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Achievements of Indians in science & technology

1. Jagdeesh Chandra Bose’s Contributions:

Plant Physiology: Proved that plants respond to external stimuli similarly to animals.

Crescograph: Invented to precisely measure plant growth and movement.

Radio and Wireless Communication: Pioneered experiments demonstrating the
potential for wireless communication using millimeter waves.

Microwave Research: Showed the existence and properties of millimeter-sized
electromagnetic waves, laying the groundwork for microwave technology used in
telecommunications and radar.

2. C.V. Raman’s Contributions:

* Raman Effect: Discovered in 1928, showing that light changes wavelength when
scattered by matter. This earned him the Nobel Prize in Physics.

* Raman Spectroscopy: An analytical technique based on the Raman Effect, used to
study molecular structures and compositions.

Optics and Acoustics: Conducted significant research on light behavior, including
scattering, diffraction, and sound production in musical instruments.

3. S.N. Bose’s Contributions:
+ Bose-Einstein Statistics: Developed with Albert Einstein, this concept introduced a

new way to count particles in quantum mechanics, leading to the identification of
bosons.

+ Bose-Einstein Condensate (BEC): Predicted by Bose’s work, BEC is a unique state of

matter at extremely low temperatures, where particles occupy the same quantum state.
This discovery has significant implications in quantum physics, including
superconductivity and atom lasers.

4. Homi J. Bhabha’s Contributions:

* Nuclear Physics: Proposed the Bhabha scattering theory, crucial in understanding
cosmic rays and electron-nucleus interactions.
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» TIFR: Founded the Tata Institute of Fundamental Research in 1945, advancing India’s
scientific research.

Indian Nuclear Energy Program: Pioneered the peaceful use of nuclear energy,
establishing the Atomic Energy Commission in 1948.

5. Vikram Sarabhai’s Contributions:

* ISRO Founding: Sarabhai was crucial in establishing the Indian Space Research
Organisation (ISRO) in 1969, propelling India into space exploration.

* India’s Space Program: He initiated India’s space program, focusing on using space
technology for communication, meteorology, remote sensing, and education.

+ Satellite Development: Sarabhai led the development of India’s first satellite,
Aryabhata, launched in 1975.

Promotion of Education: He founded institutions like IIMA, Physical Research
Laboratory, and Community Science Centre to advance scientific education and research
in India.

6. Visvesvaraya’s Contributions:

* Irrigation Projects: Played a key role in designing and implementing major irrigation
projects, including the Krishna Raja Sagara Dam in Karnataka.

* Flood Control: Innovated flood control methods like the automatic sluice gate system
for water management.

+ PWD Reforms: As Chief Engineer, introduced reforms in the Public Works Department,
enhancing project management and infrastructure development.

Education: Contributed to the founding of the Government Engineering College in
Bangalore, now University Visvesvaraya College of Engineering, and served as its
principal.

7. M.S. Swaminathan’s Contributions:

» Green Revolution: Key figure in introducing and implementing the Green Revolution in
India during the 1960s and 1970s.

» High-Yielding Varieties: Developed high-yielding varieties (HYVs) of wheat and rice,
enhancing yield, disease resistance, and adaptability.

« Hybridization: Advanced crop improvement through hybridization, creating enhanced
varieties of rice, maize, and cotton.

Genetic Resource Conservation: Advocated for the conservation of plant genetic
resources, promoting the establishment of gene and seed banks for future research.
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EMERGING TECHNOLOGY
1. Al

Al involves the development of computer systems capable of performing tasks that
typically require human intelligence. It encompasses several subfields, including machine
learning, natural language processing, robotics, and computer vision.

Types of Al:

* Narrow Al: Specialized in specific tasks (e.g., speech recognition, recommendation
systems).

* General Al: A theoretical model that would perform any intellectual task that a human

can.

Applications:

Healthcare: Al assists in diagnostics, personalized treatment, and drug discovery.
Finance: Used for fraud detection, algorithmic trading, and risk management.

