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Sace Technology
(Indian Space Programmes)

1. Probag 3 Mission
The Prob&B mission, a joint venture between ESA and ISRO, marks a milestone in space
technology. It was launched from Sriharikota, India.

About Proba3 Mission:
1 Agency Involved:
o Led by the European Space Agency (ESA).
o Launch facilitated by ISRO under its commercial &renySpace India L{INSIL).

1 FEull Form:
o Proba3: "Project for Onboard Autonomy."
T Am:
o To demonstrate higiprecision formation flying in space.
o ¢2 &ddzReé GKS {dzyQa O2NRyYyl |FyR Ada Ay
1 Features:
o Two SpacecraftCoronagraph and Occulter designed for tandem operation.
o Formation FlyingPrecision down to the millimeter to create artificial solar eclipses
o Scientific GoalsAdvanced study of the solar corona and its impact on Earth.
o Solar Eclipses on Demandllowing extended observation periods for solar
phenomena.
7! India's Role:
o Providing thePSL¥XLlaunch vehicle renowned for reliability and payload capacity.
o Managing satellite deployment and mission execution.
o 9YKIFIyOAy3 SELISNIAAS Ay &21midslora OA Sy OS

Proba3is set to create artificial solar eclipses for extended Sun corona studies using precise
formation flying.

What is an Artificial Solar Eclipse?

1 Definition: An artificial solar eclipse mimics the natural phenomenon where the moon blo
ddzyt AGKGZ fEf2gAy3 RSUGFIATSR 20aSNBIGAZ2Y

1 CreatedBy¢t g2 al 4StftAlGSa FftA3ay (2 o6f201 GKS
scientific study.

1 Purposet 2 20aSNWBS (KS {dzyQa O2NRYyl |FyR aidz
{ dzy Q& & dz2NF I OS o

How Artificial Solar Eclipse Works

1 Satellite PairTwo satellites the Coronagraph Spacecraft (CSC) and the Occulter {OSC)
maintain precise alignment to simulate an eclipse.

1 Shadow CreationThe Occulter spacecraft casts a shadow onto the Coronagraph spaceci
mimicking the moon's role in a natural eclipse.

1 Precision:Millimetreslevel accuracy ensures a consistent eclipse for up to six hours per g

Significance of Artificial Solar Eclipse

1 Extended Observation® y I 6f Sa adGdzReAy3I (GKS {dzyQa O2
which last only minutes.

1 Space Weather Predictionsielps predict geomagnetic storms and mitigate disruptions to
satellites and Eartfbbased systems.

1 Scientific InsightUnveils the mysteries of the corona, including its temperature anomaly g

solar flares.
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What isPrecise Formation FlyifBFF) Technology?
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1

1

Definition: A technology that enables satellites to maintain an exact position and orientatipn

relative to each other in orbit.

Mechanism Uses GPS, intaatellite radio links, and automated control systems for
alignment.

Implementation in Proba3: The satellites stay 150 meters apart, maintaining millimdsneel
precision to simulate an eclipse.

Benefits Enhances mission accuracy and provides a platform for advanced observational
techniques.

Human Rated Launch Vehicle M8riHLVM3)

NOTES

What it is:HLVM3 is a humasrated version of ISRO$/M3RS A A Ay SR F2NJ LYRALF Q&

mission to carry humans to space.
Aim: To enable safe human spaceflight by incorporating advanced reliability and safety
features.
Features:
o ThreeStage DesignCombines solid, liquid, and cryogenic stages.
o Payload CapacityCarries 10 tonnes to Low Earth Orbit (LEO).
o Height and Weight53 meters tall, weighing 640 tonnes.
o Crew Escape System (CEperational until atmospheric flight separation, ensuring
astronaut safety.
How It Differs from Othedl SRQ.aunch Vehicles:

o HumanRated:Enhanced reliability and redundant systems tailored for human safety.

Crew Escape Syster8pecific to manned missions, absent in other vehicles.
Payload and Desigr@ptimized for carrying the crew module with laipport
systems, unlike PSLV or GSLV.

o Precursor for BASProvides data and technology critical for Bharatiya Antariksh
Station development.

o

o

SpaDeX mission
What it is: SpaDeX (Space Docking Experiment) is aeffasitive technology demonstrator by
ISRdor in-space docking of two small spacecraft.

Launch vehiclePSLMC60 will carry two spacecrafthaser: SDXnd Target: SDX0Z2nto
low Earth orbit(470 km).

Objectives:
o Primary:
A Demonstraterendezvous, docking, and undockirj two spacecraft.
o Secondary:
A Transfer electric powebetween docked spacecraft for future robotic
applications.
A Compositespacecraft control and postiockingpayload operations.
New Technologies:
o DockingMechanism:Lowimpact androgynous docking system with two motors.

o Sensor SuiteAdvanced sensors like Laser Range Finder (LRF), Proximity and Dogking

Sensor (PDS), and video monitors for precise docking.

o RODP ProcessoGNS$hased system for accurate intsatellite position and velocity
determination.

o ISL CommunicatiorAutonomous intersatellite link for communication and retime
state sharing.

Significance of Mission:

o Technological MilestonePositions India as the fourth country to develop space

docking technology.

www.insightsonindia.com 6 InsightslIAS



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/

INSGHT®T 2083 EXCLUSIVECIENCE & TECHNOLOGY |

4. Analog Space Mission
Thelndian Space Research Orqanisatimj ra
OL{who0o KIFa fI dzy OKS
space mission in Leh, Ladakh.

About Analog Space Mission:

o Space ExploratiorPaves the way faChandrayaa##, space stations, and sample
return missions.

o CostEffective InnovationDevelops indigenous, scalable solutions for complex space
operations.

o Global CollaborationAdopts standards similar to the International Docking System,
fostering future international cooperation.

1

5.

Scientists from the Indian Institute of Astrophysics (lIA) in Bengaluru have reported initial
significant observations from theisible Emission Line CoronagrgpiLC) onboard ADITYA

Objective:Simulate interplanetary
habitat conditions to assess the
feasibility of a sustainable
extraterrestrial base.

Significance of locatiorf + R { K
isolation, dry climate, and high
altitude, barren terrain provide Marand Moonlike conditions, making it ideal for analog
simulations.

Collaborative effort] SR o6& L{whQa | dz¥Yly { L} OSFtAIKI /
Space Studio, the University of Ladakh, and IIT Bombay.

Key benefits:SupportsGaganyaamand other future space missions by testing-kfgpport
technologies, habitat feasibility, communication systems, and behavior in isolated conditipns.
International context: Analog missions, also conducted by NASA, simulate space conditians
on Earth to evaluate human and robotic responses, technology, and operational dynamigs
essential for deefspace missions.

Visible Emission Line Coronagraph

LYRAIFIQ& FTANRG a2fl N Y Aaarzy fFdzyOKSR o0& L{{w

About Recent Observation:

1

About Visible Emission Line Coronagraph (VELG)\DHYA.1:

The VELC on ADITYAsuccessfullyaptured and precisely estimated the onset time of a
Coronal Mass Ejection (CMhat erupted from the Sun on July 16, marking the first scientific
NBadzZ G FNRY LYRAIFIQ& &az2fl N YAaarzyo

CKS £9[/ Q& dzyAljdsS OFLIOAEAGASE HEft263R BOASYGA

surface, a breakthrough as such observations are typically visible only at a greater distance
from the Sun.

1

1

www.insightsonindia.com 7 InsightslIAS

Purpose:To observe the solar corona and studgronal Mass Ejectiof€ MESs) and the solar
wind.

Structure:Comprises a coronagraph, spectrograph, polarimetry module, and detectors with
auxiliary optics.

Capabilities:Enables simultaneous imaging, spectroscopy, and spgcti@rimetry near the

{ dzy Q&4 & dz2NF I OS o

Built by: Indian Institute of Astrophysics (l11A), 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 pepk of
Solar Cycle 25.
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6. Venus Orbiter Mission

9 Launch yearScheduled for March 2028.

1 Aim: The mission aims to study Venus' atmosphere, surface, and solar interactions. Key
202S00A0Sa AyOfdzRRS YIFLIWLAY3a +£SydzaQ (2L113
solar Xrays, and examining subsurface characteristics.

9 Launch vehiclet. aunch Vehicle MafR (LVM3)

9 Targeted window:Earth departure date is scheduled on March 29, 2028, and the arrival d

on Venus is July 19, 2028
1 FEeatures:
0 19 payloads (16 Indian, 2 Indiamternational, 1 international).
0 Aerobraking technique to achieve a laltitude science orbit (200x600 km).
o Fiveyear scientific exploration periggostorbit insertion.

Other Missions Related to Venus
1 Past missions:
0 Venera Series (1961984):Soviet Union's series of successful Venus missions
including flybys, orbiters, landers, and balloons.
0 Pioneer Venus (1978NASA mission studying Venus' atmosphere, cloud structure
and surface using radar.
0 Magellan (1989)NASA mission mapping Venus' surface using radar imaging.
0 Akatsuki (2010)W! - ! YA aaAz2y addzReéeAy3d xSydzaQ
9 Future missions:
0 VERITAS (2026YASA radar mission to map Venus' geology.
0 DAVINCI (2026NASA mission to study Venus' atmosphere.
0 EnVision (2030sESA radar mission mapping Venus' surface.

7. ISRO third launch pad

ISRQAs expanding its space capabilities by establishitigrd launch padat Sriharikota aiming to
support new technologies like tHédew Generation Launch Vehicle (NGLWhile enhancing
redundancy for critical missions and future space endeavors.

Existinglaunch padsn India:
1. Firstlaunch pad(FLP)Designed for PSLV missions; located at Sriharikota, Andhra
Pradesh.
2. Secondaunch pad(SLP)Supports GSLV and L\Avnissions; also situated at Sriharikotz
Andhra Pradesh.

Keyfeatures of the third launch pad

1. RedundancyActs as a backup to ensure uninterrupted GSLV launches if issues arise wit
second launch pad.

2. Horizontalintegration for NGLVDesigned for horizontal assembly of the NGLV, focusing ¢
liquid engine boosters, enhancing assembly efficiency.

3. Increasedpayloadcapacity:{ dzLJLJ2 NIl & b D[ + Qi 20koAnasKASLEOD i ® f 2

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

8. ISREDBTAgreement

The Indian Space Research Organisation (ISRO) abe tlaetment of Biotechnolog{DBT) have
joined forcesto develop IS ELISNA YSy (ia F2NJ GKS . KFENFdGA&l
planned indigenous space station.

1,
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NOTES

ISR@DBT agreement highlights:

1 Purpose:To design biological experiments for BAS and the Gaganyaan mission.

1 Areas of Research:

o Impact of weightlessness on muscle health.
o Algae studies for nutrientich, longlasting food sources and biofuel production.
o Effects of space radiation on astronaut health.

1 BioE3 (Biotechnology for Economy, Environment and Employméritiative: Aligns with
DBT's policy to promote bimanufacturing in India, focusing on health, {gbarma,
regenerative medicine, and biotechnology for waste management.

About BioE3 (Biotechnology for Economy, Environment, and EmployrRetity:

1 Objective:Led by the Department of Biotechnology, the BioE3 policy promotes |
performance biomanufacturing in India to support advancements in biotechnol
across various sectors.

1 Eocus areas:

o Highvalue biobased productsEncourages the production of blmased
chemicals, biopolymers, enzymes, and smart proteins

o Climateresilient agriculture & carbon captureAims to strengthen
agricultural practices that can withstand climate change impacts and ulf
carbon capture for sustainable growth.

o Healthcare and nutritionFocuses on precision biotherapeutics, functiong
foods, and regenerative medicine to improve healthcare outcomes.

o Marine and space biotechnology¥ncourages innovations in marine and
space research to broaden biotechnology applications.

1 Innovation and entrepreneurshipSupports R&RIriven entrepreneurship through
the establishment of bienanufacturing hubs, bié\l centers, and biofoundries.

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

About Bharatiya Antariksh StatiqiBAS):

Orbit: Planned at 400 km above Earth.

Timeline:Initial modulelaunchesby 2028; complete expansion by 2035.
Capacity:Designed fod5¢20-daymissions in orbit.

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

= =4 =4 =4

9. Electric Propulsion Satellite
To make its satellites lighter in futur&§RQauncledits first homegrown electric propulsioted
spacecraftTechnology Demonstrator Satellite (TEIS
T This technology shift aims teduce the weight of satellitedy substituting chemical fuel
with electric propulsion, allowing for a more efficient journey to geostationary orbit.

About Electric Propulsion Satellite (TE1S:

1 Purpose:To demonstrate electric propulsion technology for steering satellites using solar
powered ionized gas, reducing reliance on chemical fuel.

1 Benefits:Cuts dowrsatellite mass drastically by minimizing fuel needs; a-foaone satellite
can be reduced to around two tonnes.

1 TechnologyUtilizes gases likargon as fuelwhich areionized using solar poweto create
propulsion.

1 Historicaluse:First incorporated irfcSAT (South Asia Satellite) in 202with imported
Russian components.

1 Significancea I NJ & I &adSLJ 26 NRA LYRAIQa alLl OF I dziz2zy?2
domestically by ISRO.
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NOTES

10.Chandrayaa#d mission

The Union Cabinet hagpproved the Chandrayaa#d mission aimed at demonstrating
technologies foreturning to Earth after landing on the Mooand collecting lunar samples for
analysis.

Thismission followsChandrayaa+s8 and willhelp develop key technologiefor 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 bempleted within 36 months The mission supportadia's
broader space visionincluding plans for aimdian Space Station by 2035

| Aa02NROIf 2 @SNIIA S gcsatelites, ldunch vehicled, and plangtaryN2 I NI Y &
exploration:

Program | Key Achievements

Satellite Programs

Aryabhata (1975) | MarkedL Y RA I Q& Sy GNB AydG2 &L}l Ofy S
astronomy, aeronomics, and solar physics.

Bhaskarl & Experimental remotesensing satellites laying the groundwork for

Bhaskar2 Indian Remote Sensing (IRS) Satellite system.

IRS1A (1988) Launched Earth Observation spacecraft aidingaasked applications
like agriculture, forestry, etc.

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

IRNSSNavI( Started for terrestrial, aerial, marine navigation, locatioaised

(2013) services, etc.

Launch Vehicl®rograms
1963 Nike Apache| LY AGA L f NRO1 S0 €I dzy OKT WazdzyR/

SLV3 (1980) LYRAF Q& FTANRG f | dzy-farikg ndtdrisA Of ST

PSLV Reliable and versatile workhorse; enabled critical space missions.

GSLV |l RRNB&daSR t{[+Qa fAYAUlIGARZ2YAT

GSLV Mkl Heaviest launch vehicle; used for Chandraydaamd Chandrayaa
missions.

Planetary Exploration

Chandrayaarl Detected water on the Moon; the fifth country to reach the lunar

(2008) surface.

Mangalyaan First interplanetary mission; reached Mars orbit, showcasing

(2013) interplanetarytechnology.

Chandrayaan 'AYSR T2NJ fdzyl NJ SELX 2Nl GA2Y 0 ¢

2(2019) landing.

ChandrayaarB l OKAS@PSR | adz00SaatdzZ az2+ta Iy

(2023) lunar capabilities.
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Chandrayaan-3 mission

Chandrayaan-3 mission's successful
soft landing on the Moon marks India
becoming the fourth nation in history
to reach the lunar surface and 1st one

to land on Moon's South Pole

Comparision of Chandrayaan-1,2 and 3

Laser Doppler Velocimeter
(Lov)

Laser Altimeter
(Lasa)

Engine

800N Throttalable Liquid

Lander leg

ILSA Payload

Lander Hazard Detection Avoidance
Camera (LHDAC)

Instruments

water, caves,
activity

Aspect Chandrayaan-1 Chandrayaan-2 Chandrayaan-3
Launch Year 2008 2019 2023
Objectives Study lunar Study lunar surface Demonstrate landing capabilities
surface and land rover on for Lunar Polar Exploration
lunar South Pole Mission
Components Orbiter, Moon Orbiter, Lander Propulsion module, Lander, Rover
Impact Probe (Vikram), Rover
(Pragyan)
Findings Confirmed lunar | Built upon -

Chandrayaan-1's water
evidence

Communication

Communication
issues after 312

Lander crash-landed,
rover unable to

Successfully landed on moon and
will operate for 1 lunar day (14

days operate Earth days)
Launch Vehicle | PSLV GSLV-Mk 3 LVM3
Landing Site - Lunar South Pole Lunar South Pole

Major Partners

Japan (for Lunar Polar Exploration

NOTES

Mission); support from NASA and
ESA (European Space Agencies)

_Visit Insights IAS Daily CA for more News

Significance of the Chandrayaahmission for India:
1. Technological AdvancemenbDemonstrates India's capability to return saffslym the Moon

after landing.

2. Lunar Sample Collectiorirst mission to bring back samples from the Moon for scientific
analysis.

3. Foundation for Manned Missiond_ays groundwork for a future manned lunar mission by
2040.

»

Indigenous DevelopmentEnhances selfeliance in critical space technologies.

5. Boost to Space Industryinvolves Indian industries, generating employment and technolog
spinoffs.

6. Global Space Leadershiftrengthens India's position among elite spacefaring nations.

<

11 Elemental Abundance Measurements of Lunar Soil

TheAlpha Particle Xay Spectrometer (APX®n the Pragyan Rover of the Chandraya@n

missionhas provided thdirst in-situ elemental abundance measurements of lunar soil in the

South Polar Region of the Moon.

1 Conducted bcientists from the Physical Research Laboratory (PRL) and, ®es®
measurements support theunar Magma Ocean (LMO) hypothesighich suggests that the
Moon'sprimordial crust formed as lighter minerals floated to the surface.

1 APXS detected higher levels of magneshsich minerals,indicatingcontributions from
deeper lunar layerslikely due tomaterial ejected during the formation of the South Pole
Aitken (SPA) basin.

1 The data showethat the lunar soil is a mix of two rock typegerroan Anorthosite (rich in
plagioclase) and the Magnesian Suitgith unexpected levels dlivine and pyroxene,
minerals typically found in the Moon's inner layers.
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NOTES

12 Axiom4 mission

India has selected two Indian Air Force Group Captafios the Axiom4 mission to the

International Space Station (ISS).

9 This mission marks tHeurth private astronaut mission to the ISS and is part of a joint ISRD
NASA effort envisionediuringthe Prime Ministef state visit to the U.S. in June 2023.

9 Thelndian crew members will undergo training in the U.S. starting the first week of Augus
preparing toundertake scientific research, technology demonstrations, and space outreagh
activities aboard the ISS.

9 This mission aims tenhance India's human space program and strengthen ISNRGA
collaboration.

‘:—P

13 EOS08 Earth Observation Satellite
ISRO successfully launched E@S08 Earth Observation Satellitesing theSmall Satellite
Launch VehicléSSLVP3from the Satish Dhawan Space Centre in Sriharikota
1 Thismarked the third and final developmental flight of the SSIwhich accurately
placed the EQ88 into a 475 km circular orbit.
1 EOS08 is a unigue mission featuring advanced payloads for infrared observateNSS
basedremote sensing, and UV radiation monitoring
1 TheSSLV is designed for cedfifective, flexible, and rapid satellite launchesapable of
carryingpayloads ranging from 10 to 500 kg.

14 Adityal1 Mission

TheAditya-L1 spacecrafhas successfully completed fisst halo orbit around the SurEarth
Lagrangian point L1.
9 This journey requireprecise modelling of dynamics and an understanding of perturbing
forces.
9 Thesuccessful execution of these manoeuvres has validated the sttéhe-art flight
dynamics software developed by URSERO.
TheAditya-L1 missiorisanIndian solar observatory at Lagrangian point,lldunched on
September 2, 2023, and was inserted in its targeted halo orbit on January 6, 2024.
AdityaL1 spacecraft in thelalo orbit takes 178 days to complete a revolution around the L1
point.
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NOTES

Lt Aditya-L1
Context: It was launched on September 2, is currently in Earth's orbit, but it is scheduled to
leave this orbit and move towards the Earth-Sun system's Lagrange 1 (L1) point

Aspect Explanation
Mission To study the Sun, its upper atmospheric dynamics (chromosphere and corona), and
Objective understand the physics of the solar corona and its heating mechanism for the five
years.
Launch Polar Satellite g Core: Where nuclear fusion occurs
Vehicle Launch Vehicle
(PSLV) Radiative zone: energy transfer by
Orbit L1 orbit (First rdiation
i Convective zone: energy transfer by
Lagrange point of convection
the Sun-Earth Photosphere: deepest part of the
system) Sun which we can directly observe
Primary Visible Emission Chromosphere: normally invisible and i
. can be seen only during a total eclipse
Payload Line Coronagraph . Corona: luminous envelope of very high
(VELC) Pig= Suctne of S temperature plasma that surrounds the Sun
Other Solar Ultraviolet Imaging Telescope (SUIT), Solar Low Energy X-ray Spectrometer
Payloads (SoLEXS), High Energy L1 Orbiting X-ray Spectrometer (HEL10S), Aditya Solar wind

Particle EXperiment (ASPEX), Plasma Analyser Package for Aditya (PAPA)
Significance | VELC is a solar coronagraph capable of simultaneous imaging, spectroscopy, and

of VELC Spectro-polarimetry. It can image the solar corona down to 1.05 times the solar
radius.
Purpose of | To gain a deeper understanding of the Sun’s radiation, heat, flow of particles, and
Studying magnetic fields; provide clues about the high temperature of the sdiir corona;
the Sun understand space weather dy ics; and offer early warnings for solar events.
Importance | L1 point provides an unobstructed view of the Sun, even | %
of L1 Point during phenomena like an eclipse; allows payloads to directly
observe the Sun; makes the mission fuel-efficient. o% o ‘."_“L.' o

= Ly A
Whatis L1 Lagrange points are equilibrium positions in space where the gravitational forces of
Point? two large bodies, like the Earth and the Sun, produce enhanced regions of attraction
and repulsion. To know more Visit Insights IAS Daily Current Affairs

What areGeomagnetic storm®

9 They occur when events lilsglar flares emit highethan-normal levels of
radiation toward Earth, interacting with its magnetic field.

9 These disturbances, driven bglarcoronal mass ejections (CME®) highspeed streams
of solar wind from coronal holes, lead to geomagnetic storms.

9 Effects of such storms range fraire appearance of auroras to disruptions in
communicationsystems due to high radiation, making communication on Earth
challenging.

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

15.TRISHNA

Thermal Infraredmaging Satellite for Highiesolution Natural Resource Assessment (TRISHNA)
mission, a collaboratiorbetweenISRO and CNES (French Space Ageaity$ to monitor surface
temperature and water management globally.

It includes two primary payloadsThermal InfraRed (TIR) from CNES for infrared imaging and
VNIRSWIR from ISRO for surface reflectance mapping. Operatin§unsynchronous orbit it
will aid climate monitoring, urban planning, and disaster management

Objectives
9 To monitor the energy and water budgets of continental biospheres, alongside high

resolution observation of water quality and dynamics.
1 It provides detailed monitoring of surface temperature, emissivity, and radiation variables,
aiding regional to global surface energy budgeting.
9 Iltassists 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 IndoFrench collaborations to monitor EartiMeghaTropiques. Saral
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NOTES

Other Related InitiativesSGEOGLANS an initiative launched by the G20 to improve food security
and sustainable agriculture through Earth observatigasbal Water Watchs a data platform
offering free, global information on water reservoirs and river systems using Al and Earth
Observation algorithms, developed by Deltares, WRI, and WWF

(Other Missions)

16b! {1 Q& /1 !t9! LINRB2SOi

b! {1 Q& /I ! indlvedibuNdleng@siliving in a simulated Mars habitdor a year to

study the challenges of longuration missions to Mars.

