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Invitation for the next issue
For the next issue of DOOT, we are inviting your contributions under the following categories:

Review articles:
Scientific and technical publications (recent publications in academic journals from the IIA family, IIA technical reports,
breakthroughs in Astronomy, book review, Journal club discussions, milestones of IIA projects; to be published in simple
language) are invited. Project interns and summer school project students can submit an overview of their work. (Word
limit: 2000 words)

Individual experiences and substation stories:
In this section, we invite stories of your personal experience, maybe with a scientific project, an experiment, attending a
conference/workshop, a collaborative visit, visit to an observatory, or even a coffee break with a prominent scientist. We
also invite interesting stories from our substations at Hanle, Kodaikanal, Kavalur, and Gauribidanur about the ongoing
activities and valuable memories. (Word limit: 1400 words)

Physics concepts made easy:
For this section, we invite write-ups discussing interesting concepts of Physics in a very simple and enjoyable way, without
using much of technical jargons. The main motive is to reach a wider audience by making it easy to understand, relate, or
appreciate Physics, without having any technical background in the subject. (Word limit: 1400 words)

Alumni and retired staff/faculty stories:
IIA Alumni students and retired staff/faculty can share their experiences during their association with IIA. (Word limit:
1400 words)

Creativity corner:
Splurge on your creativity here! For this section, we invite all kinds of artworks including but not limited to paintings,
poems, short stories, and graffiti. (Word limit: 800 words)

NOTE: Attach a brief bio along with the article. Submissions should be in editable text files (doc/odt).
High resolution images should be given separately with the filename same as figure numbering (eg: Fig1.jpg)
Disclaimer: Any article received will be published only after strict screening. The chief editor’s decision will be final.
Submitting your article to DOOT implies your consent to edit and publish the article and the work is bonafide.

We would like to improve the content of the magazine.
Please send your generous feedback and contibutions for next editions to
magazine.iiabengaluru@iiap.res.in

From the Editor

We are happy to release the 5th issue of DOOT, the e-magazine of the Indian Institute of Astrophysics
(IIA). Starting from this issue, we are going to release the magazine biannually, instead of quarterly as
used to be in the previous issues. This will give us more time to bring in quality articles, and maintain
the standards of the magazine. This will also balance the workload of our team members, who are also
active researchers in various fields of astrophysics.
The current issue features articles on the latest scientific achievements of IIA scientists, stories from
the life experience of people at IIA, interview with an eminent scientist associated with the upcoming
Aditya-L1 mission, articles explaining various cutting-edge scientific fields of research, how climate
change is affecting our planet, stories of a century-old library in the Kodaikanal observatory, and many
more. We hope these articles will be very interesting as well as highly informative to our readers.
Time flies swiftly, and very soon this year will come to an end. We wish that the new year brings happiness
and new opportunities for everyone. We will be looking forward to your suggestions and feedback to
improve our magazine further and will be back with a new issue in the next year. Till then, stay safe, stay
well.

Suman Saha
Chief editor, DOOT
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The cover picture

Grand appearance of Nova RS Ophiuchi & its naked eye
visibility from Indian Astronomical Observatory, Hanle

R

S Ophiuchi typically erupts every 15 years
or so. Its last nova was in 2006, so the
new burst is right on schedule, and was

first reported on 8 August 2021 by Irish amateur
astronomer Keith Geary. I was informed by Prof G. C.
Anupama and Ajay Talwar about the reoccurrence
of Nova RS Oph and there was a report that the
same had reached a magnitude of ~4.5 making
it a rare naked-eyed Nova. I checked the same
in the stellarium software and also confirmed its
naked eye visibility as I was at the observatory at
the same time. It was her suggestion to image the
same with HCT in the foreground. Its magnitude
prior to 8th August was only ~12.5 mag and was
not visible at all to naked eyes.

