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SaceTechnology
(Indian Space Programmes)

1. Adityall mission

The Adityal.1 mission will be launched by ISRO to the L1.orbit

1 Adityal1l is the first W s
Indianspace mission to
observe the Sun and the
solar corona

1 L1 orbit allowsAdityalL1
to look at the Sun
continuously

M It will be launched aboard
a PSL\XLlaunch vehicle

Core: Where nuclear fusion occurs

Radiative zone: energy transfer by
radiation

Convective zone: energy transfer by
convection

Photosphere: deepest part of the
Sun which we can directly observe

Chromosphere: normally invisible and it
can be seen only during a total eclipse

Corona: luminous envelope of very high

Ty SUuctite of Su temperature plasma that surrounds the Sun

The objective of the mission:
Tostudy solar uppeatmospheric (chromosphere and coronaydamicsand understand the
physics of the solar corona and its heating mechanism.

Payloads:

AdityaL1l has seven payloads in total, of which the primary payload i3/te#le Emission Line

Cororagraph(VELC)

1 VELC is a solar coronagraph capable of sanatiusimaging, spectroscopy and spectro
polarimetry

1 SignificanceNo other solar coronagraph in spacastthe ability to image the solar corona as

close to the solar disk as VELC can. It cagentaas close to 1.05 times the solar radius.

About Lagrage points:

The Lagrange points are points of
equilibrium for smaltmass objectsinder

the influence of wo massive orbiting bodies.
At Lagrange pointshe gravitational pull of
two large masses precisely equathe
centripetal forcerequired for a smalbbject

to move with them. These points in space
can be used by spacecraft to reduce fuel
consumption needd to remain in position.

Why do we study the sun and treolar

wind?

1 The sun ishe only star we can study up closBy studying this star we live thj we learn
more about stars throughout the universe.

1 The sun is source of light and heat for life oRarth. The more we know about it, the more
we can understad how life on Earth developed.

1 Itisthe source of the solar winda flow of ionized gasesdm the sun that streams past Earth
at speeds of more than 500 km per second (a million miles per hour).

T 5Aa0dz2NDI yOSa Ay GKS &2t | NandspungpRenedgKihtgtie 9 |
radiation belts,part of a set of changes in nekarth space knowas space weather.

2. Navigation with Indian Constellation (NaviC)
NavIC, or Naigation with Indian Consthation, is an independent standilone navigation
satellite system developed by théndian Space Research Organisati®8RO).

NOTES

D

NI K Q&

Y' .
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NOTES

With an aim to promotehe civilian use of Navigation with the Indian ConstellatidaJG, the
space agency is introducing thé frequencyin all its future satellites

L{whQa tftlyyY

1 The new satellites, NMEL onwards, meant to replace these satellites, will have an L1
frequency.

9 ThelLl is the oldest and most established GPS signdiich everthe less sophisticated,
civilianuse devices such as smartwatches are capable of receiving.

1 Thus, with this band, the use of NavIC in civiliae gadgets can go up
1 ISRO plans to sepground stations in Japan and Frantebetter triangulate the entirearea
under NavIC coverage.
About NAVIC: | IRNSS |
T bloL/ A& LyRA Indian Regional Navigation Satellite System
alternative to GPS. IRNSS (NavIC) is designed to provide accurate real-time positioning and timing services
ﬂ Developed by ISRO. the to users in India as well as region extending up to 1,500 km from its boundary
. - ll ' AVIGATION IT WILL PROVIDE TWO TYPES OF SERVICES
nawg_atlon satellite _SyStem CONSTELLATIO Standard positioning | Restricted service | Encrypted service
was first approved in 2006 CONSISTS O service | Meant 3 _prowded onlytqauthornged users
but b i | | SA for all users (military and security agencies)
ut becameoperatonal only geostationa
earth orb Applications of IRNSS are: While American GPS has
by 2018. 0) and Terrestrial, aerial and marine 245?““:“(‘" 9"?’;'*- tthe
i i e navigation; disaster management; number of sats visible to
T At pre_sent' it anSIStS of + i ; S vehicle tracking and fleet ground receiver is limited.
satellites, covering the whole A . management; precise timing Ir: lRNSS.foursatet:Iibs are
. 0/ mapping and geodetic data capture; always in geosynchronous
of India and up td,500km dearees to equator [N navigation aidfor hikers S0 B b
i i and travellers; visual a 0 a receiver in a region
from its boundaries. ach sat ha voice navigation for drivers 1,500 km around India

Geostationary earth orbit e
P4 . AU

................. - e “ Geosynchronous orbit

What is L1 Frequency?
Radiefrequency communication
refers to wireless communication
through the air with
electromagnetic wave 0‘
frequencies ranging frof kHz to |
300 GHzL1 frequency is the most|
commonly used frequency @PS.

HOW DOES NaviIC COMPARE?
The main difference is the
serviceable area covered by these systems. GPS caters to users across the globe and its satellites
circle the earth twice a day, whileaMIC is currently for use in India and adjacent areas.
Like GPS, ther&re three more navigation systems that have global coverdsgileo from the
European Union, Russimvhed GLONASS and China's Bei@iSS, operately Japan, is
another regional navgation systemcovering Asi@ceania region, with a focus on Japan.

Benefits

- Terrestrial, Aerial and Marine Navigation

- Disaster Management

- Vehicle tracking and fleet management
Integration with mobile phones

Precise Timing

- Visual and voice navigation for drivers

- Mapping and Geodetic data capture

- Terrestrial navigation aid for hikers and travellers

www.insightsoindia.com 6 InsightslIAS
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« . AN . NOTES
3.L{ wh Q& -@ahiaunthSdhible (NGLV)
ISRO is developing\ext-Gen Launch VehicliNGLY
intended to replace PSLV.

ISRO has proposed to create
dedicated satellites for supporting

FEATURES OF NGLV: agricuture underBharat Krishi

3 Stagereusableheavy lift vehicle. gz;telllte I_Drogéamm_elz and Earth
Usesemicryogenicpropulsion for booster stages. SRV (oG]

10-tonne payload capabilit to Geostationary ' A minimum of two satelliteswill
Transfer Orbit be needed for adguate coverage

Cost efficient 2T GKS O2dzy i NE(

Simple, robust design allowing bulk manufacturing 1 Currently used satellites for
agriculture: Resourcesat (for crog

POTENTIAL USESaunchinggommunication production faecast); C:lslrtosat
satelltes, Deep space missions, Futhrenan space (topographic mapping); RISAT
flight and cargo missions, ISRO is intending to develo (weather imaging)

business modefor NGLV to launchommercialas well
asnational missions.

L{whQ{ [!'iDbiIl +91L Launch Vehicles
9 Satellite Launch Vehicle (SLViyst

rocket devebped by ISRO for a small
satellite

1 Polar Satellite Launch Vehicle (PSLV
1st launch was in 1994. Ittise first
Indian launch vehicle to be equipped
with liquid stages.

1 Geosynchronous Satellite Launch
Vehicle (GSLVThe indigenously
developedCryogenidJpper Stage
(CUS)forms the third stage of GSLV MK II.

9 Small Satellite Aunch Vehicle (SSL\§SLYV isatgeted at rising global demand for the launch
of small and micresatellites. SSLV is meant to ofmsteffective launch services for satellites
up to 500 kg.

1 Reusable RocketdSRO haalso developed a reusable rocket,ledlRLVID (Reusable Launch
Vehcle Technology Demonstratomhich had a successful test flight in 2016.

4. Polar Satellittaunch Vehicle (PSLV)

Polar Satellite Launch Vehicle (PSLV) is the third generation launch vehicle df indfe first
Indian launch vehicle to be equipped witliquid stagesAfter its first successful launch in
October 1994, PSLV emerged as theabdé and versatile wixhorse launch vehicle of India.

The vehicle successfully launched two spacecgr&fhandrayaarl in 2008 andviars Orbiter
Spacecrafin 2013¢ that later traveled to Moon and Mars respectively.

The PSLYV is a fostage rocket wher¢he first three spenstages fall back into the ocean, and the
final stage (PS4) after launching the satellite into orbitt ends up as space junk.

5. Small Satell Launch Vehicle (SSLV)
TheSSLV (Small Satellite Launch Védjies the smallest vehicle (110tn) aimed at launching sma
satellitesinto9 I NIIKQ& f2¢ 2NDAGAD
1 Itis athree-stage alisolid vehiclewith the capacity to launch a 500kg satellite into a 500 km

Low earth orbit and 300kg into a Sapnchronous Orbit.

www.insightsoindia.com 7 InsightsIAS
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Benefts: Low cost, with low turraround time, flexibility in accommodatinguttiple satellites,
launch ordemand feasibility, minimal launch infrastructure requirements, etc.

Small Satellite Launch Vehicle

LAUNCH SERVICES BY NSIL

Indian Space Research Organisation (ISR0) NewSpace India Limited (NSIL) a Govt. of India company under Department
over the years has successfully realized of Space and the Commercial Arm of Indian Space Research Organisation
(ISRO), will be the sole nodal agency responsible for providing end-to-end SSLV
Launch services for the customer satellites starting from contractual, technical,

2nd Stage o

five generation of launch vehicles viz

SLV-3, ASLV, PSLV, GSLV and GSLV MkIlI programmatic, launch campaign, launch and post launch activities.
to cater to national developmental needs. SSLVwillcommence its commercial Small Satellite Launch Service Operations
This has enabled ISRO to develop and master from early 2020 onwards.

critical technologies related to solid, liquid uum FEATURES

and cryogenic propulsion systems in addition
to Navigation, Guidance, Control and Mission ? :\‘J ) %
Design aspects of launch vehicles // > ’ T S

® Launch on o Lower per kg ® Reduced ® Multiple satellite

.
@
&%
&  To cater to emerging global small satellite demand launch cost turnaround time  mounting options
g launch services market, ISRO has taken up @ Increased for Nano, Micro and
production rate Small satellites
the development of Small Satellite Launch from industries

Vehicle (SSLV), which is an all solid three

Capabilty to launch 6 to 8 mission per year
stage vehicle, with a capability to launch

on demand

SSLV LAUNCH CAPABILITY IN 500 KM CIRCULAR ORBIT

v
LEO : 500 kg

SSO : 300 kg

6. Launch Vehicle Mailk

The Indian Space Research Organisation (ISRO), recaatlgssfully launched itseaviest rocket
Launch Vehicle Mad8 (LVM3) from the Satish Dhawan Space Centre in Sriharikota.

Highlights: OneWeb: o

1 LVMS3 has place®6 satellites of théJK-based OneWebLtd is a global communicatio
OneWeb satllite communications company into | network powered from space, enablin
the Low Earth Orbit (LEO). internet connectivity for governments

1 The launch of the LVi@1 with its largestever and businesses. Y RA I Qa . K
payload 05,796 kgt also marked. Y RA | Q& Enterprises is a major investor and
into the global commercial launch service shareholder OneWeb.
market. _

f The launch is also the firkir LVM3M2 to place Low earth orbit (LEO):
the satellites in the Low Earth Orbiup to 1,200 | T A low earth orbit (LEO) satellite is

km above he earth) unlike Geosynchronous an object, generally, a piecd o
Transfer Orbit (GTO). electronic equipment, that circles
around the earth at lower altitudeg

LVM3M2 (previously known a&SLWIK 1)) It is a than geosynchronous satellites.
three-stage launch vehicleonsisting of two solid I LEO satellites orbit between 2,00(
propellants S200 strapns on its sids aml a core and 2 kilometres above the
stagecomprising L110 liquid stagend C25 cryognic earth. LEO satellites are common
stage. used forcommunicatiors, military
§ The vehicle is also dubbed @se of the heaviest reconnaissance, spng and other

for its ability to carry satellites up to 8,000 kg. imaging applications.

1 The newest rocket is capable of launching 4;000
kilogram class of satellites mGTO ad 8,000 kgs of payloads into LEO.
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7. SpaceTech Innovation Network (SpIN)
ISRO signed MoU with Social Alpha to establish SpIN

What is SpIN?

T INRALF Q& F A NiftformRdBiRnbv@tlori, Qufation and venture development for the
blooming space entggreneurial ecosystem.

1 Itis aone-of-a-kind PPHor start-ups and SMEs in the space industry.

1 Provide a level playing field for all stakeholdersomtribute and collabmate.

1 Also, thel® SpIN innovation challengeas launched to develop solutions in asslike
urbanisation, mapping, natural resources management etc. Selectedwgiartaraccess
L{wh FYR {20AIf | fLKIQa AYTFTNI AG§NUOGdzNB | vy

pu
Z
&
QX

2 dz

8. VikramS Rocket

Wkrams, India's first privately developed rockéitted off recently from the Indian Spa
Research Organization's (ISRO) launchpad in Sriharikota.

Background:
I The mission, codenamed Prarambh (the beginning), is the Indian private'sdicth entry
into the lucrative space launch market.

About VikramS rocket:
9 Itis a singlestagesolidfuel suborbital launch vehicle named after Vikram Sarabhai, the
pioneer of India's space program.

0 The spacecratft travels slower than the orbital velocity in aatdital flight, which
means it igast enough to reach outer space but not fast enotyimaintain an orbit
around the Earth.

The launch vehicle's engine, Kal&8y is named after former President A P J Abdul Kalam.
The VikrarsS is a Small Satellite Launch Vehicle (SSLV) that will aglwggs weighing
between 290 and 560 kg (PSLV, Indiadskhorse, can carry up to 1,750 kg) into sun
synchronous polar orbits.

= =

9. RISAR satellite
L{whQa& wL{ T -~ _ N
satellite, launched in RISAT-2 satellite P

2009, has made an

uncontrolled reentry v P ] L
Ayuaz GKS 91 \" . PP RISAT-2 was launched on 20 April

atmosphere. o A T 2009
RIAT2 was launched —~ Saasase ‘ by PSLV-C12 launch vehicle.
by thePSLWC12. ;

W
It is designed to R

monitor SATELLITE? RISAT-2 was India's first satellite with a

India'sbordersand as L T onebeing synthetic-aperture radar (SAR). It possess day-

part of antkinfiltration  reflectedback into space from

. . the ground. They do not work night as well as all-weather monitoring
and antiterrorist in darkness and their view can i : 5 .
operations be obetructed by clouds. capability. Potential applications include
' Rader satellites sendoutrodio  tracking hostile ships at sea that are deemed a
India's RISAT :mzu-h: military threat to India.

programme:a series =~ unalfected by clod cover
of Indianradar imaging reconnaissancatellites built by ISRO.
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10.Chandrayamn? gauges sodium content on Moon'sface

Scientists fronthe Indian Space Research Organlsatlon (|sm)e mapped out the global
RAAGNROGdzIAZY 2F &2RAdzy . o = OS @
Chandrayaar? (sent in 2019) wathe
Methodology usedThey used th€LASS instrument S€cond lunaexploration mission
(Chandrayaar? large areasoft X-ray spectrometer) | developed by the Indian Space Resear

carried by the second Indian Moorission, Organisation, after Chandrayadn
Chandrayaa®. (2008). It consisted of a lunar orbiter,

and also included the Vikram lancgle
and the Pragyan lunar rokeall of which
were developed in India.

Findings: There aresodium atomsthat areweakly

boundto the lunar surface.

1 Whencompared to Earththe moon is
significantly depleted of volatile elementscduas sodium.

1 Sdium is theonly element apart from potassiunthat can ke observed through telescopes i
the lunar atmosphere (its exosphere).

—

Significance
1 This new map of sodium wouthable an understanding of the surfaegxosphere
connection.