9 The missionpart of NASA's Crew Health and Performance Exploration Analog (CHAPEA),
was thefirst of three planned simulations.

9 The habitat, calledMars Dune Alphd was a 1,700 sq ft 3printed structure at the Johnson
Space Center in Houston, Texas, designedpticate Martian conditions, including a
backdrop of red, rocky cliffs and simulated Martian soil.

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

17.IRIS Space Programme

The EU has launched an ambitious iRp&ce programme with a constellation of 290 satellites fo
NA @It 9 Btariyhk. a dza | Qa

About IRIS:
1 Nations involved:European Union member states through the European Space Adegdy (
1 Launched inAnnounced and initiated in 2024.
T Aim:
o To provide secure, resilient, and uninterrupted connectivity for governmental and
commercial purposes.
o To strengthen European autonomy and competitiveness in space technology.
{1 Significance:
o Strategic AssetBolsters EU sovereignty in space technology.
o Supports SecurityProvides resilience against cyber and communication disruptions.
o Commercial BoostDelivers higkend connectivity services to businesses.
o Complementary ProgrammeAdds to existing EU initiatives like Copernicus (Earth
observation) and Galileo (satellite navigation).

18.Starlink Satellite

1 Designed bySpaceX (owned by Elon Musk).
1 Purpose:To provide higkspeed, lowlatency internet globally, especially in remote and
underserved areas.
1 How Starlink Works:
o Satellite ConstellationOperates using thousands of satellitegaw Earth orbit LEQ
(~550 km above Earth).
o Data Transmission:
A Satellites communicate with ground stations and user terminals.
A Use laser links to transmit data efficiently between satellites.
o User Equipmentincludes a small antenna and router that users install to access the
service.

1 Key Features:
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o HighSpeed InternetSpeeds often exceed 100 Mbps, suitable for streaming, vided
calls, and browsing.

o Low Latency20-70 milliseconds.

o Global CoverageParticularly effective in remote regions and areas with poor
traditional internet infrastructure.

o Resilient ConnectivityMaintains service during disasters or in areas with restricted
internet access.

19 LignoSat

In a groundbreaking move towards sustainable space exploralapanese scientistsom Kyoto
' YAGSNBRAGE YR {dzYAl2Y2 C2NBaldNE KIZS RS@ASt 2LISR |GK
LignoSat.

About LignoSat:

1 DevelopersCreated by Kyoto University and Sumitomo Forestry.

1 Launch:Set to launch on a SpaceX rocket next week to the International Space Station (ISS).

1 Mission purposeTo test the resilience of wood, specificalgpanese honoki (magnolia)
wood, in space conditions over six months.

1 Material benefits:2 22 R A& fAIKIGgSAIKAIT NBarAadlyd g2 aKkadsSN
particlesuponreS Y GNB | & A G o6dzNya dzLd KIFNXYESaate Ay 9 NI|KQ

1 Future vision:Seen as a potential step towards building wooden structures, planting trees,
and constructing sustainable habitats on the Moon and Mars.

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

Discovery Made by China on Mars
1 Rover and missiowletails:
o Rover:Zhurong(named after a mythical Chinese fire god).
o Mission: Tianwenl, China's Mars exploration program.
! Marslocation:
o Utopia Planitia:A vast plain in Mars' northern hemisphere where geological featur
like troughs, sediment channels, and mud volcano formations were observed.
7 Significance of discovery:
o Indicates the presence of ancient ocean approximately 3.68 billion years ago
likely frozen in its latter stages.
o Supportghe theory of a Martian coastlineand varying marine environments,
enhancing the possibility of past microbial life.
o Suggests Mars transitioned from a hospitable woid and dry planeearlier than

[{%)
(7]

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:
1 Mechazilla is the massive 4@8Qall rocketcatching structure at SpaceX's Starbase in Texas.
1 Equipped with giant mechanical arrkisown as “chopsticks,it is designed to catch the Supe

Heavy booster midair as it returns to Earth after launch.

=
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Significance of Mechazilla:

Launch & AscentStarship and its Super Heavy booster launch from the ground.

Boosterseparation: The booster detaches from the Starship upper stage at a high altitude.

Controlleddescent:The booster descends using precision thrusters to steer its path back
the landing site.

Boostercatching:a SOKI T Af f I Q&
it hovers, ensuring a controlled landing.

N¥Ya Y2d

YSOKEFYAOFE |

1

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

About Moonlight Programme:

Quickreusability: Reduces turnaround time for rocket refurbishment andaanch, making
missions more efficient.

Costreduction: Enables rapid reuse of boosters, lowering overall launch costs significantl
Sustainability:Enhances the sustainability of space missions by minimizing wear and tear
reusable components.

Future ofspacetravel: Could enable more frequent, affordable, and scalable space missia
bringing humanity closer to interplanetary travel goals.

1

23 BepiColombo

BepiColombo made itdosest flyby of Mercury
capturing detailed blackndwhite images of the
planet's cratered surface.

This flybyprovided the first clear view of
a S ND dzNE Q4 andl Bsdmiigiie ctalerf S

Purpose:The Moonlight programme aims to createanstellation of lunar satellites to
support accurate autonomous landings, higpeed communication, and mobility on the luna
surface.
Satellite ConstellationAround five lunar satellites will enable lodistance 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 launchlafnar Pathfindey a communications relay

satellite built by Surrey Satellite Technology LTD, planned for 2026.
o Initial services are expected to begin by tved of 2028 with full operational
capabilities by 2030.

Target AreasThea 2 2 Y Q& { @itlhe & prima&nf f&us due to its unique lighting
conditions and the potential presence of water ice in permanently shadowed craters.
Collaboration9 { ! éAff ¢2NJ] Ff2y3aARS 3Tt 201! f
programme, and the Artemis Gateway project, to foster cooperation and build shared lun
infrastructure.
Future Impact:Moonlight's communications infrastructure is expected to reduce the need
standalone communication systems, allowing
mission teams to concentrate more on missiq
operations such as astronaut safety and
robotics.

BepiColombo spacecraft

Launch: Oct 20 2018 Arrives Mercury: Dec 25 2025

BepiColombo’s
orbits around

Mercury
transfer
module

structures, like thgeak ring basinsThe
spacecraft, launched in 2018, will begirbiting
Mercury in 2026 with the mission aimed at

Mercury
magnetospheric
orbiter (MMO)

‘ Sun shield

protects
MMO on
journey

Mercury
planetary
orbiter (MPO)
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studying the planet's composition, geology, and magnetic field. Despite delays, scientists are
SEOAGSR Fo02dzi GKS YAaaArzyQa LRGSyGAlrt G2 |dzzO20SNJ a

About BepiColombo

1 BepiColombo is a joint mission by tharopean Space Agency (ESA) and Japan's trAXA
study Mercury.

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

T ¢KS aL) OSONI Fi KlFa g2 O2YLRySyiday 9{! Qa aSNDdaNE
aSNOdzNEQa aAdz2NFIF OS FyR O2YLRaAdA2yT yR W! .1 Qa @S]
investigate its magnetic field.

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

24 JUICHBMission

TheEuropean Space Agencylapiter Icy Moons Explorer (JUICE) prainesto perform a

ground-breakingdouble slingshot manoeuvre

9 Theprobe will first use the moon's gravity to redirect its trajectory toward Eartfollowed
by usingEarth's gravity to slow down, setting it on course for its journey to Jupiter.

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

9 If successfuJUICE will reach Jupiter and its moan€allisto, Europa, and Ganymedéoy
2031, using additional gravity assists from Venus and Earth along the way.

The mission aims to:

1. Map Moons' SurfacesCreate detailed maps 9WdzLJA § SNR& Y22y a3 LI NI A Odzf || NI &
Callisto, and Europa, and investigate their subsurface water bodies for potential
habitability.

2. Study Jupiter Develop a comprehensive understandingdizLJA G SND&a 2 NRAIAY S KA Al 2 NE
evolution.

3. Focus on Ganymedd-xamingsanymede, the largest moon in the Solar Systeiith its own
magnetic field.

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

25.Tanagerl

NASA in collaboration with various organizatiorgs launched the Tanagelr satellite aboard a
SpaceX Falcon 9 rocket.
I Tanagerl is designed to track methane and carbon dioxide emissiasggimaging
spectrometer technology developed by NASA's Jet Propulsion Laboratory.
9 This technology caidentify and guantify greenhouse gasdsy measuring the@nique
spectral "fingerprints" left by different compounds in the Earth's atmosphere.
Methane, a potent greenhouse gas contributing significantly to global warmirggparticularly
targeted due to its role ifiorming groundlevel ozone which poses health risks and is linked to
premature deaths. Reducing methane emissions is criesplecially since fossil fuel operations
are responsible for a large share of humaaused methane emissions.

(Space related Concepts)

26.Quantum Satellite

India plans to launch its first quantum satellite within the nex@ fears under thélational
Quantum Missior{NQM).
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About QuantumSatellite:
1 Whatitis:

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

f Science behind its working:

o Quantum CryptographyUtilizes quantum principles like entanglement and quantut
measurement to secure data.

o Quantum Key Distribution (QKDEnsures encryption keys are shared securely
between parties. Any eavesdropping alters the quantum state, alerting users.

o Photon TransmissiorEncodes information in photons, which are transmitted
through free space or fibreptic cables.

1 FEeatures:

o Quantum Key Distribution (QKDFacilitates secure encryption key exchanges.

o Quantum EntanglementEnsures instantaneous detection of tampering.

o HighSpeed CommunicatiorEnhanced data security without sacrificing speed.

o Global ReachEnables longlistance secure communication through sateHgeound
systems.

1 Advantages:

o Enhanced Securityirtually immune to hacking due to quantum measurement
principles.

o FutureProof EncryptionCounters threats posed by quantum computers to classicgal
cryptographic systems.

o Strategic ApplicationstUseful in defence, banking, and secure government
communications.

o Technological Leadershifpositions India as a global leader in quantum technologies.

{ Limitations:

o High CostsDevelopment, deployment, and maintenance are resodntensive.

o Distance ChallengesSignal loss over long distances due to atmospheric and technjical
constraints.

o Denialof-Service Risk€Eavesdroppers can disrupt transmissions without stealing
data.

o Hardware LimitationsDifficult to upgrade or patch quantum hardware.

=

27 Black Hole Triple System

For the first time, scientists have discovedare "black hole triple" systenocated 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 Holdriple
1 Definition: A "black hole triple" system consists of a black hole with two companion stars.
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.
1 Discovery:
o The black hole, named404 Cygniwas identified by researchers while examining a
repository of astronomical observations.
o Located in theonstellation CygnusvV404 Cygni has a mass approximately nine times
that of the Sun.
o The presence of gravitational interactions among the two stars confirmed the

aeaiasSvyqQa GNRLX S OZVT)\EIdzNJ-[’]AEVCD
1 Significance:

n
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o Challenges traditional theoriesThe discovery questions the conventional
understanding of black hole formation, which typically involves a supernova explgsion
that ejects nearby stars.

o Direct collapse formationV404 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 starsThis gentler formation process enabled the black hole tg
retain its nearby stars, which would have been ejected in a supernova scenario.

o Implications for binary systemsrhis finding suggests that some known binary blac
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
1 Largest moon of PlutoCharon is the largest of Pluto's five moons, roughly thalfsize of
Pluto itself.

1 Discoveryilt was discovered on June 22, 1978, by James W. Christy and Robert S. Harrington
at the U.S. Naval Observatory in Flagstaff, Arizona.

1 Size and mas<haron is about 1,214 kilometers (754 miles) in diameter, and its mass is more
thanonedl SYG K 2F tfdzi2Qa Ylaao

1 Double dwarf planet systemDue to its size and mass relative to Pluto, they are often
referred to as a double dwarf planet system.

1 Mutual tidal locking:Charon and Pluto always show the same face to each other, a
phenomenon known as mutual tidal locking.

1 Orbital period: Charon orbits Pluto every 6.4 Earth days at a distance of about 19,640
kilometers (12,200 miles).

1 Surface compositionRecent findings include carbon dioxide and hydrogen peroxide, in
addition to previously known substances like water ice and ammbe&ing compounds.

71 Kuiper belt object:Charon is located in the Kuiper Belt and serves as an invaluable targef for
studying icy bodies beyond Neptune's orbit.

29 MACE Project
The Major Atmaospheric Cherenkov Experiment (MACE) Observatory was inaugurdtedent
Ladakh.
1 The MACE project is a significant achievement for Indiasmicray research, aiming to
advance scientific understandingnd support the soci@conomic development of Ladakh.

About the MACEproject:
71 Location:Hanle, Ladakh, at an altitude of ~4,300 m, making it the highest imaging Cherenkov
telescope in the world.

1 Development:Indigenously built by Bhabha Atomic Research Centre (BARC) with suppot
from ECIL and other Indian partners.

71 Obijective:To study higkenergy gamma rays and contribute to the understanding of the
universe's most energetic phenomena, such as supernovae, black holes, and-gaynma
bursts.

1 TechnologyUses Cherenkov imaging technology to detect cosmic rays and observe high
energy astrophysical events.

1 SignificanceEnhances India's cosriay research capabilities and strengthens its position in
multi-messenger astronomy on a global scale.

—
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Significance of the MACE project

f Scientific advancementPuts India at the forefront of cosmray research, enhancing its
ability to study higkenergy gamma rays and contribute to global space research.

1 Technological achievemenDemonstrates India's capability to develop weddss
astronomical instruments, promoting setliance in advanced technology.

1 Socieeconomic impactSupports the development of Ladakh by encouraging local talent to
pursue careers in astronomy, astrophysics, and space sciences.

1 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
Recentlya special astronomical event known asSaper Blue Moorét 2 O O dZNiN&dtd
combinestwo rare phenomena: a "blue moon" and a "super moon."

Blue Moon Contrary to what the term suggests, 6 f dz8 Y22y A&y Qi .WSOSaal NR(f|e
refers to asecond full moon within a single calendar month, or, less commonly, the third full
moon in a season with four full moong his phenomenon happens every two or three years.
Super Moon This occurs whenfall moon is at its closest point to Earth in its elliptical orbit,
known as perigeeThis proximity makes the moappear 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 occurrentieg sighting of a supermoon and
blue moon together is indeed rare
FIRST ALERT IVZAEE BLUE SUPER FULL MOON WED NIGHT

2ND FULL MOON OF THE MONTH/ HAD A )  @=yremos
STURGEON MOON ON THE 1ST UBLUEMOON

SUPERMOON

(' WOLF MOON
(' sNow MOON

(' WORM MOON

(" PINK MOON

( FLOWER MOON

(" STRAWBERRY MOON
CE

(" STURGEON MOON
CORN MOON

(" HUNTER'S MOON

AT PERIGEE (CLOSER IN ORBIT) APPEARS I
UP TO 8% LARGER 7
(_ COLD MOON

31.Quasars

Astronomers have discovered the brightest object

ever observed in the universe quasar named What Are Quasars?
J05294351,using theEuropean Southern every luminous object
Observatory's Very Large Telescope (VLT). *powerful radio radiation

1 This quasar, which has been visible since 195 st

but only recently identified as sucis,over 500 e object in the
trillion times brighter than the Sun and grows visual spectrum

by consuming the equivalent of one sun per [EeAEC ST
. : : P eactive, super massive far away

day. black hole galaxy
1 The quasarocated over 12 billion lighiyears

from Earth is powered by aupermassive
black hole with a mass of 17 billion suns.
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9 Itsmassive accretion disc, measuring seven lighetars in diameter, is the largest known in
the universe.

Quasargshort for "quasistellar objects") are among tharightest and most energetic objects in

the universe.They are theextremely luminous cores of distant galaxiegowered by

supermassive black holes at their centres.

32 Milgromian dynamics (MOND) Theory

The Cassini mission's findinggllenge Milgromian dynamics (MON[an alternative theory to

dark matter, which predicts subtle deviations in celestial orbits due to weak gravity.

1 Cassinis a joint endeavour of NASAhe European Space Agency, and the Italian Space
Agencyto study Saturn and its complex system of rings and moons.

What is the theory ofDark Matterand what is its alternative theory?

9 The theory of dark matter What Is Dark Matter?
proposes that there is an

unseen form of matter in Dark matter is a hypothetical form of invisible matter that
exerts gravitational effects on light and ordinary matter.

the universe which does not
emit light but exerts
gravitational forces,

explaining phenomena like electron
the faster-than-expected i neutron
rotation of galaxies antimatter

1 In contrastMilgromian neutrino \\ proton
dynamics (MOND3ays that
those deviations from =
Newton's laws of gravity 5 The Universe consists of 5% matter, 27% dark
occur at very weak matter, and 68% dark energy.
gravitational fields, such as
those found at the edges of galaxies. MOND suggests modifying gravity rather than invoking
unseen dark matter. It seeks teplace Newtonian dynamics and General Relativity

i Howeverrecent observations, including those from the Cassini mission and studies of
celestial bodies have cast doubt on MOND's predictions, indicating thgii to explain
various phenomena accuratelyrherefore, MOND is not considered a correct alternative tg
the theory of dark matter.

neutralino

gravitino Visible Maﬁe‘

sciencenotes.org
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Defence Technology

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

1 History:
o Initiated in1986for powering theLight Combat Aircraftl(CA) Tejas.

o Experiencedetbacks and was decertified for the L@~ogram but repurposed for

=a

UAVSs.
o Revival efforts ir2016 with SAFRANartnership for technical assistance.
1 Features:

o Current version produce$9-51 kN thrust suitable for UAVs likehatak UCAV.

o Future plans include integrating an afterburnerachieve 7375 kN thrustfor
advanced applications.

o Tested extensively ihigh-altitude simulations (Russiagnd ground trials (India).

2. Directed Enerqgy Weapons

Directed energy weapons (DEWSs) are definedlastromagnetic systems capable of converting

chemical or electrical energip radiated energy and focusing it ontarget, resulting inphysical

damage that degrades, neutralizes, defeats, or destroys an adversarial capability.

1 The United States has significantly invested in DEM¥&loping systems like higenergy

lasers (HEL) and higtowered microwaves (HPM)with various applications ranging from

missile defence to disabling drones.

Countries likeChina, Russia, and others are also advancing their DEW capaubilities.

1 India has been investing in DEWSs through organizations like DRDO amhBditig on
projects like TriNetra and KALI.

=

3. Longrange glide bomb (LRGB)
TheDefence Research and Development Organisation (DR&©}essfully conducted the
maiden flight test of the longrange glide bomb (LRGB) named Gaurav
1 The testwas carried out using a SBOMKI fighter jet of the Indian Air Force off the coast
of Odisha.
Gaurav, a 1,000 kg alaunched glide bombis designed tgtrike targets at long distancewith
high precision using a hybrid navigation system.

The bomb was developed indigenously by the Research Celntr@rat in Hyderabad and hit its
target with pinpoint accuracy during the test.

4. Distributed deniabf-service (DDoS) attack

Elon Musk's live audio interview with former B&sident Donald Trump on the social media

platform X (formerly Twitter) faced technical glitchesportedly due to a "massive DDoS

attack."

91 A DDoS (Distributed Denia@if-Service) attacloccurswhen multiple sources overwhelm a

server with excessive traffic, making it difficult for legitimate users to access the service.

This camresult in slow loading times or complete inaccessibility.

Suchattacksare harder to counter because they originate from multiple sourceften using

botnets or spoofed IP addresses

1 DoS (Denial of Service) and DDoS (Distributed Denial of Service) attissrkgt online
services byverwhelming them with traffic

9 Attackers use various methods, including botnetsetworks of compromised devices.

)l
)l
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T One common method, the "Smurf Attackjhvolves sendingalicious ICMP broadcast
packets with a spoofed IP address to flood therget's own serversAnother method, SYN
flood," involves sending incomplete connection requests, and overloading the server.

1 Signs of a DoS attagiclude slow internet speed and inability to access servicbstthese
can also be caused by other factors.

1 Firewalls and security systems can verify attackdile antivirus software can detect and
prevent them.

1 DoS attacks can cause significant disruptamseen in the 2016 attack that affected major
websites like Spotify, Twitter, and Amazon.

5. India Commissions INS Arighaat
India has commissioned ig&condnuclearpowered missile submarindNS Arighaat at
Visakhapatnam

<=

1 With the addition ofiNS Arighaat, India's lLengtI!

navy now has twoSSBNENS Arihant and

INS Arighaat) =

1 Both submarines are part of the indigenousl ﬁglm
developedArihant-class under the Advanced

Top speed (dived)
Technology Vessel (ATV) Project e

Top speed (surfaced)

9 INS Arihant, commissioned in 2016, has oot
successfully launchedSubmarineLaunched
Ballistic Missile (SLBMhat can carry either
four K-4 SLBMs or twelve-H5 SLBMs

f India also leased Russian Akulalass submarinein20® ¢ KSaS &dzo Yl NAySa o2f 3
nuclear deterrence and strategic stability in South Asia, but face challenges from China's
advanced submarine capabilities and other technological and investment issues.

i Displacement

6. Ransomware attack
CEdge Technologies Ltda technologygervice provider for cooperative and regional rural banks
in India, was likely hit by aansomwareattack.

About Ransomware:

Ransomware is iype of malware that locks users or organizations out of their files by
encrypting them and demanding a ransom for the decryption key.

Thisforces victims to pay the ransom to regain accessth some variants alsstealing data to
increase pressure.

Ransomwardnas become a major threat, significantly disrupting hospitals, public services, and
various organizations.

7. Village Defence Guards

Union Minister announcethat the Village Defence Guards (VDGS) in Jantmue been
equipped with sophisticated weapons to combat rising terror incidents in the region.

About Village Defence Guards
1 Formation:Set up in themid-1990s as a force multiplier against militant attacks.
1 Purpose:Provide weapons and arms training residents of remote hilly villages to
defend themselves.
Need to Setup Village Defence Guards
1 Context:Militancy spread fronKashmir to Doda district by the mid990s
1 Trigger:-Demandarose after the 1993 massacre of 13 people in Kishtwar
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1 Implementation: TheHome Ministry initiated VDCs in 1998ter expanding to other
areas in the Jammu division as militancy spread to Udhampur, Reasi, Rajouri, Poonc
Kathua, and Samba districts.

Contribution:

1 Role in CombatPlayed a significant role in combatinglitancy 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 (HAb@s partneredvith SAFHAL Helicopter Engines Pvt. litd.

jointly develop and manufacturersew high-power helicopter engine named 'Aravalli'.

9 This collaboration ifbcused on supporting the Indian MuHiRole Helicopter (IMRH) and the
DeckBased MultiRole Helicopter (DBMRHboth of which are being developed by HAL.

1 Purpose These engines aiptended for the 13ton Medium Lift class, IMRH, and DBMRH
helicopters.

1 Strategic ImpactThe partnership aimst 2 2 8 (i L ydRakhde ( derospade &nd
defence technology aligning with thebroader goal of enhancing indigenous development

This project is a significantstdpy’ I RGF Yy OAY I LY RALI Q& OF LI 6AfAGASE A
andstrengthening the strategic relationship between India and France.

9. Project NAMAN

Thelndian Army launched Project NAMAN to support Defence Pensioners, Veterans, and thei

families, centred around the SPARSH digital pension system

1 The project aims tgtreamline pension processes and provide essential services through
Common Service Centres (CSCs) across India.

