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Space Technology 

 

(Indian Space Programmes)  
 

1. Proba ς 3 Mission 
The Proba-3 mission, a joint venture between ESA and ISRO, marks a milestone in space 
technology. It was launched from Sriharikota, India. 
 
About Proba-3 Mission: 
¶ Agency Involved: 

o Led by the European Space Agency (ESA). 
o Launch facilitated by ISRO under its commercial arm, NewSpace India Ltd (NSIL). 

¶ Full Form: 
o Proba-3: "Project for Onboard Autonomy." 

¶ Aim: 
o To demonstrate high-precision formation flying in space. 
o ¢ƻ ǎǘǳŘȅ ǘƘŜ {ǳƴΩǎ ŎƻǊƻƴŀ ŀƴŘ ƛǘǎ ƛƴŦƭǳŜƴŎŜ ƻƴ ǎǇŀŎŜ ǿŜŀǘƘŜǊΦ 

¶ Features: 
o Two Spacecraft: Coronagraph and Occulter designed for tandem operation. 
o Formation Flying: Precision down to the millimeter to create artificial solar eclipses. 
o Scientific Goals: Advanced study of the solar corona and its impact on Earth. 
o Solar Eclipses on Demand: Allowing extended observation periods for solar 

phenomena. 
¶ India's Role: 

o Providing the PSLV-XL launch vehicle, renowned for reliability and payload capacity. 
o Managing satellite deployment and mission execution. 
o 9ƴƘŀƴŎƛƴƎ ŜȄǇŜǊǘƛǎŜ ƛƴ ǎƻƭŀǊ ǎŎƛŜƴŎŜ ŦƻƭƭƻǿƛƴƎ L{whΩǎ !Řƛǘȅŀ-L1 mission. 

 
Proba-3 is set to create artificial solar eclipses for extended Sun corona studies using precise 
formation flying. 

 
What is an Artificial Solar Eclipse? 
¶ Definition: An artificial solar eclipse mimics the natural phenomenon where the moon blocks 
ǎǳƴƭƛƎƘǘΣ ŀƭƭƻǿƛƴƎ ŘŜǘŀƛƭŜŘ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ {ǳƴΩǎ ŎƻǊƻƴŀΦ 

¶ Created By: ¢ǿƻ ǎŀǘŜƭƭƛǘŜǎ ŀƭƛƎƴ ǘƻ ōƭƻŎƪ ǘƘŜ {ǳƴΩǎ ƭƛƎƘǘΣ ŎǊŜŀǘƛƴƎ ŀ ŎƻƴǘǊƻƭƭŜŘ ǎƘŀŘƻǿ ŦƻǊ 
scientific study. 

¶ Purpose: ¢ƻ ƻōǎŜǊǾŜ ǘƘŜ {ǳƴΩǎ ŎƻǊƻƴŀ ŀƴŘ ǎǘǳŘȅ ǇƘŜƴƻƳŜƴŀ ǎǳŎƘ ŀǎ ǿƘȅ ƛǘ ƛǎ ƘƻǘǘŜǊ ǘƘŀƴ ǘƘŜ 
{ǳƴΩǎ ǎǳǊŦŀŎŜΦ 

How Artificial Solar Eclipse Works 
¶ Satellite Pair: Two satellites τ the Coronagraph Spacecraft (CSC) and the Occulter (OSC) τ 

maintain precise alignment to simulate an eclipse. 
¶ Shadow Creation: The Occulter spacecraft casts a shadow onto the Coronagraph spacecraft, 

mimicking the moon's role in a natural eclipse. 
¶ Precision: Millimetres-level accuracy ensures a consistent eclipse for up to six hours per orbit. 
 
Significance of Artificial Solar Eclipse 
¶ Extended Observations: 9ƴŀōƭŜǎ ǎǘǳŘȅƛƴƎ ǘƘŜ {ǳƴΩǎ ŎƻǊƻƴŀ ŦƻǊ ƘƻǳǊǎΣ ǳƴƭƛƪŜ ƴŀǘǳǊŀƭ ŜŎƭƛǇǎŜǎΣ 

which last only minutes. 
¶ Space Weather Predictions: Helps predict geomagnetic storms and mitigate disruptions to 

satellites and Earth-based systems. 
¶ Scientific Insight: Unveils the mysteries of the corona, including its temperature anomaly and 

solar flares. 
 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2023/01/19/startups-are-powering-indias-space-odyssey-2-0/
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What is Precise Formation Flying (PFF) Technology? 
¶ Definition: A technology that enables satellites to maintain an exact position and orientation 

relative to each other in orbit. 
¶ Mechanism: Uses GPS, inter-satellite radio links, and automated control systems for 

alignment. 
¶ Implementation in Proba-3: The satellites stay 150 meters apart, maintaining millimetre-level 

precision to simulate an eclipse. 
¶ Benefits: Enhances mission accuracy and provides a platform for advanced observational 

techniques. 
 

2. Human Rated Launch Vehicle Mark-3 (HLVM-3) 
¶ What it is: HLVM-3 is a human-rated version of ISRO's LVM3 ŘŜǎƛƎƴŜŘ ŦƻǊ LƴŘƛŀΩǎ DŀƎŀƴȅŀŀƴ 

mission to carry humans to space. 
¶ Aim: To enable safe human spaceflight by incorporating advanced reliability and safety 

features. 
¶ Features: 

o Three-Stage Design: Combines solid, liquid, and cryogenic stages. 
o Payload Capacity: Carries 10 tonnes to Low Earth Orbit (LEO). 
o Height and Weight: 53 meters tall, weighing 640 tonnes. 
o Crew Escape System (CES): Operational until atmospheric flight separation, ensuring 

astronaut safety. 
¶ How It Differs from Other ISRO Launch Vehicles: 

o Human-Rated: Enhanced reliability and redundant systems tailored for human safety. 
o Crew Escape System: Specific to manned missions, absent in other vehicles. 
o Payload and Design: Optimized for carrying the crew module with life-support 

systems, unlike PSLV or GSLV. 
o Precursor for BAS: Provides data and technology critical for Bharatiya Antariksh 

Station development. 
 

3. SpaDeX mission 
¶ What it is: SpaDeX (Space Docking Experiment) is a cost-effective technology demonstrator by 

ISRO for in-space docking of two small spacecraft. 
¶ Launch vehicle: PSLV-C60 will carry two spacecraft (Chaser: SDX01 and Target: SDX02) into 

low Earth orbit (470 km). 
¶ Objectives: 

o Primary: 
Á Demonstrate rendezvous, docking, and undocking of two spacecraft. 

o Secondary: 
Á Transfer electric power between docked spacecraft for future robotic 

applications. 
Á Composite spacecraft control and post-docking payload operations. 

¶ New Technologies: 
o Docking Mechanism: Low-impact androgynous docking system with two motors. 
o Sensor Suite: Advanced sensors like Laser Range Finder (LRF), Proximity and Docking 

Sensor (PDS), and video monitors for precise docking. 
o RODP Processor: GNSS-based system for accurate inter-satellite position and velocity 

determination. 
o ISL Communication: Autonomous inter-satellite link for communication and real-time 

state sharing. 
¶ Significance of Mission: 

o Technological Milestone: Positions India as the fourth country to develop space 
docking technology. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2024/11/06/proba-3-space-satellite/
https://www.insightsonindia.com/2024/03/01/indias-gaganyaan-mission/
https://www.insightsonindia.com/2024/10/26/isro-dbt-agreement/
https://www.insightsonindia.com/2024/10/08/isro-third-launch-pad/
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o Space Exploration: Paves the way for Chandrayaan-4, space stations, and sample 

return missions. 
o Cost-Effective Innovation: Develops indigenous, scalable solutions for complex space 

operations. 
o Global Collaboration: Adopts standards similar to the International Docking System, 

fostering future international cooperation. 
 

4. Analog Space Mission 
The Indian Space Research Organisation 
όL{whύ Ƙŀǎ ƭŀǳƴŎƘŜŘ LƴŘƛŀΩǎ ŦƛǊǎǘ ŀƴŀƭƻƎ 
space mission in Leh, Ladakh. 

 
About Analog Space Mission:  
¶ Objective: Simulate interplanetary 

habitat conditions to assess the 
feasibility of a sustainable 
extraterrestrial base. 

¶ Significance of location: [ŀŘŀƪƘΩǎ 
isolation, dry climate, and high-
altitude, barren terrain provide Mars- and Moon-like conditions, making it ideal for analog 
simulations. 

¶ Collaborative effort: [ŜŘ ōȅ L{whΩǎ IǳƳŀƴ {ǇŀŎŜŦƭƛƎƘǘ /ŜƴǘǊŜ ǿƛǘƘ ǇŀǊǘƴŜǊǎ ƛƴŎƭǳŘƛƴƎ !!Y! 
Space Studio, the University of Ladakh, and IIT Bombay. 

¶ Key benefits: Supports Gaganyaan and other future space missions by testing life-support 
technologies, habitat feasibility, communication systems, and behavior in isolated conditions. 

¶ International context: Analog missions, also conducted by NASA, simulate space conditions 
on Earth to evaluate human and robotic responses, technology, and operational dynamics 
essential for deep-space missions. 

 

5. Visible Emission Line Coronagraph 
Scientists from the Indian Institute of Astrophysics (IIA) in Bengaluru have reported initial 
significant observations from the Visible Emission Line Coronagraph (VELC) onboard ADITYA-L1, 
LƴŘƛŀΩǎ ŦƛǊǎǘ ǎƻƭŀǊ Ƴƛǎǎƛƻƴ ƭŀǳƴŎƘŜŘ ōȅ L{whΦ 

 
About Recent Observation: 
¶ The VELC on ADITYA-L1 successfully captured and precisely estimated the onset time of a 

Coronal Mass Ejection (CME) that erupted from the Sun on July 16, marking the first scientific 
ǊŜǎǳƭǘ ŦǊƻƳ LƴŘƛŀΩǎ ǎƻƭŀǊ ƳƛǎǎƛƻƴΦ 

¶ ¢ƘŜ ±9[/Ωǎ ǳƴƛǉǳŜ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƭƭƻǿŜŘ ǎŎƛŜƴǘƛǎǘǎ ǘƻ ƻōǎŜǊǾŜ ǘƘŜ /a9 ŎƭƻǎŜ ǘƻ ǘƘŜ {ǳƴΩǎ 
surface, a breakthrough as such observations are typically visible only at a greater distance 
from the Sun. 

About Visible Emission Line Coronagraph (VELC) on ADITYA-L1: 
¶ Purpose: To observe the solar corona and study Coronal Mass Ejections (CMEs) and the solar 

wind. 
¶ Structure: Comprises a coronagraph, spectrograph, polarimetry module, and detectors with 

auxiliary optics. 
¶ Capabilities: Enables simultaneous imaging, spectroscopy, and spectro-polarimetry near the 
{ǳƴΩǎ ǎǳǊŦŀŎŜΦ 

¶ Built by: Indian Institute of Astrophysics (IIA), CREST campus, Hosakote, Karnataka, in 
collaboration with ISRO. 

¶ Functionality: Offers continuous monitoring of the solar corona, providing critical data for 
understanding solar activities and modeling CMEs, especially as the Sun reaches the peak of 
Solar Cycle 25. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2023/08/24/isro-and-chandrayaan-3-mission/
https://www.insightsonindia.com/2024/10/26/isro-dbt-agreement/
https://www.insightsonindia.com/2024/03/01/indias-gaganyaan-mission/
https://www.insightsonindia.com/2024/06/13/isros-aditya-l1-mission/
https://www.insightsonindia.com/2024/07/05/aditya-l1-mission-4/
https://www.insightsonindia.com/2022/03/15/coronal-mass-ejections/#:~:text=Coronal%20Mass%20Ejections%20(CMEs)%20are,magnetic%20field%20(IMF)%20strength.
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6. Venus Orbiter Mission 
¶ Launch year: Scheduled for March 2028. 

¶ Aim: The mission aims to study Venus' atmosphere, surface, and solar interactions. Key 
ƻōƧŜŎǘƛǾŜǎ ƛƴŎƭǳŘŜ ƳŀǇǇƛƴƎ ±ŜƴǳǎΩ ǘƻǇƻƎǊŀǇƘȅΣ ŀƴŀƭȅȊƛƴƎ ŀǘƳƻǎǇƘŜǊƛŎ ŎƻƳǇƻǎƛǘƛƻƴΣ ǎǘǳŘȅƛƴƎ 
solar X-rays, and examining subsurface characteristics. 

¶ Launch vehicle: Launch Vehicle Mark-3 (LVM-3) 

¶ Targeted window: Earth departure date is scheduled on March 29, 2028, and the arrival date 
on Venus is July 19, 2028 

¶ Features: 
o 19 payloads (16 Indian, 2 Indian-international, 1 international). 
o Aerobraking technique to achieve a low-altitude science orbit (200x600 km). 
o Five-year scientific exploration period post-orbit insertion. 

 
Other Missions Related to Venus 

¶ Past missions: 
o Venera Series (1961-1984): Soviet Union's series of successful Venus missions 

including flybys, orbiters, landers, and balloons. 
o Pioneer Venus (1978): NASA mission studying Venus' atmosphere, cloud structure, 

and surface using radar. 
o Magellan (1989): NASA mission mapping Venus' surface using radar imaging. 
o Akatsuki (2010): W!·! Ƴƛǎǎƛƻƴ ǎǘǳŘȅƛƴƎ ±ŜƴǳǎΩ ŀǘƳƻǎǇƘŜǊƛŎ ŎƛǊŎǳƭŀǘƛƻƴΦ 

¶ Future missions: 
o VERITAS (2026): NASA radar mission to map Venus' geology. 
o DAVINCI (2026): NASA mission to study Venus' atmosphere. 
o EnVision (2030s): ESA radar mission mapping Venus' surface. 

 

7. ISRO third launch pad 
ISRO is expanding its space capabilities by establishing a third launch pad at Sriharikota, aiming to 
support new technologies like the New Generation Launch Vehicle (NGLV), while enhancing 
redundancy for critical missions and future space endeavors. 
 
Existing launch pads in India: 

1. First launch pad (FLP): Designed for PSLV missions; located at Sriharikota, Andhra 
Pradesh. 

2. Second launch pad (SLP): Supports GSLV and LVM-3 missions; also situated at Sriharikota, 
Andhra Pradesh. 

 
Key features of the third launch pad 
1. Redundancy: Acts as a backup to ensure uninterrupted GSLV launches if issues arise with the 

second launch pad. 
2. Horizontal integration for NGLV: Designed for horizontal assembly of the NGLV, focusing on 

liquid engine boosters, enhancing assembly efficiency. 
3. Increased payload capacity: {ǳǇǇƻǊǘǎ bD[±Ωǎ ƘƛƎƘŜǊ ǇŀȅƭƻŀŘǎ τ 20 tonnes to LEO and 9 

tonnes to GTO, up from current vehicle capabilities. 
Integrated stage testing: Will include stage testing facilities directly at the pad, unlike previous 
setups at Mahendragiri, streamlining operations. 
 

8. ISRO-DBT Agreement 
The Indian Space Research Organisation (ISRO) and the Department of Biotechnology (DBT) have 
joined forces to develop bio-ŜȄǇŜǊƛƳŜƴǘǎ ŦƻǊ ǘƘŜ .ƘŀǊŀǘƛȅŀ !ƴǘŀǊƛƪǎƘ {ǘŀǘƛƻƴ ό.!{ύΣ LƴŘƛŀΩǎ 
planned indigenous space station. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/science-technology/biotechnology/ethanol-blending-programme-in-india/
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ISRO-DBT agreement highlights: 
¶ Purpose: To design biological experiments for BAS and the Gaganyaan mission. 
¶ Areas of Research: 

o Impact of weightlessness on muscle health. 
o Algae studies for nutrient-rich, long-lasting food sources and biofuel production. 
o Effects of space radiation on astronaut health. 

¶ BioE3 (Biotechnology for Economy, Environment and Employment) initiative: Aligns with 
DBT's policy to promote bio-manufacturing in India, focusing on health, bio-pharma, 
regenerative medicine, and biotechnology for waste management. 

About BioE3 (Biotechnology for Economy, Environment, and Employment) Policy: 
¶ Objective: Led by the Department of Biotechnology, the BioE3 policy promotes high-

performance biomanufacturing in India to support advancements in biotechnology 
across various sectors. 

¶ Focus areas: 
o High-value bio-based products: Encourages the production of bio-based 

chemicals, biopolymers, enzymes, and smart proteins. 
o Climate-resilient agriculture & carbon capture: Aims to strengthen 

agricultural practices that can withstand climate change impacts and utilize 
carbon capture for sustainable growth. 

o Healthcare and nutrition: Focuses on precision biotherapeutics, functional 
foods, and regenerative medicine to improve healthcare outcomes. 

o Marine and space biotechnology: Encourages innovations in marine and 
space research to broaden biotechnology applications. 

¶ Innovation and entrepreneurship: Supports R&D-driven entrepreneurship through 
the establishment of bio-manufacturing hubs, bio-AI centers, and biofoundries. 

¶ Employment growth: By expanding bioeconomy sectors, the policy aims to create a 
skilled workforce, generating new jobs and promoting green growth. 

 
About Bharatiya Antariksh Station (BAS): 

¶ Orbit: Planned at 400 km above Earth. 

¶ Timeline: Initial module launches by 2028; complete expansion by 2035. 

¶ Capacity: Designed for 15ς20-day missions in orbit. 

¶ Structure: Comprises a command module, habitat module, propulsion systems, and 
docking ports. 

 

9. Electric Propulsion Satellite 
To make its satellites lighter in future, ISRO launched its first home-grown electric propulsion-led 
spacecraft, Technology Demonstrator Satellite (TDS-1). 
¶ This technology shift aims to reduce the weight of satellites by substituting chemical fuel 

with electric propulsion, allowing for a more efficient journey to geostationary orbit.  
 

About Electric Propulsion Satellite (TDS-1): 
¶ Purpose: To demonstrate electric propulsion technology for steering satellites using solar-

powered ionized gas, reducing reliance on chemical fuel. 
¶ Benefits: Cuts down satellite mass drastically by minimizing fuel needs; a four-tonne satellite 

can be reduced to around two tonnes. 
¶ Technology: Utilizes gases like Argon as fuel, which are ionized using solar power to create 

propulsion. 
¶ Historical use: First incorporated in GSAT-9 (South Asia Satellite) in 2017 with imported 

Russian components. 
¶ Significance: aŀǊƪǎ ŀ ǎǘŜǇ ǘƻǿŀǊŘǎ LƴŘƛŀΩǎ ǎǇŀŎŜ ŀǳǘƻƴƻƳȅΣ ŀǎ ǘƘƛǎ 9t{ ƛǎ Ŧǳƭƭȅ ŘŜǾŜƭƻǇŜŘ 

domestically by ISRO. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2024/09/05/centres-bioe3-policy-harnessing-biotechnology-for-economic-development/#:~:text=Context%3A%20The%20recently%20launched%20BioE3,to%20mimic%20natural%20biological%20systems.
https://www.insightsonindia.com/2024/09/20/bharatiya-antariksh-station/
https://www.isro.gov.in/GSAT_9.html
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10. Chandrayaan-4 mission 
The Union Cabinet has approved the Chandrayaan-4 mission, aimed at demonstrating 
technologies for returning to Earth after landing on the Moon and collecting lunar samples for 
analysis.  
 
This mission follows Chandrayaan-3 and will help develop key technologies for a future Indian 
lunar landing by 2040. The project will be led by ISRO, with strong involvement from industry and 
academia, and is expected to be completed within 36 months. The mission supports India's 
broader space vision, including plans for an Indian Space Station by 2035. 
 
IƛǎǘƻǊƛŎŀƭ ƻǾŜǊǾƛŜǿ ƻŦ L{whΩǎ ƳŀƧƻǊ ǇǊƻƎǊŀƳǎ ς satellites, launch vehicles, and planetary 
exploration: 

Program Key Achievements 

Satellite Programs 

Aryabhata (1975) Marked LƴŘƛŀΩǎ ŜƴǘǊȅ ƛƴǘƻ ǎǇŀŎŜ ŜǊŀΤ ŎƻƴŘǳŎǘŜŘ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ ·-ray 
astronomy, aeronomics, and solar physics. 

Bhaskar-1 & 
Bhaskar-2 

Experimental remote-sensing satellites laying the groundwork for 
Indian Remote Sensing (IRS) Satellite system. 

IRS-1A (1988) Launched Earth Observation spacecraft aiding land-based applications 
like agriculture, forestry, etc. 

INSAT Series Initiated communication revolution, providing nationwide 
connectivity, broadcasting, meteorological info, etc. 

IRNSS (NavIC) 
(2013) 

Started for terrestrial, aerial, marine navigation, location-based 
services, etc. 

Launch Vehicle Programs 

1963 Nike Apache Lƴƛǘƛŀƭ ǊƻŎƪŜǘ ƭŀǳƴŎƘΤ ΨǎƻǳƴŘƛƴƎ ǊƻŎƪŜǘΩ ŜȄǇŜǊƛƳŜƴǘΦ 

SLV-3 (1980) LƴŘƛŀΩǎ ŦƛǊǎǘ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜΤ ŜƴǘǊȅ ƛƴǘƻ ǎǇŀŎŜ-faring nations. 

PSLV Reliable and versatile workhorse; enabled critical space missions. 

GSLV !ŘŘǊŜǎǎŜŘ t{[±Ωǎ ƭƛƳƛǘŀǘƛƻƴǎΤ ƛƴǘǊƻŘǳŎŜŘ ŎǊȅƻƎŜƴƛŎ ŜƴƎƛƴŜǎΦ 

GSLV Mk-III Heaviest launch vehicle; used for Chandrayaan-2 and Chandrayaan-3 
missions. 

Planetary Exploration 

Chandrayaan-1 
(2008) 

Detected water on the Moon; the fifth country to reach the lunar 
surface. 

Mangalyaan 
(2013) 

First interplanetary mission; reached Mars orbit, showcasing 
interplanetary technology. 

Chandrayaan-
2 (2019) 

!ƛƳŜŘ ŦƻǊ ƭǳƴŀǊ ŜȄǇƭƻǊŀǘƛƻƴ ōǳǘ ŦŀŎŜŘ ŀ ǎŜǘōŀŎƪ ǿƛǘƘ ǘƘŜ ƭŀƴŘŜǊΩǎ ǎƻŦǘ 
landing. 

Chandrayaan-3 
(2023) 

!ŎƘƛŜǾŜŘ ŀ ǎǳŎŎŜǎǎŦǳƭ ǎƻŦǘ ƭŀƴŘƛƴƎ ƻƴ ǘƘŜ aƻƻƴΣ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ LƴŘƛŀΩǎ 
lunar capabilities. 

 

 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2023/07/11/chandrayaan-3-3/
https://www.insightsonindia.com/2023/08/24/isro-and-chandrayaan-3-mission/#:~:text=Context%3A%20The%20Chandrayaan%2D3%20mission's,launch%20vehicles%2C%20and%20planetary%20exploration.
https://www.insightsonindia.com/2023/05/29/navic-satellite-why-a-regional-navigation-system-matters-to-india/
https://www.insightsonindia.com/science-technology/space-technology/satellite-launching-vehicles/
https://www.insightsonindia.com/2021/09/11/findings-of-chandrayaan-2/
https://www.insightsonindia.com/2021/09/11/findings-of-chandrayaan-2/
https://www.insightsonindia.com/wp-content/uploads/2023/08/Chandrayaan-3-mission-1.png
https://www.insightsonindia.com/wp-content/uploads/2023/08/Chandrayaan-3-mission.png


 

www.insightsonindia.com                                                          11                                                                      InsightsIAS 

INSIGHTS PT 2025 EXCLUSIVE (SCIENCE & TECHNOLOGY) 

NOTES 

 
 
Significance of the Chandrayaan-4 mission for India:  
1. Technological Advancement: Demonstrates India's capability to return safely from the Moon 

after landing. 
2. Lunar Sample Collection: First mission to bring back samples from the Moon for scientific 

analysis. 
3. Foundation for Manned Missions: Lays groundwork for a future manned lunar mission by 

2040. 
4. Indigenous Development: Enhances self-reliance in critical space technologies. 
5. Boost to Space Industry: Involves Indian industries, generating employment and technology 

spin-offs. 
6. Global Space Leadership: Strengthens India's position among elite spacefaring nations. 
 

11. Elemental Abundance Measurements of Lunar Soil 
The Alpha Particle X-ray Spectrometer (APXS) on the Pragyan Rover of the Chandrayaan-3 
mission has provided the first in-situ elemental abundance measurements of lunar soil in the 
South Polar Region of the Moon.  

¶ Conducted by scientists from the Physical Research Laboratory (PRL) and ISRO, these 
measurements support the Lunar Magma Ocean (LMO) hypothesis, which suggests that the 
Moon's primordial crust formed as lighter minerals floated to the surface. 

¶ APXS detected higher levels of magnesium-rich minerals, indicating contributions from 
deeper lunar layers, likely due to material ejected during the formation of the South Pole-
Aitken (SPA) basin.  

¶ The data showed that the lunar soil is a mix of two rock types: Ferroan Anorthosite (rich in 
plagioclase) and the Magnesian Suite, with unexpected levels of olivine and pyroxene, 
minerals typically found in the Moon's inner layers.  

 

http://www.insightsonindia.com/
https://www.insightsonindia.com/wp-content/uploads/2023/08/Chandrayaan-3-mission-2.png


 

www.insightsonindia.com                                                          12                                                                      InsightsIAS 

INSIGHTS PT 2025 EXCLUSIVE (SCIENCE & TECHNOLOGY) 

NOTES 
12. Axiom-4 mission 
India has selected two Indian Air Force Group Captains, for the Axiom-4 mission to the 
International Space Station (ISS).  

¶ This mission marks the fourth private astronaut mission to the ISS and is part of a joint ISRO-
NASA effort envisioned during the Prime MinisterΩǎ state visit to the U.S. in June 2023. 

¶ The Indian crew members will undergo training in the U.S. starting the first week of August, 
preparing to undertake scientific research, technology demonstrations, and space outreach 
activities aboard the ISS.  

¶ This mission aims to enhance India's human space program and strengthen ISRO-NASA 
collaboration. 

 

13. EOS-08 Earth Observation Satellite 
ISRO successfully launched the EOS-08 Earth Observation Satellite using the Small Satellite 
Launch Vehicle (SSLV)-D3 from the Satish Dhawan Space Centre in Sriharikota.  

¶ This marked the third and final developmental flight of the SSLV, which accurately 
placed the EOS-08 into a 475 km circular orbit.  

¶ EOS-08 is a unique mission featuring advanced payloads for infrared observation, GNSS-
based remote sensing, and UV radiation monitoring.  

¶ The SSLV is designed for cost-effective, flexible, and rapid satellite launches, capable of 
carrying payloads ranging from 10 to 500 kg.  

 

14. Aditya-L1 Mission 
The Aditya-L1 spacecraft has successfully completed its first halo orbit around the Sun-Earth 
Lagrangian point L1.  

¶ This journey requires precise modelling of dynamics and an understanding of perturbing 
forces.  

¶ The successful execution of these manoeuvres has validated the state-of-the-art flight 
dynamics software developed by URSC-ISRO.  

The Aditya-L1 mission is an Indian solar observatory at Lagrangian point L1, launched on 
September 2, 2023, and was inserted in its targeted halo orbit on January 6, 2024.  
Aditya-L1 spacecraft in the Halo orbit takes 178 days to complete a revolution around the L1 
point. 
 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2022/03/15/small-satellite-launch-vehicle-sslv/
https://www.insightsonindia.com/2022/03/15/small-satellite-launch-vehicle-sslv/
https://www.insightsonindia.com/2023/08/29/aditya-l1-solar-mission/
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What are Geomagnetic storms? 