Wikipedia: RS Ophiuchi (RS Oph) is a recurrent nova
system approximately 5,000 light-years away in the
constellation Ophiuchus. In its quiet phase it has
an apparent magnitude of about 12.5. It has been
observed to erupt in 1898, 1933, 1958, 1967, 1985,
2006 and 2021 and reached about magnitude 5 on
average. A further two eruptions, in 1907 and 1945, have been inferred from archival data. The recurrent nova is
produced by a white dwarf star and a red giant in a binary system. About every 15 years, enough material from
the red giant builds up on the surface of the white dwarf to produce a thermonuclear explosion. The white dwarf
orbits close to the red giant, with an accretion disc concentrating the overflowing atmosphere of the red giant
onto the white dwarf.
Camera 		

:

Sony A7S2

Exp			

:

60 sec

Lens 		

:

Samyang 24 F/1.8 @ F/1.8

Location		

:

IAO, Hanle

3200

Image credit

:

Dorje Angchuk, IIA

ISO			:
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What is spectral energy distribution?
Vikrant Jadhav

P

eople have been awed by the beauty of

multiple telescopes to observe in different windows

the night sky for thousands of years. The

of the electromagnetic spectrum. For example, UV

celestial bodies were so fascinating that

or X-ray photons are blocked by the atmosphere, so

paintings of astronomical phenomena, such as

we use space telescopes. At the same time, optical

eclipses and supernovae, were drawn in caves even

and radio observations can be done on ground-

before humans could read and write[1,2]. Hipparchus

based telescopes.

created the first stellar catalog in 100 BC by looking
at the night sky with naked eyes. Later, Tycho
and Galileo revolutionized astronomy by doing
detailed observations of planetary motion. With
technological developments, humans invented tools
to see and track the motions of astronomical objects
such as comets, planets, stars, and galaxies.

The best way to understand the properties of any
astronomical object is to analyze its spectrum. The
spectra of a star can tell us about its temperature,
mass, velocity, rotation, and chemical elements. In
comparison, galaxy spectra can give information
about the galaxy’s rotation, chemical elements,
star formation history, etc. However, getting a

These astronomical objects emit light all over

spectrum of an object requires a lot of time, few

the electromagnetic spectrum. Each wavelength

hours for a star to a few nights for a galaxy. Recent

range conveys some specific information about an

surveys like RAVE, APOGEE, GALAH, and LAMOST[3]

astronomical object. For example, young stars emit

observe many stars with dedicated and complicated

high-energy UV photons, while old stars primarily

instruments. These surveys take years to observe

emit optical and infrared wavelengths. So, to get a

a few million stars. Still, this is just scratching the

detailed picture of any astronomical object, we need

surface, as our galaxy itself contains more than a

telescopes that cover the complete electromagnetic

billion stars. So, to study a large number of stars, one

spectrum, from gamma rays to radio waves.

has to take a different approach, such as spectral

Unfortunately, there is no such magical telescope

energy distribution.

that can observe in all wavelengths. Hence, we use
Review Articles | November 2021
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Spectral Energy Distribution

together and created databases (such as Simbad,
NED) and publicly available software (such as

Instead of taking the spectra of an object, one can

TOPCAT, VOSA, Aladin) needed to analyze the data.

take some images, which take less time. These

Anyone can access these software and databases

images should be at different wavelengths. The

and uncover the secrets of the universe.

amount of light (flux) in each
filter is calculated by counting
the incoming photons in that
particular wavelength band. The
black dots in the figure show the
flux corresponding to the mean
wavelength of each filter in
GALEX, Gaia, 2MASS, and WISE
telescopes. The variation of flux
with the wavelength is known
as ‘spectral energy distribution’
or SED. If we connect the black dots, the shape will
look similar to the actual spectra shown as the red
curve. Thus, the SED can give us information about
the stellar properties; for example, the SED shown
in the figure peaks at around 4800 Å, which can tell
us that the star has a temperature around 6250 K.
We can use multiple catalogues, which contain the
brightness of stars derived from various telescopes,

References:
1.

Joglekar, H. et al. “Oldest sky-chart

with Supernova record”, (2011).
2.

Sweatman, Martin B. "Zodiacal Dating

Prehistoric Artworks", Mediterranean
Archaeology and Archaeometry, 17.2 (2017).
Primas, F., “Spectroscopic Surveys”,

to create SEDs of billions of objects and get the

3.

rough properties of the stars or galaxies. SEDs give

New Horizons in Time Domain Astronomy,

a lot of information about stars and galaxies in a

2012, vol. 285, pp. 35–40.

fraction of the time required to take their spectra
in the same wavelength range. Later, we can select
interesting stars and study them in detail by taking

Vikrant Jadhav is a Senior Research Fellow at

their dedicated spectra.

the Indian Institute of Astrophysics and the Joint

The last 50 years have produced a tremendous
amount of high-quality astronomical observations.
People have been working on these, but there are
still opportunities for more discoveries from older
observations. Hence, scientists worldwide have got
November 2021 | Review Articles

