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{ SOLAR MISSION }

All systems ready for
Aditya-L1launch today

Soumya Pillai
lewars@hindustantimes com

NEW DELHI: The Indian Space
Research Organisation (Isro) on
Friday began the 23-hour,
40-minute countdown for the
Aditya-L1 spacecraft’s launch
scheduled on Saturday, with the
space agency's boss expressing

the south pole, where its Char-
drayaan-3 rover is carrying out a
variety of experiments to under-
stand the Earth’s only natural
satellite.

On the Aditya-L1, Isro chair-
man S Somanath said: “The
rocket is ready for launch. The
mission will unveil a lot of
secrets about the Sun, which is
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{ ISRO } NEW MISSION KICKS OFF

Countdown begins

Aditya-L1to

launch today

Launching today, Aditya-L1is India’s first observatory
that will study the Sun from space. Just days after the
roaring success of the Chandrayaan-3, a look at how
this mission seeks to cement India’s position at the

forefront of global space race. By Soumya Pillai
Launch vehicle  rme of iauncn
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space agency's boss expressing version of lsro's workhorse PSLV rocket
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What Aditya-11
will look like
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MAG: MAGnetometer & a magnetic sensor o
measure interplanetary magnetic field and study
solar events such as coronal mass cjections

Payloads on board

The rodket will

place Aditya-L1in

a highly eccentric
Earth-bound orbit,
where it will perform
several orbits before
breaking off for the
Sun-Earth Lagrange
Point 1(L1).

Aditya-11
of the Sun. All payloads are indigenously developed in
collaboration with Isro centres.

SUIT: Solar Uttraviolet Imaging Telescoge wil
ook at the Sun using narraw- and broack band
spectralfitters in near-UV range

VELC Visible Emission Line
Coronagraph (VELC) the primary
payload of Aditya-L1, will be
sending 140 images per day to
the ground station for analysis
on reaching the intended orbit

SOLEXS: Solar Low Energy
X-Ray Spectrometer is a soft
¥eray spectrometer

sensors that will study the
composition of solar winds

The Sun, and how it has fuelled
humanity’s curiosity, knowledge

Kabir Firaque

ersghindustantimes com

NEW DELHE: In Jules Verne's clas-
sic Around the Worid in Eighty
Days, the Sun can be said to be
one of the central figures. Phi-
leas Fogg and his fellow travel-
lers see the Sun rise and set 80
times during their round trip
from west to east, and therefore
presume that 80 days and nights
must have elapsed. It takes Fogg
alintle bit of arithmetic to correct
one of literature’s most famous
miscalculations and collect his

Growth of knowledge
Much of our early knowledge,
particularly of geometry, trigo-
nometry and astronomy,
result of a curiosity to under-
stand the motion and the influ-
ence of the heavenly bodies.
‘While their mathematical obser-
vations were remarkable given
the constraints of their times,
‘many early scholars also dwelt
on the supposed astrological
influence of the heavenly bodies,
which has no connection with
what modern science has ught
us.

‘bet in the nick

The of knowl-
ith the

ow-
ingday. inthat direc-
tion and seeing 8D sunrisesand
80 sunsets, as he works out.
could only have meant that 79
days had elapsed.

The Sun, the source of all
enengy that sustains life on Earth,
has inspired knowl-
edge for as long as
‘humanity has existed.

Isro's Aditya-Ll mis-
sion. launching on

civilisations have had countless
sun gods, and indeed Sun-wor-
shippers exist even today.

created as a result of nuclear
fusion reactions, reaches us
through light or bursts of mag-
netism or particles. These can
influence the space environ-
‘ment. and missions probing the
Sun seek to understand theways
inwhich that can happen.

NASA has several solar mis-
sions include the Parker Probe.
while The European Space
agency has a solar orbiter. NASA
lists several reasons for studying
the Sun: the influence of its radi-
ation that can beeither a boon or
‘hazard for life on Earth: its influ-
ence on space weather, space
technalogy and communications
systems: and the fact that it is the
only siar we can study up close,
learning more about other stars
in the process.

