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SPACE ODYSSEY

The latter half of 2023 has been an exciting time
for India and the Indian Space Research Organisation
(ISRO) when it comes to space exploration and
research. India made history between July and
September this year by launching two state-of-the-art
space missions. The first mission, the Chandrayaan-3,
launched on July 14, 2023, was a mission to the
Moon’s surface, followed by the Aditya-L1 mission,
India’s first space-based observatory class mission to
study the Sun, launched on September 02, 2023.

In this article, we will take you through the
journey of these exciting missions.

Chandrayaan-3 Mission

On August 23,2023, India achieved a historic
milestone with the successful soft landing of its
Chandrayaan-3 mission on the lunar surface. This
remarkable achievement marked India as the first

country to land a spacecraft on the moon’s south pole
and the fourth nation globally, following in the
footsteps of Russia, the United States, and China in
accomplishing a soft landing mission on Earth’s sole
natural satellite.

The Indian Space Research Organisation
(ISRO) had embarked on two earlier lunar missions,
namely Chandrayaan-1 and Chandrayaan-2.
Chandrayaan-1, launched in 2008, operated until
2009, when communications were lost. This mission
conducted experiments involving a lunar surface
impact with the lander among its various objectives.
Chandrayaan-2, launched in 2019, aimed for a soft
lunar landing but unfortunately did not succeed in
this endeavour.

Building upon the experiences and lessons
learned from the second mission, the third lunar
mission, Chandrayaan-3, took a comprehensive
approach to address previous shortcomings.
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Consequently, it triumphantly accomplished a soft
landing on the lunar surface, marking a significant
advancement in India’s lunar exploration efforts.

Objectives of the Mission

e To demonstrate a secure and soft landing on
the lunar surface and the moon’s south pole.

e Exhibit rover mobility and exploration on the
lunar terrain. This would enable us to plan
longer-duration rover explorations in the
future.

e Conduct on-site scientific experiments to
gather valuable data and insights about the
moon’s environment and surface composition.

Chandrayaan-2

Chandrayaan 3 incorporated several significant
modifications and improvements compared to
Chandrayaan 2, primarily focusing on learning from
the lessons of the previous mission’s failed soft
landing attempt. These critical differences included:

e Strengthened Lander Legs: The legs of the
lander were reinforced to enhance their
structural integrity, reducing the risk of
damage during the landing phase.

e Increased Fuel Reserves: Chandrayaan 3
featured expanded fuel reserves for the lander,
providing greater manoeuvrability and flexibility
during the descent and landing phase.

e Expanded Landing Site: The landing area was
enlarged, offering a more extensive designated
region on the lunar surface, allowing for a
safer and more versatile soft landing.

e Enhanced Solar Panels: Unlike Chandrayaan
2, which had two solar panels, Chandrayaan
3 was equipped with four solar panels,
increasing its energy generation capacity and
ensuring a more sustained power supply for
mission operations.

e Continuous Speed Monitoring: Chandrayaan
3 employed a Laser Doppler Velocimeter, an
instrument onboard the mission, to monitor
the lander’s speed during descent continuously.
This technology utilised laser beams to
calculate and assess the lander’s velocity,
aiding in the precise control of the landing
process.

4 Tr)alé Vol. XV (1) 2024

e These improvements and changes in
Chandrayaan 3 aimed to mitigate the
challenges encountered in Chandrayaan 2,
particularly during the crucial phase of lunar
descent, focusing on enhancing the mission’s
chances of achieving a successful soft landing
on the moon’s surface.

e Furthermore, notable improvements and
enhancements were made to the program and
computer algorithms used in Chandrayaan 3.
These modifications were designed to
dynamically adjust the spacecraft’s velocity
based on the prevailing conditions and
real-time data. This adaptive approach
allowed for more precise and responsive
control of the mission, ensuring that the
spacecraft could respond effectively to any
unexpected situations encountered during its
journey and descent to the lunar surface.

Why the Lunar South Pole Matters?

In the exciting world of lunar exploration, all
eyes are turning to the mysterious lunar south pole.
But why is this frozen corner of the moon so
significant?

