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SCIENCE AND TECHNOLOGY

1. SPACE TECHNOLOGY
I. TYPES OF ORBITS
1 There are many different satellite orbits that can be used.
1 The satellite orbit that is chosen will depend on factors including its function, and the area it is to serve.

1 The lower the satellites orbit the Earth, the stronger the gravitational pull, and this means that the satellite
must travel faster to counteract this pull. Further away the gravitational field is less and the satellite velocities
are correspondingly less.

A satellites orbit t he Earth in one of two basic types of orbit such asCircular and Elliptical satellite orbit

For a circular orbit, the distance from the Earth remains the same at all times whereas the elliptical orbit
changes the distance to the Earth.

9 Circular orbits are classified into Low Earth Orbit, Medium Earth Orbit, Geosynchronous orbit etc.

SATELLITE ORBIT DEFINITIONS
ORBIT NAME OREBIT ALTITUDE DETAILS / COMMENTS
(KM ABOVE
EARTH'S SURFACE)
Low Earth Orbit LEO 200 - 1200
Medium Earth MEQC 1200 - 35790
Orbit
Geosynchronous GSO 35790 Orbits once a day, but not necessarily
Orbit in the same direction as the rotation
of the Earth - not necessarily
stationary
Geostationary GEC 35790 Orbits once a day and moves in the
Orbit same direction as the Earth and
therefore appears stationary above
the same point on the Earth's surface.
Can only be above the Equator.
High Earth Orbit HEO Above 35790

1 Most satellites, the International Space Station, the Space Shuttle, and the Hubble Space Telesope are all in
Low Earth Orbit.

LEO is convenient for installing new instruments, fixing things that are broken, and inspecting damage .

A geosynchronous orbit  , located at 35,790 km has the same orbital period as the sidereal rotation period of
the Earth.

It allows satellites to synchronize with the rotation of the Eart h (only in time and not in direction).

1 This makes geosynchronous satellites particularly useful for telecommunications and other remote
sensing applications.

1 One particular form of geosynchronous orbit is known as a geostationary orbit
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In this type of orbit the satellite rotates in the same direction as the rotation of the Earth and has an
approximate 24 hour period.

The satellite placed in geostationary orbit remains in the same position relative to the Earth.

It is used by many applications including direct broadcast as well ascommunications  or relay systems.

__eynchronous
GeosyM«

While geosynchronous satellites can have any inclination, geostationary orbit lie on the same plane as the
equator.

Polar Orbit 1 Satellites placed in polar orbits have an inclination of about 90 degrees to the equator and
travels north -south over the poles at lower altitudes.

A satellite in the polar orbit approx. takes 90 minutes for a full rotation. As a result, a satellite can observe the
entire surface in the time span of 24 hours.

They are often used for applications such asmonitoring
crops, forests and even global security SUN:SYNCHRONGUSIOREITS

Sun Synchronous Orbit T It is a special case of Polar
Orbit moving from pole to pole allowing satellite to pass over
any given point of the planet's surface at roughly the same

local time each day.

Since there are 365 days in a year and 360 degrees in a circle,

it means that the satellite has to shift its orbit by

approximately one degree per day.

These orbits are used for satellites that need aconstant sun-synchrono

us orbit
amount of sunlight and are useful for imaging, spy, and (the green line)
weather satellites.

[I. LAUNCH VEHICLES

=A =2 = =

Launch Vehicles are used to carry spacecraft to space.

India has two operational launchers : Polar Satellite Launch Vehicle (PSLV) and Geosynchronas Satellite
Launch Vehicle (GSLV).

PSLV

It is the third generation launch vehicle and first Indian launch vehicle to be equipped with liquid stages.

PSLV emerged as the reliable and versatile workhorse launch vehicle of India with consecutively siccessful
missions.

It successfully launched two spacecraft such as Chandrayaaril in 2008 and Mars Orbiter Spacecraft in 2013.
There are three variations in PSLV such as PSLVG (General), PSL\MVXL variants and PSLV-CA (Core Alone).
It has 4 stages inits operation to provide thrust in launching spacecraft to different orbits.

Stage | : It uses solid rocket motor that is augmented by 6 solid strap-on boosters. Strap on boosters are
used only in G and XL variation.

Stage Il : It uses an Earth storable liquid rocket engine for its second stage, known as the Vikas engine.

Stage Il : It uses solid rocket motor that provides the upper stages high thrust after the atmospheric
phase of the launch.
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Stage IV : The uppermost stage of PSLV, comprising of two Earth storable liquid engines
It can take up to 1,750 kg of payload to SunSynchronous Polar Orbits of 600 km altitude.

It can take up to 1,425 kg of payload to Geosynchronous and Geostationary orbits, like satellites from the
IRNSS constellation.

Some of the recent PSLV launches arePSLV-C40/Cartosat-2 series, PSLVC39/IRNSS 1H (unsuccessful),
PSLV-C38, C37 (Cartosat?2 series), PSLMVC36/RESOURCESAT-2A etc.

GSLV

It is the fourth generation launch vehicle and is the largest launch vehicle (GSLV Mark II) developed by
India.

It is a three stage velicle with four liquid strap -on boosters.
Stage | : It uses solid rocket motor with 4 liquid strap -ons.
Stage Il : It usesliquid rocket  engine (similar to vikas engine of PSLV stage II).

Stage Il : It us e s first crdogemid engine (CE-7.5) in the upper stage. It enabled the launching of
2000 kg of communication satellites.

It can take up to 5000 kg of pay load to Low Earth Orbits.

It can take up to 2500 kg of payload to Geosynchronous Trander Orbit (GTO) which are primarily INSAT
class of communication satellites.

Some of the recent launches are GSLM-09/GSAT -9, GSLV-FO5/INSAT 1 3DR, GSLV-D5/GSAT-14.
The next variant of GSLV is GSLV MKk llI, with indigenous high thrust cryogenic engine and stage
GSLV MK Il

GSLV MK Il is a three -stage heavy lift launch vehicle which has two solid strap-ons, a core liquid booster and
a cryogenic upper stage.

It is designed to carry 4 ton class of satellites into Geosynchronous Transfer Orbit (GTO) or about 10 tons to
Low Earth Orbit (LEO), which is about twice the capability of GSLV MK II.

The cryogenic upper stage C25 is powered by CR0 which is India's largest cryogenic engine.

It is having the capability of launching 4000 kg classes of communication satellites to Geosynchronous
Transfer Orbit (GTO) and 8000 kg payload to Low Earth Orbit.

It launched GSAT-19 Mission through its GSLV MK Il D1 mission and LVM -3 /CARE (Crew module
Atmospheric Re-entry Experiment) mission.

Cryogenic Engine

il

f
f
f
il
il

Cryogenics is the science that addresses the production and effects of very low temperatures.
A cryogenic rocket engine is a rocket engine that uses a cryogenic fuel or oxidizer.

That is, its fuel or oxidizer (or both) are gases liquefied and stored a very low temperatures.
Notably, these engines were one of the main factors of NASA's success in reaching the Moon.
Amongst all rocket fuels, hydrogen is known to provide the maximum thrust.

But hydrogen, in its natural gaseous form, is difficult to handle, and, therefore, not used in normal engines in
rockets like PSLV. However, hydrogen can be used in liquid form.

The problem is hydrogen liquefies at very low temperature, nearly 250 degrees Celsius below zero.

To burn this fuel, oxygen also needs to be in liquid form, and that happens at about 90 degrees Celsius below
zero.

Creating such a lowtemperature atmosphere in the rocket is a difficult proposition, because it creates
problems for other material used in the rocket.

That 6s ogehiyupperrstage engines are used in GSLV.
RLV -TD
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1 Reusable Launch Vehiclei Technology Demonstrator (RLV-TD) is a fully reusable launch vehicle to enable
low cost access to space.

1 The configuration of RLV-TD is similar to that of an aircraft and combines the complexity of both launch
vehicles and aircraft.

1 The winged RLV-TD has been configured to act as a flying test bed to evaluate various technologies, namely,
hypersonic flight, autonomous landing and powered cruise flight.

1 Infuture, this vehi cl e wil |l be scaled up to become the first
vehicle.

1 Objectives of RLV -TD:
i. Hypersonic aero thermodynamic characterisation of wing body
ii. Evaluation of autonomous Navigation, Guidance and Control (NGC) schemes
ii. Integrated flight management
iv. Thermal Protection System Evaluation

9 It was successfully flight tested in 2016 from Sriharikota.

lll. TYPES OF SATELLITES
1.5. Communication Satellites

1 The Indian National Satellite (INSAT) series of satellites in Geostationary Orbit (INSAT-3A, 3C, 4A, 4B,
4CR) are usedfor communication purposes.

1 GSAT series also joins the constellation of INSAT system in providing communication services.

It provides services to telecommunications, television broadcasting, satellite newsgathering, societal
applications, weather forecasting, disaster warning and Search and Rescue operations.

1.6. Earth Observation Satellites

1 Indian Remote Sensing (IRS) series of satellites in Sunsynchronous polar orbit are Earth observation

satellites.

91 Currently, 13 operational satellites are in Sun -synchronous orbit T RESOURCESATL, 2, 2A CARTOSAT],
2, 2A, 2B, RISAT-1 and 2, OCEANSAT2, Megha-Tropiques, SARAL and SCATSATL.

1 There are 4 satellites in Geostationary orbit - INSAT-3D, Kalpana & INSAT 3A, INSAT -3DR which is also

used for resource mapping.

1 Data from these satellites are used for several applications covering agriculture, water resources, urban
planning, rural development, mineral prospecting, environment, fores try, ocean resources and disaster
management.

1.7. Navigation Satellites

1 Satellite navigation systems are used to meet the emerging demand of positioning, navigation and timing and
also civil aviation requirements.

i. GPS Aided GEO Augmented Navigation ( GAGAN)
It is implemented jointly with Airport Authority of India (AAl).

1 The main objectives of GAGAN are to provide Satellite-based Navigation services with accuracy and integrity
required for civil aviation applications and to provide better Air Tra ffic Management over Indian Airspace.

1 The GAGAN Signatin-Space (SIS) is available through GSAT8 and GSAT-10.
ii. Indian Regional Navigation Satellite System (IRNSS) : NavIC

1 ISRO started work on the IRNSS programme in 1999 after the Kargil War, where Indian defence forces could
not use American GPS in the conflict zone to locate its soldiers.

1 IRNSS is an independent regional navigation satellite system to provide accurate position information service
which serves users in primary and extended servicearea.

o Primary Service Area - Users in India as well as the region extending up to 1500 km from its
boundary.
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o Extended Service Area- lies between primary service area and area enclosed by the rectangle from
Latitude 30 deg South to 50 deg North, Longitude 30 deg East to 130 deg East.

1 It consists of 7 satellites, 3 satellites (IRNSS 1C,1F,1G)n Geostationary orbit (GEO) and 4 satellites (IRNSS
1A,1B,1D,1E)n Geo Synchronous Orbit (GSO) orbit with inclination of 29° to the equatorial plane.

1 IRNSS will provide two types of services, namely, Standard Positioning Service (SPS) which is provided to all
the users and Restricted Service (RS), which is an encrypted service provided only to the authorised users.

All the satellites were successfully launched and will be visible all the time in the Indian Region.

1 Some applications of IRNSS are:
0 Terrestrial, Aerial and Marine Navigation
o Disaster Management
0 Vehicle tracking and fleet management
0 Integration with mobile phones
o Precise Timing
0 Mapping and Geodetic data capture
0 Terrestrial navigation aid for hikers and travellers
o Visual and voice navigation for drivers

Recent Development  in IRNSS

1 IRNSS 1A has later become redundant due to failure of its rubidium atomic clocks, which are critical for
providing precise time and accurate positional data.

Thus ISRO planned to send IRNSS 1H as a replacement satellite to IRNSS 1A.
However the mission to send the satellite by PSLV-C39 was failed after a heat shield failed to separate.

The heat shield is a protective cover provided around the satellite to help it withstand the adverse
temperatures felt when a rocket is launched into space.