1 It can also be used agdracer of the volatile historyof the moon.

Why are weinterested in studying the moon?

1 The Moon is thelosest cosmic bodgit which space discovery can be attempted and
documented.

1 Itis also gromising test bedo demonstrate technologies required fdeep-space missions.

f  The Moon provides theest linkagefi 2 9 NI KQa SINIi& KAal2NER®

1 It offers anundisturbed historical recorf the inner Solar system environment.

11 Hybrid Propulsion System
The Indian Space Research Organisation (ISRO) has successédlls tegorid motor, which will
pave way for a new propsibn system for the upcoming launch vehicles.

About the system:
1 Unlike solidsolid or liquidliquid combinations, a hybrid motor useslid fuel and liquid
oxidiser.

1 The motor useddydroxytterminated polybutadiene (HTPB) as fuel and liquid oxygen (LO
as the oxidiser.

1 The use of liquids facilitates throttlifigegulated supply of fuel), and the control over the flow
rate of LOX enables the-gtart capability.

i Itisscalable and stackableotentidly paving the way for a new propulsion system for the
forthcoming launch vehicles

1 The test was supported B$RO's Liquid Propulsion Systems Centre (LPSC).

N—r

www.insightsoindia.com 10 InsightslAS



http://www.insightsonindia.com/

Rocket Motor

Oxidiser

Combustion
Chamber

Nozzle

Transonic
Gas Flow

Supersonic
Gas Flow

(NASA Missions)
1. NASA Buclear Rocket Plan

Rocket Propulsion System ‘

NSIGHTSIAS
e

ISRO has successfully tested a hybrid Propulsion System for
Launch Vehicles. Unlike solid-solid or liquid-liquid combinations, a
hybrid motor uses solid fuel and liquid oxidiser.

Propulsion means the action or process of pushing or pulling to drive an object.

Rockets depend for their action on Newton's Third Law of
Motion that: "For every action there is an equal and opposite
reaction."

r
\ | Balloon moves
) 1 Rocket 1 upwards

Force on | moves up
rocket T |-
(reaction)

Force on
gases
(action) ¥
Hot gas No
comes out
of nozzle

In a rocket motor, fuel and oxidiser, collectively called
the propellants, are combined in a combustion
chamber where they react chemically to form hot
gases which expand rapidly and are then accelerated
and ejected at high velocity through a nozzle, thereby
imparting momentum to the motor in the opposite
direction.

NASAs developingimodal
nuclear proplsion¢ a two-
part system consisting of
Nuclear Thermal and
Nudear Electric
Propulsion(NTP and NEP
element; therefore

Wo A Y 2 Bhat toQld
enable transits tdViars in
just 45 days

conventional chemical

propulsion:fuel efficiency,
a higher specific impulse
(Isp) rating and unlimited
energy density (virtually).

L{whQa

www.insightsomndia.com

1 The bimodal nuclear
propulsionsystem uses
a 'wave rotor topping
cycle'

Advantagesover

%

Bimodal nuclear propulsion

Context: NASA is developing bimodal nuclear
propulsion as part of the NASA Innovative Advanced
Concepts (NIAC) program for 2023

It consists of two-part system- Nuclear Thermal and Nuclear Electric
Propulsion (NTP and NEP element; therefore ‘bimodal’)

Turbine pump

'

4

Nuclear reactor

Nuclear Electric Propulsion will provide electricity to a

Hall-Effect thruster (ion engine) which will generate an

electromagnetic field that will ionize and accelerate an
inert gas to create thrust.

LINEZ 3 NJ

11

The Nuclear
Thermal system
includes a nuclear
reactor that will
heat liquid
hydrogen (LH2)
propellant and turn
it into ionized
hydrogen gas
(plasma) that will
then be channeled
through a nozzle to
generate thrust.

Visit Insights IAS CA Daily for
detailed News
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1 Indian Space Research Organization started with the tpleese development of A00-Watt
Radioisotope Thermoelectric GeneratdRTG)

RTGs were fitaised in space during th@old War in 196F 2 NJ (G KS -AA Misdion¢ NJ

2. SWOT satellite

T A NASAed international satellite mission was launched from Southern California to condu
comprehera A @S A dzZNBISeé 2F (KS g2 NIeRigtime OSI yasx f
T Dubbed SWOT, short f@urfaceWater and OceanTopography the advanced radar satellite is
designed to give scientists an unprecedented view of theagifeng fluid covering@ percent of
the planet, shedding new light on the mechanicsl @onsequences of climate change.

T One major thrust of the mission is &xplore how oceans absorb atmospheric heat and
carbon dioxide in a natural process that moderates global temperatuagsl cimate change.

T Scanning the seas from orbit, SWOT isgtesi to precisely measure fine differences in surface

St SgriAzya | NRdzyR
carbon is believed to occur.

avyl tf SN OdzZNNByia | yR SR

3. Artemis 1 Missio
NASR a h NRA 2splaseddodén thzick$o Earth This event rarked the end of the inaugural
I NISYAa m fdzyl NJ YAaarzy SEFOGt& pn &SI N&

About Artemis 1;

1 An experimental missionto check if the capsule can be trustedféory humans to the moon
and back in future missions.

T Itis thefirst in a series of missionglanned to take humans back to the Moon.

1 Explore the possibilities of axtended stay there

1 To investigate the potatial to use the Moonas a launch pad foredp space explorations.

ns to return to the Moon

y in NASA's Artemis program to return humans to the Moon for the first time

ARTEMIS | - ORION SKIP ENTRY SEQUENCE

«—— COMMAND MODULE
RAISE BURN

EXO-ATMOSPHERIC
3-AXIS CONTROL

LUNAR SKIP
» N

ON CHUTES TOUCHDOWN
UNCONTROLLED .  ROLL CONTROL

Drogue Reorientation for
Deploy  Main Touchdown
| Deploy
SCHEDULE SUBSONIC REGION o AP [ TOUCHDOWN
August 29, 2022 End of 2024 (at earliest) - 2025 ’;" f ”r.
3 Artemis 1: test flight Launch of first "Gateway" Artemis 3 mission, ’
3 204 elements return of missions to the
E ; *The station will not be used n < 2
E E Artemis 2 first flight for Artemis 2 and 3 missions Exploration zone ! 4
ey gl ::Si" orbitwith targeted: the SouthPole ~
3 AFP@ TIME

Significance: It performed a new landing technique called ‘Skip Entry’, designed to help the spacecraft accurately splash down at the landing site.
Orion entered the Earth’s upper atmosphere and used the atmosphere and its lift to “skip” back outside the atmosphere only to re-enter once
again. (Source of images: NASA)

4. Perseveranced¥er Mission

t SNESPOSNI yOS w2 @SNJ ai a &atich Progiaim)/ RS efftaniug tulse a
containinga rock sample on the surface of Mars.

T It will serve as a backupRerseveranc® y Qi RSt A@SNJ AGa &t YLK
Perseveranceés acarsized Mas roverdesigned toexplore the Jezerorater on Mars as part of
NASA's Mars 2020 mission.
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It aims to lookfor signs of past microbial lifeprepare forfuture human explorationandcollect
samples of rockor a possible return to Earth.

Other Missionson Mars:

UAE Hope

China TianweRl

ESAMars Express and ExoMars Trace Gas Orbiter

Nasa Mars Reconnaissaa®©rbiter, Mars Odyssey, MAVEN, Curiosity rover
India: Mangalyaan

= =4 =4 =4 =4

5. LOFTID mission

NASA completed the technology demonstration ot ibsv
Earth Orhit Flight Test of an Inflatable Deceletar
(LOFTID) mission

The coneshaped structure will have anflatable structure
that is capable of holding its shape agaidisig forces It
will also have arotective flexible thermal protection
systemthat will protect it from the heat generated durg
re-entry.

Uses:
f Bring massive objects O] FNRB Y e ithidisKr@rithe 2nteimatiaha Spiace Station.
9 Used forbringing back rocket assetfter they are launched
1 Helpland humanson Mars

6. James Weblyelescope

NASA has issued a second image of the famous
"Pillars of Creation" taken by the James Webb
Telescpe. The new image has been taken by
Webb's MidInfrared Instrument (MIRH showing
the outer skin of the Eagle Nebula. One week ba
the image wasaken byWebb's Near Infrared
Cam (NIRCam¥howing the interior details of the
Nebula.

A nebula is a giamloud of dust and gas in space P4
where new stars are formed ("star nurseries")

James Webb Space Telescapsorecently took F
LA Ol dzNB 2y wWiKYSTI D Ay a (i S
b Telescope *
An Einsten ringis createdwvhen light from a
galaxy or star passes by a massive object en route to the Earth. [Quavitational lensing the
light is diverted, making it seem to come from different places. (see image)
9 Gravitational LensingAs the light emittedby distant galaxies passes by massive objects in|the
universe, the gravitational pull from these objects can distort or bend the light.
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Einstein's Ring

sun Einstein Ring

INSIGHTSIAS
[ )

Target Star

AN

\ 1%

James Webb AN
Telescope O
>550 AU ~pc to target
Initial Unfocused Beam Collimated Outgoing Beam

The Star/galaxy is positioned directly behind another star/galaxy. As the light from the background
star/galaxy travels to the Webb telescope, it has to cross the warped space-time near the foreground
star/galaxy. This is what makes the light appear like a curved ring.

About James Webb Telescope:

1 James Webb Telescoeaninternational collaboration between NASAEuropean Space

Agency (ESA), and the Canadian Space Agency.

1 The telescopeaises infrarel light, whichcannot be perceived by the human eyt study

every phase in cosmic history.

Mission objectives:

1 It will help in a lboad range ofnvestigations acrosghe fields of astronomy and cosmology
T It will help tounderstand the origins of the unerse, the evolution of our own Solar System

and search for signs of life on faraway planets.

T It can als@analyze the atmospheresfa@xoplanetsthat pass in front ofheir stars.
1 It will look at a large number of things in the universe including icy modistant exoplanets

and galaxy clusters.

Parts of JWST

www.insightsomndia.com
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3 1. NIRCam (Near InfraRed Camera) is an infrared

Pri i .
v s

BN . 2. NIRSpec (Near InfraRed Spectrograph) will also
B instruments §
=

3. MIRI (Mid-InfraRed Instrument) will measure the
mid-to-long-infrared wavelength range

4. Fine Guidance Sensor and Near Infrared Imager and
Slitless Spectrograph: is used to stabilize the line-of-
sight of the observatory during science observations

g perform spectroscopy

Stabilization
flap

X5

Sunshade

NIRCam and MIRI feature starlight-blocking
coronagraphs for observation of faint targets such as
extrasolar planets and circumstellar disks very close to
bright stars

Solar array @ Spacecraft bus

Primary Mirror: collection of cosmic lights
Spacecraft Bus: hosts a multitude of computing,
communication, propulsion, and structural parts

Difference between JWST and Hubble Telescope

Features JSWT Hubble

It will not orbit the earth but will sit at Lagrange Point 2 (over millions of KMs
away):
Orbit - This will allow it to shield from the light of the Sun, Moon, and Earth Orbits Low Earth Orbit (597Km)

and thus avoid light interference

Much bigger at 6.5m diameter: This allows it to capture light 6 times greater
than Hubble can.

It will be able to study Old and distant galaxies, which is not

Light Mi . ) At 2.4m diamet
9 rror currently possible with Hubble m diameter

It is 100 times more powerful than Hubble is.

Strength It will show images from 250 million years after Big Bang- taking Shows images formed 400 million years after the Big
us closer to the starting point of the Universe Hang
Infrared- It will reveal clearer details about objects in distant places

Spectrum Analogically, Hubble can see the equivalent of “toddler galaxies Mostly ultraviolet (visible) light

and the James Webb Telescope will be able to see “baby galaxies”.

7.b ! {1 Q zati@gnPrgjdctF A

1 NASA is translating the imegyand data obtained using James Web Space Telescope into
Sound.

9 Sonificationis the use of norspeech audio to convey information or perceptualize data. Nasa
did so forCosmic Cliffs in the Carina Nebula.

1 Benefits NASA believes that visualippaired p@ple will benefit the most from this
sonification projet

How were the sounds captured?

Similar to how written descriptions are unigue translations of visual images, sonification also
translates the visual images by encoding information, like coloighbress, star locations, or
water absorption signaturesssounds.

About Carina Nebula

1 Nebula is a cloud of gas and dust in outer space, building material for stars and planets.

9 Itis located in theCarina;Sagittarius Arm of the Milky Way galaxyhe mbula is
approximately 8,500 lighyears from Earth.
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g: Carina Nebula
8. Mars Oxygen HSitu Resource Utilization Experiment (MOXIE)
Mars Oxygen IfSitu Resource Utilization Experiment (MOXHas produced the 1st instance of
the utilisation of resources y | LJX I ySdiQa |GY2aLIKSNBE (G2 YS§Si4 Kdzyl
About MOXIE
1 It was sent by NASA on the Perseverence and made by the Massachusetts Institute of

Technology (MIT).
9 It works like a tree, splitting carbon dioxide absorbed from the atmosphere to produce pure

OXyeeN.
9 The instrument produce@ grams“of oxygen per haysimilar to a moderateized tree.
WorkingY LYaARS a2EASIYT al NIAFY FANI A& FANBROG| FAE GSNI

Solid OXide Electrolyzer (SOXE), which electrochemicatyteplicarbon dioxideich air into
oxygen ions and chon monoxide.

1 The oxygen ions are isolated and recombined to form breathable, molecular oxygen (02).

Significance The project can be scaled up ahead of human missions to continuously produce
2 E & Jaftle rate of several hundred trees. On thisle, itcan also fuel the rocket to bring the
astronauts back home, they said.

Thermal & Mechanical Interface

MOXIE Chassis

Oxygen Plant

Intake

. 0 Exhaust

0,, CO+CO,

Mars
Atmosphere

olid Oxide Electro
O

Process Control Process Monitor

(Other Missions)

9. Steampropelled spacecraft

W2 2 NI R QA& -pogeled spacecrafChieads thé moon and beyond.
1 EQUULEUSpacecraft is a watggowered CubeSat spacecratft.

It was developed byapan Aerospace Exploration Agency (JAXA)

1 Launched from NASAGrion spacecraft

Ub»
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PHOENIX

Sun Sensor

The space mission will carry out a numbe
of investigations, including tesij of the
radiation enviroment to help determine
what precautions future astronauts would
have totake out in the deep space
location.

Its planned orbital path will be the second| Z
EarthMoon Lagrange point (EML2).

DELPHINUS \

Star Tracker

Solar Array Paddles

(Space related @oepts)

10.Widefield ASKARHand Legacy Adky Blind survey

WALLABY, or thé¢/idefield ASKAP-bhand Legacy Afky Blind surveyis a radio telescope in
Western Australia that is helping astronomers builthie-dimensional mapof the night sky,
mapping gédaxies as far as a billion light years away.

Radio astronomynvolves tracking theignals from radio waves and helps detect and trace
stellar objects that cannot be traced by light.

What will it do?
1 Provide pictures of whergalaxies are actually locatkin relation to one another in three
dimensional space

11.Solitary waves near Mars

Scientists have reported thHast evidence of the presence of solitary waves or distinct electric
field fluctuations in the Martian magnetosphee.

The study of these wasgds crucial as thajirectly control particle energizationplasma loss,
transport, etc., through waveparticle interactions.

About Solitary Waves:

1 Solitary waves ardistinct electric field fluctuations (bipolar or monopolarthat follow
constant amplitide-phase relations. Their shape and size are less affeltiddg their
propagation.