In the past, moon missions mostly hung out
near the equator because it was the moon’s
“easy-access” zone with smoother terrain. The South
Pole, however, is a wild card. It’s like the moon’s
freezer — it gets super cold, as low as -230 degrees
Celsius, and it can be pretty dark.

But here’s the thing: Chandrayaan-1 mission
detected water on the South Pole of the Moon in 2009,
which made scientists believe water might be hidden
in the moon’s polar regions. This water could be a
game-changer for future lunar missions if they’re
right.

And it’s not just about water but also
time-travelling back in the moon’s history. Experts
think the craters in these icy polar zones could hold
ancient clues about how the moon and our solar
system came to be.

So, despite the chilly challenges and dark
days, the lunar south pole is drawing scientists,
explorers, and space agencies like never before. It’s
an icy mystery waiting to be solved, and it could
change how we think about our closest cosmic
neighbour.



What makes this mission special? e Cosmic Detective: The propulsion module
e Dynamic Duo: Like the previous mission,
Chandrayaan 2, this one also stars the trusty

duo — lander Vikram and rover Pragyan.
They’re the key players in this lunar drama.

carries a payload called SHAPE, short for the
Spectro-polarimetry of HAbitable Planet
Earth. Its mission? To scan the skies for
exoplanets that might be friendly to life. It
does this by studying the light bouncing off
these distant worlds.

e Lander’s Toolkit: Vikram, our trusty lander,
is loaded up with some state-of-the-art
instruments, including:

o ChaSTE: A science experiment that
measures the thermal conductivity and
temperature of the lunar soil.

o ILSA: This one’s all about listening
for moonquakes. It’s the lunar

~A.-. seismologist of the team.

e Rover’s Gadgets: Pragyan, our rover, is also
an exciting tool. It also has some fantastic
instruments.

o APXS: The Alpha Particle X-ray
Spectrometer is like a lunar detective.
It examines moon rocks to find out
what they’re made of. It can measure
the composition of lunar soil and
rocks.

o LIBS: The Laser-Induced Breakdown
Spectroscope is a high-tech laser that

e

Vikram as seen by Pragyan
August 30, 2023, 07:35 Hrs. IST

ChaSTE ILSA

e Three’s a Charm: This mission is a three-in-

one deal with a lander module, a propulsion
module, and a rover. Each part has a unique
job to make this mission a success.

- g

can infer mineralogical composition
and check out the chemistry of the
lunar surface.
Chandrayaan 3 will only operate for a short
time. Its mission life is just one lunar day,
about 14 Earth days. So it’s in and out in a
flash!

Chandrayaan 3, Journey to Science:
e Chandrayaan-3 commenced its journey on
July 14, 2023, launching from the Satish

RAMBHA-LP ChaSTE
Langmuir Probe Chandra’s Surface Thermo-  Instrument for Lunar Seismic
To measure the near physical Experiment Activity

surface plasma (ions and To carry out the measurements ~ To measure seismicity around the
electrons) density and its of thermal properties of lunar landing site and delineating the

changes with time.

APXS

Alpha Particle X-Ray

Spectrometer

To determine the elemental

landing site.

surface near polar region.

LIBS

Laser Induced
Breakdown
Spectroscope

To derive the chemical
composition and infer
mineralogical composition
to further enhance our
understanding of lunar
surface.

structure of the lunar crust and mantle,

SHAPE

Spectro-polarimetry of
HAbitable Planet Earth

nfrared (NIR) wavelength
range (1-1.7 pm).

Vikram Lander Payloads (credits: ISRO)

Dhawan Space Centre (SDSC) in Sriharikota,
Andhra Pradesh.

The mission achieved a significant milestone
on August 5 when it entered the moon’s orbit.
On August 17, the lander module separated
from the propulsion module, setting the stage
for the next phase of the mission.

The spacecraft underwent two deboosting
manoeuvres to prepare for a precise landing
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on August 18 and 20. Deboosting involves
reducing the spacecraft’s speed while ensuring
that it follows an orbit where the closest point
to the moon (Perilune) is at a distance of 30
km, and the farthest point (Apolune) is at 100
km from the intended landing site. This
critical process is essential to ensure a safe
and accurate landing.

e The culmination of this endeavour took place
on August 23, as the lander gracefully touched
down at a specific location with coordinates
of approximately 69.36°S and 32.34°E,
positioned between the Manzinus C and
Simpelius N craters at the lunar south pole.

