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Chandrayaan

https://economictimes.
indiatimes.com/tricolou

Jawahar point |Chandrayaan-1 | Moon Impact Probe did planned crash landing.|89°S 123°W

Tiranga point |Chandrayaan-2 | Vikram lander tried soft landing, but crashed |71°S 23°E rs-4th-national-flag-on-
ticlesh 371
Shiv Shakti point | Chandrayaan-3 Vikram lander soft landed 69°S 32°E moon/i;;;i;gw/

= [ETucEcooymcTms Q

Jawahar Point or Jawahar Sthal is the site near the Shackleton Crater where the
Moon Impact Probe (MIP) of the Chandrayaan-1 hard landed on lunar surface on 14 Tricolour's 4th national
November 2008.l"] The name was suggested by India's former President A. P. J. Abdul flag on moon

Kalam(?l as the MIP touched the Moon on the birth anniversary of India's first prime R —

minister Jawaharlal Nehru.[314] https://en.wikipedia.org/wiki/Jawahar Point  12:42:07 AM IST &< A [ O
Chandrayaan-1 Chandrayaan-2 Chandrayaan-3 BANGALORE: India late on Friday became the
Year 2008 2019 2023 fourth country to land a probe on the moon
= - when the 35-kg moon impact probe (MIP),
Orbiter A A PrOpUIswn module with tricolours painted on all four sides,
Lander v v (failed) v landed safely on the lunar surface.
Rover X v (failed) v
India 4" country to India 4™ country to The MIP landed on the south pole of the
Achievement | place flag on moon. sttttlg rs‘lgf'??a:"dogrr':l moon 25 minutes after it was relf}ased from
Confirmed ice/water south pole Chandrayaan-1 spacecraft, covering 100 km.

Propulsion Module Payload Objective
SHAPE : Spectro-polarimetry of |  For future discovery of
HAbitable Planet Earth habitable exo-planets

Lander Payload Measurements at lunar surface
RAMBHA Langmuir probe | Plasma (ions/electrons) density @
ChaSTE | Thermal properties orbiter [

ILSA [ Seismicity / crust / mantle
LRA [ It is a laser reflector by NASA

I
|
\

Rover Instrument Measurements at lunar surface \
LIBS | Chemical and mineral composition
APXS | Elements Mg, Al, Si, K, Ca,Ti, Fe

RAMBHA Radio Anatomy of Moon Bound Hypersensitive ionosphere & Atmosphere
ChaSTE Chandra's Surface Thermo physical Experiment

ILSA Instrument for Lunar Seismic Activity T - ’ i
LRA LASER Retroreflector Array Hop experiment ?
LIBS LASER Induced Breakdown Spectroscope Vikram lander lifted 40 cm,
APXS Alpha Particle X-ray Spectrometer moved sideways, landed again.
Propulsion module . , ® g TSN Bl Gl Y BEIT I =ASHT DY PEIT T of T
= It carried lander from earth orbit to moon orbit. ) < . . o
= It had two radioisotope heating units " a’rif%a’rsusaila‘lq T gargar o
= It was later reinserted in earth orbit " gEHI qc'aiﬁiﬁ' e 7 AR A FerTfire fomam T
Lunar soil/regolith " IE TEd T &1 33 i geref AE A 8
= ltis very dry. It does not have organic matter. . mmmﬁ (mﬁﬁeﬁvﬁemaﬁ%
= |t has glassy agglutinates. (Micrometeorite impacts cause ﬁwﬁwﬁua%m%mwm% I =T ARt
small-scale melting which fuses adjacent materials) ﬂﬁ'ﬂ\ﬁméﬂ %,)
Some moon missions
OArtemis : USA etc. UBeresheet : Israel UHakuto-R : Japan + UAE ULongjiang : China
ULuna 25: Russia UDhanuri  : South Korea ULupex :Japan +India dQuegiao : China
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Some places Sea of serenity, Copernicus crater, Tycho Y 3T RIS, PIORTTebT hex , STSHT hex,
on moon crater, Von Karman crater , Aitken Basin (g7 $Hi $pex , 3TScipT af AT