1 Thesepulses are dominantly seen in the dawn and afternoon dusk sectors at an altitude of
10003500 km around Mars

1 As these waves are knowm be responsible for thelasma energization and its transport in
9 NIl KQA& Yre, Ty tBaimdszexdiirthg their role in the particle dynamics in the
Martian magnetosphere

12 Giant Metrewave Radio Telescope
Astronomers from McGill University in Camaahd the Indian Institutefdscience (lISc)have used
data from the Giant Metrewave Rad Telescope (GMRT) in Pune to detect a radio signal
originating from atomic hydrogen in an extremely distant galaxy.

About Atomic Hydrogen:

9 Iltis thebasic fuel requied for star formation in agalaxy

1 When hot ionized gas from the surrounding meditatisonto the galaxythe gas cools and
forms atomic hydrogen

1 It then becomes molecular hydrogen and eventually leads to the formation of stars.
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Key Findings:

9 Gravitational lensing

was used inwhich

the light emitted by

the source ident

due to the presence

of another massive

body between the

target galaxy and the

observer, resulting in

the "magnification”

of the signal.

Theatomic hydrogen mass of this particul@ralaxy is twice as higasits stellar mass

The results demonstrate the feasibility abserving atomic gas from galaxies at cosmologic

distances in similar lensed systems with a modest amount of observing time

1 Opens upexciting new possibilities foprobing the cosmic evaition of neutral gaghrough
low-frequency telescopes.

Redshift (z)

R e ’—~_[—h—‘_:

= =4

13.Exoplanets
James Webb Space Telescdpes discovered its first new exoplanetheplanetis named.HS

475 b, and it igoughly the same size as Earth.

About Exoplanets: _ Scientists have detected barium in th
1 Exopénets are planets thatrbit other stars and upperatmosphere of two giant

are beyond our solar system . exoplanets for the first time.
i If an exoplanet is too close to the star, it might be

too hot to sustain liquid water. What is Barium?

T L¥ AutQa uz2zz2 FFENE A0 YA tistwoand a half timesheavier than

1 When a planet is at a distance thattables it to iron and is thenheaviestever detected
have liquidwater,t A d alF AR U2 0| element. Barium salts are used in
2y SEP fireworks to generate green lights

f  Accading to NASA, to date, more than 5,000 This discovery of barium $sirprising

exoplanets have been discovered. because heavy element&di barium
1 Scientists believe that there are more planets thar are expected to quickly fall into the
stars as each star has at least one planet orbiting| lower layers of the atmosphere, givel
1 Exoplanets come in a host different sizes. They | these exoplanets havedt gravity.

can be gas giants biggivan Jupiter or as small an
rocky as Earth.

9 Discovering exoplanets is quite tough as they are small and hard to spot around their bri
host stars.

1 Scientists rely on indirechethods, such as the traiisi YSG K2 RXZ @6 KA OK A 3
dimmingofad G I NJ 0 KF G KI LIWISya G2 KF@S || LX I ySq

Why study exoplanets:

9 Broadensour understanding of other solar systems
1 Helps usiece together information about our own ginetary system and origin.
9 To search for living organisritsthe universe.

yht
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14.Green Comet

A greencomet is estimated to come closest to Earttrmed theC/2022 E3 (ZTRhe comet was
named to refer to those who first spottedqtastronomers using the widdield survey camera at
the Zwicky Transient Facility (ZTF) in the US.

The Green Comet:

9 Orbits sun in 50,000 years

9 The comet comes from th®ort cloud

1 It gets its beautiful green glow frodiatomic carbon(pairs of carbon atoms that are bound
together) that is present in the comé&t head.

1 Whenthe ultraviolet rays of solar radiatiorfall on the comet, these molecules emit green
light.

1 Comet C/2022 E3 i8sible in the northern hemispherand as the sky ¢e darkens in the
evening, it can be seen belowdatfeft to the Plough constkation handle.

Meteors and Meteorites )
Meteor

About comets: :

1 Comets ardrozen rocky or gas /
filled objects that are remnants of
the formation of the solar system [

9 Due to their composition, o
characteristicsand the path they
move in, they tend to leave laght
GOSKAYRD G KSY

Oort Cbud: or-metallic fragment Meteorite

1 The Oort Cloud ia predicted et ”m!lfni?“ s
collection of icy objectghat
surrounds the sun at a distance of about one ligyear.

1 The existence of the Oort cloud has not been directly observed, but it is thought to be the
source ofbng period comets that haveslen observed entering the inner solar system.

15 Meteor showers
What are meteor showers?
1 Itisa celestial evenin which anumber of meteors are observed to radiate or originate, from
one point in the night sky
Meteors are usally fragments ofomets Asi KS& Sy iSNJ 6KS 9 NIKQa | GdY23LK

ALISSRE (KS& 0dNY dzsbwe®NBEF GAy 3 | aLISOGE Odz NI &

The uniqueness of Geminidshower:

1 The Geminids can produeg@proximately 106150 meteorsper hour for viewing (in clear
weather axd new moon).

1 Unlike most metor showersthey originate not from a comet, but from an asteroid, the
3200 Phaethon.

1 The 3200 Phaethon wakscovered on October 11, 1983. It is named after the Greek
mythology character Phaethon.

1 Asthe 3200 Phaethon movedase to the Surwhile orbiting it, the rocks on its surface heat
up and break off.

1 When the Earth passes through the trail of this dehiie Geminidsare caused.

Why are they called Geminids?
1 They arenamed after the constellation Geminifrom whose lgation in the sky meteor
shower appears to originate.
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16.Xray fluorescence

9 Scientists from Indian Space Research Organisation (BR©jnapped out the global
RAAGNRAOdzOAZ2Y 2F &2RAdzY 2y (KS az22yQa 4&dz

1 They used the CLASS instrument (Chandragdargearea soft Xay spectromete) carried
by the second Indian Moon mission, Chandrayadan

1 This is the first effort to provide a globscale measurement of sodium on the lunar surface
using Xray fluorescent spectra.

X-ray fluorescence is commonly used sudy the composition of meerials in a nondestructive
manner.

When the sun gives out solar flares, a large amount efay radiation falls on the moon,
triggering Xray fluorescence.

17 Satellite phones

9 Satellite connectivity relies on satellites rather than cell phone towers, with provide
connectivity to regular cell phones.

1 Satellite phones work in remote areas where theage no cell phone towers and therefore,
no cellular connectivity Satellite (or sat) phones usually cover most of the planet faiitthy
robust connectivity

T ! y20AFAOIGA2Y 2y (KS 6So0aAidsS 27 SdieMitB 58S
phones arepermitted: (i) With specific permission/ NOC from Department of
Telecommunications, Government of Indiar (ii) As provisionedybM/s BSNL in accordance
with license granted to M/s BSNL for provision and operation of satellite based service u
GatewayA Yy A f t SR AY LYRALl @¢

9 Visitors and tourists traveling to India are advised to comply with Indian laavel not bring
in or use satllite phones in India withat obtaining specific permission from the concerned
authorities.

T a! &S 2F ¢KdzNI @ | WK NKRA dAva adzflilSdzi RFANAT SRk A f
passenger carrying satellite phone(s) via baggage is required to ddwssame to Customs
onarrit £ YR LINRRdzOS LISNXYA&airzy ¥F2N) daAaS FN

18.Quasars
1

The wordquasarstands forquaskstellar radiosource.

1 Quasars got that name because they looked starlike when astronomers first began to no
them in the late 1950s and early 60sdzii lj dzt a I NB F NBy Qd adl N&

T ¢KS@QNB y24 1Y 2 6 geatedat vasedignges fomfug, with Beir Bumbers
increasing towards the edge of the visible universe.

1 How can they be so far away and yet still visible? The answer iguhaars arextremely
bright, up to 1,000 times brighter than our Milky Way gajaWe know, therefore, that
0 K S @ Q NXEctive, Braitiod staggering amounts of radiation across the entire
electromagnetic spectrum.

19.Dark Sky Reserve
Indiawillest 0 f A & K (K&t DarR Sky Rebebv&in the cold desert regions of Ladakh.

Ladakh government along with the IIA (Indiad lim A G dzi S 2F ! a0 NRBLIK& & A
Ministries is laying the groundwork to have Hanle declared as an Intenad Dark Sky Resve
by the International DarSky Association.

A Dark Sky Reserve is public or private land with a distingednocturnal environment and
starry nights that has been developed responsibly to prevent light pollution.
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DARK SKY RESERVES AROUND THE WORLD
Individuals or gyups can nominate site for Country Nome Your, oree (g ere)
certification to the International Dark Sky Alpes Azur Mercantour 2019, 2,250
. . . Cévennes National Park 2018, 3,600
Association (IDSA). There are five designated () France ,,icm,lidi i 20133112
i i Regional Natural Park o
categorlesnamgl_y International Dark Sk_y ke || 2021, 3,950
parks, communities, reserves, sanctuaries anc -
- Cranborne Chase 2019, 981
Urban Night Sky Places. Exmoor National Park 2011, 181
5% United -‘;mlre;{so*:;sagm 2016, 1,627
-~ 3 1 L
< Kingdom National Park 2020, 1,440

The certification proces is similar to hat of a e i
. . shire Daies Nationa
site being awarded the UNESCO World Park 2020, 2,180
Heritage Site tag or getting recognised as a - Brecon Bescons Nasonal | 2013, 1,347
H il
Biosphere ReserveBetween 2_001 and Ja_nuary & Wales il it || abin o 1

2022, there have been 195 sites recognised a:

. ~ i i ay r 2y 0
International Dark Sky Places globally, the IDS @ tustralia | River Murray | 20193200
said. ' %'e“{ g | Aoraki Mackenzie 2012, 4,367
ThelDSA considersgiece of land suitable for Rhin M A720

[ ’ Germany Westhavelland 2014, 1,529

dark sky place only if it is either publicly or

privgtely owne.d; is acc_essible to tpeblic ) Uss e 2022, 38,850
partially or entirely during the year; the land is €XICO | Reserve

legally protected for scientific, natural, & us Ciatuatidabio } 2017, 3,668
educational, cultural, éritage and/or piblic

enjoyment purposes; the core area of the land () Canada | Mont-Mégantic 2007, 5,300
provides an exceptional dark sky resource €) reland | Kerry ‘ 2014, 700
relative to the commnities and cities that

surround it and the land offers prescribed nigh € Namibia = NabimRand Nature 2010, 2,022
sky brightness either for a reserve, park or

sanctuay.

Thelnternational Dark Sky Associatias a U.Sbased norprofit that designates places as
International Dark Sky Places, BarSanctuaries and Reserves, depending on the criteria they
meet.

9 Several such reserves exist around the worldrmre so far in India.

Why Hanle?

Located atogMt. Saraswati in the Nilamkhul Plaim the Hanle Valley of Changthang, it idre,
cold deset with a sparse human population and has the Hanle monasterg agérest
neighbour. Theloudless skiesindlow atmospheric water vapoumake it one of the best sites ir

ONAL PARK

HANLE
. DARK SKY
RESERVE

DACHIGAM KISHTWAR
NATIONAL PARK NATIONAL PARK
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20Kilonova
The flash of light or gammaray burst (GRBJvas witnessed on December 11, 2021. The source
was found to beanastronomical eventalled akilonova

Kilonova explsions take place during theergerof two neutron starsor aneutron star and a
black hole releasing GammRay Bursts (GRB)

What are GRBs?

Gammaray bursts(GRBsare immensely energetic explosiorsat have been observed in
distantgalaxies. They are thraost energetic and luminouslectromagnetic eventsince theBig
Bang Bursts can last frorten milliseconds to several hours

GRBs can be divided into two classes

1 Longduration (2 seconds to severaninutes): mainly due t&upernova

9 Shortduration (a few milliseconds to 2 seconds): mainly due to Kilonova

Stellar black holesire made when the centre of a very big star falls in upon itself or collapses
When this happens, it causesapernovatr an exploding star that blastpart of the star into
space.

Why this event was first of its kind?

Both kilonova and supernova produGdrBg Kilonove; short duration, and Supernovéong
duration). However, this new event (from a Kilonova), generated a GRBagted roughiyb0
secords (longduration), puzzling sientists.

This breaks théong-held traditional GRB paradigrthat massive star collapses produce long
GRBs and supernovae and neutron star mergers produce short GRBs and kilonovae.

Kilonova explosions ‘,’ s
PSEIES

An unexpectedly long flash of light or a gamma-ray burst (GRB) was witnessed on December 11, 2021.

Vo
g

o
Ejecta~ISM Shock
Radio (years)
Kilonova explosions take place during the merger

of two neutron stars or a neutron star and a black
hole releasing Gamma-Ray Bursts (GRB)

N (‘sfilnnu\u {\I\/
)\ Optical (1 - 1 day)

el / MergerEjecta (\,’\/
/" Taat Tut & Dok Wad \0
e S — o e | Kil are also k for red colours, which is
—( > < ) — o \—  asignature of the rare, heavy elements like gold
o TR |4 produced in their ejecta. Kilonovae are considered
/ ’L‘\ the main factories of gold in the universe.

Stellar Life Cycle

Both kilonova and
supernova produce the
most energetic form of light
called GRBs, the former is
known to generate shorter
pulses lasting less than 2
seconds. This new event,
however, generated a GRB

that lasted roughly 50 (<8Mp)
seconds, puzzling scientists.

(<0.08 M)

Visit Insights IAS Daily CA for detailed News
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21.Scramje€ngine
Scramjet Engine .
L) Scramjet
S cram] et * Ascramjet (supersonic combustion ramjet) is a variant of
a ramjet airbreathing jet engine in which combustion
Inlet body

Fustipjecdan = tazzls takes place in supersonic airflow.
= * Oxygen (from atmosphere) + Hydrogen (already stored in
the vehicle) trigger combustion, and produce the desired
thrust to lift satellite to the designated orbit.
* Advantage - reduce 70% of propellant that has to be
carried in the vehicle.

s c .
Compression Exhaust

A turbofan engine is a jet engine variant in which, a turbo (a

fan) forces more air into the engine's cylinders which, added to (a) . Turbojet
some extra fuel, means more power can be created in the
cylinder
A ramjet, or aero thermodynamic duct, is a form of
airbreathing jet engine that uses the forward motion of the (b) Ramjet

engine to produce thrust.

A Scramjet is advanced form of Ramjet (© { o

n n ,
Compression Combustion Expansion

Trisonic Wind Tunnel
Schematic of Test Wind Tunnel

A Trisonic Wind Tunnel (TWT) is a wind tunnel so
named because it is capable of testing in three speed
regimes - subsonic, transonic, and supersonic.

* Wind tunnels are devices used to study the
effects of airflows on solid objects (scale models
of ISRO rockets and spacecrafts).

* Blow down test - Stored gases are released and

Silencer

Test
. Safety section Model Ejector
Slide-valve valve

%< 4 Tﬁ%ﬁﬁaﬂm
| / |

:ﬁgum Control Storage Settling A A bsoni blown through the tunnel’s test section,

reservoir valve heater chamber "La;’\;:;lle diffuser diffuser simulating ﬂight conditions.

22 Aeronomy

1 ISROnas taken initiatives for feasibility studies on missions to Venus as well as Aeronomy

studies

T ¢KS m&MdMpaE O2AY SR | Y R60ksais hgpr&ferzQdttiesciendife dzi
study of the upper atmospheric region®f the Earth and other solar syste bodies.