1 These cents, supported by HDFC Bank and managed by veterans or their fapfiigs,
SPARSHdnabled pension services;@overnance, and banking solutionseflecting the
Army's commitment toveteran welfare and community empowerment

=

10.DF41

Chinasays it successfully fired an intercontinental ballistic missile into the Pacific Gcese
public test that analysts said was meant to send a message to the United States and its allies amid
heightened regional tensions.

About DF41:

9 Origin:In 1980, China tedtred its first ICBM, the Db.

9 Estimated range12,000 to 15,000 kilometers

1 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 Missil@CBM):
1 Definition: Longrange ballistic missile primarily designed for delivering nuclear weapons.
1 RangeOver5,500 km maximum ranges between000 and 16,000 km
1 SpeedExceed®0,000 km/h
1 Countries with ICBMsRussia, United States, China, France, India, United Kingdom, Israe],
North Korea.
9 LYRAI Q& L/ . aa
o Aagni V Solidfuelled missile with a range @£000;10,000 km
0 Aagni VI Upcoming iteration witiMIRV capability(Multiple Independently Targetable
Reentry Vehicles).
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11 ABHED Jackets
The Defence Research & Development Organisation (DRDO) in collaboration with the Indiar
Institute of Technology (IIT) Delhi has develop&ght Weight Bullet Proof JacketslledABHED
(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 36&legree 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:
1 Enhancesoldier mobility by reducing the burden of heavy protective gear.
1 Developed withindigenous materialontributing toself-reliancein defense production.
1 Aligns with theMake in Indiainitiative, reducing dependence on foreign imports for
critical defense equipment.
1 Contributes tonational securityby providing stateof-the-art protective gear tailored for
the specific needs of the Indian Army.

=A =4 =4 =8 =9

12 INDUSX Summit

The third edition of thdNDUSX Summit highlighted growingollaboration between India and

the U.S. idefence innovation

1 The event, organized by thé.S:India Strategic Partnership Forum (USISBR) Stanford
University, saw the signing of lemorandum of Understanding (MoW) S G ¢ S S yiDEXYRA | Q&
and the U.S.

1 Defence Innovation Unit (DIUWp enhance cooperation idefence technologies and foster
industry and research partnerships.

1 Key announcements includechaw INDUSX challengethe release of théNDUSX Impact
Report, and the launch of an official INDU$Swebpage on iDEX and DIU websites.

9 The summit provided a platform for showcasimext-generation technologieby startups
and MSMEs and facilitated discussiongexhnology trends, funding, and strengthening
defence supply chains.

13.Thermobaric weapons
Russia's use @DAB1500 thermobaric weapon# Ukraine has garnered attention due to their
extremely destructive effects.

About Thermobarioveapons How thermobaric weapons work
1. Thermobaric weaponsise the o , ,

1. Precision-guided 2. Small explosion 3. Second explosion
atmOSphere'$XygentO fuel an bomb strikes target releases a cloud of ignites cloud, causing
eXp|OSi0n. explosive material ?;E:;T;stb\z:ztrﬁ?;:;

2. Release &uel cloudthat ignites, causing human bodies
a hightemperature explosion. B
3. Results in an immend#ast waveand a 3 -
vacuum effect by consuming nearby - "‘\\~\ e
1wt 1 1ot

Features
1. Two-stage explosionFirst disperses fuel, then ignites it.
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2. Effective inenclosed spacedighly destructive in buildings, bunkers, or tunnels.

3. Humanimpact Can rupture organs and cause severe injuries due to pressure changes.

4. Not specificallybanned No explicit ban, but targeting civilians could violate Hegue
Conventions

History and Origin
1. Developed by thé).S.and Soviet Unionduring the Cold War.
2. Used by thdJ.S.in 2001 againsal-Qaedain Afghanistan.
3. Russiahas deployed these in Chechnya and Ukraine.

14 Very ShoFRange Air Defence System

The Defence Research and Development Organisation (DRDO) successfully cahdestitight
tests of the fourthgeneration miniaturized Very SheRange Air Defence System (VSHORADS) at
the Pokhran Field Firing Ranges in Rajasthan.

VSHORAD&geyfeatures anddetails:
1 Type:Fourth-generation Man Portable Air Defence System (MANPAD).
1 Design anddlevelopment:Indigenously developed by DRDO's Research Centre Imarat (RCI),
Hyderabad, in collaboration with other DRDO laboratories and industry partners.
1 Purpose:Designed to counter lowaltitude aerial threats like helicopters and leilying
aircraft.
1 RangeCapable of engaging targets at a range of up to 6 km.
{1 Technologiesncorporated:
o Duatband IIRseeker:Ensures precise tracking and targeting of aerial threats.
o Miniaturised reaction control system: Enhances missile maneuverability.
o Integratedavionics:Provides advanced targeting and control.
o Duatthrust solid motor: Powers the missile for fast response and interception.
1 Portability: Lightweight and portable design for quick deployment over difficult terrains.
1 Operationalcapability: Demonstrated hito-kill capability against highpeed targets in
various engagement modes (approaching, receding, and crossing scenarios).
1 Developmentstatus: Trials completed with production agencies engaged, paving the way [for
early user trials and mass production.

15.7-90 Bhishmd&ank

In a significant stride towards seffliance, 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
T Origin: The T90 Bhishma is a main battle tank of the Indian Army, procured from Russia in
2001, with deliveries starting in 2004.
1 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.
1 FEirepower:
o Equipped with a 125 mm smoothbore gun, capable of firing different types of shells.
o Features an amaircraft gun that can target within a range of 2 kilometers and fire up
to 800 shells per minute.
1 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, seffropelled guns, and other armored targets.
o Includes a guided missile system capable of destroying armored targets, even thq
with explosive reactive armor (ERA), with a range of up to 5 kilometers.
1 Crew:
o Operated by a crew of three: commander, gunner, and driver.
1 Protection:
o Equipped with a NucleaBiologicalChemical (NBC) protection system to safeguard
the crew in hazardous environments.

16.THAAD missile system

Ly NBaLkRyasS G2 SalortlriaAay3a dSyarazya Ay 2Sa
the U.S. has decided to deploy the Terminal High Altitude Area Defense (THAAD) missile sy
bolster Israel's air defense.

About THAAD
1 Purpose:THAAD is a missile defense system designed to intercept and destroytehort
mediumrange ballistic missiles during their final flight phase.
1 Keyfeatures:
o Uses a powerful radar to detect incoming missiles.
o Does not rely on warheads; instead, it uses kinetic energy to destroy missiles, ma
it a safer defense system.
1 RangeTHAAD can hit targets at ranges of 150 to 200 kilometers.
1 Contractor:Lockheed Martin is the primary contractor behind the THAAD system.
1 Deployment:First deployed in 2008, THAAD is considered a complementary system to th
Patriot missile defense but covers a wider area of defense.

17 Samarthak Vessel

The first of two multiPurpose Vessels (MPVSs) for the Indian Navy, built by L&T Shipyard, wa:s

launched at Kattupalli, Tamil Nadu.

1 ¢KS AaKALE yFYSR W{IYINIGKI]1=ZQ Aa LINI 27
AKALWdZAf RAYa Ay fAYS 6AGK GKS WIFAYLF yAN

About Samarthak Vessel:
9 Name:{ F YF NI KF{1 2 YSIyAy3d W{ daddimgnhddns dapabilities.2 Y 6
1 Shipyard:L&T Shipyard, Kattupalli, Tamil Nadu.
1 Specifications:
o Length:106 meters.
o Width: 16.8meters.
o Speed:Maximum of 15 knots.
1 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.
1 SignificanceThe ship demonstrates India's growicgpabilities in indigenous shipbuilding,
aligned with national defense and economic strategies.

18.LongRange Land Attack Cruise Missile

The Defence Research and Development Organisation (DRDO) successfully conducted the
flight test of theLongRange Land Attack Cruise Miss{leRLACM)a stateof-the-art indigenous
missile with a range of 1,000 km.
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About LRLACM:
1 Range and Performance:
o Range1,000 km with precision strike capability.
o Equipped with advanced avionics and software for reliability and efficiency.
o Thisis a new variant dfirbhay RLACMvith improved features
1 Development:
o Developed by Aeronautical Development Establishmaitf, Bengaluru, with
contributions fromDRDOabs and Indian industries.
o Bharat Dynamics Limited and Bharat Electronics Limited are key developgoment
production partners.
1 Design and Navigation:
o Configured for ground launch using mobile articulated launchers and naval launch
from ships using universal vertical launch modules.
1 Strateqic Significance:
o Provides the armed forces with lomgnge standoff capabilities, comparable to the
U.S. Tomahawk cruise missile.

1 Approval:
o Approved by the Defence Acquisition Council in July 2020.

About Nirbhay Cruise Missite
1 Type and Rangesubsonic longrange cruise missile with a strike capability of up to 1,000 km.
1 Development Designed by Aeronautical Development Establishment (ADE), under DRDO,
Bengaluru.
71 Launch and PropulsiariJses a solid booster for launch, transitioning to a turbojet engine for
sustained flight.
1 Capabilities
o Deep penetration to target higlialue assets with precision.
o Capable of loitering and operating at very low altitudes (~100 meters).
1 Warhead options Can carry both conventional and nuclear payloads weighingBR0Kg.

19.e-Tarang System
The eTarang System, an-Ahabled software developed collaboratively by the Integrated

Defence Staff an8ISAGN, was launched during the annual meeting of the Joint Electromagnetic
Board (JEMB).

About eTarang System:

1 Developer:Integrated Defence Staff and BISAG

1 Launch Eventtnveiled during the Joint Electromagnetic Board (JEMB) meeting, chaired by
Deputy Chief of Integrated Defence Staff (Operations) Air Marshal Jeetendra Mishra.

1 FEeatures:
o Alenabled system for automated and efficient defence spectrum planning and
management.

o Integrates various defence communication systems for improved operational synergy.
o Enables interferencéree operation of defence equipment during wartime and
peacetime.

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

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

1 Significance:

o Part of broader initiatives to modernizeilitary 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.LongRange Hypersonic Missile
Indiasuccessfully tested its first lomgnge hypersonic missile, marking a significant milestone |n
defence technology and joining a select group of nations capable of developing advanced
hypersonic weapons.

l 62dzi LYRAI Qa4 CANEBRG | @8LISNE2YAO araairtsSy
1 FEeatures
o Mach 6 SpeedTravels six times the speed of sound, reducing enemy reaction tim
o Long RangeCovers over 1,500 km for desfrike missions.
o Mid-Flight Manoeuvrability:Combines ballistic missile speed with cruise missile
agility to evade defences.
o Multi-Payload CapacityCan carry conventional or nuclear warheads.
o Advanced TrackingPrecision targeting ensured by cuttiegige multidomain
monitoring systems.
o Indigenous DesigrFully developed bpRDE & K2 ¢ O & A-jelnckiff RA | Q& & St 7
advanced defence technology.
1 Capabilities:
o0 Strategic DeterrenceEnhances defence readiness and border security.
o Multi-Domain UseAdaptable for land, air, and naval platforms, including ship
targeting.
o Defence EvasiarOvercomes modern missile defence systems with speed and agility.
0 Precision StrikesPinpoint targeting of critical enemy assets with minimal collateral
damage.
1 Applications Multiple uses across Army, Navy, and Air Force; naval version aimed at
destroying enemy warships with precision at long ranges.
1 Developmental Backgrounduilds upon thedypersonic Technology Demonstrator Vehicle
(HSTDV) project initiated in 2019.
1 Global ContextPositions India alongside major military powers like China, Russia, and the US
in hypersonic weapon technology.

D

21 Eklavya Platform
1 Developed byBhaskaracharya National Institute of Space Applications and Geoinformatics
(BISAEN), with support from the Directorate General of Information Systems.
1 Launched in2024 by theChief of the Army Staff
1 Aim: To facilitate continuous professional military education, decongest physical courses| and
encourage domain specialization.
1 FEeatures:
0 Hosted on the Army Data Network with scalable architecture.
0 Includesa Yy 2 ¢ f SR 3 Sor hckeIskgjbuindls, research papers, and articles.
0 Registration delinked from physical nominatioasgessible throughout an officer's
career.
o Focuses omontemporary content and emerging concepasigned with modern
warfare.

22 SARE24

The 11th edition of thé. V RA |V / 2National Martimél$earch and Rescue Exercise
(SARE24)washeld in Kochi, Kerala.

About SARER4:

1 Location:Kochi, Kerala.

1 Theme:"Enhancing Search and Rescue Capabilities through Regional Collaboration."
f Activities:
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23.Shadow Fleet

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

About Shadow Fleet:

o Sea exercise involving contingencies with participation from Coast Guard, Navy,
Force, Cochin Port Authority, and Customs.
Objectives:
o Evaluate operational efficiency and coordination.
o Strengthen collaborative efforts among regional and international maritime agenc
Significancel argestever simulations, enhancing cooperative engagement with littoral stat
and friendly nations.

1

1

1

About Flag of Convenience (FoC):

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

their activities and avoid sanctions or regulatory oversight.

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

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

T

il
T

T

About Indian Register of Shipping (IRS):

A Flag of Convenience (FoC) vessel flies the flag of a country different from the country \
the ship's owner is based. This is often done to save costs and avoid stringent regulation
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 FoC<ountries like Panama, Liberia, and the Marshall Islands are known for
offering FoCs, making them attractive for owners looking to minimize operational costs a
oversight.

Issuesit allows owners to obscure the true origin and ownership of vessels, making it ha
to enforce international laws and labor protections.

1
1
1

www.insightsonindia.com

Established in975under the Indian Companies Act, based on the recommendation of the
Mudaliar Committee.

Mission:To ensure accurate classification and safety records of mercantile shipping and
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 an
industrial installations.
o ldaaraita Ay
management systems.
Global RecognitiontRS has grown to become an internationally recognized classification
society and became Chair of the International Association of Classification Societies (1A
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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24S4* SSBN

India’s fourth nucleapowered ballistic missile submarine (SSBN), referred to as S4*, was
launched into water at the Ship Building Centre in Visakhapatnam.

About NuclearPowered Ballistic Missile Submarine (SSBN):
1. Features:

1 Nuclearpropulsion: SSBNs are powered by nuclear reactors, enabling them to stay
submerged for long durations without surfacing, limited only by food supplies and
maintenance.

1 Ballisticmissile capability They are equipped with submaridaunched ballistic missiles
(SLBMs), allowing them to serve as a platform for nuclear deterrence with a sstded
capability.

{1 Stealthh The submarines are designed for stealth, reducing their detection by enemy
forces, making them a key asset for strategic deterrence.

2. Indian SSBNProgramme:

1 Operational SSBN$ndia currently operates two SSBNSS Arihanfcommissioned in
2016) and INS Arighaat (commissioned in 2024).

1 Upcoming SSBN3he 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 SSBNSs:

1 Missilerange:INS Arihant is equipped with36 SLBMs with a 750 km range. The S4* wi
carry the advanced-4 missile, capable of striking targets up to 3,500 km away.

1 Nucleardeterrence: These submarines provide India with a secgirike capability, a
critical element of its nuclear deterrence strategy, ensuring survivability in case ofa first
strike attack.

7 Strategicimportance: SSBNs allow India to maintain credible deterrence by remaining
hidden in the vastness of the oceans, ensuring the capability to respond to any nuclegr
attack.

25 Fast Patrol Vessels

The Indian Coast Guard (ICG) launched two Fast Patrol VesselS¥FPRY) Y& Q Ly R |W! 1 aKI ND

marking a milestone in its commitment to enhanced maritime security and indigenous
manufacturing.

9 These vessels, built by Goa Shipyard Ltd. (GSL) with over 60% indigenous content, are part

of an eightvessel contract valued at Rs. 473 crores.

About Fast Patrol Vesse(EPVS):
1 Dimensions52 meters in length and 8 meters in breadth; displacement of 320 tons.
1 PerformanceEquipped with a Controllable Pitch Propeltersed propulsion system, with a
top speed of 27 knots.
71 Indigenous manufacturingOver 60% of components are domestically sourced, supporting
India's seHreliance in defense.
{ Primary roles:
o Fisheries protectionMonitoring foreign trawlers in Indian waters.
o Coastal patralRegular patrols of the Exclusive Economic Zone (EEZ) and coastal
areas.
o Anti-smugglingPrevents smuggling activities in Indian maritime territory.
o Search and rescue€onducts search and rescue missions for distressed vessels o
personnel.
o Communication linkProvides essential communication channels during conflicts @
emergencies.
o Escort servicefEscorts coastal convoys during hostilities or wartime conditions.

=
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26 RafaleMarine (Rafalév)

India is set to finalize the procurement of RafaleMarine (RafaleM) fighter jets, manufactured
08 CNIyOSQa 5Faaldz G ! @Al G ARSVkrarfagdpbtditllyiNg &
Vikramaditya

About RafaleM:

! Manufactured By:Designed and built by Dassault Aviation, a French aerospace company|.

1 Features:
o Multi-role, singleseat 4+ generation fighter aircraft with advanced avionics and AE
radar.

o Capable of deep strikes, air defense, reconnaissance, and maritime operations.

o Equipped with advanced armaments like Meteor, Muliission aitto-air missile
system (MICA), SCALP missiles, and EXOCETipnteapons.

1 Differences from Air Force Rafale:

o Heavier airframedue to additional reinforcements for naval operations.

o Optimized radarand electronic warfare systems for maritime applications.

o Enhanced landing capabilities for Catapult Assisted-Tdk8arrier Arrested
RecoveryCATOBARand Short Tak®ff, Barrier Arrested Recover$TOBAR
systems.

1 Shared Features witl\ir Force Rafale

o Common suite of armaments and avionics, ensuring cost efficiency in maintenan
and logistics.
27 INS Tushil

Defence Minister commissioned INS Tushil, a stealth missile frigate Bnoject 1135.6at the
Yantar Shipyard in Kaliningrad.

About INS Tushil:
T INS Tushil is part of thgpgraded Krivak 11l classf Project 1135.6 frigates. It is the seventh
ship in this series.
T Built at: Yantar Shipyard, Kaliningrad, Russia.
1 Contract:Signed in October 2016 between thelian NavyJSC Rosoboronexport, and the
Government of India.
{1 Significance:
o StrategicAssetf 4§ NByIGiKSya LYRAIFIQa YIFINRGAYS
A Itincorporates both Indian and Russian technologies, with Indian compon
accounting for 26 percent of its construction.
o Indo-RussiarCollaboration:Highlights robust military and technical cooperation
between India and Russia.
o Modernization: Enhances India's blugater navy capabilities with statef-the-art
technology.

o Regional Stability/ 2y G NA6dziSad (G2 LYRAIFQa STT2NI

the IndoPacific 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:
1 Nationsinvolved: India and Oman.
1 Location:Off the coast of Goa, India.

About Sagar Kavackxercise
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1 Forcesnvolved:
o Indian Coast Guard, Indian Navy, Marine Politate Police, Border Security
Force (BSF), National Security Guard (NSG), and port authorities.
o Aerial surveillance support provided by Coast Guard aircraft and drones.
1 Location:Gujarat and Union Territory of Daman & Diu.
1 Keyactivities:
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 FdEgescise VAIRA
PRAHARvith the United States anBxercise GARUD SHAMth Indonesia.

AboutExerciss?AJRA PRAHAR
1 Participants:Indian Army Special Forces and the US Army Green Berets.
71 Location:Orchard Combat Training Centre, Idaho, USA
1 Purpose:To enhance cooperation, joint operations capability, and interoperability betwee
Indian and US Special Forces.
! Training Focus:
o Execution of joint missions in desert and se&tasert conditions.
o Tactics, including joint planning, reconnaissance missions, use of Unmanned Aerial
Systems, and psychological warfare.

=]

About Exercise GARUD SHAKTI
1 ParticipantsL Y RALFY t I N} OKdzi S wS3IAYSyld o0{LISOALIf C2NOSHU
Kopassus.
71 Location:Cijantung, Jakarta, Indonesia
1 Purpose:To boost cooperation, enhance tactical knowledge, and improve interoperability
between Indian and Indonesian Special Forces.
{ Training Focus:
o Special operations in jungle terrain, strikesterrorist camps, and tactical drills.
o Sharing information on weapon systems, equipment, and specialized techniques.

1 Surya Kiran 2024:
Exercise nameSurya Kiran 2024
Held at: Saljhandi, Nepal
Nations involved:india and Nepal
Focus:Jungle warfare, counteerrorism, and humanitarian operations under the UN
Charter.
1 SLINEX®4:

o Exercise nameSLINEX 24

o Held at:Visakhapatnam, India

o Nations involved:iIndia and Sri Lanka

o FocusMaritime cooperation and interoperability between navies.

O O O O

1 Desert Knight Exercise
o Exercise nameDesert Knight Exercise
o Held at:Arabian Sea
o Nations involved:ndia, France, and the UAE
o FocusStrengthen trilateral defence cooperation
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30.Tarang Shakti

India hosted its firstever multinational air exercise, "Tarang Shaktghowcasing the capabilitieg

of indigenously manufactured aircraft, including the Sarang helicopters and LCA Tejas.

9 Theexercise is being conducted in two phases

1 The exercise wassgnificant achievementemphasizingndia's focus on "Aatmanirbharta”
(self-reliance) and showcasing indigenous military capabilities

9 India's Rafale, Sukhoi, and LCA Tejarsraft were part of the first phase.

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

About Exercise PoonRrahar:

1 Objective:To enhance combat effectiveness and synergy across the Indian Army, Navy,
Air Force for integrated joint operations.

1 Location:Forward areas of Arunachal Pradesh, emphasizing operational readiness in
mountainous terrain.

{1 Participation: Cuttingedge military platforms including advanced fighter jets, reconnaissance

aircraft, Chinook helicoptersAdvanced Light Helicopter@idrg, and M777 UltreLight
Howitzers.

1 Technological IntegrationUtilisation of swarm drones, loitering munitions, and advanced
situational awareness systems for precision strikes and enhanced flexibility.

1 Strategic Relevancay SA Yy F2 NOSa LYy RAIFI Qa RST¥FSyO0S Lkali
its capability to execute mukilomain operations across land, air, and sea.

and

dzNB | f 2
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Technologies / New Discoveries

1. Kavach system

1 Indigenousdevelopment: 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.

f Functionality:It uses electronic devices and Radio Frequency Identification (RFID) installed in
locomotives, signalling systems, and tracks to communicate usinghigtheradio
frequencies. These systems control train brakes and alert drivers based-pnogr@ammed
logic.

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

1 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 iml@ibility 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
1 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 theHindenburg disaster (193 #urther diminished public trust in airships.
1 How they work:
o Operate on thex f A IHQMHSNBE  LINiAziigyksed i€ helium (non
combustible) or, earlier, hydrogen (flammable) for lift.
o Lift occurs as the gas inside the airship is less dense than atmospheric air.
1 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

1 What it is Gait analysis evaluates the way the body moves, primarily through walking or
running, to detect abnormalities and understand movement dynamics.
1 Types:
o Observational Gait Analysi&/isual assessment of walking patterns.
o Instrumented Gait AnalysisAdvanced methods using sensors, video cameras, and
infrared markers.
1 How it works:
o Analyses step length, stride length, cadence, and joint angles using advanced tod
o Uses devices likefrared markers, sensorand electrodes to evaluate kinetic and
kinematic data.
o Detects abnormalities in gait phas&tance Phasé&0% of cycle) anfwing Phase
(40% of cycle).

f Significance:
o Injury Prevention:Detects asymmetries before they result in injuries.