Lunar Transfer Trajectory

Earth-bound Maneuvers

CHANDRAYAAN &>

Chandrayaan-3 Journey from Earth to Moon (credits: ISRO)

e The following day, on August 24, the rover
Pragyan embarked on its exciting lunar
exploration mission.

e By August 30, Pragyan had already made an
impressive discovery, confirming the presence
of sulfur on the moon using the cutting-edge
LIBS technique.

e By 3rd September, the Pragyan rover traversed
100 meters of distance near the landing site.

NN
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ADITYA L1 Mission:

On the morning of September 2nd at 11:50 am
IST, several thousand people gathered at the viewing
gallery established by the Indian Space Research
Agency (ISRO) near the Satish Dhawan Space
Centre, Sriharikota launch pad. Their purpose was to
witness the momentous launch of India’s inaugural
space-based solar observatory, ADITYA L1, propelled
into the cosmos by the PSLV-C57 rocket.
Distinguishing this launch was a historic event for
ISRO: the firing of the PSLV’s fourth stage occurred
twice, a noteworthy first in the organisation’s
chronicles, ensuring the precise insertion of the
spacecraft into its elliptical orbit. Nigar Shaji of ISRO
was the project director for the ADITYA L1 Mission.

Named after the Sanskrit word for the sun,
ADITYA, and denoting its position in space, L1
(Lagrange Point 1), the satellite embarked on its
celestial journey. L1 is a specific spatial locale where
the gravitational forces between two colossal bodies,
such as the Earth and the Sun, nullify each other. At
this gravitational equilibrium, a smaller object, like
a satellite or spacecraft, can maintain a relatively fixed
position relative to both celestial bodies. The
successful placement of ADITYA L1 at this strategic
point marks a pioneering achievement in India’s space
exploration endeavours.

PSLV- C57 Rocket carrying the ADITYA L1
Satelite and during the launch (Source- ISRO)



Why should we study the Sun?
Studying the Sun is crucial for several reasons:

e The Sun is the gravitational centre of our solar
system. Studying it helps us understand the
fundamental processes governing celestial
bodies’ dynamics, formation, and evolution
within our solar neighbourhood.

e Solar activities like solar flares and coronal
mass ejections can impact space weather.
These phenomena can influence Earth’s
magnetosphere, potentially causing
geomagnetic storms. These solar activities
can affect technology, especially satellites and
communication systems. Studying the Sun
allows us to develop technologies to safeguard
communication systems, satellites, and power
grids.

e The Sun is the primary source of energy for
life on Earth. Studying its structure and
behaviour allows us to comprehend the
mechanisms behind energy production
through nuclear fusion and the solar radiation
that sustains life.

e The Sun provides a unique laboratory for
studying astrophysical processes. It allows
scientists to investigate nuclear reactions,
magnetic fields, and plasma physics under
conditions that cannot be replicated on Earth.

e By studying the Sun, scientists gain insights
into the processes that led to the formation of
our solar system. The Sun’s birth and
subsequent life stages provide a timeline for
understanding how planetary systems evolve.

e Solar radiation plays a central role in Earth’s
climate and atmospheric dynamics.
Understanding variations in solar output and
their impact on climate is essential for
predicting long-term climate trends.

A Brief History of ADITYA L1:

In 2006, the Astronomical Society of India
and the Indian Academy of Sciences jointly proposed
a solar observatory featuring a single instrument. By
March 2008, scientists presented this concept to
ISRO. In December 2009, ISRO approved the
Aditya-1 project, initially designed with a single

instrument, originally conceived to observe solely the
Sun’s corona—the Aditya-1 mission aimed to unravel
the mystery behind the corona’s extraordinary
heating in Solar Physics. The initial plan involved
siting the satellite in an 800 Km low Earth orbit and
was allocated a budget of X3 crore for the financial
year 2016-2017. However, recognising the potential
advantages of a halo orbit around the Lagrangian
Point L1, located 1.5 million km from Earth, ISRO
adjusted its strategy. This orbit offered the unique
benefit of uninterrupted and continuous observation
of the Sun, free from disturbances. Consequently, the
mission underwent a name change, becoming the
Aditya L1 mission, aligning more closely with its
expanded and enhanced observational capabilities.