1 It covers thechemistry, dynamics and energy balanoéboth neutral and charged particles.

23.Tidal disruption event

Telescopes operated by the National Aeronautics and Space Administration (NesSShlyre
observed anassiveblack holedevouring a star

The astronomical phenomenon tife destruction of a star by a black hole formally called
atidal disruption event(TDE)

About TDE:

9 Atidal force is a difference in tretrength of gravity betweerntwo points. If the tidal force
exerted on a body igreater than the intermolecular force that keeps it togethgthe body
will get disrupted.

9 During a TDE, thiedal force of a black hole disrupts the star in the vicinitwhile about half
2 T (0 K Sebrs dohimN@Esn iRoriginal paththe other half is attracted by the black
K2f SQa 3 NI dhelgtadudl groikhiof thislazaitérial bound to thiack hole
produces a shoHived flare of emissionknown as a tidal disruption event.

1 The event idormally called AT202ehband took place in a galaxy with a central black hole
about 10 million times the mass of our sun.
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9 TDEs are attractive to astronomers because of thiegrervability and short duration, and the

opportunity to study the impact of bl® { K @dvify én@naterials around them.

24 Overhauser (OVH) Magnetometer
Indian scientists have developed mdigenous Overhauser Magnetometeone of themost
accurate magnetometergxtensively used by all magnetic observatories around the world.

Indil- Q& CA NE iDvethguBek Ma§nétandeter:

1 Itis developed by théndian Institute of Geomagnetism (lIGan autonomous research
institution underDST Government of India.

1 Iltisinstalled at the Alibag Magnetic Observatory (MO) and has the potémtieduce India's
reliance on commercial OVH magnetometdms geomagnetic field measurements.

9 It accurately reproduced thgeomagnetic diurnal variationaccurately and precisely showed
the signatures of various space weather events such as geomagtutits, sudden
impulsesegetc.

Overhauser MagnetometerA magnetometeris a device that measures tineagnetic field or
magnetic dipole moment.
1 Our earth is a gigantic magnet Magnetic north pole
Experiments show that variations in Inclination
the Earth's magnetic field are linked | (o ompassnecde ol
to a vaiety of weather phenorana.
As a result, scientists all over the
world can consistently measure
changes in the Earth's magnetic field
1 OVH magnetometerare known for
their higher accuracyhigher
sensitivity, andefficient power
consumptionand hence fid
applications in allmagnetic
observatories worldwide as well as in
international space programs.

Magnetic field lines
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Defence Technology

1. INS Vagir

The Indian Navy commissioned tFi#h dieselelectric Kalvariclass submarine Vagiit is among
the six submarines beinguilt by the Mazagon Dock Shipbuilders Limited (MDL), Mumbai, in
collaboration with the French M/s Naval Group under Project 75.

Specifications of Vagir:

1 The latest submarine gets its narfrem the erstwhile Vagir asubmarine which served the
Navy betwen 1973 and 2001.

The construction of theew Vagir began in 2008lso known asand Shark.

Vagir representstealth and fearlessnesss it comesvith features like an advanced
acoustic absorption technique.

)l
T

Kalvariclass background

I Kalvariclass submanesinclude othe vesselsuch as thdNS Kalvari, INS Khanderi, INS
Karanj, INS Vela and INS Vagsheer.

9 The design is based on tBeorpene class of submarines designed and developed by the
French Naval Group formerlpCNS and the Spanish statgvned entity Navantia.

1 They haveDiesel Electric transmission systems
T ¢KS&S | NB I G hoter|&dzd SINIR ViRAISENIAWS oS (KS@ | NB R
adversary naval vessels
How does a Submarine work? v

A submarine is a type of ship that can travel both above and below the surface of the sea.

y A submarine (or any boat) can
Submarines can either be diesel-electric or nuclear-powered, both types float when the mass of water
can carry nuclear warheads. Here's how they differ that it displaces (pushes out of
the way) is equal to the mass

of the boat.

l:buoyanl

Fgrav

Fbua_wml < F, grav wp then it sinks

F A
. Diesel powered @ Nuclear powered buoyant = ' grav == then it floats
T ol hoenl g % SR TRIEN) SOITEatey S for Working principle of
in i imstructure Submarines
and mainter e
SSK SSN The Indian Navy currently operates 16
ssB > . SSBN diesel-electric conventional
ballist submarines (SSKs), of which seven
Russian Type 877 EKM ‘Kilo’-class
variants and four HDW Type 209/1500
The displaced water causes an upward boats were all between 20 and 34
force called buoyancy. Buoyancy acts in years old, with several due soon for
the opposite direction to gravity, which retirement. The remaining five S5Ks,
would pull the ship down. that joined service 2017 onwards,

were the French licence built Kalvari
(Scorpene)-class SSKs

(s
QX
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AgniV
& LYRAIQa
organisation (DRDO).
The development of Agni missilesasted in early
1980 under the Integrated Guided Missile
Development Programmepearheaded by scientist
and former PresidenDr A P J Abdul kean, who was
Ffa2 I OSYUNIf FAIdz2NE Ay
programmes.

o -

Medium to Intercontinental versionsf@dgni missile

henuclearcapable missilewhich uses a threstage solidfuelled engine, hasdendeveloped
55SFSy0S wSasSt

NI K

YR 5808t 2 LIS

NOTES

z

y u

What are ballistic missiles?

A ballistic missilas a type of missile
which uses projectile motioto
deliver warheads to a targeth&se
weapons are guided only during
relatively brief periods most of the
flight is unpowered. In contrastruise
missilesare jet-propelled at subsonic
speeds throughout their flights.

systems 1 to 5 have varying rangesstarting from 700

km for Agnil to 5000 km and above for Aghi

Agni6 is also said todunder development, with a range starting at 8000 km.

Indian Surfacao-Surface missile systenfigni missilePrithvi missileShaurya missilé&Surya

missile

Agni VvV

The successful flight test of Agni-5 comes days after Chinese and Indian troops clashed at

the Line of Actual Control in Tawang.

About Agni Missiles

Nuclear-capable surface to surface ballistic missile

Stages: It uses a three-stage solid-fuelled engine

Developed by DRDO under its Integrated Guided Missile

Development Programme (IGMDP).

* Other missiles under IGMDP are: Prithvi, Agni, Trishul, Nag and
Akash (remember as ‘PATNA’)

» Deployability: The Missile can be launched from road and rail
platforms

* Types: Medium to Intercontinental versions of Agni missile systems 1 to 5 have varying ranges —

starting from 700 km for Agni-1 to 5000 km and above for Agni-5.

Abdul Izalam
Island (Wheeler
Island)

Cuttack
SRS

"N Paradip.
Bhubaneswar
|

« Agni-5 can strike targets at ranges of 5,000 to 5,500 km, which puts major cities in China,

including the capital Beijing, within its range.

Agni-6 is also said to be under development,

with a range starting at 8000 km. Blisiciinie

Difference between Cruise /

* Powered initially by a rocket
or several in stages

= Ballistic trajectory over most
of its flight

* Hypersonic speed during
much of the flight

* Optional manoeuvrability
for the re-entry vehicle
A Fimirs £ Boost-glide vehicles
Missiles, Ballistic missiles and / . ,_aunched‘}mm sty * Classified according to their
e A . ey ranges (from short, around
BOOSt'gllde vehicles / ‘a;::g:s?h: :‘g"o‘;:ghsekrlepplng 500 km, to intercontinental,
han 5000 km)
* Hypersonic speed \ ot
* High manoeuvrability for \
the glider
* Classified according to their
A~ speed
oA
Cruise missiles / ~ et
* Unmanned vehicle propelled / BN T ) Be e I,
by jet engines / ~ Boost-glide vehicle \
* Remain within the / /
atmosphere during the flight | = \
= Subsonic, supersonic, or “‘ P i . s \
hypersonic s A Cruise missile
= Self-guided or manually / . | = Target
guided /
* Classified according to their ‘ .
speed Launch site

3. Agni Prime

Visit Insights IAS Daily CA for detailed News

India has successfully tefited indigenouslhydeveloped new gegration mediumrange ballistic

missile Agni Prime from the Odisbaast.

www.insightsomndia.com
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Agni Prime: Key features
1 Itis atwo-stagecanisterisedsolid-propellant missilewith dual redundant navigation and
guidance system.
9 Operational rangebetween1,000 km and 2,000 km.
9 Launched by:DRDO
1 It weighs50 per cent less than the Agni 3 rsite and has new guidance and propulsion
systems.
o In addition, since it is canisterised, it can be launched from rail or road, be stored|for
longer periods and can be transported as per@ienal requirenents.

9 Itis thesixth missile in the Agni (misg) seriesof the ballistic missile.

1 It's the first 'declaredmultiple independently targetable reentry vehicl@MIRV) missilein
India's missile arsenal.

4. INS Mormugao MORMUGAO GIVES

Indian Naval Ship (INS) Mormugao was MORE TEETHTO THE

commissioned recently. It is tH&" warship

of the P15B class etealth guided-missile INDIAN NAW

destroyers i Weighs © Guided-missile

1 Built byMazagon Dock Shipbuilders r 300 s ‘ L

.. ‘ ; B : @ Advanced

Limited (MDSL) =1 e - steahfeatires

1 Named after It has been named after a ), att’f;ebean} l ’ © High degree of
key portin Goa which was commissionec  _ ycgaraks ~ i IF gi‘m};{;‘wel _________
a day before the Goa Libdian Day f ) Irr:l?g-ﬁggge . oped by India and
celebrations ‘ e L gﬂ

T ! &KA Ldesetidds b graufof vessels A
of similar tonnage, usage, capabilities, ar OFstimated
weapony. Sk

1 Other upcoming ships of this class: y ONamedafter
Imphal, andSurat N el

B LN 7\‘_ ormugao

About Project 15A0ver the last decade, the Indian Navy has commissitiree guided missile
destroyersof the Kokata clasg INS Kolkata, INS Kochi, and INS Chennai.

About Project 15BThis is the advanced version of Project 15A with four guided missile

destroyers. Its lead ship IN&sakhapatnanfPennant D66) was commissionedbi the Navy in

November 2021.

1 A shipclass is identified by ilead ship in this caselNS Visakhapatnam

All these ships were built by MDSL (including Project I5A)2 yS 2 F (KS O2dzy i NBE Qa
important Defence PSUs.

Goa Liberation Daylt is celebratedbn 19 December every yeas areminder that the state of
Goa got its freedom from the Portuguese after a long time and it remained under the controlfor
450 years.

OnDecember 19, 196 Jawaharlal Nehrisentarmed forceso the coastal stateThe Portugese
surrenderedand the state wa libaated. As a resulGoa, Daman, and Dinecame Union
Territories of India.

5. Corvette

1 The Defence Acquisition Council (DAC) had given the Acceptance of Necessity (AoN)
for severalcapital acquisitionprojects of the Indan defence forcesThis includes the
procurement of nexdgeneration Corvettes for the Indian Navy.

1 A Corvette is the smallest class of naval ships and it falls below the warship class of a frigate.
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1 These are highly agile ships and eategorisal as misile boats, antisubmarine ships,
coastal patrol crafts and fast attack naval vessels

1 Corvettes date back to the 18th and the 19th century when they were extensively used in the
naval warfare duels that were fought at high seas.

1 The Indian Navy at presthas the Kamorta Class Corvettetich are also known as Project
28.

1 These ships have an astibmarine role and are manufactured at Garden Reach Shipbuilders
and Engineers iKokata.

9 The four Kamorta Class Corvettes that the Indian Navy possessearaed INS Kamorta, IN{
Kadmatt, INKiltan and INS Kavaratti.

U7

6. Hypersonic missile

1 Ahypersonic missiles a weapon system which flies at least at the speed of Mach 5 i.e. five
timesthe speed of soundnd is manoeuvrable.

1 The manoeuvrability of the hyprsonic missile is what sets &part from a ballistic missile as
the latter follows a set course or a ballistic trajectary

1 Thus, unlike ballistic missildsypersonic missiles do ndbllow a ballistic trajectory and can
be manoeuvred to the intended tayet.

1 The two types of hypersonigeapons systems are Hypersonic Glide Vehicles (HGV) and
Hypersonic Cruise Missiles.

1 The HGV are launched from a rocket before gliding to the intendggtavhile the
hypersonic cruise missile is powered by air breatfiiig I K a LISSR Sy 3dftsfSa 2 NJ wa QNI
acquiring their target.

LI NI FNRBY wdzdaAl 3 gKAOK Fyy2dzyOSR AG&a K@LISNBR2YAO
now used it for the first the in battle conditions in Ukraine, China too is reportedly in padsas
of this weapon system and hasice used it to circumnavigate the globe before landing near a
target in August 2021.

In the US, the hypersonic weapons are being developed underlitsde Q& O2y @Sy GR2y L t[NR®
Strike Programme as well as through Ariy,Force and Defence Advanced &esh Projects
Agency (DARPANhile the US, Russia and China are in advanced stages of hypersonic missile
programmes,India, France, Germany, Japan @&utralia too are developing hypersonic
weapons.

India is also develping an indigenous, dual capableonventional as well as nuclear)
hypersonic cruise missile as part of its Hypersonic Technology Demonstrator Vehicle
programmeand has successfully test a Mach 6 scramjet in June 2019 and September 2020.
GLYRAI apprdSitely S2zhypersonic wirtdnnels and is capable of testing speeds upto
al OK mMoZX¢g

7. BrahMos Missile

1 TheBrahMosis a mediurrange stealttramjet supersonic cruise missile.

f BrahMosh & | 22Ay(d @Sy idz2NBE o0 SNP®MEaShinosirdyehiyaandthédr | | Y R wdza a
missile derives itsamefrom Brahmaputra and Moskva rivers

1 The range of the missile was originally capped at 290 km as per obligations of the Missil¢

Technology Control Regingea ¢ / wo @ C2ff2gAy3 LYRALFQ&a Sy|[iNE Ay({?2
officials had stated that the rangeowld be extended to 450 km and to 600 km at a later
stage.

1 OnJune 12, 2001, the BrahMos supersonic cruise missile was first tested frorbadaod
launcher in Chandipur. In the 21 years since, BrahMos has been uggaderal times, with
versions teted on land, air and sea platforms.
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9 Since the early 1980#8)e Integrated Guided Missile Development Programpmnceived
and led by Dr A P J Abdul &l started developing a range of missiles including Prithvi,
Agni, Tishul, Akash and Nagvith a widespectrum of capabilities and ranges.

T LY GKS SINXIeé mobnad LYRAI Qduiséniishilesi §ulledO f S| RS NBE KR LI
missiles that traversehe majority of their flight path at almost constant speed and deliver
large warheads over londistances with high precision.

1 This led to the formation of BrahMos Aerospace, a joint venture between DRDO and NPO
Mashinostroyenia (NPOM), the Indian sid#ding 50.5% and the Russians 49.5%.

8. Project 17A
W¢ I NI 3 A NEtealkh frigake $f piojck INAas launched recently by Mazagon Dock

Shipbuilders Ltd. (MDL) Mumbai.
This ship has been buiising an integrated construction methodology which involves hull bloc
construction indifferent geographical locations and @gration/erection on Slipway at MDL.

)

¢tKS FTANRG &aKALI 2 FTwad lKuiched NRSe@etber 28,1201 antVdxpkboed A| NA Q
sea trials in the first half of 2024.

Thea SO2y R aKALJ 27F wasmunchéfoh Maj 174hjs Relarsadikpkidie®@to
start sea trials during the second half of 2024.