¶ They occur when events like solar flares emit higher-than-normal levels of 
radiation toward Earth, interacting with its magnetic field.  

¶ These disturbances, driven by solar coronal mass ejections (CMEs) or high-speed streams 
of solar wind from coronal holes, lead to geomagnetic storms. 

¶ Effects of such storms range from the appearance of auroras to disruptions in 
communication systems due to high radiation, making communication on Earth 
challenging. 

¶ These storms are classified on a scale measuring their effects. At G1, there are weak 
fluctuations in power grids and minor impacts on satellite operations, with auroras visible. 
At G5, voltage control problems and grid system collapse occur, radio waves are 
disrupted for days, and auroras can be seen at lower latitudes. 

 

15. TRISHNA 
Thermal Infrared Imaging Satellite for High-resolution Natural Resource Assessment (TRISHNA) 
mission, a collaboration between ISRO and CNES (French Space Agency), aims to monitor surface 
temperature and water management globally.  
It includes two primary payloads: Thermal Infra-Red (TIR) from CNES for infrared imaging and 
VNIR-SWIR from ISRO for surface reflectance mapping. Operating in a Sun-synchronous orbit, it 
will aid climate monitoring, urban planning, and disaster management.  
 
Objectives: 

¶ To monitor the energy and water budgets of continental biospheres, alongside high-
resolution observation of water quality and dynamics.  

¶ It provides detailed monitoring of surface temperature, emissivity, and radiation variables, 
aiding regional to global surface energy budgeting.  

¶ It assists in assessing urban heat islands, detecting thermal anomalies, and monitoring snow-
melt runoff, glacier dynamics, aerosol optical depth, atmospheric water vapour, and cloud 
cover. 

 
Other Indo-French collaborations to monitor Earth: Megha-Tropiques. Saral 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2022/04/07/geomagnetic-storm-2/
https://www.insightsonindia.com/2022/03/15/coronal-mass-ejections/#:~:text=Coronal%20Mass%20Ejections%20(CMEs)%20are,magnetic%20field%20(IMF)%20strength.
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Other Related Initiatives: GEOGLAM is an initiative launched by the G20 to improve food security 
and sustainable agriculture through Earth observations. Global Water Watch is a data platform 
offering free, global information on water reservoirs and river systems using AI and Earth 
Observation algorithms, developed by Deltares, WRI, and WWF 
 
 

(Other Missions)  
 

16. b!{!Ωǎ /I!t9! ǇǊƻƧŜŎǘ 
b!{!Ωǎ /I!t9! ǇǊƻƧŜŎǘ involved four volunteers living in a simulated Mars habitat for a year to 
study the challenges of long-duration missions to Mars.  

¶ The mission, part of NASA's Crew Health and Performance Exploration Analog (CHAPEA), 
was the first of three planned simulations.  

¶ The habitat, called "Mars Dune Alpha," was a 1,700 sq ft 3D-printed structure at the Johnson 
Space Center in Houston, Texas, designed to replicate Martian conditions, including a 
backdrop of red, rocky cliffs and simulated Martian soil. 

¶ The crew experienced conditions similar to those on Mars, including spacewalks in 
"Marswalks" suits, growing vegetables, and dealing with communication delays, limited 
resources, and prolonged isolation.  

 

17. IRIS2 Space Programme 
The EU has launched an ambitious IRIS2 space programme with a constellation of 290 satellites to 
ǊƛǾŀƭ 9ƭƻƴ aǳǎƪΩǎ Starlink. 

 
About IRIS2: 
¶ Nations involved: European Union member states through the European Space Agency (ESA). 
¶ Launched in: Announced and initiated in 2024. 
¶ Aim: 

o To provide secure, resilient, and uninterrupted connectivity for governmental and 
commercial purposes. 

o To strengthen European autonomy and competitiveness in space technology. 
¶ Significance: 

o Strategic Asset: Bolsters EU sovereignty in space technology. 
o Supports Security: Provides resilience against cyber and communication disruptions. 
o Commercial Boost: Delivers high-end connectivity services to businesses. 
o Complementary Programme: Adds to existing EU initiatives like Copernicus (Earth 

observation) and Galileo (satellite navigation). 
 

18. Starlink Satellite 
¶ Designed by: SpaceX (owned by Elon Musk). 
¶ Purpose: To provide high-speed, low-latency internet globally, especially in remote and 

underserved areas. 
¶ How Starlink Works: 

o Satellite Constellation: Operates using thousands of satellites in low Earth orbit (LEO) 
(~550 km above Earth). 

o Data Transmission: 
Á Satellites communicate with ground stations and user terminals. 
Á Use laser links to transmit data efficiently between satellites. 

o User Equipment: Includes a small antenna and router that users install to access the 
service. 

¶ Key Features: 

http://www.insightsonindia.com/
https://www.insightsonindia.com/tag/starlink/
https://www.insightsonindia.com/2024/03/07/examples-of-ethics-6/iris/
https://www.insightsonindia.com/science-technology/space-technology/what-is-an-orbit/types-of-orbit/low-earth-orbit-leo/
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o High-Speed Internet: Speeds often exceed 100 Mbps, suitable for streaming, video 

calls, and browsing. 
o Low Latency: 20-70 milliseconds. 
o Global Coverage: Particularly effective in remote regions and areas with poor 

traditional internet infrastructure. 
o Resilient Connectivity: Maintains service during disasters or in areas with restricted 

internet access. 
 

19. LignoSat 
In a groundbreaking move towards sustainable space exploration, Japanese scientists from Kyoto 
¦ƴƛǾŜǊǎƛǘȅ ŀƴŘ {ǳƳƛǘƻƳƻ CƻǊŜǎǘǊȅ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ǿƻƻŘŜƴ ǎŀǘŜƭƭƛǘŜΣ ƴŀƳŜŘ 
LignoSat.  

 
About LignoSat: 
¶ Developers: Created by Kyoto University and Sumitomo Forestry. 
¶ Launch: Set to launch on a SpaceX rocket next week to the International Space Station (ISS). 
¶ Mission purpose: To test the resilience of wood, specifically Japanese honoki (magnolia) 

wood, in space conditions over six months. 
¶ Material benefits: ²ƻƻŘ ƛǎ ƭƛƎƘǘǿŜƛƎƘǘΣ ǊŜǎƛǎǘŀƴǘ ǘƻ ǎƘŀǘǘŜǊƛƴƎΣ ŀƴŘ ǿƻƴΩǘ ǇǊƻŘǳŎŜ ƘŀǊƳŦǳƭ 

particles upon re-ŜƴǘǊȅ ŀǎ ƛǘ ōǳǊƴǎ ǳǇ ƘŀǊƳƭŜǎǎƭȅ ƛƴ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΦ 
¶ Future vision: Seen as a potential step towards building wooden structures, planting trees, 

and constructing sustainable habitats on the Moon and Mars. 
 

20. Zhurong Rover Mars Exploration 
China's Zhurong rover, part of the Tianwen-1 Mars mission, has provided compelling evidence 
suggesting that Mars harboured an ocean billions of years ago.  

 
Discovery Made by China on Mars 
¶ Rover and mission details: 

o Rover: Zhurong (named after a mythical Chinese fire god). 
o Mission: Tianwen-1, China's Mars exploration program. 

¶ Mars location: 
o Utopia Planitia: A vast plain in Mars' northern hemisphere where geological features 

like troughs, sediment channels, and mud volcano formations were observed. 
¶ Significance of discovery: 

o Indicates the presence of an ancient ocean approximately 3.68 billion years ago, 
likely frozen in its latter stages. 

o Supports the theory of a Martian coastline and varying marine environments, 
enhancing the possibility of past microbial life. 

o Suggests Mars transitioned from a hospitable to a cold and dry planet earlier than 
previously thought. 

o Furthers understanding of water's role in Mars' history and its implications for 
habitability. 

 

21. Mechazilla 
SpaceX has achieved a significant milestone in space exploration by landing its Starship rocket 
using an innovative structure called "Mechazilla." 
 
About Mechazilla: 
¶ Mechazilla is the massive 400-ft tall rocket-catching structure at SpaceX's Starbase in Texas.  
¶ Equipped with giant mechanical arms known as "chopsticks," it is designed to catch the Super 

Heavy booster midair as it returns to Earth after launch. 
 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2021/07/19/chinas-zhurong-mars-rover/
https://www.insightsonindia.com/tag/mars-orbiter-mission/
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Working of Mechazilla: 
¶ Launch & Ascent: Starship and its Super Heavy booster launch from the ground. 
¶ Booster separation: The booster detaches from the Starship upper stage at a high altitude. 
¶ Controlled descent: The booster descends using precision thrusters to steer its path back to 

the landing site. 
¶ Booster catching: aŜŎƘŀȊƛƭƭŀΩǎ ƳŜŎƘŀƴƛŎŀƭ ŀǊƳǎ ƳƻǾŜ ƛƴǘƻ Ǉƻǎƛǘƛƻƴ ŀƴŘ ŎŀǘŎƘ ǘƘŜ ōƻƻǎǘŜǊ ŀǎ 

it hovers, ensuring a controlled landing. 
 
Significance of Mechazilla: 
¶ Quick reusability: Reduces turnaround time for rocket refurbishment and re-launch, making 

missions more efficient. 
¶ Cost reduction: Enables rapid reuse of boosters, lowering overall launch costs significantly. 
¶ Sustainability: Enhances the sustainability of space missions by minimizing wear and tear on 

reusable components. 
¶ Future of space travel: Could enable more frequent, affordable, and scalable space missions, 

bringing humanity closer to interplanetary travel goals. 
 

22. Moonlight Lunar Communications and Navigation Services 
The European Space Agency (ESA) launched its Moonlight Lunar Communications and Navigation 
Services (LCNS) programme at the International Astronautical Congress. 

 
About Moonlight Programme: 

¶ Purpose: The Moonlight programme aims to create a constellation of lunar satellites to 
support accurate autonomous landings, high-speed communication, and mobility on the lunar 
surface. 

¶ Satellite Constellation: Around five lunar satellites will enable long-distance data transfer 
between Earth and the Moon, covering a distance of about 400,000 km (250,000 miles). 

¶ Timeline: 
o The programme begins with the launch of Lunar Pathfinder, a communications relay 

satellite built by Surrey Satellite Technology LTD, planned for 2026. 
o Initial services are expected to begin by the end of 2028, with full operational 

capabilities by 2030. 

¶ Target Areas: The aƻƻƴΩǎ {ƻǳǘƘ tƻƭŜ will be a primary focus due to its unique lighting 
conditions and the potential presence of water ice in permanently shadowed craters. 

¶ Collaboration: 9{! ǿƛƭƭ ǿƻǊƪ ŀƭƻƴƎǎƛŘŜ Ǝƭƻōŀƭ ǎǇŀŎŜ ŀƎŜƴŎƛŜǎΣ ƛƴŎƭǳŘƛƴƎ b!{!Ωǎ !ǊǘŜƳƛǎ 
programme, and the Artemis Gateway project, to foster cooperation and build shared lunar 
infrastructure. 

¶ Future Impact: Moonlight's communications infrastructure is expected to reduce the need for 
standalone communication systems, allowing 
mission teams to concentrate more on mission 
operations such as astronaut safety and 
robotics. 

 

23. BepiColombo 
BepiColombo made its closest flyby of Mercury, 
capturing detailed black-and-white images of the 
planet's cratered surface.  
 
This flyby provided the first clear view of 
aŜǊŎǳǊȅΩǎ ǎƻǳǘƘ ǇƻƭŜ and its unique crater 
structures, like the peak ring basins. The 
spacecraft, launched in 2018, will begin orbiting 
Mercury in 2026, with the mission aimed at 

http://www.insightsonindia.com/
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studying the planet's composition, geology, and magnetic field. Despite delays, scientists are 
ŜȄŎƛǘŜŘ ŀōƻǳǘ ǘƘŜ ƳƛǎǎƛƻƴΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ǳƴŎƻǾŜǊ aŜǊŎǳǊȅΩǎ Ƴŀƴȅ ƳȅǎǘŜǊƛŜǎΦ 
 
About BepiColombo: 

¶ BepiColombo is a joint mission by the European Space Agency (ESA) and Japan's JAXA to 
study Mercury.  

¶ Launched on October 20, 2018, it's named after Italian scientist Giuseppe "Bepi" Colombo.  

¶ ¢ƘŜ ǎǇŀŎŜŎǊŀŦǘ Ƙŀǎ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎΥ 9{!Ωǎ aŜǊŎǳǊȅ tƭŀƴŜǘŀǊȅ hǊōƛǘŜǊ όathύ ǘƻ ǎǘǳŘȅ 
aŜǊŎǳǊȅΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ŎƻƳǇƻǎƛǘƛƻƴΣ ŀƴŘ W!·!Ωǎ aŜǊŎǳǊȅ aŀƎƴŜǘƻǎǇƘŜǊƛŎ hǊōƛǘŜǊ όaahύ ǘƻ 
investigate its magnetic field.  

¶ The mission aims to explore Mercury's geological history, magnetic field, exosphere, and test 
principles of general relativity. 

 

24. JUICE Mission 
The European Space Agency's Jupiter Icy Moons Explorer (JUICE) probe aims to perform a 
ground-breaking double slingshot manoeuvre. 

¶ The probe will first use the moon's gravity to redirect its trajectory toward Earth, followed 
by using Earth's gravity to slow down, setting it on course for its journey to Jupiter.  

¶ This complex manoeuvre, a first in space exploration, is risky due to the potential for errors 
that could derail the mission.  

¶ If successful, JUICE will reach Jupiter and its moonsτCallisto, Europa, and Ganymedeτby 
2031, using additional gravity assists from Venus and Earth along the way.  

The mission aims to: 
1. Map Moons' Surfaces: Create detailed maps of WǳǇƛǘŜǊΩǎ ƳƻƻƴǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ DŀƴȅƳŜŘŜΣ 

Callisto, and Europa, and investigate their subsurface water bodies for potential 
habitability. 

2. Study Jupiter: Develop a comprehensive understanding of WǳǇƛǘŜǊΩǎ ƻǊƛƎƛƴΣ ƘƛǎǘƻǊȅΣ ŀƴŘ 
evolution. 

3. Focus on Ganymede: Examine Ganymede, the largest moon in the Solar System with its own 
magnetic field. 

4. Assess Habitability: While the mission cannot detect life, it will assess whether conditions 
such as water, essential biological elements, energy, and stability exist around Jupiter, 
which could support life. 

 

25. Tanager-1 
NASA, in collaboration with various organizations, has launched the Tanager-1 satellite aboard a 
SpaceX Falcon 9 rocket.  

¶ Tanager-1 is designed to track methane and carbon dioxide emissions using imaging 
spectrometer technology developed by NASA's Jet Propulsion Laboratory.  

¶ This technology can identify and quantify greenhouse gases by measuring the unique 
spectral "fingerprints" left by different compounds in the Earth's atmosphere.  

Methane, a potent greenhouse gas contributing significantly to global warming, is particularly 
targeted due to its role in forming ground-level ozone, which poses health risks and is linked to 
premature deaths. Reducing methane emissions is critical, especially since fossil fuel operations 
are responsible for a large share of human-caused methane emissions. 

 
 

(Space related Concepts)  
 

26. Quantum Satellite 
India plans to launch its first quantum satellite within the next 2-3 years under the National 
Quantum Mission (NQM).  

http://www.insightsonindia.com/
https://www.insightsonindia.com/2019/04/24/bepicolombo/
https://www.insightsonindia.com/2023/04/13/europes-juice-mission/
https://www.insightsonindia.com/2023/04/20/quantum-mission/
https://www.insightsonindia.com/2023/04/20/quantum-mission/


 

www.insightsonindia.com                                                          18                                                                      InsightsIAS 

INSIGHTS PT 2025 EXCLUSIVE (SCIENCE & TECHNOLOGY) 

NOTES 
 

About Quantum Satellite: 
¶ What it is: 

o A quantum satellite is a communication satellite that uses quantum physics 
principles, such as quantum entanglement and superposition, to enable highly secure 
data transmission. 

¶ Science behind its working: 
o Quantum Cryptography: Utilizes quantum principles like entanglement and quantum 

measurement to secure data. 
o Quantum Key Distribution (QKD): Ensures encryption keys are shared securely 

between parties. Any eavesdropping alters the quantum state, alerting users. 
o Photon Transmission: Encodes information in photons, which are transmitted 

through free space or fibre-optic cables. 
¶ Features: 

o Quantum Key Distribution (QKD): Facilitates secure encryption key exchanges. 
o Quantum Entanglement: Ensures instantaneous detection of tampering. 
o High-Speed Communication: Enhanced data security without sacrificing speed. 
o Global Reach: Enables long-distance secure communication through satellite-ground 

systems. 
¶ Advantages: 

o Enhanced Security: Virtually immune to hacking due to quantum measurement 
principles. 

o Future-Proof Encryption: Counters threats posed by quantum computers to classical 
cryptographic systems. 

o Strategic Applications: Useful in defence, banking, and secure government 
communications. 

o Technological Leadership: Positions India as a global leader in quantum technologies. 
¶ Limitations: 

o High Costs: Development, deployment, and maintenance are resource-intensive. 
o Distance Challenges: Signal loss over long distances due to atmospheric and technical 

constraints. 
o Denial-of-Service Risks: Eavesdroppers can disrupt transmissions without stealing 

data. 
o Hardware Limitations: Difficult to upgrade or patch quantum hardware. 

 

27. Black Hole Triple System 
For the first time, scientists have discovered a rare "black hole triple" system located around 
8,000 light years away in the constellation of Cygnus. This unique configuration comprises a black 
hole consuming a nearby star, with another distant star orbiting the system.  

 
About Black Hole Triple 
¶ Definition: A "black hole triple" system consists of a black hole with two companion stars. In 

the discovered system, one star orbits the black hole closely, while the second star is 
positioned at a far greater distance, orbiting every 70,000 years. 

¶ Discovery:  
o The black hole, named V404 Cygni, was identified by researchers while examining a 

repository of astronomical observations.  
o Located in the constellation Cygnus, V404 Cygni has a mass approximately nine times 

that of the Sun.  
o The presence of gravitational interactions among the two stars confirmed the 
ǎȅǎǘŜƳΩǎ ǘǊƛǇƭŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴΦ 

¶ Significance: 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2019/04/11/black-holes/
https://www.insightsonindia.com/2024/04/19/sleeping-giant-black-hole/


 

www.insightsonindia.com                                                          19                                                                      InsightsIAS 

INSIGHTS PT 2025 EXCLUSIVE (SCIENCE & TECHNOLOGY) 

NOTES 
o Challenges traditional theories: The discovery questions the conventional 

understanding of black hole formation, which typically involves a supernova explosion 
that ejects nearby stars. 

o Direct collapse formation: V404 Cygni is thought to have formed through a "direct 
collapse" or "failed supernova," where the star collapsed into a black hole without an 
explosive event. 

o Retention of nearby stars: This gentler formation process enabled the black hole to 
retain its nearby stars, which would have been ejected in a supernova scenario. 

o Implications for binary systems: This finding suggests that some known binary black 
hole systems could have originally been triple systems, with the black hole later 
consuming one of its companions. 

 

28. Charon moon 
Scientists have recently detected carbon dioxide and hydrogen peroxide on Charon, Pluto's 
largest moon, using the James Webb Space Telescope (JWST).  

 
About Charon 
¶ Largest moon of Pluto: Charon is the largest of Pluto's five moons, roughly half the size of 

Pluto itself. 
¶ Discovery: It was discovered on June 22, 1978, by James W. Christy and Robert S. Harrington 

at the U.S. Naval Observatory in Flagstaff, Arizona. 
¶ Size and mass: Charon is about 1,214 kilometers (754 miles) in diameter, and its mass is more 

than one-ǘŜƴǘƘ ƻŦ tƭǳǘƻΩǎ ƳŀǎǎΦ 
¶ Double dwarf planet system: Due to its size and mass relative to Pluto, they are often 

referred to as a double dwarf planet system. 
¶ Mutual tidal locking: Charon and Pluto always show the same face to each other, a 

phenomenon known as mutual tidal locking. 
¶ Orbital period: Charon orbits Pluto every 6.4 Earth days at a distance of about 19,640 

kilometers (12,200 miles). 
¶ Surface composition: Recent findings include carbon dioxide and hydrogen peroxide, in 

addition to previously known substances like water ice and ammonia-bearing compounds. 
¶ Kuiper belt object: Charon is located in the Kuiper Belt and serves as an invaluable target for 

studying icy bodies beyond Neptune's orbit. 
 

29. MACE Project 
The Major Atmospheric Cherenkov Experiment (MACE) Observatory was inaugurated at Hanle, 
Ladakh. 

¶ The MACE project is a significant achievement for India in cosmic-ray research, aiming to 
advance scientific understanding and support the socio-economic development of Ladakh. 

 
About the MACE project: 
¶ Location: Hanle, Ladakh, at an altitude of ~4,300 m, making it the highest imaging Cherenkov 

telescope in the world. 
¶ Development: Indigenously built by Bhabha Atomic Research Centre (BARC) with support 

from ECIL and other Indian partners. 
¶ Objective: To study high-energy gamma rays and contribute to the understanding of the 

universe's most energetic phenomena, such as supernovae, black holes, and gamma-ray 
bursts. 

¶ Technology: Uses Cherenkov imaging technology to detect cosmic rays and observe high-
energy astrophysical events. 

¶ Significance: Enhances India's cosmic-ray research capabilities and strengthens its position in 
multi-messenger astronomy on a global scale. 

 

http://www.insightsonindia.com/
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Significance of the MACE project 
¶ Scientific advancement: Puts India at the forefront of cosmic-ray research, enhancing its 

ability to study high-energy gamma rays and contribute to global space research. 
¶ Technological achievement: Demonstrates India's capability to develop world-class 

astronomical instruments, promoting self-reliance in advanced technology. 
¶ Socio-economic impact: Supports the development of Ladakh by encouraging local talent to 

pursue careers in astronomy, astrophysics, and space sciences. 
¶ Global collaboration: Aims to foster international partnerships in space research, contributing 

to the global scientific community's efforts to understand the universe's most energetic 
events. 

 

30. Super Blue Moon 
Recently a special astronomical event known as a "Super Blue Moon άƻŎŎǳǊǊŜŘΦ This event 
combines two rare phenomena: a "blue moon" and a "super moon." 
 

Blue Moon: Contrary to what the term suggests, ŀ ōƭǳŜ Ƴƻƻƴ ƛǎƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ōƭǳŜ ƛƴ ŎƻƭƻǊ. It 
refers to a second full moon within a single calendar month, or, less commonly, the third full 
moon in a season with four full moons. This phenomenon happens every two or three years. 
Super Moon: This occurs when a full moon is at its closest point to Earth in its elliptical orbit, 
known as perigee. This proximity makes the moon appear about 14% larger and 30% brighter 
compared to when it's at its farthest point, or apogee. 

 
While the term "blue moon" might imply a rare occurrence, the sighting of a supermoon and 
blue moon together is indeed rare.  

 
 

31. Quasars 
Astronomers have discovered the brightest object 
ever observed in the universe, a quasar named 
J0529-4351, using the European Southern 
Observatory's Very Large Telescope (VLT).  

¶ This quasar, which has been visible since 1980 
but only recently identified as such, is over 500 
trillion times brighter than the Sun and grows 
by consuming the equivalent of one sun per 
day.  

¶ The quasar, located over 12 billion light-years 
from Earth, is powered by a supermassive 
black hole with a mass of 17 billion suns.  

http://www.insightsonindia.com/
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¶ Its massive accretion disc, measuring seven light-years in diameter, is the largest known in 

the universe.  

Quasars (short for "quasi-stellar objects") are among the brightest and most energetic objects in 
the universe. They are the extremely luminous cores of distant galaxies, powered by 
supermassive black holes at their centres. 

 

32. Milgromian dynamics (MOND) Theory 
The Cassini mission's findings challenge Milgromian dynamics (MOND), an alternative theory to 
dark matter, which predicts subtle deviations in celestial orbits due to weak gravity. 

¶ Cassini is a joint endeavour of NASA, the European Space Agency, and the Italian Space 
Agency to study Saturn and its complex system of rings and moons. 

 
What is the theory of Dark Matter and what is its alternative theory? 

¶ The theory of dark matter 
proposes that there is an 
unseen form of matter in 
the universe, which does not 
emit light but exerts 
gravitational forces, 
explaining phenomena like 
the faster-than-expected 
rotation of galaxies.  

¶ In contrast, Milgromian 
dynamics (MOND) says that 
those deviations from 
Newton's laws of gravity 
occur at very weak 
gravitational fields, such as 
those found at the edges of galaxies. MOND suggests modifying gravity rather than invoking 
unseen dark matter. It seeks to replace Newtonian dynamics and General Relativity.  

¶ However, recent observations, including those from the Cassini mission and studies of 
celestial bodies, have cast doubt on MOND's predictions, indicating that it fails to explain 
various phenomena accurately. Therefore, MOND is not considered a correct alternative to 
the theory of dark matter. 
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Defence Technology 

 

1. Kaveri Engine 
¶ Developed by: Gas Turbine Research Establishment (GTRE), under DRDO. 
¶ History: 

o Initiated in 1986 for powering the Light Combat Aircraft (LCA) Tejas. 
o Experienced setbacks and was decertified for the LCA program but repurposed for 

UAVs. 
o Revival efforts in 2016 with SAFRAN partnership for technical assistance. 

¶ Features: 
o Current version produces 49-51 kN thrust, suitable for UAVs like Ghatak UCAV. 
o Future plans include integrating an afterburner to achieve 73-75 kN thrust for 

advanced applications. 
o Tested extensively in high-altitude simulations (Russia) and ground trials (India). 

 

2. Directed Energy Weapons 
Directed energy weapons (DEWs) are defined as electromagnetic systems capable of converting 
chemical or electrical energy to radiated energy and focusing it on a target, resulting in physical 
damage that degrades, neutralizes, defeats, or destroys an adversarial capability. 

¶ The United States has significantly invested in DEWs, developing systems like high-energy 
lasers (HEL) and high-powered microwaves (HPM), with various applications ranging from 
missile defence to disabling drones.  

¶ Countries like China, Russia, and others are also advancing their DEW capabilities.  

¶ India has been investing in DEWs through organizations like DRDO and BEL, working on 
projects like Tri-Netra and KALI.  

 

3. Long-range glide bomb (LRGB) 
The Defence Research and Development Organisation (DRDO) successfully conducted the 
maiden flight test of the long-range glide bomb (LRGB) named Gaurav.  

¶ The test was carried out using a Su-30MKI fighter jet of the Indian Air Force off the coast 
of Odisha.  

Gaurav, a 1,000 kg air-launched glide bomb, is designed to strike targets at long distances with 
high precision using a hybrid navigation system. 
 
The bomb was developed indigenously by the Research Centre Imarat in Hyderabad and hit its 
target with pinpoint accuracy during the test.  

 

4. Distributed denial-of-service (DDoS) attack 
Elon Musk's live audio interview with former US President Donald Trump on the social media 
platform X (formerly Twitter) faced technical glitches, reportedly due to a "massive DDoS 
attack."  

¶ A DDoS (Distributed Denial-of-Service) attack occurs when multiple sources overwhelm a 
server with excessive traffic, making it difficult for legitimate users to access the service.  

¶ This can result in slow loading times or complete inaccessibility.  

¶ Such attacks are harder to counter because they originate from multiple sources, often using 
botnets or spoofed IP addresses. 

¶ DoS (Denial of Service) and DDoS (Distributed Denial of Service) attacks disrupt online 
services by overwhelming them with traffic.  

