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நிலையாலை

நெருெல் உளந ொருவன் இன்றில்லை என்னும்
நெருலை உலைத்துஇவ் வுைகு.

நநற்று இருந்த ஒருவன் இன்று இல்லை என்று ச ால்லும்படி 
நிலையாலைலய உலையது இவ்வுைகம்.—  ாைைன் பாப்லபயா

26th





Topic:

Supreme Court Legalises “Green Crackers” — Balancing Festivity, Pollution, and

Livelihoods

Source:

The Hindu, October 2025

Relevance:

• GS Paper 3: Environment, Pollution Control, Science & Technology, Judicial

Interventions

• GS Paper 2: Government Policies, Environmental Governance, Judiciary

Linked Topics:

• Air Pollution (Delhi NCR, Stubble Burning)

• Supreme Court’s Environmental Jurisprudence

• Role of CSIR-NEERI

• Sustainable Technology & Innovation

• Livelihood vs Environment Debate

Context:

Ahead of Deepavali 2025, the Supreme Court allowed the sale of “green

crackers” developed by CSIR–NEERI, attempting to balance:

• Public sentiments during festivals,

• Pollution concerns, and

• Livelihoods of workers in the firecracker industry (especially Sivakasi, Tamil

Nadu).

This follows a 2018 ban on traditional crackers in the NCR due to severe air

pollution.

Curiosity Question:

Can technology-led innovations like “green crackers” truly balance economic

livelihood and environmental sustainability in India’s festivals?



Analytical Overview:

• Green crackers are formulated to cut particulate emissions (PM10, PM2.5) by

30–80%, with reduced sulphur dioxide and nitrogen oxide output.

• Chemical innovation:

• Use of zeolite and boron-based reagents as dust suppressants.

• Inclusion of metallic composites to improve combustion efficiency.

• Some designs (e.g., “flower pots”) release water vapour and lime to

settle dust.

• NEERI’s SOP for registration ensures only licensed manufacturers (via PESO)

can produce these.

• Yet, real-world pollution reduction remains unverified, with Delhi-NCR air

quality still deteriorating in October due to multiple factors (weather, stubble

burning, cracker use).

• The term “green” is technically a misnomer, as the products are not zero-

emission. NEERI scientists prefer the term “Reduced Emission Fireworks.”

Constitutional / Policy Linkages:

• Article 21: Right to life and clean environment.

• Article 48A & 51A(g): Duty of the State and citizens to protect the environment.

• Environment (Protection) Act, 1986.

• Air (Prevention and Control of Pollution) Act, 1981.

• National Green Tribunal (NGT) and Commission for Air Quality Management

(CAQM) jurisdiction.

• Judicial balancing: Fundamental Rights (livelihood under Article 19(1)(g)) vs.

right to clean air (Article 21).



Way Forward / Recommendations:

• Independent real-world emission verification of “green crackers.”

• Encourage eco-friendly festivities and community firework zones.

• Diversify livelihoods in Sivakasi and other regions dependent on fireworks.

• Promote public awareness campaigns to shift cultural perception towards

sustainable celebration.

• Strict enforcement of limited-hour bursting and licensing norms.

Prelims Pointers:

• Green Crackers: Developed by CSIR–NEERI (Nagpur).

• Key chemicals: Zeolite, boron-based reagents, metallic composites.

• SWAS Bomb: Reduced emission cracker (72% proprietary additive, 16%

potassium nitrate).

• PESO: Petroleum and Explosives Safety Organisation — regulates explosive

licences.

• CAQM: Commission for Air Quality Management (Delhi-NCR).

Mains Keywords:

Green Crackers • Air Pollution • Supreme Court Intervention • Sustainable

Technology • CSIR-NEERI • Reduced Emission Fireworks • Environmental

Governance • Livelihood vs Environment

Mains Practice Question (with Dimensions):

Question: “The introduction of ‘green crackers’ reflects India’s attempt to reconcile

cultural traditions with environmental imperatives.” Critically evaluate.

Dimensions:

• Historical background of cracker bans (2018–2025)

• Science & innovation by NEERI



• Judicial role in environmental regulation

• Effectiveness in reducing real-world emissions

• Socio-economic implications for workers and industry

• Policy alternatives for sustainable celebrations

One Line Takeaway:

“Green crackers” symbolize India’s ongoing experiment to balance festive freedom,

pollution control, and livelihood protection — yet their real-world impact remains

uncertain.