About Project 17A:

9 Started in2015, it involves the building gkven stealth frigatesat an estimated cost dRs
50,000 crore.

1 Of these seven, the contract for three frigates was awardedR&E (Kolkata) while the
contract foranother four frigateswas awarded t@Governmenowned Mazagon Docks
Limited (MDLyvhich is lased in Mumbai.

Frigates and Destroyers:

Frigates are usually used escort vessel$o protectsea lines of communicatioor as an
auxiliary component of a strike groughereasdestroyersare generally integrated into carrier
battle groups as the air defice component or tlised to provide territorial air and missile
defence.

9. Project75 India (P78)

What is the P75 Project?

1 ltispartofthel Y RA | Yy {ydar®iaffér indigenous submarine constructiop-75 (2
Phase) and #5I (29 phase)

1 P-75 (signed in 2005) 1o build 6Scorpene clas@ieselelectric) submarines (contract signed
between India and France)

What is the R75I project?

Project 75l (approved in 2007) is 2nd phase of the/ RA | Y  lydar®@fér indigenous
submarine constration.

It envisages the indigenous construction of 6 modern conventional submarines with:

1 Nonnuclear or diesetlectric engie

1 Contemporary equipment, weapons & Sensors

1 FuelCellbased AIRAIr Independent Propulsion)

1 Advanced torpedoes and modern miies
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1SalSo the firs How does a Submarine work? "

programme to be e

progressed under the Citing difficulty in fulfilling conditions set in the Request For Proposal (RFP),

Strategic Partnership Russia has pulled out of the P-75I1 project ( for construction of 6 advanced

conceptwhich offers a diesel-electric submarines)

Ieyel—playlng fied to the Parts of Submarine

private sector. A submarine (or any boat) can

float when the mass of water
that it displaces (pushes out
of the way) is equal to the
mass of the boat.

Air-independent
propulsion (AIP)
Any maritime propulsion
system thatpermits a
non-nuclear submarine to
function without
exposure to atmospheric Fhuoyant
oxygen(by surfacing out $'1
or by utilising a snorkel) is
known as atindependent the displaced water causes an upward
propulsion (AIP), or air force called buoyancy. Buoyancy acts in
independent power. the opposite direction to gravity, which Fgrav
T NormaIIy, Diesel would pull the ship down.
submarinesneed b Fyuoyant < Fgrav wip then it sinks
come to he F buoyant = £ grav = then it floats
surfaceto recharge
their batteriesand get a fresh supply atmospheric oxygen.

10.VeryShortRangeAir Defence System or VSHORAD

The Defence Acquisition Council (DA€paded Acceptance of Necessity (AtdNprocurethe
Very ShortRangeAir DefenceSystemor VSHORADR Homing) missile system, designed and
developed by the Defence Research and Development Organisation (DRDO).

Meant to Kill low altitude aerial threatstahort ranges, VSHORADS is a man portable Air Defence
System (MANPAD)

The missile which is propelled by a dual thrust solid matoincorporates many novel
technologies including miniaturised Reaction Control System (RCS) and integrated avionics.

11 Verticd Launch Short Range SurfageAir Missile

Defence Research & Develomnt Organisation (DRDO) and the Indian Nagccessfully flight
tested theindigenously developed/ertical Launch Short Range Surfsmeé\ir Missile(VL-
SRSANIfrom the Integrated TedRange (ITR), Chandipur off the coast of Odisha.

The VESRSAM system hbheen designed tatrike high-speed airborne targets at the range of 4(
to 50 km and at an altitude of around 15 km.

Features of VISRSAM
1 Two key features of the VRRSAM areruciform wings and thrust vectoringThe cruciform
wingsare four small wingsarranged like a cross on four sides and give the projective a stable
aerodynamic posture.
0 Thrust vectorings an ability to change the direction of the thrust from its engine tg
control the angular velocity and the attitude of the missile,
1 VLSRSAM is@anisterised systemwhich means it istored and operated from specially
designed compartments.
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12.INS Arihan
Nuclearpowered INS Arihant carries out successful launcBuliimarine Laured Ballistic Missile
(SLBN.

-

Significancelt will help in arobust, survivable and assured retaliatory capability in keeping wit
LYRALF Qa LIEredibl® Miniiuin Distére@cs¥ll W (  dzy R RishUgex A G a |v
O2YYAUYSyl o¢

It increases the seconrstrike capability of India and thus boosts its nuclear deterrence.

India's nuclearpowered ballistic missile submaringSSBNprogramme is a closely guarded
project. INSArihant was the first boat under the SSBN project followed by another boat, INS
Arighat. SSBI programme is a key element of India's nuclear deterrence capability.

About INS Arihant:

9 INS Arihant, a 6,00@nne submarineis the lead ship of India's Arihaclassof nuclear
powered ballistic missile submarines built under thévanced Teclology Vessel (ATV)
project. About:

T LG O2YLX SGSR LYRAIFQa&a ydzOf SFNJ GNAFR o00GKS| OF LJ 6A
air and sea).

9 INS Arihant is propeltl by an 83 MW pressurised lightvater reactorat its core with
enriched uranium fuel
K-4 (range 750km) an#-15 (3500 Km) have been designed to be operated from the Arihant
class of submarines.

W{ KAL) {dzoYSNBEAOGES . I ff }SSBNCarbsazOdssSof sNimpires Y I [NRA Y SQ ¢
which can go deep beneath the ocean making thenuglly undetectable for months, they also
carry nucleattipped ballistic missiles.

13.Dirty Bomb

A dirty bomb combines radioactive material with explosives, intendechuse harmypspreading
radioactive material that can contaminate an area and poison tiredn body.

Material used in Dirty BombCesium137, RDX(Explosives) like CokM{Highenergy gamma
emitters)

v A s oA = 4

LYRAFQa LRaAdAzy (G2 RSGSOG 5ANIE .2Yo0ay
Bhabha Atonic Research Gere (BARC)It has developed systems such as dlegial gamma
spectrometry sytemwhich can be used to detect even shielded and hidden devices.
Other technology:BARC has developed technology that can detect elements from solid and
liquid industrial wasgés, as most of these radioactive elements can dissolve in water.

14 HAWK intercgtor missiles

TheHAWK interceptor missilewould be an upgrade to th§tinger missile systemsa smaller,
shorterrange air defence system

What is the HAWK air defence?

HAWKA K2 NI 2 F2 NB W! f f [ektSedzdrvice wittithiefUS Ay inSE9 during

the Vietnam war.

9 It underwent several upgrades, including a major one in 1971 that produced tballsal
HAWK (oimproved HAWK), with a kill probability of 85%.

1 The HAWK system was the predecessor toRWERIOT missile defence system.

9 USforces largely stopped using HAWKM the early years of the new century.

[ AL

{{
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Technologies / New Discoveries

1. doud computing
Qoud computingis theon-demand & TooLsox
delivery of IT resourcescpmputing CLOUD COMPUTING

power, storage, and databasesver the ARCHITECTURE

Internet with pay-asyou-go (pay for a
service before you use it) pricing, from a
cloud provider like AWS.

Cloud Computing

Virtual Software Application Storage
Desktop Platform Data

Who is using cloud computing?
Organisations of every typezsi, and

industry are using the cloud for a wide @ l‘ —
variety of use case&or example video ,EL E
game makers are ugj the cloud to "Wlte' switen

End User

deliver online games to millions of player I

I I [ | ]
around the world. I?IE %IE I?IE

Mobile Laptop Printer Desktop Desktop Desktop

Types of cloud computingfhe three

. . . Data

main types of cloud computingdiude (DS
. ling s i
Infrastructure as a Service (laaS), @ @ @
Platform as a Serw_ce (PaaSs), and On Dernand w 6 e s
Software as a Service (SaaS). S . & WO =
-------- @ Featwess @

Benefits of cloud computing: Cloud Computing

Agility: The cloud gives one easy i 04 [ 08 Pay As You Go
access to a broad range of

technologies so that one can | Avlebilty |- @ 0 .

innovate faster and build nely

anything that one can imagine.

Elasticity:With cloud computing, one doesn't have to oyanovision resurces upfront to

handle peak levels of business activity in the future.

Cost savings

Deploy globally in minutes

GDL /-wa &R KbMiheeGwernment of India to harness the benefits of cloud computing.
The focus of this initiative is to accelerdtes delivery of eservices in the country while
optimising ICT spending of the Government.

Software as a service (SaaS)
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Software as a Service (SaaS)

INSIGHTSIAS

0S, Packaged s/w, Application
stack server storage network

Software as a service (or SaaS) is a way of

delivering applications over the Internet S RADPMGUOh Server PaaS Application
—as a service ( freeing up the need of Laiiirde
installing and maintaining software). It is

also called Web-based Softwares. E.g. -

Gmail, Microsoft Office 365 laasS

‘Three types of Cloud Service Models

e 0 Availability
The system is available on any
< device from any place on Earth
~ o
.

Diversity H Customization
The market offers Saa$ solutions s, . A Several parameters of the system
cavering almost every business need. ¥: can be customized.

.

Rationality

Infrastructur
e & Network

Platform independence

The system does not depend on the Investment in employees’ work

device's platform itis used on .
.

ptimizal tion.
0 '.". E .“. @
[ — L : *“ O
oo W : 2
o 10} Q

— ©

<
- Speed Alabilits
Data safety m Scalability
SaaS i a ready-to-use solutions, these
No on-side data storage, everything is no need to wait for development The system is able to manage a large

is stored in a doud. amount of data in real-time.

2. 5G Network Infrastructure

Bharti Airtel and Tech Mahing have announced a strategpartnership under which they have
RSLX 28SR I apD ¥F2iNJF9 yHOS NIINKESS élangaaifiddai@ida/yS G ¢ 2 NJ Q

al KAYRNI Qa / KF {1 Fy 7Tl OAUYARIARI Qagnatl@dN@GkaNI palK G NI | Y { Ay
manufacturing unit.

About 5G:
1 Thefifth generation of mobile networks or 5G, is what comes after the 2G, 3G, and 4G
generatons. 5G is expected to delivenbstantially higher connection speeds

Features and benefits of the 5G technology:

1 Operate inthe millimetre wave spectrum(30-300 GHzjvhichhas the advantage of sding

large amounts of data at very high speeds.

Operatein 3 bands namely low, mid and higfrequency spectrum.

Reduced latencymeans higher speed) will support new applications that leverage the poywer

of 5G, the Internet of Thirgy(loT), and artificiahtelligence.

1 Increased capacitgn 5G networks can mimize the impact of load spikes, like those that
take place during sporting events and news events.

)l
)l

www.insightsoindia.com 33 InsightsIAS



http://www.insightsonindia.com/

INSTA PZ023EXCLUSIVE (SCIENCE AND TECHNOLOGY)

1G 2G 3G 4G 5G

1990s 2000s - 2010s > 2020s
Analog Voice Digital Voice Mobile Broadband  Faster/Better 3G Interconnected
Hurman-to-Human Low-Spesd Data High-Speed Data IP-Based Network Devices, Sensors,

Early Mabile Phones Vaoice and Some Text Internet Access High-5i iternet and Systems

(< 1 nine Annc
Streaming, App For Consumers,
s Governments, and Businesss

About private 5G network:

9 Also called @aptive norpublic network (CNPN)t is a network that iset upsolely for a
FAN)Y Q& . Uhlikeg a pdkiichetork, it is closed to external communication.

1 The network relies ohigh-frequency, lowwavelength airwavesand is therefore ideal for
institutions like factories, manufactumnplants, hospitals, unérsities etc.

5G networksare deployed mainly on two ades:standalone and norstandalone Both
architectures have their advantages and disadvantages.

1 In the standalone modewhich Jidhas chosen, the 5G network operates with teded
equipment and runs parallel to the existing 4G network
0 Advantages The sandalone mode provides access to full 5G capabilities and new
network functionalities such adicingthat provides greater flexibty to operators to
efficiently use their spctrum holdings.
o Disadvantagelt is costly and will require software updates existing smartphones
to work.
1 Nonstandalone modethe 5G network is supported by the 4G core infrastructure.
0 Advantagesinitial cost and the time taken to roll out servicésough this track is
significantly less than standalone networks and can veorknost smartphones.
o DisadvantageOperators eventually will have to go for Standalone mode as the tra

increases.
Evolution of 5G Network
NON STANDALONE (NSA) |  STANDALONE (SA)
® 4G is the basis for 5G m end-+to-end 5G

® 5G at the base station,
in core network still 4G

® 5G at the base station
and in the core

new for the customer:
higher throughput,
4G and 5G together

W new for the customer:

| lower latency,

reliable communication,
managed connectivity

NOTES
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Difference between 4G and 5G:
5G 4G
Frequency Uses uilise much higher radio Uses lower reading frequencies of
frequencies of 28 GHz. 700 MHz to 2500 MHz.
Speed Transfer more data over the air at | Speed is lesser with less data
faster speeds. transfer.
Data transfer speed is up tboGbps Supports data bansidth in Mbps
Latency Has ultrareliablelow latency ¢anging | Has higher latency (280
between10 milliseonds and 1 milliseconds)

millisecond)i.e., the delay before a
transfer of data begins following an
instruction.

Spectrum & | Uses a milimetre wave spectrum Support a lesser number of devices
Connectivity | which enables more devices to be | of about4,000 deviceper square
used within the same geogphic area | kilometre.

supportingaround one million per
square kilometre

Coverage Uses a new digital tboology that Has led to more congestion and
improves coverage, speed and lesser coverage as compared to 5C
capacity.

Other Has added advantages farachine Limited

Advantages | learning, robotics, lolnd other
programming modulest tan provide
faster processingf data.

What are the potential health risks of 5G?
To date, and aftemuch research performeadio adverse health effect has been causally linked
with exposure to wireless technologies.

f Tissue heatings themain mechanism of interaction betweeamadiofrequency
fields and the human body. Radiofrequency exposure levels fromeatir
technologies result imegligible temperature rise in the human body.

Provided that the overall exposure remains below internatianatielinesno consequences for
public health are anticipated.

What are the international exposure guidelines?

International bodies (e.gnternational Commission on Nelonizing Radiation Protection

produce exposure guidelines on electromagnetic eldany countries currently adhere te

guidelines recommended by:

1 These guidelines amot technologyspecific Theycover radio frequencies up to 300 GHz,
including the frequencies under discussion for 5G.

1 International efforts- International Electromgnetic Fields (EMF) Projed/HO estalished
the International Electromagnetic Fields (EMF) Projecttl996. The projednvestigates the
health impact of exposure to electric and magnetic fields in the frequency rang8@d GHz
and advises national alabrities on EMF radiation protection.

3. AVGAS 100 LL

The Centre launcheiddigenouslydeveloped AVGAS 100,l4 special aviation fueheant for
piston engine aircraft and unmanned ariel vehicles.

The fuel has beedeveloped by Indian Oil Corporation.

About AVGAS 100LL:
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9 Avgas or aviation gasile is an aviation fuel thgbowers sparkignited combustion engines
in aircraft. It is differett from conventional gasoline (petrol) used in motor vehicles as it
containstetraethyl lead, which is a highly toxic substar used to prevent engine knocking
(premature detonation).

1 Itis ahigher-octane Aviation fuelmeeting the product specifications thisuperior
performance quality standards, as compared to imported grades.

1 The indigenous availability of AV GAS 100 Lhe&lglreduce dependence on importand
address the associated logistical challeng€auntry will be able to save precious foreign
exchange with the ifhouse availability of this product. New step towatsnanirbhar
Bharat.