Isra’s Aditya-L1 mission too
‘will study radiation and its influ-

scholars early on.
with the earliest
known records (in
Ugarit. now in Syria)

. seeksoadd dating back_more
w our knowledge  PDICR (JF A three milkennia
about the physics and . ago. Eventually.eclip-
chemistry at play | HE [)AY  seswould inspire ca-

around the Sun, con-

cepts that are far

‘more complex than the arith-
metic in Vemne's novel. Fogg's cor-
rection can be explained either
‘with longitudes (as Verne did) or
simply with the relative motion
‘between two objects charting the
same circular path in opposite
directions.

Even that. however, would be
far more advanced than the
knowledge of the ancients who
‘Delieved the Earth was flat.

culations that would
establish the Earth as
round. and also attempts to
determine the Sun’s distance
from our planet. Early models of
the Earth-Sun system, however,
placed the Earth at the centre of
the universe, with other heav-
enly bodies including the Sun
revolving around the planet.
The modern model of the
Solar System arose out of the
waork of Copernicus in the 16th
century, and improved on by

The Sun.
inspired

Earth. has
isted. AP

Kepler in the 17th. This model
placed the Sun at the centre.
with the planets including Earth
twhich spins on its axis) orbiting
their star while the Moon orbits
the Earth. A millennium before
Copernicus and Kepler, inciden-
tally, Aryabhata of India had cor-
rectly proposed that the Earth
spins on its axs, although he had
placed the Earth at the centre of
the Universe.

Celebrated scientists weighed
in on Copernicus and Kepler's
wark. Galileo's telescopes ena-
bled claser observations of the
Sun. including sunspots: Des-
cartes described the Sun as one
of many stars (unlike Copernicus
and Kepler who had thought it

distinct); and Newton's mathe-

and space
infrastructure. It will be in halo
orbitaround a point called L1, L5
million kilometres from Earth,

matics provided a
accurate estimate of the mass of
the Sun.

Later included

tions without hindrance from
phenomena such as eclipses.
i and com-

solar spectroscopy, knowledge
that the Sun rotates at differen-
tial rates and therefore must be
made of fluid in the outer layers,
and about the Sun’s chemical
composition, its ic nature
and solar flares, which are
‘bursts of radiation ejected from
the ball of fire.

What more to learn

‘We know today that the Sun is
made of plasma, which is a
super-ionised gas that is moving
constantly. Energy from the Sun,

'munication systems are prone o
such disturbances and therefore
an earlywamning of such events
is important for taking correct
ive measures beforehand. In
addition to these, if an astronant
is directly exposed tosuch explo-
sive phenomena, he/she would
be in danger.” a booklet on the
‘mission says.

“Thus, the Sun also providesa
good natural laboratory to
understand those phenomena
‘which cannot be directly studied
in thelab.”



Aditya will shape
the next phase of
our space forays

The mission to the Sun will
enrich our understanding of the
solar corona and space weather,
and make forecasts better. The
data collected by its state-of-the-
art instruments will be a shot in
the arm for Indian researchers

nthe last10 days, the landscape of global
space exploration has undergone a dra-
matic transformation. India pole-vaulted
to the front row of space exploration,
with the successful soft-landing on the
southern polar region of the Moon. The
precision and the frugal economicswith which
the mission was executed attracted the atten-
tion of not only the nation but also the world.
Before we could take a breath and absorb this
smpendmxs feat, the Indian Space Research

small time-scales such as minutes to very long.

time-scales such as the I-year-long cycle of its
magnetic activity, which flips every decade. The
mass ejections from the corona cause a lot of
disturbance in space, resulting in damage to
our space assets. These demand an unob-
structed view of the Sun from a vantage point
and 247 monitoring. The instruments on the

Aditya-L1 mission, therefore, are d d to
answer such scientific questions, including
understanding space weather. When placed in
an arbit around the Sun-Earth L1 lagrange
point, the instruments will have an uninter-
rupted view of the Sun.