23 August India became 4th country to soft land
National Space Day |on moon.

YR TSHT UR WIS o1 FST PR aTeT T AT 27 7]

) First lunar soft-landing since USSR’s
2013-Chang’e 3|, ha 24in 1976

1976 (USSR T Luna-24) ¥ TS A1 UR Ugeil
WATre AfesT

2019- Chang’e 4  [first soft landing on far side of moon

ST P X ATl AEX TR Tgedl AiTe oAfST

th
2024 - SLIM lander Japan became 5% country to soft land

SITUT ST UR WIFS ST R ITelT 5a7 <97 &7

Assertion (A): Same face of moon is always presented to the earth.

days which is about the same time that it takes to orbit the earth.
(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is NOT a correct explanation of A
(c) Alstrue butR is false

(d) A s false but R is true

on moon
During new moon, sunlight falls on far side of moon. M B ?ﬁ?l';fﬂ}f a%?‘raﬁﬁaamﬂ?a;\r aTer AT RIS ©
During full moon, sunlight falls on near side of moon. W?ﬁ?ﬁ@ﬁﬁ?ﬁﬁ?ﬁﬁmaﬁﬂm%
W Lunar day = 29.5 days (or 27.3 days) %rsrﬁav 29.5 & (arfpR 27.3 fe)
P T O Time taken by Moon to complete one HSHT FIRT 3T GRY R (I & wAeer o)
& / 4 rotation on its axis (with respect to Sun). qasﬂaa,—\rch'raﬂ#ﬁ'%mrww|
P v 13 Itis equal to the time Moon takes to " IE TS RT ged) Y U afemHT ot
/-4' ! -~ complete one orbit around Earth. BT wﬁm%fw ¥ RER <
- P /” iTidal Locking i arafir = afesaor srafyr
B @ et i S o 9o g
N o ] It always has same face towards Earth w;;_a?fﬁen q’a‘fri aﬁ'%ﬁ'\r &
<y So, far side of Moon has more craters. kS AXSATed
Prelims 2005:

Reason (R): The moon rotates about its own axis in 23 and half PIRT (R): S5 319 f Hﬂwm 23 el & NRL g

ITET (A): TSHT T T & TSR g2 gt &t 3R g 2l

mﬂﬁwﬁwmﬁﬁwﬁaﬁw%ww%
(a) A 3R R ST e & T R, A P <7 s &

(b)A 3R R S AT & AfPT R, A ot e =T 18T &
(c) A e & ifehT R TTeTel &
(AT EAfFTR weT &

In 2023/2024, India achieved which of the following?
= Chandrayaan-3 reached moon. TRUE
= Aditya L-1 reached sun. FALSE

2023/2024 ¥ YRS 7 Fre=feafaa & & w7 grfie forar?
" HgYT-3 TS IR 9§ 1. TRUE
»  TfeeT L1 ¥R R 99 T FALSE

e o U First Indian mission dedicate to study Sun
c SOIar mission U Launched in September 2023 by PSLV C57
ron, O Reached halo orbit at L-1 in Jan 2024
sp > 2021: NASA's Parker Solar Probe QO L-1 gives continuous view of Sun, without
% It became 1%t spacecraft to fly any obstruction or shadow.
through Corona. 15 lakh km
% < It penetrated Alfvén surface
b 2 i.e. it touched the Sun. 15 crore km
3 TE PRATH TR Tl T8l
JARET I qT \/
o wmmﬁww 'ﬂﬁﬁimﬂﬂ?ﬂﬁmﬁﬁmﬂﬂ?ﬂﬂﬁsﬁ
arerfr oY Wt Y et famaT " PSLV C57 &RT fiaR 2023 7 @< femam /am
. - ..
e Temperature: STTaRY 2024 ¥ L-1 q'\r%aisﬁ'\rl%rc'ﬁqgm
Core 15 million K * L1 R T ar o & 9E @1 FRaR g ST g
Photosphere 6,000 K
Corona 1 million K

