleus 
Atoms are stable in nature 

 

💡 3. Birth of Quantum Theory (Key Milestones) 

Year Scientist Discovery 

1900 Max Planck Proposed energy quantization: E=hνE = h\nu 

1905 Albert Einstein Explained photoelectric effect using photons (quantum of light) 



Year Scientist Discovery 

1913 Niels Bohr Quantized orbits in hydrogen atom 

1924 Louis de Broglie Wave-particle duality of matter 

1926 Erwin Schrödinger Developed wave mechanics (Schrödinger equation) 

1927 Werner Heisenberg Introduced uncertainty principle 

1928 Paul Dirac Combined quantum mechanics and relativity (Dirac equation) 

 

🔄 4. Fundamental Differences 

Aspect Classical Physics Quantum Physics 

Nature Deterministic Probabilistic 

Energy Continuous Discrete (quantized) 

Wave-Particle Duality Separate concepts Unified dual nature 

Measurement Does not affect system Observer affects outcome 

Position & Momentum Known simultaneously Uncertainty principle applies 

 

️ 5. Philosophical Implications 

 Quantum superposition: A particle can exist in multiple states at once. 

 Entanglement: Particles can be connected instantly across distance. 

 Observer effect: Measurement collapses the wave function to a definite state. 

These led to deep philosophical questions and interpretations (e.g., Copenhagen 

interpretation, Many-Worlds, etc.). 

 

📌 6. Impact and Applications 

Quantum theory laid the foundation for: 

 Semiconductors and electronics 

 Lasers 

 MRI and other medical imaging 

 Quantum computing and cryptography 

 Understanding of atomic and subatomic particles 

 

 

 



2) Fundamental principles explained conceptually: 

Superposition, Entanglement, Uncertainty Principle, 

Wave-particle duality, Classical vs Quantum mechanics – 

theoretical comparison,Quantum states and measurement: 

 

Here’s a conceptual explanation of the fundamental principles of quantum physics, 

comparing them with classical physics where needed. Each concept is broken down simply 

and clearly: 

 

🔹 1. Superposition 

🔬 Concept: 

 In quantum mechanics, a system (like an electron or photon) can exist in multiple 

possible states at once until it is measured. 

 This is called a superposition of states. 

️ Analogy: 

 Imagine a spinning coin: before it lands, it's both heads and tails — only when you 

observe it (measure) does it become one or the other. 

️ Example: 

 An electron in an atom doesn't have a single fixed location; it exists in a cloud of 

probabilities until you look for it. 

 

🔹 2. Entanglement 

🔬 Concept: 

 Two quantum particles can become entangled, meaning their states are strongly 

correlated, no matter how far apart they are. 

 Changing one instantly affects the other — even if they are light-years away. 

 

 

 



️ Analogy: 

 Like a pair of gloves in separate boxes: if you open one and see a left glove, you 

instantly know the other box has the right glove — but with entanglement, it’s more 

than this — the states aren't decided until one is observed. 

️ Weird but true: 

 Entanglement defies classical ideas of locality. It was famously called “spooky action 

at a distance” by Einstein. 

 

🔹 3. Uncertainty Principle (Heisenberg's) 

🔬 Concept: 

 You cannot know both the position and momentum of a particle exactly at the same 

time. 

 The more precisely you measure one, the less precisely you can know the other. 

️ Analogy: 

 Like trying to photograph a fast-moving car: if you get a clear photo of the car’s 

location (still frame), it blurs the speed. If you capture speed (motion blur), you lose 

the exact position. 

🔗 Formula: 

Δx⋅Δp≥h4π\Delta x \cdot \Delta p \geq \frac{h}{4\pi}  

 

🔹 4. Wave-Particle Duality 

🔬 Concept: 

 Particles like electrons and photons can behave like particles and waves. 

 They don’t just travel like marbles; they can interfere and diffract like ripples in 

water. 

️ Analogy: 

 Like light being both a beam and a ripple, depending on how you observe it. 

️ Double-Slit Experiment: 

 If you shoot one photon at a time through two slits, it creates a wave interference 

pattern — as if it went through both slits simultaneously — until you measure it. 