1 Separation of the heat shield occurs midf | i ght when the rocket | eaves Eart!

The performance of PSL\V-C39 went as per plan up tothe point where the satellite had to be inserted in orbit
but the heat shield prevented it from being deployed in space.

Time Synchronisation

1 NAVIC will also soon synchronise its clocks to time provided by the National Physical Laboratory, a CSIR
body.

1 The synchronisation would help IRNSS to end its dependence on the United States Naval Observatory (USNO)
for time synchronisation.

1 Currently, IRNSS provides accurate positional information services with respect to Coordinated Universal
Time as per thetime maintained by atomic clocks at the USNO.

1.8. Space Science and Exploration Satellites
i. AstroSat

1 It is the first dedicated Indian astronomy mission aimed at studying celestial sources in X-ray, optical and UV
spectral bands simultaneously.

1 It aims at understanding the high energy processes in binary star systems containing neutron stars and black
holes, to estimate magnetic fields of neutron stars, to study star birth regions and high energy processes in star
systems lying beyond the Milky way gdaxy.

1 One of the unique features of AstroSat mission is that it enables the simultaneous multi-wavelength
observations of various astronomical objects with a single satellite.

1 AstroSat with a lift -off mass of 1515 kg was launched b¥SLV -C30 into a 650 km or bit inclined at an angle of
6 deg to the equator.

1 The minimum useful life of the AstroSat mission is expected to be 5 years.
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Recently, Cadmium Zinc Telluride Imager (CZTI), an x-ray telescope aboard AstroSat has detected a gamma
ray burst.

A gamma ray burst is light emanating from a bursting star, for example, an exploding supernova, that may
lead to the formation of a black hole.

This outburst was also independently discovered by a ChineseEuropean mission called POLAR.
Mars Orbiter Mission

tis | SRO6s first interplanetary mission to planet M
elliptical orbit of 372 km by 80,000 km.

It has been configured to carry out observation of physical features of mars and carry out limited study of
Martian atmosphere with following five payloads:

o Mars Colour Camera (MCC)

o Thermal Infrared Imaging Spectrometer (TIS)

0 Methane Sensor for Mars (MSM)

0 Mars Exospheric Neutral Composition Analyser (MENCA)

0 Lyman Alpha Photometer (LAP)
It was launched by PSLV T C25 with lift off mass of 1337 Kg in Martian Orbit.
Chandrayaan -17 Itis India's first m ission to Moon launched in 2008 by PSLV-C11.

The spacecraft was orbiting around the Moon at a height of 100 km from the lunar surface for chemical,
mineralogical and photo -geologic mapping of the Moon.

India was the captain and carrying the payloads built in UK, USA, Bulgaria Germany and Sweden.
The mission comprised an orbiter and an i mpactor | aur

Chandrayaan-1 6 s ategtrdiscovery was the widespread presence of wi@r molecules in the lunar soil and a
related molecule fhydroxyl 6, which consists of one atom each of hydrogen and oxygen

Scientists have recently created the first map of water trapped in the uppermostlayer of t he mooné:
data from Chandrayaan-1.

The data reveals that the amount of water increases toward the poles and does not show significant difference
among distinct compositional terrains.

Water in the lunar soil could be attributed to solar wind. But there are exceptions too.

Rather than coming from solar wind, the water in those localised deposits likely comes from deep within the
moonés mantle and erupted to the surface in lunar mag

Chandrayaan -2 71 It will be an advanced version of the previous Chandrayaan1 mission to Moon.

It is configured as a two module system comprising of an Orbiter Craft module (OC) and a Lander Craft
module (LC) carrying the Rover developed by ISRO.

It is the first time India attempts to land aroveronthemo on6s Sout h Pol e.

Only USA Russia and China were able to soft land successfully on the lunar surface and these landings were
near the lunar equator.

The purpose of the mission is to collect data on the lunar topography, mineralogy, elemental abundance, lunar
exposure and signatures of waterice.

University /Academic Institute Satellites

KalamSat, named after for mer president of I ndia APJ Abdu
satellite built by students from Tamil Nadu and launched by NASA.

This is the first time that an Indian student's experiment has been carried out by NASA.
It weighs about 64 grams which is lighter than a smart phone and made of reinforced carbon fibre polymer.
It is 3D printed satellite and it is for the first time that 3-D printing technology is being used in space.

The main role of the satellite will be to demonstrate the performance of 3D-printed carbon fibre.
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NIUSAT is an Indian University/Academic Institute satellite from Noorul Isalm University in Tamil Nad u
State.

It launched by PSLV-C38 to Sun Synchronous Polar Orbit to provide multispectral imagery for agricultural
crop monitoring and disaster management support applications.

PISAT is a nano satellite from PES University, Bengaluru for remote sensing applications.

PRATHAM is a satellite from [IT Bombay to estimate the Total Electron Count (TEC) over India and Paris
(France).

The Total Electron Content (TEC) is the total number of electrons present along a path between a radio
transmitter and receiv er and it is a descriptive quantity of ionosphere of the earth.

SWAYAM is a satellite from College of Engineering, Pune to provide point to point messaging services to the
HAM Community (Amateur radio operators).

IV. INDIAN MISSIONS

1.10
f

GSAT-9

South A sia Satellite GSAT-9 is a Geostationary Communication satellite launched by GSLV -F09 with a lift
off mass of 2230 kg.

1 The primary objective of GSAT-9 is to provide various communication applications in Ku -band with coverage
over South Asian countries.
It is launched for the South Asian Association for Regional Cooperation (SAARC) region.
This idea was mooted by India in 18th SAARC summit.
Afghanistan, Bangladesh, Bhutan, Nepal, Maldives and Sri Lanka are the users of the multidimensional
facilities provided by the satellite.
1 The benefits the countries would receive in communication, telemedicine, meteorological forecasting and
broadcasting.
9 Its mission life is 12 years.
1.11 GSAT-17
1 GSAT-17 communication satellite was launched into a Geosyntironous Transfer Orbit (GTO) by Ariane -5
launch vehicle from French Guiana.
1 Later it was manevoured in to Geostationary Orbit with the help of Liquid Apogee Motor in the satellite.
It also carries equipment for metereological data relay and satellite based search and rescue services being
provided by earlier INSAT satellites.
9 Its mission life is 15 years.
1.12. GSAT 19
1 GSAT-19 Communication satellite was launchedby GSLV Mk Il -D1 in Geosynchronous Transferorbit, with
a lift-off mass of 3136 kg.
It carries Ka/Ku -band high through transponders for communication purpose.
1 It also carries Geostationary Radiation Spectrometer (GRASP) to monitor and study the nature of charged
particles and the influence of space radiation on satellites and their electronic components.
1.13 CARTOSAT
I Cartosat is a series ofEarth Observation Satellites placed in Polar Sun Synchronous Orbit (PSSO) with
liftoff mass of 710kg.
1 The series of satellites were carried by PSLVYC37, PSL\MVC38 and PSL\+C40.
The objective is to provide high-resolution scene specific spot imagery.
1 The imageries from Cartosat-2 series satellite will useful for cartographic applications, urban and rural

applications, coastal land use and regulation, utility management like road network monit oring, water
distribution, creation of land use maps.
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1 1t will also be useful in various other Land Information System (LIS) and Geographical Information System
(GIS) applications.

PSLV -C40
T I SRO has | aunched 31 s-2sedds hnd30ether ¢ol pabsergér satellitasr t),ansaa
single mission using PSLV-C40 in January, 2018.
1 The co-passenger satellites comprises microsatellites and nanosatellites from India and six countries
namely, Canada, Finland, France, Republic of Korea, UK and USA.

PSLV -C37
1 ISRO has launched Cartosat2 series and 103 co -passenger sa tellites in a single mission using PSLV-
C37.

1 The co-passenger satellites comprised of 101 nano satellites from Kazakhstan, Israel, The Netherlands,
Switzerland, UAE and USA, as well as two Nano satellites (INS1A and INS-1B) from India.

1 The 101 International customer Nano satellites were launched as part of the commercial arrangements
between Antrix Corporation Limited (Antrix), a Government of India company under Department of Space
(DOS), the commercial arm of ISRO and the International customers.

1.14 RESOURCESAT -2A

1 RESOURCESATZ2A is aRemote Sensing satellite intended for resource monitoring and carried by PSLV-
C36.

1 It is intended to continue the remote sensing data services provided by RESOURCESATL and
RESOURCESAT2, launched in 2003 and 2011 respectively.

1 ltis placed in Sun Synchronous Polar Orbit.
1.15 SCATSAT-1

1 SCATSATL1 is a continuity mission for Oceansat-2 Scatterometer launched by PSLV-C35 in sun synchronous
polar orbit.

1 Its application is in the field of Climate & Environment . It will provide data products for weather
forecasting, cyclone detection and tracking services to the users.

1.16. INSAT -3DR
INSAT-3DR similar to INSAT -3D is an advanced meteorological satellite of India.
1 Its application is in the field of Climate and Environment, Disaster Management System.

It will provide service con tinuity to earlier meteorological missions of ISRO and further augment the capability
to provide various meteorological as well as search and rescue services.

It was carried by GSLV -FO5 and placed in Geosynchronous Transfer Orbit.

1 It carried about 1255 kg of propellant which is mainly required to raise the satellite from the Geosynchronous
Transfer Orbit (GTO) to its final Geostationary Orbit.

1.17. Aditya -L1 Mission
1 Itis the first Indian mission to study the Sun.

1 Itis expected to be launched in 2019 by the launch vehicle PSLV
XL with six payloads from Sriharikota.

The main aim of the solar mission is to do coronal and near UV
studies.

1 It will be launched into the halo orbit around the Lagrangian
point 1 (L1) of the Sun-Earth system.

1 This orbit has the advantage of allowing continuous monitoring
of the sun.

Lagrange Points
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A Lagrange point is a location in space where the combined gravitational forces of two large bodies, such as
Earth and the sun or Earth and the moon, equal the centrifugal force felt by a much smaller third body.

The interaction of the forces creates a point of equilibrium where a spacecraft may be "parked" to make
observations.

The first point, L1, lies between Earth and the sun and gets an uninterrupted view of the sun and free from the
occurrence of eclipses.

L2 with the Earth, moon and sun behind it, a spacecraft can get a clear view of deep space and it has a
protection for radiation field from sun.

The James Webb Space Telescope will move into L2 point in 2018

The third Lagrange point, L3, lies behind the sun, opposite Earth's orbit. For now, science has not found a use
for this spot.

Points L4 and L5 are stable and lie along Earth's orbit at 60 degrees ahead of and behind Earth and dust and
asteroids tend to accumulate in these regions due to its stability.

Asteroids that surround the L4 and L5 points are calll
TK7 is found in the region.

NISAR
NASA-ISRO Synthetic Aperture Radar satellite (NISAR) i s the worl déds most expens

It will be launched by 2020 and it will be the first satellite mission to use two different radar frequencies (L -
band and Sband).

The S-band is being built by ISRO and L-band by NASA.

It is expected that the NISAR satellite will be launched in 2021 from India using the Geo-synchronous Satellite
Launch Vehicle (GSLV).

One of the main purposes of the mission is to observe Earth and establish a general pathway for future joint
missions for Mars exploration.

It will take weekly snapshots of earth that will provide time lapse images of the motion of tectonic plates, ice
sheets and changes in vegetation over land in agriculture and forests.

NISAR will provide a means of resolving highly spatial and temporally complex processes ranging from
ecosystem disturbances, to ice sheet collapse and natural hazards including earthquakes, tsunamis, volcanoes,
and landslides.

. INO Project
The neutrino observatory is the most ambitious scientific research facility that India is trying to build.
Neutrinos are tiny particles, almost massless, that travel at near light speeds.

They are born from violent astrophysical events like exploding stars, nuclear fusion in the sun and gamma ray
bursts.

Detected for the first time in 1959, though their existence was predicted almost three decades earlier, in 1931,
neutrinos were later found to be omnipresent.