¶ Attackers use various methods, including botnetsτnetworks of compromised devices.  

http://www.insightsonindia.com/
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¶ One common method, the "Smurf Attack," involves sending malicious ICMP broadcast 

packets with a spoofed IP address to flood the target's own servers. Another method, "SYN 
flood," involves sending incomplete connection requests, and overloading the server. 

¶ Signs of a DoS attack include slow internet speed and inability to access services, but these 
can also be caused by other factors.  

¶ Firewalls and security systems can verify attacks, while anti-virus software can detect and 
prevent them.  

¶ DoS attacks can cause significant disruption, as seen in the 2016 attack that affected major 
websites like Spotify, Twitter, and Amazon. 

 

5. India Commissions INS Arighaat 
India has commissioned its second nuclear-powered missile submarine, INS Arighaat at 
Visakhapatnam 
 

¶ With the addition of INS Arighaat, India's 
navy now has two SSBNs (INS Arihant and 
INS Arighaat).  

¶ Both submarines are part of the indigenously 
developed Arihant-class under the Advanced 
Technology Vessel (ATV) Project.  

¶ INS Arihant, commissioned in 2016, has 
successfully launched a Submarine-Launched 
Ballistic Missile (SLBM) that can carry either 
four K-4 SLBMs or twelve K-15 SLBMs.  

¶ India also leased a Russian Akula-class submarine in 2019Φ ¢ƘŜǎŜ ǎǳōƳŀǊƛƴŜǎ ōƻƭǎǘŜǊ LƴŘƛŀΩǎ 
nuclear deterrence and strategic stability in South Asia, but face challenges from China's 
advanced submarine capabilities and other technological and investment issues. 

 
6. Ransomware attack 
C-Edge Technologies Ltd., a technology service provider for cooperative and regional rural banks 
in India, was likely hit by a ransomware attack.  

About Ransomware: 
Ransomware is a type of malware that locks users or organizations out of their files by 
encrypting them and demanding a ransom for the decryption key.  
 
This forces victims to pay the ransom to regain access, with some variants also stealing data to 
increase pressure.  
 
Ransomware has become a major threat, significantly disrupting hospitals, public services, and 
various organizations. 

 

7. Village Defence Guards 
Union Minister announced that the Village Defence Guards (VDGs) in Jammu have been 
equipped with sophisticated weapons to combat rising terror incidents in the region.  
 
About Village Defence Guards: 
¶ Formation: Set up in the mid-1990s as a force multiplier against militant attacks. 
¶ Purpose: Provide weapons and arms training to residents of remote hilly villages to 

defend themselves. 
Need to Setup Village Defence Guards: 
¶ Context: Militancy spread from Kashmir to Doda district by the mid-1990s. 
¶ Trigger: Demand arose after the 1993 massacre of 13 people in Kishtwar. 
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¶ Implementation: The Home Ministry initiated VDCs in 1995, later expanding to other 

areas in the Jammu division as militancy spread to Udhampur, Reasi, Rajouri, Poonch, 
Kathua, and Samba districts. 

Contribution: 
¶ Role in Combat: Played a significant role in combating militancy during its peak, 

particularly in Chenab Valley, Pir Panjal regions, and the hills of Udhampur, Reasi, and 
Kathua districts. 

 

8. 'Aravalli' helicopter engines 
Hindustan Aeronautics Limited (HAL) has partnered with SAFHAL Helicopter Engines Pvt. Ltd. to 
jointly develop and manufacture a new high-power helicopter engine named 'Aravalli'.  

¶ This collaboration is focused on supporting the Indian Multi-Role Helicopter (IMRH) and the 
Deck-Based Multi-Role Helicopter (DBMRH), both of which are being developed by HAL. 

¶ Purpose: These engines are intended for the 13-ton Medium Lift class, IMRH, and DBMRH 
helicopters. 

¶ Strategic Impact: The partnership aims to ōƻƻǎǘ LƴŘƛŀΩǎ ǎŜƭŦ-reliance in aerospace and 
defence technology, aligning with the broader goal of enhancing indigenous development. 

 
This project is a significant step ƛƴ ŀŘǾŀƴŎƛƴƎ LƴŘƛŀΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ƘŜƭƛŎƻǇǘŜǊ ŜƴƎƛƴŜ ǘŜŎƘƴƻƭƻƎȅ 
and strengthening the strategic relationship between India and France. 
 

9. Project NAMAN 
The Indian Army launched Project NAMAN to support Defence Pensioners, Veterans, and their 
families, centred around the SPARSH digital pension system.  

¶ The project aims to streamline pension processes and provide essential services through 
Common Service Centres (CSCs) across India.  

¶ These centres, supported by HDFC Bank and managed by veterans or their families, offer 
SPARSH-enabled pension services, e-Governance, and banking solutions, reflecting the 
Army's commitment to veteran welfare and community empowerment. 

 

10. DF-41 
China says it successfully fired an intercontinental ballistic missile into the Pacific Ocean, a rare 
public test that analysts said was meant to send a message to the United States and its allies amid 
heightened regional tensions. 
 
About DF-41: 

¶ Origin: In 1980, China test-fired its first ICBM, the DF-5. 

¶ Estimated range: 12,000 to 15,000 kilometers 

¶ Stock: China held more than 500 operational nuclear warheads as of May 2023 and is likely to 
have more than 1,000 by 2030. 

 
About Intercontinental Ballistic Missile (ICBM): 
¶ Definition: Long-range ballistic missile primarily designed for delivering nuclear weapons. 
¶ Range: Over 5,500 km, maximum ranges between 7,000 and 16,000 km. 
¶ Speed: Exceeds 20,000 km/h. 
¶ Countries with ICBMs: Russia, United States, China, France, India, United Kingdom, Israel, 

North Korea. 
¶ LƴŘƛŀΩǎ L/.aǎ: 

o Agni V: Solid-fuelled missile with a range of 7,000ς10,000 km. 
o Agni VI: Upcoming iteration with MIRV capability (Multiple Independently Targetable 

Re-entry Vehicles). 
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11. ABHED Jackets 
The Defence Research & Development Organisation (DRDO) in collaboration with the Indian 
Institute of Technology (IIT) Delhi has developed Light Weight Bullet Proof Jackets called ABHED 
(Advanced Ballistics for High Energy Defeat). These jackets are designed to offer enhanced 
protection while maintaining lightweight features, meeting the evolving needs of the Indian 
Armed Forces 
 
Features: 

¶ Made from polymers and indigenous boron carbide ceramic material. 

¶ Developed at DRDO Industry Academia Centre of Excellence. 

¶ Provides 360-degree protection with modular design and front/rear armour plates. 

¶ Weight ranges from 8.2 kg to 9.5 kg. 

¶ Lighter than General Staff Qualitative Requirement and meets highest threat level 
standards. 

Significance: 
¶ Enhances soldier mobility by reducing the burden of heavy protective gear. 
¶ Developed with indigenous materials contributing to self-reliance in defense production. 
¶ Aligns with the Make in India initiative, reducing dependence on foreign imports for 

critical defense equipment. 
¶ Contributes to national security by providing state-of-the-art protective gear tailored for 

the specific needs of the Indian Army. 
 

12. INDUS-X Summit 
The third edition of the INDUS-X Summit, highlighted growing collaboration between India and 
the U.S. in defence innovation.  

¶ The event, organized by the U.S.-India Strategic Partnership Forum (USISPF) and Stanford 
University, saw the signing of a Memorandum of Understanding (MoU) ōŜǘǿŜŜƴ LƴŘƛŀΩǎ iDEX 
and the U.S.  

¶ Defence Innovation Unit (DIU) to enhance cooperation in defence technologies and foster 
industry and research partnerships. 

¶ Key announcements included a new INDUS-X challenge, the release of the INDUS-X Impact 
Report, and the launch of an official INDUS-X webpage on iDEX and DIU websites.  

¶ The summit provided a platform for showcasing next-generation technologies by startups 
and MSMEs and facilitated discussions on technology trends, funding, and strengthening 
defence supply chains. 

 

13. Thermobaric weapons 
Russia's use of ODAB-1500 thermobaric weapons in Ukraine has garnered attention due to their 
extremely destructive effects. 
 
About Thermobaric weapons: 

1. Thermobaric weapons use the 
atmosphere's oxygen to fuel an 
explosion. 

2. Release a fuel cloud that ignites, causing 
a high-temperature explosion. 

3. Results in an immense blast wave and a 
vacuum effect by consuming nearby 
oxygen. 

 
Features 

1. Two-stage explosion: First disperses fuel, then ignites it. 
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2. Effective in enclosed spaces: Highly destructive in buildings, bunkers, or tunnels. 

3. Human impact: Can rupture organs and cause severe injuries due to pressure changes. 

4. Not specifically banned: No explicit ban, but targeting civilians could violate the Hague 
Conventions. 

 
History and Origin 

1. Developed by the U.S. and Soviet Union during the Cold War. 

2. Used by the U.S. in 2001 against al-Qaeda in Afghanistan. 

3. Russia has deployed these in Chechnya and Ukraine. 
 

14. Very Short-Range Air Defence System 
The Defence Research and Development Organisation (DRDO) successfully conducted three flight 
tests of the fourth-generation miniaturized Very Short-Range Air Defence System (VSHORADS) at 
the Pokhran Field Firing Ranges in Rajasthan. 

 
VSHORADS: Key features and details: 
¶ Type: Fourth-generation Man Portable Air Defence System (MANPAD). 
¶ Design and development: Indigenously developed by DRDO's Research Centre Imarat (RCI), 

Hyderabad, in collaboration with other DRDO laboratories and industry partners. 
¶ Purpose: Designed to counter low-altitude aerial threats like helicopters and low-flying 

aircraft. 
¶ Range: Capable of engaging targets at a range of up to 6 km. 
¶ Technologies incorporated: 

o Dual-band IIR seeker: Ensures precise tracking and targeting of aerial threats. 
o Miniaturised reaction control system: Enhances missile maneuverability. 
o Integrated avionics: Provides advanced targeting and control. 
o Dual-thrust solid motor: Powers the missile for fast response and interception. 

¶ Portability: Lightweight and portable design for quick deployment over difficult terrains. 
¶ Operational capability: Demonstrated hit-to-kill capability against high-speed targets in 

various engagement modes (approaching, receding, and crossing scenarios). 
¶ Development status: Trials completed with production agencies engaged, paving the way for 

early user trials and mass production. 
 

15. T-90 Bhishma Tank 
In a significant stride towards self-reliance, the Indian Army has successfully overhauled its first T-
90 Bhishma tank, marking a critical step in enhancing its operational readiness.  
 
About T-90 Bhishma Tank: 
¶ Origin: The T-90 Bhishma is a main battle tank of the Indian Army, procured from Russia in 

2001, with deliveries starting in 2004. 
¶ Specifications: 

o Weighs approximately 47 tonnes. 
o Measures 9.6 meters in length and 2.8 meters in width. 
o Can reach speeds up to 60 km/h, making it highly maneuverable in various terrains 

like forests and marshes. 
¶ Firepower: 

o Equipped with a 125 mm smoothbore gun, capable of firing different types of shells. 
o Features an anti-aircraft gun that can target within a range of 2 kilometers and fire up 

to 800 shells per minute. 
¶ Advanced Features: 

o Sports a new turret weapon station with an upgraded 125 mm gun. 
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o Integrated with a highly automated digital fire control system (FCS) to effectively 

target enemy tanks, self-propelled guns, and other armored targets. 
o Includes a guided missile system capable of destroying armored targets, even those 

with explosive reactive armor (ERA), with a range of up to 5 kilometers. 
¶ Crew: 

o Operated by a crew of three: commander, gunner, and driver. 
¶ Protection: 

o Equipped with a Nuclear-Biological-Chemical (NBC) protection system to safeguard 
the crew in hazardous environments. 
 

16. THAAD missile system 
Lƴ ǊŜǎǇƻƴǎŜ ǘƻ ŜǎŎŀƭŀǘƛƴƎ ǘŜƴǎƛƻƴǎ ƛƴ ²Ŝǎǘ !ǎƛŀΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿƛǘƘ LǊŀƴΩǎ ƳƛǎǎƛƭŜ ŀǘǘŀŎƪǎ ƻƴ LǎǊŀŜƭΣ 
the U.S. has decided to deploy the Terminal High Altitude Area Defense (THAAD) missile system to 
bolster Israel's air defense.  

 
About THAAD: 
¶ Purpose: THAAD is a missile defense system designed to intercept and destroy short- to 

medium-range ballistic missiles during their final flight phase. 
¶ Key features: 

o Uses a powerful radar to detect incoming missiles. 
o Does not rely on warheads; instead, it uses kinetic energy to destroy missiles, making 

it a safer defense system. 
¶ Range: THAAD can hit targets at ranges of 150 to 200 kilometers. 
¶ Contractor: Lockheed Martin is the primary contractor behind the THAAD system. 
¶ Deployment: First deployed in 2008, THAAD is considered a complementary system to the 

Patriot missile defense but covers a wider area of defense. 
 

17. Samarthak Vessel 
The first of two multi-Purpose Vessels (MPVs) for the Indian Navy, built by L&T Shipyard, was 
launched at Kattupalli, Tamil Nadu.  
¶ ¢ƘŜ ǎƘƛǇΣ ƴŀƳŜŘ Ψ{ŀƳŀǊǘƘŀƪΣΩ ƛǎ ǇŀǊǘ ƻŦ LƴŘƛŀϥǎ ōǊƻŀŘŜǊ ŜŦŦƻǊǘǎ ǘƻ ǇǊƻƳƻǘŜ ƛƴŘƛƎŜƴƻǳǎ 
ǎƘƛǇōǳƛƭŘƛƴƎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ Ψ!ŀǘƳŀƴƛǊōƘŀǊ .ƘŀǊŀǘΩ ŀƴŘ ΨaŀƪŜ ƛƴ LƴŘƛŀΩ ƛƴƛǘƛŀǘƛǾŜǎΦ 

 
About Samarthak Vessel: 
¶ Name: {ŀƳŀǊǘƘŀƪΣ ƳŜŀƴƛƴƎ Ψ{ǳǇǇƻǊǘŜǊΣΩ ǎȅƳōƻƭƛȊƛƴƎ ƛǘǎ Ƴǳƭǘƛ-dimensional capabilities. 
¶ Shipyard: L&T Shipyard, Kattupalli, Tamil Nadu. 
¶ Specifications: 

o Length: 106 meters. 
o Width: 16.8 meters. 
o Speed: Maximum of 15 knots. 

¶ Capabilities: 
o Towing ships. 
o Launching and recovering targets. 
o Operating unmanned autonomous vehicles. 
o Serving as a platform for trials of indigenous weapons and sensors. 

¶ Significance: The ship demonstrates India's growing capabilities in indigenous shipbuilding, 
aligned with national defense and economic strategies. 

 

18. Long-Range Land Attack Cruise Missile 
The Defence Research and Development Organisation (DRDO) successfully conducted the maiden 
flight test of the Long-Range Land Attack Cruise Missile (LRLACM), a state-of-the-art indigenous 
missile with a range of 1,000 km.  
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About LRLACM: 
¶ Range and Performance: 

o Range: 1,000 km with precision strike capability. 
o Equipped with advanced avionics and software for reliability and efficiency. 
o This is a new variant of Nirbhay LRLACM with improved features 

¶ Development: 
o Developed by Aeronautical Development Establishment (ADE), Bengaluru, with 

contributions from DRDO labs and Indian industries. 
o Bharat Dynamics Limited and Bharat Electronics Limited are key development-cum-

production partners. 
¶ Design and Navigation: 

o Configured for ground launch using mobile articulated launchers and naval launch 
from ships using universal vertical launch modules. 

¶ Strategic Significance: 
o Provides the armed forces with long-range standoff capabilities, comparable to the 

U.S. Tomahawk cruise missile. 
¶ Approval:  

o Approved by the Defence Acquisition Council in July 2020. 
 
About Nirbhay Cruise Missile: 
¶ Type and Range: Sub-sonic long-range cruise missile with a strike capability of up to 1,000 km. 
¶ Development: Designed by Aeronautical Development Establishment (ADE), under DRDO, 

Bengaluru. 
¶ Launch and Propulsion: Uses a solid booster for launch, transitioning to a turbojet engine for 

sustained flight. 
¶ Capabilities: 

o Deep penetration to target high-value assets with precision. 
o Capable of loitering and operating at very low altitudes (~100 meters). 

¶ Warhead options: Can carry both conventional and nuclear payloads weighing 200-300 kg. 
 

19. e-Tarang System 
The e-Tarang System, an AI-enabled software developed collaboratively by the Integrated 
Defence Staff and BISAG-N, was launched during the annual meeting of the Joint Electromagnetic 
Board (JEMB).  
 
About e-Tarang System: 
¶ Developer: Integrated Defence Staff and BISAG-N. 
¶ Launch Event: Unveiled during the Joint Electromagnetic Board (JEMB) meeting, chaired by 

Deputy Chief of Integrated Defence Staff (Operations) Air Marshal Jeetendra Mishra. 
¶ Features: 

o AI-enabled system for automated and efficient defence spectrum planning and 
management. 

o Integrates various defence communication systems for improved operational synergy. 
o Enables interference-free operation of defence equipment during wartime and 

peacetime. 
o Supports the development of advanced technologies in higher frequency bands. 

¶ Objective: Enhance joint electronic warfare operations and modernize India's spectrum 
warfare capabilities. 

¶ Significance: 
o Part of broader initiatives to modernize military infrastructure. 
o Improves interoperability among the Army, Navy, and Air Force. 
o Boosts efficiency and coordination in electromagnetic spectrum management. 
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20. Long-Range Hypersonic Missile 
India successfully tested its first long-range hypersonic missile, marking a significant milestone in 
defence technology and joining a select group of nations capable of developing advanced 
hypersonic weapons.  

 
!ōƻǳǘ LƴŘƛŀΩǎ CƛǊǎǘ IȅǇŜǊǎƻƴƛŎ aƛǎǎƛƭŜΥ 
¶ Features 

o Mach 6 Speed: Travels six times the speed of sound, reducing enemy reaction time. 
o Long Range: Covers over 1,500 km for deep-strike missions. 
o Mid-Flight Manoeuvrability: Combines ballistic missile speed with cruise missile 

agility to evade defences. 
o Multi -Payload Capacity: Can carry conventional or nuclear warheads. 
o Advanced Tracking: Precision targeting ensured by cutting-edge multi-domain 

monitoring systems. 
o Indigenous Design: Fully developed by DRDOΣ ǎƘƻǿŎŀǎƛƴƎ LƴŘƛŀΩǎ ǎŜƭŦ-reliance in 

advanced defence technology. 
¶ Capabilities: 

o Strategic Deterrence: Enhances defence readiness and border security. 
o Multi -Domain Use: Adaptable for land, air, and naval platforms, including ship-

targeting. 
o Defence Evasion: Overcomes modern missile defence systems with speed and agility. 
o Precision Strikes: Pinpoint targeting of critical enemy assets with minimal collateral 

damage. 
¶ Applications: Multiple uses across Army, Navy, and Air Force; naval version aimed at 

destroying enemy warships with precision at long ranges. 
¶ Developmental Background: Builds upon the Hypersonic Technology Demonstrator Vehicle 

(HSTDV) project initiated in 2019. 
¶ Global Context: Positions India alongside major military powers like China, Russia, and the US 

in hypersonic weapon technology. 
 

21. Eklavya Platform 
¶ Developed by: Bhaskaracharya National Institute of Space Applications and Geoinformatics 

(BISAG-N), with support from the Directorate General of Information Systems. 
¶ Launched in: 2024 by the Chief of the Army Staff. 
¶ Aim: To facilitate continuous professional military education, decongest physical courses, and 

encourage domain specialization. 
¶ Features: 

o Hosted on the Army Data Network with scalable architecture. 
o Includes a άYƴƻǿƭŜŘƎŜ IƛƎƘǿŀȅέ for accessing journals, research papers, and articles. 
o Registration delinked from physical nominations; accessible throughout an officer's 

career. 
o Focuses on contemporary content and emerging concepts aligned with modern 

warfare. 
 

22. SAREX-24 
The 11th edition of the LƴŘƛŀƴ /ƻŀǎǘ DǳŀǊŘΩǎ National Maritime Search and Rescue Exercise 
(SAREX-24) was held in Kochi, Kerala. 

 
About SAREX-24: 
¶ Location: Kochi, Kerala. 
¶ Theme: "Enhancing Search and Rescue Capabilities through Regional Collaboration." 
¶ Activities: 
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o Sea exercise involving contingencies with participation from Coast Guard, Navy, Air 

Force, Cochin Port Authority, and Customs. 
¶ Objectives: 

o Evaluate operational efficiency and coordination. 
o Strengthen collaborative efforts among regional and international maritime agencies. 

¶ Significance: Largest-ever simulations, enhancing cooperative engagement with littoral states 
and friendly nations. 

 

23. Shadow Fleet 
The term "shadow fleet" has gained attention in the global maritime industry, particularly in the 
context of sanctions imposed on Russia due to its ongoing conflict with Ukraine. 
 
About Shadow Fleet: 

¶ Meaning: A fleet of tanker ships that obscure the ownership and origin of cargo, often to 
bypass international sanctions. 

¶ Operations: These ships operate by frequently changing flags, names, and ownership to mask 
their activities and avoid sanctions or regulatory oversight. 

¶ Issue: The use of complex ownership structures, shell companies, and registration under Flags 
of Convenience (FoC) makes enforcement of sanctions difficult, allowing sanctioned countries, 
like Russia, to export goods. 

¶ Impact on India: India has been implicated in hosting shadow fleets, particularly in relation to 
Russian oil shipments, with some Indian firms reportedly linked to such fleets operating from 
Dubai. 

About Flag of Convenience (FoC): 

¶ A Flag of Convenience (FoC) vessel flies the flag of a country different from the country where 
the ship's owner is based. This is often done to save costs and avoid stringent regulations on 
crew welfare and ship maintenance. 

¶ Purpose: Allows shipowners to benefit from lower taxes, fewer regulations, and easier 
registration processes in countries with less stringent maritime laws. 

¶ Common FoCs: Countries like Panama, Liberia, and the Marshall Islands are known for 
offering FoCs, making them attractive for owners looking to minimize operational costs and 
oversight. 

¶ Issues: It allows owners to obscure the true origin and ownership of vessels, making it harder 
to enforce international laws and labor protections. 

About Indian Register of Shipping (IRS): 

¶ Established in 1975 under the Indian Companies Act, based on the recommendation of the 
Mudaliar Committee. 

¶ Mission: To ensure accurate classification and safety records of mercantile shipping and other 
maritime-related constructions. 

¶ Key Functions: 
o Sets standards for the construction, maintenance, and operation of ships. 
o Conducts surveys and provides technical certifications for maritime equipment and 

industrial installations. 
o !ǎǎƛǎǘǎ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ LƴŘƛŀΩǎ ƳŜǊŎƘŀƴǘ ƳŀǊƛƴŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ŜǾŀƭǳŀǘŜǎ ǉǳŀƭƛǘȅ 

management systems. 

¶ Global Recognition: IRS has grown to become an internationally recognized classification 
society and became Chair of the International Association of Classification Societies (IACS) in 
2019. 

¶ Commitment: IRS promotes safety, environmental protection, and maritime risk 
management, aiming to be a trusted partner in maritime operations worldwide. 
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24. S4* SSBN 
India's fourth nuclear-powered ballistic missile submarine (SSBN), referred to as S4*, was 
launched into water at the Ship Building Centre in Visakhapatnam. 

 
About Nuclear-Powered Ballistic Missile Submarine (SSBN): 
1. Features: 
¶ Nuclear propulsion: SSBNs are powered by nuclear reactors, enabling them to stay 

submerged for long durations without surfacing, limited only by food supplies and 
maintenance. 

¶ Ballistic missile capability: They are equipped with submarine-launched ballistic missiles 
(SLBMs), allowing them to serve as a platform for nuclear deterrence with a second-strike 
capability. 

¶ Stealth: The submarines are designed for stealth, reducing their detection by enemy 
forces, making them a key asset for strategic deterrence. 

2. Indian SSBN Programme: 
¶ Operational SSBNs: India currently operates two SSBNs, INS Arihant (commissioned in 

2016) and INS Arighaat (commissioned in 2024). 
¶ Upcoming SSBNs: The S4 submarine, Aridhman, is undergoing sea trials, and the newly 

launched S4* is more advanced in terms of size and missile range capabilities. 
3. Features of Indian SSBNs: 
¶ Missile range: INS Arihant is equipped with K-15 SLBMs with a 750 km range. The S4* will 

carry the advanced K-4 missile, capable of striking targets up to 3,500 km away. 
¶ Nuclear deterrence: These submarines provide India with a second-strike capability, a 

critical element of its nuclear deterrence strategy, ensuring survivability in case of a first-
strike attack. 

¶ Strategic importance: SSBNs allow India to maintain credible deterrence by remaining 
hidden in the vastness of the oceans, ensuring the capability to respond to any nuclear 
attack. 

 

25. Fast Patrol Vessels 
The Indian Coast Guard (ICG) launched two Fast Patrol Vessels (FPVs) Ψ!ŘŀƳȅŀΩ ŀƴŘ Ψ!ƪǎƘŀǊΩ, 
marking a milestone in its commitment to enhanced maritime security and indigenous 
manufacturing.  

¶ These vessels, built by Goa Shipyard Ltd. (GSL) with over 60% indigenous content, are part 
of an eight-vessel contract valued at Rs. 473 crores. 

 
About Fast Patrol Vessels (FPVs): 
¶ Dimensions: 52 meters in length and 8 meters in breadth; displacement of 320 tons. 
¶ Performance: Equipped with a Controllable Pitch Propeller-based propulsion system, with a 

top speed of 27 knots. 
¶ Indigenous manufacturing: Over 60% of components are domestically sourced, supporting 

India's self-reliance in defense. 
¶ Primary roles: 

o Fisheries protection: Monitoring foreign trawlers in Indian waters. 
o Coastal patrol: Regular patrols of the Exclusive Economic Zone (EEZ) and coastal 

areas. 
o Anti-smuggling: Prevents smuggling activities in Indian maritime territory. 
o Search and rescue: Conducts search and rescue missions for distressed vessels or 

personnel. 
o Communication link: Provides essential communication channels during conflicts or 

emergencies. 
o Escort services: Escorts coastal convoys during hostilities or wartime conditions. 
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26. Rafale-Marine (Rafale-M) 
India is set to finalize the procurement of 26 Rafale-Marine (Rafale-M) fighter jets, manufactured 
ōȅ CǊŀƴŎŜΩǎ 5ŀǎǎŀǳƭǘ !ǾƛŀǘƛƻƴΣ ŦƻǊ ŘŜǇƭƻȅƳŜƴǘ ƻƴ ŀƛǊŎǊŀŦǘ ŎŀǊǊƛŜǊǎ INS Vikrant and potentially INS 
Vikramaditya. 

 
About Rafale-M: 
¶ Manufactured By: Designed and built by Dassault Aviation, a French aerospace company. 
¶ Features: 

o Multi-role, single-seat 4+ generation fighter aircraft with advanced avionics and AESA 
radar. 

o Capable of deep strikes, air defense, reconnaissance, and maritime operations. 
o Equipped with advanced armaments like Meteor, Multi-mission air-to-air missile 

system (MICA), SCALP missiles, and EXOCET anti-ship weapons. 
¶ Differences from Air Force Rafale: 

o Heavier airframe due to additional reinforcements for naval operations. 
o Optimized radar and electronic warfare systems for maritime applications. 
o Enhanced landing capabilities for Catapult Assisted Take-Off Barrier Arrested 

Recovery (CATOBAR) and Short Take-Off, Barrier Arrested Recovery (STOBAR) 
systems. 