Transportation: Al powers autonomous vehicles and traffic management systems.
Manufacturing: Enables predictive maintenance and quality control.

Education: Personalizes learning experiences and automates administrative tasks.

Top Al Use Cases
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Challenges:

» Ethical concerns: Issues like bias, privacy, and decision-making transparency.
* Economic impact: Potential job displacement due to automation.
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Regulation: Need for frameworks to ensure Al is used responsibly and safely.

India & Artificial Intelligence

India has launched several key initiatives to boost Al development:

National Strategy for Al (2018): Provides a roadmap for leveraging Al for economic
and social benefits.

Al for All: Promotes Al education and research.

Responsible Al for Social Empowerment (RAISE): Develops Al solutions for social
good.

Al for Agriculture: Enhances agricultural productivity and farmer welfare.
Responsible Al for Youth: Prepares youth with Al skills and mindset.

Al Centers of Excellence: Established in institutes like IITs for Al R&D.
FutureSkills PRIME: A NASSCOM-MeitY program to reskill IT professionals in Al.

INDIAai: The National Al Portal, serving as a knowledge hub and ecosystem builder.

Way Forward:

1. Ethical Al: Develop Al systems that are transparent, unbiased, and protect privacy.

2. Regulation: Establish global and national regulatory frameworks to ensure safe Al
deployment.

3. Public Awareness: Promote Al literacy to bridge the gap between Al advancements
and public understanding.

4. Inclusive Growth: Ensure Al benefits reach all sections of society, preventing
inequality.

5. Research and Collaboration: Encourage interdisciplinary research and international

cooperation to address Al’'s challenges and harness its full potential.

2. NANO TECHNOLOGY

Nanotechnology involves manipulating matter at the atomic and molecular scale (1-100

nanometers). It spans various fields, including physics, materials science, and

engineering.

Key Concepts:

Bottom-up Approach: Assembling materials from molecular components.
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» Top-down Approach: Creating nano-objects by etching from larger entities.
Historical Milestones:

* 1959: Richard Feynman'’s talk “There’s Plenty of Room at the Bottom.”
* 1981: Scanning tunneling microscope (STM) invented.
* 1980s: Term “nanotechnology” coined by Professor Norio Taniguchi.

Applications:

» Health: Drug delivery, cancer treatment, regenerative medicine.

* Food: Contamination sensors, antimicrobial packaging.

» Electronics: Enhanced computer components, reduced power consumption.
* Energy: Improved solar panels, efficient batteries.

» Textiles: Stain-resistant fabrics.

+ Environment: Pollution control, clean water, soil and air monitoring.

» Transport: Lighter, efficient vehicles; infrastructure monitoring.

+ Space: Stronger, lighter materials for spacecraft.

» Agriculture: Precision farming, enhanced crop treatment.
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Techniques:

» Atomic Force Microscopy (AFM): High-resolution imaging and force measurement.
+ Dip Pen Nanolithography (DPN): Patterning at nanoscale using AFM tips.
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Emerging Fields:

Tissue Nano-transfection (TNT): Gene delivery using nanoscale devices for tissue
repair.

3. HYDROGEN FUEL

Hydrogen fuel is an alternative energy source that uses hydrogen gas (H,) as a clean and
efficient fuel for power generation.

Key Concepts:

* Production Methods:
» Electrolysis: Splitting water into hydrogen and oxygen using electricity.
» Steam Reforming: Extracting hydrogen from natural gas.
+ Gasification: Producing hydrogen from coal or biomass.
» Storage Methods:
+ Compressed Hydrogen: Stored at high pressure in tanks.
* Liquid Hydrogen: Stored at extremely low temperatures.
* Metal Hydrides: Hydrogen absorbed in metal alloys.
* Fuel Cells: Convert hydrogen directly into electricity, with water as the only byproduct.

Historical Milestones:

* 1800s: Hydrogen first used in balloons and as a fuel.
* 1960s: Development of hydrogen fuel cells for space missions.
» 2000s: Increased focus on hydrogen as a clean energy solution.