Some instruments on Aditya L-1

Remote Sensing Payloads

O ASPEX Aditya Solar wind Particle Experiment

In-situ Payloads O VELC Visible Emission Line Coronagraph
O PAPA Plasma Analyser Package For Aditya O SUIT  Solar Ultraviolet Imaging Telescope

O SoLEXS Solar Low Energy X-ray Spectrometer
@ Advanced Tri-axial High Resolution Digital Magnetometers [ HEL10S High Energy L1 Orbiting X-ray Spectrometer

Separate explanation videos are available in English & Hindi | 37asft 3ilx &Y & 3rerer-arerer AfAY 3qerstr §
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EARTH

®

EARTH-MOON
L2 POINT,
HALO ORBIT

Chinese satellite in
Halo orbit around L-2
of Earth Moon system

MOON

LUNAR . LUNAR Lz

NEARSIDE FARSIDE

OoO0o0o

Gravity of the two bodies is equal to the required centripetal force.
Gravity of the two bodies and centrifugal force balance each other.
For a two body system, there are five Lagrange points.

Although its just a point in empty space, its peculiar characteristic
is that it can be orbited.

Lagrange point

STeTifs 78

Y Fr T TR UT stTaedes Sifires aeT & SRTER Bl
a1 1Tl T THed TN T SR HaTIARE Fof T TN B AT B Bl
2 e yoTTet & ferg, ofer R fifg &

GfehHT &Y T Wepel 2l

Tett 5T § Rath g fig &, sweht aroite frdtwarag & fh g

gL

aL2:

Sun-Earth system
O L1 &L2: 15 lakh km from earth.

O L4 & L5 : Many planets have trojan asteroids here

Aditya L-1, Solar and Heliospheric Observatory (1995),
Deep Space Climate Observatory (2015)
James Webb, Gaia, Euclid

Solar wind/ Solar flares/ Coronal Mass Ejection/ Picoflare jets

Solar storm

4 O They all have plasma/charged particles
O They can cause disruptions on earth

P |

Picoflare jets: recently discovered. Very small compared to others.

AR Ga/RIR SaTeT/@RIFe I Soiee/ IR oie
= gl F e/ BT Bl &
" Y Y R e ST R W &

freprererae oie: g1eT 81 % @IS 7| ORI &1 Jor1 3 qg<T Biel.

Gaganyaan

Gaganyaan programme

Rakesh Sharma

= two unmanned missions

" one

= Two / three Indians

= in LEO (400km)

= for 7 days

= by LVM3 (GSLV Mk-IlI)

= only Indian citizen in space

manned mission = 3 April 1984 in Soyuz T-11

Manned mission to space:
= USSR, USA, China

T AT

3 ATaRfEd fremr

Ueh AT e

AN YR
LEO # (400 forei)

7 i & ferg
LVM3 &RT (GSLV Mk-Il)

7B 9T 91Tt
® 3fer § THHT RS ARG
" 3 37ieT 1984 ¥ WA T-11 7

3aRer ¥ g e
= USSR, USA, China

¢ solid
| Vikas engine (VIKram Ambalal Sarabhai) ﬁmm (VIKram Ambalal Sarabhai)
B\ = liquid fuel rocket engine " O ST TR e ATl e orT
YLy » used in PSLV and GSLV / LVM " PSLV 3R GSLV/LVM ¥ ST 81T &

Cryogenic engine

oxygen (below -183°C)

are the only countries that have
operational cryogenic rocket engines.

Semi-cryogenic engine
Kerosene + Liquid oxygen

= uses liquified fuel at very low temperature
= liquid hydrogen (below -253°C) and liquid

= USA, Russia, Japan, India, France, China

PIRTSID o

* g S AT UR AP ST SRRIATE el &

" TR EISSI (-253°C W &) 3R avet TR
(-183°C | &)
A & WY 2T & AT UTRT I+ JMehe o7
TRTCTHTCH® &l

A -BIATID SOl - HRARTT + aveT STerdorT

Separate explanation videos are available in English & Hindi
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April 12,1961 | 1%t man in space Yuri Gagarin
1963 | 15t woman in space| Valentina Tereshkova
1965 1t space walk Alexei Leonov
July 20,1969 | 15t man on moon Neil Armstrong