S.

www.insightsonindia.com 35 InsightslIAS



http://www.insightsonindia.com/
https://www.insightsonindia.com/2023/11/06/kavach/
https://www.insightsonindia.com/2023/10/26/5g-technology-for-effective-policing/

INSGHT®T 2083 EXCLUSIVECIENCE & TECHNOLOGY |

o Diagnosis and Treatment: NOTES
Identifies skeletal
misalignments, muscle
dysfunction, and disease

Double Support | Single Support IDohI swnn

prog reSS|0n ) Initial Loading Pre- Initial Mid Termlnal
0 S po I'tS Pe I’fO rm an Ce Contacl Response Swing Swing Swing Swing

Optimizes athletic
performance through S‘ance SW'ng
personalized training plans.

o Criminal Investigations: \@ﬁ/

Assists in identifying suspects
based on unique walking patterns.

Mid Termlnal
Stance Stance

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.

1 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.

T Discovered by: . Matter vs Antimatter
o Theorized byPaul A.M. Dirac
(1928) Lithium Atom Antilithium Atom
) electron‘ positron +

o Observed byCarl Anderson in
cosmic rays (1932). ,
9 Characteristics: ""’"’%Q‘if') "R prer @

o ChargeOpposite to that of - 4
corresponding matter ® ® = a
particles.

o Mass ldentical to matter Atoms of matter and antimatter have the same
particles. mass, but opposite electrical charge and different

quantum numbers. sciencenotes.org

o Behavior Annihilates upon
contact with matter, producing energy.
o ExistenceScarce in the observable universe.

{1 Origin of Antimatter:
o Antimatter was formed during thBig Ban@longside matter.
o Atiny asymmetry in matteantimatter populations led to the annihilation of
antimatter, leaving matter dominant.

1 Difference Between Matter and Antimatter are:

Aspect Matter Antimatter

Composed of particles like | Composed oéntiparticles with the
Definition electrons, protons, and same mass but opposite charge t

neutrons. matter particles.

Particles have positive or Antiparticles have opposite
Charge negative charges (e.g., protor charges (e.g., antiproton is

is positive). negative).
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— — NOTES
. Interactsnormally within the | Annihilates matter on contact,
Interaction . .
universe. releasing energy.
Predominates in the Extremely rare; largely annihilate
Abundance , .
observable universe. after the Big Bang.
+ i + i
Examples Electron {), Proton (+), Pos_ltron( ), Antiproton),
Neutron (neutral). Antineutron (neutral).
. Naturally formed during the Forr_m_ad dunng ks E1g) BT lines
Formation . ) annihilated, with a trace
Big Bang and persists. .
remaining.

{ Significance of Antimatter:

o Understanding Cosmic Originktelps explain the asymmetry between matter and
antimatter in the universe.

o Energy SourceAnnihilation of matter and antimatter produces immense energy,
potentially useful for advanced energy systems.

o Medical ApplicationsUsed in positron emission tomography (PET) scans for accurate
medical imaging.

o Testing Fundamental Physiddrovides insights into quantum mechanics and the
Standard Model of particle physics.

5. Speed Gun

1 A device to measure the speed of a moving object without physical contact.
1 Widely used in law enforcement, sports, and industrial applications.
How it Works:
7 Utilizes electromagnetic radiation to emit waves towards the moving object.
1 Captures the reflected waves and calculates the speed based on the Doppler effect.
1 Consists of &ransmitter, receiver, and processing unit for speed calculation.
TheDoppler Effect
1 Concept:Change in the frequency of waves due to the relative motion between the
source and the observer.
Application in Speed Guns:
1 Moving objects alter the frequency of reflected waves.
1 Higher frequency indicates the object is approaching; lower frequency signals it is moving
away.
Shortcomings of Speed Guns:
1 Beam DivergenceRadio waves spread out, potentially measuring multiple objects
simultaneously.
1 ContinuousWave Radar Issuefrone to interference from multiple vehicles.
1 Technological LimitationsRequires advanced compensation systems for accurate
targeting, increasing costs.
1 Replacement by LIDARaserbased speed guns provide better accuracy and focus,
overcoming radio wave divergence limitations.

6. Processindgn-Memory (PIM) Technology

Israeli researchers have created software that allows data processing directly in memory,

bypassing the CPU.

1 This advancement, developed at tlegael Institute of Technologyaims toaddress the
energyintensive and timeconsuming data transferbetween memory and CPU, which are
bottlenecks in modern computing.

T ByNBERdzOAY 3 {KS, thistinmendory apbrddcH pfomises substantial time and
energy savings.

About Python Programming Language with Digital Procesdméylemory (PIM) Technoloqy:
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f  What it is:Combines Python with processimgmemory (PIM) technology, enabling
computations to take place directly in memory, bypassing the CPU.
1 Need:Tacklesthédt YSY 2 NBE ¢ | {vihére daiblfansteiSates fall behind
advancements in processor speeds and memory capacity.
! How it works:
o PyPIM platform introduces new instructions fornmemory operations.
o Allows developers to use Python to create software for PIM systems.
o Includes a simulation tool to estimaperformance gains from tmemory processing.
{1 Significance:
o Reduces data transfer bottlenecks.
o Accelerates processing for mathematical and algorithmic tasks.
o Saves energy, making it efficient for higérformance computing needs.

NOTENoO 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)
1 Definition: Remote sensing technology using pulsed laser light to measure distances and
create 3D models of Earth's surface.

1 ComponentsComprises a laser, scanner, and GPS receiver; usually mounted on aircraft|for
terrain mapping.

71 Functioning:Pulsed laser light travels to the ground, reflecting off various features. The
system calculates the twavay travel time of the light to measure distances and create
elevation data.

1 Data output: Initially produces & LJ2 A V (i repBelsehtigRréflections from structures,
vegetation, and terrain; refined to form higlesolution Digital Elevation Models.

1 Applications:Used in geography, conservation, policy planning, and archaeology for detajled
surface mappinggspecially useful for exploring areas obscured by vegetation.

1 Archaeological useEnables 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
A device used to transmit and receive signals in the millimeter wa
What is it (mmWave) frequency range (D0 GHz), enabling higtpeed

wireless communication for applications like 5G.

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

- High data rates and bandwidth
- Low latency

Advantages - Lesdnterference with other systems

- Compact antennas for loT compatibility
- Increased data capacity
Disadvantages - Limited range; blocked by physical objects
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- Prone to signal degradation from rain, humidity, and obstructions

- Highermanufacturing costs and need for clustered cells

About Telecom Technology Development FYidDF):
f Origin: Previously called the Universal Service Obligation Fund Scheme.
o Was established by thadian Telegraph (Amendment) Act, 2003
1 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.
{1 Ministry: Department of Telecommunications, Ministry of Communications.
1 Features:
o Provides grants to Indian entities for telecom innovation and indigenous
manufacturing.
o Encourages Intellectual Property creation, technologyncmvation, 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 totéaes.

About Gravity Energy Storage:
1 What itis: A renewable energy storage technology that uses gravitational force to store and
release energy, especially suitable for eghle 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 thrqugh 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 Costeffective: Offers lower lifetime energy and storage costs for lasgele
applications.
o Flexible deploymentCan be used in areas unsuitable for punybsdro or large
battery systems, such as urban or constrained environments.
{ Limitations:
o Early Development Stagéiigh initial setup costs and regulatory challenges.
o Geographic limitationsRequires suitable locations for large infrastructure.
o Limited energy densityWhile effective for grid storage, less efficient for compact or
smallerscale applications compared to batteries.

10.X-band Radar

Feature Details

Purpose Monitors smaller particles like rain droplets or soil movement

Frequency Range | 8-12 GHz (corresponds to wavelengths &f @m).

Uses Doppler radar and Rayleigh scattering to detect object

Technology movement.
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NOTES
Resolution Produces higher resolution images due to shorter wavelengt
Shorter range compared to lower frequency bands, ideal for
Range . :
localized studies.
Application in Will monitor soil movement for landslide warnings and high
Wayanad temporal sampling.

Meteorological Use | Tracks clouds, rain patterns, and stofonmation in real time.

Limitations Shorter range due to higher attenuation of the signal.

Previous Installation

. ) First Xband radar installed in New Delhi in 1970.
in India

11 Ossification Test
Keymethods for estimating age
1. Ossification test:
1 Purpose:Determines age by assessing bone development and the union of epiphyses in
long bones.
71 Bonesused:Radius, ulna, humerus, tibia, fibula, femur.
1 AccuracyProvides an estimate within a margin of two years (e.g18 §ears), allowing
for a 6month error on either side.
¢ Limitations Factors such as climate, diet, and heredity can affect ossification rates.
2. Wisdom teeth:
1 Purpose:The eruption of wisdom teeth (third molars) is used to estimate age.
1 Agerange Typically erupts in late teens to early adulthood.
7 Limitations Genetics, oral hygiene, and health can influence the pattern, making this
method less accurate if used alone.
3. Epigenetic clock technigue:
1 Purpose Measures DNA methylation to estimate chronological age.
1 Mechanism Methyl groups are added to DNA, particularly at CpG sites (cytosine
preceding guanine).
1 Use inforensics Still under exploration in Indian forensic science.
4. Radiographic technigues:
1 Purpose Xrays and CT scans assess bone maturity and degeneration.
1 Use Helpful in identifying bone age and diseases that can indicate age progression.

12 Jiangmen Underground Neutrino Observatory

9 Location Built 700 meters underground in China's Guangdong province.

1 Purpose Designed to detect neutrinos emitted by neanyclear power plantsthe sun, and
9 NI KQ& YIyifSo

91 Detector. Features &00 metric ton spherical detectowith thousands of lightletecting
tubes.

1 Timeline Expected to start operations late 2025

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

1 Globalimpact Aims to surpass similar projects in the U.S. and Europe in neutrino research.

About Neutrinos
1 Fundamentalparticle: Neutrinos areslementary particlegproduced in higkenergy processes
like nuclear reactions in stars.

Hard todetect: 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.

)l
)l
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1 Key inphysics:Studying neutrinos helps understand processes in the sun, the universe's
F2NXIGA2YS YR 9 NIKQa AydSNAR2ND

1 FEutureapplications:Could revolutionize astronomy and medical imaging; potentialdiog-
distance communicatiorvia neutrinos.

Indian Neutrino Observator{fNO):

 Proposal/ 2y OSAGPSR Ay wnnp G2 &
West Hills.

1 Budget:Initially funded atRs 1,500 croréy the Indian government.

1 Approval:Received environment ministry clearance in 2018.

1 ChallengesFaces opposition due to environmental concerns, including its locatiotigera
corridor and potential impact on local ecology.

9 Status:Construction is stalled due to opposition franvironmentalistsand local
government, with no significant progress to date.

dzRe ySdziNRy2[a dzahy 3
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13.GNS$ased Electronic Toll Collection (ETC) system
Theintroduction of the GNS$ased Electronic Toll Collection (ETC) systarndia aims to
eliminate delays at toll plazas by allowing vehicles to pass without stopping, replacing the
current FASTag system
I TheMinistry of Road Transport & Highways (MoRTis developed &lSbased
software for reattime monitoring of congestion at toll plazas, starting with 100 plazas.
1 TheGNSshased tolling system will charge users based on the distance travelled and will
eventually replace toll barriers, allowing for seamless traffic flow.
T Initially, it will operate alongside the FASTaqg system, with dedicated GNSS lanes at tp

plazas
i Over time, theentire system will shift to GNSBased tolling.

A GNSased Electronic Toll Collection (EBg3tem leverage&lobal Navigation Satellite
System (GNS$9chnology toenable automatic, locatiorbased toll collection on highways
without the need for physical toll booths.

Unlike traditional toll collection systems, where vehicles stop at toll gates, a-G&#88 ETC
systemuses satellite positioning to determine the vehicle's location and calculate toll charges
based on the distance travelled.

FRONT-END BAGK-END
GNS% Cellular Toll System
;’-JJ Network OBU Back Office

Proxy

Tolled Vehice ((E)) . 1

GNSS — Vehlcle Posmon <——> GSM <—> Server
Signals (via OBU) Hardware

Graphics © GNSS Consulting

14 HaberBosch Process

1 Purpose:Fixes nitrogen (N2) from the air with hydrogen (H2) to produce ammonia (NH3),
essential for manufacturing fertilizers.

1 Development:invented byfFritz Habeiin the early 1900s and industrialized Ggrl Bosch

1 SignificanceConsidered one of the most important technological advancements of the 20th
century, enabling mass production of fertilizers.
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1 Industrial breakthrough:First largescale chemical process using high pressure for a chemjcal
reaction.

How ammonia is made on an industrial scale

Ammonia is made of nitrogen and hydrogen. Under extreme heat, the molecules separate and form a compound, but it is short-lived because of the heat. The German chemist Fritz Haber heated the N2-H2
combination to various temperatures in a platinum cylinder and applied pressure to create ammonia. This graphic demonstrates the Haber-Bosch process

PRODUCTION OF THE SYNTHESIS MIXTURE PPRODUCTION OF AMMONIA

—
) Compressor

N, €O,
N
Serubber
rh #0

How it works:

1. Nitrogen + Hydrogemeaction: Combines nitrogen from the air with hydrogen undhégh
pressure(150;200 atmospheres) anchoderate temperature(~40@500°C).

2. Catalyst:Mostly ironbased catalysts are used to lower the reaction temperature.

3. Pressure & Temperaturddigher pressure increases ammonia yield, while lower
temperatures favor the reaction but slow down the rate.

4. Continuousprocess Ammonia is removed from the reaction batch to maintain an equilibrium
that promotes product formation.

15 Helium Gas and its use in Rocket

9 Helium is a colourless, odourless, ndgoxic gas with atomic number 2

1 Itis the second most abundant element in the universe and is created thnowglbar fusion
in stars

9 First detected in sunlight in 1868, it was latBscovered in uranium ore

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

f L {rdeion Earth mainly produced through the radioactive decay of elements like uranium,
and extracted from natural gas.

1 Once released into the atmospheliegscapes into space, making it a n@anewable
resource

Why is it used in rockets?

Helium is used in rockets because inigrt, non-reactive, and has a veroiling point(-268.9°C)
allowing it to remain a gas in extremely cold conditions. It pressurizes fuel emdsiing 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 systerfiernatives like argon and nitrogen have bee
tested, but helium remains common due to its efficiency in the space industry.

=)

16.Unification of Classical & Quantum Gravity

Researchers have made progressiiifyingclassical gravity with quantum mechaniysderiving
an uncertainty relation from gravitonsthe hypothetical quantum particles mediating gravity.
Their workreveals how quantum effects cause noise in gravitational wave detectors like LIGQ
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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Unifying quantum theory and general relativity

Context: A team of scientists have explored quantum effects on
" radiation from black holes due to falling atoms, shedding light

INSIGHTSIAS
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on unifying quantum theory and general relativity.
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About Quantum theory and General Relativity
Aspects Quantum Theory General Relativity by Albert Einstein

Scope Deals with microscopic particles and | Describes the motion of bigger objects in a
their interactions gravitational field

Scale Operates at the quantum Applies to cosmological (large-scale)
(subatomic) level phenomena like Planets, Stars

Fundamental | Explains the behavior of matter and | Describes the force of gravity at a cosmic

Theory energy at small scales level

Key Superposition, Entanglement, Wave- | Time dilation, Gravitational waves, Curved

Phenomena | particle duality spacetime

Examples Superposition: A particle can exist in | Time Dilation: Time passes slowerin a
multiple states simultaneously.E.g., | stronger gravitational field e.g., Clocks on
Schrodinger's cat, which can be both | GPS satellites run slightly faster than on
alive and dead at once Earth

What are the issues of unifying quantum
theory and general relativity?

[ classical Newtonian ]
mechanics gravity
Both the theories are inherently

quantum } [ electro- special [ general
mechanics magnetism relativity relativity A ilene .
; — incompatibility as one describes the

i microscopic behavior of particles

! . (quantum theory), while the other

quanium QTR | L 3 quanum 5 explains the gravitational
theory spacelime e interactions at cosmic scales (general
Visit Insights 1AS Daily Current Affairs

relativity). This conflict is known as
the problem of quantum gravity.

How are scientists trying to unify the two theories?

Scientists are researchimmpw atoms falling into a black hole emit radiatioand its quantum
behaviour resembling Hawking radiationTheir calculations on this radiation, knownghorizon
ONAIKGISYSR | 00St S NlravealangightdIntR th&instir?pyinciflg/ofi NP LJ&| > ¢
equivalence

This work aims tanify quantum theory and general relativitynto a single theory called
dj dzI v { dzY éhhdhciid diruadérstanding of the universe from tiny particles to immense
galaxies.

17 Quantum computing

Quantum computing has thgotential to significantly enhance large language models (LL kis)

addressing their key limitations, suchkigh energy consumption, hallucinations (factually

incorrect outputs), and struggles with syntax.

1 LLMs, though powerful, are energytensive and can produce erroneous results due to
limitations in pre-training.

1 Quantum Natural Language Processing (QNbff8rs a solution, as iequires fewer
parameters and consumes less enenghile improving understanding of both syntax and
semantics.

1 Additionally,Quantum Generative Al (QGeAl) modelscan enhancéime-series forecasting,
allowing for more accurate predictions with fewer computational resources.

What isQuantum computin@
Quantum computing is aew way ofcomputing that uses the principles of quantum mechanics
to perform calculations. In traditional computindgta is processed using bits, which are either a
0 or a 1 But in quantum computing, théata is processed using quantum bits or qubits, which
can be both a 0 and a 1 at the same timEhis property of qubits is calletiperposition 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 dduantumMechanics

1. WaveParticle Duality:Small objects exhibit both particle and wave characteristics.

2. Quantum SuperpositionParticles can exist in multiple states simultaneously until
measured.
EntanglementLinked particles affect each other regardless of distance.
Heisenberg's Uncertainty Principl@he msition and speed of a particle cannot both be
known with perfect accuracy simultaneously.

OO ¢

UPERPOSITION ENTANGLEMENT BSERVATIO!

Hw

Superposition describes a
particle’s ability to exist
across many possible states
at the same time. So the
state of a particle is best
described as a
“superposition” of all those
possible states.

Quantum entanglement
refers to a situation in
which two or more particles
are linked in such a way
that it is impossible for
them to be described
independently even if
separated by a large

Superposition and
entanglement only exist as
long as quantum particles
are not observed or
measured. “Observing” the
quantum state yields
information but results in
the collapse of the system

Context: Union Cabinet has approved the National Quantum Mission (NQ

distance.

Quantum Computing

Quantum computing uses quantum bits (qubits)

for multiple calculations to be performed
simultaneously, making quantum computing

certain types of problems.

~ About National Quantum Mission

that can be both 0 and 1 at the same time, allowing

exponentially faster than traditional computing for

UN has declared025 as International Year of Quantum Science and Tédtxt year marks the

Description
Objective Develop and promote Quantum Technology in India
Timeframe 2023 - 2031 (8 years)
Major e Quantum Computing: Develop physical qubit computers with a capacity ranging from 50-
themes 1000 qubits (to be completed within 3-8 years)

e Quantum Communication: Develop secure satellite-based communication with a range of
3000 km and communication lines using Quantum Key Distribution over 2000 km (to be
completed within 3-8 years)

e Quantum Sensing and Metrology: Develop quantum sensors (magnetometers with high
sensitivity in atomic clock systems) for Navigation, healthcare and diagnostics, defence,
and energy sectors (to be completed within 8 years)

¢ Quantum Material and Devices: Develop devices and materials (superconductors, novel
semiconductor structures, and topological materials) for quantum technology (to be
completed within 3-8 years)

Key Agencies | Department of Science & Technology, Department of Atomic Energy, Department of

Involved Telecommunications, DRDO, ISRO

Other Aim The Mission also aims to establish four thematic hubs (T-Hubs) at research institutes and R&D
centres (based on above themes)

Significance | India will be among the top six leading nations (US, Canada, France, Finland, China and Austria.)
involved in the research and development in quantum technologies.

Other National Mission for Quantum Technologies and Applications (NM-QTA); Quantum-Enabled

programmes | Science & Technology (QuEST); C-DOT’s Quantum Communication Lab and Quantum Key
Distribution (QKD) solution. Visit Insights IAS Daily Current Affairs

centenary of Werner Heisenberg's foundational paper ggantum mechanics
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18.Quantum nonlocality

A recent study has revealed thatuniversal standard for measuring quantunonlocality, which

describes &trange connection between distant quantum objects, is impossible.

1 Quantum nonlocality,a concept firsintroduced by physicist John Stewart Bell in 1964
challengeglassical physics' idea of local realism

1 It hassignificant applications in secure communication, random number generation, and
cryptographic key creation.

1 The study, shows thatonlocal guantum correlations vary depending on the type, making
each nonlocal resource unigue and incapalatbeing universally measured or compared.

This findingunderscores the complexity and unigueness of quantum nonlocalgxpanding its

potential applications and understanding in guantum mechanics.

19 Neuromorphic computing

Scientists at théndian Institute of Science (11ISc), Bengalurave made a significant
breakthrough imeuromorphic computing which mimics théauman brain's structure and
functioning.

1 They've developed aanalogue computing platfornihat can process and store data
using16,500 conductance statea majoradvancement over traditional computers
limited to two states.

1 Thisplatform improvesefficiencyand reducegnergy consumptiorfor complex Al tasks
such as training models likehatGPT

f ¢KS GSIY [ftaz2 RSY2yaildN} GSR GKS "RBasidfSY(]a

Creation"image with much less energy.
9 This innovation promises to revolutionize computing, impacinystries likeAl, finance,
and techby enabling faster data processing and more efficient machine learning

systems.

20.Signal modulation
Signal modulation involves adjustin@ve properties amplitude (AM), frequency (FM), or
phase (PMj to carry information.
T AM (Amplitude Modulation) changes the wave height to encode sighalile FM
(Frequency Modulation) alters the wave's frequency.
1 PM (Phase Modulation) shifts the wave's phase for clear digitahsmissions like WFi,
being less affected by interference.
1 FM offers better sound quality than AMut its range is shorter.
However, as technology advancésital broadcasting is replacing analog due to its efficiency
and resistance to interference.

21 Pager

A pager, or "beeper," is a portable communicatiatevice used to receive short messages via
radio frequency. While largely replaced tmpbile phones in the 199QHezbollah still uses
pagers for lowtech communication to evade Israeli tracking.

How does it work?
Pagers work byeceiving short messages sent via radio wavi#éhen a message is transmitted,

NOTES

9(

- LI
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transmit signals like mobile phones, they are harder to track.
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Paging Paging
Manually controller | " transmitter g Fages2
entered
messages, [ | \‘4,__________________.
schedules i Pager n E

22 PARAM Rudra
The Prime Minister inauguratettiree new PARAM Rudra dzLJS N2 Y LJdzi SN&E ¢ 2 NI K M O
under the National Supercomputing Mission (NSM).
1 These supercomputers have been deployeBime, Delhi, and Kolkatt aid advanced
research in areas like physics, cosmology, earth sciences, and weather prediction.
Significance:
1 These supercomputers will propel India's scientific research capabilities, makingbtats
the-art technology accessible to young scientists.
1 They will assist in areas like disaster management, industrial growth, agriculture (weather
and soil analysis), and boost national capability in science and technology.
1 Part of India's strategy towards se#liance and leadership in Industry 4.0.

1%

Supercomputers in India:
9 Origin:India began focusing on supercomputing in 1987 after being denied the purchase|of a
Cray XMP by the USA. This led to India's development of indigenous supercomputers.