A pivotal development occurred in April 2013
when, following the intervention of former ISRO
Chairman U. R. Rao, ISRO issued an ‘announcement
of opportunity.’” This prompted the scientific
community to submit additional instruments
(payloads) proposals. By June 2013, after a thorough
review, ISRO had selected seven payloads for the
Aditya-L1 mission. This transformative phase
culminated in November 2015 when ISRO formally
approved the Aditya-L.1 mission, marking a significant
expansion in its scientific objectives and payload
capabilities. As of July 2019, the mission had an
allocated cost of 3378 crores, excluding launch costs.

Position of different Lagrange points concerning the Sun
and the Earth (Source- ISRO)
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ADITYA L1 Satellite Payloads
and their objectives:

The ADITYA L1 satellite contains seven
payloads in it. One coronagraph [We always see the
sun's disk with naked eyes and telescopes. We cannot
see the solar corona, as the luminosity of the solar
disk is much higher than the corona. But during total
solar eclipses, we can see the corona, as the moon
then covers the solar disk, and no light from the disk
reaches us. However, there are other options than
waiting for eclipses to study the corona all the time.
Scientists devised the idea of blocking the light from
the solar disk using a circular disk the same size as
the projected sun image on the telescope. The disk
used to create an artificial eclipse is known as an
occulter, and the instrument that takes the eclipse
images is known as a coronagraph], VELC; one
Ultraviolet imager [Captures the photons that are in
the ultraviolet range of the electromagnetic spectrum
only to create an image of the sun], SUIT; two
spectrometer [ When light interacts with an object, it
can be absorbed, emitted, or scattered. Each element
or molecule absorbs and emits light at specific
wavelengths, creating a unique “fingerprint.” The
spectrometer is a device that splits light into its
different wavelengths (like a rainbow) to create a
spectrum containing a pattern of lines or bands
corresponding to the specific wavelengths of light
absorbed or emitted by the object.], SOLEXS and
HEL10OS; and three in-situ instruments [/n-situ
instruments directly measure the physical properties
of the environment at the location of the instrument.],
namely ASPEX, PAPA and MAG.

SUIT

SWIS VELC

STEPS-1
HEL10S
PAPA
+R
+P MAGNETOMETER
+Y (STOWED)
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Now, we will briefly explain the scientific
objective of these different instruments onboard
ADITYA L.

VELC (Visible Emission Line Coronagraph):

e Exploring the primary drivers behind coronal
heating [ The temperature gradually decreases
from the sun’s core to the sun's surface but
then increases abruptly to a few Million K
at the Corona, the sun's outer atmosphere.
This phenomenon is known as the Coronal
heating].

e Unravelling the mechanisms initiating
Coronal Mass Ejections (CMEs) [4 Coronal
Mass Ejection is a massive release of solar
plasma, magnetic fields, and associated
energy from the solar corona into space. It s
a significant and explosive event that can eject
billions of tons of solar material at high
speeds].

e Toinvestigate the magnetic field configuration
in the lower corona.

SUIT (Solar Ultraviolet Imaging Telescope):

e To study the intricate energy transfer
processes from the Photosphere to the
Chromosphere.

e To decipher the wavelength-dependent
energy variations of solar flares [4 solar flare
is a sudden, intense burst of energy and
radiation erupting from the Sun's surface.
It's like a gigantic explosion in the solar
atmosphere.].