¶ Shared Features with Air Force Rafale: 
o Common suite of armaments and avionics, ensuring cost efficiency in maintenance 

and logistics. 
 

27. INS Tushil 
Defence Minister commissioned INS Tushil, a stealth missile frigate under Project 1135.6, at the 
Yantar Shipyard in Kaliningrad. 
 
About INS Tushil: 
¶ INS Tushil is part of the upgraded Krivak III class of Project 1135.6 frigates. It is the seventh 

ship in this series. 
¶ Built at: Yantar Shipyard, Kaliningrad, Russia. 
¶ Contract: Signed in October 2016 between the Indian Navy, JSC Rosoboronexport, and the 

Government of India. 
¶ Significance: 

o Strategic Asset: {ǘǊŜƴƎǘƘŜƴǎ LƴŘƛŀΩǎ ƳŀǊƛǘƛƳŜ ǎŜŎǳǊƛǘȅ ŀƴŘ ƴŀǾŀƭ ŦƛǊŜǇƻǿŜǊΦ 
Á It incorporates both Indian and Russian technologies, with Indian components 

accounting for 26 percent of its construction. 
o Indo-Russian Collaboration: Highlights robust military and technical cooperation 

between India and Russia. 
o Modernization: Enhances India's blue-water navy capabilities with state-of-the-art 

technology. 
o Regional Stability: /ƻƴǘǊƛōǳǘŜǎ ǘƻ LƴŘƛŀΩǎ ŜŦŦƻǊǘǎ ƛƴ ƳŀƛƴǘŀƛƴƛƴƎ ǇŜŀŎŜ ŀƴŘ ǎǘŀōƛƭƛǘȅ ƛƴ 

the Indo-Pacific region. 
 

28. Maritime Exercises 
India conducted two significant maritime exercises in October 2024 to enhance security and 
cooperation in the Indian Ocean region.  
 
About NASEEM AL BAHR Exercise: 
¶ Nations involved: India and Oman. 
¶ Location: Off the coast of Goa, India. 

 
About Sagar Kavach Exercise: 
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¶ Forces involved: 

o Indian Coast Guard, Indian Navy, Marine Police, State Police, Border Security 
Force (BSF), National Security Guard (NSG), and port authorities. 

o Aerial surveillance support provided by Coast Guard aircraft and drones. 
¶ Location: Gujarat and Union Territory of Daman & Diu. 
¶ Key activities: 

o Coastal security drills and simulated scenarios to test coordination and SOPs 
among various forces. 

o The exercise aimed to sharpen coastal defense mechanisms and enhance 
preparedness for maritime threats. 

 

29. Military Exercises 
India participated in two notable joint exercises involving its Special Forces: Exercise VAJRA 
PRAHAR with the United States and Exercise GARUD SHAKTI with Indonesia. 

 
About Exercise VAJRA PRAHAR: 
¶ Participants: Indian Army Special Forces and the US Army Green Berets. 
¶ Location: Orchard Combat Training Centre, Idaho, USA  
¶ Purpose: To enhance cooperation, joint operations capability, and interoperability between 

Indian and US Special Forces. 
¶ Training Focus: 

o Execution of joint missions in desert and semi-desert conditions. 
o Tactics, including joint planning, reconnaissance missions, use of Unmanned Aerial 

Systems, and psychological warfare. 
 
About Exercise GARUD SHAKTI: 
¶ Participants: LƴŘƛŀƴ tŀǊŀŎƘǳǘŜ wŜƎƛƳŜƴǘ ό{ǇŜŎƛŀƭ CƻǊŎŜǎύ ŀƴŘ LƴŘƻƴŜǎƛŀΩǎ {ǇŜŎƛŀƭ CƻǊŎŜǎΣ 

Kopassus. 
¶ Location: Cijantung, Jakarta, Indonesia. 
¶ Purpose: To boost cooperation, enhance tactical knowledge, and improve interoperability 

between Indian and Indonesian Special Forces. 
¶ Training Focus: 

o Special operations in jungle terrain, strikes on terrorist camps, and tactical drills. 
o Sharing information on weapon systems, equipment, and specialized techniques. 

 
¶ Surya Kiran 2024: 

o Exercise name: Surya Kiran 2024 
o Held at: Saljhandi, Nepal 
o Nations involved: India and Nepal 
o Focus: Jungle warfare, counter-terrorism, and humanitarian operations under the UN 

Charter. 
¶ SLINEX-24: 

o Exercise name: SLINEX 24 
o Held at: Visakhapatnam, India 
o Nations involved: India and Sri Lanka 
o Focus: Maritime cooperation and interoperability between navies. 

 

¶ Desert Knight Exercise 
o Exercise name: Desert Knight Exercise 
o Held at: Arabian Sea 
o Nations involved: India, France, and the UAE 
o Focus: Strengthen trilateral defence cooperation 
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30. Tarang Shakti 
India hosted its first-ever multinational air exercise, "Tarang Shakti," showcasing the capabilities 
of indigenously manufactured aircraft, including the Sarang helicopters and LCA Tejas.  

¶ The exercise is being conducted in two phases. 

¶ The exercise was a significant achievement, emphasizing India's focus on "Aatmanirbharta" 
(self-reliance) and showcasing indigenous military capabilities.  

¶ India's Rafale, Sukhoi, and LCA Tejas aircraft were part of the first phase. 
 

31. Exercise Poorvi Prahar 
The Indian Armed Forces are conducting Exercise Poorvi Prahar, a tri-services joint operation in 
Arunachal Pradesh from November 10th to 18th, 2024. 

 
About Exercise Poorvi Prahar: 
¶ Objective: To enhance combat effectiveness and synergy across the Indian Army, Navy, and 

Air Force for integrated joint operations. 
¶ Location: Forward areas of Arunachal Pradesh, emphasizing operational readiness in 

mountainous terrain. 
¶ Participation: Cutting-edge military platforms including advanced fighter jets, reconnaissance 

aircraft, Chinook helicopters, Advanced Light Helicopters (Rudra), and M777 Ultra-Light 
Howitzers. 

¶ Technological Integration: Utilisation of swarm drones, loitering munitions, and advanced 
situational awareness systems for precision strikes and enhanced flexibility. 

¶ Strategic Relevance: wŜƛƴŦƻǊŎŜǎ LƴŘƛŀΩǎ ŘŜŦŜƴŎŜ ǇƻǎǘǳǊŜ ŀƭƻƴƎ ǘƘŜ 9ŀǎǘŜǊƴ ŦǊƻƴǘƛŜǊΣ ǊŜŦƭŜŎǘƛƴƎ 
its capability to execute multi-domain operations across land, air, and sea. 
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1. Kavach system 
¶ Indigenous development: Kavach is an Automatic Train Protection (ATP) system developed by 

the Research Design and Standards Organisation (RDSO) under Indian Railways, in 
collaboration with Medha Servo Drives Pvt Ltd, HBL Power Systems Ltd, and Kernex 
Microsystems. 

¶ Functionality: It uses electronic devices and Radio Frequency Identification (RFID) installed in 
locomotives, signalling systems, and tracks to communicate using ultra-high radio 
frequencies. These systems control train brakes and alert drivers based on pre-programmed 
logic. 

¶ Field testing: Field tests for Kavach on passenger trains began in 2016, showing promising 
results in preventing collisions and enhancing safety. 

¶ Applications: 
o Prevents Signal Passing At Danger (SPAD) and overspeeding by alerting the loco pilot. 
o Automatically applies brakes when it detects another train within a predefined 

distance. 
o Provides signals to the loco pilot ahead of time, useful in low-visibility conditions. 
o Automatically controls train speed if the pilot fails to respond. 
o Assists in driving during harsh weather conditions like dense fog. 

 

2. Airships 
¶ Origin and History: 

o Developed as the first aircraft capable of powered, controlled flight in the early 20th 
century. 

o Initially seen as the future of travel until airplanes took precedence; notable incidents 
like the Hindenburg disaster (1937) further diminished public trust in airships. 

¶ How they work: 
o Operate on the άƭƛƎƘǘŜǊ-than-ŀƛǊέ ǇǊƛƴŎƛǇƭŜ, utilizing gases like helium (non-

combustible) or, earlier, hydrogen (flammable) for lift. 
o Lift occurs as the gas inside the airship is less dense than atmospheric air. 

¶ Buoyancy challenge: 
o Variations in buoyancy needed for cargo handling complicate airship operations; 

previously, releasing and refilling helium was unfeasible due to cost. 
o Innovative solutions involve water ballast or compressed gas systems to adjust 

buoyancy without excessive helium usage. 
 

3. Gait Analysis 
¶ What it is: Gait analysis evaluates the way the body moves, primarily through walking or 

running, to detect abnormalities and understand movement dynamics. 
¶ Types: 

o Observational Gait Analysis: Visual assessment of walking patterns. 
o Instrumented Gait Analysis: Advanced methods using sensors, video cameras, and 

infrared markers. 
¶ How it works: 

o Analyses step length, stride length, cadence, and joint angles using advanced tools. 
o Uses devices like infrared markers, sensors, and electrodes to evaluate kinetic and 

kinematic data. 
o Detects abnormalities in gait phases: Stance Phase (60% of cycle) and Swing Phase 

(40% of cycle). 
¶ Significance: 

o Injury Prevention: Detects asymmetries before they result in injuries. 
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o Diagnosis and Treatment: 

Identifies skeletal 
misalignments, muscle 
dysfunction, and disease 
progression. 

o Sports Performance: 
Optimizes athletic 
performance through 
personalized training plans. 

o Criminal Investigations: 
Assists in identifying suspects 
based on unique walking patterns. 

 

4. Antimatter 
A recent study sheds light on antimatter, the elusive partner of matter, and its role in solving the 
cosmic mystery of why matter dominates the universe. 
 
¶ What is Antimatter? 

o Antimatter consists of antiparticles, each having the same mass but opposite charge 
as their matter counterparts. 

Example: The antielectron (positron) is positively charged, unlike the negatively 
charged electron. 

¶ Discovered by: 
o Theorized by: Paul A.M. Dirac 

(1928). 
o Observed by: Carl Anderson in 

cosmic rays (1932). 
¶ Characteristics: 

o Charge: Opposite to that of 
corresponding matter 
particles. 

o Mass: Identical to matter 
particles. 

o Behavior: Annihilates upon 
contact with matter, producing energy. 

o Existence: Scarce in the observable universe. 
 

¶ Origin of Antimatter: 
o Antimatter was formed during the Big Bang alongside matter. 
o A tiny asymmetry in matter-antimatter populations led to the annihilation of 

antimatter, leaving matter dominant. 
 

¶ Difference Between Matter and Antimatter are: 

Aspect Matter Antimatter 

Definition 
Composed of particles like 
electrons, protons, and 
neutrons. 

Composed of antiparticles with the 
same mass but opposite charge to 
matter particles. 

Charge 
Particles have positive or 
negative charges (e.g., proton 
is positive). 

Antiparticles have opposite 
charges (e.g., antiproton is 
negative). 
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Interaction 
Interacts normally within the 
universe. 

Annihilates matter on contact, 
releasing energy. 

Abundance 
Predominates in the 
observable universe. 

Extremely rare; largely annihilated 
after the Big Bang. 

Examples 
Electron (-), Proton (+), 
Neutron (neutral). 

Positron (+), Antiproton (-), 
Antineutron (neutral). 

Formation 
Naturally formed during the 
Big Bang and persists. 

Formed during the Big Bang; most 
annihilated, with a trace 
remaining. 

¶ Significance of Antimatter: 
o Understanding Cosmic Origins: Helps explain the asymmetry between matter and 

antimatter in the universe. 
o Energy Source: Annihilation of matter and antimatter produces immense energy, 

potentially useful for advanced energy systems. 
o Medical Applications: Used in positron emission tomography (PET) scans for accurate 

medical imaging. 
o Testing Fundamental Physics: Provides insights into quantum mechanics and the 

Standard Model of particle physics. 
 

5. Speed Gun 
¶ A device to measure the speed of a moving object without physical contact. 
¶ Widely used in law enforcement, sports, and industrial applications. 

How it Works: 
¶ Utilizes electromagnetic radiation to emit waves towards the moving object. 
¶ Captures the reflected waves and calculates the speed based on the Doppler effect. 
¶ Consists of a transmitter, receiver, and processing unit for speed calculation. 

The Doppler Effect: 
¶ Concept: Change in the frequency of waves due to the relative motion between the 

source and the observer. 
Application in Speed Guns: 
¶ Moving objects alter the frequency of reflected waves. 
¶ Higher frequency indicates the object is approaching; lower frequency signals it is moving 

away. 
Shortcomings of Speed Guns: 
¶ Beam Divergence: Radio waves spread out, potentially measuring multiple objects 

simultaneously. 
¶ Continuous-Wave Radar Issues: Prone to interference from multiple vehicles. 
¶ Technological Limitations: Requires advanced compensation systems for accurate 

targeting, increasing costs. 
¶ Replacement by LIDAR: Laser-based speed guns provide better accuracy and focus, 

overcoming radio wave divergence limitations. 
 

6. Processing-In-Memory (PIM) Technology 
Israeli researchers have created software that allows data processing directly in memory, 
bypassing the CPU. 

¶ This advancement, developed at the Israel Institute of Technology, aims to address the 
energy-intensive and time-consuming data transfers between memory and CPU, which are 
bottlenecks in modern computing.  

¶ By ǊŜŘǳŎƛƴƎ ǘƘŜ /t¦Ωǎ ǿƻǊƪƭƻŀŘ, this in-memory approach promises substantial time and 
energy savings. 

 
About Python Programming Language with Digital Processing-In-Memory (PIM) Technology: 
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¶ What it is: Combines Python with processing-in-memory (PIM) technology, enabling 

computations to take place directly in memory, bypassing the CPU. 
¶ Need: Tackles the άƳŜƳƻǊȅ ǿŀƭƭέ ǇǊƻōƭŜƳ, where data transfer rates fall behind 

advancements in processor speeds and memory capacity. 
¶ How it works: 

o PyPIM platform introduces new instructions for in-memory operations. 
o Allows developers to use Python to create software for PIM systems. 
o Includes a simulation tool to estimate performance gains from in-memory processing. 

¶ Significance: 
o Reduces data transfer bottlenecks. 
o Accelerates processing for mathematical and algorithmic tasks. 
o Saves energy, making it efficient for high-performance computing needs. 

 

NOTE: No need to go deep into this topic; however, UPSC sometimes asks these themes from a 
technology point of view. For exam purposes, understand the concept; there is no need to 
memorize anything from this. 

 

7. LiDAR 
Scientists have detected a lost Mayan city, hidden for centuries by the dense Mexican jungle, 
using LiDAR. 
 
About LiDAR (Light Detection and Ranging): 
¶ Definition: Remote sensing technology using pulsed laser light to measure distances and 

create 3D models of Earth's surface. 
¶ Components: Comprises a laser, scanner, and GPS receiver; usually mounted on aircraft for 

terrain mapping. 
¶ Functioning: Pulsed laser light travels to the ground, reflecting off various features. The 

system calculates the two-way travel time of the light to measure distances and create 
elevation data. 

¶ Data output: Initially produces a άǇƻƛƴǘ ŎƭƻǳŘέ representing reflections from structures, 
vegetation, and terrain; refined to form high-resolution Digital Elevation Models. 

¶ Applications: Used in geography, conservation, policy planning, and archaeology for detailed 
surface mapping, especially useful for exploring areas obscured by vegetation. 

¶ Archaeological use: Enables archaeologists to survey large areas quickly, revealing structures 
hidden under dense foliage, as demonstrated in the discovery of the Maya city, Valeriana, in 
Mexico. 

 

8. Millimeter Wave Transceiver 
Aspect Description 

What is it 
A device used to transmit and receive signals in the millimeter wave 
(mmWave) frequency range (30-300 GHz), enabling high-speed 
wireless communication for applications like 5G. 

How it works 
Uses small cells to emit high-frequency mmWaves that provide fast 
data rates over short distances; small cells are placed in clusters to 
ensure continuous coverage. 

Advantages 

- High data rates and bandwidth 

- Low latency 

- Less interference with other systems 

- Compact antennas for IoT compatibility 

- Increased data capacity 

Disadvantages - Limited range; blocked by physical objects 
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- Prone to signal degradation from rain, humidity, and obstructions 

- Higher manufacturing costs and need for clustered cells 

 
About Telecom Technology Development Fund (TTDF): 
¶ Origin: Previously called the Universal Service Obligation Fund Scheme. 

o Was established by the Indian Telegraph (Amendment) Act, 2003 
¶ Aim: To support R&D in telecom tech, enable affordable broadband and mobile services in 

rural/remote areas, and foster synergies between startups, academia, and industry. 
¶ Ministry: Department of Telecommunications, Ministry of Communications. 
¶ Features: 

o Provides grants to Indian entities for telecom innovation and indigenous 
manufacturing. 

o Encourages Intellectual Property creation, technology co-innovation, and reduced 
imports. 

o Supports the telecom ecosystem, including standards development, design, 
prototyping, and testing. 

 

9. Gravity Energy Storage 
As climate change intensifies, transitioning to renewable energy is crucial, with solar energy 
offering abundant yet intermittent supply. Gravity energy storage is emerging as a sustainable 
solution to stabilize power grids, providing an alternative to batteries. 

 
About Gravity Energy Storage: 
¶ What it is: A renewable energy storage technology that uses gravitational force to store and 

release energy, especially suitable for grid-scale applications. 
¶ How It works: 

o During excess energy generation, a heavy mass (water, concrete, or compressed earth 
blocks) is lifted, converting electrical energy into stored potential energy. 

o When energy demand rises, the mass is released, descending to drive water through a 
turbine, generating electricity. 

¶ Advantages: 
o Longevity: Lasts for decades with minimal maintenance compared to battery systems. 
o Environmentally friendly: No harmful chemicals; reduces disposal and environmental 

impact. 
o Cost-effective: Offers lower lifetime energy and storage costs for large-scale 

applications. 
o Flexible deployment: Can be used in areas unsuitable for pumped-hydro or large 

battery systems, such as urban or constrained environments. 
¶ Limitations: 

o Early Development Stage: High initial setup costs and regulatory challenges. 
o Geographic limitations: Requires suitable locations for large infrastructure. 
o Limited energy density: While effective for grid storage, less efficient for compact or 

smaller-scale applications compared to batteries. 
 

10. X-band Radar 

Feature Details 

Purpose Monitors smaller particles like rain droplets or soil movements. 

Frequency Range 8-12 GHz (corresponds to wavelengths of 2-4 cm). 

Technology 
Uses Doppler radar and Rayleigh scattering to detect object 
movement. 
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Resolution Produces higher resolution images due to shorter wavelength. 

Range 
Shorter range compared to lower frequency bands, ideal for 
localized studies. 

Application in 
Wayanad 

Will monitor soil movement for landslide warnings and high 
temporal sampling. 

Meteorological Use Tracks clouds, rain patterns, and storm formation in real time. 

Limitations Shorter range due to higher attenuation of the signal. 

Previous Installation 
in India 

First X-band radar installed in New Delhi in 1970. 

 

11. Ossification Test 
Key methods for estimating age: 
1. Ossification test: 
¶ Purpose: Determines age by assessing bone development and the union of epiphyses in 

long bones. 
¶ Bones used: Radius, ulna, humerus, tibia, fibula, femur. 
¶ Accuracy: Provides an estimate within a margin of two years (e.g., 16-18 years), allowing 

for a 6-month error on either side. 
¶ Limitations: Factors such as climate, diet, and heredity can affect ossification rates. 

2. Wisdom teeth: 
¶ Purpose: The eruption of wisdom teeth (third molars) is used to estimate age. 
¶ Age range: Typically erupts in late teens to early adulthood. 
¶ Limitations: Genetics, oral hygiene, and health can influence the pattern, making this 

method less accurate if used alone. 
3. Epigenetic clock technique: 
¶ Purpose: Measures DNA methylation to estimate chronological age. 
¶ Mechanism: Methyl groups are added to DNA, particularly at CpG sites (cytosine 

preceding guanine). 
¶ Use in forensics: Still under exploration in Indian forensic science. 

4. Radiographic techniques: 
¶ Purpose: X-rays and CT scans assess bone maturity and degeneration. 
¶ Use: Helpful in identifying bone age and diseases that can indicate age progression. 

 

12. Jiangmen Underground Neutrino Observatory 
¶ Location: Built 700 meters underground in China's Guangdong province. 

¶ Purpose: Designed to detect neutrinos emitted by nearby nuclear power plants, the sun, and 
9ŀǊǘƘΩǎ ƳŀƴǘƭŜΦ 

¶ Detector: Features a 600 metric ton spherical detector with thousands of light-detecting 
tubes. 

¶ Timeline: Expected to start operations in late 2025. 

¶ Collaboration: Scientists from France, Germany, Italy, Russia, and the U.S. are involved. 

¶ Global impact: Aims to surpass similar projects in the U.S. and Europe in neutrino research. 
 
About Neutrinos: 

¶ Fundamental particle: Neutrinos are elementary particles produced in high-energy processes 
like nuclear reactions in stars. 

¶ Hard to detect: Neutrinos rarely interact with matter due to their lack of electrical charge. 

¶ Origins: Produced by stars, supernovae, and on Earth in nuclear reactors and accelerators. 
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¶ Key in physics: Studying neutrinos helps understand processes in the sun, the universe's 
ŦƻǊƳŀǘƛƻƴΣ ŀƴŘ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊΦ 

¶ Future applications: Could revolutionize astronomy and medical imaging; potential for long-
distance communication via neutrinos. 

 
Indian Neutrino Observatory (INO): 

¶ Proposal: /ƻƴŎŜƛǾŜŘ ƛƴ нллр ǘƻ ǎǘǳŘȅ ƴŜǳǘǊƛƴƻǎ ǳǎƛƴƎ ŀ ŘŜǘŜŎǘƻǊ ǳƴŘŜǊ ¢ŀƳƛƭ bŀŘǳΩǎ .ƻŘƛ 
West Hills. 

¶ Budget: Initially funded at Rs 1,500 crore by the Indian government. 

¶ Approval: Received environment ministry clearance in 2018. 

¶ Challenges: Faces opposition due to environmental concerns, including its location in a tiger 
corridor and potential impact on local ecology. 

¶ Status: Construction is stalled due to opposition from environmentalists and local 
government, with no significant progress to date. 

 

13. GNSS-based Electronic Toll Collection (ETC) system 
The introduction of the GNSS-based Electronic Toll Collection (ETC) system in India aims to 
eliminate delays at toll plazas by allowing vehicles to pass without stopping, replacing the 
current FASTag system.  

¶ The Ministry of Road Transport & Highways (MoRTH) has developed a GIS-based 
software for real-time monitoring of congestion at toll plazas, starting with 100 plazas.  

¶ The GNSS-based tolling system will charge users based on the distance travelled and will 
eventually replace toll barriers, allowing for seamless traffic flow.  

¶ Initially, it will operate alongside the FASTag system, with dedicated GNSS lanes at toll 
plazas.  

¶ Over time, the entire system will shift to GNSS-based tolling. 
 

A GNSS-based Electronic Toll Collection (ETC) system leverages Global Navigation Satellite 
System (GNSS) technology to enable automatic, location-based toll collection on highways 
without the need for physical toll booths.  
Unlike traditional toll collection systems, where vehicles stop at toll gates, a GNSS-based ETC 
system uses satellite positioning to determine the vehicle's location and calculate toll charges 
based on the distance travelled. 

 
 

14. Haber-Bosch Process 
¶ Purpose: Fixes nitrogen (N2) from the air with hydrogen (H2) to produce ammonia (NH3), 

essential for manufacturing fertilizers. 
¶ Development: Invented by Fritz Haber in the early 1900s and industrialized by Carl Bosch. 
¶ Significance: Considered one of the most important technological advancements of the 20th 

century, enabling mass production of fertilizers. 
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¶ Industrial breakthrough: First large-scale chemical process using high pressure for a chemical 

reaction. 
 

 
 
How it works: 
1. Nitrogen + Hydrogen reaction: Combines nitrogen from the air with hydrogen under high 

pressure (150ς200 atmospheres) and moderate temperature (~400ς500°C). 
2. Catalyst: Mostly iron-based catalysts are used to lower the reaction temperature. 
3. Pressure & Temperature: Higher pressure increases ammonia yield, while lower 

temperatures favor the reaction but slow down the rate. 
4. Continuous process: Ammonia is removed from the reaction batch to maintain an equilibrium 

that promotes product formation. 
 

15. Helium Gas and its use in Rocket 
¶ Helium is a colourless, odourless, non-toxic gas with atomic number 2. 

¶ It is the second most abundant element in the universe and is created through nuclear fusion 
in stars.  

¶ First detected in sunlight in 1868, it was later discovered in uranium ore.  

¶ Helium is used in cryogenics, MRI scanners, and as a lifting gas.  

¶ LǘΩǎ rare on Earth, mainly produced through the radioactive decay of elements like uranium, 
and extracted from natural gas.  

¶ Once released into the atmosphere, it escapes into space, making it a non-renewable 
resource. 

 
Why is it used in rockets? 
Helium is used in rockets because it is inert, non-reactive, and has a very boiling point (-268.9°C), 
allowing it to remain a gas in extremely cold conditions. It pressurizes fuel tanks, ensuring smooth 
fuel flow to the engines, and is safe to use with residual fuel. Its small size helps detect leaks, 
making it valuable for maintaining rocket systems. Alternatives like argon and nitrogen have been 
tested, but helium remains common due to its efficiency in the space industry. 
 

16. Unification of Classical & Quantum Gravity 
Researchers have made progress in unifying classical gravity with quantum mechanics by deriving 
an uncertainty relation from gravitons, the hypothetical quantum particles mediating gravity.  
Their work reveals how quantum effects cause noise in gravitational wave detectors like LIGO, 
and they have derived an uncertainty relation between position and momentum induced by 
graviton noise. This finding suggests a true quantum gravitational effect and supports the theory 
that gravity can be quantized. 
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How are scientists trying to unify the two theories? 
Scientists are researching how atoms falling into a black hole emit radiation and its quantum 
behaviour, resembling Hawking radiation. Their calculations on this radiation, known ŀǎ άhorizon 
ōǊƛƎƘǘŜƴŜŘ ŀŎŎŜƭŜǊŀǘƛƻƴ ǊŀŘƛŀǘƛƻƴ ŜƴǘǊƻǇȅΣέ reveal insights into the Einstein principle of 
equivalence. 
This work aims to unify quantum theory and general relativity into a single theory called 
άǉǳŀƴǘǳƳ ƎǊŀǾƛǘȅΣέ enhancing our understanding of the universe from tiny particles to immense 
galaxies. 
 

17. Quantum computing 
Quantum computing has the potential to significantly enhance large language models (LLMs) by 
addressing their key limitations, such as high energy consumption, hallucinations (factually 
incorrect outputs), and struggles with syntax.  

¶ LLMs, though powerful, are energy-intensive and can produce erroneous results due to 
limitations in pre-training.  

¶ Quantum Natural Language Processing (QNLP) offers a solution, as it requires fewer 
parameters and consumes less energy while improving understanding of both syntax and 
semantics.  

¶ Additionally, Quantum Generative AI (QGen-AI) models can enhance time-series forecasting, 
allowing for more accurate predictions with fewer computational resources.  