They are the second most abundant patrticles in the world, after photons and can move easiy through
matter.
These high-energy particles are produced in natural radioactive decays and all sorts of nuclear reactions

happening in nuclear power reactors, particle accelerators or nuclear bombs.

But the most common source  of neutrinos are celestial phenomena i.e., the birth and death of stars,
collisions and explosions happening in space.

The core of the Sun is an important source of neutrinos.

A large number of the neutrinos were produced at the time of the Big Bang, making them good candidates to
extract more information from about the origins of the universe .

But because they areelectrically neutral and almost massless, these neutrinos have an extremely low
tendency to interact with other objects.
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Titan
NASA { Titan is the largest moon of Saturn.
1.21 Cassini Space Craft 1 Scientists recently identified negatively
1 Cassini was launched from Cape Canaveral, Florida in 1997 ¢ch f"‘ rge q .mo e r(]: ules d
and it arrived in Saturn in 2004. antonso 1.n t, .e at mo
the data collected by Cassini Spacecraft.
1 Itis ajoint project of NASA, European space agency mission 1 These linear molecules in carbon chain
and Italian space agency anions are understood to be building
1 Iltis the fourth space probe to visit Saturn (after pioneer 11, blocks towards more complex molecules,
Voyagerl, Voyager 2) and the first to enter orbit. and may have acted as the basis for the
9 Its design includes a Saturn Orbiter and a Lander called earliest forms of life on Earth.
iHuy gens dnooh ditan t h e Enceladus
Th E Y | ded 1 Enceladus is a small moon with an ocean
Il in 20%5 uropean uygens ande of liquid water beneath its icy crust.
' 1 Clouds of gas erupting out of Enceladus
1 The data collected by it suggest the possibility of hoging life contain hydrogen.
i n S a tnaon Bnéetadus
1 This was the first landing ever accomplished in the outer solar system.
After 20 years in Space, NASAG6Gs Cassini Spacecraft
Itis a well planned demisetoprevent any damage to Saturnds ocean
1.22 Voyager 1 and Voyager 2
1 The primary mission was the exploration of Jupiter and Saturn. After making a string of discoveries the
mission was extended.
1 The current mission objective of the Voyager Interstellar Mission (VIM) is to explore beyond the
neighborhood of the outer planets to the outer limits of the Sun's sphere of influence i.e Sun's magnetic field
and outward flow of the solar wind .
1 Earlier Voyager 2 went on to explore Uranus and Neptune, and is still the only spacecraft to have visited those
outer planets.
1 Voyager 1 made the historic entry into interstellar space, the region between stars, filled with material ejected
by the death of nearby stars millions of years ago.
1.23 Curiosity

Information is a Blessing

This is the reason why scientists have to go deep
underground to set up special detectors in a bid to catch the
faint signals of neutrinos in an environment that is

relatively free from 6noisebo

The proposed INO project primarily aims to study
atmospheric neutrinos in a 1,300-m deep cavern in the Bodi
West Hills in Theni district, Tamil Nadu.

If completed, it would house the largest magnet in the
world.

HySIS

Hyperspectral Imaging Satellite (HySIS) is a full -fledged
earth observation satellite, going to be launched by ISRO.

Hyperspectral or Hyspex imaging enables distinct
identification of objects on earth by reading the spectrum
for each pixel of a scene from space.

IAS PARLIAMENT
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2%6m |

INOPROJECT
WILL PLACE a specially-built iron cak
the ground, wherethe: es of detectin

ctor about 15 km under
er. The project will
sorder”amongthe

aim
three known types of neutrines — electron, muon and tau

ey
KEYFACTS

NEUTRINOS are thought | 100 TRILLION neutrinos
tohavebeen produced | are believed to pass
justafter the Big Bang
that

'n

50,000 TONNES of
magnets will make up

detector.

of
RS 1,500 CRis the esti-
mated costof the project.
Buildingthe Lab is likely to
costRs470cr.

23INSTITUTIONS are
part of the project.
involving over 100
engineers and physicists.

PROJECTS ELSEWHERE

CHINA: fiangmen Underground
Neutrino Observatoryin Kaiping.
Jiangmen. aims to determine mass
hierarchy of the three types of
- neutrinos and their oscillation

: s, using a 20,000-tonne
Tiquid scintillator detector.

JAPAN: Hyper-Kamiokande
detector atthe Kamioka
Obser i u

and
nic neutrings, using 2
cyfing tanks filled with 1
‘million metric tonnes of ultrapure
wiater as detector.

12.50m)///

EUROPE: The Large Apparatus

studying Grand Unification and

Neutrino Astrophysics,or LAGUNA.

s4m isaEuropean project aimed at
building a next-generation
neutrino observatory.

The satellite has the Hyperspectral imager which can identify 55 spectral or colour bands from 630 km above

ground.

It can be used for monitoring of environment, finding oil and minerals apart from military surveillance.

Hyspex was first tried out in Chandrayaan-1 mission which mapped the lunar mineral resources.
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N
It is a rover deployed by NASA in its Mars Exploration Program to assess whether Mars ever had an
environment able to support small life forms called microbes.

The rover will analyze samples scooped from the soil and drilled from rocks in order to detect chemical
building blocks of life (e.g., forms of carbon) on Mars and will assess what the martian environment was like in
the past.

It carries a radioisotope power system that generates electricity from the heat of plutonium's radioactiv e
decay.

The rover captured mesas and buttes on mars geological layer called as Murray formation, which is formed
from the lakebed mud deposits.

Butte otherwise called as Murray Butte is an isolated hill with steep, flat top side and with often vertic al sides.

Mesa is an elevated area that has wider top than its height, while Butte has a top that is narrower than its
height.

Dawn Mission

Dawn mission was launched by NASA deploying spacecrafts to study the asteroid Vesta and dwarf planet
Ceres.

It is the only mission ever to orbit two extraterrestrial targets and will characterize the early solar system and
the processes that dominated its formation.

Vesta and Ceres are celestial bodies believed to have accreted early in the history of theofar system.

Dawn orbited giant asteroid Vesta for 14 months from 2011 to 2012, then continued on to Ceres, where it has
been in orbit since March 2015.

NASA has recently authorized a second extension of the Dawn mission at Ceres.

During this extension, the spacecraft will descend to lower altitudes than ever before at the dwarf planet,
which it has been orbiting since 2015.

Ceres and Vesta

= =4 =4 -4 -2
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Ceresis the earliest known and smallest of the dwarf planet.

It is alsothe largest object in the asteroid belt between Mars and Jupiter.

Thus Ceres is both dwarf planet and asteroid.

Vesta is the second most massive body in the asteroid belt, surpassed only by Ceres.

It is known as the brightest asteroid and the first asteroid to be visited by a spacecrdt.

The International Astronomical Union defines three criteria to classify any object as a fiplaneto
i. It needs to be in orbit around a any fully fledged star.
ii. It needs to have enough gravity to pull itself into a spherical shape.
ii. It has cleared the neighbourhood around its orbit

This last criterion is the point at which planets and dwarf planets  differ. Dwarf planets have other objects in
its orbit around its star.

IAU recognizes five named dwarf planets: Ceres, Pluto, Eris, Haumea, and M&emake. Except Ceres, other
dwarf planets are also known as APl utoi dso.

Asteroids , or minor planets, are small and often irregularly shaped celestial bodies.

The known majority of them orbit the Sun in the so -called main asteroid belt, between the orbits of the planets
Mars and Jupiter.

An asteroid is coined a Near Earth Asteroid (NEA) when its trajectory brings it within 1.3 Astronomical
Units (AU) from the Sun and hence within 0.3 AU of the Earth's orbit.

The | argest known N E A alsoskno@raPotgntiedydHazarNdb s\ AGteroica r
Europa Clipper Mission

NASA's Europa mission which is set to be launched in 2022 will conduct detailed reconnaissance ofJupiter's
moon Europa
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1 The mission will place a spacecraft in orbit around Jupiter in order to perform a detailed investigation of

Europa.

1 Europa shows strong evidence for an ocean of liquid water beneath its icy crust and which could host
conditions favorable for life.

Lucy and Psyche

1 Lucy and Psyche areN A S At@osrobotic mi ssions to explore asteroids
to the history of our Solar System.

. The Mission will open new windows

1 The Psyche mission will explore 16 Psyche, a giant metal asteroid in the asteroid belt between Mars and
Jupiter.

The Psyche mission is targeted to be lamched in October of 2023.

The Lucy Mission will explore the environmentof Jupi t er 6s
2021.

T r o j aadis seheduled t@laudch in

1 Lucy will be the first space mission to study the Trojans and it will be launched in 2021.
Trojans are bodies that are present in Lagrange points.

. Magnetospheric Multiscale (MMS) Mission

T NASA6s MMS mission was | aunched in 2015.

MMS consists of four identical spacecraft that orbit around Earth to study a little -understood phenomenon
called fiMagnetic Reconne ction 0.

MMS will travel directly through areas near Earth known to be magnetic reconnection sites.
Reconnection occurs when magnetic field lines of sun and Earth cross and release a gigantic burst of energy.

On the sun-side of Earth, reconnection can link the sun's magnetic field lines to Earth's magnetic field lines,
allowing material and energy from the sun to funnel into Earth's magnetic environment.

1 On the night side of Earth, reconnection is believed to help trigger aurora, also known as the northern and
southern lights.

1.28. MAVEN

1 The Mars Atmosphere and Volatile EvolutioN (MAVEN) mission is part of NASA's Mars Scout program,
launched in 2013.

The mission wil!/ explore MARS©Os at mos pdolarwiad. i

upper
An important aspect of the MAVEN mission is studying how early Mars lost much of its atmosphere.

This atmospheric loss may have been partially responsible for
Mars6 transition from a

surface water to the dry, desert world we know today.

pl an Phobos Pt

Phobos is one of the smallest moons
in the solar system orbiting around

1 Recently, MAVEN has avoided its headon collision with the Mars.

phobos, the natural satellite of Mars. { ltis the only natural satellite in the
1.29. Insight Mission solar system that encircles its planet
in a time shorter than the parent
I InSight, short for Interior Exploration using Seismic planetés day.
Investigations, Geodesy and Heat Transport, is aMars lander | ¢ Red planet Mars has another

gOil’lg to be launched by NASA this year. natural satellite Deimos.

Phobos is the innermost and largest
of the two.
T Recent|

1 Itis the first outer space robotic explorer to study in -depth the f

"inner space" of Mars - its crust, mantle, and core.

Yy, NASAOGs

1 It also measures tectonic activity and meteorite impacts on Telescope has beamed back imageg
Mars. of the moon Phobos in its orbital

1 This mission is part of NASA's Discovery Program for trek around the red planet.
highly focused science missions that ask critical questions in
solar system science.

1 1t will be a first test of miniaturized CubeSat technology at another planet, which researchers hope can offer

new capabilities to future missions.
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1 Itis similar in design and will rely on proven technologies used on NASA's Mars Phoenix mission , and will
send a lander to the Martian surface to spend two years to investigate interiors of Mars.

1 Previous missions to Mars have investigated the surface history of the Red Planet by examining features like
canyons, volcanoes, rocks and soil.

1.30. New Frontiers program

1 The New Frontiers program is a series of space exploration missions being conducted by NASA with the
purpose of researching several of the Solar System bodies, including the dwarf planet Pluto.

There are currently three New Frontiers missions in progress.
New Horizons , which was launched in 2006 and reached Pluto in 2015.
Juno was launched in 2011 and entered Jujiter orbit in 2016.

OSIRIS -REXx, launched in September 2016 towards asteroid Bennu for detailed studies from 2018 to 2021
and a sample return to Earth in 2023.