Astronomy Programme, Indian Institute of Science.
He works in the field of open clusters, UV astronomy,
and binary stars.
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Skychart November 2021:

(As on November 15, 2021. 20.00hrs Bangalore)

November 4, 5 - Taurids Meteor Shower. The Taurids

runs annually from September 7 to December 10.

is a long-running minor meteor shower producing

It peaks this year on the the night of November

only about 5-10 meteors per hour. It is unusual in

4. Best viewing will be just after midnight from a

that it consists of two separate streams. The first

dark location far away from city lights. Meteors

is produced by dust grains left behind by Asteroid

will radiate from the constellation Taurus, but can

2004 TG10. The second stream is produced by

appear anywhere in the sky.

debris left behind by Comet 2P/Encke. The shower

See Page: 12
Skychart | November 2021
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Segmented Mirror Telescopes
- Why do we need them?
Part I

Radhika Dharmadhikari

T

elescopes have been the major astronomical

monolithic mirror of diameter greater than 8-10m is

observing instruments since the time

difficult; hence the SMT design is employed, where

when Italian astronomer Galileo Galilei first

smaller mirror segments are used together to mimic

pointed it towards the sky to make astronomical

the single monolithic (mono- single; lith- block of

observations. Since then, various modifications in

stone) mirror.

the telescope design have been made continuously
to improve the image quality. Any telescope is
characterized by its resolving power or resolution
and its sensitivity.
The resolution of the telescope is the smallest angular
separation that is detectable. Hence a smaller value
of resolution is desirable, and sensitivity defines the
smallest amount of flux signal that is detectable.
The resolution (1.22 /D, where is the observing
wavelength and D is the diameter of the telescope)
is inversely proportional while the sensitivity
is directly proportional to the diameter of the
telescope. Hence increasing the telescope diameter

Figure 1: The 10 m size segmented primary mirror for
the Keck telescope (Each hexagonal segment is 90
cm in size). Image credit: Laurie Hatch

improves the resolution as well as the sensitivity. The

The 10-meter class Keck Telescope was the first one

increasing need for higher sensitivity and resolution

to successfully implement the segmented mirror

has brought us to the segmented mirror telescope

design. Apart from the Keck Telescopes, there are

(SMT) design. Manufacturing and maintaining a

many more 10m class segmented mirror telescopes

November 2021 | Science Made Easy
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Figure 2: Tip-tilt and piston correction of mirror segments. Image credit: Zhang et al. 2011
like the GTC (Gran Telescopio Canarias), SALT (South

a single point to form the image. Co-phasing of

African Large Telescope). The various upcoming

the segments removes the piston or the height

SMTs, like the TMT (Thirty Meter Telescope), GMT

difference between any two adjacent segments. A

(Giant Magellan Telescope) and ELT (Extremely Large

height difference between the adjacent segments

Telescope), are even larger and lie in the category of

leads to an additional path difference between

thirty-meter class telescopes.

the beams coming from the two segments; hence

Although the manufacturing of the segmented
primary mirror is easier, it comes with other
challenges. All the segments of the telescopes
must be perfectly aligned and oriented to obtain
the image quality equivalent to a monolithic mirror.

the obtained resolution is equal to that of a single
segment (1.22 /d, where d is the diameter of
the individual segment). Thus, to get the desired
resolution, equivalent to a monolithic mirror, the
segments need to be phased.

Thus, the segments must be aligned and co-phased.

The Keck phasing scheme, Dispersed Fringe Sensor

Once the alignment and phasing are completed, we

(DFS), Interferometric phasing, pyramid sensing

get the desired resolution, but this alignment of the

are some of the phasing techniques. Phasing the

segments must be maintained over time; hence, for

segments imposes a challenge because all of the

this purpose, the SMTs have a dedicated primary

current phasing schemes show a strong tradeoff

mirror control system that tracks and maintains the

between their measurement range/capture range

positioning of each of the segments. The primary

and accuracy, i.e., the techniques with a larger

mirror control system consists of actuators and

capture range of about a few hundreds of microns

edge sensors, which are placed at the back of the

have low accuracy (about 50nm) and the techniques

segments enabling a very precise control over the

with higher accuracy of about 15nm have very small

segment positions.

capture range (around 10 microns). Hence to cope

The alignment of the segments removes the tip-tilt
error, which means that the image formed by each
of the individual segments is made to fall on a single
point so that all the intensities add up together at

up with this problem, SMTs like the Keck telescopes
implement coarse and fine phasing separately so
that coarse phasing has a larger capture range and
fine phasing gives larger accuracy. Various phasing
Science Made Easy | November 2021
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techniques are being studied and developed
presently to measure the piston errors as accurately
as a few fractions of a wavelength. The next part of
the article will discuss the phasing of the segments

Radhika Dharmadhikari is a Junior Research Fellow

in detail.

at IIA. She is working on alignment and phasing of
Segmented Mirror Telescopes (SMTs).