4. Quantum technology
Several instutes and companies worldwide hawevested in developing quantum computer (QQC)
systems.

Quantum Technology is based on the peiples of quantum theory, which explains the nature
of energy and matter on the atomic and subatomic levilconcerns theontrol and

manipulation of quantunsystems, with the goal of achieving information processing beyond the
limits of the classical wid.

In 2019, theCentre declared quantum technology a Quantum Supremacy describes thg
aYAaaAzy 2F yI Thedygverdment iv itz point where quantum computers
budget 202CGannounced a National Mission on uium can dothings that classical
Technologies & Applications (N®ITA)for aperiod of five computers cannot.

years to be implemented by the Department of Science

Technology (DST):. Google had announced in 2019 thj

they achieved quantum supremacy
in computing through Sycamore.
They have developed a processor
that took 200 seconds to do a
calculation that would have taken §
classical computer,000 years.

Background:
Until the early 20th century, it was thought that
classical physicstwo objects cannot occupy the
same pace at the same moment.
Upon scientific investigation, microscomab-atomic
particlessuch asatoms, elet¢rons, and photons the
subject ofqguantum mechanicgphysics of subatomic

particles) were founded

Superposition describes a Quantum entanglement Superposition and

particie’s ability to exist refers to a situation in entanglement only exist as
across many possible states which two or more particles long as quantum particles
at the same time. So the are linked in such a way are not observed or
state of a particle is best that it is impossible for measured. “Observing” the
described as a them to be described quantum state yields
“superposition” of all those independently even if information but results in
possible states separated by a large the collapse of the system
distance
Working:
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Abitis th(_e fundamental Quantum Classical
computational unit of a Computing S. Computing
conventonal computer,

Whose Valu.e IS 1 If a . @ Calculates with qubits, Calculates with —_— [N—
corresponding transistor is which can represent transistors, which can ;
. . . 0 and 1 at the same time represent either 0 or 1 o o

on and O if the transistor is
off. This means bit can
have one of two values at a Power increases Power increases in
time, either 0 or 1 ‘ / O the nunber ot b | the number of sanetstors ‘ -
Thequbit is the
fundamental unitof a QC
and instead of being either 1 hae::?;ﬁn;rfgmgﬁ:r;nd Classical computers have :?\:
or 0, the irfformation is need to be kept ultracold | can operate at room temp fIoes )\
encoded in the third kind of
state i.e.,superimposition —ar, P
of0& 1 Well suited for tasks like | Most everyday processing
Thus, a qubibased m e, and smuntions” | by oissewalsomputers 1] @
computer can access more
computational pathways and offer solutionsrwore complex problems.

Applications:
Quantum computersprovide more powerful computing, help in a wide range of applicatiops
like -

" More reliable navigation, timing systemsdchgecure communications.

Quantum sensingusing quantum pheomenon to perfeom a measurement of a
physical quantity).
Disaster managementhrough better prediction, etc.
To understand biological phenomena such as the spread of pandemiColia19,
etc.
Challenges:
A practical QC needs at least 1,000 qulatsl the current bygest quantum processor has
433 qubits.
Qubits exist in superposition in specific conditiongcluding very low temperatures (~0.01
K), with radiation -shielding and protectiogainst physical shock.
Material or electromagnetic defectin the circuite 6 S 6SSy ljdzoAda O2dzZ R | f 2
states.
Researchers are yet to build QCs that completely eliminate these disturbances in systems.
5. Quantummechanics
TheNobel Prizefor Physic2022is beingsharedby three scientists, Alainspect, John F &lser
and Anton Zeilinger, for their work aquantum mechanics
The three conducted a series of experiments on something cafieghgled quantum states,
where two separate particles behave like a single unitheir pathbreaking results Whave
implications in the fields of quantum computers, quantum networks andisequantum
encrypted communication.
A phenomenon callequantum teleportation, which makes it possible to move a quantum state
fromone particletoo/ S | 4 | RAAGI yOSd¢
6. Quantum Key Distniliion (QKD)
Under the Innovation for Defense Excellence (iDEX), a startup QNu labs have developed QKD.
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1 QKDis a secure communicationdbnology that allows two parties to generate a shared
secret key which can be usedeaacrypt and decrypt messages

1 Working: Quantum computindakes advantage of the strangdility of subatomic particles
to exist in more tharone state at any time. Du®tthe way the tiniest of particles behave,
operations can be done much more quickly and use less energy than classipaters.

About iDEX:

1 Itis aninitiative by the governmena(nched in 2018to contribute tothe modemnization of
the Defense Indusy.

1 It aims to promote innovation and technology development in Defense and Aerospace by
engaging with Industries, MSMEstartups, individual innovators, R&D institutes & academja

91 It will be funded bythe Defense InnovatiorOrganization (DIO) (under th®linistry of

Defence).
Q 9

EI:|> Classicall Public Channel (':D
n/ &£ A

EVE
ALICE {The Eavesdropper) BOB
{The Sender) {The Racalver]
\ Quantum Channel /
_______________ G
\&égled Photon
Source

7.hLISYy!' LQa [/ KFGDt ¢
T hLlSy! LQa ldtersdlidnd chatiot | | Generative Al, likether forms of Al,

powered by artificial intelliggnce which can talk learns to take actions from past data,

back almost as another humaleing would. However, it goes beyond simply

Transformer a kind of computer language model | creates brand new content, such as
that relies on deep l@rning techniques to produce| text images, and computer code,
humartlike textbased inputs. based on that training. One famous

9 Once a user signs up fon&GPT, they can use the examp|e of generative A ChatGPT
chatbot to have a conversation, and it is expectea
to givereasonably intelligent anwersin the form of an essay.

9 Itis also aneural network as a large network of computers can finae its output of words
based on feedback.

I The chatbot camememberwhat the user said earlier in the conversation.

1 It also allows users to follow up @orrections

I FTOSNI GKS adz00Saa 2F hLSy! LQaA i
chatbots to grab a share ofthematkedb a9¢! = gKAOK f 2@S
world, has launched its new chatbot called LLaMA

S§OSNI t Qz2VY
2y 2Lt Al

w

8. Artificial Intelligence
What does Al mean?
1 A system to be called an Al should exhdloitne level of learning and adapting
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9 Artificial Narrow Intelligence (ANIX A particular system addressing a particular problem.
Narrow Al igffective only in an area in which it is trainedeXg Fraud detection, facial
recognition, social recommendations etc.

1 Artificial General Intelligence (AGE)it mimics Human Itelligence The system is developed
usingneural networks These neural networks work by feeding each data point through ar
interconnected network, adjusting the parametess more and more data are fed through
the network, the parameters stabilise; thimél outcor S A& GKS G0 NI AYSRé y SdzNJ
which can then produce the desired output on new data.

1 Hence, it can be said thagal Al i.e., AGI still is in the formulation stage. The Al that we
experience in daily lives (including ChatGPT) are ANI.

Sclemes in India to boost Al:
1. National Strategy for Al to develop an ecosystem for the research and adoption of Atrtificial
Intelligence i.e., #AIFOR ALL.

2. Visveswaraya PhD Scheme

3. National programme of responsible use of Al for h

4. A founding member of thGlobal Partnership on Artificial Intelligence (GPAI).

5. Government of India organizeResponsible Al for Social Empowerment (RAISHB draw a
roadmap social transformation, inclusion and empowerment through responsible Al.

9. Distributed ledger technolod{pLT)

9 Distributed ledger technology (DLT) is a digital systenrecording the transaction of

assetsin which thetransactions and their details are recorded in multiple places at the
same time.

1 Unlike traditional databasesljistributed ledgers haveno central data storeor administration
functionality.

1 Whether distributed ledger technologies, such as blockchainrevitilutionize how
governments, institutions and industries work is an open question.

9 Blockchain technologys a specific kind of DLfhat came to prominence after Bitcoin, a
cryptocurrency that used it, became popular.

1 Cryptocurrenciesuch aBitcoin usecodes to encrypt transactions and stack them up in
blocks,creating Blockchains. It is the use of codes that differentiates cryptocurisincia
other virtual currencies.

10.Nonfungible token (NFT)

NFTs are digital assetghose ownership is verified thrgih transaction records stored on
blockchainsArtwork, digital avatars and accessorized monkeye some of the most commonly
traded NFTs.
BEverything fromdrawings, photos, videos, GIFs, music;game items, selfies, and even a
tweet can be turned into arNFT, which can then be traded online using cryptocurrency.

About OpenSea
OpensSeas said to be one of thiargest NFT marketplacein exitence.
OpenSea was built on the Ethereum blockchain to trade NFTSs.

What makes NFTs unique from other digital forms?
It is backed by Blockchain technology.
NFT transactions are recorded on blockchains, which is a digital public ledger, with most NFTs
being a part of the Ethereum blockchain.

How do NFTs work?
NFT works on blockchain as it gives users complete owipeo$lai digital asset.
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get is proof obwnership, powered by Blockchain.

Differences between NFT and Cryptocurrency:

Cryptocurrency is a currency and isrgible, meaning that it is interchangeable.
For instance, if you hold one crypto token, say one Ethereum, the next Ethereum that yo
hold will also be of the same value. BUETs are notfiungible, that means the value of one
NFT is not equal to anotheEvery art is different from other, making it non fungible, and
unique.

11.0Organic Solar Cells

Scientists at [IT Kanpur hav S
developedorganic solar cell |
devicesconsisting of a

First generation solar PV cells Second generation solar PV cells Third generation solar PV cells
bl en d Of 0 rg anic po Iym er Single-crystal or monocrystalline Amorphous silicon (a-Si) Copper zinc tin sulphide (CZTS) PV cell

silicon cadmium telluride (CdTe), Organic solar cell
(PT B 7) as do noran d Polycrystalline or multicrystalline copper indium gallium selenide (CIGS) Perovskite Solar Cell

H silicon Polymer PV cell
(PCB M) organic Hybrid Solar Cell
H Buried Contact Solar Cell
semiconductoras an Concentrated PV Cell (CVP)
L i Solar Ce ator (LSC)

acceptor on steel cell

Multijunction Solar Cell (MJ)

substrates.

M It can convert ateel
roof into an energy
producing device

1 This is part of emerging
3 generation
phaotovoltaic solar cells
technologies

Nanocrystal Solar Cell

: Quantum Dot Solar Cell

l Dye-Sensitized Solar Cell (DSSC)

2 Photoelectrochemical Cell (PEC)
Etc.

® o
°
What are 3¢ generation
. rd
photovoltaic solar cells SESen
teChnO|OgieS? Emerging PV > Perovskite Solar Cells
. . » Organic Solar Cells

Third-generation solar cells > Dye Sensitized Solar Cells

. » Advanced Concepts
(SCS) areolutlon Advantages: low production cost, comparable efficiency

processed SCs based on 2% Gen. Disadvantages: short-term stability, immature technology
semiconducting organic
macromolecules, inaganic

Thin Film

nanopatrticles or hybrids 1%Gen. @
] Silicon PV Disadvantages: lower efficiency
How do oragnic solar cells
work?
A typical OrganiC solar cell Advantages: high carrier mobility, mature technology
COﬂSiStS Of two Disadvantages: costly, loss of photon energy

semiconducting layers made of plastic polymers and other flexible matertadscell generates
electricity by absorbing particles of light, gshotons.
1 Itis based on the photosynthesisrpcess in Plants

12 Deepfakes
Deepfakes are digital mediavideo, audio, and imagexdited and manipulated using
Artificial Intelligence (AlYo inflict harm on individals and institutions.
Al-Generated Synthetic media or deepfakégave cleabenefitsin certain areas, such as
accessibility, education, film production, criminal forensics, and artistic expression.
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It can beexploited (hyperrealistic digital falsificabin) to damage the reputation fabricate
evidence, defraud the public, and undermine trusdemocratic institutions wittiewer
resourcegcloud computing, Al algorithms and abundant data).

13.BharOS

1 BharOS is aAndroid OpenSouce Projectand was developd byJandK Operations Private
Limited, a nonprofit organisation incubated at [IT Madras

1 Concerns existed with respect tioe collecton, storage,and usge ofdata that is generated
by Indian smartphone userd8harOS tries to address these issues.

How is BharOS different from Android?

1 BharOS use&OSP or Android Opetsource Project

1 ltis free from Google Services and Apps

1 It comes withno default app(NDA)allowing users to have more control over permissions
that an app can have.

1 BharOS does not coewith any preinstalled services or apps, and hence, is deemed to bg

more secure.

It comes with anative overthe-air update (NOTA) featuréhat keeps thedevices safe

Private App Store Services (PASB)e device gives access to only those apps whileh

been thoroughly verified by the organization.

=a =

How will apps work on BharOS?

1 It will let users choose whatpps they want to use for their own devices

1 It will have itsown app store which will allow users to download and instalbps.

1 Users may be alvedto sideload apps in a much easier manner than Android allows.

1 BharOSnayfavour indigenously developed apps or apps that have been designed with a
particular focus on India and Indian users.

1 The indigenoushpuilt BharOS paves the way fatmanirbharBharat& could help put a
check on Big Tech and the duopoly of Goggbple h the moble ecosystem.

14.Gelbots
Made out ofgelatin, agelbotis a significant advance intie2 NI R 2 F ®D2 PN NBo2WAO0a K I
are fashioned out of organic and nometallic materials.

About the Gelbots:

A 3D-printed device

Movewithout requiring an extrapower source

Feels like a Fruit gum rather than hard metallic surfaces of robots.

Extremely promising materials for soft robotics

They rely on the principle thatels that swell or shrink in response to temperature can be
used tocreate smart structures

1 Cheap and easy to mass produce

=A =4 =4 =4 =4

Uses

i To delivetargeted medicines
1 Deployeday' I NAYS NRo20Gaz LI OGNRBEfEAYI.FIYyR Y2YA[U2NAY 3 |iK
1 Minimally invasivetechnology for biomedical diagnosis and treatment.

15a S N daip@condiuctivity
Supercondativity was first discovered imercury, yet scientists required11 yeargo explain
how it becomes superconducting
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The BardeerCooperSchrieffer (BCS Theory) NOTES

explain the superconductivity of Mercury

About Mercury:

1 Mercuryis anaturally occurring elementhat
is found in air, water and soil.

1 Itis released into thatmosphere through A
natural processesuch as weathering of John Bardeen, Leon Cooper and Bob Schrieffer
rocks,volcanic eruptions, geothermal " 00
activities, forest fires, etc. B C S

. . . . . L] ® L ]

T ltis theonly metal which remains |ICIUId at Nobel Prize 1972 for their theory of 1957 which
room temperature explained conventional superconductors: nearly 50

years after their discovery by Kamerlingh Onnes!

About Superconductivity:

Superconductorare materials Mercury

that conduct electricitywith no stomic PROSR

resistance. Unlike the more familiar number 80 200.592 |

conductors such as copper or steel, ¢ ool T— ggﬁ;a:rfvg{:gce:f; ”

superconductorcancarry a current T ey H g @\

indefinitely without losing any electron ~ [ crystal structure

configuration N

energy. | [Xe]4f145010652 iyl atata

1 Advantages of superconductors name mercury at 20 °C (68 °F)
low power dissipation, hiyspeed
operfatlo.n, and high sen5|t|y|ty I Transiion metas e [l

1 Application E.g. MRI machines,

Particle accelerators, Power @ i D Weakiy basic
utilities, electronics companies, .. .. .o
the military, and trasportation.

Meissner effect

When amaterial makes the transitiorfrom the normal to the supercondting state, it

activelyexcludes magnetic fields from its interior; this is called the Meissner effect.