 
What is Quantum computing? 
Quantum computing is a new way of computing that uses the principles of quantum mechanics 
to perform calculations. In traditional computing, data is processed using bits, which are either a 
0 or a 1. But in quantum computing, the data is processed using quantum bits or qubits, which 
can be both a 0 and a 1 at the same time. This property of qubits is called superposition, which 
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allows for multiple calculations to be performed simultaneously, making quantum computing 
exponentially faster than traditional computing for certain types of problems. 
Foundational Concepts of Quantum Mechanics 

1. Wave-Particle Duality: Small objects exhibit both particle and wave characteristics. 
2. Quantum Superposition: Particles can exist in multiple states simultaneously until 

measured. 
3. Entanglement: Linked particles affect each other regardless of distance. 
4. Heisenberg's Uncertainty Principle: The position and speed of a particle cannot both be 

known with perfect accuracy simultaneously. 
 

 
 

 
 
UN has declared 2025 as International Year of Quantum Science and Tech. Next year marks the 
centenary of Werner Heisenberg's foundational paper on quantum mechanics. 
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18. Quantum nonlocality 
A recent study has revealed that a universal standard for measuring quantum nonlocality, which 
describes a strange connection between distant quantum objects, is impossible.  

¶ Quantum nonlocality, a concept first introduced by physicist John Stewart Bell in 1964, 
challenges classical physics' idea of local realism.  

¶ It has significant applications in secure communication, random number generation, and 
cryptographic key creation.  

¶ The study, shows that nonlocal quantum correlations vary depending on the type, making 
each nonlocal resource unique and incapable of being universally measured or compared.  

This finding underscores the complexity and uniqueness of quantum nonlocality, expanding its 
potential applications and understanding in quantum mechanics. 
 

19. Neuromorphic computing 
Scientists at the Indian Institute of Science (IISc), Bengaluru have made a significant 
breakthrough in neuromorphic computing, which mimics the human brain's structure and 
functioning.  

¶ They've developed an analogue computing platform that can process and store data 
using 16,500 conductance states, a major advancement over traditional computers 
limited to two states.  

¶ This platform improves efficiency and reduces energy consumption for complex AI tasks, 
such as training models like ChatGPT.  

¶ ¢ƘŜ ǘŜŀƳ ŀƭǎƻ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ǎȅǎǘŜƳϥǎ ŎŀǇŀōƛƭƛǘƛŜǎ ōȅ ǊŜŎǊŜŀǘƛƴƎ b!{!Ωǎ "Pillars of 
Creation" image with much less energy.  

¶ This innovation promises to revolutionize computing, impacting industries like AI, finance, 
and tech by enabling faster data processing and more efficient machine learning 
systems.  

 

20. Signal modulation 
Signal modulation involves adjusting wave propertiesτamplitude (AM), frequency (FM), or 
phase (PM)τto carry information. 

¶ AM (Amplitude Modulation) changes the wave height to encode signals, while FM 
(Frequency Modulation) alters the wave's frequency.  

¶ PM (Phase Modulation) shifts the wave's phase for clear digital transmissions like Wi-Fi, 
being less affected by interference. 

¶ FM offers better sound quality than AM, but its range is shorter.  
However, as technology advances, digital broadcasting is replacing analog due to its efficiency 
and resistance to interference. 
 

21. Pager 
A pager, or "beeper," is a portable communication device used to receive short messages via 
radio frequency. While largely replaced by mobile phones in the 1990s, Hezbollah still uses 
pagers for low-tech communication to evade Israeli tracking.  
 
How does it work? 
Pagers work by receiving short messages sent via radio waves. When a message is transmitted, 
ǘƘŜ ǇŀƎŜǊ ŀƭŜǊǘǎ ǘƘŜ ǳǎŜǊΣ ǿƘƻ Ŏŀƴ ǘƘŜƴ ǊŜǎǇƻƴŘ ǳǎƛƴƎ ŀ ƴŜŀǊōȅ ǇƘƻƴŜΦ {ƛƴŎŜ ǇŀƎŜǊǎ ŘƻƴΩǘ ŀŎǘƛǾŜƭȅ 
transmit signals like mobile phones, they are harder to track.  
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22. PARAM Rudra 
The Prime Minister inaugurated three new PARAM Rudra ǎǳǇŜǊŎƻƳǇǳǘŜǊǎ ǿƻǊǘƘ мол ŎǊƻǊŜ 
under the National Supercomputing Mission (NSM). 
¶ These supercomputers have been deployed in Pune, Delhi, and Kolkata to aid advanced 

research in areas like physics, cosmology, earth sciences, and weather prediction. 
Significance: 
¶ These supercomputers will propel India's scientific research capabilities, making state-of-

the-art technology accessible to young scientists. 
¶ They will assist in areas like disaster management, industrial growth, agriculture (weather 

and soil analysis), and boost national capability in science and technology. 
¶ Part of India's strategy towards self-reliance and leadership in Industry 4.0. 

 
Supercomputers in India: 

¶ Origin: India began focusing on supercomputing in 1987 after being denied the purchase of a 
Cray X-MP by the USA. This led to India's development of indigenous supercomputers. 

¶ Major Indian Supercomputers: 
1. PARAM Series (developed by C-DAC): Includes PARAM Siddhi AI, PARAM Pravega, 

PARAM Utkarsh, and PARAM Shivay. 
2. Pratyush and Mihir (for weather forecasting) and AI Supercomputer AIRAWAT 

(ranked 75th globally as of 2023). 

¶ Applications: Supercomputers in India are utilized for weather forecasting, genomic 
sequencing, space exploration, aviation engineering, defense applications, and oil & gas 
exploration. 

¶ Significance: Supercomputers drive innovation, research, and are instrumental in critical 
areas like artificial intelligence, quantum computing, and national security, positioning India 
as a global leader in technology. 

 

23. Analogue research station 
Researchers from the Indian Institute of Astrophysics (IIA) have discovered a "vampire star" in 
the star cluster M67 in the constellation Cancer.  

¶ These vampire stars, known as blue straggler stars (BSS), defy standard stellar evolution 
models and appear younger than they are.  

¶ The star, named WOCS 9005, rejuvenates by siphoning material from a companion star.  

¶ This detection was made possible using data from the UltraViolet Imaging Telescope on 
AstroSat, India's first space observatory.  

¶ Spectroscopic analysis revealed the star's atmosphere is rich in heavy elements like barium, 
yttrium, and lanthanum, indicating it has been polluted by material from its binary 
companion, which has since become a white dwarf.  
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¶ This discovery provides significant insight into the complex mass transfer process in binary 

star systems. 
 

24. Sub-zero temperature batteries 
The Council of Scientific and Industrial Research (CSIR) has developed a new battery designed to 
function effectively in sub-zero temperatures, which is particularly beneficial for defence forces 
and civilians in high-altitude regions.  

¶ The innovative battery features a durable cathode catalyst and an anti-freezing electrolyte, 
making it suitable for extreme cold conditions where conventional batteries fail. 

¶ Researchers at CSIR-Central Mechanical Engineering Research Institute created a hybrid 
cathode material combining cobalt and iron alloys with nanoparticles.  

¶ This enhancement improves the battery's durability and performance in both liquid and 
solid-state zinc-air batteries, even in very low temperatures. 

¶ The new battery's portability, flexibility, and lightweight nature make it a versatile energy 
solution for various users, including military personnel and remote communities.  

 
The technology is part of a broader effort to develop efficient energy storage systems, 
addressing limitations of traditional lithium-ion batteries and exploring alternatives like metal-
air batteries and electro-catalytic techniques for low carbon footprint solutions. 
 

25. Digital watermarking 
OpenAI is reportedly developing a new method for detecting AI-generated content, including 
text and images, using a technique known as "AI watermarking."  

¶ This process involves embedding a unique, recognizable signal or watermark into the output 
of an AI model.  

¶ The watermark is subtle and often invisible to the human eye but can be detected by 
specialized algorithms. 

¶ OpenAI's "anti-cheating" technology aims to modify the way AI models, like ChatGPT, 
generate content by embedding these watermarks.  

¶ This will help identify AI-generated materials and prevent misuse, such as fraudulent 
activities.  

 
Although the technology promises up to 99.9% effectiveness, OpenAI has not yet released it 
publicly due to its complexity and potential broader implications.  
 

26. Solar paraboloid technology 
Solar paraboloid technology, a form of concentrating solar power (CSP), is emerging as a 
promising renewable energy solution.  

¶ It uses parabolic mirrors to 
focus sunlight onto a receiver, 
generating high temperatures 
(up to 300°C) for electricity or 
industrial heat.  

¶ This technology offers higher 
efficiency than traditional 
photovoltaic systems, 
potentially lowering electricity 
costs.  

However, challenges such as high 
upfront costs and technical 
complexity remain.  
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27. Eco-friendly supercapacitors 
¶ Supercapacitors, also known as ultracapacitors or electrochemical capacitors, are energy 

storage devices that store electrical energy via electrostatic charge separation at the 
interface between electrode and electrolyte.  

¶ Unlike traditional capacitors, they can store much larger amounts of charge per unit volume 
and have the ability to charge and discharge rapidly.  

¶ They complement batteries by providing bursts of power and extending battery life. 

¶ This new biowaste-derived activated carbon offers sustainable and efficient solutions for 
high-performance supercapacitors due to its availability, low cost, and environmentally 
friendly properties. 

¶ The innovative microwave-ŀǎǎƛǎǘŜŘ ǇǊƻŘǳŎǘƛƻƴ ƳŜǘƘƻŘΣ ŘŜǾŜƭƻǇŜŘ ŀǘ ǘƘŜ ŎƻƭƭŜƎŜΩǎ 
Centralised Common Instrumentation Facility (CCIF), produces high-quality activated carbon 
quickly and efficiently, making it suitable for various applications including energy storage. 

 

28. Li-Fi technology 
¶ Context: The Defence Ministry has adopted Velmenni's Li-Fi technology to tackle 

communication challenges in the Indian Navy.  

¶ Li-Fi, developed by Velmenni, uses light for secure wireless communication, supported by a 
grant under India's iDEX initiative.  

 

¶ What is Li-Fi Technology? 

¶ LiFi (Light Fidelity) is a wireless 
communication technology using 
visible light, specifically LED bulbs, to 
transmit data. Invented by Professor 
Harald Haas in 2011, LiFi offers high-
speed, bidirectional mobile 
communication similar to WiFi but 
with faster speeds, lower latency, and 
greater bandwidth (thousands of 
terahertz). 

¶ It operates by modulating LED light to 
encode binary data, which is then 
received and decoded by photodiodes 
to transmit data wirelessly via visible light communication. This makes LiFi ideal for 
electromagnetic-sensitive environments such as aircraft cabins, hospitals, and nuclear power 
plants, as it does not cause electromagnetic interference and utilizes unused visible light 
frequencies for communication 

 

29. 3D hologram technology 
Japan has introduced new yen banknotes equipped with 3D hologram technology to combat 
counterfeiting. 
 
3D hologram technology creates three-dimensional images that appear to have depth and 
motion without the need for special glasses. It uses principles of interference and diffraction. It 
uses lasers to record light patterns reflected from an object, producing a realistic holographic 
image that changes perspective as the viewer moves. These holograms are used for security in 
currency, authentication of products, and immersive displays in entertainment and education. 
 

30. Regenerative braking 
Regenerative braking in electric vehicles is a system that converts kinetic energy from the 
wheels into a storable form of energy, increasing efficiency.  
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¶ Traditional braking methods, such as disc and induction brakes, convert kinetic energy to 

heat.  

¶ In regenerative braking, the electric motor that propels the vehicle acts as a generator 
during braking, converting mechanical energy back to electrical energy, which is then stored 
in the vehicle's battery.  

¶ While beneficial, regenerative braking has limitations, such as not being sufficient alone to 
stop a vehicle completely and reduced energy recovery at lower speeds.  

¶ Other methods of energy recovery include flywheels and compressed air systems. 

 
 

31. Electroencephalogram (EEG) 
EEG stands for electroencephalography, combining "Electro" for electricity, "encephalo" for the 
brain, and "graphy" for representation. It is an instrument that measures brain electrical activity 
generated by neurons, essential in fields such as neuroscience and neurolinguistics. 
 
¶ Uses: Common applications include epilepsy diagnosis, monitoring anaesthesia effects, 

assessing sleep patterns, coma activity, and brain death. 
¶ Functioning: Neurons in the brain create electrical signals, detected by EEG to differentiate 

normal and abnormal brain states. 
¶ Advantages: EEG is cost-effective, non-invasive, portable, and emits no radiation or noise. 
¶ Disadvantages: Setup involves time and sensitivity to hair thickness, and it primarily detects 

surface brain activity, sometimes needing support from MRI and advanced data processing for 
deeper insights. 

 

32. Portable Optical Atomic Clock 
Researchers have developed a portable optical atomic clock for use on ships, offering superior 
accuracy compared to other maritime timekeeping methods. They assert it is the most advanced 
optical clock available for maritime use. 
 
About Atomic Clock: 

¶ Atomic clocks measure time using atom vibrations, particularly electrons' oscillations, with 
extreme precision, having an error margin of a few billionths of a second per day.  

¶ They rely on stable caesium atoms, whose specific vibration frequency serves as the clock's 
basis.  

¶ A microwave cavity filled with caesium vapour stimulates atom vibration, emitting radiation 
at a precise frequency. This emitted frequency is compared to a standard, adjusting the 
clock's timekeeping. 

¶ Developed for maritime use, it represents a significant advancement in optical timekeeping, 
aiding navigation, maritime communication, and scientific research, including monitoring 
underwater seismic and volcanic activity and conducting experiments in space. 
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Nano Technology 

 

1. Nano Bubble Technology 
¶ Definition: It uses nanobubbles, which are ultra-tiny bubbles less than 200 nanometres in 

diameter, to purify water. 
¶ Innovative Nature: Nanobubbles are neutrally buoyant and remain suspended in water 

for months, enabling efficient gas transfer and surface reactions. 
¶ Properties of Nanobubbles: 

o Size: 70-120 nanometres, 2500 times smaller than a grain of salt. 
o Surface Charge: Strong negative charge prevents coalescing and supports 

microbiological stimulation. 
o Neutral Buoyancy: Ensures prolonged interaction with water for effective cleaning. 
o Hydrophobic Nature: Repels water, helping to lift organic and inorganic impurities. 

¶ How Does it Clean & Purify Water? 
o Algae Removal: Breaks down algae and prevents buildup in stagnant water. 
o Waste Treatment: Efficiently digests biological waste and separates particles like oils 

and grease. 
o Gas Transfer: Facilitates hyper-efficient oxygen transfer, improving water quality. 
o Surface Cleaning: Removes organic materials without the use of harmful chemicals. 

¶ Significance of Nano Bubble Technology: 
o Aquatic Health: Ensures clean water, benefiting aquatic animals and preventing 

diseases. 
o Environmental Impact: Provides a chemical-free, sustainable solution for water 

purification. 
o Wider Applications: Useful in wastewater treatment, fermentation, and improving 

biological processes in diverse industries. 
 

2. Luminescent Nanomaterials 
To combat the increasing issue of counterfeiting, scientists at the Institute of Nano Science and 
Technology (INST) have developed a novel security ink based on luminescent nanomaterials.  

 
About Luminescent Nanomaterials: 
¶ Unique properties: These materials, doped with rare earth ions, exhibit luminescence that 
ǾŀǊƛŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ƻŦ ƭƛƎƘǘ ǘƘŜȅΩǊŜ ŜȄǇƻǎŜŘ ǘƻΦ 

¶ Multi -color display: The ink shows vibrant blue under 365 nm UV light, pink under 395 nm, 
and orange-red under 980 nm near-infrared light, enhancing its security features. 

¶ Durability: Remains effective under a wide range of light, temperature, and humidity 
conditions, making it ideal for long-term use. 

 
Counterfeiting in Currency and Other Goods: 
¶ Advanced security feature: Traditional covert tags are only visible under UV light and are 

easily duplicated. This new ink offers enhanced security with multi-wavelength color changes. 
¶ Applications: Can be applied to various items to ensure authenticity, including currency, 

certificates, branded goods, and medicines. 
¶ Ease of verification: Enables consumers and manufacturers to verify authenticity easily, 

offering a practical solution to counterfeiting. 
 

3. Fluorescent Nanodiamonds 
Fluorescent Nanodiamonds (FNDs) are becoming increasingly important across various industries 
due to their unique chemical and physical properties. A recent study demonstrated spinning FNDs 
at ultra-high speeds to test their limits in physics, highlighting potential applications in both 
theoretical and practical fields. 
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About FNDs (Chemical and Physical properties): 
¶ Composition: FNDs are nanometre-sized diamonds composed of carbon nanoparticles. 
¶ Stability: They are stable under light, non-toxic, and capable of maintaining fluorescence for 

long periods. 
¶ Fluorescence: FNDs emit light of a lower frequency when irradiated with higher-frequency 

light. Unlike other fluorescent materials, FNDs have a longer fluorescence lifespan, making 
them superior for certain applications. 

¶ Non-blinking: FNDs do not exhibit the blinking effect, unlike many other nanoscale 
fluorescent materials. 

Technology process in formation: 
¶ Production: FNDs are created under high-temperature and high-pressure conditions. 
¶ Doping: They can be doped with nitrogen atoms to form nitrogen vacancy (NV) centres, which 

host electron spin qubits. 
¶ Vacuum levitation: In a recent experiment, researchers levitated FNDs in a high vacuum and 

spun them at ultra-high speeds (up to 20 million times per second), marking an advancement 
in understanding their quantum properties. 

 
Limitations: 
¶ Technical challenges: In earlier experiments, researchers faced difficulty preventing the loss 

of nanodiamonds in a vacuum and controlling the spin qubits effectively. 
¶ Complexity: The technology to manipulate spin qubits inside levitated FNDs requires intricate 

setups, including the use of electric and magnetic fields. 
 
Applications: 
¶ High-resolution imaging: FNDs are used in biological imaging to track cells over time due to 

their stability. 
¶ Temperature sensing: They are employed in microscale temperature sensing due to their 

sensitivity. 
¶ Sensors: Their ability to detect acceleration and electric fields makes them valuable in 

strategic industries. 
¶ Quantum physics: Cb5ǎ ŘƻǇŜŘ ǿƛǘƘ b±ҍ ŎŜƴǘǊŜǎ Ŏŀƴ ŀƛŘ ƛƴ ŜȄǇƭƻǊƛƴƎ ǉǳŀƴǘǳƳ ǎǳǇŜǊǇƻǎƛǘƛƻƴ 

and other quantum mechanical properties. 
¶ Gyroscopes: The Berry phase generated by rotating FNDs could lead to their use in rotation-

sensing gyroscopes. 
 

4. Polymer nanocomposite 
Researchers from Centre for Nano and Soft matter Sciences (CeNS), Bengluru have developed a 
polymer nanocomposite for pressure sensing and energy harvesting applications and used it to 
invent a prototype of a road safety sensor. 

 
About Polymer Nanocomposite: 

¶ Chemical and Physical Properties: 
o The polymer nanocomposite is primarily composed of vanadium disulfide (VS2) 

nanoparticles integrated into polyvinylidene difluoride (PVDF), a piezoelectric 
polymer. 

o VS2 has high surface charge properties, which enhance the piezoelectric effect of 
PVDF. 

o The nanocomposite exhibits high flexibility, durability, and energy-harvesting 
capabilities, which are crucial for pressure sensing applications. 

o It can generate electricity via the piezoelectric effect, converting mechanical pressure 
into electrical energy. 

¶ Departments Involved: 
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o This project is part of ongoing research by Centre for Nano and Soft Matter Sciences 

(CeNS), Bengaluru. 
o Funded under the INSPIRE faculty fellowship program by the Department of Science 

and Technology (DST), India. 

¶ Features: 
o Self-powered sensor: The nanocomposite generates energy through pressure and 

does not need an external power source. 
o Energy harvesting: The sensor can store energy produced through the piezoelectric 

effect, which can be utilized to power electronic devices. 
o Smart application: It can be used for road safety sensors to alert vehicles approaching 

dangerous turns or high-risk zones. 

¶ Significance: 
o The polymer nanocomposite demonstrates potential for sustainable and flexible 

energy generation. 
o The application of this technology in road safety can significantly reduce accident 

rates by providing real-time alerts at critical turning points. 
o The use of smart sensors can pave the way for advanced wearable technology and 

other self-powered devices, contributing to artificial intelligence and automation 
sectors. 

 

5. Copper Zinc Tin Sulfide Nanoparticles 
Scientists from the Institute of Advanced Study in Science and Technology (IASST), Guwahati, have 
developed a new photocatalyst that can effectively break down sulfamethoxazole into less 
harmful byproducts, marking a significant step toward solving this environmental issue. 
Need: 

¶ Antibiotic contamination in the environment has become a pressing concern due to the 
increasing levels of broad-spectrum antibiotics like sulfamethoxazole (SMX) being 
released, leading to antibiotic resistance, ecological damage, and health risks. 

¶ Finding efficient ways to degrade such antibiotics into less hazardous chemicals is 
essential for mitigating these effects. 

 
About Copper zinc tin sulfide nanoparticles: 
¶ Photocatalyst developed: The team synthesized copper zinc tin sulfide (Cu2ZnSnS4 - 

CZTS) nanoparticles and CZTS-tungsten disulfide (CZTS-WS2) composite. 
¶ Composition: The composite is made from earth-abundant, inexpensive, and non-toxic 

components using a hydrothermal reaction involving zinc chloride, copper chloride, tin 
chloride, and tungsten disulfide. 

¶ Function: The composite acts as an efficient photocatalyst, which degrades 
sulfamethoxazole under light exposure. 

Significance: 
¶ Environmental impact: This photocatalyst helps reduce the harmful effects of antibiotics 

like sulfamethoxazole in the environment. 
¶ Efficiency: The CZTS-WS2 composite exhibited over 80% radical scavenging efficiency and 

antibacterial capabilities. 
¶ Reusability: The catalyst can be recovered and reused multiple times without losing its 

effectiveness, making it economically viable. 
¶ Photostability: The composite demonstrates excellent photostability, which makes it 

valuable for long-term applications in light-harvesting and photocatalysis. 
 

6. Nanoenzymes 
A recent study by the CSIR-Central Leather Research Institute (CSIR-CLRI) has shown that 
nanozymes, which are ƴŀƴƻƳŀǘŜǊƛŀƭǎ ŦǳƴŎǘƛƻƴƛƴƎ ƭƛƪŜ ŜƴȊȅƳŜǎΣ Ŏŀƴ ƛƳǇǊƻǾŜ ŎƻƭƭŀƎŜƴΩǎ ƛƴǘŜƎǊƛǘȅ 
and resistance to enzymatic degradation.  
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¶ Traditional collagen crosslinking methods often involve harsh chemicals that risk damaging 

the protein, but ƴŀƴƻȊȅƳŜǎ ŀŎƘƛŜǾŜ ǘƘƛǎ ǳƴŘŜǊ ƳƛƭŘ ŎƻƴŘƛǘƛƻƴǎΣ ǇǊŜǎŜǊǾƛƴƎ ŎƻƭƭŀƎŜƴΩǎ 
structure.  

¶ This breakthrough has significant implications for creating durable collagen-based 
biomaterials used in wound healing and tissue engineering. 

¶ The study highlights a manganese-based nanozyme that enhances collagen's stability 
through a tannic acid-tyrosine linkage, making it resistant to collagenase, an enzyme that 
typically degrades collagen.  

¶ Another related study explores how biomolecules interact with enzyme-like catalytic sites in 
metal-organic frameworks, offering new avenues for more precise artificial enzymes in 
medical applications.  

 

7. Nano-MIND technology 
In a ground-breaking experiment, researchers at the Center for Nanomedicine at the Institute for 
Basic Science (IBS) and Yonsei University in South Korea have demonstrated the ability to 
control specific brain regions in mice using magnetic fields.  

¶ This innovation, called Nano-MIND (Magnetogenetic Interface for NeuroDynamics) 
technology, uses magnetic fields and magnetized nanoparticles to wirelessly and precisely 
modulate specific deep brain neural circuits. 

¶ The technology enables the selective activation of targeted brain circuits, surpassing current 
brain manipulation methods.  

¶ The potential applications of Nano-MIND in understanding brain functions, developing 
sophisticated artificial neural networks, advancing brain-computer interface (BCI) 
technologies, and creating new treatments for neurological disorders.  

¶ This advancement in neuroscience could revolutionize research and treatment 
methodologies for brain-related conditions by providing a more precise and less invasive 
approach. 

How it works? 
In their experiments, the researchers successfully activated neurons in various brain regions, such 
as the medial preoptic area (MPOA) to stimulate maternal behaviours in non-maternal female 
mice, and the lateral hypothalamus to regulate feeding behaviours, significantly altering 
appetite and feeding patterns. 

 

8. Tribo-Electric Nanogenerator (TENG) technology 
IIT Indore has developed advanced footwear for the armed 
forces, integrating Tribo-Electric Nanogenerator (TENG) 
technology that generates electricity from human motion.  

¶ This innovation powers small electronic devices 
and features GPS and RFID technology for real-time 
tracking of soldiers, enhancing safety and operational 
efficiency.  

¶ Beyond military use, these shoes have potential 
applications in civilian, industrial, and athletic 
sectors, offering benefits like location tracking and performance analysis. 
 

About Triboelectric nanogenerators (TENGs): 
Triboelectric nanogenerators (TENGs) are devices capable of converting mechanical movement 
into electrical energy. These devices are composed of active materials that generate electric 
charges and conductive electrodes responsible for collecting and transferring the charges. 
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Nuclear Technology 

 

1. Centrifugal Process & Uranium Enrichment 
About Centrifugal Process: 
¶ Definition: Centrifuges spin uranium gas at high speeds to enrich uranium by increasing the 

concentration of the fissile isotope U-235. 
¶ Uses: Low-enriched uranium (LEU) is used for nuclear reactors, while highly enriched uranium 

(HEU) can be used for nuclear weapons. 
¶ Efficiency: Advanced centrifuges enrich uranium faster and require fewer machines compared 

to older designs. 
¶ Origins: LǊŀƴΩǎ ŎŜƴǘǊƛŦǳƎŜ ǇǊƻƎǊŀƳ ōŜƎŀƴ ƛƴ ǘƘŜ мфулǎ ǳǎƛƴƎ ŘŜǎƛƎƴǎ ŀƴŘ ŎƻƳǇƻƴŜƴǘǎ ŀŎǉǳƛǊŜŘ 
ŦǊƻƳ !ΦvΦ YƘŀƴΩǎ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƴŜǘǿƻǊƪΦ 

¶ International Concerns: The process raises fears of nuclear weapons development due to its 
dual-use nature. 

About Uranium Enrichment: 
¶ Definition: Enrichment is the process of increasing the proportion of U-235 isotope in 

uranium to make it suitable for use in nuclear reactors or weapons. 
¶ Natural Uranium Composition: Contains 0.7% U-235 (fissile isotope) and 99.3% U-238 (non-

fissile). 
¶ Purpose: Enhances U-235 concentration from 0.7% to 3-5% for standard nuclear reactors 

(LEU) or up to 20% for specialized reactors (HALEU). 
¶ Fission Process: U-235 undergoes nuclear fission to produce heat for energy generation in 

reactors. 
¶ Methods of Enrichment: Isotope separation techniques like gas centrifuges and gaseous 

diffusion are commonly used. 
 

2. Small Modular Reactors 
¶ Definition: Advanced nuclear reactors with a power capacity of up to 300 MW per unit, about 

one-third the size of traditional reactors. 
¶ Features: 

o Small: Compact size, making them versatile for different sites. 
o Modular: Can be factory-assembled and transported for on-site installation. 
o Reactors: Use nuclear fission to generate heat and produce energy. 