‘The Aditya-L1 mission is the upgraded ver-
sion of a small foray with a coronagraph
(which blocks out light emitted by the Sun's
actual surface, so that the corona can be
observed). originally propesed about one-and-
a-half decades ago. It was around
the early 2010s when the mission
objectives were enhanced. includ-
ing the modification of the orbit to
he Sun-Earth 111

the launch of its
na(lammmmlsmm the Aditya-LL Thisis
the first dedicated mission to study the Sun. For
the first time, the Indian space mission is flying
tothe Sun-Earth L11agrange point (the point of
equilibrium where a small-body object can stay
put under the opposing gravitational pulls of
wo large-body objects), which is about 15 mil-
Tion km away.

In scientific missions, the first requirement
is the definition of the outstanding science
question at hand, followed by detailing the
experiment that needs to be performed to
answer the question, and finally, design. fabri-
cation and space qualification of the instru-
‘ment. Let us look at the why, what and how of
this mission.

‘The Sun is the star we live with, and there
are several compelling questions that are unan-
swered about it such as the mechanics of the

corona part
nf [he Sun’s atmosphere), solar activity and
‘space weather. The Sun is very dynamic onvery

Along with this, more scientific

India’ tostudy the Sun
of these phenomena and make such forecasts
possible.

Space missions that travel beyond the
Earih’s sphere of influence are marked by tvo
major challenges. One is space navigation and

the other is communication with ground facili
This is the first time Isto is launching a
jon this far into space. Navigation in this
direction is also performed

for the first time. With our capabil-

ity to navigate to the Moon and
Mars, this is not an insurmounta-

bie task. Not only reaching the Sun-
Earth LI point but also making a

instruments from various Indian Annapurni halo orbit, as the Earth moves
institutions were also included. Subramaniam around the Sun, are crucial tasks
‘The main objective was to continu- for the mission team.

ously monitor the Sun and its
activities, make measurements of
the energetic phenomena that control the space
weather, and sample the space environment
near the L1 point that moves around the Sun
alongwith the Earth.

‘There will be a variety of opera-
tions that need to be performed as
part of this mission, which is definitely techno-
logically daunting. Due to limited visibility of
the spacecraft with Indian ground stations,
Isro plans to collaborate with other agencies
for

With everin on space
technology. our assets in space are soaring. The
electronics on board need to perform without

and data download. The
IIlsl:rumems that need to collect data 24/7 are

ranme 0 carTy out mission operations as well
The

harsh ‘with criss-crossing charged particles. a
good fraction of which originates from the Sun.
The protection of our d ds cri-

volume of it. The
Gemand s not only to quickly download the
data, but

isthe Aditya-L1, whichis
m

ments, and in situ instruments that make esti-
mations at the location of the spacecraft. These
instruments are highly sophisticated and per-
form very complex and precise measurements.
High cadence and precise estimations of the
dynamic Sun and its corona are expected to be
a game changer in our understanding of the
Sun.

Smdies of the Sun in India have a very long
history spanning more than 200 years. m

ry. which

1792, carried out smdle's of the Sun and m_her
celestial objects. The experiments carried out
during the 1868 total solar eclipse in Guntur
contributed to the discovery of the element
‘helium. The Kodaikanal observatory, currently
a field station of the Indian Institute of Astro-
physics (LA}, was set up in 1899 to carry out
studies of the Sun using various ground-based
instruments. More than 100 years of images of
the Sun preserved by IIA are now digitised and
made available to the scientific community to
research on the long-term variations of the Sun.

The Indian solar physics community has
played a very significant role in shaping the
international landscape in solar research. In
this context, the data collected by the state-of-

to monitor the Sun's activity in near real-time.
These requirements place a lot of demand on

clally on our ability ta understand the space
weather and possibly predict the changes well
in advance. The instruments on-board the Adie
ya-L1 mission will enhance our understanding

the ion links between the space-
craftand ground stations.

“The seven instruments on-board this mis-
sion are of two types: Remote-sensing instru-
ments that view the Sun and make measure-

the-art i on-board the Aditya-11
mission will be a shot in the arm for Indian
researchers. It will set new limits for our space
ambitions

Annapurni Subramaniam is director, Indian
Institute of Astrophysics.
The views expressed are per sonal
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