Topic:

Google’s Willow Quantum Processor Demonstrates Quantum Advantage

(2025)

Source:

The Hindu / Nature Journal, October 2025

Relevance:

• GS Paper 3: Science & Technology — Quantum Computing, Research Innovation

• GS Paper 2: Global Technological Developments & Their Implications for India

• Prelims: Basic Concepts of Quantum Computing, Interference, Qubits

Linked Topics:

• Quantum Computing

• Quantum Interference & Fourier Transform

• Google’s Sycamore (2019) & Willow (2025) Processors

• Decoded Quantum Interferometry (DQI) Algorithm

• Information Scrambling in Quantum Systems

• India’s National Quantum Mission (2023–2031)

Context:

In October 2025, researchers from Google, MIT, Stanford, and Caltech published

two landmark papers in Nature claiming a verifiable display of quantum

advantage using Google’s new Willow Quantum Processor.

It showed that Willow outperformed the world’s best supercomputers in solving

specific scientific problems, strengthening claims of practical progress in quantum

supremacy.

Curiosity Question:

If quantum computers can process information exponentially faster than

supercomputers, could they one day break encryption systems or revolutionise AI

simulations?



Analytical Overview:

How a Quantum Computer Works:

• Classical computers use bits (0 or 1); quantum computers use qubits — which

can exist in multiple states simultaneously due to superposition.

• Interference is key: wave-like quantum states reinforce correct answers

(constructive interference) and cancel wrong ones (destructive interference).

• Quantum algorithms manipulate this interference to find optimal solutions

efficiently.

Study 1 — The DQI Algorithm:

• Introduced a new Decoded Quantum Interferometry (DQI) algorithm for

optimisation problems.

• Uses a quantum Fourier transform to manipulate wave functions — making

“good” solutions stronger and “bad” ones fade.

• Solved the optimal polynomial intersection problem significantly faster than

any known classical computer method.

Study 2 — Measuring Quantum Scrambling:

• Explored how information spreads (or gets scrambled) across quantum bits.

• Developed an experiment analogous to sound echoes in a warehouse — using

Out-of-Time-Order Correlation (OTOC) measurements to detect how data

disperses through the system.

• This experiment proved Willow could track information scrambling — a

phenomenon crucial in quantum chaos and black hole physics.

Demonstrated Quantum Advantage:

• The quantum circuit task that would take a top supercomputer >3 years was

completed by Willow in ~2 hours.

• This is considered verifiable quantum advantage because results can be cross-

checked by other quantum systems or classical simulations.5



Challenges & Limitations:

• The advantage is problem-specific, not universal.

• No proof yet that classical algorithms can’t catch up.

• Still limited by error correction, decoherence, and scaling issues — stable

thousands of qubits are still years away.

• Applications are prospective, not yet practical for real-world chemistry or AI

problems.

Constitutional / Policy Linkages (India Context):

• National Quantum Mission (NQM), 2023–2031 — ₹6,000 crore initiative to build

1,000-qubit systems by 2031.

• Supports Make in India for advanced computing, with implications for national

security, data encryption, and drug discovery.

• Quantum research aligns with Atmanirbhar Bharat and Digital India goals.

Way Forward / Recommendations:

• Global collaboration to standardise quantum protocols and verification.

• Investment in quantum-safe encryption and post-quantum cryptography.

• Build quantum-ready workforce through higher education reforms.

• Strengthen academic–industry partnerships for algorithmic innovation and error

correction.

• Expand India’s Quantum Research Hubs under NQM.

Prelims Pointers:

• Qubit: Basic unit of quantum information.

• Superposition & Entanglement: Core quantum phenomena.

• Quantum Advantage vs Supremacy:

• Advantage → Quantum computer outperforms classical ones for a

meaningful, verifiable task.



• Supremacy → Quantum computer performs a task no classical computer

can feasibly do.

• OTOC (Out-of-Time-Order Correlator): Metric to study quantum information

scrambling.

• Fourier Transform (Quantum Version): Tool for manipulating wave interference

in quantum algorithms.

• Willow Processor: Google’s 2025 quantum chip demonstrating quantum

advantage.

• Sycamore (2019): Google’s earlier chip claimed unverified “quantum supremacy.”

Mains Keywords:

Quantum Computing • Quantum Advantage • Interference • Qubits • DQI Algorithm •

Information Scrambling • OTOC • Google Willow Processor • CSIR-NEERI •

National Quantum Mission

Mains Practice Question:

Question: “The claim of quantum advantage by Google marks a milestone in

computing history but not yet a revolution.” Discuss.

Dimensions:

• Principle of quantum computation

• Meaning of “quantum advantage”

• Overview of Willow processor experiments

• Challenges in scalability, verification, and application

• India’s preparedness under National Quantum Mission

One Line Takeaway:

Google’s Willow quantum processor marks a verifiable step toward real-world

quantum advantage, but large-scale practical breakthroughs remain years away.