Related terms

= Crew module, Pad abort,
Atmospheric re-entry, Vyommitra,
Environmental Control & Life Support System
HLVM3 (Human-rated version of LVM3)

Absolute zero

v" 0Kelvin, -273.15°C

v’ Itis the least possible temperature

v’ Presently, it is almost impossible to achieve

EXTRA INFO

v’ At this temperature, atomic motion reaches minimum level

v" 0 Kelvin, -273.15°C
v Ig WE 9 WG a9 &

V' freTeTel S SIRACT HRAT T 3Tva 8
v/ W AT UR, URHTV] TR =g ¥ U 8t &

IRNSS /

NaviC

Trilateration

Satellite 1 \/\
L |

Purpose: provide accurate position and time

Orbit: 4 Geosynchronous; 3 Geostationary
Launch: 10 launches during 2013-2023

Range: up to 1,500 km beyond borders
Variants: Standard (Civil) and Restricted (Military)

Accuracy: 5-10 metres approx
Problem: rubidium atomic clocks failing
Satellite series: IRNSS and now NVS-1, 2 ...

Trilateration : determine location of a point by using distances
Minimum 4 satellites are required to find location by satellites

Triangulation: determine location of a point by forming triangles

Breprofire: Bryet awmes te g @1 v @ §
RedreXer: gRat 2 Y firg ot o wiont &
YIB! FIRT AT WIS & foTY =I7erT 4 Iuwral anfag 8 &

Satellite Based Augmentation System and

Differential Global Navigation Satellite System

They uses ground stations to improve accuracy of satellite signals.
They may use multiple services like GPS, GLONASS, etc.

Made by ISRO and AAI.

Covers Africa to Australia.

Inter-operable with other international SBAS systems.

1°* SBAS system in the world to serve equatorial regions.
Made for aviation, but can be used in railways, etc.
Other SBAS: WAAS (USA), EGNOS (Europe) , MSAS (Japan)
Sagar-Sampark

U launched by Ministry of Ports, Shipping and Waterways
O 1t will provide more accurate information to the ships

for safe navigation

IUIE TR Had= HoTed) 3iiR
femifiraer weitaer AfeRTer dese fave

I T Hhdl T AT H TR F ¢ TS Fee1 a1
ITANT B &1 T GPS, GLONASS 31T SRfY &8 Jarai
BT IUANT R Fehel &l

=ISRO 3R AAI gRT foiffa

u ITAYHT  SHTECTTAT T R el &

u 37T STTRRTSEIT SBAS HUTIera & AT SfcR-wanfere

= TR 81511 T @ & fo1g SfrT o ugelt SBAS HuTTeir

» FATT 3 foTQ S9TaT 71T 8, feReT Xy, omfe & st
fopaT o AepaT &

» 37T SBAS: WAAS (USA), EGNOS (IR11), MSAS (SITaT)

[ SS<E, STETORT SR ST Rt H3Terd #IRT 96 T

0O ¥8 [RR ARRres & forg Srereil &t sifte wdte
ST IS T

Gravitational waves

aka Einstein’s messengers

Gravity is curvature of space-time

Gravitational waves (detected in 2015 at LIGO USA)

==

i Produced by

O They are 'ripples' in the fabric of space-time.
O They travel at the speed of light. They are invisible.
% O 1% predicted by Einstein in 1916 in general theory of relativity.

O Collision/acceleration/etc. of massive objects (black hole, neutron star, etc.)