To be continued…

from page 9: Skychart November 2021
November 17, 18 - Leonids Meteor Shower. The

November 19 - Partial Lunar Eclipse. A partial lunar

Leonids is an average shower, producing up to 15

eclipse occurs when the Moon passes through the

meteors per hour at its peak. This shower is unique

Earth’s partial shadow, or penumbra, and only a

in that it has a cyclonic peak about every 33 years

portion of it passes through the darkest shadow,

where hundreds of meteors per hour can be seen.

or umbra. During this type of eclipse a part of the

That last of these occurred in 2001. The Leonids

Moon will darken as it moves through the Earth’s

is produced by dust grains left behind by comet

shadow. The eclipse will be visible throughout most

Tempel-Tuttle, which was discovered in 1865. The

of eastern Russia, Japan, the Pacific Ocean, North

shower runs annually from November 6-30. It peaks

America, Mexico, Central America, and parts of

this year on the night of the 17th and morning of the

western South America. This eclipse will be visible

18th. Best viewing will be from a dark location after

from East and North-East parts of India.

midnight. Meteors will radiate from the constellation
Leo, but can appear anywhere in the sky.

November 2021 | Science Made Easy
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Production of Li in low mass stars

Raghubar Singh

A

s stars burn their nuclear fuel, their size,

and expanding the overlying material. While the

temperature and brightness change with

former results in a convective core with He-burning

time. This evolution can be predicted from

at the centre, the latter results in a sudden drop in

their temperature, gravity and brightness, leading

temperature leading to subdued nuclear energy

to specific phases in their lives in the Hertzsprung
Russell Diagram (HRD). Low mass stars (< 2 solar
mass), after leaving the ‘main-sequence’, evolve
along the ‘red giant branch’ (RGB) (with an increase
in size and brightness) in the HRD (see Figure 1 (a)).
The giants on the RGB are known to have inert
helium cores surrounded by a hydrogen-burning
shell. It is well known from observations that stars,
after reaching the peak luminosity (or tip of RGB)
of about 1000 times that of the Sun, fall abruptly
in brightness by a factor of 15-20 than the peak,
settling in the ‘red clump’ region in the HRD.
According to the stellar theory developed in the 1960s
(Schwarzschild & Harm 1962), the RGB evolution
will be terminated at the RGB tip by the ignition of
helium at the star's centre, in the form of flashes.
These are highly energetic events reaching as high
as a billion times the luminosity of the Sun, but for a
very brief period. However, these events are mostly
confined to changing the internal configurations of
stars, for example, lifting of the central degeneracy

Figure 1: (a) Evolution of 1 solar mass star from
main-sequence (MS) to red clump phase. Various
evolutionary phases are marked, (b) Changes in Li
abundances during evolution from MS to red giant
branch. The solid line is depletion based on standard
mixing and the dashed line is extra depletion caused
by extra mixing near RGB bump.
output in the H-burning shell. This causes a sharp
decline in the luminosity of stars at the RGB tip. The
transition from the RGB tip to the red clump phase
with quiescent He-burning at the centre, according
to models, takes about 2 million years. All of this can
be tracked on the HRD (Figure 1 (a)).

Review Articles | November 2021

14

DOOT | Indian Institute of Astrophysics

During the evolution along the RGB, the photospheric
composition of stars also change. This change is
caused by the convective circulation of photospheric
material to inner hotter regions near the base of
the RGB. This mixing decreases the abundance of
carbon and lithium and increases the abundance
of nitrogen; in particular, lithium, which is highly
sensitive to temperature (lithium starts decaying
into helium for temperature higher than 2.5 million
Kelvin).