16.End-to-end encryption
It is a communication procssthat encrypts data
being shared between two devicgzeventing i e
3rd parties(cloud service proders, internet A i
service providers (ISPs), and cybercrimirfatsh e
accessing data while it is being transferred v
It uses an algorithnthat transforms standard il
text into an unreadable format, which can only KSus91yVnP
be unscrambled bthose with the decryption
keys. Plaintext:
It has long beemised to secure communications  55eTr < el
and can also be used to secure passwords, @
protect stored data and safeguard data on clout
storage.

17.CrCoNi allp

An alloy made from chromium, cobalt and nickel has been found to be the toughest material|ever

recorded. And CrCoNly gets tougher as the temperature drops.

Usageslt can be used to build structures which can withstand extremely cold conditionsasuch

those in deep space.
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a) Grain Boundary (GB)

What makes it so tough?

tKS aSONBiO 2F GKS
its internal structure.When force is
applied, a phenomenon callathno
twinning occurs where portions of the
lattice create a mirror symmetrywith

a border betveen them.If more force
is applied, the CrCoNi atoms use this
energy to rearrange the unit cellsofn
afacecentred cubic crystal to
hexagonal close packinghus making
the structure very hard.

Grain 2

What is an alloy?

An alloyis a mixture of chemical
elements of which ateast one is a
metal. Unlikechemical compoundsvith metallic bases, an alloy wilttain all the properties of
metal in the resulting material.

What are HEAS?

High-entropy alloys(HEAshre alloys that are formed by mixing equal or reldly large
proportions of (usually) five or more elements.

1 This equal mix makes ti@rCoNalloy exceptionally strong and ductile when tested
9 Other alloysare made with high amounts of one element along with low amounts of others

18.Facial Recognition TecHagy

1 Faciakecognition is a way of recognizing a human face through technology.
9 It useshiometricsto map facial features from a photograp video.

9 It compares the information with a database of known faces to finth&ch.

How it works?

1. Apicture of the face is capturedrom a photo or video.

2. Facial recognitiosoftware reads the geometrpf the face (Ex the distance between eyes
and thedistance from foreheatb chin)

3. Facial signatura a mathematical formula is compared toa database of known fees

4. A determination is made. THaceprint may match that of anmage in a facial recognition
sydem database.

Digi Yatri:
1 TheAirports Authority of Indialaunched the Dig¥atri service that will provideontactless
entry to passengers at airports bysing facial recognition technology

19.Narcoanalysiandpolygraph test
Ly | WyFND2Q 2N yINO2Fylfeara GdSadaz I RNHA OF S
accused, which transports thenota hypnotic or sedated statén which their imaginaton is
neutralised In this hypnotic state, the accused is understood as being incapable of lying, and
expected to divulge information that is true.

S

A polygraph test is based on the assumption thattysiologicalresponses that are triggered
when a persn is lying are different from what they would be otherwise.
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A polygraph test does not involve injecting drugs into the bodwther instruments like cardio
cuffs or sensitive electrodes are attachexdthe suspectand variables such as blood pressure,
pulse rate, respiration, change in sweat gland activity, blood flow, etc., are measured as quegtions
are put to them.

A numerical value is assigned to each response to conclude whether the persangstiel
truth, is deceiving, or is uncertain.

In recent decades, investigating agencies have sought to employ these tests in investigation,
GKAOK INB a2YSiGAYSa 4SSy Ia o0SAy3a I+ aaz2¥FdSNIFEGdgNy
the truth from sugpects.

However neither method has been proven sciefiitally to have a 100% success ratad
remain contentious in the medical field as well.

Ly W{St@A 9 hNER @a {dFG§S 2F YINYyFGF{l 9 !'YNDR 6HAMnA
detector tests shald be adminisi SNBER G« SEOSLII 2y W(KS 00E#HES RFP O2y apy i
GKIFIG GKS WDAZARStAYSa F2NJ GKS ! RYAYAAUNI GA2Yy 2F t
blFrdA2yFf 1 dzYly wA3aKGa /2YYA&AAA2Y Ay nsemtnnsy Ydzad o
should ke recorded before a judicial magistratbe court said.

N

20.Gait analysis

Gait is defined as a manner of walking or moving on fGait analysis is a technique in podiatry
medical care and the treatment of the foot, which is used to evaluatedaliagnose conditions
that affect walking and posture

The analysis can help experts zero in on the source of an injury or pain that determines the yay in
which an individual stands or walks. It can also be used by physiotherapists for treatment, and in
athletics training so that athletes can perform bettnd in greater comfort.

Gait analysis techniques have now been borrowed by forensic sciences experts to identify
suspects in criminal caseBor the analysis, experts compare the gait of a person Be€CTV

footage from the crime spot with a sample®fK S & dza LISOG Qa st 1 ® | apy 3 O2 Y|z
two images are compared.

In India, police have relied on the gait test in a few other cases previously.

¢KS RSINBS 27F dzyAlj daBpa&dawith other, mbre prdSidetparamatdrs udddA G O 2
to establish identity, such as fingerprints or a DNA test, is yet to be established.

21 Phytorid technology

f  The Municipal Corporation of Tirupati (MCT) estalglish y R A I QliguidwadieR S a
treatment plant. Theplant adopsthe phytorid technologyfor its operdion.

1 Phytorid technology involves the treatment of wastewater under a sedimentation process to
eliminate solid matter after which, the water is made to flow in a serpentine motion into a
sub-surface clamber containing multiple barricades.

9 Further, sapligs are planted atop a porous medium containing gravel and stones which helps
to eliminate the organic matter.

9 Later, the water is made to flow through activated carbon filters to reduce the Biochemical
Oxygen Demand to 5mg, which is lower than the natisstahdard of 10mg put in place by
the Union Ministry of Housing and Urban Affairs.

f ThePhytorid technologyhas been developed by { LwQ& bl GA2y It O9YGBANRYYSY[il f
Research Institute (NEERI).
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22 Proton Mail

The probe into the cyberattack on some sawvat AIIMS in the national capital has found that tl

NOTES

ne

IP addresses of two emails, which were identified from the headers of files that were encrypted

by the hackers, originated from Hong Kong ancdh@ia | Sy Iy LINR JAYy OS @
used the enail service Protonmail.

Proton Mailis anend-to-end encryptedemail servicefounded in 2013 ilsenevaSwitzerlandlt
usesclient-side encryptionto protect email content and user data before thare sent to Proton
Mail servers, unlike other commomrail providers such a&mailand Outlook.com.

23.Carbon dating

Carbon dating is a widelysed method applied to establish the age of organic materiklings
that were once living. Living things havelmzn in them in various form3.he dating method
makes se of the fact that a particular isotope of carbon calledl@, with an atomic mass of 14,
is radioactive, and decays at a rate that is well known.

The most abundant isotope of carbon in the atmospfeds carborrl2 or a carbon atom whose
atomic mass is 1A very small amount of carbel is also present. The ratio of carbb to
carbonl14 in the atmosphere is almost static, and is known.

Plants get their carbon through the process of photosynthegndle animals get it mainly through
food. Because plats and animals get their carbon from the atmosphere, they too acquire
carbont12 and carborl4 isotopes in roughly the same proportion as is available in the
atmosphere.

But when they die, the interdions with the atmosphere stops. There is no furtheakd of
carbon (and no outgo either, because metabolism stops). Now, catBas stable and does not
decay, while carboii4 is radioactive. Carbei¥ reduces to ondalf of itself in about 5,730 years
CKA&G Ad oKIFIG XAFTEW®oY | a AGaA WKIETF

Carbon datng cannot be applied in all circumstances. Specifically, it cannot be used to
determine the age of nodiving things Alsq the age of things that are more than 40,0D,000
years cannot be arrivedtahrough carbon dating.

There are other methods to aallate the age of inanimate things, but carbon dating can also b
used in an indirect way in certain circumstances. For example, the age of the ice cores in gla
and polar regions is determineding carbon dating by studying the carbon dioxide molesul
trapped inside large ice sheets. The trapped molecules have no interaction with the outside
atmosphere and are found in the same state as when they were trapped.

Other methods:
Radiometric dating nethods: Here, instead of carbon, decays of other raditive elements
that might be present in the material become the basis for the dating method.
Cosmogenic nuclide datindt is regularly applied to study the age of ice cores inmpola
regions.

24 Web 1.0to Web 5.0

Web 1.0 was the first generation of the dbal digital communications networkit is often
NEFTSNNBR (2YyFE &¢0KFi&NFISR -pagesindt odlyTalloded foripasSive 4
engagement.

The next stage in the eugion of the web wasi KS G NBFR YR gNRGSE L
able tocommunicate with servers and other users leading to the creation of the social web. 7]

(2 dZNDS &

e
\;ciers

w
O

Yy iSNYySI
his is

the world wide web that we use today.
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Web 3.0 is an evolving term that is used to refierthe next generaton of Internet¢ & NBS || R
write-S E S O dzii 6vith dec@riiralization as its bedrock.

It speaks about a digital world, built leveraging the blockchain technology, where people are [able
to interact with each other without the need of antermediary. Web 3.0vill be driven by
Artificial Intelligence and machidearning where machines will be able to interpret information
like humans.

Whatis Web5.0?

.SAy3 RS@St2LISR 08 52NASeEQa . AWehBNigamdaa A y|Saa dzy A
G 6 dzA f R Arg/decemtrgllize8 &eb that puts you in control of yolR I G | YR ARSyiGAGE¢ ®
Simply put, Web 5.0 is Web 2.0 plus Web 3.0thattwillf 2 6 dza SN&E G2 W26yl G§KSANJ
LYGSNySa yR WO2yiNRBt GKSANI RFGFQ@®

Both Web 3.0 and Web 5.Gveision arninternet without threat of censorshipg from

governments or bigech, and without fear of significant outages.

2850 odn AAayQl GNYz & RSOSYGNItAT SR 2N 2s6ySR o0& Al
GOSYGdzNBE OF LIAGF tNEEd FyR fAYAGSR LI NIyS

25.Lilon Batteryand New Anode Material
Researchers from IIT Gandhinagad Japan discovered a new anode material which could be
helpful in ensuring the life and ultfast charging of lithiurion batteries (LIBS).

New Anode Material:

It is atwo-dimensional(2D) anode raterial, developed usinlano sheetderived fromTitanium
Diboride (TiB2).This anode had anltra-fast charging capacityith a considerable discharge
capacityat highcapacity retention.

Batteries are comprised of 8ssential components:

1 TheAnodeisthe negative or reducing electrodéhat releaseslectronsto the external circuit
and oxidizes during an electrochemical reaction

1 TheCathodeis the positive or oxidizing electrodehat acquires electrons from the exieal
circuit and is reduced durindpé electrochemical reaction.

1 TheElectrolyteis themedium that provides the ion transport mechanism between the cathofde
and anode of a cell.
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Lithium-ion battery

Researchers from IIT Gandhinagar and Japan discovered a new anode material which could be helpful
in ensuring the life and ultra-fast charging of lithium-ion batteries (LIBs).

LITHIUM-ION BATTERY
DISCHARGE CHARGE

SEPARATOR

CATHODE () A Lithium-ion or Li-ion battery is a
A COLLESTOR type of rechargeable battery which

uses the reversible reduction of
lithium ions to store energy.

Industrial Machinery Uninterruptible Power Supply
Stationary energy storage Electric carts Relay base stations
Grid energy for communication Data centers

ic forklift: it
@ . Electric forklifts o! El elavtors s
o Lo =
= Power tool
=S -p =

@ ) Mobile Device Field Advanced Technology Field
Autobicycles
Satellites.
Portable energy )
storage loT sensors Wearable devices
A || Robots Submarines

® @® ® @ ® v - ™

Smartphones  Laptops Tablets  Power tools Personal Care o

G & 3

Emerging Potential of Lithium lon Battery Lithium lon Battery Applications

Visit Insights IAS Daily CA for detailed News

The sodiumion battery is a type of rechargeable battery (similar to a lithion battery)which
usessodium ionsas the charge carriers.

Issueswith Li-ion batteries:Limited resources, high environmental mining cost, Safety issues due
to flammability, expensive, low perforamce at the cooler temperature, recycling is complex.
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W¥ Advantages of Sodium lon battery over Lithium
INSIGHTSIAS |on
Solid state separator (instead of polymer separator
used in Li-ion)- more energy dense O
Lower charging time and improved life
Sodium is naturally abundant and easier to «:’
extract and greener than Lithium N
Solid electrolyte non flammable- increased
safety
Negatively e Positively
charged ﬂ‘ it charged
(Carbon) N L (Sodium
Anod — containing
Lo '*M )’” material )
" Cathode
SEI CEl
Anode Liquid electrolyte Cathode
26.Liquid Crystal Display
1 A new easier technigue of Segment Gommon
manufacuring liquid crysta |
displays has been developed, . | | %
which can reduce the cost of =, — i £
ol # =#
the devices. \\L’ ﬁﬂ {‘ i # Z {‘ @ i)
T Liquid crystarefersto the Light Source | LIaUID CRYSTAL |
intermediate status of a Rear oN Eront
substance between solid ftiod fsoiiont
(crystal) and liquid.
1 Aliquid crystal display (LCD) Segment Common
has liquid crystal material E'e°|‘r°°'e E'e°‘|“°"e
sandvichedbetweentwo
sheets of glassWithout any N |l o %
voltage applied between _<jp_ JaTRseRtE e
transparent electrodes, liquid y mfme r ]
crystal mokcules are aligned in | LIauID CRYSTAL | y
parallel with the glass surface. oarzer OFF Poarzer
When voltage is applied, they etz (ertieal)
change their direction and turn vertically to the glassface
27 India’s fist data centre
b 2 NI K fitstyhyparsc@iddata centre Yotta Didias established recently
The hyperscale data centre was developed by Yobtfeastructureg an arm of the Hiranandan
Group. It is situated at a strategic locaticlose to important bd A y Saa Kdza 2F LYRAL
[P LIAGEE wS3IA2yd ¢KAA LINPGARSA | YlI22Nl oz22ad FT2N

www.insightsomndia.com 48

InsightslAS



http://www.insightsonindia.com/

INSTA PZ023EXCLUSIVE (SCIENCE AND TECHNOLOGY) |

NOTES

About Yotta D1W, 2 ( G I 5 mt@rnefperitgdzhtiiangeand direct fibre connectivityto
and from global cloud opators, making it extremaly useful for global connectivity. It will help i
accessingervicedike public cloud service, cyber security, and disaster recovery.

A data @ntre is a facility thatentralizes an organization's shared IT operations and equipmen
for the purposes oftering, processing, and disseminating data and applications.

=}

28.Geospatial Technology

Geospatial Technology is an emerging field afdy that includes Geographic Information
Systems (GIS), Remote Sensing (RS), and Global Positiorstents (GPS).

Geospatial technology enables us to acquire data that is referenced to the earth andarse it
analysis, modelling, simulations, and vikzetion

1 The government had previously released guidelines on Geospatial Data 2021, Drone Rules
2021and SVAMITVA (Survey of Villages and Mapping with Improvised Technology in Village
Areas) scheme to providm integrated property validation solution foural India.

1 Itis a scheme for mapping the land parcels in rural inhabited areas using drone ltephno
and a Continuously Operating Reference Station (CORS).