Applications:

» Transportation: Hydrogen-powered vehicles, including cars, buses, and trucks.

» Power Generation: Backup power systems, and large-scale energy production.

* Industry: Hydrogen used in refining, ammonia production, and as a feedstock for
chemicals.
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Advantages:

+ Zero Emissions: Only water vapor is produced, making it environmentally friendly.
» High Efficiency: Fuel cells convert hydrogen to electricity with high efficiency.

Challenges:

* Infrastructure: Limited refueling stations and production facilities.
+ Cost: High production and storage costs.
* Energy Density: Lower energy density compared to fossil fuels.

Emerging Trends:

* Green Hydrogen: Produced using renewable energy sources, reducing carbon
footprint.
* Hydrogen Blending: Mixing hydrogen with natural gas for cleaner energy.

Recent Developments:

* Hydrogen Economy: Increasing investment in hydrogen infrastructure and technology.
Fuel Cell Technology: Advances in making fuel cells more efficient and cost-effective.

Current Initiatives:

1. National Hydrogen Mission (2021): Launched to promote hydrogen as a key
component in achieving energy security and climate goals. It aims to make India a
global leader in hydrogen production and technology.

2. Hydrogen Energy Roadmap: Focuses on developing hydrogen production
technologies, infrastructure, and market frameworks.

3. Green Hydrogen Projects: Investment in projects to produce hydrogen using
renewable energy sources, such as wind and solar power.

4. Fuel Cell Vehicles (FCVs): Promotion of hydrogen-powered vehicles through
subsidies and support for research and development.

5. Hydrogen Refueling Infrastructure: Development of refueling stations and support
for infrastructure expansion.
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6.

Research and Development: Funding and supporting R&D in hydrogen
technologies, including production, storage, and fuel cells.

International Collaboration: Engaging in partnerships with countries like Japan,
Germany, and the USA for technology transfer and joint projects.

Way Forward:

. Scaling Up Production: Increase investment in green hydrogen production facilities

and technologies to reduce costs and improve scalability.

Infrastructure Development: Expand hydrogen refueling infrastructure and storage
solutions to support the growth of hydrogen-powered vehicles and industries.
Policy Support: Implement supportive policies and incentives to drive adoption and
innovation in the hydrogen sector.

Public-Private Partnerships: Foster collaboration between government, industry,
and academia to accelerate development and commercialization of hydrogen
technologies.

Technology Improvement: Invest in advanced research to enhance efficiency,
reduce costs, and overcome technical challenges in hydrogen production and fuel
cells.

Market Development: Create a market for hydrogen through pilot projects, subsidies,
and integration into existing energy systems.

4. BLOCKCHAIN

What It Is:

Definition: A decentralized, distributed ledger technology that records transactions
across multiple computers in a secure and transparent manner.

Structure: Consists of a chain of blocks, each containing a set of transactions. Once
added, data in a block cannot be altered.
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HOW BLOCKCHAIN WORKS
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Cryptocurrencies: Underpins digital currencies like Bitcoin and Ethereum.
Supply Chain Management: Enhances transparency and traceability of goods.
Smart Contracts: Self-executing contracts with terms directly written into code.
Voting Systems: Secures and verifies votes to prevent tampering.

Healthcare: Manages patient records securely and transparently.

Challenges:

. Scalability: Limited transaction speed and volume due to network congestion.

Energy Consumption: High energy use for maintaining blockchain networks,
particularly in proof-of-work systems.

Regulation: Lack of standardized regulations and legal frameworks.
Security: Vulnerabilities and potential for attacks, such as 51% attacks.
Complexity: Technical complexity and the need for specialized skills.

Way Forward for India:

1.

Regulatory Framework: Develop clear regulations to support and govern blockchain
applications.
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2. Infrastructure Investment: Build robust infrastructure to support blockchain
adoption.