>
n
u
n

TECATRYUT TNl (2015 H USA & LIGO H TISIT TR-IT 2T)

¥ SARE-TTT ke AT H oTeX &

3 yrepTeT A TR A AT Bt E | g A F o

Tl I1R TSRS FIRT 1916 F AUETAT & ArT=a Rigia & wfersgarofy Y 1 ot |

n 9T IR (SN B, RIS TR, A1) Y cap/ca=on/af

Separate explanation videos are available in English & Hindi
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Beam-splitting Mirror
mirror

Laser Interferometer Gravitational-Wave Observatory

Small black holes Big black holes Gravitational wave observatories  Future observatories
= LIGO in USA = |ndigo in India (Hingoli Maharashtra)
Short wavelength GW[Long wavelength GW| , Virgo in Italy = eLISA by Europe in Space (in 2034)
High frequency GW | Low frequency GW | * KAGRA in Japan = Einstein Telescope in Europe
Relativity

Relativity: According to Einstein, time is relative. He gave two theories of relativity:
» 1905: Special theory: time is affected by Speed. (Time slows down when speed is increased).
» 1915: General theory: time is affected by Gravity. (Time slows down around heavy objects).

TTYEIT: ATSTETS & TR THY AU 81 S7aI ATeran » & Rigia
= 1905: (Special) frd Rigia: @87 TRT (Speed) A TR EXaT &1 (T To7 R |9 €T & SITaT &)1
" 1915: (General) AT FAGIAT: TR THCATHYUT (Gravity) § TTFeT BT 81 (MTRY a3 & STAUT WA ST 8 11T ©)1

Gravitational lensing

U Light is bent by a massive object.
U It can magnify the object, or create its multiple images.
U Described by Einstein 's general theory of relativity.
U Example: Einstein cross, Einstein/Chwolson ring
Y IR TTT 5 IR Y ATS A
" N v ST R &, a1 SEh ome it Rt &
B IS & AIUETAT & AT Rgid gRT aftfa
" ISTERVT: TS i, TSI/ R
BIaCk HOIe Accretion disc
It is the matter revolving around Black Hole
Relativistic Jet qg sl m & IR 3R w drell an?j’
Accrstion s £ ; Photon sphere:
vent Horizon
It is just outside event horizon
Tg 4 GBSl & Sieh STe< &l §

Relativistic jets:
It is made of matter that didn't fall into Black Hole

g 39 Y1 A Fa7 & S sold gl & 767 Ry

Event Horizon:
It is the point of no return. Its radius is called schwarzschild radius.

— Singularity

IR e W el 3T Tohdd § |
s 3T AT @ntides Fedr &gl ST g |
Singularity:

It is at centre of Black Hole; It has infinite density
g Soldh Bl & g H §; SHH ©eled IHelodl §

Separate explanation videos are available in English & Hindi | 37asft 3ilx &Y & 3rerer-arerer AfAY 3qerstr §
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Quasar

U Super massive Black Hole at centre of galaxy
U Brightest objects in Universe
U Nearest is 60 crore light-years away.
U Our Milky way also has a super massive Black Hole at its centre,
but it is not a quasar currently.
" JTRTERIT & ds A SfT Rremet seis grer
" FEIUS B I TbIel v
»  fydheaH 60 aﬂﬁswwaﬂfa'\r%l
# = g STTERTIT 35 St ¥ Y Qo rediet frerer seiep et &, AT I8
A galaxy with Quasar at its center fRAeTarer Quasar & &1
O Stars with mass 10-25 solar mass generally become neutron star.
Neutron star O It forms when star runs out of fuel and collapses.
O Itis the dense core left behind after supernova.
O Itis extremely dense (only Black hole is denser)

Three main types:

. . : 1. Magnetar: has very strong magnetic field

mam_euc { R P e ' 2. Pulsar: two beams from poles (seems on off) (used as cosmic clocks)
field lines \ ; , 3. Magnetar + Pulsar: both

" 10-25 W ST AT TR A AR IR =S FER 70 §

" g T g & Ofd TN BT U @ed & SiTaT & 31K 98 38 Srarg
* g [URAT P IS T4 G T PR &

. WWW%(WW@HWW%

A & UBR:

1. ¥R ST a8 g ToIg SIT &

2. UoRIR: Wﬁﬁ%(ﬁﬁ%(ﬁ@ﬂﬁ%@ﬁm
3, #T7e% + qowR: St

Giant Metrewave Radio Telescope

Near Pune. Built during 1984 to 1996.

30 radio telescopes of 45 metre diameter

Operated by National Centre for Radio Astrophysics part of TIFR Mumbai.