1 Major Indian Supercomputers:

1. PARAM Series (developed byDAC)iIncludes PARAM Siddhi Al, PARAM Pravega
PARAM Utkarsh, and PARAM Shivay.

2. Pratyush and Mihifor weather forecasting) and Al SupercompueRAWAT
(ranked 75th globally as of 2023).

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

1 SignificanceSupercomputers drive innovation, research, and are instrumental in critical
areas like artificial intelligence, quantum computing, and national security, positioning Inc
as aglobal leader in technology.

a

23.Analogue research station

Researchers frorhe Indian Institute of Astrophysics (11A) have discovered a "vampire star” in

the star cluster M67 in the constellation Cancer.

1 These vampire stargnown as blue straggler stars (BS8&fy standard stellar evolution

models and appear younger than they are.

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

This detection was made possible using data ftbenUltraViolet Imaging Telescope on

AstroSat, India's first space observatory.

1 Spectroscopic analysis revealed 8iar's atmosphere is rich in heavy elements like barium,
yttrium, and lanthanum indicating it has beepolluted by material from its binary
companion, which has since become a white dwatrf.

)l
T
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1 This discovery provides significant insight into teenplex mass transfer process in binary
star systems.

24 3ub-zero temperature batteries

TheCouncil of Scientific and Industrial Research (C&Hg)developed aew battery designed to

function effectively in subzero temperatures which is particularly beneficial fdefence forces

and civilians in higkaltitude regions

1 Theinnovative battery features a durable cathode catalyst and anti-freezing electrolyte
making it suitable foextreme cold conditions where conventional batteries fail.

1 Researchers at CStrentral Mechanical Engineering Research Instituéated a hybrid
cathode material combining cobalt and iron alloys with nanoparticles.

9 This enhancemeritnproves the battery's durability and performance in both liquid and
solid-state zincair batteries even in very low temperatures.

1 The new battery'portability, flexibility, and lightweight nature make it a versatile energy
solution for various usersincluding military personnel and remote communities.

The technology is part oflaroader effort to develop efficient energy storage systems,
addressing limitations dfaditional lithium-ion batteries and exploring alternatives like metal
air batteries and electrecatalytic techniguedor low carbon footprint solutions.

25 Digital watermarking

OpenAl is reportedly developing a new method for detectingddnerated contentjncluding

text and images, using a technigue knowrf Abwatermarking."

9 This process involvesnbedding a unigue, recognizable signal or watermark into the outpu
of an Al model.

1 Thewatermark is subtle and often invisible to the human eye but can be detected by
specialized algorithms.

1 OpenAl's "anticheating" technologyaims to modify the way Al models, like ChatGPT,
generate content bgmbedding these watermarks.

9 This will helgdentify Al-generated materials and prevent misuse, such as fraudulent
activities.

—

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

26.Solar paraboloid technology

Solar paraboloid technologya formof concentrating solar power (CSR$,emerging as a

promising renewable energy solution.

9 It usesparabolic mirrors to
focus sunlight onto a receiver ; The sums solar energy shines down
generatl nd’]lqh temperatu res onto the reflective collector.

(up to 300°C) for electricity or (2) e surs eneray is reflected from the
|nd ustrlal heat and directed at the receiver.

9 Thistechnology offers higher
efficiency than traditional
photovoltaic systems
potentially lowering electricity
costs.

However, challenges suels high

upfront costs and technical

complexity remain.

@ The sun’s energy is concentrated
1000 times into the receiver.

Various “receiver heads” can be
used such as a CPV Multi-junction

Solar Cells, Stirling Engine or Ther-
mal Absorber.
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27 Ecofriendly supercapacitors
1 Supercapacitors, also known as ultracapacitors or electrochemical capacitoes\eaoy
storage devices that store electrical energy via electrostatic chaggparation at the
interface between electrode and electrolyte.
9 Unlike traditional capacitors, they can store much larger amounts of charge per unit volume
and have the ability to charge and discharge rapidly.
1 They complement batteries by providing bursts of power and extending battery life.
9 This newbiowaste-derived activated carboroffers sustainable and efficient solutions for
high-performance supercapacitors due to its availability, low cost, and environmentally
friendly properties.
9 Theinnovative microwavel 8 8 A 84 SR LINP RdzOiA2Y YSi{iK2RX |[RS@St 2L)SR

Centralised Common Instrumentation Facility (CCfhduces higkquality activated carbon
quickly and efficiently, making it suitable for various applications including energy storage.

28 LiFi technology

1 Context:The Defence Ministry has adopt®@imenni's LiFi technologyto tackle
communication challenges in the Indian Navy.

9 LiFi,developed by Velmennises light for secure wireless communicatipsupported by a
grant underindia's iDEX initiative

What isLiFi Technolog®
LiFi (Light Fidelity) is a wireless
communication technologysing Streaming
visible light, specifically LED bulbs, ta Content
transmit data. Invented by Professor
Harald Haas in 2011, Ldffers high
speed, bidirectional mobile
communicationsimilar to WiFi but Frequency changes which
with faster speeds, lower latency, and | foire oo eve oo
greater bandwidth (thousands of
terahertz). Amplification
It operates bymodulating LED light to & Processing
encode binary datawhich is then
received and decoded by photodiode - 4
to transmit data wirelessly via visible light communication. Tiéa&es LiFi ideal for
electromagnetiesensitive environmentsuch as aircraft cabins, hospitals, and nuclear power
plants, as it does not cause electromagnetic interference and utilizes unused visible light
frequencies for communication

‘

=a =9

Internet
C BES

Received App Data

29.3D hologram technology
Japan has introduced new yen banknotes equipped @Hologram technologyo combat
counterfeiting.

3D hologram technology creates thregimensional imageshat appear to have depth and
motion without the need for special glasses. It uses principléstefference and diffraction It
useslasers to record light patternseflected from an object, producing a realistic holographic
image that changes perspective as the viewer moves. These holograms are useelifiy in
currency, authentication of products, and immersive displays in entertainment and education,.

30.Regenerative braking
Regenerative brakingn electric vehicless a system thatonverts kinetic energy from the
wheels into a storable form of energy, increasing efficiency.
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9 Traditional braking methodsuch as disc and induction brakes, convert kinetic energy to
heat.

1 Inregenerative brakindhe electric motor that propels the vehicle acts as a generator
during braking converting mechanical energy back to electrical energshich is then stored
in the vehicle's battery.

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

1 Other methods otnergy recovery include flywheels and compressedsjistems

REGENERATIVE BRAKING

Vehicle's kinetic
energy is diverted turns motor shaft,
way from wheels, motor acts like
towards motor. tor with crank.

Kinetic energy Kinetic energy
to

Electrical energy
is routed int
battery and stored.

electrical energy in

31.Electroencephalogram (EEG)

EEG stands for electroencephalograptymbining "Electro” for electricity, "encephalo” fathe
brain, and "graphy" for representationlt is an instrument thameasures brain electrical activity
generated by neuronsessential in fields such as neuroscience and neurolinguistics.

1 Uses Common applications includmilepsy diagnosis, monitoring aesthesia effects,
assessing sleep patternspma activity, and brain death.

71 Functioning Neurons in the brain create electrical signals, detected by EEG to differentiate
normal and abnormal brain states.

1 AdvantagesEEG is cogtffective, noninvasive, portable, and emits no radiation or noise.

1 DisadvantagesSetup 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 hawdeveloped a portable optical atomic clock for use on shipffering superior
accuracy compared to other maritime timekeeping methadEhey assert it is the most advanced
optical clock available for maritime use.

About Atomic Clock

1 Atomic clocks measure time using atom vibrationgarticularly electrons' oscillations, with
extreme precision, having arror margin of a few billionths of a second per day

1 They rely on stableaesium atomswhose specific vibration frequency serves as the clock’s
basis.

1 Amicrowave cavity filled with caesium vapoustimulates atom vibration, emitting radiation
at a precise frequency. This emitted frequency is compared to a standard, adjusting the
clock's timekeeping.

1 Developed for maritime usé, represents a significant advancement in optical timekeeping
aiding navigation, maritime communication, and scientific reseayehcluding monitoring
underwater seismic and volcanic activity and conducting experiments in space.

www.insightsonindia.com 49 InsightslIAS



http://www.insightsonindia.com/
https://www.insightsonindia.com/2024/04/02/atomic-clocks/

INSGHT®T 2083 EXCLUSIVECIENCE & TECHNOLOGY |

2.

To combat the increasing issue of counterfeiting, scientists alrtsiitute of Nano Science and
Technology (INSTHave developed a novel security ink based on luminescent nanomaterials.

Nano Technology

Nano Bubble Technology
1 Definition: It uses nanobubbles, which are ultiay bubbles less than 200 nanometres i
diameter, to purify water.
1 Innovative Nature:Nanobubbles are neutrally buoyant and remain suspended in wate
for months, enabling efficient gas transfer and surface reactions.
Properties ofNanobubbles
o Size:70-120 nanometres, 2500 times smaller than a grain of salt.
o Surface ChargeStrong negative charge prevents coalescing and supports
microbiological stimulation.
o Neutral BuoyancyEnsures prolonged interaction with water for effective cleaning.
o Hydrophobic NatureRepels water, helping to lift organic and inorganic impurities.
How Does it Clean & Purify Water?
o Algae RemovalBreaks down algae and prevents buildup in stagnant water.

o Waste TreatmentEfficiently digests biological waste and separates particles like qi

and grease.
o Gas TransferFacilitates hypeefficient oxygen transfer, improving water quality.

o Surface CleanindRemoves 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 ImpactProvides a chemicditee, sustainable solution for water
purification.
o Wider ApplicationsUseful in wastewater treatment, fermentation, and improving
biological processes in diverse industries.

Luminescent Nanomaterials

About LuminesceniNanomaterials

f

f

1

Counterfeiting in Currencand Other Goods:

Unigue properties:These materials, doped with rare earth ions, exhibit luminescence that
GFrNASa o6FaSR 2y (KS ¢l ¢St Sy3adkK 2F fA3IKG
Multi -color display:The ink shows vibrant blue under 365 nm UV light, pink under 395 nm
and orangered under 980 nm neainfrared light, enhancing its security features.
Durability: Remains effective under a wide range of light, temperature, and humidity
conditions, making it ideal for loAgrm use.

1

1

1

3.

Fluorescent Nanodiamonds (FNDs) are becoming increasingly important across various indd
due to their unique chemical and physical properties. A recent study demonstsatading FNDs
at ultra-high speeds to test their limits in physichighlighting potential applications in both
theoretical and practical fields.

Advanced security featureTraditional covert tags are only visible under UV light and are
easily duplicated. This new ink offers enhanced security with maltielength color changes.
Applications:Can be applied to various items to ensure authenticity, including currency,
certificates, branded goods, and medicines.

Ease of verificationEnables consumers and manufacturers to verify authenticity easily,
offering a practical solution to counterfeiting.

Fluorescent Nanodiamonds

NOTES
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About FNDs (Chemical and Physipadperties):

1 Composition FNDs are nanometrsized diamonds composed of carbon nanoparticles.

{ Stability: They are stable under light, ndaxic, and capable of maintaining fluorescence for
long periods.

1 FluorescenceFNDs emit light of a lower frequency whieradiated with highetfrequency
light. Unlike other fluorescent materials, FNDs have a longer fluorescence lifespan, makipg
them superior for certain applications.

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

Technologyprocess in formation

1 Production:FNDs are created under higdamperature and higfpressure conditions.

1 Doping They can be doped with nitrogen atoms to form nitrogen vacancy (NV) centres, which
host electron spin qubits.

1 Vacuumlevitation: In a recent experiment, researchers levitated FNDs in a high vacuum and
spun them at ultrahigh speeds (up to 20 million times per second), marking an advancenient
in understanding their quantum properties.

Limitations:
1 Technicakhallengesin earlier experiments, researchers faced difficulty preventing the logs
of nanodiamonds in a vacuum and controlling the spin qubits effectively.
1 Complexity:The technology to manipulate spin qubits inside levitated FNDs requires intricate
setups, including the use of electric and magnetic fields.

Applications:

71 Highresolution imaging: FNDs are used in biological imaging to track cells over time due o
their stability.

1 Temperaturesensing:They are employed in microscale temperature sensing due to their
sensitivity.

1 SensorsTheir ability to detect acceleration and electric fields makes them valuable in
strategic industries.

1 QuantumphysicsCb5& R2LISR gAGK bzxzb OSYyiNBa OFy |l AR AY
and other quantum mechanicaloperties.

1 GyroscopesThe Berry phase generated by rotating FNDs could lead to their use in retation
sensing gyroscopes.

4. Polymer nanocomposite

Researchers from Centre for Nano and Soft matter Sciences (CeNS), Beagtudeveloped a
polymer nanocomposite for pressure sensing and energy harvesting applications and used if to
invent a prototype of a road safety sensor.

About Polymer Nanocomposite:
9 Chemical and Physical Properties:

0 The polymer nanocomposite is primarily composedariadium disulfide (VS2)
nanoparticles integrated intpolyvinylidene difluoride (PVDFR piezoelectric
polymer.

0 VS2 hasigh surface charge propertiesvhich enhance the piezoelectric effect of
PVDF.

0 The nanocomposite exhibits hidllexibility, durability, and energyharvesting
capabilities which are crucial for pressure sensing applications.

0 It can generate electricity via th@ezoelectric effect converting mechanical pressure
into electrical energy.

1 Departments Involved:
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o This project is part of ongoing research@sntre for Nano and Soft Matter Sciences|
(CeNS)Bengaluru.
0 Funded under the INSPIRE faculty fellowship program bR#partment of Science
and Technology (DSTpdia.
1 FEeatures:
0 Selfpowered sensorThe nanocompaosite generates energy through pressure and
does not need an external power source.
o Enerqgy harvestingThe sensor can store energy produced through the piezoelectric
effect, which can be utilized to power electronic devices.
o Smart applicationit can be used for road safety sensors to alert vehicles approaching
dangerous turns or highisk zones.
9 Significance:
0 The polymer nanocomposite demonstrates potentialgastainable and flexible
energy generation.
0 The application of this technologyiioad safetycan significantly reduce accident
rates by providing redime alerts at critical turning points.
0 Theuse of smart sensorsan pave the way for advanced wearable technology and
other selfpowered devices, contributing to artificial intelligence and automation
sectors.

5. GopperZinc 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 thisgrenmental issue.

Need:

1 Antibiotic contamination in the environment has become a pressing concern due to the
increasing levels of broagpectrumantibiotics like sulfamethoxazole (SMXging
released, leading to antibiotic resistance, ecological damage, and health risks.

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

About @pper zinc tin sulfidenanoparticles:

1 Photocatalystdeveloped:The team synthesizetbpper zinc tin sulfide (Cu2ZnSnSs4
CZTS) nanopatrticlemd CZT8ingsten disulfide (CZTW8S2) composite.

1 Composition:The composite is made from earttbundant, inexpensive, and ndaxic
components using a hydrothermal reaction involving zinc chloride, copper chloride, tin
chloride, and tungsten disulfide.

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

Significance:

1 Environmentalimpact: This photocatalyst helps reduce the harmful effects of antibiotigs
like sulfamethoxazole in the environment.

1 Efficiency:The CZT®/S2 composite exhibited over 80% radical scavenging efficiency jand
antibacterial capabilities.

1 Reusability:The catalyst can be recovered and reused multiple times without losing it$
effectiveness, making it economically viable.

1 Photostability: The composite demonstrates excellent photostability, which makes it
valuable for longerm applications in lighharvesting and photocatalysis.

6. Nanoenzymes

A recent study by th€SIRCentral Leather Research Institute (C&RRIhas shown that
nanozymeswhichare/ V2 YI G SNAI a4 Fdzy OdA2yAy3a €A1S 4
and resistance to enzymatic degradation.
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1 Traditional collagen crosslinking methodsten involveharsh chemicals that riselamaging NOTES
the protein,buty’ I 2T 8YSa | OKASHS (KA& dzy RSNJ YAfR O2yRA(iA?Z
structure.

1 This breakthrougias significant implications for creating durable collagéased
biomaterials used in wound healing and tissue engineering.

1 The study highlights manganesebased nanozyméhat enhancegollagen's stability
through a tannic acietyrosine linkage making it resistant to collagenase, an enzyme that
typically degrades collagen.

1 Another related studexplores how biomolecules interact with enzyrdée catalytic sites in
metal-organic frameworkspffering new avenues for more precise artificial enzymes in
medical applications.

7. NanaMIND technology

In a grounebreaking experimentesearchers at the Centdor Nanomedicine at the Institute for

Basic Science (IB&)dYonsei University in South Kordsmvedemonstrated the ability to

control specific brain regions in mice using magnetic fields.

9 This innovationgcalled NaneMIND (Magnetogenetic Interface for NeuroDynamics)
technology, usesmagnetic fields and magnetized nanoparticleswirelessly and precisely
modulate specific deep brain neural circuits.

1 The technologgnables the selective activation of targeted brain circuits, surpassing current
brain manipulation methods.

9 The potential applications of NarMIND in understandingrain functions, developing
sophisticated artificial neural networks, advancing bragomputer interface (BCI)
technologies, and creating new treatments for neurological disorders.

1 This advancement in neuroscienmauld revolutionize research and treatment
methodologies for brainrelated conditionsby providing anore precise and less invasive
approach.

How it works?

In their experiments, the researchers successfully activated neurons in various brain regions|, such

asthe medial preoptic area (MPOA) to stimulate maternal behaviours in Amaternal female

mice, and the lateral hypothalamus to requlate feeding behaviousgnificantly altering
appetite and feeding patterns.

8. TriboElectric Nanogenerator (TENG) technology
IIT Indore has developeatlivanced footwear for thearmed Pressed
forces integratingTribo-Electric Nanogenerator (TENG) Origin
technology that generates electricity from human motion, SuEEEEE
9 This innovatiorpowers small electronic devices
and features GPS and RFID technology foritaak
tracking of soldiersenhancing safety and operational

Presssing P l'

Releasing

efficiency. f
1 Beyond military use, these shokave potential @‘ - mf‘

applications in civilian, industrial, and athletic
sectors, offering benefits like location tracking and performance analysis.

About Triboelectric nanogenerators (TENGS):

Triboelectric nanogenerators (TENGs) degicescapable of converting mechanical movement
into electrical energy These devices are composedactive materials that generate electric
charges and conductive electrodeesponsible for collecting and transferring the charges.
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Nuclear Technology

1. Centrifugal Process & Uranium Enrichment

About Centrifugal Process:

1 Definition: Centrifuges spin uranium gas at high speeds to enrich uranium by increasing the
concentration of the fissile isotope-2B5.

1 Uses:lLowenriched uranium (LEU) is used for nuclear reactors, while highly enriched uranium
(HEU) can be used for nuclear weapons.

1 Efficiency:Advanced centrifuges enrich uranium faster and require fewer machines compared
to older designs.

9 OriginsL NI y Q& OSYGNARTdzAS LINBIANFXY o6S3ty Ay (KS wmdyn
FNRBY ! dvd YKIYyQa LINPEAFTSNIGAZ2Y ySiisg2N] o

1 International ConcernsThe process raises fears of nuclear weapons development due tolits
duatuse nature.

About Uranium Enrichment

1 Definition: Enrichment is the process of increasing the proportion-@33 isotope in
uranium to make it suitable for use in nuclear reactors or weapons.

71 Natural Uranium CompositionContains 0.7% 4235 (fissile isotope) and 99.3%238 (hon
fissile).

1 Purpose:Enhances 235 concentration from 0.7% to5% for standard nuclear reactors
(LEU) or up to 20% for specialized reactors (HALEU).

1 Fission Proces$J-235undergoes nuclear fission to produce heat for energy generation in
reactors.

1 Methods of Enrichmentisotope separation techniques like gas centrifuges and gaseous
diffusion are commonly used.

2. Small Modular Reactors
1 Definition: Advanced nuclear reactors with a power capacity of up to 300 MW per unit, ahout
one-third the size of traditional reactors.
1 Features:
o Small:Compact size, making them versatile for different sites.
o Modular: Can be factonassembled and transported for esite installation.
o ReactorsUse nuclear fission to generate heat and produce energy.
Advantages
1 Longevity:Designed to operate for 460 years with over 90% capacity factors.
1 LowCarbon ElectricityEfficient in generating large amounts of clean energy.
71 Flexibility: Ideal for remote locations and can be paired with renewable energy in hybrid
systems.
1 Cost EfficiencyReduced fuel needs, lower staffing, and-site manufacturing save
construction time and costs.
1 Repurposing Site€€an be installed on decommissioned thermal power plant sites using
existing infrastructure.
Safety Features
1 Enhanced SafetySmaller core damage risk, improved seismic isolation, and passive
safety features reduce potential radioactive leaks
1 Simple Designtower likelihood of uncontrolled radioactive releases compared to
traditional reactors.
Disadvantages
1 Limited Availability:Not yet widely used for power generation.
1 Economic ViabilityRequires largacale production to be cosfffective.
1 Regqulatory Challengesicensing for SMRs is complex and costly, designed primarily fpr
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 GujaratSemiconductoPolicy 20222027to position Gujarat as a leader in semiconductor
manufacturing.

More about news:
f TheDdz2t NI} & JF2FSNYYSy i KWBdzRZYENRE REGDEROEY RAzO QA NJF & HE K
2027.
T IN5K2f SN} Q& SYSNHGAIYHEH YYISSYAORRY N Q& tZNR O 0$ [ AYAGS
PowerchipSemiconductor Manufacturing Corporation (PSMC) are establishifiR A I Q-2 | F A N& U
enabled semiconductor fabrication facilitwith an investment exceeding Rs 91,000 crore.
f Dholera, is being developedhsy RA I Q& FANBRG DNBSYFASER {YIFINI /A{e
9 AboutIndia Semiconductor MissidiSM):
0 Launch Initiated in 2021 under the Ministry of Electronics and IT (MeitY) with a
budget of Rs. 76,000 crores.
0 Obijective Develop a robust semiconductor and display manufacturing ecosystem
India.
o0 Financial supportProvides incentives for companies investing in semiconductor apd
display manufacturing, and design capabilities.
0 Focus on IP and Technology Transtencourages the creation of indigenous
Intellectual Property (IP) and supports the Transfer of Technologies (ToT).
0 Key schemes
A Semiconductor fabsScheme to establish semiconductor fabrication units in
India.
A Display fabsScheme to support display manufacturing facilities.
A Compound semiconductors & ATMBcheme for setting up facilities for
compound semiconductors, silicon photonics, and ATMP/OSAT units.
A Design linked incentive (DL Incentives to boost the design ecosystem in
semiconductors.
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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 far
Pandemic Preparedness and Response" initiative to bolster animal health security as a preventive
measure against future pandemics

AbouttheW! YA Yl f 1 SIHfGdK {SOdzNAGe {GNBYIIGKSYAYyH AYy LYRAL
wSaLRYAaSQO LYAGAIFIGADBS
1 Launched inOctober 25, 2024
o The project was approved by the Pandemic Fungated byG20 countries under
Indonesian presidencin 2022.
1 Ministry: Ministry of Fisheries, Animal Husbandry and Dairying
T Am:
o Enhance capacity to prevent, detect, and respond to animal health threats.
o Reduce risks of zoonotic disease transmission to humans.
1 Implementing agenciesAsian Development Bank (ADB), World Bank, and Food and
Agriculture Organisation (FAO)
1 Timeline:Expected completion by August 2026
Funds:$25 million from the Pandemic Fund under the G20 initiative
1 FEeatures:

==
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Strengthen disease surveillance and early warning systems.
Upgrade laboratory networks and vaccine manufacturing facilities.
Improve interoperable data systems and analytics.