=A =4 =4 =4

1.31. New Horizons
1 Itis the first mission to the Pluto system and Kuiper Belt and fastest spacecraft ever launched.

1 It was launched in 2006 to explore Pluto and its largest

moon, Charon, which are known as "ice dwarfs." . . . .
Kuiper Belt - It is a ring of objects

M The mission seeks to understand where Pluto and its moons between Neptune and the edge of the solar
Afit ino with the other obje system full of dwarf planets, hundreds of p m,
inner rocky planets (Earth, Mars, Venus and Mercury) and thousands of icy rocks and comets.
the outer gas giants (Jupiter, Saturn, Uranus and Neptune).

Penitentes on Pluto

1 Penitentes are snow and ice features formed by erosion and characterized by bowkhaped depressions.

1 Scientist has found the evidence of penitentes on Pluto using the images from theNew Horizons
spacecraft in 2015.
Until now, Earth is the only planet in the solar system to have Penitentes.
Unlike in Earth, Penitentes in Pluto are mainly made from methane and nitr ogen due to its different
environment i . e. thinner air, di mmer sun and much ¢
counterparts.

1.32. Juno Spacecraft

1 Its mission is to measure Jupiter's composition, gravity field, magnetic field, and polar magnetosphere.
Recently, it completed a close flyby of Jupiter and its Great Red Spot.

T Jupiter 6s Gr e a tkm @igesstormimenitoaed dinge 1830 And possibly existing for more than 350
years.

T Recently, the spacecreafptoirngacahe dvhii Rehr iajno wad,i tt c omes

1.33. OSIRIS -REx

1 The Origins, Spectral Interpretation, Resource Identification, Security -Regolith Explorer (OSIRIS-REX)
spacecraft will travel to a near-Earth asteroid, called Bennu.

1 1t will bring sample back to Earth for study and help scientists investigate how planets formed and how life
began, as well as improve our understanding of asteroids that could impact Earth.

1 Itwas launched in 2016 and the spacecraft will reach its asteroid target in 2018 and return a sample to Earth
in 2023.

1.34. Rosetta

1 The mission of Rosetta spacecraft is to catch a comet and land a Comet 67P i It makes regular visits to

probe on it. the inner solar system, as it orbits the
sun every 6.5 years between the orbits

It I hed in 2004 and th ft arrived in the Comet
1 was launched in and the spacecraft arrived in the Come of Earth and Jupite .

67P/Churyumov -Gerasimenko in 2014.
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1 Rosetta is the first spacecraft to accompany a comet as it enters the inner solar system, as well as the first to
attempt landing on a comet.

1 The mission included the Philae lander, which made the first touchdown on the comet but it did not stay
down.

1 In 2016, it made a planned final plunge into its comet, ending its mission.
1.35. Advanced Weather Satellite

1 NASA has recently launched a nextgeneration satellite Joint Polar Satellite System-1 (JPSS1), designed to
monitor weather around the world and help impr ove forecasts.

1 Itis a joint venture between the US space agency and the National Oceanic and Atmospheric Administration
(NOAA), US scientific agency.

9 1t will orbit the Earth 14 times each day from one pole to the other at 512 miles above the planet.

It is the first in NOAA's series of four, next -generation operational environmental satellites used for severe
weather prediction and environmental monitoring.

1 Four smaller satellites called CubeSats, part of NASA's educational nanesatellite program, are to be released
on the same mission.

1.36. CubeSat
I CubeSats are a class of research spacecraft called nanosatellites.

1 CubeSats are built to standard dimensions of 10 cm x 10 cm x 11 cm unit and typically weigh less than 1.33 kg
per unit.

NASA's ClwbeSats are deployed from a PolyPicosatellite Orbital Deployer, or P-POD.
They require Micropropulsion devices which use ultra -purified water as propulsive agent

It uses Film-Evaporation MEMS Tunable Array (FEMTA) thrusters which uses capillaries smal | enough to
harness the microscopic properties of water.

1 The thrusters deliver precise low-thrust for scientific, commercial and military space applications.

It can be manoeuvred in space with tiny bursts of water vapour to perform a variety of tasks, from high -
resolution imaging and internet services to disaster response, environmental monitoring and military
surveillance.

1 They are used to demonstrate spacecraft technologies that are targeted for use in small satellites or that
present questionable feasibility and are unlikely to justify the cost of a larger satellite and can also serve
purposes such as Earth observation or amateur radio.

1.37. Cyclone Global Navigation Satellite System (CYGNSS)

T CYGNSS mission by NASA will use eight microsatellites to measure wind speeds over Earth's oceans,
increasing the ability of scientists to understand and predict hurricanes

Each satellite will take information based on the signals from four GPS satellites.
1 CYGNSS orbit is designed to measure only in thetropics, where hurricanes are most often found.

The CYGNSS satellites themselves will not broadcast. It will only receive signals broadcast to them from GPS
satellites already orbiting the Earth andfrontheearthef | ect

1.38. NICER
NASA will launch the world's first mission devoted to studying rapidly spinning neutron stars.

1 Neutron stars are the remnants of massive stars that, after exhausting their nuclear fuel, exploded and
collapsed into super-dense spheres about the size of New York City.

1 Although neutron stars emit radiation across the spectrum, observing them in the energetic X-ray band
offers the greatest insights into their structure and the high -energy phenomena that they host, including
starquakes, thermonuclear explosions, and the most powerful magnetic fields known in the cosmos.

1.39. TDRS -M

1 Tracking and Data Relay Satellte-M (TDRS-M) is a next generation communication satellite recently
launched by NASA.
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It is the third and final in a series of next generation communications satellites.
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1 TDRS-M will become part of NASA's Space Network providing navigation and high-data-rate communications
to the International Space Station, NASA's Hubble Space Telescope, rockets and a host of othespacecraft.

1 TDRS-M will expand the capabilities and extend the lifespan of the Space Network by receiving and
transmitting mission data well into the next decade.

1.40. CHESS rocket

1 NASA is launching a new CHESS sounding rocket which will study vastinterstellar clouds to understand about
the earliest stages of star formation.

1 Deep in space between distant stars, vast clouds of neutral atoms and molecules, as well as charged plasma

particles called the interstellar medium that may evolve into new st ars and even planets.

at mo

1 It will measure light filtering through the interstellar medium to study the atoms and molecules within, which
provides crucial information for understanding the life -cycle of stars.
1.41 Solar Probe Plus mission I Parker Solar Prob e
1 NASA plans to send its first robotic spacecraft to the Sun which is about 149 million kilometres from the
Earth.
1 In 2017, NASA renamed the spacecraft from the Solar Probe Plus to the Parker Solar Probe in honor of
astrophysicist Eugene Parker.
1 Thespacecraft will travel directly into the sunods
1 Parker Solar Probe has three detailed science objectives:
1. Trace the flow of energy that heats and accelerates the solar corona and solar wind.
2. Determine the structure and dynamics of the plasma and magnetic fields at the sources of the solar
wind.
3. Explore mechanisms that accelerate and transport energetic particles.
1 The mission is to study why the surface of the Sun, called the photosphere,is not as hot as its atmosphere,
called the corona.
1 The surface temperature of the Sun is only about 5,500°C but the atmosphere above it is an over two million
degrees Celsius.
1 The mission may also ascertain why the Sun occasionally emits highenergy particles that are a danger to
unprotected astronauts and spacecraft.
1 NASA has designed an 11.4 centimetres carbortomposite shield designed to withstand temperatures of
1,370°C outside the spacecraft.
Temperature in the Sunbds At mosphere
T The sunés atmosphere corona is much hotter than
T Normally, the | ayer closest to a source of h e i
temperature than the more distant atmosphere.
1 But the reason for the high temperature is the constant eruption of tiny solar flares in the solar
atmosphere.
1 The solar flares produce hard X-rays, whose wavelengths are much shorter than the light humans can

see and it is a signature of extemely hot solar material.

1.42 Age of Moon

il

=A =

The new research on the minerals brought by the"Apollo Mission 0by NASAto the Moon reveals the new
age of Moon.
The minerals are called as fAZirconso and it is t

The research found that the moon formed only about 60 million years after the birth of solar system.

The moon was formed by a violent, headon collision between the early Earth and a planetary embryo
called A Thei ao.

h e
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The Earthds collision with Theian cge®laitaidf iaedl iagnude f me:

surface was covered with magma right after its formation.
EcAMSat Mission

EcAMSat i E.coli Anti-Microbial Satellite Mission was scheduled to be launched by NASA to International
space station.

E.Coli is a common bacterial pathogen linked to urinary tract infections and foodborne illnesses.
The mission is intended to investigate spaceflight effects on bacterial antibiotic resistance and its genetic basis.
It aims to determine the lowest dose of antibiotic ne eded to inhibit the growth of E.coli.

It will help to determine the appropriate dosages of antibiotics to protect astronaut health during long -
duration human space flight and how antibiotic effectiveness may change as a function of stress on Earth.

The launch was later postponed.

NASAO6s Mission to explore Il onosphere

NASA has announced two missions to explore the littleeu nder st ood area of 96 km abo

The two missions Global-scale Observations of the Limb and Disk (GOLD) and lonospheric Connection
Explorer (ICON) will team up to explore the ionosphere.

ICON will be in low -Earth orbit, at 560 km above Earth, like a close-up camera while GOLD will be in a

geostationary orbit over the Western Hemisphere, about 35,398 km abovethep | anet 6 s sur f ace.

It will help in full -disk view of the ionosphere and the upper atmosphere beneath it every half hour.

.NASAOGs Kilopower Project

NASA has invented a small nuclear reactor Kilopower,
It can generate a reliable power supply byusing uranium -235 reactor core.

This power system could provide up to 10 kilowatts of electrical power enough to run two average households
continuously for at least 10 years.

This reactor will be used for electronic propulsion systems and for providin g safe and plentiful energy for
future robotic and human missions for Mars and beyond.

Asteroid Impact and Deflection Assessment (AIDA) Mission

AIDAisaduall-mi ssi on concept, involving two independent sp
Test (DART), and ESA6s Asteroid I mpact Mission (AI M).
It is an international collaboration among the European Space Agency (ESA) and NASA.

It will be the first demonstration of the kinetic impact technique to change the motion of an asteroid in space.

Kinetic Impact technique is one of the technologies for preventing the Earth impact of a hazardous asteroid.

Al DA6s primary objective is to demonstrate, and to me

Its target is the binary near-Earth asteroid Didymos, whose 156G meter size is more typical of the size of
asteroids that could pose a more common hazard to Earth.

DART spacecraft will achieve the kinetic impact by deliberately crashing itself into the asteroid at a speed of
approximately 6 km/s.

The collision will change the speed of the asteroid in its orbit around the main body by a fraction of one
percent, enough to be measured using telescopes on Earth.

Transiting Exoplanet Survey Satellite (TESS)

The mission will fin d exoplanets that periodically block part of the light from their host stars, events called
transits

The mission is scheduled to be launched later in 2018.
It will survey 200,000 of the brightest stars near the sun to search for transiting exoplanets.

The transit method of detecting exoplanets looks for dips in the visible light of stars.
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1 Itis the next step in the search for planets outside of our solar system, including those that could support life.
1.48. ICESat -2 and GRACE

1 NASA will launch the next generation of two missions, ICESat-2 and GRACE -2 (Gravity Recovery and Climate
Experiment) in 2018.

1 This is to continue the long-term record of how Earth s ice sheets, sea level, ath underground water reserves
are changing.

Other Space A gencies
1.49. Belle i I

1 It is an experiment carried out by The High Energy Accelerator Research Organisation (KEK),
Japan to study violations of the standard model and dark matter.

1 It has a six layer highly sensitive particle detector which indirectly probe new physics using intense electron
positron beams unlike direct search experiments being carried out in Large Hadron Collidor.

1 The experiment has a significant Indian participation. The particle detector at the heart of Belle T Il has been
built by an Indian Scientists Tariq Aziz and Gagan Mohanty from Tata Institute of Fundamental Research

1 Recently, the experiment has been rolled out. It has a grand collaboration of 700 Scientist from 23 countries.
1.50. Quasi -Zenith Satellite System
1 Quasi-Zenith is a regional terrestrial positioning network system launched by Japan.