 

🔹 5. Classical vs. Quantum Mechanics – Theoretical Comparison 

Feature Classical Mechanics Quantum Mechanics 

Determinism Predictable outcomes Probabilistic outcomes 

State Well-defined (e.g., position, velocity) Described by wavefunction 

Measurement Does not affect system Collapses wavefunction 

Particles/Waves Separate concepts Unified (duality) 

Scales Macroscopic (planets, projectiles) Microscopic (atoms, photons) 

Causality Local cause-effect Nonlocal correlations (entanglement) 

 

🔹 6. Quantum States and Measurement 

🔬 Concept: 

 A quantum state describes all possible information about a system (via a 

wavefunction). 

 When measured, this state collapses to one specific outcome. 

️ Analogy: 

 Like a spinning roulette wheel with all possibilities. Measurement is like the ball 

landing on one number — the outcome is real only after you observe it. 

📌 Key Ideas: 

 Before measurement: system is in a superposition of states. 

 After measurement: system collapses into a definite state. 

 The act of observing changes the system. 

 

 

 

 

 

 
 



 

✅ Summary Table 
 

Principle Key Idea Classical View Quantum View 

Superposition 
Many states at 

once 
One state only All possible states until measured 

Entanglement Linked particles 
No long-distance 

influence 

Instant connection regardless of 

distance 

Uncertainty 
Limits of 

knowledge 

Know everything 

precisely 
Built-in fuzziness in nature 

Wave-Particle Duality Dual behavior Either particle or wave Both, depending on observation 

Measurement 
Observing a 

system 
Passive action Actively affects the system 

Quantum State 
Complete 

description 
Precise numbers 

Probabilities encoded in 

wavefunction 

 

 

3)Nature Of Observation, Overview Of Quantum Systems: 

Here’s a clear and conceptual explanation of the nature of observation in quantum 

physics and an overview of quantum systems: 

 

🔍 Nature of Observation in Quantum Physics 

🔬 1. Observation Is Not Passive 

In classical physics, observing something (like a planet) doesn’t affect it. 

But in quantum physics, observation changes the system. 

💡 2. Wavefunction Collapse 

 A quantum particle exists in a superposition — multiple possible states. 

 When you measure it, the wavefunction collapses into a single definite state. 

 You don't just discover what was there — you actually decide what it becomes. 

 



️ Analogy: 

 Like a spinning dice that shows all numbers at once — but once you look, it 

“chooses” just one number. 

🌀 3. Role of the Observer 

 The observer doesn’t have to be a human. Even a detector or measuring instrument 

counts as an observer. 

 The key idea: interaction with the system defines the outcome. 

⚠️ 4. Quantum Measurement Paradox 

 Example: Schrödinger’s Cat is both alive and dead until observed. 

 This highlights how strange and unintuitive the quantum world is compared to 

everyday experience. 

 

� Overview of Quantum Systems 

Quantum systems are physical systems that behave according to quantum mechanics — 

they are typically very small (atoms, electrons, photons, etc.) and display non-classical 

behaviors. 

 

🔸 1. Basic Components of a Quantum System 

Element Description 

Quantum state Describes all possible information (via wavefunction ψ\psi) 

Wavefunction Mathematical function giving probabilities for outcomes 

Observable Measurable quantities (position, momentum, energy, spin) 

Operator Mathematical tool used to get values of observables 

Hilbert space Abstract space in which quantum states "live" 

 

 

 

 



 

🔸 2. Types of Quantum Systems 

System Example Behavior 

Two-level system Spin-½ particle, qubit Only two possible states (e.g., up/down) 

Harmonic oscillator Vibrating atom or molecule Discrete energy levels like a quantum spring 

Multi-particle system Electrons in an atom May be entangled, obey Pauli exclusion 

Quantum field Photons in a field Infinite degrees of freedom (used in QFT) 

 

🔸 3. Quantum Behaviors in Systems 

Feature Description 

Superposition System exists in multiple possible states at once 

Entanglement Parts of a system become inseparably linked 

Quantization Energy, momentum, etc., come in discrete units 

Tunneling Particle can pass through barriers it classically shouldn’t 

Non-locality Instant correlations between distant parts (entanglement) 

Interference Probabilities from different paths can combine constructively or destructively 

 

🔸 4. Applications of Quantum Systems 

Field Application 

Quantum Computing Qubits use superposition and entanglement for faster computing 

Quantum Cryptography Unbreakable encryption using entangled photons 

Quantum Sensing Ultra-sensitive sensors for magnetic or gravitational fields 

Quantum Chemistry Predicting molecular behavior with quantum models 

Lasers and Electronics Based on transitions in quantum energy levels 

 



✅ Summary 

️ Nature of Observation 

 Observation causes a change (collapse of wavefunction). 