Advantages 
¶ Longevity: Designed to operate for 40-60 years with over 90% capacity factors. 
¶ Low-Carbon Electricity: Efficient in generating large amounts of clean energy. 
¶ Flexibility: Ideal for remote locations and can be paired with renewable energy in hybrid 

systems. 
¶ Cost Efficiency: Reduced fuel needs, lower staffing, and off-site manufacturing save 

construction time and costs. 
¶ Repurposing Sites: Can be installed on decommissioned thermal power plant sites using 

existing infrastructure. 
Safety Features 
¶ Enhanced Safety: Smaller core damage risk, improved seismic isolation, and passive 

safety features reduce potential radioactive leaks. 
¶ Simple Design: Lower likelihood of uncontrolled radioactive releases compared to 

traditional reactors. 
Disadvantages 
¶ Limited Availability: Not yet widely used for power generation. 
¶ Economic Viability: Requires large-scale production to be cost-effective. 
¶ Regulatory Challenges: Licensing for SMRs is complex and costly, designed primarily for 

larger reactors. 
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Government Initiatives /Departments 

 

1. Gujarat and Semiconductor 
Aligning with the vision for a developed India by 2047, the Gujarat government has introduced 
the Gujarat Semiconductor Policy 2022-2027 to position Gujarat as a leader in semiconductor 
manufacturing. 

 
More about news: 

¶ The DǳƧŀǊŀǘ ƎƻǾŜǊƴƳŜƴǘ Ƙŀǎ ƛƴǘǊƻŘǳŎŜŘ LƴŘƛŀΩǎ ŦƛǊǎǘ ΨDǳƧŀǊŀǘ {ŜƳƛŎƻƴŘǳŎǘƻǊ tƻƭƛŎȅ нлнн-
2027. 

¶ In 5ƘƻƭŜǊŀΩǎ ŜƳŜǊƎƛƴƎ Ψ{ŜƳƛŎƻƴ /ƛǘȅΣΩ ¢ŀǘŀ 9ƭŜŎǘǊƻƴƛŎǎ tǊƛǾŀǘŜ [ƛƳƛǘŜŘ ό¢9t[ύ ŀƴŘ ¢ŀƛǿŀƴΩǎ 
Powerchip Semiconductor Manufacturing Corporation (PSMC) are establishing LƴŘƛŀΩǎ ŦƛǊǎǘ !L-
enabled semiconductor fabrication facility with an investment exceeding Rs 91,000 crore. 

¶ Dholera, is being developed as LƴŘƛŀΩǎ ŦƛǊǎǘ DǊŜŜƴŦƛŜƭŘ {ƳŀǊǘ /ƛǘȅ.  

¶ About India Semiconductor Mission (ISM): 
o Launch: Initiated in 2021 under the Ministry of Electronics and IT (MeitY) with a 

budget of Rs. 76,000 crores. 
o Objective: Develop a robust semiconductor and display manufacturing ecosystem in 

India. 
o Financial support: Provides incentives for companies investing in semiconductor and 

display manufacturing, and design capabilities. 
o Focus on IP and Technology Transfer: Encourages the creation of indigenous 

Intellectual Property (IP) and supports the Transfer of Technologies (ToT). 
o Key schemes: 

Á Semiconductor fabs: Scheme to establish semiconductor fabrication units in 
India. 

Á Display fabs: Scheme to support display manufacturing facilities. 
Á Compound semiconductors & ATMP: Scheme for setting up facilities for 

compound semiconductors, silicon photonics, and ATMP/OSAT units. 
Á Design linked incentive (DLI): Incentives to boost the design ecosystem in 

semiconductors. 
 

2. Animal Health Security Strengthening in India for Pandemic Preparedness 
and Response Initiative  

The Government of India has launched the "Animal Health Security Strengthening in India for 
Pandemic Preparedness and Response" initiative to bolster animal health security as a preventive 
measure against future pandemics 
 
About the Ψ!ƴƛƳŀƭ IŜŀƭǘƘ {ŜŎǳǊƛǘȅ {ǘǊŜƴƎǘƘŜƴƛƴƎ ƛƴ LƴŘƛŀ ŦƻǊ tŀƴŘŜƳƛŎ tǊŜǇŀǊŜŘƴŜǎǎ ŀƴŘ 
wŜǎǇƻƴǎŜΩ LƴƛǘƛŀǘƛǾŜ: 
¶ Launched in: October 25, 2024 

o The project was approved by the Pandemic Fund, created by G20 countries under 
Indonesian presidency in 2022. 

¶ Ministry: Ministry of Fisheries, Animal Husbandry and Dairying 
¶ Aim: 

o Enhance capacity to prevent, detect, and respond to animal health threats. 
o Reduce risks of zoonotic disease transmission to humans. 

¶ Implementing agencies: Asian Development Bank (ADB), World Bank, and Food and 
Agriculture Organisation (FAO) 

¶ Timeline: Expected completion by August 2026 
¶ Funds: $25 million from the Pandemic Fund under the G20 initiative 
¶ Features: 
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o Strengthen disease surveillance and early warning systems. 
o Upgrade laboratory networks and vaccine manufacturing facilities. 
o Improve interoperable data systems and analytics. 
o Build human resources capacity and address institutional gaps. 
o Foster regional cooperation for cross-border disease management. 

 

3. 'Know Your Medicine' (KYM) App  
¶ Developer: National Anti-Doping Agency (NADA), India. 
¶ Purpose: To prevent inadvertent doping by allowing athletes to check if a medicine contains 

substances prohibited by WADA. 
¶ Key Features: 

o Verifies medicine or ingredients for prohibited substances. 
o Includes image and audio search for ease of access. 
o Customizable search options based on sport categories for specific information. 

¶ Impact: Supports clean sports by fostering a fair and ethical sporting culture. 
¶ Target Users: Athletes, coaches, and sports professionals. 

 

4. Bharat-Gen 
India has launched "Bharat-Gen," a generative AI initiative designed to enhance public service 
delivery, with a strong focus on promoting inclusivity in Indian languages. 
 
Bharat-Gen Overview: 
¶ Developed by: Led by IIT Bombay under National Mission on Interdisciplinary Cyber-Physical 

Systems (NM-ICPS). 
¶ Aim: To create generative AI models supporting India's linguistic diversity and cultural 

context. 
o This initiative marks the world's first government-funded Multimodal Large Language 

Model project. 
 
Features of Bharat-Gen: 
¶ Multilingual & Multimodal: Bharat-Gen models cater to both text and speech, covering a 

wide range of Indian languages. 
¶ India-Centric Data: ¦ǎŜǎ ŎǳǊŀǘŜŘ ŘŀǘŀǎŜǘǎ ŦƻŎǳǎŜŘ ƻƴ LƴŘƛŀΩǎ ƭƛƴƎǳƛǎǘƛŎ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ŎǳƭǘǳǊŀƭ 

contexts. 
¶ Open-Source Platform: Democratizes AI access, enabling startups, researchers, and 

innovators to build on foundational AI models. 
¶ Data-Efficient Learning: Effective in training AI for languages with limited digital presence, 

making it suitable for low-resource languages. 
 
Significance: 
¶ Cultural Preservation: 9ƴǎǳǊŜǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ LƴŘƛŀΩǎ ŘƛǾŜǊǎŜ ƭŀƴƎǳŀƎŜǎ ŀƴŘ ŎǳƭǘǳǊŀƭ 

heritage in AI systems. 
¶ Digital Sovereignty: Reduces reliance on foreign technologies by developing indigenous AI 

solutions. 
¶ Inclusive Development: Aims to make AI accessible to all citizens, particularly in underserved 

regions. 
¶ Strengthening AI Ecosystem: 9ƴŎƻǳǊŀƎŜǎ ƛƴƴƻǾŀǘƛƻƴ ƛƴ LƴŘƛŀΩǎ !L ǊŜǎŜŀǊŎƘ ŎƻƳƳǳƴƛǘȅΣ 

fostering global collaborations and boosting AI startups. 
 

5. IndiaAI Mission 
¶ Origin: Launched during the Global Partnership on Artificial Intelligence (GPAI) Summit in 

2023, New Delhi, by the Prime Minister of India. 
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¶ Background: Announced to drive AI innovation and build a comprehensive AI ecosystem in 

line with the visions of "Making AI in India" and "Making AI Work for India." 

¶ Aim: To create an advanced AI infrastructure supporting various sectors, boost AI innovation, 
enhance data quality, and promote ethical AI practices across the country. 

¶ Nodal ministry: Ministry of Electronics and Information Technology (MeitY) 

¶ Implementing agency: IndiaAI Independent Business Division (IBD) under the Digital India 
Corporation (DIC) 

¶ Key Components: 
o IndiaAI Compute Capacity: Develop AI compute infrastructure with 10,000+ GPUs via 

public-private partnerships. 
o IndiaAI Innovation Centre: Create Large Multimodal Models (LMMs) and sector-

specific foundational AI models. 
o IndiaAI Datasets Platform: Unified platform providing access to high-quality non-

personal datasets for AI research and startups. 
o IndiaAI Application Development Initiative: Promote AI applications addressing key 

challenges in sectors like healthcare, agriculture, and governance. 
o IndiaAI FutureSkills: Expand AI education through new programs at various academic 

levels and set up Data & AI Labs in smaller cities. 
o IndiaAI Startup Financing: Easier access to funding for AI startups, with Rs 2,000 crore 

allocated. 
o Safe & Trusted AI: Ensure responsible AI practices with indigenous tools and 

frameworks. 
 

6. Srijan - Center for Generative AI 
IndiaAI and Meta have launched a Center for Generative AI, called Srijan, at IIT Jodhpur, with the 
goal of driving open-source AI innovations in India.  

¶ This initiative, supported by a partnership with the All India Council for Technical 
Education (AICTE), aims to encourage young developers to leverage open-source AI 
models to solve real-world challenges. 

 
About the Center for Generative AI, Srijan: 
¶ Objective: Srijan seeks to empower young AI talent by providing resources to work with Large 

Language Models (LLMs) and focus on essential areas like healthcare, mobility, and education. 
¶ Funding: Meta has committed INR 750 Lakhs over three years, supporting training, research, 

and workshops. 
¶ Initiatives: The center will host Hackathons, Master Training workshops, and a GenAI 

Resource Hub to foster collaboration and skill development. 
¶ Partnerships: IIT Jodhpur collaborates with national and international stakeholders, including 

Meta, MeitY, AICTE, and academic institutions, to expand Generative AI research and 
innovation. 

 
About YuvaAI (Youth for Unnati and Vikas with AI) initiative: 
¶ Goal: tŀǊǘ ƻŦ LƴŘƛŀΩǎ ¸ǳǾŀ!L ǇǊƻƎǊŀƳΣ ƛǘ ŀƛƳǎ ǘƻ ǎƪƛƭƭ 1 lakh young developers (ages 18-30) in 

generative AI to tackle real-world challenges. 
¶ Collaboration: A joint effort by Meta, MeitY and AICTE to enhance AI talent through open-

source Large Language Models (LLMs) training. 
¶ Core activities: Offers skilling programs, LLM workshops, and hackathons. Outstanding 

projects receive mentoring, seed funding, and support. 
¶ Focus areas: Targets sectors like healthcare, education, agriculture, and smart cities, aligning 

with national goals for sustainable development. 
 
About AICTE (All India Council for Technical Education): 
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¶ Establishment: Formed in November 1945, AICTE became a statutory body in 1987 under the 

AICTE Act. 
¶ Purpose: AICTE supports coordinated development and improvement in technical education 

across India. 
¶ Ministry: Under the Ministry of Human Resource Development 
¶ Functions: AICTE accredits graduate and postgraduate programs, ensures quality standards in 

technical education, and offers strategic guidance. 
¶ Headquarters: Located in New Delhi. 
 

7. Transponder Technology 
The Department of Fisheries with the help of the Vessel Communication and Support System 
under the Pradhan Mantri Matsya Sampada Yojana has been able to enhance the safety and 
security of fishermen at sea. 
¶ This initiative, utilizing indigenous transponder technology developed by ISRO and 

implemented by New Space India Ltd (NSIL) 
 
About Vessel Communication and Support System: 
¶ Launch Date and Cost: LƴǘǊƻŘǳŎŜŘ ƻƴ !ǳƎǳǎǘ олΣ нлнпΣ ǿƛǘƘ ŀ ǇǊƻƧŜŎǘ ƻǳǘƭŀȅ ƻŦ осп ŎǊƻǊŜΦ 
¶ Objective: Provides real-time two-way communication for fishermen beyond mobile range, 

enhancing safety and allowing for timely advisories during emergencies. 
¶ Technology: Uses transponders developed by ISRO, enabling precise vessel tracking, speed 

monitoring, and emergency communication, especially crucial in adverse weather. 
¶ Application: The Nabhmitra Application aids in vessel tracking and provides real-time updates 

on sea conditions, weather alerts, and cyclone data, contributing to safe navigation. 
¶ Multilingual Support: Broadcasts in local languages ensure accessibility for non-English-

speaking fishermen, enhancing response time and safety. 
 
About Transponders: 
¶ Definition: A transponder is a wireless device that receives incoming signals, amplifies 

them, and transmits a modified signal back. 
¶ Primary Functions: 
¶ Acts as both a transmitter and receiver (transmitter + responder). 
¶ Shifts input signal frequency and boosts it. 
¶ Transponders are categorized into active (used in aircraft, RFID) and passive (used in 

devices like credit cards). 
Types: 
¶ Bent Pipe Transponder: Converts signal to radio frequency, boosts it, and transmits it 

back; often used in satellites as a repeater. 
¶ Regenerative Transponder: Processes the signal by demodulating and remodulating it for 

better accuracy; suitable for digital signals. 
¶ Comparison: 
¶ Transponder vs. Transceiver: A transceiver can both send and receive signals without 

preprogrammed responses, while a transponder is programmed to respond 
automatically. 

¶ Transponder vs. Transducer: A transducer converts energy types, while a transponder 
handles signal transmission and response. 

 

8. Vishvasya-Blockchain Technology Stack 
The Government of India has launched the Vishvasya-Blockchain Technology Stack, offering 
Blockchain-as-a-Service (Baas) with geographically distributed infrastructure to support 
permissioned blockchain applications. 
 
What is Blockchain? 
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Blockchain is a digital ledger technology where data (like transactions) is stored in "blocks" that 
are linked together in a chronological "chain." Each block is securely encrypted, making the data 
tamper-proof. Example: Bitcoin, where blockchain tracks all transactions in a secure, 
decentralized way. 
 
What is Blockchain Technology Stack? 
It refers to the layers of technologies needed to build and operate a blockchain. It includes the 
infrastructure (servers, networks), core blockchain functionality (protocols, consensus 
mechanisms), smart contracts (automated, self-executing contracts), and APIs (tools to interact 
with the blockchain). Example: Ethereum's technology stack enables decentralized apps and 
smart contracts. 
 
What is Blockchain-as-a-Service (BaaS)? 
It is a cloud-based service where third parties provide infrastructure and tools to build and use 
blockchain applications without needing to develop or maintain the blockchain themselves. 
Example: Microsoft Azure's BaaS allows businesses to deploy blockchain applications quickly. 

 
About Vishvasya (BaaS) 
Vishvasya offers Blockchain-as-a-Service (BaaS) using a distributed infrastructure to support 
permissioned blockchain applications. BaaS provides cloud-based tools for companies to build 
and manage blockchain apps. It is part of the National Blockchain Framework (NBF), which aims 
to utilize blockchain in areas like health, agriculture, and finance while addressing adoption 
challenges. 
 
Features of Vishvasya BaaS: 
¶ Rapid blockchain application development 
¶ Security-audited containers for production 
¶ Blockchain security audit guidelines 
¶ Geographically distributed infrastructure (Hyderabad, Pune, Bhubaneswar) 
¶ Easy onboarding documentation 
¶ NBFLite: Lightweight platform for research and learning 
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Additional Launches: 
¶ NBFLite: A sandbox for startups and academia to prototype blockchain apps. 
¶ Praamaanik: A blockchain tool for verifying mobile app origins. 
¶ National Blockchain Portal 

 
Blockchain Application: 

Sector Blockchain Application 

Cryptocurrency Enables decentralized, peer-to-peer digital currency transactions. 
Examples: Bitcoin, Ethereum. 

Energy Used for peer-to-peer energy trading platforms and streamlining 
renewable energy access. 

Finance Supports online payments, accounts, and market trading. Example: 
Singapore Exchange Limited uses blockchain for a more efficient 
interbank payment system. 

Healthcare Facilitates secure transfer of medical records, manages the drug 
supply chain, and aids genetic research. 

Smart Contracts Automates contract execution when predefined conditions are met, 
without human intervention. 

Media and 
Entertainment 

Handles copyright data and digital rights management. Example: Sony 
Music Entertainment uses blockchain for efficient digital rights 
management. 

Retail Monitors the flow of goods between suppliers and customers. 
Example: Amazon Retail's blockchain-based system for verifying the 
authenticity of items sold on the platform. 

Blockchain-as-a-
Service 

Provides cloud-based blockchain infrastructure and tools for creating 
applications and digital services. 

Supply Chain 
Management 

Improves transparency and traceability in supply chains, ensuring 
authenticity and reducing fraud. 

Government 
Services 

Applied in voting systems, personal identification security, and secure 
data management 

 
India & Blockchain Technology Initiatives 
1. RBI Regulatory Sandbox: Supervises blockchain startups in cryptocurrencies and exchanges. 
2. National Strategy on Blockchain: Promotes state-specific blockchain apps for e-governance 

services, excluding digital currencies like Bitcoin. 
3. State-specific Initiatives: States like Telangana, Tamil Nadu, and Maharashtra focus on 

blockchain centres and incubators (e.g., Telangana Blockchain District, Tamil Nadu Blockchain 
Policy 2020). 

4. Digital India Initiatives: Blockchain identified as a key emerging technology. 
5. Centre of Excellence for Blockchain Technology: Established by NIC for a nationwide 

interoperable blockchain ecosystem. 
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Biotechnology 

 

1. Gene Therapy for Haemophilia A 
Researchers has achieved a milestone by conducting a successful gene therapy trial for severe 
haemophilia A using a lentivirus vector. 

 
Gene Therapy for Haemophilia A: 
What is Haemophilia A? 
¶ Definition: A hereditary bleeding disorder caused by the deficiency of clotting Factor VIII. 
¶ Genetic Cause: It arises due to a defective gene on the X chromosome. 
¶ Prevalence: More common in males; females are typically carriers. 

Symptoms 
1. Prolonged Bleeding: Following injury or surgery. 
2. Spontaneous Bleeding: Internal bleeding in joints and muscles without apparent cause. 
3. Bruising: Unusual or frequent bruises. 
4. Hemarthrosis: Bleeding into joints, causing pain and swelling. 

 
What is Replacement Therapy? 
¶ Definition: A standard treatment where clotting factors are injected into the veins to 

replace the deficient Factor VIII. 
¶ Mechanism: Derived from human plasma or produced synthetically (recombinant clotting 

factors). 
¶ Challenges: 

o Short lifespan of clotting factors in the body. 
o Antibodies may neutralize the clotting factors, reducing effectiveness. 

 
What is Roctavian? 
¶ Definition: The first FDA-approved gene therapy for severe haemophilia A. 
¶ How It Works: 

o Uses an adeno-associated virus (AAV) vector to deliver a corrected gene 
encoding Factor VIII. 

o The gene integrates into liver cells to produce clotting Factor VIII. 
¶ Efficacy: Reduces annual bleeding rates but requires corticosteroids to suppress immune 

reactions. 
¶ Limitations: Treatment response may wane over time, and pre-existing antibodies to AAV 

may limit its use. 
 
Lentivirus Vector in Gene Therapy: 
¶ Advantages: 

o Rarely triggers pre-existing antibodies. 
o Integrates into host cells, ensuring long-term production of clotting factors. 

¶ Indian Approach: Gene transfer into adult stem cells for lifelong efficacy. 
 

2. Extrachromosomal DNA (ecDNA)  
Extrachromosomal DNA (ecDNA) has emerged 
as a groundbreaking area in cancer biology, 
challenging foundational genetic principles 
and offering new insights into cancer 
progression and drug resistance. 
 
About Extrachromosomal DNA (ecDNA): 
¶ What is ecDNA? 
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o Definition: ecDNA is a circular fragment of genetic material that breaks away from 

chromosomes and floats freely in the cell nucleus. 
o Formation: Created by DNA damage, chromosomal rearrangements, or errors during 

cell replication. 
¶ Where is ecDNA Found? 

o Commonly present in cancer cells. 
o Detected in 17% of tumor samples, with higher prevalence in liposarcomas, brain 

tumors, and breast cancers. 
¶ Key Features of ecDNA 

o Carries Oncogenes: Contains multiple copies of cancer-causing genes. 
o Dynamic Interactions: Moves freely in the nucleus, forming concentrated hubs that 

amplify oncogene expression. 
o ±ƛƻƭŀǘŜǎ aŜƴŘŜƭΩǎ ¢ƘƛǊŘ [ŀǿΥ ecDNA clusters are inherited together, preserving 

advantageous genetic combinations. 

Additional info: Mendel's law of independent assortment states that the alleles of two (or 
more) different genes get sorted into gametes independently of one another. In other 
words, the allele a gamete receives for one gene does not influence the allele received for 
another gene. 

¶ Significance of the Study 
o Challenges Genetic Dogma: Overturns the assumption that non-linked genes inherit 

independently. 
o Accelerates Cancer Progression: Enhances tumor evolution and drug resistance by 

increasing oncogene activity. 
o New Drug Development: Researchers identified BBI-2779, a CHK1-inhibiting drug, 

that selectively targets ecDNA-driven cancer cells, paving the way for novel 
treatments. 

 

3. RNA Editing 
¶ Definition: RNA editing involves making precise changes to RNA molecules, which carry 

instructions from DNA to produce proteins. This process allows scientists to correct errors in 
RNA before they are translated into proteins. 

¶ Mechanism: One method uses enzymes like adenosine deaminase acting on RNA (ADAR) to 
convert adenosine to inosine, which mimics guanosine, restoring normal protein function. 

¶ Guide RNA (gRNA): gRNA directs ADAR enzymes to specific mRNA regions to correct 
mutations linked to genetic disorders. 

 
Difference Between RNA and DNA Editing: 
¶ Permanency: DNA editing makes permanent changes to the genome; RNA editing makes 

temporary changes, reducing long-term risk. 
¶ Safety: DNA editing uses proteins from bacteria, which may cause immune reactions; RNA 

editing utilizes ADAR enzymes already present in the human body, lowering immune risks. 
¶ Flexibility: RNA editing allows effects to fade over time, enabling doctors to stop 

treatment if side effects arise. 
 
Challenges in RNA Editing: 
¶ Specificity: ADAR enzymes may cause unintended edits in non-targeted mRNA regions, 

which could lead to side effects. 
¶ Transient Effects: The temporary nature of RNA edits requires repeated treatments for 

sustained benefits. 
¶ Delivery Limitations: Current delivery methods, like lipid nanoparticles, struggle with 

transporting large molecules, limiting effectiveness. 
 
Applications in Various Fields: 
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¶ Genetic Disorders: Treats single-Ǉƻƛƴǘ Ƴǳǘŀǘƛƻƴǎ ƛƴ ŎƻƴŘƛǘƛƻƴǎ ƭƛƪŜ IǳƴǘƛƴƎǘƻƴΩǎ ŘƛǎŜŀǎŜΣ 

Duchenne muscular dystrophy, and alpha-1 antitrypsin deficiency. 
¶ Neurological Conditions: Companies are exploring RNA editing for diseases like 
tŀǊƪƛƴǎƻƴΩǎΦ 

¶ Oncology: wȊƴƻƳƛŎǎΩ ǘǊƛŀƭǎ ŦƻŎǳǎ ƻƴ ǳǎƛƴƎ wb! ŜŘƛǘƛƴƎ ǘƻ ǊŜƎǳƭŀǘŜ ǇǊƻǘŜƛƴ ǇǊƻŘǳŎǘƛƻƴ 
related to liver cancer. 

¶ Ophthalmology: Treating ABCA4 retinopathy, which is caused by mutations affecting 
protein expression in the eye. 

 

4. Mitochondria 
Researchers have been studying the role of mitochondria, the cell's powerhouses, in Parkinson's 
disease.  

¶ Mitochondria are dynamic, constantly changing in size, number, and location to meet 
cellular demands.  

¶ Imbalances in mitochondrial dynamics have been linked to neurodegenerative diseases, 
including Parkinson's. 

¶ The research team focused on a protein called Drp1, which controls mitochondrial division. 
Excessive Drp1 activity causes mitochondria to fragment, leading to cellular dysfunction and 
death.  

¶ By reducing Drp1 activity in lab models of Parkinson's, including cell cultures and animal 
models, researchers were able to restore normal mitochondrial function, protect neurons 
from disease, and improve motor function in rats. 

These findings suggest that targeting Drp1 could be a promising treatment for Parkinson's 
disease, and the researchers are now testing FDA-approved compounds that inhibit Drp1 as 
potential therapies. 
 

Parkinson's disease, a neurodegenerative disorder characterized by the death of brain cells that 
control movement, leading to the disease's signature tremors. 
 Currently, no treatments exist that can halt or slow down this cell death. 

 

5. Mitochondrial donation 
Mitochondrial disease (Mito) encompasses a group of disorders that impair mitochondria's 
ability to produce the energy necessary for organs to function, potentially leading to organ 
failure.  

¶ A new procedure called mitochondrial donation offers a cure for Mito. 
 
Mitochondrial Disease: 

¶ Types: Caused by faulty genes in 
nuclear DNA (inherited from both 
parents) or mitochondrial DNA 
(inherited from the mother). 

¶ Symptoms: Affects 1 in 5,000 
people, impacting energy-
intensive organs like the heart, 
brain, and muscles.  

 
Mitochondrial Donation: 

¶ Procedure: An IVF-based 
technique allowing parents with 
faulty mitochondrial DNA to have 
genetically related children without passing on the disease. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/science-technology/biotechnology/mitochondrial-gene-therapy/#:~:text=Mitochondria%20are%20tiny%20rod%2Dlike,material%20within%20the%20cell%20nucleus.
https://www.insightsonindia.com/2023/05/12/mitochondrial-donation-treatment-mdt/


 

www.insightsonindia.com                                                          64                                                                      InsightsIAS 

INSIGHTS PT 2025 EXCLUSIVE (SCIENCE & TECHNOLOGY) 

NOTES 
¶ Process: Involves transferring nuclear DNA from an egg with faulty mitochondria to a donor 

egg with healthy mitochondria. The resulting child inherits nuclear DNA from the parents and 
mitochondrial DNA from the donor. 

 

6. Genetic screening 
Athletes worldwide are increasingly turning to genetic screening to enhance their performance.  

¶ This emerging science offers valuable insights into personal traits like food allergies, vitamin 
and mineral needs, and other physiological factors.  

¶ The Board of Control for Cricket in India has been using genetic tests since 2017 to improve 
players' physical capabilities, including speed, endurance, recovery time, and muscle-
building.  

Genetic screening is a tool used to identify individuals at higher risk for developing certain 
disorders or carrying specific genes for these disorders.  
 
It involves testing genetic materialτchromosomes, genes, or proteinsτto detect changes that 
might increase disease risk.  
 
By identifying altered genes, genetic screening helps determine risk and offers preventive 
measures and early treatment options. 

 

7. DNA profiling 
Recently the Madras High Court 
overturned a conviction based on 
DNA evidence, highlighting the 
need for corroborative evidence.  

¶ DNA profiling, though 
increasingly accurate, is not 
infallible and should not be 
the sole basis for establishing 
guilt or innocence in the 
justice system. 

¶ DNA profiling involves 
analyzing specific locations in 
the 0.1% of human DNA that 
varies between individuals.  

¶ However, issues such as sample contamination and the probabilistic nature of DNA analysis 
can affect reliability.  