1 The satellite system consists of 4 satellites which will operate at an altitude of between 33,000 and 39,000 km
above the earth in geosynchronous orbit.

1 Its function is to impro ve GPS data accuracy for smartphones and vehicle navigation systems and
complementary use of GPS.

Japan recently launched its fourth and final quasi-zenith satellite into orbit.

These satellites will be to establish communications during a malfunction of traditional networks due to a
natural disaster.

1.51. Japan launches first military communications satellite

1 The Kirameki-2 satellite is the first military communication satellite launched by H -2A rocket from the
Tanegashima Space Center in southern apan.

1 ltis the first of three satellites that will replace three civilian ones currently used by Japan's military.

1 The new satellites will allow military units to communicate on a high -speed and high-capacity network.
152.Chinabdés first @&targo Spacecr

f Tianzhou-1 i s the chinadés first cargo spacecraft | aunched
1.53. Chang & 4

1 China has recently announced its plans to launch a lunar probe, Change 4, in 2018.

1 Chang'e 4 is a Chinese lunar exploration misson.

1 The mission will incorporate an orbiter, a robotic lander and rover.

1 It will be China's second lunar lander and rover.

1 Chang'e4 will follow China's successful Chang'e 3 mission which soft-landed on the Moon in 2013.

The present Chang'e4 will m ake China the world's first country to launch a lunar probe on far side of moon
1.54. Lunar Palace

1 Chinese students will live in a laboratory simulating a lunar -like environment for up to 200 days as Beijing
prepares for its long-term goal of putting hum ans on the moon.

1 The volunteers will live in the sealed lab (dubbed the "Yuegong -1", or "Lunar Palace") to simulate a long-
term, self-contained space mission with no input from the outside world.

1 Human waste will be treated with a bio -fermentation proc ess, and experimental crops and vegetables grown
with the help of food and waste byproducts.

http://www.shankariasacademy.com www.iasparliament.com




1.55.

IAS PARLIAMENT 21

Information is a Blessing

N
The Lunar Palace is theworld's third bioregenerative life -support base, and the first developed in
China.

Venus Satellite

The Venus satellite (Vegetation and Environment Monitoring New Micro -Satellite) is an earth-observation
micro -satellite.

It is designed jointly by Israel 's agency andFrance 's National Centre for Space Studies (CNES).

The scientific mission will monitor Earth's vegetation using a ¢ amera capable of recording 12 narrow spectral
bands.

The microsatellite will send high -resolution photos to track climate change and aid efforts to tackle
desertification, erosion, and pollution.

Remove Debris Mission

The RemoveDEBRIS mission,scheduled to be launched later this year, is being led by the Surrey Space Centre
(SSC) at the University of Surrey, UK.

It is co-funded by the European Commission and other partners, including prominent European space
companies and institutions.

The mission started five years ago, aims to be a forerunner of missions to start removing some of the largest
objects in space.

It is expected to be launched to the International Space Station (ISS) in a capsule on board a SpaceX rocket.

. SENTINEL -5P

European satellite  Sentinel-5P sends images of global air pollution
The Sentinel-5P satellite is designed to make daily global maps of the gases and particles that pollute the air.

Sentinel-5P is the latest spacecraft in a fleet of Earth observers beingcommissioned by the European Union
and the European Space Agency.

It was launched into an 824 kilometre high orbit by a Russian rocket on October 13 this year.

It carries an instrument called Tropomi 1 a spectrometer that observes the reflected sunlicht coming up off
the Earth, analysing its many different colours.

This helps detect the presence of trace gases such as nitrogen dioxide, ozone, sulphur dioxide, methane, and
carbon monoxide in the atmosphere.

ISRO satellite - The Next Generation Earth Monitoring and Observation and Aerosol Monitoring (NEMO -
AM) satellite will monitor air pollutants

Falcon Heavy

Falcon Heavy is a reusable super heawlift launch vehicle designed and manufactured by SpaceX, a private
American aerospace manufacturer.

Its first test flight carrying a red sports
car was successfully launched from
florida pad used by NASA.

It is the most powerful operational "
rocket in the world.

It can lift about twice the payload at :

one third of the cost by Delta 4 rocket W

which was the most powerful rocket till — FALCON space  PROTON DETA  TIAN  ARANE  ATAS  JAPAN  CHINA
Nnow. HEAVY SHUTTLE M [VHEAVY  IV-B SES V551 H2B LM3B
This lift capacity allows launching 00kg 23000kg 22,560k 21,680ky 20000ky 18510k 16500ky 11,200kg

heavier satellites into low Earth orbit,

or reaching higher geostationary orbits
to keep station over the same part of
Earth.

Its three first -stage boosters are designed to beeusable.
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1.59. Starlink Constellation
A Recently SpaceX launched the Paz mission with two experimental satellites Tintin A and Tintin B.

A These two satellites, if successful will pave the way for Starlink, a constellation of satellites that would provide
a cheap, high speed, global Internet connection.

A Starlink will have 12,000 small satellites in two layers & low earth orbit (LEO) and very low earth orbit

(VLEO).
A Type of orbit Low earth orbit (LEO) Very low earth  orbit (VLEO)
A Frequency Band Operate in Ku, Ka and V band Operate in V band
A Altitude 11101325 km 335-346 km

A The LEO constellation will provide high -speed broadband services around the world; the VLEO constellation
will enhance capacity.

A The UN Broadband Commission for Sustainab| e Devel opment estimated in 20
population was offline.

A Paz mission is mainly about the Spanish radar imaging satellite with applications such as border control,
intelligence, military operations, environmental monitoring.

VI. PLANETARY SYSTEMS
1.60 Rogue Planet
1 Arogue planet or starless planet is a planetarymass object that orbits the galaxy directly.

1 They have either been ejected from the planetary system in which they formed or have never been
gravitationally bound to a ny star or brown dwarf.

1.61 Habitable exoplanet next to Earth
1 The exoplanets are planets that exist outside Earth's solar system.

1T The term fAihabitable zonesd refers to a planet where
there's sufficient atmospheric pressure.

1 Astronomers have located the habitable zone"The Wolf 1061", a planetary system that is 14 light years away
from the Earth.

1 One of the planets in the wolf planetary system, Wolf 1061c, is entirely within the habitable z one which has
an atmosphere more similar to Venus.

1 But the climate of Wolf 1061c is quite chaotic compared to earth, since the orbit around its star changes at a
much faster rate than earth. The earth also experiences climate change due to change in it®rbit around the
sun which resulted in ice age previously.

1.62 TRAPPIST -1

1 TRAPPIST-1 is a system of seven Eartksize planets orbiting an ultra-cool dwarf star about 40 light -years
away.

This is by far the largest collection of Earth-like planetsinthe h a b iGtod hlli d o& ko &staz o n e

Goldilocks represents a zone which is neither too close nor too far from a star, which raises the possibility of
liquid water being present on the surface.

Unlike earlier discoveries of exoplanets, all seven phnets could possibly have liquid water.
Three of the planets have the greatest chance.

Since the initial discovery of three planets was made using the Chilebased Transiting Planets and
Planetesimals Small Telescope, the exoplanet system is called TRAPIST-1.

1 The TRAPPIST-1 planets have lower densities than Earth
In a new study, researchers found that the TRAPPIST1 star is quite old: between 5.4 and 9.8 billion years.

http://www.shankariasacademy.com www.iasparliament.com




IAS PARLIAMENT 23

Information is a Blessing

T Recent evidence from NASAO6s Hubbl e sgxalanets ih thé Bappisb-b e r
system may contain water.

1.63 MAMMOTH -1
1 A nebulais an interstellar cloud of dust, hydrogen, helium and other ionized gases.

1 Astronomers have spotted an enormous, glowing blob of gas i.e Enormous LymanAlpha Nebula (ELAN)
named Mammoth -1.

I't is in the middle of a region with an extraordinary
It has no obvious source of power for the light it is emitting.
It is the brightest and among the largest of these rare objects.

.64 Northwest Africa 7635

l

l

l

6

1 Itis a meteorite discovered in Algeria, Africa in 2012.

1 It has given insight into volcanic activity on Mars.

1 The largest Volcano in the solar system,Olympus Mons, is found on Mars.
)l

But by analysing the chemical composition NA7635, scientists learnt that Mars had a single volcano that
continuously erupted for 2 billion years.

1 Martian volcanoes can grow to such enormous proport.i
tectonics that constantly shuffle the surface.

1 So the magma for the volcano in Mars gets hot magma from its interiors for billions of years continuously.
1.65. Super Earth

9 Scientists have discovered a new Earthl i ke pl anet, Super Ear tlHs11d0d i &b cgt
40 light -years away.

1 The astronomers estimate the age of the planet to be at least five billion years.

The red dwarf star LHS 1140 is much smaller and cooler than the sun and the super Earth LHS 1140b is ten
times closer to its star than the Earth.

1 The super Earth has a mass around 7 times greater than the Earth and receives about half as much sunlight
from its star as the Earth and lies in the middle of the habitable zone.

1 The greater mass and higher density of the super Earth implies that the exoplanet is probably made of rock
with a dense iron core.

1.66. Mapping of the Universe with Quasar position

1 Astronomers have created the first map of the large-scale structure of the universe based entirely on the
positions of quasars.

Quasars are the incredibly bright and distant points of light powered by super -massive black holes.
The amazing brightness of quasars is due to the supermassive black holes found at their centres.

As matter and energy fall i nto a quas aatutesandHeginddglow.o | e,

=A =2 = =4

To make their map, scientists used the Sloan Foundation Telescope to observe an unprecedented number of
quasars.

1.67. Pluto Mountains

1 Two mountain ranges on Pluto have been named after Tenzing Norgay and Edmund Hillary respectively by
the International Astronomical Union (IAU).

1 These are the first geological features on the planet to be named following the close flyby by the New Horizons
spacecraft in July 2015.

IAU has officially approved the naming of 14 features on the dwarf planet for the first time.
IAU is the internationally recognised authority for naming celestial bodies and their surface features.

Tenzing Norgay and Sir Edmund Hillary were the first to reach the summit of Mount Everest and return
safely.
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Black Planet
Astronomers have discovered a black planet using hubble space telescope.

It is formally called as WASP-12b, an exoplanet that reflects almost no light, making it appear essentially pitch
black.

It orbits its parent star WASP -12A, about1400 light year away.
Its albedo is 0.064, whereas the albedo of earth is 0.3 and moon is 0.12.

It is categorized as a hot Jupiter since its radius almost twice that of Jupiter and a year of just over one Earth
day.

Albedo i Fraction of light falling on a surface that is reflected.

Exoplanet i A Planet that orbits a star other than a sun.

. Lunar Station

Russia and the United States agreed to ceoperate on a NASAled project to build the first lunar space station.

The project envisages buildng a crew-tended spaceport in lunar orbit that would serve as a gateway to deep
space and the lunar space.

. Proxima Centauri

Proxima Centauri is the closest star to Sun.
It is a faint red dwarf lying four light years away in the southern constell ation of Centaurus.
It is orbited by the Earth -sized Proxima b which is the closest exoplanet to the solar system.

Scientists have recently detected dust belts around Proxima Centauri, by the Atacama Large Millimeter Array
(ALMA) Observatory in Chile.

The presence of dust belts indicates the presence of an elaborate planetary system hosted by it.

. Kepler 90i

NASA has recently announced that it found another solar system with 8 planets.

The historic discovery was made by new scientific analyss of data obtained by the Kepler space telescope.

Kepler 90 is the first star to host as many planets as our own solar system.

The new planet AKepler 90i 06 is a small rocky planet,

It is located 2,500 light years from Earth and it orbits its home star every 14 days and is about 30% bigger than
Earth.

The planets in the Kepler 90 system orbit much closer to their host star than Earth is to the sun.

It is similar to the seven planets in the TRAPPIST-1 system, previously thought to be the next biggest solar
system.

Super Blood Blue Moon

ASuper Blood Blue Moondo is a rare cosmic event that
total lunar eclipse.