Build human resources capacity and address institutional gaps.
Foster regional cooperation for crebsrder disease management.

O O O OO

3. 'Know Your Medicine' (KYM) App

1 Developer:National AntiDoping AgencyNADA), India.
Purpose:To prevent inadvertent doping by allowing athletes to check if a medicine contai
substances prohibited by WADA.
1 Key Features:

o Verifies medicine or ingredients for prohibited substances.

0 Includes image and audio search for ease of access.

o Customizable search options based on sport categories for specific information.
1 Impact: Supports clean sports by fostering a fair and ethical sporting culture.
1 Target UsersAthletes, coaches, and sports professionals.

=a

4. BharatGen

India has launched "Bhar@en," a generative Al initiative designed to enhapablic service
delivery, with a strong focus on promoting inclusivity in Indian languages.

BharatGen Overview:
1 Developed byied by IIT Bombay under National Mission on Interdisciplinary Gfiesical
Systems (NMCPS).
1 Aim: To create generative Al models supporting India's linguistic diversity and cultural
context.
o This initiative marks thevorld's first governmentfunded Multimodal Large Language
Model project.

Features of BharatGen:

1 Multilingual & Multimodal: BharatGen models cater to both text and speech, covering a
wide range of Indian languages.

1 IndiaCentricData! 8S& OdzNJ} 4G4SR RIGlF&asSia F20dzAaSR 2
contexts.

1 OpenSource PlatformDemocratizes Al access, enabling startups, researchers, and
innovators to build on foundational Al models.

1 DataEfficient LearningEffective in training Al for languages with limited digital presence,
making it suitable for lowesource languages.

Significance:

1 Cultural Preservation9 y 8 dzZNB & NBLINBaASy Gl GA2y 2F LYRA|

heritage in Al systems.
1 Digital SovereigntyReduces reliance on foreign technologies by developing indigenous A
solutions.
71 Inclusive DevelopmentAims to make Al accessible to all citizens, particularly in underser
regions.

1 Strengthening Al Ecosyster®:y O2 dzNJ 3Sa Ayy20F A2y Ay LY

fostering global collaborations and boosting Al startups.

5. IndiaAl Mission
9 Origin:Launched during the Global Partnership on Artificial Intelligence (GPAI) Summit in
2023, New Delhi, by the Prime Minister of India.

NOTES

D
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NOTES

1 BackgroundAnnounced to drive Al innovation and build a comprehensive Al ecosystem in
line with the visions of "Making Al in India" and "Making Al Work for India."
1 Aim:To create an advanced Al infrastructure supporting various sectors, boost Al innovati
enhance data quality, and promote ethical Al practices across the country.
Nodalministry: Ministry of Electronics and Information Technology (MeitY)
Implementing agencylndiaAl Independent Business Division (IBD) under the Digital Indig
Corporation (DIC)
1 Key Components:
o IndiaAl Compute Capacitypevelop Al computanfrastructure with 10,000+ GPUs via
publicprivate partnerships.
o IndiaAl Innovation CentreCreate Large Multimodal Models (LMMs) and sector
specific foundational Al models.
o IndiaAl Datasets Platformnified platform providing access to higjuality non
personal datasets for Al research and startups.
o IndiaAl Application Development InitiativePromote Al applications addressing key
challenges in sectors like healthcare, agriculture, and governance.
o IndiaAl FutureSkillsExpand Al education through new programs at various academic
levels and set up Data & Al Labs in smaller cities.
o IndiaAl Startup Financingzasier access to funding for Al startups, with Rs 2,000 crore
allocated.
o Safe & Trusted AEnsure responsible Al practices with indigenous tools and
frameworks.

on,
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6. Srijan- Center for Generative Al
IndiaAl and Meta have launched a Center for Generative Al, igah at 11T Jodhpur, with the
goal of driving opersource Al innovations in India.
9 This initiative, supported by gartnership with the All India Council for Technical
Education (AICTEajms to encourage young developers to leverage epaurce Al
models to solve realvorld challenges

About the Center for Generative ASrijan

1 Obijective:Srijan seeks to empower young Al talent by providing resources to work witle
Language Modeld.LMs) and focus on essential areas like healthcare, mobility, and education.

1 Funding:Meta has committed INR 750 Lakhs over three years, supporting training, resealch,
and workshops.

T Initiatives: The center will host Hackathons, Master Training workshops, and a GenAl
Resource Hub to foster collaboration and skill development.

1 PartnershipsIIT Jodhpur collaborates with national and international stakeholders, including
Meta, MeitY, AICTE, and academic institutions, to expand Generative Al research and
innovation.

About YuvaAl(Youth for Unnati and Vikas with Alnitiative:

1 Goalt F NI 2F LYRAI Qa , dzdiakhyouhd\iBvaldpereddes 1830) ink AlYa G2 3
generative Al to tackle realorld challenges.

7 Collaboration:A joint effort byMeta, MeitY and AICTEo enhance Al talent through open
source Large Language Models (LLMs) training.

1 Core activitiesOffers skilling programs, LLM workshops, and hackathons. Outstanding
projects receive mentoring, seed funding, and support.

1 Focus areasTargets sectors like healthcare, education, agriculture, and smart cities, align
with national goals for sustainable development.

ng

About AICTHAII India Council for Technical Education):
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. , . NOTES
1 EstablishmentFormed in November 1945, AICTE became a statutory body in 1987 undef the
AICTE Act.
1 Purpose:AICTE supports coordinated development and improvement in technical educatjon
across India.

1 Ministry: Under the Ministry of Human Resource Development
1 Functions:AICTE accredits graduate and postgraduate programs, ensures quality standafrds in

technical education, and offers strategic guidance.
! Headquartersil ocated in New Delhi

7. Transponder Technology
The Department of Fisheries with the help of the Vessel Communication and Support Systern
under thePradhan Mantri Matsya Sampada Yojdnas been able to enhance the safety and
security of fishermen at sea.
{1 This initiative, utilizing indigenodsansponder technology developed b\{sRCand
implemented byNew Space India LNSIL)

)

About Vessel Communication and Support System

1 LaunchDateand Cost:y i N2 RdzOSR 2y ! dzZ3dzad onX Hnuny SAGK |

1 Obijective:Provides reatime two-way communication for fishermen beyond mobile range,
enhancing safety and allowing for timely advisories during emergencies.

1 TechnologylUses transponders developed by ISRO, enabling precise vessel tracking, speed
monitoring, and emergency communication, especially crucial in adverse weather.

1 Application: TheNabhmitra Applicatioraids in vessel tracking and provides rale updates
on sea conditions, weather alerts, and cyclone data, contributing to safe navigation.

1 Multilingual Support:Broadcasts in local languages ensure accessibility foEmgtish
speaking fishermen, enhancing response time and safety

About Transponders:
1 Definition: A transponder is a wireless device that receives incoming signals, amplifie
them, and transmits a modified signal back.
1 Primary Functions:
1 Acts as both a transmitter and receiver (transmitter + responder).
!
!

[72)

Shifts input signal frequency and boosts it.
Transponders are categorized irdotive(used in aircraft, RFID) apdssivgused in
devices like credit cards).

Types:

1 Bent Pipe TransponderConverts signal to radio frequency, boosts it, and transmits it
back; often used in satellites as a repeater.

1 Regenerative TranspondeProcesses the signal by demodulating and remodulating it for
better accuracy; suitable for digital signals.

1 Comparison:

1 Transponder vs. Transceivek transceiver can both send and receive signals without
preprogrammed responses, while a transponder is programmed to respond
automatically.

1 Transponder vs. Transducek transducer converts energy types, while a transponder
handles signal transmission and response.

8. Vishvasy#lockchain Technology Stack

The Government of India has launched WishvasyaBlockchain Technology Stac@ffering
Blockchainasa-Service(Baas) with geographically distributed infrastructure to support
permissioned blockchain applications.

What isBlockchaif?
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Blockchainis a digitaledger technology where data (like transactions) is stored'idocks" that
are linked together in a chronological "chaihEach block is securely encrypted, making the data
tamper-proof. Example: Bitcoin, where blockchain tracks all transactions in a secure,
decentralized way.

What isBlockchain Technolodtack?

It refers to thelayers of technologies needed to build and operate a blockchdtrincludes the
infrastructure (servers, networks), core blockchain functionality (protocols, consensus
mechanisms), smart contracts (automated, setbcuting contracts), and APIs (tools to interact
with the blockchain). Exampl&thereum's technology stacknables decentralized apps and
smart contracts.

What isBlockchairasa-Service (BaaS)?

It is acloud-based service where third parties provide infrastructueand tools to build and use

blockchain applications without needing to develop or maintain the blockchain themselves.

ExampleMicrosoft Azure's Baa8llows businesses to deploy blockchain applications quickly.

Integration
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About Vishvasya (BaaS)

Vishvasya offers Blockchaiasa-Service (BagSusing a distributed infrastructure to support
permissioned blockchain applications. BaaS provittasd-based toolsfor companies to build
and manage blockchain apps. It is part of Metional Blockchain Framework (NBMjhich aims
to utilize blockchain in areas like health, agriculture, and finance while addressing adoption
challenges.

Features of Vishvasya BaaS:
1 Rapid blockchain application development
Securityaudited containers for production
Blockchain security audit guidelines
Geographically distributed infrastructure (Hyderabad, Pune, Bhubaneswar)
Easy onboarding documentation
1 NBEFELite Lightweight platform for research and learning

= =4 =4 =4
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Additional Launches: NOTES
1 NBFLite A sandbox for startups and academia to prototype blockchain apps.

1 Praamaanik A blockchain tool for verifying mobile app origins.
91 National Blockchain Portal
Blockchain Application
Sector Blockchain Application

Cryptocurrency Enables decentralizegeerto-peer digital currency transactions.
Examples: Bitcoin, Ethereum.

Energy Used for peeito-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 Handles copyright data and digital rights management. Example: §

Entertainment Music Entertainment uses blockchain for efficient digital rights
management.

Retail Monitors the flow ofgoods between suppliers and customers.

Example: Amazon Retail's blockchbased system for verifying the
authenticity of items sold on the platform.

Blockchainasa- Provides cloudased blockchain infrastructure and tools for creatin

Service applications and digital services.

Supply Chain Improves transparency and traceability in supply chains, ensuring

Management authenticity and reducing fraud.

Government Applied in voting systems, personal identification security, and sec

Services data management

India & Blockchain Technology Initiatives

1. RBI Requlatory Sandbo$upervises blockchain startups in cryptocurrencies and exchanges.

2. National Strategy on BlockchaifPromotes statespecific blockchain apps forgovernance
services, excluding digital currencies like Bitcoin.

3. Statespecific 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 TechnoloBgtablished by NIC for a nationwide
interoperable blockchain ecosystem.
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NOTES

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 foHaemophilia A
What is Haemophilia A?
1 Definition: A hereditary bleeding disorder caused by the deficiency of clotting Factor
1 Genetic Causdt arises due to a defective gene on the X chromosome.
1 PrevalenceMore common in males; females are typically carriers.
Symptoms
Prolonged BleedingFollowing injury or surgery.
Spontaneous Bleedindnternal bleeding in joints and muscles without apparent cause
Bruising:Unusual or frequent bruises.
Hemarthrosis:Bleeding into joints, causing pain and swelling.

HowpnE

What is Replacement Therapy?
1 Definition: A standard treatment where clotting factors are injected into the veins to
replace the deficient Factor VIII.
1 Mechanism Derived from human plasma or produced synthetically (recombinant clotting
factors).
1 Challenges
o Short lifespan of clotting factors in the body.
o Antibodies may neutralize the clotting factors, reducing effectiveness.

What is Roctavian?
1 Definition: The first FDAapproved gene therapy for severe haemophilia A.
1 How It Works
o Uses aradeno-associated virus (AAWector to deliver a corrected gene
encoding Factor VIII.
o The gene integrates into liver cells to produce clotting Factor VIII.
1 Efficacy Reduces annual bleeding rates but requires corticosteroids to suppress immune
reactions.
7 Limitations Treatment response may wane over time, and-psésting antibodies to AAV
may limit its use.

Lentivirus Vector in Gene Therapy
! Advantages
o Rarely triggers prexistingantibodies.
o Integrates into host cells, ensuring leteym production of clotting factors.
71 Indian ApproachGene transfer into adult stem cells for lifelong efficacy.

2. Extrachromosomal DNA (ecDNA

Extrachromosomal DNA (ecDN#as emerged s
as a groundbreaking area in cancer biology, EcDNA transcription || *
challenging foundational genetic principles L g .

. R ! ecDNA or RNA Polll SRt
and offering new insights intcancer hubs

progression and drug resistance.

Nucleus ecDNA  RNA Polll hub
About ExtrachromosomaDNA(ecDNA):
1 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 duting
cell replication.
1 Where is ecDNA Found?
o Commonly present inancer cells
o Detected inl7% of tumor sampleswith higher prevalence in liposarcomas, brain
tumors, and breast cancers.
1 Key Features of ecDNA
o Carries Oncogene€ontains multiple copies of caneeausing genes.
o Dynamic InteractionsMoves freely in the nucleus, forming concentrated hubs that
amplify oncogene expression.
o A2t G4$S& aSlyR®ONADusterskare Mireritgdltogether, preserving
advantageous genetic combinations.
Additional info: Mendel's law of independent assortment states tlila¢ 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.
1 Significance of the Study
o Challenges Genetic Dogm@yverturns the assumption that ndinked genes inherit
independently.
o Accelerates Cancer Progressidnhances tumor evolution and drug resistance by
increasing oncogene activity.
o New Drug DevelopmentResearchers identifieBBI2779 a CHK-nhibiting drug,
that selectively targets ecDNdtiven cancer cells, paving the way for novel
treatments.

3. RNA Editing

71 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.

1 Mechanism:One method uses enzymes like adenosine deaminase acting on RNA (ADAR) to
convert adenosine to inosine, which mimics guanosine, restoring normal protein function

1 Guide RNA (gRNAJRNA directs ADAR enzymes to specific mRNA regions to correct
mutations linked to genetic disorders.

Difference BetweerRNAand DNA Editing:
1 PermanencyDNA editing makes permanent changes to the genome; RNA editing makes
temporary changes, reducing lotgrm risk.
1 Safety:DNAediting uses proteins from bacteria, which may cause immune reactions; RNA
editing utilizes ADAR enzymes already present in the human body, lowering immune|risks.
1 Flexibility: RNA editing allows effects to fade over time, enabling doctors to stop
treatment if side effects arise.

Challenges in RNA Editing:
1 Specificity:ADAR enzymes may cause unintended edits intaayeted mRNA regions,
which could lead to side effects.
1 Transient EffectsThe temporary nature of RNA edits requires repeated treatments for
sustained benefits.
1 Delivery Limitations:Current delivery methods, like lipid nanoparticles, struggle with
transporting large molecules, limiting effectiveness.

Applications in Various Fields:
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1 Genetic DisordersTreats singld 2 A y i Ydzilt GA2ya Ay O2yRA[A i\'?fTaES
Duchenne muscular dystrophy, and alghantitrypsin deficiency.

1 Neurological ConditionsCompanies are exploring RNA editing for diseases like
tFENJAYyazyQao

1 Oncologywi y2YA0aQ GNRFf& F20dza 2y dzaAy3a wp! SRA
related to liver cancer.

1 Ophthalmology:Treating ABCA4 retinopathy, which is caused by mutations affecting

protein expression in the eye.

4. Mitochondria

Researchers have bestudying the role of mitochondria, the cell's powerhouses, in Parkinson's

disease.
1 Mitochondriaaredynamic, constantly changing in size, number, and location to meet
cellular demands.

1 Imbalances imitochondrial dynamics have been linked to neurodegenerative diseases,
including Parkinson's.

9 The research team focused ompmotein called Drpl whichcontrols mitochondrial division
Excessive Drpl activity causes mitochondria to fragmdatading tacellular dysfunction and
death.

1 By reducing Drp1l activity in lab models of Parkinsgritscluding cell cultures and animal

models, researchers wemle to restore normal mitochondrial function, protect neurons
from disease, and improve motor function in rats.
These findings suggest thatrgeting Drpl could be a promising treatment for Parkinson's
disease and theresearchers are now testing FE#pproved compounds that inhibit Drpl as
potential therapies.

Parkinson's disease, a neurodegenerative disocti@racterized by the death of brain cells that
control movement,leading to the disease's signature tremors.
Currently, nareatments exist that can halt or slow down this cell death.

5. Mitochondrial donation

Mitochondrial disease (Mitoencompassea group of disorders that impair mitochondria's
ability to produce the energy necessafgr organs to function potentially leading to organ
failure.

1 A new procedure callechitochondrial donationoffers a cure for Mito.

-

Donor

Mitochondrial Disease:

1 Types Caused bfaulty genes in
nuclear DNA (inherited from both
parents) or mitochondrial DNA
(inherited from the mother).
Symptoms Affects 1 in 5,000
people, impactingnergy
intensive organs like the heart,
brain, and muscles

> &

Mitochondria

S &

Egg with donated
mitochondria

T

-
[
Sperm ll
-

o

Father

Mitochondrial Donation:
1 Procedure AnlVEbased
technique allowing parents with
faulty mitochondrial DNAto have
genetically related children without passing on the disease
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NOTES
i Processinvolvedransferring nuclear DNA from an egg with faulty mitochondria to a donor

egqg with healthy mitochondriaThe resulting child inherits nuclear DNA from the parents gnd
mitochondrial DNA from the donor.

6. Genetic screening
Athletes worldwide aréncreasingly turning to genetic screening to enhance their performance.

9 This emerging sciengdfers valuable insights into personal traits like food allergies, vitamim
and mineral needs, and other physiological factors.

9 The Board of Control for Cricket in India has been ugamgptic tests since 2017 to improve
players' physical capabilities, including speed, endurance, recovery time, and muscle
building.

Genetic screening is a tool usedigientify individuals at higher risk for developing certain

disorders or carrying specific genes for these disorders

It involvestesting genetic material chromosomes, genes, or proteingo detect changes that
might increase disease risk.

By identifyingaltered genes, genetic screening helps determine risk and offers preventive
measures and early treatment options.

7. DNA profiling

Recentlythe Madras High Court Stages of DNA Proﬁling
overturned a conviction based on
DNA evidencehighlighting the HOW A DNA PROFILE IS MADE

need for corroborative evidence.

1 DNA profilingthough
increasingly accurate, is not
infallible and should not be
the sole basis for establishing
quilt or innocence in the
justice system.

9 DNA profiling involves
analyzing specific locations in
the 0.1% of human DN#at
varies between individuals.

1 However,ssues such as sample contamination and the probabilistic nature of DNA analysis

can affect reliability.

(NI IR
TR
AR
TR

8. Recombinant Proteins
Researchers at the Indian Institute of Science (11Sc), Bengaluru, have devised a groundbreaking
method formassproducing recombinant proteinswhich include vital substances likaccine
antigens, insulin, and monoclonal antibodies

What areRecombinant Protein®
1 Recombinant proteins angroteins that are artificially produced through genetic engineering

technigues.
1 These proteins are created by introducing specific DNA sequences, encoding desired protein
products, into host organisms such as bacteria, yeast, or mammalian cells.
9 The host cells then use their own cellular machinery to produce the recombinant proteins
according to the inserted genetic instructions.
1 Recombinant proteins have a wide range of applicatiomscluding in medicine (such as
vaccine antigens, insulin, and therapeutic antibodies), agriculture, industry, and research.
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They are crucial for various biotechnological and pharmaceutical purposes due to their
precise control over protein structure and function.

What areProteins?

Proteins serve as theackbone of biological systemslriving 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 productian

9. safeEXE@ras
Scientists at Columbia University College of Dental Medicine have develogedgene editing
platform called "safeEX€@Cas" usingexosomes as delivery vehiclésr CRISPR/Cas9

components
This platformenhances precision in targeting specific cells and tissueg&rcominghe

limitations of current delivery methods.

What are Exosomes? CRISPR-Cas9 system ~
Exosomes are naturally occurring vesicles that -
act as vehicles for transporting moleculesuch CRISPR-Cas9 is a unique technology that

as proteins and genetic material, between cells  enables editing parts of the genome by
These tiny membrandound structures play a removing, adding or altering sections of the

crucial role in celto-cell communication and DNA

have potential applications in drug delivery, Guide RNA (gRNA) guides Enzyme Cas9 (acts as

diag nostics. and therapeutics. Cas9 to the right part of a pair of ‘molecular
! the genome scissor')

About CRISPR/Cas9 technology TR ~/2\ motbeue

It is a genome editing toolthat works as a cut

and-paste mechanisnon DNA strands, allowing

targeted modifications to the genome. Its

applications include editing genes in human

embryos, improving crop resilience, and treatin 1) ACRISPR molecule 2) The CRISPR enzyme cuta (3) e

finds a precise location the target DNA at the can be added when the

diseases ||ke Slckle Ce" dlsease. in the target DNA. point found by the guide. DNA is repaired.
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Health

1. Notifiable Diseases
The Government of India has urged States and Union Territories to classify snakebite cases jand
deaths as "notifiable diseases" to enhance surveillance and improve public health interventians.
f This move aligns with thidational Action Plan for Prevention and Control of Snakebite
Envenoming (NAPSE¥Yhich aims to reduce snakebitelated deaths and disabilities by

50% by 2030.

About Snake Bites:
1 Epidemiology:ndia records the highest number of snakebite incidents globally, with over
58,000 deaths annually (WHO estimate).
1 HighRisk AreasRural regions with agricultural activity and forested areas report the
majority of cases.

About Notifiable Diseasein India:
1 Definition: Diseases legally required to be reported to government authorities for effective
monitoring and response.
[E.g.Choleratuberculosis AIDSdengue.
1 Power to Declare Notifiable Disease:
o Lies with theState Governmentnder public health legislation.
o The Centre can recommend diseases for notification.
1 Impacts of Declaring Notifiable Disease:

o Improved SurveillanceEnsures accurate| Other notifiable diseases in India

tracking of cases and deaths. | mDengue m Measles

o Early Outbreak WarningHelps prevent | ®Chikungunya i m Plague

large-scale epidemics. :;":‘La;l'j‘c — jmMumps
o Targeted InterventionsEnables better _Dysemeryy . Jr B
allocation of healthcare resources. m Fever syndromes . .
o Global Collaboration! t A Iy'a 6 A 7o Pintsbkitaye WRANS
International Health Regulations for :Di;::ia :?—z:g:zs—
global disease monitoring. = Gonorhea e
1 Features: { mHepatitis A, B, C e
—= . (acute) m Yellow fever
o Mandatory Rep_o_rtlnq:Doctors and =  TobeikiEe
healthcare facilities must report cases. | ginfluenza wBotollem

o Legal ImplicationsNon-compliance can
lead to penalties under state laws.

o Burden AnalysisProvides comprehensive data on disease prevalence.

o Disease ControlFacilitates 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 wateas "highrisk foods," intensifying regulatory measures to
ensure safety and quality.
1 This decision follows theemoval of mandatoryBIS certificationfocusing instead on
NBEIdzZ F NJ AyalLlSOidAz2ya |yR |dzZRAGA dzy RSNJ 0KS C{ {!

About High-Risk Food Classification
1 What it is:Highrisk foods are those requiring stringent safety protocols due to their
potential to impact public health if mishandled.
1 Authority: Governed by thé-ood Safety and Standards Authority of India§SAl
1 Law GoverningRegulated under th&ood Safety and Standards Act, 2006
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1 Why Classification:
o To ensureenhanced consumer safety through rigorous testing and monitoring.

o To replace the dual certification process, streamlining regulatory requirements.