 

8. Recombinant Proteins 
Researchers at the Indian Institute of Science (IISc), Bengaluru, have devised a groundbreaking 
method for mass-producing recombinant proteins, which include vital substances like vaccine 
antigens, insulin, and monoclonal antibodies.  
 
What are Recombinant Proteins? 

¶ Recombinant proteins are proteins that are artificially produced through genetic engineering 
techniques.  

¶ These proteins are created by introducing specific DNA sequences, encoding desired protein 
products, into host organisms such as bacteria, yeast, or mammalian cells.  

¶ The host cells then use their own cellular machinery to produce the recombinant proteins 
according to the inserted genetic instructions.  

¶ Recombinant proteins have a wide range of applications, including in medicine (such as 
vaccine antigens, insulin, and therapeutic antibodies), agriculture, industry, and research. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/wp-content/uploads/2017/08/DNA-Profiling-in-India.pdf
https://www.insightsonindia.com/science-technology/biotechnology/principles-of-biotechnology/
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They are crucial for various biotechnological and pharmaceutical purposes due to their 
precise control over protein structure and function. 

 

What are Proteins? 
Proteins serve as the backbone of biological systems, driving essential processes like gene 
expression, cell growth, and communication within cells. The blueprint for protein synthesis 
resides in DNA, guiding the tightly regulated transcription process to generate messenger RNA 
(mRNA) for protein production. 

 

9. safeEXO-Cas 
Scientists at Columbia University College of Dental Medicine have developed a new gene editing 
platform called "safeEXO-Cas," using exosomes as delivery vehicles for CRISPR/Cas9 
components.  
This platform enhances precision in targeting specific cells and tissues, overcoming the 
limitations of current delivery methods.  
 
What are Exosomes? 
Exosomes are naturally occurring vesicles that 
act as vehicles for transporting molecules, such 
as proteins and genetic material, between cells. 
These tiny membrane-bound structures play a 
crucial role in cell-to-cell communication and 
have potential applications in drug delivery, 
diagnostics, and therapeutics. 
 

About CRISPR/Cas9 technology: 
It is a genome editing tool, that works as a cut-
and-paste mechanism on DNA strands, allowing 
targeted modifications to the genome. Its 
applications include editing genes in human 
embryos, improving crop resilience, and treating 
diseases like sickle cell disease. 
 

 
  

http://www.insightsonindia.com/
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https://www.insightsonindia.com/science-technology/biotechnology/what-is-crispr-cas9/#:~:text=The%20CRISPR%2DCas9%20system%20consists,then%20be%20added%20or%20removed.
https://www.insightsonindia.com/science-technology/biotechnology/what-is-crispr-cas9/#:~:text=The%20CRISPR%2DCas9%20system%20consists,then%20be%20added%20or%20removed.


 

www.insightsonindia.com                                                          66                                                                      InsightsIAS 

INSIGHTS PT 2025 EXCLUSIVE (SCIENCE & TECHNOLOGY) 

NOTES 
Health 

 

1. Notifiable Diseases 
The Government of India has urged States and Union Territories to classify snakebite cases and 
deaths as "notifiable diseases" to enhance surveillance and improve public health interventions. 
¶ This move aligns with the National Action Plan for Prevention and Control of Snakebite 

Envenoming (NAPSE), which aims to reduce snakebite-related deaths and disabilities by 
50% by 2030. 

 
About Snake Bites: 
¶ Epidemiology: India records the highest number of snakebite incidents globally, with over 

58,000 deaths annually (WHO estimate). 
¶ High-Risk Areas: Rural regions with agricultural activity and forested areas report the 

majority of cases. 
 
About Notifiable Diseases in India: 
¶ Definition: Diseases legally required to be reported to government authorities for effective 

monitoring and response. 

E.g. Cholera, tuberculosis, AIDS, dengue. 

¶ Power to Declare Notifiable Disease: 
o Lies with the State Government under public health legislation. 
o The Centre can recommend diseases for notification. 

¶ Impacts of Declaring Notifiable Disease: 
o Improved Surveillance: Ensures accurate 

tracking of cases and deaths. 
o Early Outbreak Warning: Helps prevent 

large-scale epidemics. 
o Targeted Interventions: Enables better 

allocation of healthcare resources. 
o Global Collaboration: !ƭƛƎƴǎ ǿƛǘƘ ²IhΩǎ 

International Health Regulations for 
global disease monitoring. 

¶ Features: 
o Mandatory Reporting: Doctors and 

healthcare facilities must report cases. 
o Legal Implications: Non-compliance can 

lead to penalties under state laws. 
o Burden Analysis: Provides comprehensive data on disease prevalence. 
o Disease Control: Facilitates public health planning and preventive measures. 

 

2. High Risk Foods 
The Food Safety and Standards Authority of India (FSSAI) has recently categorized packaged 
drinking water and mineral water as "high-risk foods," intensifying regulatory measures to 
ensure safety and quality. 
¶ This decision follows the removal of mandatory BIS certification, focusing instead on 
ǊŜƎǳƭŀǊ ƛƴǎǇŜŎǘƛƻƴǎ ŀƴŘ ŀǳŘƛǘǎ ǳƴŘŜǊ ǘƘŜ C{{!LΩǎ ǇǳǊǾƛŜǿΦ 

 
About High-Risk Food Classification: 
¶ What it is: High-risk foods are those requiring stringent safety protocols due to their 

potential to impact public health if mishandled. 
¶ Authority: Governed by the Food Safety and Standards Authority of India (FSSAI). 
¶ Law Governing: Regulated under the Food Safety and Standards Act, 2006. 

http://www.insightsonindia.com/
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¶ Why Classification: 

o To ensure enhanced consumer safety through rigorous testing and monitoring. 
o To replace the dual certification process, streamlining regulatory requirements. 

¶ Other Products Under High-Risk Category: 
o Dairy products and analogues. 
o Meat, poultry, fish, and seafood. 
o Eggs and egg products. 
o Prepared and fortified foods (e.g., fortified rice kernels). 
o Specialised food products for nutritional uses. 

¶ Significance of Classification: 
o Promotes higher safety standards via mandatory inspections and audits. 
o Simplifies industry compliance by eliminating redundancy, such as BIS 

certification. 
o Increases consumer trust in food safety measures. 

 

3. Nafithromycin 
India has achieved a groundbreaking milestone in the fight against antimicrobial resistance (AMR) 
ǿƛǘƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ bŀŦƛǘƘǊƻƳȅŎƛƴΣ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŦƛǊǎǘ ƛƴŘƛƎŜƴƻǳǎ ƳŀŎǊƻƭƛŘŜ ŀƴǘƛōƛƻǘƛŎΦ 
 
About Nafithromycin: 
¶ Developed by: Wockhardt Ltd., with support from the Biotechnology Industry Research 

Assistance Council (BIRAC) under the Biotech Industry Program. 
¶ Aim: 

o To combat Community-Acquired Bacterial Pneumonia (CABP) and address infections 
caused by drug-resistant bacteria. 

o Reduce the global and national burden of antimicrobial resistance. 
¶ Effectiveness: 

o 10 times more effective than existing treatments like azithromycin. 
o Offers a three-day treatment regimen, significantly reducing recovery time. 
o Effective against typical and atypical drug-resistant bacteria, with superior safety and 

minimal side effects. 
¶ Significance: 

o First in its Class: Marks the first global introduction of a new macrolide antibiotic in 
over 30 years. 

o Addresses AMR: A critical tool in tackling AMR-related infections affecting vulnerable 
groups such as children and the elderly. 

 

4. Malaria 
The World Malaria Report 2024 by WHO highlights India's significant progress in reducing malaria 
cases but underscores the country's continued burden in Southeast Asia. 
 
About Malaria: 
¶ What is Malaria? 

o A life-threatening disease caused by Plasmodium parasites, primarily P. falciparum 
and P. vivax, transmitted through infected female Anopheles mosquito bites. 

¶ How it Spreads: Non-contagious; transmitted via mosquito bites. 
¶ Vectors: Female Anopheles mosquitoes. 
¶ Symptoms: 

o Begin 10ς15 days after a mosquito bite. 
o Common symptoms: fever, chills, and headache; can be mild in partially immune 

individuals. 
¶ Prevention and Cure: 

o Prevention: 

http://www.insightsonindia.com/
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Á Vector control (e.g., insecticide-treated bed nets, indoor residual spraying). 

o Treatment: 
Á Preventable and curable with early diagnosis and prompt treatment to reduce 

disease transmission and fatalities. 
 

5. African Swine Fever 
¶ Origin: 

o ASF is endemic to sub-Saharan Africa but has spread globally to regions like Asia and 
Europe. 

¶ Vector: 
o Transmitted through direct contact with infected animals, contaminated clothing, 

vehicles, or bites by infectious soft ticks. 
¶ Mode of Spread: 

o Direct contact with infected pigs or pork products. 
o Indirect contact via contaminated surfaces and equipment. 

¶ Disease Found In: 
o Affects domestic and wild pigs exclusively. 

¶ Zoonotic or Not: 
o ASF is not zoonotic; it poses no risk to human health. 

¶ Symptoms: 
o Fever, loss of appetite, inflamed eye membranes, red skin, diarrhoea, and vomiting. 

¶ Cure: 
o No vaccine or cure is available. Culling infected pigs is the only effective containment 

measure. 
 

6. H5N1 Avian Flu 
¶ What it is: A highly pathogenic strain of avian influenza caused by the influenza A(H5N1) 

virus, affecting birds and occasionally humans. 
¶ Types: Includes subtypes like A(H5N1) and A(H7N9), 

based on proteins on the virus surface. 
¶ Symptoms: 

o Mild: Pink eye, cough, sore throat, fatigue. 
o Severe Fever, shortness of breath, nausea, 

diarrhea, and respiratory complications. 
¶ Spread: Humans contract it through contact with 

infected animal fluids (saliva, feces, milk). Rarely 
spreads human-to-human. 

¶ Zoonotic nature: It is zoonotic in nature can jump 
from animals to humans but is not easily 
transmissible between humans. 

¶ Treatment: 
o Antiviral medications like oseltamivir 

(Tamiflu). 
o Supportive care for respiratory symptoms. 
o Preventive measures include avoiding contact with infected animals and proper 

cooking of poultry products. 
 

7. GLP-1 receptor agonists 
The WHO has endorsed GLP-1 receptor agonists, a new class of drugs for managing obesity, 
marking a shift in global health strategies to combat the growing obesity epidemic. 

 
About GLP-1 Receptor Agonists: 

http://www.insightsonindia.com/
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¶ What it is: A class of medicines that mimic the Glucagon-Like Peptide-1 (GLP-1) hormone, 

which regulates appetite and blood sugar levels. 
¶ Uses: 

o Effective in treating obesity by reducing appetite and promoting weight loss. 
o Initially developed for type 2 diabetes management. 
o Drugs like semaglutide (Ozempic, Wegovy) and tirzepatide have shown up to 25% 

body weight reduction in trials. 
¶ Significance: 

o Addresses a global obesity pandemic, affecting nearly 1 in 8 people worldwide. 
o Reduces risk factors associated with non-communicable diseases like cardiovascular 

diseases and diabetes. 
o Holds transformative potential for both individual health outcomes and global 

healthcare costs, estimated to reach $3 trillion by 2030. 
 

8. Never Events 
¶ What it is: Serious, preventable incidents in healthcare that result in severe consequences, 

such as wrong-site surgeries or medication errors. 
¶ Coined in: Introduced in 2002 by the National Quality Forum (NQF), USA, and adopted in 

other nations like the U.K. and Canada. 
¶ Significance: 

o Enhances focus on 
implementing 
stringent safety 
protocols. 

o Promotes 
accountability in 
healthcare systems. 

o Reduces patient 
harm and medical 
negligence cases. 

 

9. Metabolic 
Dysfunction-Associated Steatotic Liver Disease 

Exercise is a cornerstone in managing metabolic dysfunction-associated steatotic liver disease 
(MASLD), according to a study led by an Indian-origin researcher. 
¶ Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD), previously known as 

Non-Alcoholic Fatty Liver Disease (NAFLD), is a chronic liver condition linked to fat 
accumulation in the liver.  

 
About Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD): 
¶ What it is: MASLD is a liver disease caused by excessive fat build-up in the liver, often linked 

to metabolic dysfunction. It can progress to inflammation (MASH) and severe complications 
like liver fibrosis or cirrhosis. 

¶ Causes: 
o Obesity ό.aL җ олύΦ 
o Insulin resistance leading to poor blood sugar management. 
o Type 2 diabetes. 
o Dyslipidemia (high cholesterol and lipids). 

¶ Symptoms: 
o Fatigue and weakness. 
o Right upper abdominal ache. 
o Swollen belly and yellowing skin (in advanced cases). 
o Severe cases may lead to cirrhosis or liver cancer. 

http://www.insightsonindia.com/
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¶ Diseases Associated: 

o MASH (inflammation with scarring). 
o Hepatocellular carcinoma (liver cancer). 
o Increased risks of cardiovascular diseases, breast cancer, and colon cancer. 
o Type 2 diabetes in non-diabetic individuals. 

¶ Treatment: 
o Lifestyle Changes: Weight loss and regular exercise to reduce liver fat and improve 

insulin sensitivity. 
o Dietary Adjustments: Avoiding high-fat, high-sugar foods. 
o Pharmacotherapy: For managing metabolic risk factors like diabetes and cholesterol. 
o Exercise Protocols: Tailored regimens can benefit all patients, including those with 

advanced liver disease like cirrhosis. 
 

10. Norovirus 
¶ Definition: Norovirus is a highly contagious virus causing gastroenteritis, inflammation of the 

stomach and intestines. 
¶ Common Name: Also known as the "stomach flu" or "winter vomiting bug." 
¶ Primary Vector: Spreads through stool or vomit of infected individuals. 
¶ Transmission Modes: 

o Consuming contaminated food or water. 
o Touching contaminated surfaces and then touching the mouth. 
o Close contact with infected individuals. 

¶ High-Risk Locations: Crowded environments such as schools, healthcare facilities, cruise 
ships, and restaurants. 

¶ Symptoms of Norovirus: 
o Vomiting and diarrhoea. 
o Nausea and stomach cramping. 
o Additional symptoms: body aches, headaches, fever, reduced urination, and 

dehydration. 
 

11. Antimicrobial Resistance 
¶ Definition: AMR occurs when microorganisms such as bacteria, viruses, fungi, and parasites 

evolve to resist antimicrobial drugs, rendering them ineffective. 
¶ Impact: AMR complicates treatments, increases healthcare costs, prolongs illnesses, and risks 

lives globally. 
 
Causes of AMR: 
¶ Overuse of Antibiotics: Unregulated sale and over-the-counter availability of antibiotics. 

Over-prescription for minor or non-bacterial infections. 
¶ Underuse or Misuse: Non-adherence to prescribed dosages or courses. 
¶ Industrial Agriculture Practices: Antibiotics used as growth promoters in livestock, fisheries, 

and poultry. Poor waste management from farms increases AMR in the environment. 
¶ Lack of Diagnostic Infrastructure: Inadequate facilities for proper disease diagnosis and 

treatment. 
¶ Inadequate Training: Healthcare providers often lack awareness of rational antibiotic use. 
¶ COVID-19 Pandemic Misuse: Rampant and indiscriminate use of antibiotics during the 

pandemic exacerbated AMR. 
 
India's Approach to AMR: 
¶ National Action Plan (NAP): Launched in 2017, it focuses on rational antibiotic use and AMR 

surveillance. 
¶ AMR Surveillance and Research Network (AMRSN): Established by ICMR in 2013, monitoring 

resistance patterns across 30 tertiary hospitals. 

http://www.insightsonindia.com/
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¶ One Health Approach: Focus on 

interconnected health across 
human, animal, and environmental 
sectors. Collaborative initiatives like 
Integrated One Health Surveillance 
Network. 

¶ National One Health Mission: 
Approved in 2022, it targets AMR, 
zoonotic diseases, and 
environmental health. 

¶ Policy Guidelines: NCDC developed 
national guidelines for treatment 
and infection control. 

¶ Zoonotic Disease Programmes: 
National Programme for Prevention 
and Control of Zoonoses under One 
Health. 

 

12. Diabetes ς A Non communicable Disease 
¶ Diabetes is a chronic condition where the body fails to regulate blood glucose levels 

effectively due to insufficient insulin production or impaired insulin response. 
¶ Types of Diabetes: 

o Diabetes mellitus: 
Á Diabetes mellitus, the most prevalent form of diabetes, occurs when the 

body cannot effectively produce or utilize insulin, leading to unregulated 
blood sugar levels.  

Á It is categorized into two main types: 
Á Type 1 Diabetes (T1D): 

Á Autoimmune condition; pancreas produces little or no insulin. 
Á Typically affects children and young adults. 

Á Type 2 Diabetes (T2D): 
Á Caused by insulin resistance and reduced insulin production. 
Á Associated with lifestyle factors like obesity and inactivity. 

o Gestational Diabetes: 
Á Gestational diabetes occurs in pregnant women, leading to elevated blood 

sugar levels without an obvious cause. 
Á Develops during pregnancy and usually resolves after childbirth. 

o Diabetes Insipidus: 
Á Diabetes insipidus arises when the hypothalamus fails to produce or respond 

to antidiuretic hormone (ADH), which helps the kidneys regulate body water 
levels.  

Á Without this hormone, the kidneys excrete a large volume of diluted and 
odourless urine. 

Symptoms: 
o Frequent urination. 
o Excessive thirst and hunger. 
o Unexplained weight loss. 
o Blurred vision. 
o Fatigue. 
o Slow-healing wounds. 

 
Role of Insulin in Resolving Diabetes: 
¶ Function: 

http://www.insightsonindia.com/
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o Insulin is a hormone produced by the pancreas that facilitates glucose absorption 

into cells for energy production. 
¶ In Diabetes: 

o Type 1 Diabetes: Insulin injections or pumps are essential for survival. 
o Type 2 Diabetes: Insulin or other medications may be needed alongside lifestyle 

modifications. 
 
Government Initiatives to Counter Diabetes: 
¶ National Programme for Prevention and Control of Cancer, Diabetes, Cardiovascular 

Diseases, and Stroke (NPCDCS): 
o Focuses on awareness, early diagnosis, and management. 

¶ National Health Policy (2017): 
o Aims to reduce premature deaths from non-communicable diseases by 25% by 

2025. 
¶ Ayushman Bharat - Health and Wellness Centres: 

o Provides free screenings and consultations for diabetes and other non-
communicable diseases. 

¶ Eat Right Movement: 
o Promotes healthier dietary habits to combat obesity and diabetes. 

¶ School Health Programs: 
o Focuses on inculcating healthy lifestyles among children to prevent early onset of 

Type 2 Diabetes. 
 
Ψttt Ǉƭǳǎ tttΩ aƻŘŜƭ 
On World Diabetes Day, Union Minister for Science and Technology introduced the innovative 
Ψttt Ǉƭǳǎ tttΩ ƳƻŘŜƭ, aimed at addressing LƴŘƛŀΩǎ ŘƛŀōŜǘŜǎ ŜǇƛŘŜƳƛŎ through collaborative 
efforts between domestic and international stakeholders. 
 
!ōƻǳǘ Ψttt Ǉƭǳǎ tttΩ ƳƻŘŜƭΥ 
¶ Definition: A dual-layered collaboration model combining Public-Private Partnerships 

(PPP) within India with international PPP collaborations. 
¶ Objective: To enhance healthcare infrastructure, promote innovation, and make diabetes 

care accessible and affordable. 
¶ Domestic Partnerships: {ǘǊŜƴƎǘƘŜƴǎ LƴŘƛŀΩǎ ƘŜŀƭǘƘŎŀǊŜ ǎȅǎǘŜƳ ōȅ ǳƴƛǘƛƴƎ ǇǳōƭƛŎ ŀƴŘ 

private sectors to develop cost-effective and scalable solutions. 
¶ International Collaborations: Engages global expertise to bring advanced technologies 

and AI-driven solutions for diabetes monitoring and management. 
¶ Focus Areas: Develop affordable non-invasive devices, increase awareness, ensure 

treatment adherence, and close healthcare accessibility gaps. 
 

13. Allulose 
¶ Natural source: Found naturally in figs, kiwis, and other fruits. 
¶ Sweetness and Calories: 70% as sweet as sugar with almost zero calories, making it ideal 

for low-calorie diets. 
¶ Health benefits: May aid in weight loss and help lower blood glucose levels when 

combined with sugars, beneficial for diabetics. 
¶ Health concerns: Side effects include potential gastrointestinal issues like diarrhea and 

bloating if consumed in large quantities. 
¶ Regulatory status: Approved in the U.S. and South Korea, but still classified as a "novel 

food" in the EU and Canada, with limited global regulatory approval. 
¶ Challenges: High production costs and need for further research on long-term safety limit 

its broader commercialization. 
 

http://www.insightsonindia.com/
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14. άCƛǊǎǘ ƛƴ ǘƘŜ ²ƻǊƭŘ /ƘŀƭƭŜƴƎŜϦ ƛƴƛǘƛŀǘƛǾŜ 
The Indian Council of Medical Research (ICMR) has launched the "First in the World Challenge" 
initiative, aiming to foster groundbreaking innovations in the health sector. 

 
About First in the World Challenge Initiative: 
¶ Objective: The initiative aims to encourage bold, unique research that brings "first of its 

kind" innovations to the global health sector. 
¶ Scope: Focuses on out-of-the-box ideas leading to breakthrough health technologies, such 

as novel vaccines, drugs, diagnostics, and interventions. 
¶ Funding criteria: Proposals must be groundbreaking, excluding incremental 

advancements or process improvements. High-risk, high-reward proposals with global 
impact potential are prioritized. 

¶ Application: Open to individual researchers or teams from single or multiple institutions. 
¶ Selection process: A committee of top experts, innovators, and policymakers will evaluate 

and select proposals based on originality and potential for impact. 
 
About Indian Council of Medical Research (ICMR): 
¶ Origin: Founded in 1911 as the Indian Research Fund Association (IRFA), it was renamed 

ICMR in 1949. 
¶ Ministry: Operates under the Ministry of Health and Family Welfare, Government of 

India. 
¶ Aim: To advance biomedical research, aiming to improve public health and address 

national health challenges. 
¶ Functions: 

o Formulates, coordinates, and promotes biomedical research. 
o Conducts and supports medical research benefiting society. 
o Facilitates the translation of medical research into public health applications. 

¶ Vision: "Translating Research into Action for Improving the Health of the Population." 
 

15. Vaccine-Derived Poliovirus 
WHO faced scrutiny over its handling of polio data, particularly its limited transparency on 
immune-deficiency and ambiguous vaccine-derived poliovirus cases.  

¶ Recently the ICMR-NIV Mumbai unit confirmed and reported that the polio case detected 
in Meghalaya was a type 1 vaccine-derived poliovirus.  

 
About Polio Virus: 
¶ Definition: Polio 

is a highly 
infectious viral 
disease primarily 
affecting children 
under five, 
causing paralysis 
and sometimes 
death by 
attacking the 
nervous system. 

¶ Types of Polio 
Virus: 

http://www.insightsonindia.com/
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o Wild Poliovirus Types: 

Á WPV1: Currently the most common strain. 
Á WPV2: Eradicated globally. 
Á WPV3: Declared eradicated in 2019. 

o Vaccine-derived Poliovirus (VDPV): Occurs when the weakened virus in the oral 
polio vaccine (OPV) reverts to a more virulent form, potentially causing outbreaks 
in under-immunized areas. 

 
¶ Vaccines: 

o Oral Polio Vaccine (OPV): Contains weakened virus, given at birth, with additional 
doses at 6, 10, and 14 weeks, and a booster at 16-24 months. 

o Inactivated Polio Vaccine (IPV): Administered with DPT in the Universal 
Immunization Programme (UIP) as a booster for added immunity. 

¶ Vaccine-derived Poliovirus (VDPV): 
o Circulating VDPV (cVDPV): Develops in under-immunized populations when the 

vaccine strain spreads and mutates. 
o Immune-deficiency VDPV (iVDPV): Can occur in immune-deficient individuals 

who carry and excrete the virus for extended periods. 
o Ambiguous VDPV (aVDPV): Cases that do not fit into cVDPV or iVDPV categories. 

¶ Transmission: Primarily through the fecal-oral route, the virus multiplies in the intestine, 
allowing it to invade the nervous system. 

¶ Global Eradication Efforts: Multiple rounds of OPV immunization are recommended to 
stop cVDPV transmission, with high-quality immunization campaigns being critical. 

¶ LƴŘƛŀΩǎ {ǘŀǘǳǎΥ Declared polio-free by WHO in 2014, with the last wild polio case reported 
in 2011. 

 

16. Revolutionary Ultrasound Method Enhances Early Cancer Detection 
Scientists have developed a new technique to detect cancers. The method uses ultrasound to turn 
ŀ ǎƳŀƭƭ ǇŀǊǘ ƻŦ ƻǳǊ ōƻŘȅΩǎ ǘƛǎǎǳŜ ƛƴǘƻ ŘǊƻǇƭŜǘǎ ǘƘŀǘ ŀǊŜ ǊŜƭŜŀǎŜŘ ƛƴǘƻ ǘƘŜ ōƭƻƻŘΦ ¢ƘŜǎŜ ōǳōōƭŜǎ 
contain molecules like RNA, DNA, and proteins that allow the scientists to identify particular types 
of cancer. 

 
Technology used and methods: 

1. High-energy ultrasound: Employs higher-frequency sound waves than traditional 
ultrasound, capable of interacting more intensely with tissues. 

2. Droplet formation: The ultrasound waves cause tiny pieces of cancerous tissue to break 
off, turning them into droplets that release molecular contents into the bloodstream. 

3. Biomarker analysis: The droplets contain biomarkers like RNA, DNA, and proteins, which 
are then extracted from the blood and analyzed to identify specific cancer types. 

4. Single cell detection capability: The method is sensitive enough to detect a single cancer 
cell in blood samples, providing insights into cancer progression and metastasis. 

Significance 
1. Non-invasive technique: Reduces the need for painful and invasive procedures like 

biopsies, making cancer detection easier for patients. 
2. Cost-effective solution: Expected to lower the cost of cancer detection significantly, 

offering a more affordable alternative to current expensive tests. 
3. High sensitivity: Increases the concentration of detectable biomarkers by over 100 times, 

improving early cancer detection accuracy. 
4. Versatility: Has the potential to detect multiple cancer types, such as prostate, breast, 

and melanoma, using a single diagnostic approach. 
Limitations: 

1. Clinical validation required: Needs extensive clinical trials on diverse populations to 
ensure its effectiveness and accuracy before widespread use. 
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2. Technical standardization: Challenges in standardizing the technique for different cancer 

types and ensuring consistent results across various settings. 
3. Biomarker variability: The sensitivity of detection may vary with different cancers due to 

variations in biomarker thresholds, potentially affecting accuracy. 
4. Early development stage: Still in the experimental phase, with a timeline of at least five 

years before potential commercial availability, depending on trial outcomes. 
Early Cancer Detection: 
¶ Definition: Early cancer detection involves identifying cancer at its initial stages, 

significantly improving treatment outcomes. 
¶ Two components: 

o Screening: Testing asymptomatic individuals to detect cancer before symptoms 
appear (e.g., mammography for breast cancer). 

o Early diagnosis: Focuses on symptomatic patients, aiming for prompt detection, 
diagnosis, and treatment. 

¶ Difference: Screening targets asymptomatic people and specific cancers (e.g., breast, 
cervical), while early diagnosis focuses on all cancers in symptomatic patients. 

¶ Challenges: 
o Risk of false-positive and false-negative results. 
o Overdiagnosis leading to unnecessary treatments. 
o Limited recommendations for certain cancers due to risk-benefit concerns. 