Super moon 1 Itoccurwhenthe f ul | moon coincides with the Moonods
During a super moon, the moon appears 14% larger and 30% brighter.

The farthest di stance bet ween ¢t he moon and t he Eartt
point.

Lunar Eclipse 71 It occurs when the Sun, the Earth and the Moon are so aligned that the full moon passes
through the shadow of Earth.

The moon gliding into Earthds shadow wil/| gradually t
This is because the sunlightpass ng t hrough the Earthdéds at mosphere br e,
the atmosphere and falls on the Moonés surface.

For this reason, a totally eclipsed moon is called a
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1 Blue Moon 1 It refers to the second full moon (or second lunar eclipse) in a month.

The Moon does not turn blue but historically the second full Moon of an English calendar month is termed as
a Blue Moon.

Typically, it happens every two years and eight months.

1 The world is going to witness this event on Jan 31st in parts of western North America, Asia, the Middle East,
Russia and Australia

1.73. Solar Cycles and Sun spots

A The amount of magnetic flux that rises up to the Sun's surface varies with time in
a cycle called the solar cycle, which lasts 11 yearsnoaverage.

A This cycle is sometimes referred to as the sunspot cycle.
A Sunspots are regions where the solar magnetic field is very strong.

A In visible light, sunspots appear darker than their surroundings because they are
a few thousand degrees cooler han their surroundings.

A They are usually concentrated in two bands, about 15- 20 degrees wide in
latitude, that go around the Sun on either side of the solar equator.

1.74. KELT -9

T Scientists have discovered the hldi9thestorlnadwmgp laadats sii
every day and a half.

The planet is located 650 light years from Earth and 2.8 times more massive than Jupiter.
It is tidally locked to its star as the moon is to Earth.

The day side of the planet is perpetually bombarded by stellar radiation which makes the planet is so hot that
molecules such as water, carbon dioxide and methane cannot form there.

1.75. Perseids

1 Comet Swift-Tuttle is the largest object known to repeatedly pass by Earth. Its nucleus is about 16miles (26
kilometers) wide.

It last passed nearby Earth during its orbit around the sun in 1992, and the next time will be in 2126.

1 Earth passes through the dust and debris it leaves behind every year, creating the annualPerseid meteor
shower .

1 During meteor shower, the pieces of comet debris heat up as they enter the the atmosphere and burn up in a
bright burst of light and streaking a vivid path across the sky.

1 Perseid meteor shower can be seen best in the Northern Hemisphere and down to the midsouthern latitudes.

When they're in space, the pieces of debris are called theteoroids ," but when they reach Earth's atmosphere,
they're designated as 'meteors ."

If a piece makes it all the way down to Earth without burning up, it graduates to " meteori te."
Geminids Meteor shower - The Geminids are associated with the nearEarth object 3200 Phaethon

A near-Earth object (NEO) is an asteroid or comet whose orbit periodically brings it within approximately 195
million kilometers of the Sun.

Asteroid an d Comet

1 An asteroid is a small, naturally occurring, solar system body that orbits the sun. Asteroids are typically
composed of rock-forming minerals, most commonly olivine and pyroxene.

1 However, they often contain metal (iron and nickel), sulfides (ch emical mixtures of metals and sulfur), clays,
and organic compounds. The structure and composition of asteroids vary from object to object.

Most asteroids in our solar system reside in the region between Mars and Jupiter known as the Asteroid Belt.

A comet is a small body composed mostly of dusty material embedded with icy volatiles, such as water and
carbon dioxide that formed in the cold outer solar system

1.76. Saraswati 1 Supercluster of Galaxies
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1 A team of Indian scientists has reported the discovery of a O6superclusterd of gal
It is located four billion light years away from the earth.

1 Galaxies are themselves made of billions of stars and planets, and a cluster typically contains several hundreds
of these galaxies

1 Superclusters, a group of clusters of galaxies, are the largest structures of stars, planets and other heavenly
bodies in the Universe.

1 The Milky Way galaxy, of which the Earth is a very small member, is part of the Laniakea supercluster, which
was identified only in 2014.

1.77. Farthest known galaxy

1 NASA has spotted the farthest known galaxy in the universe, a primitive cluster of stars just 500 million years
old.

The galaxy was named SPT0615ID.
Preliminary analysis suggests that the galaxyis less than 2,500 light-years across.
.78. Ancient Spiral Galaxy

Scientists have discovered the most ancient spiral galaxy in the universe that existed 11 billion years ago.

l
il
7
1
1 The galaxy, known as A1689B11, existed just 2.6 billion years after the BidBang.
1 Researchers used the Gemini North telescope in Hawai'i to verify the vintage and spiral nature of the galaxy.
1 Spiral galaxies are exceptionally rare in the early universe.

1 In spiral galaxy, the stars and gas clouds are concentrated mainly in sne or more spiral arms.

.79. Tabby's star

1

Tabbys star is the HfAmost my st er i ¢dimming &nd brightening irrbgelarly ni v e
following no pattern.

1 Officially called KIC 8462852, the star is 1,000 light years away from the Earth and 1,000 degrees hotterthan
the Sun.

There was a 20% decrease in brightness and the dip lasted from five t80 days.

1 A recent report showed that the dimming is caused by ordinary dust particles, the majority of them at a size
less than one micrometre.

VIl. TELESCOPES AND OBSERVATORIES

1.80. SOFIA
1 SOFIA, the Stratospheric Observatory for Infrared Astronomy, SOFIA infrared image
is the largest airborne observatory in the world. (5.4, 24, and 37 um)

91 It consists of an extensively modified Boeing aircraft carrying a
reflecting telescope with an effective diameter of 2.5 meters.

1 The observatory is based at NASA's Armstrong Flight Research
Center in Palmdale, California.

1 The project is implemented by NASA and German Aerospace
Center (DLR).

Visible light image

1 Many objects in space emit almost all their energy at infrared wavelengths. Often, they are invisible when
observed in ordinary visible light.

Thus SOFIA observes universe in infrared wavelengths to get the expanded views.
I't is preparing for its 2018 campaign for observing ¢
Jupiter in Visible and Infrared Image

1.81 Gravitational Wave Observatory

1 A gravitational wave (GW) is a concept, predicted by Einstein through his theory of general relativity which
states that mass distorts both space and time.
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1 When an object accderates, it creates ripples in spacetime, just like a boat causes ripples in a pond. These
spacetime ripples are gravitational waves.

1 GWs are caused by cataclysmic events that result in highenergy explosions, such as collision of black holes or
neutron stars.

1 GWs are extremely weak and so are very difficult to detect.

1 Strength of the wave depends on the mass of the object and require extremely sensitive detectors to sense
them.

1 Missions like LIGO (Laser Interferometer Gravitational i wave Observat ory) in U.S helps to spot
gravitation waves, detecting small changes in the distances between objects at set distances.

1 LIGO: It is a largescale physics experiment and observatory with the mission to directly observe
gravitational waves of cosmic origin

1 A fourth gravitational wave has been detected with help from Italy -based equipment Virgo detector

The Virgo detector is an underground L-shaped instrument that tracks gravitational waves using the physics of
laser light and space.

1 The underground stations are known as interferometers, do not rely on light in the sky, but instead sense
vibrations in space created by a gravitational wave.

The JapaneseKAGRA detector is set to go online in 2019 and LIGO India set to join by 2024.

Previously, gravitational waves have been found using two U.S:based detectors known as the Laser
Interferometer Gravitational -Wave Observatory (LIGO).

1 LIGO -India, or INDIGO, is a planned collaborative project between the LIGO Laboratory and the Indian
Initiative in Gra  vitational -wave Observations (IndIGO) to create a world-class gravitational-wave
detector in India.

1 A site in the Hingoli district (Maharashtra) has been selected.

Noble Prize for Physics -Rainer Wei ss, Barry C. Bar i sdwarded thenNdbelK i p
Prize for physics for their contribution to the LIGO -VIRGO project and its detection of gravitational waves.

1.82 Ngari observatory

T China is working to set up the worl dds highesflibeal t i 1
Autonomous Region.

It is to detect the faintest echoes resonating from the universe, which may reveal more about the Big Bang.

The telescope, located 5,250 meters above sea level, will detect and gather precise data oprimordial
gravitational wa  ves in the Northern Hemisphere, which have never been detected.

The primordial gravitational waves were created about 13.8 billion years ago by the Big Bang explosion.
The observatoryis expected to be operational by 2021.

Tibet is considered as the kest location in the northern hemisphere to detect the G-waves due to thin air and its
dry climate, which reduces the influences of moisture on the primordial sub millimeter G -waves.

T Ngari observatory wil/ be among twaw observatiordbases, dloagsideghe i mo
South Pole Telescope and the facility in Chileds Atac

1 China has also announced setting up of FAST, a 500-meter aperture spherical radio telescope in southwest
Chinads Guizhou Province.

1.83. Chandra X -ray Observatory

1 NASA's Chandra X-ray Observatory is a telescope specially designed to detect Xay emission from very hot
regions of the Universe such as exploded stars, clusters of galaxies, and matter around black holes.

1 Itis a space based telescope. iice the Earth's atmosphere absorbs the vast majority of X-rays, they are not
detectable from Earth-based telescopes

Chandra is an Earth satellite in a 64-hour orbit, being operated in space since 1999.

Chandra is one of the Great Observatories, alongwith the Hubble Space Telescope, Compton Gamma Ray
Observatory (1991 2000), and the Spitzer Space Telescope.
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1.84. Hubble Space Telescope

It is the world's first large, space-based optical telescope, named in honor of astronomer Edwin Hubble.
The Hubble is a joint project between NASA and the European Space Agency.

Sun is the energy source of this space based telescope.

Hubble Telescope has tracked the Neptuneds Mysterious

=A =4 =4 4 =4

Some of the interesting Hubble Discoveries are

1. Creating a 3-D map of mysterious dark matter.

2. Discovering Nix and Hydra, two moons of Pluto.

3. Helping determine the rate of the universe's expansion.

4. Discovering that nearly every major galaxy is anchored by a black hole.

5. Helping refine the age of the universe.

1.85. James Webb Telescope
T NASAd6s James Webb Te lpremsiar ioffared spase obskreatony o r | af thesnext decade.
1 Itis developed in coordination among NASA, the European Space Agency, and the Canadian Space Agency.
1 Itis the most sophisticated and expensive space bservatory ever designed.
)l

It is scheduled for launch in 2019 aboard a European Ariane 5 rocket from French Guiana and to orbit at
Earth's second Lagrange point (L2).

1 It will study every phase in the history of our universe, ranging from the first lumin ous glows after the Big
Bang, to the formation of solar systems capable of supporting life on planets like Earth, to the evolution of our
own Solar System.

It was formerly known as the " Next Generation Space T
1.86. Giant Magellan Telescope
1 The telescope will be one member of the next class ofjiant ground -based telescopes.
It is going to be commissioned in 2023.
I't is proposed to be | ocated in Chileds Atacama Deser
It will have a resolving power 10 times greater than the Hubble Space Telescope.
1.87. SPARCS telescope

i Star-Planet Activity Research CubeSat, or SPARCS, is a new NASAInded space telescope and will be
launched in 2021.

T It wi |1 be [ aunched that witl ononitoh the flaresrandhsbirspots of lsmall stars using
ultraviolet light to assess how habitable the environment is for planets orbiting them.