.
Geospatial Technology M
Geospatial Technology is an emerging field of study that System (GIS), Remote Sensing (RS), and
Global Positioning System (GPS)
Various app of p in different prog
The Smart
Cities and The National
AMRUT (500 Mission for
cities) both have clean Ganga North Eastern
a prospective deals with Region Urban
centralised extensive spatial Development
information system data and analysis Programme
based on GIS that for the Ganga talks about
would integrate National basin extensive use
Afforestation of Geospatial Delhi Mumbai

every aspect from
The Digital conceptualisation,
India vision areas planning and

has a specific focus development to
on leveraging maintenance.
Geospatial
Information
Systems (GIS)

for dedision
support systems &
development

Industrial
Corridor
Projectis
implementing

Geospatial Technologies
Technologies for planning &
provide a holistic management
approach to of water supply,
interlinking sewerage and
of rivers sanitation as well
based on existing as solid waste
planning and geoinformatics management
subsequent project tools and
monitoring techniques

O O O ®) O

Programme
dearly mandates
use of Remote
Sensing and
Geographic
Information
Systems for

Remote Sensing,
GIS and ITES

for perspective
planning and nodal
planning of the
Corridor.
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29 Photoniccrystal

1 Aresearch team from the Centre for Nano and Sa#ri&es (CeNS) (an autonomous institute
of the Department and Science and Technology) have develomgzh&mnestabilised tunable
photonic crystal that can make more durable & better reflective ldigand lasers devices

1 A photonic crystal is an optical nastructure in which the refractive index changes
periodically(e.qg., opal, butterfly wings, peacock tkars). Photonic crystals are attractive
optical materials for controlling and manipulatingHt flow.

91 Applications: Onalimensional photonic crystalsealready in widespread use, in the form @
thin-film optics, with applications from low and higéflection coatings on lenses and mirror
to colourchanging paints and inks

=3

\*2)

Basic information

1 Light is made of particles called photons, bundles of teetedbmagnetic field that carry a
specific amount of energy.

1 Graphene is an allotrope of carbon consigtof a single layer of atoms arranged in atwo
dimensional honeycomb lattice nanostructuteis used for its high strength, low weight and
high conduting capability
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Reflective Index
In optics, the refractive index of an optical medium is a dinariess number that gives an
indication of the lightbending ability of that medium.

30.SemiAutomated Offside Technology
1 FIFA use®AOT for offside decisisin

Semi-automated offside technology

the recent football world cup. A new system to detect the position of the ball and all 22 players
should enhance Video Assistant Refereeing at the World Cup
ﬂ There aregwo parts to the teChnOIOQy[ _ KICK POINT PRECISION Connected Ball Technology:
H i A | 4 i Suspension System holds and
a sensor inside thenatch | £ £ 6 1 F Aonatcary
Rihla)that is held usinguspension and where 8. (ML) T oo
.. . ball is IMU transmits inertia data of ball -
technology, and existing tracking tosl kicked kick-point, location, direction — at
500Hz, 500 ti d
that are part of the VAR system. T
1 Every time the ball is iidata is sent in B video

real-time (at a whopping 500 frames per T N,

Conventional VAR: 50 frames

secong to a network of antennae persecond «~ 11—
. . . \ :L 2
installedaround the playmg field. PLAYER POSITIONS Defender 12 cameras in I
Additionally, there ard.2 HawkEye prienis e point deines i} okt val o
camerasset up around the turfhiat up 1029 data points.  ggllteide e i S
. or each player
shadow both the ball and the players, wit| ! (1)
L o - o
as many as 28eparate points in the ¢ ’ e
human body tracked. - ._.
1 The coming together dhe ball sensor — 0 =
and the HawkEye canerasis in effect OFFSIDE
. .. Alert triggered and
SAOT, which allows for decisions that are ioggeq validated in Video
. . ? tion R
highly accurate and quickThese two data Siemte b

ificial i i offside
sets are run through artificial intelligence g3

software which generates automated ! projects

!_)eyo_nd
alerts about offsides to the match officials W _tracks when offside line
ball is received Decision
°_ by player in offside communicated
position when ball was kicked to referee
3 1 .S m art Contracts Sources: FIFA, adidas Pictures: Getty Images TEGRAPHIC NEWS

The cryptoecosystem sits on top of distributed ledgers, which are broadly called blockchains
Apart from recording and verifying transactions, some crypto blodksHike Ethereum let users
launch agreements or special actions that execute on their own.

These ar&known assmart contractsand to create them effectivelygrogramming languageare

a must.

How smart contracts work

Who relies on Smart contracts?
Crypto exchanges, decentraéid apps
(dApp9, the automated buying or
selling of orders, and eveMFFbased
gamesoften rely on smat contracts to

run smoothly. P?;ﬁ;gg:d Execution Settlement

What if it fails
A smart contract failure can cause
platform outages,andexploitation of the codescould devalue the ent& ecosystem.

32.Strong Hybrid Electric Vehicles (FFRNEV)
1%t of this kind of project has ke launché by the Ministry of Road and Transport

Ahybrid electric vehid (HBY) is a type ofiybrid vehicleghat combines a conventionaiternal
combustion engin€lCE) system with aglectricpropulsion systenthybrid vehicle drivetrain The
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presence of the kectric powertrain is Full Hybrid Mild Hybrid

intended to achieve either betteuel 12-Volt Battery Engine iinoribad
i i " Storter

economythan aconventional vehicler 5] ol

better performance

Hybrid EVs can be:

1 Full hybrid(can use electric and Bacric
combustion engine at the same time Mot
or independently)

1 Mild hybrid (starter generato linked
to a lkion batteryto run air

 Tronsmission

300-volt B, 42-volt

e . Battery Battery
conditioning or other devices) Pock Pock
9 Strong hybrid(batteries can be
rechargedcompletely by the engine or regenerative braking)
33.Hydrogen Fuel Cell
India’s first indigenously .
developed Hydrogen fuel Hydrogen Fuel Cell N

cell bus was developkb
y A hydrogen fuel cell uses the chemical energy of hydrogen to produce

KPITCSIR. electricity. It is a clean form of energy with electricity, heat and water being
the only by-products.

About Green Hydrogen: . » .
Green hvdroaen Advantages: Fuel cells provide advantages over traditional combustion-
. y g based technologies, including greater efficiency and lower emissions.
ishydrogen generated by  Recently, india's first indigenously developed Hydrogen fuel cell bus was

renewable energy or from  unveiled.

low-carbon power How does a Hydrogen Fuel Cell Work?
A fuel cell is an electrochemical energy conversion device - it utilizes
BerEﬁtS: hydrogen and oxygen to generate electricity, heat, and water.

Green hydrogen enables

The hydrogen atoms

deep decarbonizatiorof enter at the anode.

difficult-to-abate emissions

from the refining INJUSITY, - 2 e vem e - A e
fertiliser industy, steel aoode.

industry, cement industry

The positively charged protons Hydrogen in Oxygen in
through th b to th

and aISO Trom the heavy ::):::odeo::d lh::;:':(i::;ec:avg:d .

commercial transportatlon :!":‘."’"‘ e forced throuon 8 Water out
ircuit, generating electricity. e OU

sector.

Green hydrogen has 4 i ilpriGpiomg FUEL CELL

H H d ox fr he air
significantlylower carbon Eantedte (5 AT ws Biroicin
emissiongsthan grey WM I

hydrogen which isproduced by steam reforming of natural gas, which makes up the bulk of the
hydrogen market.

About CSIR:

Itis the largestesearch and development (R&Brxganisation in India established 1942(HQ:
NewDelhi). It is funded by th®linistry of Science ad Technologybut operates as an
autonomous bodyhrough theSocieties Registtian Act, 1860.

34 Labgrown meat
GPlanto | & $efis to products that bienimic or replicate meat, seafood, eggs, and milk
derived from animals by looking, smelling, and tasting like them.

How are these made?
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proteins.

NOTES
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1 As for plantbased dairythe main products are milk from oats, almonds, soybean, coconut,
and rice. Aong these, oat milk is coiered the closest to regular milk.

Labgrown or cultured meat different from plartbased meat as théatter is made from fant
sources such as soy or pea protein, while cultured meat is grown directly from cells in a
laboratoty. They offeralternatives o traditional meatproducts that could feed a lot more
people,reduce the threat of zoonotic diseaseandmitigate the envionmental impactof meat
consumption.

35.New edible coating to prolong the shelf life of frU|ts and vdieta

1 Ateam of researcherat the Indian Institute  |§ S - i | ! =
of Technology (lITGuwahati has developed
anedible material that, coated on vegetables‘
and fruits, substantially extended their sheilf
life.

1 The team used a mix of an extract aharine
microalga callecdDunaliella tertiolectaand
polysaccharides to produce iThe microalga
is known forits antioxidant properties and
has various bioactive compounds duas
carotenoids and proteins.

1 Research is carried out to help farmers keep tipeaduce safe from sproting & rotting for
longer durations & help the countryneet UN Sustainable Development Goal (SDG) targets
on reducing food losses in production and suip chains.

36.Extended Reality (XR)
MeitY has collaborated with

aSilF oFF{1S022]1 Extended Reality (XR) . "

company) to accelerate XR

technology starups in India. MeitY has collaborated with Meta (facebook’s parent company) to
accelerate XR technology start-ups in India.

What is XR?

Extended rea”ty (XH}G an Extended reality (XR) is an umbrella term referring to all real-and-virtual

combined environments and human-machine interactions generated by

umbrella term referrmg to all computer technology and wearables.

realand-virtual combined

environmentsand human XR (Extended Reality)

machine interactions . . . . n
Collective term applied to immersive experiences

generatedby computer incorporating varying degrees of digital and real information
technology and wearables. m
o (Augmented Reality) (Mixed Reality)

Applications
1 Training e.g., for soldiers,  — a

driving, surgeons *

Testing for corporates

g o
¢ Tourism virtual tours A ™

User views static digital User interacts with User is immersed in
information or visual responsive virtual an interactive,
elements integrated into elements integrated into digitally-generated
the real environment the real environment environment

www.insightsoindia.com 52 InsightslAS



http://www.insightsonindia.com/

INSTA PZ023EXCLUSIVE (SCIENCE AND TECHNOLOGY) |

NOTES

37.Long Range Radio (LoRa)
Institute for Development and Researm Banking Technology (IDRBT, an Institute under the RBI)
has developed aew low-cost financial network to take banking to remotareas.

About LoRa _ _ _ . Chirp Spread Spectrum (CSS),
LoRa technology is a wireless modulation technique in thg longrange radiefrequency

physicalayer, allowing longangecommunicaion using a technology for wireless

chirp spread spectrum. LoRa technology uses dedicated | .ommunication that can be

radios, whichare not usually present in engser devices, leveraged to detect and track th

limiting interferences from other devices. location ofpeople, assets, and

1 Banks can use this as theawn dedicated private devices both in and outdoors,
networkinstead of using a thirgarty network which is | 5:pss largescale facilities
presently based either on a satellite link or wired (fibrel-

91 IDRBT is théirst in the world to develop this netork based on LoRa (Long Range Radio)
technology

Benefits:

1 It will make it possible fgpeoplein remote hilly and forest aeaswithout satellite signals to
access banking services.

Lowerthreat of cyber hacking

Cheaper The cost of the LoRmancial néwork is estimated to b&0 per cent cheapethan
alternative network technologies with an additioredvantage of almost nmaintenance and
portability of devices.

)l
)l

» 100mW = cellular @1W
» Battery Friendly

» Small Size

» Market Priced

Cellular M2M A{((Q))) LoRa LPWAN

Network

celutarpzm LoRa Gateway
\sissacsdas A o)
. B N {33
S 2\ £

Network Server

LoRa LP

Private

Network "
~

38.eSIMs
An eSIM is aembedded SIMessentially the same hardware as a regular SIM claigl but now
a permanently embedded part of the motherboard of a watch or smartphone.

eSIMswere first established a decadgo in 2012, but despite their futuristic usases, have not
completely madephysical SIMs obsolete yet.

Advantages of eSIMs

1 Beng attached to the motherboard alsdlows reprogramming, letting users switch
operatorswithout having to replace any phigsill SIM cards

9 Convenience The ability to store multiple SIM profiles in yeSIM also means you can
switch between profiles edly.

1 Security There is no physical element to pull out and use in another device.
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Disadvantages of eSIMs
Emergencieslf your phone stops working, runs out of battery or simply, falls and gets a
crackel screen, your communication is brought to a completndstill with eSIMs.

Unusable in countries with no eSIM suppoNou cannot use an eSIM phone in a country
aAYLX e

wherethetel®2 ¥ 2 LISNJ ( 2 NA

Support only availablen premium phonesin India, eSIM support is currdptavailable on
more expensive devices like the Apple iPhones, and Google Pixel series.

Telcos have more control

R2y Qi

Embedded SIM (eSIM) technology: Consumer mobile devices

Embedded SIMs will be
smaller, and increasingly
built-in to mobile devices

Mobile phones are likely to be
dual SIM-enabled in the
interim (physical and

The immediate option for
downloading e5IMs will be QR
codes — browse-able eSIM

INSTA PZ023EXCLUSIVE (SCIENCE AND TECHNOLOGY) |
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embedded SIM) marketplaces are expected to

be introduced next

Physical SIM
Embedded SIM

A g

o Physical

eSIM
{e.g. Apple SIM)

0
o-]

QR Code §4&f

Embedded

SIM chip GSMA
Discovery m
Server -
ey cal i
CPU with
(3] eSIMWI - Embedded SIM
capabllities o o

Market-
place

Source: Strategy& analysis

39.CoffeeRing Effect
Study of Coffeeing effect when applied to the drying of biologically relevant flaitike blood
can help diagnosanaemic and hyperlipidaemic conditions

What is the CoffeeRing
Effect?

It occurs whera drop of

spilt coffee dries upthe
outermost edgeof the dried
drop is a little darker than
the centre, forming a darker
WNAYIQd ¢KAaA
outward drift ofsuspended '
coffee particles from the K
centre, causing denser, .
darkened rim &

Researchers from the Indian®nat ine

.

Droplet 4

Particle

Institute of Technalgy, Madrashave shown that after reaching the rim, as the drop dries, some

of the particlesundergo an inward drift too This esearch has applications agriculture,
forensic sciencand everdiseasediagnosis.

404{ GNBESG OASs ASNDAOSEé o6& D223t §
Alphabet hc'sGoogle Mapsas launched itstreet view servicen some cities itndia. Google
Street Viewprovides panorami@60-degree viewsrom designated roads throughout its
coverage aredt helps the user to get a fair idea of the routes throubis feature.

NOTES
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41 Electromagneti€ield(EMF) Emissions
They ardnvisible areaf energy, often referred to as Radiation, that gsaciated with the use
of electrical power and various forms of natural and rmaade lighting.

Sources Natural Sources (sh@sii Kdzy RSNEG2NX¥az FyR GKS St NI
made sources (such as medical equipment using static fields (e.j.wikgless,
telecommunications and broadcasting equipment)

Issues Above certain levels of radiation, EMF emissions carab®&flal to health and affect the
human body as well as that of animals in different ways depending on their frequency.

Governmentsteps:

1 EMF emissions from mobile towers (they are n@mizing Radio frequencies and not
dangeroug: Electromagnetic Field (Elenissions norms from mobile towers in India are
already ten times more stringent (even lower) than the safe limits recommehgiafHO.

1 Monitoring of EMF emissionsTelecom Service Providers(TSPs) are to adhere to the
prescribed norms including the sulssian of aself-certificate before the commercial start of
the Base Transceiver Station (BTS) site.

1 EMF auditby the field unitsof the Department of Telecommunications (DoT)
9 Penalty and shut down of services if found rammpliant.
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