1 Other Products Under HigRisk 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.
1 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

NOTES

India has achieved a groundbreaking milestone in the fight against antimicrobial resistance (AMR)

GAGK GKS RS@GSt2LIVSYyld 2F bl FAGKNRYROAY>X (K

About Nafithromycin:
1 Developed byWockhardt Ltd., with support from thBiotechnology Industry Research
Assistance CounciB(RAunder the Biotech Industry Program.
T Am:
o To combatCommunityAcquired Bacterial Pneumonia (CABR)d address infections
caused byrugresistant bacteria
o Reduce the global and national burdenasitimicrobial resistance
1 Effectiveness:
o 10 times more effectiveahan existing treatments like azithromycin.
o Offers athree-day treatment regimen significantly reducing recovery time.
o Effective againdiypical and atypical drugesistant bacteria with superior safety and
minimal side effects.
{1 Significance:
o Firstin its Class¥arks the first global introduction of a new macrolide antibiotic in
over 30 years.
o Addresses AMRA critical tool in tackling\MRrelated infectionsaffecting vulnerable
groups such as children and the elderly.

4. Malaria

S O2dzyi

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 Alifethreatening disease caused BYyasmodiunparasites, primarily. falciparum
andP. vivaxtransmitted through infected femal&nophelesnosquito bites.
1 How it SpreadsNon-contagious; transmitted via mosquito bites.
Vectors FemaleAnophelesnosquitoes.
1 Symptoms
o Begin 1@15 days after a mosquito bite.
o Common symptoms: fever, chills, and headache; can be mild in partially immune
individuals.
1 Prevention and Cure
o Prevention

==
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A Vector control (e.g., insecticiekeeated bed nets, indoor residual spraying).

o Treatment
A Preventable and curable with early diagnosis and prompt treatment to reduce
disease transmission and fatalities.

5. African Swine Fever

1 Origin:
o ASF is endemic to stikaharan Africa but has spread globally to regions like Asia and
Europe.
1 Vector:

o Transmitted through direct contact with infectethimals, contaminated clothing,
vehicles, or bites by infectious soft ticks.
1 Mode of Spread:
o Direct contact with infected pigs or pork products.
o Indirect contact via contaminated surfaces and equipment.
71 Disease Found In:
o Affects domestic and wild pigxclusively.
1 Zoonotic or Not:
o ASF is not zoonotic; it poses no risk to human health.

1 Symptoms:
o Fever, loss of appetite, inflamed eye membranes, red skin, diarrhoea, and vomiting.

@

1 Cur

o No vaccine or cure is available. Culling infected pigs is the only effective containment
measure.

6. H5N1 Avian Flu

1 What itis: A highly pathogenic strain of avian influenza caused by the influenza A(H5N1)
virus, affecting birds and occasionally humans.

1 Typesincludes subtypes lik&(H5NT) and A(H7N9), Influenza B - Hemasglutiin (Ha)

P H = Neuraminidase (NA)
based on proteins on the virus surface. TYPEA  (Viruses ore divided inte iboypes o
ﬂ S) !mgtoms: Viruses the basis of two proteins on the surface
. . 4 of the virus)
o Mild: Pink eye, cough, sore throat, fatigue. L cikowniA | Tlknown ia
o Severe Fever, shortness of breath, nausea, et ST SUDtypes
i i i i Different combinations FARGE]
diarrhea, and resp_watory compllcatlon_s. i
1 Spread:Humans contract it through contact with e (e &
infected animal fluids (saliva, feces, milk). Rarely (B designates an influenza [EIESYUIEEY
A virus subtype that except
Spreads humasto-human. has an HA7 protein and I
Y . .. . NA2 i H17N10 and
1 Zoonotic natureilt is zoonotic in nature can jump hsNivirushasan  [ETAMERNNE

HAS protein and an have only been

from animals to humans but is not easily NAT protein sl

transmissible between humans. v e« There are nine known subtypes of H5 viruses
1'[ Treatment: AH5 L;Ia;hl;;l;?#;zr;l H5N4, H5NS, H5N6,
o Antiviral medications likeseltamivir
(Tamiflu).
o Supportive care for respiratory symptoms.
o Preventive measures include avoiding contact with infected animals and proper
cooking of poultry products.

7. GLP1 receptor agonists
The WHO hasndorsed GLR receptor agonists, a new class of drugs for managing obesity,
marking a shift in global health strategies to combat the growing obesity epidemic.

About GLP1 Receptor Agonists:
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1 What itis:A class of medicines that mimic the Glucagdiike Peptidel (GLPL) hormone,
which regulates appetite andlood sugatevels.
1 Uses:
o Effective in treating obesity mgducing appetite and promoting weight loss.
o Initially developed fotype 2 diabetesnanagement.
o Drugs likesemaglutide (Ozempic, Wegovy) and tirzepatidave shown up to 25%
body weight reduction in trials.
1 Significance:
o Addresses a global obesity pandemic, affectiegrly 1 in 8 people worldwide
o Reduces risk factors associated wittn-communicable diseasdike cardiovascular
diseases and diabetes.
o Holds transformative potential for both individual health outcomes and global
healthcare costs, estimated to rea88 trillion by 2030.

8. Never Events

1 What it is:Serious, preventable incidents in healthcare that result in severe consequences,
such as wrongite surgeries or medication errors.

1 Coined in:Introduced in 2002 by thélational Quality ForuntiNQF), USA, and adopted in
other nations like the U.K. and Canada.

1 Significance:

Surgical Wrong site surgery
) _Enhances _focus O ETEEEEEEE——
Implementl ng Surgical Retained foreign object post-procedure
Stl’lngent Safety Medication Mis-selection of a strong potassium solution
Medication Administration of medication by the wrang route
prOtOCOIS- Medication Overdose of insulin due to abbreviations or incorrect device
o Promotes Medication | Overdose of methotrexate for non-cancer treatment

Medication Mis-selection of high-strength midazolam during conscious sedation
Mental health | Fallure to Install functional collapsible shower or curtain rails

accountability in

healthcare systems. “ceneral Falls from poorly restricted windows
o Reduces patient General Chest or neck entrapment in bed rails
. General Transfusion or transplantation of ABO-incompatible bloed components or organs
harm and medlcal General Misplaced nasc- or orc-gastric tubes
neg”gence cases. General Scalding of patients
General Unintentional connection of a patient i ygen to an airfi ter
. General Undetected oesophageal intubation
9. Metabolic

DysfunctiorAssociated Steatotic Liver Disease
Exercise is a cornerstone in managing metabolic dysfunetésociated steatotic liver disease
(MASLD), according to a study led by an Indiagin researcher.
1 Metabolic DysfunctiorAssociated Steatoticiver Diseasé@MASLD), previously known as
Non-Alcoholic Fatty Liver Disease (NAFLD), is a chronic liver condition linked to fat
accumulation in the liver.

About Metabolic DysfunctiorAssociated Steatotic Liver Disease (MASLD):

1 Whatitis:MASLD is a liver disease caused by excessive fatupuitdthe liver, often linked
to metabolic dysfunction. It can progress to inflammation (MASH) and severe complications
like liver fibrosis or cirrhosis.

1 Causes:

o Obesityd. aL xx onoo®

o Insulin resistance leading to poor blood sugar management.
o Type 2 diabetes.

o Dyslipidemia (high cholesterol and lipids).

1 Symptoms:

Fatigue and weakness.

Right upper abdominal ache.

Swollen belly and yellowing skin (in advanced cases).

Severe cases may lead to cirrhosis or liver cancer.

O O O O
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1 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 diabeteim nondiabetic individuals.
1 Treatment:
o Lifestyle ChangedNeight loss and regular exercise to reduce liver fat and improve
insulin sensitivity.
o Dietary AdjustmentsAvoiding higkat, high-sugar foods.
Pharmacotherapyfor managing metabolic risk factors like diabetes and cholesterol.
o Exercise Protocolsfailored regimens can benefit all patients, including those with
advanced liver disease like cirrhosis.

o

10.Norovirus
1 Definition: Norovirus is a highly contagious virus causing gastroenteritis, inflammation of the
stomach and intestines.
1 Common NameAlso known as the "stomach flu" or "winter vomiting bug."
Primary Vector:Spreads through stool or vomit of infected individuals.
1 Transmission Modes:
o Consuming contaminated food or water.
o Touching contaminated surfaces and then touching the mouth.
o Close contact with infected individuals.
1 HighRisk LocationsCrowded environments such as schools, healthcare facilities, cruise
ships, and restaurants.
1 Symptoms of Norovirus:
o Vomiting anddiarrhoea.
o Nausea and stomach cramping.
o Additional symptoms: body aches, headaches, fever, reduced urination, and
dehydration.

=

11 Antimicrobial Resistance
1 Definition: AMR occurs when microorganisms such as bacteria, viruses, fungi, and parasjtes
evolve to resist antimicrobial drugs, rendering them ineffective.
1 Impact: AMR complicates treatments, increases healthcare costs, prolongs illnesses, and risks
lives globally.

Causes of AMR

1 Overuse of AntibioticslUnregulated sale and ov¢he-counter availability of antibiotics.
Overprescription for minor or notbacterial infections.

1 Underuse or MisuseNon-adherence to prescribed dosages or courses.

1 Industrial Agriculture PracticesAntibiotics used as growth promoters in livestock, fisheries,
and poultry.Poor waste management from farms increases AMR in the environment.

1 Lack of Diagnostic Infrastructurénadequate facilities for proper disease diagnosis and
treatment.

1 Inadequate TrainingHealthcare providers often lack awareness of rational antibiotic use.

1 COVIDP19 Pandemic MisuseRampant and indiscriminate use of antibiotics during the
pandemic exacerbated AMR.

India's Approach tcAMR
1 National Action Plan (NAP)aunched in 2017, it focuses on rational antibiotic use and AMR
surveillance.
1 AMR Surveillance and Research Network (AMR$®Ssjablished by ICMR in 2013, monitoring
resistance patterns across 30 tertiary hospitals.
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T One Health ApproaciFocus on Anti-Microbial Resistance ...

interconnected health across S c ot AN
human, animal, and environmental ANTIBIOTIC RESISTANCE ERESEEe e DL AN
sectors.Collaborative initiatives like

. death tly 5 e
Integrated One Health Surveillance :‘.: ) ’ﬁ p::y:a(;""e" A »
Network. .o ““

Over-prescribing Patients Unnecessary

il National One Health Mission: oo an‘!oélmkcsgas et * Routine treatment

Approved in 2022, it targets AMR, o - "“°',',':,’ff,',’,',‘,""°
zoonotic diseases, and " ’@ %

environmental health.

- e — Greater number of AMR - L4

Poor 1 ction Poo r hygiene Lack of r spm Economic loss

1 Policy GuidelinesNCDC developed " atine™ “aatices n

natlo_nal g_umlellnes for treatment Steps taken

and infection control. T |ndi|a o Global

. . e Chennai declaration (2012): It EU: b i dicati
9 Zoonotic Disease Programmes: etiotis it srwenrdabin] (b aioil ik e
- H e Red-line campaign d &
Natlonal Programme for Preventlon « National action plan on AMR (2017- u:l]:s;ne Health Approach
and Control of Zoonoses under On¢ 2D WHO: AWaRe Classification of

antibiotics

Health.

12 Diabetes; A Non communicable Disease
71 Diabetes is a chronic condition where the body fails to regulate blood glucose levels
effectively due to insufficient insulin production or impaired insulin response.
1 Types ofDiabetes
o Diabetes mellitus:

A Diabetes mellitus, thenost prevalent form of diabetesoccurs when the
body cannot effectively produce or utilize insulin, leading to unregulated
blood sugar levels.

A ltis categorized into two main types:

A Type 1 Diabetes (T1D)

A Autoimmune condition; pancreas produces little or no insulin.
A Typically affects children andbung adults.

A Type 2 Diabetes (T2D)

A Caused by insulin resistance and reduced insulin production.
A Associated with lifestyle factors like obesity and inactivity.
o Gestational Diabetes:

A Gestational diabetes occurs in pregnant women, leading to elevated blood
sugar levels without an obvious cause.

A Develops during pregnancy and usually resolves after childbirth.

o Diabetes Insipidus:

A Diabetes insipidus arises when the hypothalamus fails to produce or respond
to antidiuretic hormone (ADH), which helps the kidneys regulate body water
levels.

A Without this hormone, the kidneys excrete a large volume of diluted and
odourless urine.

Symptoms:
Frequent urination.
Excessive thirst and hunger.
Unexplained weight loss.
Blurred vision.
Fatigue.
Slowhealing wounds.

O O 0O 0O o Oo

Roleof Insulin in Resolving Diabetes:
1 Function:
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its broader commercialization.

o Insulin is a hormone produced by the pancreas that facilitates glucose absorption
into cells for energy production.
1 In Diabetes:
o Type 1 Diabetednsulin injections or pumps are essential for survival.
o Type 2 Diabetednsulin or other medications may be needed alongside lifestyle
modifications.
Government Initiatives to Counter Diabetes:
{1 National Programme for Prevention and Control of Cancer, Diabetes, Cardiovascular
Diseases, and Stroke (NPCDCS):
o Focuses on awareness, early diagnosis, and management.
1 National Health Policy (2017):
o Aims to reduce premature deaths from n@ommunicable diseases by 25% by
2025.
1 Ayushman Bharat Health and Wellness Centres:
o Provides free screenings and consultations for diabetes and other non
communicable diseases.
1 Eat Right Movement
o Promotes healthier dietary habits to combat obesity and diabetes.
1 School Health Programs:
o Focuses on inculcating healthy lifestyles among children to prevent early onset of
Type 2 Diabetes.
Wttt LJdza tttQ az2RSt
On World Diabetes Day, Union Minister for Science and Technology introduciechtivative
Wt t t LI dza, aimédtataddessiRSYERA | Q& R A | thr&ughSallabSratieR S Y A O
efforts between domestic and international stakeholders.
lo2dzli Wttt LJdza tttQ Y2RStY
1 Definition: A duatlayered collaboration model combining PulRdvate Partnerships
(PPP) within India with international PPP collaborations.
1 Obijective:To enhance healthcare infrastructure, promote innovation, and make diabetes
care accessible and affordable.
1 Domestic Partnershipg § NSy 3 KSyda LYyRAIFQa KSIf dKOINSB
private sectors to develop cosfffective and scalable solutions.
1 International CollaborationsEngages global expertise to bring advanced technologies
and Aldriven solutions for diabetes monitoring and management.
1 Focus AreadDevelop affordable noinvasive devices, increase awareness, ensure
treatment adherence, and close healthcare accessibility gaps.
13 Allulose
71 Natural sourcefFound naturally in figs, kiwis, and other fruits.
1 Sweetness and Calorieg0% as sweet as sugar with almost zero calories, making it ideal
for low-calorie diets.
1 Health benefits:May aid in weight loss and help lower blood glucose levels when
combined with sugars, beneficial for diabetics.
1 Health concernsSide effects include potential gastrointestinal issues like diarrhea and
bloating if consumed in large quantities.
1 Requlatory statusApproved in the U.S. and South Korea, but still classified as a "novél
food" in the EU and Canada, with limited global regulatory approval.
1 ChallengesHigh production costs and need for further research on lergh safety limit

NOTES
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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:

1 Obijective: The initiative aims to encourage bold, unique research that brings "first of it
kind" innovations to the global health sector.

1 ScopeFocuses on owbf-the-box ideas leading to breakthrough health technologies, such
as novel vaccines, drugs, diagnostics, and interventions.

1 Funding criteria;Proposals must be groundbreaking, excluding incremental
advancements or process improvements. Higtk, highreward proposals with global
impact potential are prioritized.

1 Application: Open to individual researchers or teams from single or multiple institutions.

1 Selection processA committee of top experts, innovators, and policymakers will evaluate
and select proposals based on originality and potential for impact.

(%)

[

About Indian Council of Medical Resealt@MR):
f 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.
1 Aim: To advance biomedical research, aiming to improve public health and address
national health challenges.
1 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.
T Vision:"Translating Research into Action for Improving the Health of the Population.

15.VaccineDerived Poliovirus
WHO faced scrutiny over its handling of polio data, particularly its limited transparency on
immune-deficiency and ambiguous vacciderived poliovirus cases.
1 Recently the ICMIRIIV Mumbai unit confirmed and reported that tipelio case detected
in Meghalayawas atype 1 vaccinederived poliovirus

About Polio Virus:

¢ Definition: Polio WhY is WHO not fully transparent?
is a highly
has data of only wild

The WHO registry on polio — wild poliovirus and vaccine-derived poliovirus — is at best sketchy
infectious viral
poliovirus and circulating

-
disease primarily . . P VOPV cases in individuals
affecting children - and environmental samples
under five b = b S The GPEI database
causing paralysis
and sometimes
death by
attacking the A
Nervous System.  Problematic: Aslong as OPV is used, vaccine-associated and

3The GPEI database too

classifies the circulating
VDPY cases as type-1,
| type-zandtype-3

The GPEI database has
data of circulating VDPV
.| cases and environmental

| samples for only 2021

to 2024

GPEl maintains a registry

. vaccine-derived poliovirus cases will be reported. of VDBV cases but does
T Types of Polio SPECIAL ARRANGEMENT not make the data
Virus: publicly available

1The WHO registry has data of wild poliovirus and circulating

vaccine-derived poliovirus (cVDPV} cases alone. It does not GPEI periodically

publishes a list of iVDPV

have data of IVDPV and avDPV R s
Even the case of the circulating VDPV cases, the WHO registry published the data was in
does not classify the cases into type-1, type-2 and type-3 July 2020
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o Wild Poliovirus Types:
A WPV1:Currently the most common strain.
A WPV2:Eradicated globally.
A WPV3:Declared eradicated in 2019.
o Vaccinederived Poliovirus (VDPVPccurs when the weakened virus in the oral
polio vaccine (OPV) reverts to a more virulent form, potentially causing outbraaks
in underimmunized areas.

f Vaccines:
o Oral Polio Vaccine (OP\Qontains weakened virus, given at birth, with additional
doses at 6, 10, and 14 weeks, and a booster &4 énonths.
o Inactivated Polio Vaccine (IP\Administered with DPT in the Universal
Immunization Programme (UIP) as a booster for added immunity.
1 VaccinederivedPoliovirus (VDPV):
o Circulating VDPV (cVDP\evelops in undermmunized populations when the
vaccine strain spreads and mutates.
o Immune-deficiency VDPV (iVDP\Gan occur in immundeficient individuals
who carry and excrete the virus for extended periods.
o Ambiguous VDPV (aVDP\)ases that do not fit into cVDPV or iVDPV categori¢s.
1 TransmissionPrimarily through the fecadral route, the virus multiplies in the intestine,
allowing it to invade the nervous system.
1 Global Eradication Effortdviultiple rounds of OPV immunization are recommended to
stop cVDPV transmission, with higbality immunization campaigns being critical.
1 LY RALI Q ®eclprédpdiideieYy 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 fo turn

- aYFff LI NI 2F 2dzNJ 02ReéQa (AaadzsS Ayid2 RNRLI Sia
contain molecules like RNA, DNA, and proteins that allow tleamtisis to identify particular types
of cancer.

Technologysed and methods:
1. Highenergy ultrasound Employs highefrequency sound waves than traditional
ultrasound, capable of interacting more intensely with tissues.
2. Dropletformation: The ultrasound waves cause tiny pieces of cancerous tissue to break
off, turning them into droplets that release molecular contents into the bloodstream.
3. Biomarkeranalysis:The droplets contain biomarkers like RNA, DNA, and proteins, which
are then extracted from the blood and analyzed to identify specific cancer types.
4. Singlecell 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. Nonrinvasive technigueReduces the need for painful and invasive procedures like
biopsies, making cancer detection easier for patients.
2. Costeffective solution Expected to lower the cost of cancer detection significantly,
offering a more affordable alternative to current expensive tests.
3. Highsensitivity: 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. Clinicalvalidation required Needs extensive clinical trials on diverse populations to
ensure its effectiveness and accuracy before widespread use.
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2. Technicaktandardization: Challenges in standardizing the technique for different cancgr
types and ensuring consistent results across various settings.
3. Biomarkervariability: The sensitivity of detection may vary with different cancers due to
variations in biomarker thresholds, potentially affecting accuracy.
4. Earlydevelopment stageStill in the experimental phase, with a timeline of at least five
years before potential commercial availability, depending on trial outcomes.
Early Cancer Detection
1 Definition: Early cancer detection involves identifying cancer at its initial stages,
significantly improving treatment outcomes.
1 Twocomponents:
o ScreeningTesting asymptomatic individuals to detect cancer before symptom
appear (e.g., mammography for breast cancer).
o Earlydiagnosis:Focuses on symptomatic patients, aiming for prompt detection
diagnosis, and treatment.
1 Difference:Screening targets asymptomatic people and specific cancers (e.g., breast
cervical), while early diagnosis focuses on all cancers in symptomatic patients.
1 Challenges:
o Risk of falsgositive and falsanegative results.
o Overdiagnosis leading to unnecessary treatments.
o Limited recommendations for certain cancers due to-tiskefit concerns.
About Cancer
1 Definition: Cancer is a disease characterized by uncontrolled cell growth that spreadg to
other parts of the body.
71 Globalimpact: The second leading cause of death worldwide, responsible for 1 in 6
deaths in 2018.
71 Importance ofearly detection Early detection increases the likelihood of successful
treatment and can significantly reduce mortality rates.

U7y

17.T7DP1

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

1 Role TyrosydDNA phosphodiesterase 1 (TDP1) is a DNA repair enzyme that plays a ¢rucial
role in fixing DNA damage induced gpoisomerase 1 (TopInhibitors during cell
division.

T Activation: TDP1 becomes particularly active during the mitotic phase, helping repair
drugrinduced DNA damage, allowing cancer cells to survive chemotherapy.

1 Requlation:The enzyme's activity is regulated by Cydipendent kinase 1 (CDK1),
GKAOK SyKIFIyOSa ¢5twmQa FoAfAde (2 NBazfdS 5b!

Significance

1 Enhancectancer therapyUsing CDK1 inhibitors with Top1 inhibitors disrupts DNA repair
and halts the cell cycle, hindering cancer cell survival.

1 Drugresistance targetTDP1 and CDK1 are new targets for overcoming resistance to
current cancer therapies.

1 Precisionmedicine:Focuses on personalized treatments by targeting cancer cells
dependent on these DNA repair proteins.

1 Therapeuticpotential: 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 ¢findlingt_adapter proteins involved in cell signallingin various
cancers.
1 These proteins areritical for transferring extracellular cues to biochemical signals
within cells, influencing multiple signalling pathways essential for cellular homeostasi
T Mutations in Kindlinsgcaused by carcinogens like nicotine and UV rays, can disrupt thi
balance and contribute to cancer progression.

"

How the study was conducted?
w YAYREAY M NB3IdzZ FG§Sa AYYdzyS YAONRBSYDBANRY|YSY(G Ay
w YAYR{AY H-spadfi@rSeNolic prodested SMdHIPPO signalling.

w Y A are Erdcigl & tumour progression, metastasis, aagithelial-mesenchymal transition
(EMT).

w YAYREAYya | NB Ay J2e@itpathways&ddahsiydistumction iy IBKaK
to adverse survival outcomes.

w Y A yarR ideéntjfiéd aspotential targets for innovative cancer treatments, offering new
strategies to address chemoresistance and tumour relapse.

y 2

19."Precision Medicine: Personalizing Healthcare for the Future"

1 Precisionmedicine: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.

1 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 Biobanksn precision medicine

1 Datarepository: Biobanks provide genetic data essential for identifying disease patterns and
developing targeted therapies.