1 It will study the habitability and high -ener gy envi ronment around stars cal/l

1 Mdwarfisthesmal | est kind of star with masses ranging fror
about 8 percent of the Sunbds mass.
1.88. Very Large Telescope
1 Itis the world's most advanced visible-light astronomical observatory.
1 Itis located on the mountain Cerro Paranal in Chile and consisting of four telescopes with mirrors.
1 These telescopes can operate individually or together as an interferometer.
1 The large telescopes are named Antu, Kueyen, Melipal, and Yepun, which are the names for the Sun, the

Moon, the Southern Cross, and Venus in the language of the Mapuche people.
1 It successfully integrated the light from all four of its 8.2 -meter (27 feet) unit telescopes into a new instrument.
1.89. Giant Metrewave Radio Telescope (GMRT)
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e
GMRT serves as a uique facility for radio astronomical research using the metrewavelengths range of the

1
radio spectrum.
1 Itis located at a site about 80 km north of Pune.
It is an array of thirty fully steerable parabolic radio telescopes of 45 metre diameter, observing at metre
wavelengths
1 The metre wavelength part of the radio spectrum has been particularly chosen for study with GMRT because
man-made radio interference is considerably lower in this part of the spectrum in India.
1.90. ARIES Telescope
ARIES telescoe is a joint collaboration between Indian, Russian, and Belgian scientists
The telescope is located atDevasthal, Nainital ~ at a height of 2,500 metres
The telescope will be used in the study and exploration of planets, starts, magnetic field and astranomical
debris.
1 The high end technology incorporated in the telescope enables it to be operated with the help of remote
control from anywhere in the world.
1.91. National Large Solar Telescope
A National Large Solar Telescope (NLST) is a proposed groundbased 2m class optical and near infra-red (IR)
observational facility in our country .
A ltis designed to address the scientific issues related to origin and dynamics of solar magnetic fields.
A The instrument has a broad scope to support and substantiate the solar atmospheric observations from space
based ADITYA mission and ground based MAST telescope (Udaipur).
VIll. OTHERS
1.92. Space Activities Bill
1 The Department of Space has released a draft Space Activities Bill, 2017.
1 Currently, space activities are regulated by policies such as the Satellite Communication Policy, 1997 and
Remote Sensing Data Policy, 2011.
1 The proposed Bill addresses the ned for a legal environment for orderly performance and growth of the space

sector.
It aims at encouraging both the public and private sectors to participate in the space programme.

The BiIll specifically facilitates for the participation of non -governmental/private sector agencies in space
activities in India.

Key Provisions

f
f
f

The provisions of the legislation shall apply to every citizen of India.
And also to all sectors engaged in any space activity in India or outside India.

Regulatory mechanism - The central government is responsible for setting mechanisms and promoting
space activity.

This includes exploration and use of outer space, and development of the sector.

The central government can:

1. grant, transfer, or terminate licenses to any person for commercial space activities

2. provide professional and technical support, and authorisation to launch or operate space objects

3. regulate the procedures for conduct and operation of space activity by monitoring the conformity with
international s pace agreements to which India is a party

4. ensure safety requirements and investigate any incident or accident in connection with the operation of a
space activity

Licences - A non-transferable licence shall be provided by the Central Government to any person carrying
out commercial space activity.

http://www.shankariasacademy.com www.iasparliament.com




IAS PARLIAMENT 30

Information is a Blessing

1 Alicense granted by the central government includes-
permission for the central government to inspect any space activity and documents related to space activity

1 obligation on the licensee to insure himself/herself against any liability incurred due to any activity authorised
by the license

1 Liabilites - A licensee should compensate the central government againstclaims brought against the
government.

1 This would be regarding damages arising out of commercial space activities covered under the license.
Penalties - The draft Bill provides for penalties in case of:
1. unauthorised commercial space activity
2. furnishing false information or documents
3. causing environmental damage
4. entry into prohibited areas
5. disclosure of restricted information

1 Protection of action taken by the central government i.e. no legal proceedings can lie against the central
govemment with respect to anything done in good faith in pursuance of space activity.

1 IPR - Intellectual property rights developed during the course of space activity will be protected under the
law.

1 Further, any intellectual property right developed onboa rd a space object in outer space will be deemed to be
the property of the central government.

193. Wor |l dés most paylaser f ul X
T The worl dés maoaylaserphas Wwegunfopedatingkat a facility in Hamburg, Germany.

1 1t will help scientists t o recreate the conditions deep inside the sun and produce film-like sequences of viruses
and cells.

It will help unravel ways to make new antibiotics and even create a new form of diamond.

1 The machine, called the European Xray Free Electron Laser (XFEL), acts as a highspeed camera that can
capture images of individual atoms in a few millionths of a billionth of a second.

T XFEL is the wor hray@serfacility. Prdjectmia Japan an the US have already spawned major
advances in structural biology and materials science.

T The facility hosts the worldés | ongest superconduct
needed to generate Xray flashes a billion times brighter than the best conventional radiation sources.

1 It will also house a powerful optical laser to go alongside the Xray gun, which scientists will use to exert
extraordinary pressures on materials in order to reproduce conditions similar to those at the centre of the
Earth or inside the Sun.

1.94. New form of Mat  ter
1 Scientists have proven the existence of new form of matter called excitonium.

1 There are five known phases, or states, of matter: solids, liquids, gases, plasma and Bose&instein
condensates.

The main difference in the structures of each state is in the densities of the particles.
Excitonium is a condensate.

It is made up of particles known as excitons, which are made from an escaped electron.

=A =2 = =

It exhibits phenomena like a superconductor.
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2. DEFENCE TECHNOLOGY
2.1 Swathi

1 ItisaWeaponlLocai ng Radar (WLR), developed by DRDOO&6s El ectrc
(LRDE).

1 It provides fast, automatic and accurate location of all enemy weapons like mortars, shells and rockets firing
within in its effective zone of coverage.

1 It simul taneously handles multiples projectiles fired from different weapons at different locations.
The system is capable of adjusting the fire of our own artillery weapon too.

1 Thus WLR has two roles to perform i.e. Weapon Location Mode for enemy Artillery and Direction of Own
artillery Fire (DOOAF) Mode for our own Artillery.

2.2 Recce Vehicle
1 The NBC Recce Vehicle MkKI, is developed by Vehicles Research & Development Establishment (VRDE).

It is designed for carrying out post event reconnaissance (reccg of Nuclear, Biological and Chemical
Contaminated areas.

1 It is capable of collecting solid and liquid samples of biologically contaminated areas, mark the nuclear and
chemical contamination zone and transfer the recce data speedily to support formations.

2.3 Tapas-201
DRDO successfully carried out the maiden flight of TAPAS 201 (RUSTOM:i |II) recently.
It is a Medium Altitude Long Endurance (MALE) UAV.

It is being developed to carry out the Intelligence, Surveillance and Reconnaissance (ISR) rolesfor the three
Armed Forces with an endurance of 24 hours.

1 It is capable to carry different combinations of payloads like Medium Range Electro Optic (MREO), Long
Range Electro Optic (LREO), Synthetic Aperture Radar (SAR), Electronic Intelligence (ELINT),
Communication Intelligence (COMINT) and Situational Awareness Payloads (SAP) to perform missions
during day and night.

1 RUSTOM-1 is also a MALE- UAV developed by DRDO with an endurance of 1215 Hours.
2.4 Quick Reaction Surface to Air Missile (QRSAM)
It is an indigenously developed short range surface to air missile.
The missile has a strike range of 25 to 30 kms.

It has an all- weather weapon system capable of tracking and firing, and it is the second developmental trial of
the state-of-the-art missile with an aerial target.

1 Recently, it was successfully testfired from a test range from the launch pad Chandipur, along the Odisha
coast.

2.5 Brahmos

1 The BrahMos is a medium-range supersonic cruise missile that can be launched from submarine, ships,
aircraft, or land.

T The missile has b
and Russiabs NPOM.
Moskva.

ee jointly developed by I ndiads De

n
The name Brahmos has been taken a

1 Itis the fastest supersonic cruise missile in the world.
It has an effective strike range of around 290-300 km.

1 It also provides a much desired capability to strike from large stand -off ranges with pinpoint accuracy by day
or night and in all weather conditions.

2.6 Nirbhay
T I't is Indiads first indigenous]| ySomicCsuisghtissigd. and devel op

It can be deployed from multiple platforms.
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N
1 It was successfully test fired from the Integrated Test Range (ITR), Chandipur, Odisha.
The missile has the capability to loiter and cruise at 0.7 Mach, at altitudes as low as 100 m.

1 The Mach number is defined as the ratio of the speed of the aircraft to the speed of sound i.e Mach 1 means the
velocity is equal to the speed of sound.

1 When the velocity exceeds the speed of sound is called supersonic and if it is less than the speed of sound it is
called subsonic.

2.7 Barak -8
1 A missile system is being jointly developed by DRDO India and M/s Israel Aerospace Industry (IAl).
Israel refers this missile as Barak 8 missile system (upgraded version of BARAK Missile System).

1 It includes Long Range Surfaceto-Air Missile (LR -SAM) and Medium Range Surfaceto-Air Missile (MR -
SAM).

1 LR-SAM is the Ship Launch Version and Project MR-SAM is the Land Launch Version of Barak-08 Missile
system.

1 MR-SAM detects incoming enemy aircraft while they are well over 100 km away and destroys them at range
upto 70 km.

1 LR-SAM has got long range engagement capability to penetrate in deep water/land to intercept all types of
aerial targets (like Subsonic & Supersonic Missiles, Fighter Aircraft, Maritime Patrolling Aircraft (MPA),
Helicopter and Sea Skimming Missiles.

2.8 AKASH Missile
1 Itis a short-range surfaceto-air missile (SR SAM) system with indigenous radio frequency seeker.
1 It has a range of 25 km.
1 It can simultaneously engage multiple targets in all weather conditions.
1 It also has a large operational envelope from a low altitude of 30 metres to a maximum of up to 20 km.
2.9 AGNI -V
1 Recently India test-fired Agni-V, an Inter-Continental Ballistic Missile in its final operational configuration.
1 Agni Vis a nuclear capable missile, which can reach the northernmost parts of China with its strike range of
over 5,000-km.
The missile is over 50-tonne and designed to carry a 1.5tonne nuclear warhead.
I't is considered to be a credible strategic deterrent
It is part of the Agni series surface to surface missiles indigenously developed by DRDO under the Integrated
Guided Missile Development Program (IGMDP).
2.10 Prithvi -lI

1 India successfully test-fired its indigenously developed nuclear capable Prithvi-Il missile from a test range in
Odisha.

The surface to surface missile has strike range of 350 km.
It is capable of carrying 500-1,000 kilogram of warheads and is thrusted by liquid propulsion twin engines.

The state-of-the-art missile uses advanced inertial guidance system with manoeuvring trajectory to hit its
target.

2.11 ASTRA

1 The ASTRA weapon system is an inégenously developed air-to-air Beyond Visual Range (BVR) missile
developed by the DRDO.

1 It comprises a launcher and a missile and it is designed as a BVR missile with a long range of 110 km and short
range of 20 km.

BVR missiles are the latest in air-to-air combat.

It will be inducted into | AF | ater this -ty-@&r@8YRnaissild. t hi s

http://www.shankariasacademy.com www.iasparliament.com




2.12

2.13

2.16

=A =4 =4 -4 A A -4

2.17

IAS PARLIAMENT 33

Information is a Blessing

It was recently test fired from Russian-origin Sukhoi-30 MKI fighter aircraft.
Ballistic Missile Defence Programme

Indi ads Ballistic Missile Defence (BMD) system i s
missiles both inside (endo) and outside (exo) the earth's atmosphere.

The BMD program includes a two-tiered system consisting of two interceptor mi ssiles, namely Prithvi Air
Defence (PAD)/ Pradyumna for high altitude interception (50 -80 km) and Advanced Air Defence (AAD)/
Ashwin Ballistic Missile Interceptor for lower altitude interception (15 -30 km).

The Prithvi Defence Vehicle (PDV) is being deweloped by DRDO which is set to replace the existing PAD.

Terminal High Altitude Area Defense (THAAD) is the name of an American anti -ballistic missile defense
system designed to shoot down short, medium-, and intermediate -range ballistic missiles.

PINAKA
Pinaka Rocket Mark-1l is a multiple rocket launcher produced developed by DRDO.

It has been now equipped with a navigation, guidance and control kit and has been transformed to a Guided
Pinaka.

This conversion has considerably enhanced therange and accuracy of Pinaka.
Anti -Tank Missile Nag
DRDO Successfully Testfires Anti -tank Missile Nag in Rajasthan.