 Observer interaction defines reality in quantum terms. 

 

⚛️ Quantum Systems 

 Built on wavefunctions, operators, and probabilities. 

 Behave in non-intuitive ways (superposition, entanglement, tunneling). 

 Form the foundation of modern technologies like quantum computing and 

nanotech. 

 

4. Electrons, Photons, Atoms,The Concept Of Quantization: 

Discrete Energy Levels,Why Quantum? Strategic, Scientific, And 

Technological Significance,A Snapshot Of Quantum 

Technologies: 

Here’s a comprehensive yet clear conceptual explanation of the topics you asked for, ideal 

for academic notes, presentations, or general understanding: 

 

⚛️ Electrons, Photons, Atoms – The Quantum World’s Building Blocks 

🔹 Electrons 

 Subatomic particles with negative charge. 

 Exhibit wave-particle duality — behave like both particles and waves. 

 Cannot be pinned to a single location; exist in orbitals, not orbits. 

 Have spin, a purely quantum property (not literal spinning). 

🔹 Photons 

 Quantum particles of light or electromagnetic radiation. 

 Massless but carry energy E=hνE = h\nu and momentum. 

 Always move at the speed of light. 

 Show quantum behaviors like interference, entanglement, and the photoelectric 

effect. 

 



 

🔹 Atoms 

 Basic units of matter, composed of a nucleus (protons & neutrons) and electrons. 

 Electrons occupy quantized energy levels — they can jump between levels but not 

exist in between. 

 Atoms form the basis for understanding matter, chemistry, and light-matter 

interaction. 

 

🔷 The Concept of Quantization: Discrete Energy Levels 

🔬 What Is Quantization? 

 Quantization means certain properties (like energy, angular momentum) can only 

take specific values, not any value. 

 Think of it like stairs, not a ramp — electrons jump from one step to another but 

can’t be in between. 

📘 Example: The Hydrogen Atom 

 Electrons around the nucleus can occupy only specific orbits (energy levels). 

 When an electron jumps to a lower level, it emits a photon of a particular frequency. 

 This explains atomic spectra — unique for each element. 

🎯 Why It Matters 

 Quantization explains: 

o Atomic stability 

o Spectral lines 

o Semiconductor behavior 

o Laser operation 

 

❓ Why Quantum? Strategic, Scientific & Technological Significance 

🌐 Strategic Importance 

 Quantum tech is a global race — nations are investing heavily due to its defense and 

cybersecurity applications. 

 Quantum communication enables ultra-secure data transfer, immune to hacking. 

 Quantum sensors can detect changes at scales classical instruments cannot — vital for 

navigation, surveillance, and intelligence. 

 



 

🔬 Scientific Significance 

 Helps us understand the fundamental nature of reality. 

 Essential in modern physics, chemistry, biology, and materials science. 

 Explains phenomena that classical theories fail to. 

💻 Technological Significance 

 Powers innovations in: 

o Computing: solving complex problems in seconds 

o Cryptography: unhackable communication systems 

o Imaging: more precise medical scans 

o Sensors: atomic-scale sensitivity for navigation, geology, etc. 

 

📸 A Snapshot of Quantum Technologies 

Quantum 

Technology 
What It Does Real-World Use 

Quantum 

Computing 

Uses qubits to perform many calculations 

simultaneously 
Drug discovery, AI, cryptography 

Quantum 

Cryptography 

Provides secure communication using 

entangled photons 
Military-grade data encryption 

Quantum Sensors 
Detect minuscule changes in 

magnetic/gravitational fields 

Submarine navigation, medical 

imaging 

Quantum 

Simulators 

Mimic complex systems (like molecules) 

to study their behavior 

Material science, molecular 

chemistry 

Quantum Imaging 
Uses quantum properties of light to 

improve resolution 
Biomedical imaging, low-light vision 

Quantum 

Internet 

Networks using entangled states for ultra-

secure data transmission 

Secure national and international 

communication infrastructure 

 

 

 

 



� Summary 

Concept Key Idea 

Electrons, Photons, 

Atoms 
Quantum objects with wave-particle duality 

Quantization Physical properties exist in discrete levels, not continuous values 

Why Quantum? 
Drives scientific understanding, national security, and next-gen 

technologies 

Quantum Technologies 
Includes computing, communication, sensors, and more — transforming 

multiple industries 

 

5. Computing, Communication, and Sensing,National 

and global quantum missions: India’s Quantum Mission, 

EU, USA, China 

 

Here is a clear and structured explanation of: 

1. Quantum applications in Computing, Communication, and Sensing 
2. National and global quantum missions, including India's Quantum Mission and 

efforts by the EU, USA, and China. 