3. R&D Support: Promote research and development in blockchain technologies.

4. Skill Development: Enhance education and training programs related to blockchain.

5. Public Sector Adoption: Encourage blockchain use in government services and
public administration.

Steps Taken:

1. National Strategy on Blockchain: India is formulating a strategy to explore and
adopt blockchain technology.

2. Blockchain Pilots: Government and private sector pilot projects in areas like supply
chain and financial services.

3. Partnerships: Collaborations with international organizations and companies to

leverage blockchain expertise.

Regulatory Discussions: Ongoing discussions to establish a legal framework for
cryptocurrencies and blockchain applications.

5. BIOTECHNOLOGY

What It Is:

Definition: Biotechnology is the use of living organisms, cells, and biological systems
to develop products and technologies for various applications.

Types: Includes genetic engineering, fermentation technology, cell culture, and
molecular biology.

Applications:

1.

2.

Healthcare:

* Genetic Engineering: Producing insulin, vaccines, and gene therapy.

» Diagnostics: Development of advanced diagnostic tools and techniques.

* Regenerative Medicine: Stem cell therapy and tissue engineering.

Agriculture:

* Genetically Modified Crops: Enhancing crop yield, resistance to pests, and
nutritional content.
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» Biofertilizers and Biopesticides: Reducing chemical inputs and improving soil
health.
3. Industry:
* Bioprocessing: Using microorganisms to produce chemicals, biofuels, and
materials.
* Bioremediation: Cleaning up pollutants using microbes.
4. Environment:
+ Waste Management: Utilizing microbes to degrade waste and contaminants.
» Sustainable Practices: Developing eco-friendly technologies and products.

Challenges for India:

1. Infrastructure: Inadequate facilities for research, development, and
commercialization.

Regulation: Lack of clear regulatory frameworks and approval processes.
Funding: Limited financial support for biotech startups and research.
Talent Gap: Shortage of skilled professionals in advanced biotech fields.
Public Perception: Concerns about GMOs and biotechnology applications.

SR cO )

Steps Taken by India:

1. Biotechnology Strategy: Implementation of the National Biotechnology Development
Strategy to promote growth and innovation.

2. Research and Development: Establishment of institutions like the Department of
Biotechnology (DBT) and the Biotechnology Industry Research Assistance Council
(BIRAC) to support R&D.

3. Funding Programs: Introduction of funding schemes and grants for biotech research
and startups.

4. Regulatory Framework: Development of guidelines and policies for biotech products
and GMOs.

5. Public-Private Partnerships: Collaborations between government, academia, and
industry to drive innovation and application.

Way Forward:

1. Strengthen Infrastructure: Invest in state-of-the-art research facilities and biotech
hubs.
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2.

Enhance Regulation: Develop comprehensive and transparent regulatory
frameworks for biotech products and processes.

Boost Funding: Increase financial support for biotech research and startups through
grants and incentives.

Develop Talent: Expand education and training programs to build a skilled biotech
workforce.

Public Awareness: Improve public understanding and acceptance of biotechnology
through education and communication.

5. GM CROPS

What They Are:

Definition: GM crops are plants whose DNA has been altered using genetic
engineering techniques to introduce desired traits.

Purpose: To enhance crop yield, improve resistance to pests and diseases, and
increase nutritional value.

Applications:

. Increased Yield: Development of crops with higher productivity and improved growth

characteristics.

Pest and Disease Resistance: Crops engineered to resist specific pests and
diseases, reducing the need for chemical pesticides.

Herbicide Tolerance: Crops modified to withstand herbicides, allowing for easier
weed control.

. Nutritional Enhancement: Enrichment of crops with additional nutrients, such as

vitamin A in Golden Rice.
Stress Tolerance: Crops designed to tolerate environmental stresses like drought
and salinity.

Challenges for India:

. Regulatory Hurdles: Complex and evolving regulatory processes for the approval of

GM crops.
Public Concerns: Safety and ethical concerns among consumers and activists
regarding GM foods.
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3. Biodiversity: Potential impact on non-target species and ecosystem biodiversity.