Largest radio telescope array in the world at low frequencies / metre wavelength.
Remember: long wavelength = small frequency

qOT P ITRT, 1984 ¥ 1996 & SR ffif

45 HIeX T & 30 AT SefRapIT

TS AR B AT WeIhfoe, TIFR §9$ &1 fEvr &

Hiex daeie (W whiaa=iT) UR T § Ay a9 IT$AT SRty wRuft
IS I: ST Jaie = BIET =i

Dark energy, Dark matter

Universe = 68% dark energy * 27% dark matter + 5% normal matter

Dark matter is

\\e‘s
Dark energy is Bug a(\s\G“ 2 responsible for
responsible for Beg: |1 holding together
accelerated * @ :
expansion of
Universe Hie I gake is Milky way
- ems are Stars

Separate explanation videos are available in English & Hindi | 37asft 3ilx &Y & 3rerer-arerer AfAY 3qerstr §
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https://www.thehindu.com/sci-tech/science/giant-metrewave-radio-telescope-gmrt-india-gravitational-waves/article67026398.ece

Cosmic Microwave Background

O It uniformly fills all space in the universe. L] ugqjmﬁwmﬁﬁm'rgm%

an i:'delt::clted thr(;ugh radio telescope (not . mwmmﬁ(%mﬂﬁ) JeTars
optical telescope). : -

U Itis strongest in microwave region of spectrum. AL & II$§I§.IE T & ToTed g .

U It was accidental discovered in 1965 by = 3P @IS 1965 F SRRFT 3T U ToaRT 3R Jfere ferevy
Americans Arno Penzias and Robert Wilson. ST 3T W A &Y 7 o

O It supports Big Bang theory.

= Ig forr § Regia o1 w9 RaT @

Hubble’s law

Hubble's law &9 a1 fore
= galaxies are moving away from Earth at speeds u W@Fﬂﬁ(ﬂﬁiﬂﬁf Wﬁ“‘lﬁl"\ﬁ' '{l:'%'Cﬁ'\ﬁ'E;\' ST &
proportional to their distance. " g forT T Rigia o1 @i dRar g
= |t supports Big Bang theory. R
Hubble's constant gl ¥
= [t tells the rate at which universe is expanding. * g aarare e e AR A AR s @
= |ts value changes with time. . JHTF AT SHBT oI TeclT I§<T 2
o Experiments related to neutrinos:
NeUtr’nos U IceCube: thousands of sensors below Antarctic ice (2.5km)
Neutrinos are second most 0O ANITA: ANtarctic Impulsive Transient Antenna
abundant particles in the universe, Radio telescope in Helium balloon over Antarctica
after Photons O INO: Indian Neutrino Observatory (Bodi West hills, Theni, TN)

India-based Neutrino Observatory is included by the Planning Commission as a mega
science project under the 11th Five-Year Plan. In this context, consider the following statements:

1. Neutrinos are chargeless elementary particles that travel close to the speed of light.

2. Neutrinos are created in nuclear reactions of beta decay.

3. Neutrinos have a negligible, but non-zero mass

4. Trillions of neutrinos pass through human body every second. IceCube Lab
Which of the statements given above are correct?
(a) 1 and 3 only (b) 1, 2 and 3 only SQmeters
(c)2,3and 4 (d)1,2,3and 4
IceCube Array
(P EY In the context of modern scientific research, gi;g;:g;éjij;g:f cach
consider the following statements about 'IceCube’, a particle ;
detector located at South Pole, which was recently in the news: 1,450 meters | DeepCore

Il 6 strings optimized

1. Itis the world's largest neutrino detector, encompassing a 4
for low energies

cubic kilometre of ice.
2. Itis a powerful telescope to search for dark matter.
3. Itis buried deep in the ice.
Which of the statements given above is/are correct?

(a)1 (b) 2,3 (c)1,3 (d)1,2and3

Eiffel Tower
324 meters

2,450 meters
2,820 meters

Separate explanation videos are available in English & Hindi | 37asft 3ilx &Y & 3rerer-arerer AfAY 3qerstr §
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