Nag is a third-generation, fire -and -forget, anti-tank guided missile developed by India's state-owned DRDO
to support both mechanised infantry and airborne forces of the Indian Army.

The missile incorporates an advanced passive homing guidance system and possesses high singghot kill
probability.

It is designed to destroy modern main battle tanks and other heavily armoured targets.
Nag can be launched from land and air-based platforms.

Spike and Nag Missile

Spike missile is anIsraeli fourth generation anti -tank guided missile.

It is developed and designed by Israeli company Rafael Advanced Defence Systems.

India is looking to purchase it, which will compete with the Nag missile, developed by the Defence Research
and Development Organisation (DRDO ).

K-4 Missile

The entire K family of missiles is a series of submarine-launched ballistic missiles (SLBM) developed by India
to boost its second-strike capabilities.

The missile has a range of up to 3,500 km and is capable of carrying a nuclear/conventional payload of more
than 2 tonnes.

It is powered by solid rocket propellants.

It has been designed to be fred from a depth of 50 meters.

It uses a Ringer Laser Gyro Inertial navigation system.

It is capable of cruising at hypersonic speed.

It also features a system of weaving in three dimensions during flight as it approaches its target.
Indian scientists claim that the missile is highly accurate with a near zero circular error probability.

India announced the test launch of K-4 intermediate -range nuclear-capable ballistic missile from INS Arihant,
foll owi ng P aeltestohamackar tgablesBabur-3 submarine-launched cruise missile (SLCM).

Muntra

Muntra is the country's first unmanned tank developed by Defence Research and Development
Organisation (DRDO).
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Muntra is unmanned, remotely operated tank which has three variants such as Muntra-S, Muntra-M and
Muntra -N.

Muntra -S is the country's first tracked unmanned ground vehicle developed for unmanned surveillance
missions.

Muntra -M is for detecting mines, andMuntra -N is for operation in areas where there is a nuclear radiation or
bio weapon risk.

Smart Anti  -Airfield Weapon (SAAW)
It is an indigenously designed 120 kg. class smart weapon.

It is capable of engaging ground targets with high precision
up to a range of 100 kms.

It has higher precision and is much cheaper compared to
missiles.

It is is intended against runways, bunkers, aircraft hangers
and other reinforced structures.

KAB -1500 bombs

India has announced its first proposal for procurement of
240 KAB-1500 bombs,from Russia.

It is a precision guided weapon which uses laser for precision guidance.
It will be used in IAF's Sukhoi Su-30MKI fighter jets.

It is designed to destroy ground targets such as railway lines, ammunition depots, bridges, military facilities
and ships.

The bomb has folding fins that allow it to manoeuvre while being guided to the target.
Smart Anti Airfield Weapon

The Defence Research and Development Organisation (DRDO) have successfully tested Smart Anti Airfield
Weapon (SAAW).

It is an indigenously developed light weight glide bomb, capable of targeting large enemy infrastructure, like
airfields.

It is a long range precision-guided anti-airfield weapon.

It is guided through precision navigation system.

It can reach the targets at greater than 70 km range with high accuracies.
NETRA

Netra is the first indigenously built Airborne Early Warning and Control System (AEW&C) developed by
DRDO.

It is light -weight autonomous UAV for long range surveillance and reconnaissance operations.
This radar system is mounted on Embraer aircraft which gives 240-degree coverage of airspace.
It helps to detect and track aircraft, missiles, ships and vehicles.

The other countries which have developed AEW&C are United States, Russia and Israel.

For the first tim e, an IL-78 refueller aircraft has recently carried out air -to-air refuelling of the Embraer
aircraft.

Air-to-air refuelling allows the aircraft to stay airborne much beyond their limits, allowing better exploitation
of capabilities.

IL -78 Refueller Aircraft
It is a multi -purpose four-engine turbofan strategic airlifter designed by the Russia.

The IAF is one of the few air forces in the world to operate mid-air refuellers. It now operates six Russian IL-
78 refuellers.
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1 The name of the air-to-airr ef uel | i ng method is O6Probe and Droguebd.
2.23 Dakota DC3 Aircraft

1 Air Chief Marshal (ACM) B.S. Dhanoa received a restored World War-1l DC3 Dakota aircraft from an IAF
veteran.

The gift deed was signed between ACM Dhanoa and Air Cdre (Retd) Chandrasekar at a handover ceremony.

1 The DC3 Dakota aircraft Parashurama bearing the Tail Number VP-9 05  wi | | be part of the
DC3transport aircraft, the worldébés first successful C
World War Il .

2.24 ATAGS

1 Advanced Towed Artillery Gun System (ATAGS) is a indigenous artillery gun which has set a new world record
in range by hitting targets at a distance of 48 km.

It is being jointly developed by the DRDO and the private sector.

The development is being done through a consortium based model, similar to that adopted for the pinaka
multi -barrel rocket launch system.

The Army has not inducted any new artillery gun since the Bofors in the 1980's.
Last year, India signed a contract for 145 M-777 Ultra-Light Howitzers from the US.
2.25 Trawl System
1 DRDO has recently undertaken the indigenous development of Trawl System.

Trawl System is employed for breaching of land mines and creating a vehicle safe lane, for the advancement of
mechanized forces in combat zone.

1 The indigenous development is an important step towards achieving self-reliance in area of critical military
equi pment under 6Make in Indiabd initiative.

2.26 Integrated Automatic Aviation Meteorological System (IAAMS)

1 Itis an ambitious project of the Indian Navy to modernise the meteorological infrastructure of the nine Naval
Air Stations (NAS).

1 INS Rajali at Arakkonam was identified for setting up this sophisticated system.

It is equipped with the state of the art Meteorological Sensors viz., Radar Vertical Wind Profiler,
Transmissometer, Ceilometer and Automatic Weather Observation System,

It undertakes automatic and continuous recording of relevant weather parameters.

91 It has a special alarm feature that alerts the duty staff during abnormal change of weather that may affect safe
flying.

1 The project will give a major fillip to aviation safety, through automation of weather monitoring process.
2.27 PROJECT -15B
1 The Project 15B/ Visakhapatnam Class destroyer is aclass of guided missile destroyers.

1 It comprises of four ships - Visakhapatnam, Mormugao, Paradip and Porbandar all of which are being built by
the Mazagon Dock Limited (MDL), for the Indian Navy.

Visakhapatnam and Mormugao are already launched.
Project 15B is an improved variant of the Kolkata-class destroyers.

In 2011, the government had sanctioned four 15B ships at the cost of Rs 29,700 crore.

=A =4 =4 =4

The Project 15B ships retain the hull design of Kolkata-class destroyers (Project 15A), but will al® incorporate
advancedstealth features and a high degree of automation.

Project 15Aincludes INS Kolkata, INS Kochi and INS Chennai.

=

Similarly Project 15Ais a follow-on of the Project 15 i.e Delhiclass destroyers, which include INS Delhi, INS
Mumbai and INS Mysore.
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2.28 Scorpene -class submarine

1 Recently, INS Khanderi, the second of the six Scorpene class submarines has sailed out from Mumbai
harbour.

1 The first Scorpene-class submarine INS Kalvari has already undergone various trials and is exped¢ed to be
inducted into the Indian Navy later this year.

Six Scorpeneclass submarines are being built under'Project 75'  of the Indian Navy.
The Project 75I-class submarine is a follow-on of the Project 75 Kalvari-class submarine for the Indian navy.

Under this project, the Indian Navy intends to acquire 6 diesel -electric submarines, which will also feature
advanced Air Independent Propulsion (AIP) systems to enable them to stay submerged for longer
duration and substantially increase their operation al range.

1 The submarines of Scorpene class are propelled by diesetlectric engines and Torpedo is mounted as a
primary weapon.

1 It will have both anti -surface and anti-submarine warfare.
It also features an additional air -independent propulsion (AIP) system.

Conventional diesel-electric submarines have to surface every few days to get oxygen to recharge their
batteries. With AIP systems, they can stay submerged for much longer periods.

2.29 INS Karan]
1 The Indian Navy has launched the third Scorpéne class submarine Karan.

1 It has been constructed by shipbuilder Mazagon Dock Limited (MDL) with collaboration of French
shipbuilding major Naval Group (formerly DCNS).

1 The submarine will undergo rigorous tests for the next one year before it is commissioned.
2.30 Project 28
1 Project 28 is a class of antisubmarine warfare corvettes currently in service with the Indian Navy.
1 They are the first anti-submarine warfare stealth corvettes to be built in India.
1 The Project was approved in 2003, with construction of the lead ship, INS Kamorta commencing on 2005.
1 Three of the four corvettes, INS Kamorta and INS Kadmatt, INS Kiltan were commissioned in 2014, 2016 and

2017 respectively.

INS Kavaratti is under construction and slated to be completed by end of 2017.
1 INS Chakra

INS Chakra belongs to Akula-class nuclear powered Submarine.

It was taken from Russia on a 10 year lease period.

Originally named as K-152 Nerpa, it was handed over to the Indian Navy in 2011.
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Though it is a nuclear powered submarine, it carries only conventional weapons and not nuclear tipped
missiles.

=

It is based at INS Virbahu, the submarine base in Visakhapatnam.
It is the second nuclear submarine after the indigenously built INS Arihant.

1 INS Arihant is capable of launching nuclear-tipped submarine ballistic missiles.
2.32 INS Vikramaditya

1 US team members of joint working group (JWG) on aircraft carrier cooperation have been allowed to visit and
operate Russian built Aircraft INS Vikramaditya.

1 INS Vikramadi tya is a Kiev class aircraft carrier which was commissioned by Russian Navy in 1987 under the
name Baku.

It was later renamed as Admiral Gorshkov and later offered to India in 2004.

1 Itis the biggest and heaviest ship to be operated by the Indian Navy.
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INS Vishal

INS Vishal is a follow up of INS Vikrant class air craft carriers.

It is currently being built by Cochin Shipyard limited for the Indian Navy.
It is intended to be the first supercarrier to be built in India.

It would be a 65,000-70,000 tonne, nuclear -powered vessel that launched aircraft with an "electro-magnetic
aircraft launch system (EMALS)".

EMALS uses electremagnetic energy to catapult aircraft to launch speed.
India's selection of EMALS would allow the US a place in the design of the ship.
INS Arihant

I NS Ari hant i s I ndi abds only operational ship
submersible ballistic nuclear (SSBN) asset.

It is its most dependable platform for a second-
strike.

This is because the other options, landbased and
air-launched, are easier to detect.

Arihant has been immobilised af t er 6accident o 10
months ago

It can stay undetected deep underwater for long
periods and ranges far and wide.

INS Arihant and other nuclear launch platforms
are operationally handled by the Strategic Forces
Command.

They report to the Nuclear Command Authority chaired by the Prime Minister.

However, over 100 nuclear warheads are not mated with missiles or bombs and remain in civilian custody of
the Atomic Energy Department and the DRDO.

INS Aridhaman
't is | ndi ab snudearsubmatines t whiahtiseggirigdo be launched soon.

Aridhaman belongs to Arihant class submarine, carrying ballistic missiles and powered by light water nuclear
water.

It will carry K -15 and K-4 ballistic missiles as does INS Arihant.
K-4 is an intermediate range ballistic missile that can hit targets as far as 3500 km.
INS Arihant was inducted into service in 2016.

It made India the only country apart from the five permanent members of the UN Security Council to operate
a homemade nuclear U-boat.

Nuclear submarines are those that are powered by onboard nuclear reactors whereas conventional submarines
generate energy by burning diesel, which requires air.

INS Kiltan
It is the indigenously -built anti -submarine warfare stealth corvette
It has been recently inducted into the Indian Navy.

It is the latest indigenous warship after Shivalik Class, Kolkata Class and sister ships INS Kamorta and INS
Kadmatt.

It is India's first major warship to h ave a superstructure of carbon fibre composite material resulting in
improved stealth features.

The ship derives its name from one of the islands in Aminidivi group of the Lakshadweep and Minicoy group
of islands.
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