4. Market Access: Limited market acceptance and export restrictions due to GM crop
regulations in other countries.

5. Intellectual Property: Issues related to patenting and seed ownership affecting
farmers.

Steps Taken by India:

1. Regulatory Framework: Implementation of the Genetic Engineering Appraisal
Committee (GEAC) for overseeing GM crop approvals.

2. Research and Development: Support for R&D through institutions like the Indian
Council of Agricultural Research (ICAR) and other research organizations.

3. Field Trials: Conducting field trials for GM crops to assess their safety and
performance.

4. Public Dialogue: Initiatives to engage with stakeholders and address public concerns
about GM crops.

5. GM Crop Regulations: Development of guidelines and regulations to ensure the safe
and ethical use of GM crops.

Way Forward:

1. Streamline Regulations: Simplify and clarify regulatory processes to accelerate the
approval of GM crops.

2. Enhance Public Awareness: Improve public education on the benefits and safety of
GM crops to address concerns.

3. Support R&D: Increase funding and support for research on GM crops to address
local agricultural challenges.

4. Monitor and Evaluate: Implement robust monitoring systems to assess the impact of
GM crops on health and the environment.

Promote International Cooperation: Collaborate with international organizations to
harmonize regulations and access global markets.

6. SPACE SECTOR

he space sector encompasses all activities related to space exploration, satellite
technology, space science, and space applications.
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» Key Organizations: Indian Space Research Organisation (ISRO) is the primary
agency responsible for space missions and satellite development.

Latest Achievements:

1. Chandrayaan-3 (2023):
» Mission: India’s third lunar exploration mission aimed at landing on the Moon’s
south pole.
» Outcome: Successfully achieved a soft landing on the lunar surface, making India
the first country to land in this region. It included a lander, rover, and an orbiter.
 Significance: Demonstrated India’s advanced space capabilities and provided
valuable data on the lunar surface.
2. Gaganyaan Mission:
+ Objective: India’s human spaceflight program aimed at sending Indian astronauts
into space.
* Progress: Testing of various components and systems, with planned crewed
missions expected in the near future.
3. Mars Orbiter Mission (Mangalyaan):
» Achievement: First successful mission to Mars by an Asian country in 2014. It
continues to provide valuable data on Martian atmosphere and surface.
4. NaviC:
+ System: India’s regional satellite navigation system, providing accurate position
information services across the Indian region.
5. GSAT-30:
» Satellite: Launched in January 2020, it provides services in various communication
sectors including television broadcasting, telecommunication, and satellite-based
internet services.

Challenges for India:

1. Funding: High costs of space missions and need for sustained financial investment.

2. Technology Gaps: Keeping pace with advancements in space technology and
innovation.

3. Regulatory Issues: Developing clear policies and regulations for space activities and
private sector involvement.

4. Infrastructure: Need for upgraded facilities and launch capabilities to support
growing space activities.
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5. International Competition: Navigating the competitive global space landscape and
ensuring access to space resources.

Steps Taken by India:

1. National Space Policy: Development of a comprehensive space policy to guide
future space activities and collaborations.

2. Commercialization: Promotion of private sector participation in space missions
through the NewSpace India Limited (NSIL) and encouraging space startups.

3. International Collaboration: Partnerships with other space agencies and countries
for joint missions and research.

4. Infrastructure Development: Upgrading launch facilities and establishing new
spaceports.

5. Research and Innovation: Investment in cutting-edge technologies and space
research to stay at the forefront of space exploration.

Way Forward:

1. Increase Funding: Enhance budget allocation for space missions and infrastructure
development.

2. Strengthen Regulations: Develop and implement clear regulations to facilitate
private sector participation and international cooperation.

3. Advance Technology: Invest in research and development to innovate and advance
space technologies.

4. Expand International Collaboration: Build and strengthen partnerships with global
space agencies and research institutions.

Promote Education and Talent: Support education and training programs to develop a
skilled workforce for the space sector.