SOLEXS

Position of different payloads
+R in the ADITYA L1 Sattelite

(Source- ISRO)
+Y

-P



SoLEXS (Solar Low Energy Xray Spectrometer):

PAPA (Plasma Analyser Package for Aditya):

e Contributing to the in-depth study of solar e Obtaining high-resolution data on Solar wind
flares, elevating our comprehension of coronal [The solar wind is a continuous stream of
heating. charged particles (mostly electrons and
Exploring the association of Solar flares with protons) flowing outward from the Sun into
CMEs. space. It 5 like a constant breeze blowing from
To broaden our grasp on the corona and the the Sun throughout the solar system.] electron
dynamics of space weather. velocity distribution.

e To decipher the cosmic composition of solar

HEL10S (High Energy L1 Orbiting Xray
Spectrometer):
e Investigating particle acceleration dynamics

wind and the anisotropy of proton and electron
temperatures.

and plasma temperature variation during solar

MAG (Magnetometer):

flares. e Measures the Interplanetary Magnetic Field
Probing the intricacies of preflare heating (IMF) vectors at the L1 point and notes its
mechanisms and triggers for flare initiation. temporal variation.

Analysing the fluctuations in coronal e To Study the variation of IMF amplitude
abundance and the temporal variation of during CME.

spectral parameters during the flare. e To explore the interaction of IMF and Solar

To explore correlations between
CME parameters and the captivating
characteristics of X-ray emissions.

Wind with the Earth’s environment.

T

ASPEX (Aditya Solar Wind Particle
Experiment):
e To scrutinise solar particle emissions

load comprises
s: SWIS and STEPS

across various energy levels.
Analysing the variations and
distinctions in thermal anisotropy
between protons and alpha particles.
Describing solar energetic particle
(SEP) [High-energy charged particles,
such as protons and electrons,
originating from the Sun] events and
the processes involved in particle
acceleration.

Determining the role of shock
[Discontinuity or abrupt change in
the physical parameters of the fluid
medium] in generating suprathermal
particles and their association with
SEPs.

High Energy L1 Orbiting

X-ray Spectrometer

Solar Ultra-violet Imaging
Telescope

All Payloads and their characteristics (Source- ISRO)

N
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How is ADITYA L1 Mission different
from other Solar Missions:

e VELC takes images of the sun at a very high

cadence (Time gap between two successive
image capturing, ~1 s as proposed on paper
in case of VELC in CME mode) and high
resolution (4 K).
ADITYA L1 has seven payloads in it. So it
can fulfil multiple objectives simultaneously.
As ADITYA L1 is located at the L1 point, it
can take observations of the sun 24 x 7.

Cruise Phase
Earth SOI Exit

1.5 million km

Earth centered
orbit transfer

The whole path that will be followed
by the satellite to reach the L1 point. (Source- ISRO)
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Journey till now:

The ADITYA L1 satellite is projected to reach
its designated orbit at the L1 point approximately 127
days after its launch (Sept. 2, 2023). On September
15, it completed all four earth-bound manoeuvres.
From September 18 onwards, it started collecting
scientific data (ASPEX). On September 30, The
spacecraft escaped the sphere of Earth’s influence on
its way to the Sun-Earth Lagrange Point 1(L1). ISRO
successfully performed a 16-second-long Trajectory
Correction Manoeuvre (TCM) for Aditya-L1 to en-
sure the country’s first solar observatory is on track
towards its intended spot in the Sun-Earth Lagrange
Point 1 (L1).

Selfie taken by ADITYA L1 (Source- ISRO)
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Solar Low Energy X-ray Spectrometer

SolLEXS is a soft Xray spectrometer
designed to measure the solar soft

Fﬁ'uwj' '1 :

X-ray flux to study solar flares.
1 4

Plasma Analyser Package for Aditya
PAPA is designed to understand solar
winds and its composition and, do
mass analysis of solar wind ions.

High Energy L1 Orbiting

X-ray Spectrometer

HEL10S is a hard X-ray spectrometer
designed to study solar flares in

the high energy X-rays.

Solar Ultra-violet Imaging
Telescope

SUIT is a UV telescope to image
the solar disk in the near ultra-violet
wave r:r';g.fh range.

ASPEX payload comprises
2 Subsystems: SWIS and STEPS

Suprathermal and Energetic
Particle Spectrometer is a
high-energy spectrometer
designed to measure
high-energy ions of the
solar wind.

P
—_—

Magnetometer

MAG will measure the low
intensity interplanetary magnetic
field in space. It has two sets of
Magnetic Sensors: one at the tip
of a 6 meter deployable boom,
and the other in the middle of
the boom, 3 meters

away from the

spaawcmf‘-.