About Cancer 
¶ Definition: Cancer is a disease characterized by uncontrolled cell growth that spreads to 

other parts of the body. 
¶ Global impact: The second leading cause of death worldwide, responsible for 1 in 6 

deaths in 2018. 
¶ Importance of early detection: Early detection increases the likelihood of successful 

treatment and can significantly reduce mortality rates. 
 

17. TDP1 
Recent research by scientists at the Indian Association for the Cultivation of Science (IACS), 
Kolkata, has identified a new approach for cancer treatment by targeting a DNA repair enzyme 
called TDP1. 
 
About TDP1: 
¶ Role: Tyrosyl-DNA phosphodiesterase 1 (TDP1) is a DNA repair enzyme that plays a crucial 

role in fixing DNA damage induced by Topoisomerase 1 (Top1) inhibitors during cell 
division. 

¶ Activation: TDP1 becomes particularly active during the mitotic phase, helping repair 
drug-induced DNA damage, allowing cancer cells to survive chemotherapy. 

¶ Regulation: The enzyme's activity is regulated by Cyclin-dependent kinase 1 (CDK1), 
ǿƘƛŎƘ ŜƴƘŀƴŎŜǎ ¢5tмΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜǎƻƭǾŜ 5b! ŘŀƳŀƎŜ ǘƘǊƻǳƎƘ ǇƘƻǎǇƘƻǊȅƭŀǘƛƻƴΦ 
 

Significance: 
¶ Enhanced cancer therapy: Using CDK1 inhibitors with Top1 inhibitors disrupts DNA repair 

and halts the cell cycle, hindering cancer cell survival. 
¶ Drug resistance target: TDP1 and CDK1 are new targets for overcoming resistance to 

current cancer therapies. 
¶ Precision medicine: Focuses on personalized treatments by targeting cancer cells 

dependent on these DNA repair proteins. 
¶ Therapeutic potential: Combining CDK1 inhibitors with existing drugs may boost cancer 

cell elimination, improving treatment success. 
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18. Kindlins 
A study explored the role of Kindlinsτadapter proteins involved in cell signallingτin various 
cancers.  

¶ These proteins are critical for transferring extracellular cues to biochemical signals 
within cells, influencing multiple signalling pathways essential for cellular homeostasis.  

¶ Mutations in Kindlins, caused by carcinogens like nicotine and UV rays, can disrupt this 
balance and contribute to cancer progression. 

 
How the study was conducted? 
ω YƛƴŘƭƛƴ м ǊŜƎǳƭŀǘŜǎ ƛƳƳǳƴŜ ƳƛŎǊƻŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ōǊŜŀǎǘ ŎŀƴŎŜǊΦ 
ω YƛƴŘƭƛƴ н ƎƻǾŜǊƴǎ ŎŀƴŎŜǊ-specific metabolic processes and HIPPO signalling. 
ω YƛƴŘƭƛƴǎ are crucial in tumour progression, metastasis, and epithelial-mesenchymal transition 
(EMT). 
ω YƛƴŘƭƛƴǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ ŜǎǎŜƴǘƛŀƭ ƳŜŎƘŀƴƻ-sensitive pathways and their dysfunction is linked 
to adverse survival outcomes.  
ω YƛƴŘƭƛƴǎ are identified as potential targets for innovative cancer treatments, offering new 
strategies to address chemoresistance and tumour relapse. 
 

19. "Precision Medicine: Personalizing Healthcare for the Future" 
¶ Precision medicine: An approach to medical care that customizes treatment based on the 

genetic makeup, lifestyle, and environmental factors of an individual, rather than adopting a 
generalized treatment for all. 

¶ Biobanks: These are repositories that store biological samples such as blood, tissues, DNA, 
etc., alongside their genetic data, collected from consenting individuals for research purposes. 

 
Importance of Biobanks in precision medicine: 
¶ Data repository: Biobanks provide genetic data essential for identifying disease patterns and 

developing targeted therapies. 
¶ Research backbone: They enable research into genetic disorders, chronic diseases, and 

personalized treatments. 
¶ Diversity in research: Large and diverse biobanks ensure precision medicine benefits more 

people across varying ethnicities and demographics. 
 
Present status in India: 
¶ Growth of precision medicine: The Indian precision medicine market is growing rapidly, 

expected to be worth over $5 billion by 2030. 
¶ Biobanks: There are 19 registered biobanks in India. Major initiatives like the Genome India 

Project and Phenome India have begun collecting large-scale genetic data. 
¶ Policy gaps: India lacks comprehensive biobank regulations, which hampers growth in 

precision medicine. 
 

20. WHO Global Framework for Pathogen Origins 
WHO Launches First Global Framework for Understanding the Origins Of New Or Re-Emerging 
Pathogens 
 
Framework Overview 
¶ Developed by: SAGO (Scientific Advisory Group for the Origins of Novel Pathogens) 
¶ Established: By WHO in 2021; consists of global independent experts 
¶ Key Principles: Aligns with International Health Regulations (IHR) and One Health 

approach 
o IHR: A legally binding framework for global health responses 
o One Health: Integrates human, animal, and ecosystem health 

WHO Global Framework for Pathogen Origins: 
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About  Description 

Purpose To provide a unified approach for investigating new or re-emerging 
pathogens. 

Developed 
By 

World Health Organization (WHO) with support from SAGO (Scientific 
Advisory Group for the Origins of Novel Pathogens). 

Key 
Features 

Comprehensive guidelines for investigating pathogen origins, including: 

- Early Investigations: Source identification and sample collection. 

- Human Studies: Epidemiology, transmission, and clinical presentation. 

- Human/Animal Interface Studies: Identifying reservoirs and hosts. 

- Vector Studies: Identifying insect vectors and environmental sources. 

- Genomics and Phylogenetics: Understanding genetic evolution and 
distribution. 

- Biosafety/Biosecurity Studies: Assessing potential lab-related breaches. 

Objective To prevent and contain health crises by understanding pathogen origins, 
with a focus on timely and transparent sharing of findings. 

Call to 
Action 

Countries are urged to conduct investigations promptly and share results 
transparently. 

Significance Aims to prevent future outbreaks and improve global health crisis responses. 

 
What are Pathogens? 
Pathogens are microorganisms that cause disease in their hosts. They include: 

1. Bacteria: Single-celled organisms that can cause infections such as tuberculosis and strep 
throat. 

o Example: Mycobacterium tuberculosis causes tuberculosis. 
2. Viruses: Smaller than bacteria, these agents invade host cells to replicate and cause 

diseases such as influenza and COVID-19. 
o Example: SARS-CoV-2 causes COVID-19. 

3. Fungi: These can be single-celled or multicellular organisms that cause conditions like 
athlete's foot and ringworm. 

o Example: Candida albicans can cause yeast infections. 
4. Parasites: Organisms that live on or in a host and derive nutrients at the host's expense, 

such as malaria and giardiasis. 
o Example: Plasmodium falciparum causes malaria. 

5. Prions: Misfolded proteins that cause degenerative brain diseases, like Creutzfeldt-Jakob 
disease. 

o Example: The prion responsible for Mad Cow Disease. 
 

How different pathogens impact humans, with examples: 

Pathogen 
Type 

Impact on Humans Example 

Bacteria Cause infections can be treated with antibiotics. Streptococcus pyogenes 
(strep throat) 

Viruses Invade cells to replicate, causing diseases; 
vaccines available for prevention. 

Influenza virus (flu) 

Fungi Cause infections in skin, nails, and lungs; 
antifungal treatments available. 

Candida albicans (yeast 
infection) 

Parasites Live in or on the host, causing diseases; 
treatment often involves antiparasitic drugs. 

Plasmodium falciparum 
(malaria) 

Prions Cause progressive, fatal brain diseases; no 
known cure. 

Prion protein (Mad Cow 
Disease) 

 
Significance 
¶ Purpose: Address risks from known and novel pathogens (e.g., Ebola, SARS-CoV-1) 
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¶ Importance: Essential for preventing and managing health crises 
¶ Historical Context: Could have made COVID-19 origin investigation more effective and 

less controversial 
What is the Pandemic Treaty? 

¶ The Draft Pandemic Treaty, proposed by the World Health Organization (WHO) and 
member states, is an international agreement aimed at preventing, preparing for, and 
responding to pandemics and global health emergencies.  

¶ It focuses on strengthening global cooperation and solidarity, covering aspects such as 
surveillance, detection, notification, access to health technologies, collaboration, and 
accountability.  

¶ The deadline for this agreement is set for the 77th World Health Assembly in May 2024. 

¶ The treaty, based on principles of human rights and equity, responds to lessons learned 
from the COVID-19 pandemic. Its principal components include calls for: 

1. Increased global cooperation 
2. Strengthening of health systems 
3. Investment in research and development 
4. Transparency in information sharing 
5. Establishment of a Pathogen Access and Benefit-Sharing System (PABS) under the 

WHO 
6. Address gender disparities in the healthcare workforce, with emphasis on equal 

pay and promoting the representation and empowerment of health and care 
workers. 

What is Disease X? 

¶ Disease X is a hypothetical pathogen or threat that could trigger a major future 
pandemic. Coined by scientists and the World Health Organization (WHO), it refers to a 
new agent, virus, bacterium, or fungus with no known treatment, belonging to any of the 
25 families of viruses capable of causing illness in people.  

¶ Added to the ²IhΩǎ .ƭǳŜǇǊƛƴǘ ƭƛǎǘ ƻŦ ŘƛǎŜŀǎŜǎ ƛƴ нлму, scientists believe Disease X 
could be 20 times more deadly than the recent SARS-Covid virus, emphasizing its 
potential as a serious microbial threat to humans in the future. 

¶ The WHO is undertaking initiatives, including the Financial Intermediary Fund for 
Pandemic Preparedness and Response, the mRNA technology transfer hub, and the 
WHO Hub for Pandemic and Epidemic Intelligence, to enhance global preparedness and 
collaboration in the face of potential future outbreaks. 

 

21. Night-¢ƛƳŜ [ƛƎƘǘ tƻƭƭǳǘƛƻƴ ŀƴŘ !ƭȊƘŜƛƳŜǊΩǎ wƛǎƪ 
A new study links night-time light pollution to an increased risk of !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ.  
 
Researchers from Rush University Medical Center found that artificial light at night may disrupt 
circadian rhythms and contribute to cognitive decline. This environmental factor, though less 
influential than conditions like diabetes or hypertension, shows a notable correlation, especially 
for early-ƻƴǎŜǘ !ƭȊƘŜƛƳŜǊΩǎΦ ¢ƘŜ ǎǘǳŘȅ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƴŜŜŘ ǘƻ ŀŘŘǊŜǎǎ ƭƛƎƘǘ Ǉƻƭƭǳǘƛƻƴ ŀǎ ŀ ǇƻǘŜƴǘƛŀƭ 
risk factor for !ƭȊƘŜƛƳŜǊΩǎΦ 
 
About Light Pollution: 
Light pollution is excessive outdoor artificial light that affects stargazing, human health, and 
ǿƛƭŘƭƛŦŜΦ Lǘ ŘƛǎǊǳǇǘǎ ŎƛǊŎŀŘƛŀƴ ǊƘȅǘƘƳǎ ŀƴŘ ǎƭŜŜǇΣ ǇƻǘŜƴǘƛŀƭƭȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ 
disease (AD). 
!ōƻǳǘ !ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ ό!5ύΥ 
AD is a common type of dementia causing a progressive decline in memory, thinking, learning, 
and organization. Contributing factors include genetics, medical conditions, and environmental 
stresses. 
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22. Nipah Virus 
Nipah virus (NiV) has become a significant public health concern in India, particularly in Kerala, 
where recurrent outbreaks have resulted in fatalities. It is a zoonotic virus, transmitted from 
animals to humans, and its high mortality rate has prompted urgent government action and 
preventive measures. 
 
Nipah virus overview: 
¶ Origin: Nipah virus first appeared in Malaysia in 1999 among pig farmers. It was detected 

in Bangladesh in 2001 and in India around the same time. 
¶ Transmission: NiV is transmitted from fruit bats (flying foxes) to humans through 

contaminated food or direct contact with infected animals or people. Human-to-human 
transmission is also possible. 

¶ Symptoms: 
o Early signs include fever, headache, muscle pain, nausea, and sore throat. 
o Severe cases progress to dizziness, drowsiness, and neurological issues such as 

acute encephalitis, potentially leading to a coma and death. 
 
Treatment: 
¶ There is no specific treatment or vaccine for Nipah virus. 
¶ Supportive care: Management focuses on intensive supportive care, treating symptoms, 

and preventing complications. 
¶ Experimental treatments: The antiviral Ribavirin has shown limited success in reducing 

mortality rates. 
 

23. mRNA vaccine development against human avian influenza (H5N1) 
A new initiative to develop and distribute 
mRNA vaccines for human avian influenza 
(H5N1) in low- and middle-income countries 
(LMICs), in collaboration with the World 
Health Organization (WHO) and the 
Medicines Patent Pool (MPP).  

¶ The project is part of the mRNA 
Technology Transfer Programme, 
established in 2021 to enhance vaccine 
production capacity in LMICs. 

¶ Once successful, the knowledge and 
materials will be shared with other 
manufacturers to expedite vaccine 
development and strengthen pandemic 
preparedness. 

¶ The initiative aligns with ongoing efforts 
to improve the sharing of influenza 
viruses and vaccine access under the 
Pandemic Influenza Preparedness 
Framework. 

The mRNA Technology Transfer Programme has already developed a platform for COVID-19 
vaccine candidates, which is now being adapted for other diseases, enhancing global vaccine 
equity. 
 

24. Antibiotic resistant bacteria 
A recent study in Nigeria has found colistin-resistant bacteria in newborn babies and their 
mothers, even though neither had been treated with colistin.  
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¶ Colistin is a 

critical antibiotic 
used as a last 
resort for severe 
infections, and 
its resistance is a 
growing concern 
due to its limited 
use in healthcare 
settings. 

¶ This resistance 
likely emerged 
from the 
widespread use 
of colistin in 
agriculture, 
particularly in livestock feed.  

¶ The use of antibiotics in farming, especially for growth promotion rather than treatment, 
contributes significantly to antimicrobial resistance. 

 

25. Leptospirosis 
Leptospirosis is a zoonotic disease caused by 
leptospire bacteria, transmitted from animals 
to humans, usually through skin cuts. It's 
common in tropical, high-rainfall areas, with 
human-to-human transmission being rare. 
The Ministry of Health and Family Welfare 
runs a program for its prevention and control. 
 
It spreads through bacteria in contaminated 
water, particularly during monsoons. The 
surge in cases is attributed to heavy rainfall 
and poor waste management, increasing rat 
populations. Experts stress the need for early 
detection, personal hygiene, protective gear, and doxycycline distribution. Additionally, Kerala 
faces outbreaks of hepatitis A and dengue, underscoring the need for better water quality and 
public health strategies. 
 

26. Combination drugs 
The Indian government has banned 156 
fixed-dose combination (FDC) drugs, citing 
them as "irrational" with no therapeutic 
benefit.  

¶ FDCs are combinations of two or more 
drugs in a single dose, often used to 
simplify treatment regimens.  

¶ However, these combinations can lead to unnecessary drug use, contributing to issues like 
antibiotic resistance.  

 

27. Trans-fat 
¶ TFA stands for trans fatty acids, commonly known as trans fats.  
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¶ These are a type of 

unsaturated fat that can 
be found in small 
amounts in nature but 
are primarily produced 
industrially.  

¶ Industrial trans fats are 
created through a 
process called 
hydrogenation, where 
hydrogen is added to 
liquid vegetable oils to 
make them more solid.  

¶ These fats are commonly 
used in processed foods, 
such as baked goods, 
snacks, and margarine, 
to improve texture, shelf 
life, and flavour stability. 

²IhΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ŦƻǊ 
adults is to limit 
consumption of trans fat to 
less than 1% of total energy 
intake. 
 
Harmful Effects of Trans Fats: 

Harmful Effects of 
Trans Fats 

Description 

Heart Disease Raises total cholesterol and lowers HDL (good) cholesterol, 
increasing the risk of heart disease. 

Obesity Contributes to weight gain and obesity due to its adverse effects on 
metabolism. 

Type 2 Diabetes Increases the risk of developing insulin resistance and type 2 
diabetes. 

Metabolic Syndrome This leads to conditions like high blood pressure, high blood sugar, 
excess abdominal fat, and abnormal cholesterol levels, raising the 
risk of heart attack and stroke. 

Infertility  May negatively affect reproductive health and fertility. 

Cancer Associated with a higher risk of certain types of cancers. 

Compromised Fetal 
Development 

Can harm fetal development, leading to potential complications for 
the unborn baby. 

Insulin Resistance Impairs the body's ability to use insulin effectively, contributing to 
metabolic disorders. 

 
Initiatives to tackle Trans-Fats: 

National Initiatives Description 

FSSAI "Trans Fat-Free" logo Voluntary labelling promoting TFA-free products with TFA 
not exceeding 0.2g per 100g/ml. 

"Heart Attack Rewind" 
campaign 

Mass media effort to eliminate industrial trans fats, part of 
the broader "Eat Right" campaign initiated in 2018. 

Pledge by edible oil industries Commitment to reduce salt, sugar, saturated fat, and 
trans-fat content by 2%  
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Swasth Bharat Yatra Pan-India cyclothon under the "Eat Right" campaign to 

engage citizens on food safety and healthy diets. 

Regulation of trans fats FSSAI regulations to cap TFA in oils and fats to 2% by 2022, 
down from 5% previously allowed. 

Eat Right Movement Initiative to transform India's food system for safe, 
healthy, and sustainable food under "Eat Right India". 

Green Purple initiative Program promoting trans-fat-free cooking and food safety 
among chefs and food establishments. 

 

Global Initiatives 

WHO "REPLACE" campaign The global campaign to eliminate trans fats from 
industrially produced edible oils by 2023. 

WHO Validation Programme 
for Trans Fat Elimination 

Recognizes and supports countries in eliminating TFA, 
driving policy progress globally. 

 

28. Fatty liver disease 
The rise in fatty liver disease, now termed Metabolic dysfunction-associated steatotic liver 
disease (MASLD). 

¶ MASLD, particularly its progressive form known as Metabolic dysfunction-associated 
steatohepatitis (MASH), which causes liver inflammation and scarring, is expected to 
become the leading cause of chronic liver disease and liver transplants.  

¶ Global MASLD prevalence is around 25-30%, with India's adult prevalence at 38.6% and 
36% among obese children.  

 
Causes leading to fatty liver cases: 

1. Consuming excessive carbohydrates, especially refined carbs and sugars, worsens 
these conditions by causing metabolic problems. 

2. When the body has too much glucose, it increases insulin production to help cells 
absorb the glucose. 

3. High insulin levels, leading to insulin resistance, where cells become less 
responsive to insulin. 

4. Insulin resistance disrupts normal metabolism and promotes the conversion of 
excess glucose into fatty acids, which are then stored in the liver. 

5. The liver cells fill up with fat, leading to fatty liver. 
6. Over time, this continuous damage affects ǘƘŜ ƭƛǾŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŦǳƴŎǘƛƻƴ ǇǊƻǇŜǊƭȅ 

a. progressing from simple fatty liver to more severe conditions such 
as steatohepatitis and cirrhosis, which are hallmarks of MASLD, and may 
require a liver transplant. 
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Miscellaneous 

 

1. Artificial Stone 
A recent study published in Thorax highlights the emergence of a severe form of silicosisτa lung 
disease caused by inhaling fine silica dust. This is attributed to the high silica content (over 90%) in 
artificial stone, compared to natural stones like marble and granite, which contain much less silica 
 
About Artificial Stone: 
¶ Artificial stone, also known as engineered stone or quartz, is widely used in kitchens due to 

its aesthetic appeal and durability. However, it poses significant health risks to workers 
involved in its cutting and polishing.  

¶ Material Composition: 
o Made from crushed rocks bound with resins. 
o Contains over 90% silica, compared to 3% in marble and 30% in granite. 

¶ Advantages: 
o Aesthetic appeal: Smooth, polished look. 
o Durability: More resistant to damage than natural stone. 
o Ease of handling: Lacks natural imperfections found in natural stone. 

¶ Health Risks: 
o Generates fine silica dust when cut or polished. 
o High risk of silicosis, a progressive lung disease caused by silica inhalation. 
o Workers face increased risks due to dry cutting without dust suppression measures 

like water. 
¶ Thorax Study Findings: 

o Documented eight cases of workers, average age 34, with severe lung disease. 
o Conditions include lung transplants, autoimmune diseases, and lung infections. 

¶ Preventive Measures: 
o Use of water to suppress dust during cutting. 
o Adoption of nasal filters and other technologies to minimize silica exposure. 
o Advocating for stricter safety measures to protect workers. 

 

2. Non-Kinetic Warfare 
¶ Definition: 

o Warfare that goes beyond physical combat and involves electronic warfare, 
cyberattacks, psychological, information, and economic tactics. 

o It can include non-ƳƛƭƛǘŀǊȅ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ŀƛƳǎ ǘƻ ŘƛǎǊǳǇǘ ƻǊ ŎǊƛǇǇƭŜ ŀ ŎƻǳƴǘǊȅΩǎ 
infrastructure or governance. 

¶ Methods Used: 
o Cyber warfare: Attacking critical infrastructure like power grids, hospitals, and 

communication networks. 
o Information warfare: Spreading disinformation or controlling the narrative to 

influence public perception and decision-making. 
o Electronic warfare: Jamming or intercepting communication systems. 
o Psychological warfare: Manipulating public opinion and morale through fear, 

misinformation, or propaganda. 
o Economic warfare: Disrupting a nation's economy by targeting financial systems or 

trade. 
¶ Impact: 

o Non-kinetic warfare can be deadlier than traditional combat, as conflicts can be won 
without physical confrontation. 

o A well-coordinated cyber or economic attack can destabilize a nation without the 
need for conventional military force. 
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¶ Examples: 

o Russia-Ukraine conflict: Use of cyberattacks and disinformation. 
o Israel-Palestine conflict: Psychological and information warfare tactics. 
o Lebanon: Use of pager blasts as a form of disruption. 

¶ Counter-Drone Technologies: 
o Kinetic options: Shooting down drones physically. 
o Non-kinetic options: Jamming, taking control, or using laser and electromagnetic 

waves to disrupt drone operations. 
¶ Importance for India: 

o As non-ƪƛƴŜǘƛŎ ǿŀǊŦŀǊŜ ōŜŎƻƳŜǎ ŀ ƪŜȅ ŎƻƳǇƻƴŜƴǘ ƻŦ ƳƻŘŜǊƴ ŎƻƴŦƭƛŎǘǎΣ LƴŘƛŀΩǎ ŀǊƳŜŘ 
forces must develop both kinetic and non-kinetic capabilities to counter these 
emerging threats. 

 

3. Dark patterns 
A study revealed that 52 out of the top 53 Indian apps use deceptive design practices called dark 
patterns, affecting user autonomy and informed decision-making.  

¶ These apps, including popular ones like Netflix, Ola, and Swiggy, employ tactics such as 
privacy deception, interface interference, drip pricing, and false urgency.  

¶ The study highlighted that these problematic apps have been downloaded 21 billion 
times.  

¶ The most prevalent deceptive pattern is privacy deception, found in 79% of the apps.  

¶ Health-tech apps show the highest incidence of deceptive patterns, followed by travel 
booking and e-commerce.  

 
Examples of dark patterns:  

¶ Forced continuity- ex ς free trial  

¶ Deliberate Misdirection ς CƻŎǳǎƛƴƎ ǘƘŜ ǳǎŜǊǎΩ ŀǘǘŜƴǘƛƻƴ ƻƴ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ƻǇǘƛƻƴΣ ƘƛŘƛƴƎ 
the cheaper one. 

¶ Bait and Switch ς Use a convention or pattern in which the user falsely assumes 
something. 

¶ Hidden Costs ς added during the check out 

¶ Roach Hotel ς easy to sign up, difficult to sign out 

¶ Obscured Pricing- Making it hard to compare prices 

¶ Roadblock ς a pop-up window interrupting the intended action. 

¶ Check box treachery  
 

4. Sucralose 
A recent Indian study 
highlights the 
benefits of replacing 
sucrose with 
sucralose, a non-
nutritive sweetener, 
in beverages for 
adults with Type 2 
diabetes.  

¶ A randomized 
controlled trial 
showed no 
adverse effects 
on glucose or 
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HbA1c levels and indicated slight improvements in body weight, waist circumference, and 
BMI.  

About Sucralose: 
Sucralose, a substituted disaccharide, is a non-nutritive sweetener that is synthesized by 
selective chlorination of sucrose at three of the primary hydroxyl groups, involving inversion of 
configuration at carbon-4, from the gluco- to the galactoanalogue. 

 

5. Prokaryotes 
A new research suggests that as oceans warm, prokaryotes will decline less in biomass compared 
to other marine life, leading to their increased dominance.  

¶ Prokaryotes, which include bacteria and archaea, play a vital role in marine ecosystems, 
supporting food chains and balancing carbon emissions.  

¶ This shift could reduce fish populations, crucial for global food supply, and diminish the 
ƻŎŜŀƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŀōǎƻǊō ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΦ  

 

About Prokaryotes: 
Prokaryotes 
are organisms whose 
cells lack a nucleus and 
other organelles.  
 
Prokaryotes are divided 
into two distinct groups: 
the bacteria and the 
archaea, which 
scientists believe have 
unique evolutionary 
lineages.  
 
Most prokaryotes are small, single-celled organisms that have a relatively simple structure. 

 

6. AI washing 
"AI washing," a term popularized by the US Securities and Exchange Commission (SEC), refers to 
companies exaggerating their use of AI to appeal to consumers.  It refers to a deceptive 
promotional practice 
that exaggerates or outright lies about a product or service's use of artificial intelligence. 

¶ This phenomenon has surged ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǊŜƭŜŀǎŜ ƻŦ hǇŜƴ!LΩǎ ChatGPT in 2022, leading to a 
significant rise in startups and companies claiming to use AI.  

¶ However, only a small percentage actually integrate AI into their operations. 

¶ AI washing involves businesses overstating their AI capabilities or misleading consumers 
about their features.  

¶ Notable examples include DƻƻƎƭŜΩǎ ƳƛǎǊŜǇǊŜǎŜƴǘŜŘ !L ŘŜƳƻƴǎǘǊŀǘƛƻƴǎ ŀƴŘ !ƳŀȊƻƴΩǎ 
cashier-less checkout systems that relied on manual oversight.  

The consequences of AI washing are substantial. It can divert resources from genuine AI 
innovation, complicate decision-making for businesses seeking real AI solutions, and pose data 
security risks to consumers.  
 

7. Spoofing 
Caller ID spoofing allows a phone call to appear as if it originates from a falsified number, often 
used by fraudsters, telemarketers, and others to hide their identity.  

¶ It's legal in many places, leading to the rise of commercial spoofing services since 2004.  
About Spoofing: 
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¶ Spoofing is used for 

social engineering 
attacks, bypassing 
call blocking, and 
exploiting IVR 
system 
vulnerabilities. 

¶ The Telecom 
Regulatory 
Authority of India 
(TRAI) suggested a 
Calling Name 
Presentation 
(CNAP) system to display caller names based on KYC documents.  

¶ The Department of Telecommunications (DoT) has directed telecom operators to block 
international calls with manipulated Caller Line Identity (CLI), though the system's 
effectiveness remains unclear. 

 
The Telecommunications Act, 2023 empowers the government to control telecom services 
during emergencies, but there has been criticism of government inaction on spoofing.  
Addressing this issue would reduce fraud and spam calls, saving revenue for telecom providers 
and benefiting consumers and the economy. 
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