1 Researctbackbone:They enable research into genetic disorders, chronic diseases, and
personalized treatments.

1 Diversity inresearchl arge and diverse biobanks ensure precision medicine benefits mor
people across varying ethnicities and demographics.

D

Presentstatus in India:

1 Growth of precision medicineThe Indian precision medicine market is growing rapidly,
expected to be worth over $5 billion by 2030.

1 Biobanks:There are 19 registered biobanks in India. Major initiatives like the Genome India
Project and Phenome India have begun collecting laagde genetic data.

1 Policygaps:India lacks comprehensive biobank regulations, which hampers growth in
precision medicine.

20WHO Global Framework for Pathogen Origins
WHO Launches First Global FrameworkUnderstanding the Origins Of New OrRuerging
Pathogens

Framework Overview
1 Developed by SAGO (Scientific Advisory Group for the Origins of Novel Pathogens)
1 Established By WHO in 2021; consists of global independent experts
1 Key PrinciplesAligns 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 eeneerging
pathogens.
Developed | World Health Organization (WHO) with support from SAGO (Scientific
By Advisory Group for the Origins of Novel Pathogens).
Key Comprehensive guidelines for investigating pathogen origins, including:
Features - Early InvestigationsSource identification and sample collection.
- Human StudiesEpidemiology, transmission, and clinical presentation.
- Human/Animal Interface Studieddentifying reservoirs and hosts.
- Vector Studiesldentifying insect vectors and environmental sources.
- Genomics and Phylogeneticstnderstanding genetic evolution and
distribution.
- Biosafety/Biosecurity StudiesAssessing potential latelated breaches.
Objective To prevent and contain health crises by understanding pathogen origins
with a focus on timely and transparent sharing of findings.
Call to Countries are urged to conduct investigations promptly and share results
Action transparently.
Significance | Aims to prevent futureutbreaks and improve global health crisis respong

What are Pathogens?

Pathogensare microorganisms that cause disease in their hosts. They include:

NOTES

1. Bacteria Singlecelled organisms that can cause infections such as tuberculosis and strep

throat.
o}

2. Viruses Smaller than bacteria, these agents invade host cells to replicate and cause

ExampleMycobacterium tuberculosisauses tuberculosis.

diseases such as influenza and CGAMID

(0]

3. Fungi These can bsinglecelled or multicellular organisms that cause conditions like

Example SARSC0V2 causes COVADD.

athlete's foot and ringworm.

(0]

ExampleCandida albicansan 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.

(0]

5. Prions Misfolded proteins that cause degenerative brain diseases, like Creutdfétdb

ExamplePlasmodium falciparuroauses malaria.

disease.

(0]

ExampleThe prion responsible for Mad Cow Disease.

How different pathogens impact humans, with examples:

Pathogen Impact on Humans Example
Type
Bacteria Cause infections can be treated with antibiotic{ Streptococcus pyogenes
(strep throat)

Viruses Invadecells to replicate, causing diseases; Influenza virugflu)
vaccines available for prevention.

Fungi Cause infections in skin, nails, and lungs; Candida albicang/east
antifungal treatments available. infection)

Parasites Live in or orthe host, causing diseases; Plasmodium falciparum
treatment often involves antiparasitic drugs. | (malaria)

Prions Cause progressive, fatal brain diseases; no Prion proteinlMad Cow
known cure. Disease)

Significance

1 Purpose Address risks from known and novel pathogens (e.g., Ebola; GARS$
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1 Importance Essential for preventing and managing health crises

1 Historical ContextCould have made COWVID origin investigation more effective and
less controversial

What is thePandemic Treat®

1 TheDraft Pandemic Treatyproposed by th&Vorld HealthOrganization (WHOand
member states, is aimternational agreementaimed at peventing, preparing for, and
responding to pandemics and global health emergencies.

9 It focuses on strengthening global cooperation and solidarity, covering aspects such as
surveillance, detection, notification, access to health technologies, collaboration, and
accountability.

1 The deadline for this agreement is set for figth World Health Assembly in May 2024.

1 The treaty, based oprinciples of human rights and equityresponds to lessons learned
from the COVIEL9 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 Ben#fitaring System (PAB8hder the
WHO

6. Addressgender disparities in the healthcare workforcevith emphasis on equal

pay and promoting the representation and empowerment of health and care
workers.
What is Disease X?

1 Disease X islaypothetical pathogen or threat that could trigger a major future
pandemic Coined by scientists and théorld Health Organization (WHQIX refers to a
new agent, virus, bacterium, or fungusth no known treatment, belonging to any of the
25 families of viruses capable of causing illness in people.

 Addedtothe2 | h Q& . f dzSLINRK vy (i f, Ackertistsh@lievR Disedse @ S&| Ay H A M|y
couldbe 20 times more deadlyhan the recent SARSovid virus, emphasizing its
potential as a serious microbial threat to humans in the future.

1 The WHO is undertaking initiatives, including Eieancial Intermediary Fund for
Pandemic Preparedness and Response, the mRNA technology transfer hub, and the
WHO Hub for Pandemic and Epidemic Intelligent@enhance global preparedness and
collaboration in the face of potential future outbreaks.

21Night¢ AYS [ AIKG t2ffdziAzy FyR I ¢§1

-

A
A new studylinks nighttime light pollution to an increased risk af f T KSA YSNR& RAaSH

Researchers from Rush University Medical Center foundattiidicial light at night may disrupt
circadian rhythms and contribute to cognitive declinghis environmental factor, though less
influential than conditions like diabetes or hypertension, shows a notable correlation, especially
forearly2 yaSid ! {1 KSAYSNRaAa® ¢KS aiddzRe KAIKEAIKGa GKS [|yS:
risk factorforl f T KSA YSNDa @

About Light Pollution:

Light pollution is excessive outdoor artificial light that affects stargazing, human health, and
At REAFSD® LG RAANHAII & OANDIFRAFY NKedGKYa Iy
disease (AD).

lo2dzi ! £ T KSAYSNRE 5AaS8SKasS 6! 50Y

AD is a common type of dementia causarygrogressive decline in memory, thinking, learning,
and organization Contributing factors include genetics, medical conditions, and environmental
stresses.

¢
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—
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(0]
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22 Nipah Virus
Nipah virus (NiV) has become a significant public health concern in India, particularly in Kera
where recurrent outbreaks have resulted in fatalities. It is a zoonotic virus, transmitted from
animals to humans, and its high mortality rate has promptageant government action and
preventive measures.

a,

Nipah virusoverview:

1 Origin: Nipah virus first appeared in Malaysia in 1999 among pig farmers. It was dete¢ted
in Bangladesh in 2001 and in India around the same time.

1 TransmissionNiV is transmitted from fruit bats (flying foxes) to humans through
contaminated food or direct contact with infected animals or people. Hutaalnuman
transmission is also possible.

1 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:
1 There imno specific treatmentor vaccine for Nipah virus.
1 Supportive careManagement focuses on intensive supportive care, treating symptom
and preventing complications.
1 Experimental treatmentsThe antiviral Ribavirin has shown limited success in reducing
mortality rates.

(g

23 mMRNA vaccine development against human avian influenza (H5N1)

Anew initiative to develop and distribute \ Virus Vector DNA and mRNA Vaccines ]

mMRNA vaccinger human avian influenza ! Res!icats)n-tDej()aﬁtli\ve e /
. . i i C m accine

(H5N1) in low and middleincome countries s e /

LMICS,) In COI.Iaboratlon Wlth the/vorld E" x_':l ..E Coronavirus mRNA ',. >
Health Organization (WHO) and the k A L —
Medicines Patent Pool (MPP). NI i iy :

= capsid
Replication-defective © ® mRNA is encased

1 The project ipart of the mRNA s vctor ONA i I anparice
Technology Transfer Programme, G =
established in 2021 to enhance vaccine ®
production capacity in LMICs. < Papid gt

1 Once successful, the knowledge and ry
materials will beshared with other ™= % B ot N
manufacturers to expedite vaccine sl Y {

% Ribosome —=

host cell ’) processing

development and strengthen pandemic T o

preparedness. y

I The initiativealigns with ongoing efforts
to improve the sharing of influenza
viruses and vaccine accesader the N\
Pandemic Influenza Preparedness MBedge
Framework.

The mRNA Technology Transfer Programme has already developed a platform forlGOVID

vaccine candidates, which is now being adapted for other diseases, enhancing global vaccine

equity.

" %ers— MRNA

24 Antibiotic resistant bacteria
Arecent study in Nigeridhasfound colistinresistant bacteriain newborn babies and their
mothers, even though neither had been treated with colistin.
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critical antibiotic
used as dast
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

Drug resistant bacteria

How does it happen?
9
0 (o

Now, the antibiotic
resistant strain can grow
and multiply

killed bacteria

antibiotic resistant
strain

sensitive strain

When there are high
number of bacteria, some
of them have mutated and

become antibiotic
resistant strain

When antibiotic is added,
the sensitive strains are
killed. However, no effect
against antibiotic resistant
strain

Moreover, they can
transfer drug-resistance
to other bacteria and
forming a group of
antibiotic resistant
bacteria

NOTES

agriculture,
particularly in livestock feed.

1 Theuse of antibiotics in farming, especially for growth promotion rather than treatment,

contributes significantly to antimicrobial resistance.

25 Leptospirosis
Leptospirosids a zoonotic disease caused by

KEEP RATS AT BAY

leptospire bacterig transmitted from animals
to humans, usually through skin cuts. It's
common intropical, highrainfall areas with
humantto-human transmissiorbeing 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 teeavy rainfall
and poor waste managemenincreasing rat

Cause of infection | When one
comes into contact with urine
of infected rats or cattie or the
water contaminated by it

Who are more susceptibie

People who work in muddyor |,

marshy land where rats are
abundant

Symptoms | Fever, severe
pain on calf muscles, redness
of eyes

> If there is delay in getting
medical attention, it will affect
the functioning of kidney and
will eventually lead to the
death of the patient

Precautions | Fill the holes
in walls to prevent rats from
making it home

> Keep tubers, rice, coconut
and other items out of reach
of rats

» Dispose of waste properly
» Take doxycycline tablets
as per doctor's instruction.
This prevents the growth
and spread of the bacteria
causing the infection

populations. Experts stress the need for early

detection, personal hygiene, protective gear, and doxycycline distribution. Additionally, Keral
faces outbreaks diepatitis A and dengueunderscoring the need for better water quality and

FIXED-DOSE COMBINATION

public health strategies.

26.Combination drugs
Thelndian government has banned 156

B Levocetirizine + Phemylephrine+
fixed-dose combinatiofFDC) drugiting ~ baracetamol+Ambrowl =
them as “irrational” with no therapeutic B Oflaxacins Ornidazole— Used for
benefit. e

sugar levels

B Terbinafine+ Qobetasoal
+(flxacin+ Omidazole — Used to
treat skin Infections

B Aceclofenac + Paracetamol +
Rabeprazol - A comblnation of

D

i FDCs areombinations of two or more

B Gllmeplnde +Metformin+ Plogl-
i — Acombination diabetes
medicine that helps control blood

three drugs used to relleve paln

drugs in a single doseften used to and Inflammation

simplify treatment regimens.

91 Howeverthese combinations can lead to unnecessary drug use, contributing to issues lik
antibiotic resistance.

27 Transfat

1 TFA stands for trans fatty acidsommonly known as trans fats.
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U retmedomacan  FATS, HEALTHY OR UNHEALTHY?

be found in small '
amounts in naturebut
are primarily produced u

industrially. Trans fats are a man made fat, Omega 3 & 6 fatty acids are
. saturated is natural. Both are the onx fats we need from our
9 Industrial trans fats are Non essential fats. The US diet. They are found in seeds,
banned trans fats in june 2018 & Nuts, beans, sea Vegsﬁnd
e\

=res

some species of

—
/’[ P o
4 ) o

created through a
process called
hydrogenation where
hydrogen is added to
liguid vegetable oilgo

make them more solid. TRANS FAT SATURATED FAT  UNSATURATED FAT
1 These fats are commonly FAST FOODS BUTTER AVOCADO
i FROZEN PIZZA CHEESE FLAX MEAL
used inprocessed foods, VEGETABLE OILS RED MEAT WALNUTS
such as baked goods MARGARINE PORK SEA VEGETABLES
nack nd maraarin BAKED FOODS BAKED FOODS HEMP SEEDS
S .ac s, and margarine, STORE SANDWICH MILK CHIA SEEDS
to improve texture, shelf ~ pPROCESSED FOODS COCONUT OIL OLIVES
i ili *Experts estimate that for *Natural saturated fats *Polyunsaturated fats are
Ilfe’ and ﬂaV(})\UI;Stablllty.A every 1 percent of energy that found mostly in animal essential fats vital for brain
2 1 hQa NE O2 YY S comesfromtrans fatsyou foods are controversial. function, muscle
. _ increase the risk of heart But most experts agree movement, vitamin &
adults is tdimit disease by 12 to 13 per cent  that consuming large mineral absorption and
. amounts raises the risk in inflammation
consumption of trans fat to developing many diseases e l
less than 1% of total energy
intake.

Harmful Effects of Trans Fats:
Harmful Effects of Description

Trans Fats

Heart Disease Raises totatholesterol and lowers HDL (good) cholesterol,
increasing the risk of heart disease.

Obesity Contributes to weight gain and obesity due to its adverse effects
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 suga
excess abdominal fat, arabnormal 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 | Can harm fetal development, leading to potential complications fq
Development the unborn baby.

Insulin Resistance | Impairs the body's ability to use insulin effectively, contributing to
metabolic disorders.

Initiatives to tackle Trand-ats:

National Initiatives Description

FSSAI "Trans F&ree" logo Voluntary labelling promoting THeee products with TFA
not exceedind.2g per 100g/ml
"Heart Attack Rewind" Mass media effort to eliminate industrial trans fats, part
campaign 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 Panindia cyclothon under the "Eat Right" campaign to

engage citizens on food safety and healthy diets.

Regqulation of trans fats FSSAI regulations to cap TFA in oils and fats to 2% by

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 tranfat-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 | Recognizes and supports countries in eliminating TFA,

for Trans Fat Elimination driving policy progress globally.

28 Fatty liver disease

Therise infatty liver disease now termedMetabolic dysfunctionassociated steatotic liver

disease (MASLD)

T

Causes leading to fatty liver cases:

MASLD, particularly its progressive form knagnMetabolic dysfunctiorassociated
steatohepatitis (MASH)which causes liver inflammation and scarringgXpected to
become the leading cause of chronic liver disease and liver transplants.

Global MASLprevalence is around 280%, with India's adult prevalence at 38.6% and
36% among obese children.

liver

1.

2.

& @l

Stages of liver damage SYMPTOMS OF FATTY LIVER

’ |
: Fibrosis % 4
Fatty “ &= Jaundice

Healthy

Consuming excessivearbohydrates,especially refined carbs and sugars, worser

these conditions by causing metabolic problems.

When the body has too much glucosé,increases insulin production to help cells

absorb the glucose.

High insulin levels leading to insuliresistance, where cells become less

responsive to insulin.

Insulin resistance disrupts normal metabolisand promotes the conversion of

excess glucose into fatty acids, which are then stored in the liver.

The liver cells fill up with fatJeading to fatty liver.

Over time, this continuous damage affecis K S f A SN & | 6 A f A

a. progressing from simple fatty liveto more severe conditions such

assteatohepatitis and cirrhosiswhich are hallmarks of MASLD, and may
require a liver transplant.

L

Py Abdominal Easy
Pain %1 Bruising
'

4

Excessive
Fatigue

1.4

Cancer

Fatty Liver
(hepatic steatosis)

Cirrhosis

Dark Urine Loss of Appetite Nausea Pale Stools
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Miscellaneous

1. Artificial Stone

Arecent study published ifhoraxhighlights the emergence of a severe fornmsdicosis a 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:

1 Artificial stone, also known @&ngineered stone or quartzs 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.

1 Material Composition:

o Made from crushed rocks bound with resins.
o Contains over 90%ilica, compared to 3% in marble and 30% in granite.
! Advantages:
o Aesthetic appealSmooth, polished look.
o Durability: More resistant to damage than natural stone.
o Ease of handlingtacks natural imperfections found in natural stone.
1 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.

f 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.
1 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. NonKinetic Warfare
Definition:
o Warfare that goes beyond physical combat and involves electronic warfare,
cyberattacks, psychological, information, and economic tactics.
o ItcanincludenostyAf A Gl NB adl 1SK2f RSNE FyR FAYa G2 R
infrastructure or governance.
1 Methods Used:
o Cyber warfareAttacking critical infrastructure like power grids, hospitals, and
communication networks.
o Information warfare: Spreading disinformation or controlling the narrative to
influence public perception and decisiomaking.
o Electronic warfare:Jamming or intercepting communication systems.
o Psychological warfareManipulating public opinion and morale through fear,
misinformation, or propaganda.
o Economic warfareDisrupting a nation's economy by targeting financial systems of
trade.

=

o Nonkinetic warfare can be deadlier than traditional combat, as conflicts can be wpn
without physical confrontation.

o A wellcoordinated cyber or economic attack can destabilize a nation without the
need for conventional military force.
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1 Examples:
o RussiaUkraine conflict:Use of cyberattacks and disinformation.
o IsraetPalestine conflictPsychological and information warfare tactics.
o Lebanon: Use of pager blasts as a form of disruption.
1 CounterDrone Technologies:
o Kinetic options:Shooting down drones physically.
o Nonkinetic options:Jamming, taking control, or using laser and electromagnetic
waves to disrupt drone operations.
1 Importance for India:
o Asnorl AYSGAO 61 NFINBE 0S02YSa + 1S@&8 0O2VYLRySyil
forces must develop both kinetic and n@&metic capabilities to counter these
emerging threats.
3. Dark patterns
A study revealed th&i2 out of the top 53 Indian apps use deceptive design practicaeddark
patterns affectinguser autonomy and informed decisiecmaking.
1 These appsgncluding popular ones like Netflix, Ola, and Swiggy, employ tactics such as
privacy deception, interface interference, drip pricing, and false urgency.
1 The studyhighlighted that these problematic apps have been downloaded 21 billion
times.
1 The mosprevalent deceptive pattern is privacy deception, found in 79% of the apps.
1 Healthtech apps show the highest incidence of deceptive patteritdlowed by travel
booking and eé.ommerce.
Examples of dark patterns:
9 Forced continuity ex¢ free trial
f Deliberate MisdirectoncC2 Odza Ay 3 (KS dzaSNEQ [ dGSyldA2y 2y Y

the cheaper one.
9 Bait and Switch; Use a convention or pattern in which the user falsely assumes
something.

1 Hidden Costg added during the check out
1 Roach Hotet easy to sign up, difficult to sign out
9 Obscured PricingMaking it hard to compare prices
1 Roadblockg a popup window interrupting the intended action.
1 Check box treachery
4. Sucralose
Arecent Indian study Name of LCS i
mgMgh_tSthe 1. Sucralose * Made from adding chlorine to sugar molecules.
benefits ofreplacing 2. Saccharin * The oldest artificial sweetener.
sucrose with « Made from benzoic sulfonimine and is up to 700 times sweeter than
sucralose, a non table sugar.
nutritive sweetener, 3. Acesulfame * Made from acesulfame potassium.
in bevera ges for 4. Aspartame « Made from the amino acids phenylalanine and aspartic acid. Also
; includes methanol.
a_du Its with Type 2 5. Neotame « Similar to aspartame and made from phenylalanine and aspartic acid.
diabetes. 6. Stevia T tiaddbon e e o e deagst..
1 Arandomized * The extracts are processed before they're packaged and sold, putting
controlled trial them in the same category as an artificial sweetener.
showedno 7. Sugar alcohols + Sugar molecules with an alcohol attached, Naturally occur in some
adverse effects fruits.
on glucose or
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HbAlc levels and indicated slight improvements in body weight, waist circumference, and
BMI.
About Sucralose
Sucralose, a substituted disaccharide, ma-nutritive sweetenerthat is synthesized by
selective chlorination of sucrose at three of the primary hydroxyl groupsvolving inversion of
configuration at carbost, from the gluceto the galactoanalogue.

5. Prokaryotes

A new research suggests that@seans warmprokaryoteswill decline less in biomass compared

to other marine life,leading totheir increased dominance.

1 Prokaryoteswhich include bacteria and archaeplay avital role in marine ecosystems
supportingfood chains and balancing carbon emissions.

9 Thisshift could reduce fish populationgrucial for global food supply, and diminish the
20SIyQad oAftAdle (2 FToad2ND OFNb2y SYAaaApyao

About Prokaryotes: I( k
Prokaryotes Prokaryotes Eukaryotes
areorganismswvhose \\\ \ T
cells lack a nucleus and = Nocloay VUceus /- Crtoplasmic
other organelles Mem‘f)mne membrane
L. 1 Endoplasmic
Prokaryotes are divided ). = ) reficulum
: . . N .
into two dl_stlnct groups: celt el U Ribosomil
the bacteria and the [in some eukaryotes)
archaea which Capsule Chloroplast
scientists believe have leome protsu e /
unique evolutionary Flagellum Golgi
—g—“nea €s Mitochondrion

Most prokaryotes are small, singleelled organisms that have a relatively simple structure

6. Al washing

"Al washing,"a term popularized by th&lS Securities and Exchange Commisg®BC),efers to

companies exaggerating their use of Al to appeal to consumdtsefers toa deceptive

promotional practice

that exaggerates or outright liesbout a product or service's usé artificial intelligence.

1 This phenomenonhassurg@d2 f f 2 6 Ay 3 (G KS REMCSIh 208 leadingtoa]Sy ! L Qa

significant rise in startups and companies claiming to use Al.

However,only a small percentage actually integrate Al into their operations

Al washing involves businesses overstating their Al capabilities or misleading consumers

about their features.

f  Notable examplesinclul@2 2 3f SQa YAANBILINBaSYiGSR 'L R$Y2yaid NI GA
cashierless checkout systems that relied on manual oversight.

The consequences of Al washing are substantieartdivert resources from genuine Al

innovation, complicate decisiommaking for businesses seeking real Al solutipasd pose data

security risks to consumers.

T
T

7. Spoofing
Caller ID spoofing allows a phone call to appear as if it originates from a falsified nupdsem
used byfraudsters, telemarketers, and others to hide their identity.

1 It's legal in many placekgading to the rise of commercial spoofing services since 2004,
About Spoofing:
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1 Spoofinds used for ¥
social engineering
attacks bypassing
call blocking, and

exploiting IVR
system

iliti EMAIL CALLER ID TEXT MESSAGE BIOMETRIC
vulnerabilities. SPOOFING SPOOFING SPOOFING SPOOFING

9 The Telecom
Regulatory — @ @
Authority of India L _
(TRAIsuUggested a <5> @ @

WEESITE IP ADDRESS GPS

Ca|||ng Name SPOOFING SPOOFING SPOOFING
Presentation et e ol Sl Bl s el ol B ot i
(CNAP) system to display caller names based on KYC documents.

9 The Department of Telecommunications (DoT) diascted telecom operators to block
international calls with manipulated Caller Line Identity (Clthpugh the system's
effectiveness remains unclear.

The Telecommunications Act, 2028npowers the government toontrol telecom services
during emergencies, but there has been criticism of government inaction on spoofing.
Addressing thigssue would reduce fraud andpam calls, saving revenue for telecom providers
and benefiting consumerand the economy.
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