 

� Quantum Applications: Computing, Communication, and Sensing 

🔹 1. Quantum Computing 

 Uses qubits instead of classical bits (0 or 1). 

 Qubits can be in superposition (0 and 1 at once) and entangled with others. 

 Massive parallelism allows solving certain problems exponentially faster than 

classical computers. 

Applications: 

 Drug discovery and protein folding (e.g., pharma) 

 Optimization in logistics and finance 

 Breaking classical encryption (long-term risk) 

 AI and machine learning acceleration 

 



🔹 2. Quantum Communication 

 Based on quantum entanglement and quantum key distribution (QKD). 

 Any attempt to eavesdrop destroys the entanglement, alerting the users. 

 Enables unbreakable encryption and secure networks. 

Applications: 

 Military & diplomatic communication 

 Secure banking and finance transactions 

 Future quantum internet 

 

🔹 3. Quantum Sensing 

 Uses quantum effects (superposition, entanglement, tunneling) to detect ultra-small 

changes. 

 More sensitive and accurate than classical sensors. 

Applications: 

 GPS-free navigation (e.g., in submarines) 

 Medical imaging (e.g., brain scans) 

 Geological exploration 

 Detection of gravitational waves or magnetic fields 

 

🌍 National and Global Quantum Missions 

🇮🇳 India: National Quantum Mission (NQM) 

 Launched: April 2023, by the Government of India 

 Budget: ₹6003 crore (approx. $730 million) 

 Timeframe: 2023–2031 (8 years) 

 Objective: Position India among top nations in quantum technologies 

Key Targets: 

 Develop quantum computers with up to 1000 qubits by 2031 

 Build secure quantum communication systems 

 Develop quantum sensors for precision navigation, health, and defense 

 Set up four Thematic Hubs (T-Hubs) in leading institutions (IITs, IISERs, etc.) 

 

 



🇪🇺 European Union: Quantum Flagship 

 Launched: 2018 

 Budget: €1 billion over 10 years 

 Goal: Strengthen Europe’s position in quantum technologies 

Key Areas: 

 Quantum computing platforms (hardware & software) 

 Quantum simulation 

 Secure quantum communication (e.g., EuroQCI – quantum internet) 

 Quantum metrology and sensors 

 

🇺🇸 USA: National Quantum Initiative (NQI) 

 Launched: 2018 (signed into law by Congress) 

 Agencies involved: NSF, NIST, DOE, and private sector (Google, IBM, etc.) 

 Goal: Maintain US leadership in quantum R&D 

Key Efforts: 

 National Quantum Coordination Office 

 $1.2+ billion funding 

 Multiple Quantum Centers across national labs and universities 

 Public-private partnerships in quantum computing and networking 

 

🇨🇳 China: Quantum Development Roadmap 

 Strong government investment and world leadership goals 

 World's first quantum satellite (Micius) launched in 2016 for quantum 

communication 

 Built the longest quantum communication network (Beijing–Shanghai) 

 Leading in quantum supremacy experiments (e.g., Jiuzhang photonic computer) 

Focus Areas: 

 Quantum cryptography and national security 

 Quantum computing and cloud access 

 Quantum metrology and satellites 

 Global quantum infrastructure dominance 

 



✅ Summary Table 

Country/Region Mission Focus Areas Budget 

India 🇮🇳 
National Quantum Mission 

(NQM) 

Computing (1000-qubit goal), QKD, 

sensors 

₹6003 Cr 

(~$730M) 

EU 🇪🇺 Quantum Flagship 
All quantum pillars: compute, 

sense, secure 
€1 billion 

USA 🇺🇸 National Quantum Initiative 
Research centers, workforce, 

industry 
$1.2+ billion 

China 🇨🇳 National Strategy 
Satellite QKD, supremacy, 

infrastructure 
Est. $10+ billion 

 

 

 










































































































































