Therefore lithium abundance reduces to

nearly 1.6 dex from the main-sequence abundance
of 3.2 dex. This is proven observationally in nearly
99% of the stars. As we see in Figure 1 (b), in a stellar
model representing the evolution of a star from
main-sequence to RGB, the rate of Li depletion is
higher than predicted by convective mixing (solid
line); this can be explained by extra mixing near the
RGB bump. In Figure 1 (b), some stars have a higher Li
abundance than predicted (enhancement up to 1000
times) by standard models (stars located to the left
of the solid line). These stars are called Li-rich giants.
These stars are confined in the narrow region in HRD
overlapped by RGB bump and red clump (red dots in
Figure 1 (a)). Understanding the exact cause for such
high Li abundances, defying the standard theory of
stellar evolution, has been a puzzle since the first
discovery of Li-rich giants in the 1980s. Deciphering
the exact evolutionary phase of stars is necessary
for understanding Li production mechanisms. Stellar
parameters

(effective

temperature,

luminosity,

surface gravity) in both phases are almost similar
with completely different internal structures, which
makes identification of evolutionary phases based
on HRD ambiguous. Using asteroseismology, the
study of the internal structure of stars by observed
oscillation frequency, Li enhanced stars are found as
red clump stars (left panel of Figure 2).
November 2021 | Review Articles

Figure 2: Left: asteroseismic HRD. RGB stars
(triangle) and RC stars (circle) are clearly separated
into two different regions. Li enhanced stars (red
squares) are located in the RC phase. Right: Evolution
of Li abundance with period spacing.
The presence of Li enhanced stars at the red clump
phase suggests that Li is either getting synthesized
during the red clump phase or immediately preceding
the phase of He-flash. The recent work by Kumar et
al. 2020 found that all the low mass red clump stars
are going through Li enhancement (they defined
Li abundance more than 0.7 dex in the red clump
phase as a Li-rich star) and Li is depleting during the
RGB phase. The only major stellar phase separating
red clump (where Li-rich stars are located) from RGB
(where Li is depleting) is He-flash. Therefore, this
phase was hypothesized as a Li production site in
low mass stars. Also, Mocak et al. 2011 predicted the
production of Li from simulations of He-flash. Heflash changes the internal structure of stars, which
can appear in the observed oscillation frequencies of
stars. Based on a detailed study of He-flash (Bildsten
et al. 2012) it was found that the main He-flash is
followed by sub flashes with decreasing strength. A
star spends very little time in exact flashes and most
of the time is spent between flashes. Asteroseismic
parameters like gravity mode period spacing (this
is the period difference between two successive
dipole modes) and large frequency separation (this is
the frequency difference between two consecutive

DOOT | Indian Institute of Astrophysics
radial modes) varies during He-flash/flashes.
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the flash phase, period spacing value increases and
frequency separation decreases. Overall, period
spacing and large frequency separation increase
when the star settles into quiescently He burning
red clump phase.
The hypothesis, that Li is produced during He-flash,
can be tested by combining the Li abundance of
stars together with their asteroseismic parameters.
Li abundances are derived from optical spectra, and

Figure 3: Location of enhanced Li stars in period
spacing vs large frequency separation diagram.
Superimposed is a model. SLR stars are exclusively
young (40 Myrs) stars.

asteroseismic parameters are derived from Kepler
photometric data.

A strong correlation is found

between the values of lithium abundance (A(Li)) and
gravity mode period spacing (∆∏1) in which super
Li-rich giants (A(Li) > 3.2 dex) are almost exclusively
young red clump giants, i.e. about less than 2 million

References:
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2021,arXiv e-prints, arXiv:2104.12070
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years (Myrs) or less than 40 million years post-core

2.

He-flash (see low values of ∆∏1 in the right panel
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degeneracy between 2 Myrs and 40 Myrs could not
be resolved, since their stellar parameters are the
same (see Figure 3). On the other hand, lithium-
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ApJ, 136, 158,doi: 10.1086/147361
Kumar, Y. B., Reddy, B. E., Campbell,

normal RC giants are more evolved (> 40 Myrs after
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the He-flash, high values of ∆∏1). This result provides

S. W., et al. 2020, Nature Astronomy,

observational evidence for Li enhancement during

doi: 10.1038/s41550-020-1139-7

the helium-flashing phase, followed by a rapid
decrease in Li abundance. It seems Li excess in giants
is a transient phenomenon (see right panel of Figure

Raghubar Singh is a PhD student at the Indian

2). In addition, this correlation between the two

Institute

independent parameters, Li abundance and stellar

stars using the techniques of spectroscopy and

oscillations, may provide the first observational

asteroseismology.

of

Astrophysics,

studying

evolved

evidence of the theory of He-flashing developed in
the 1960s. During the He-flash phase, the RGB giants
with inert, electron-degenerate He-core gradually
convert into a fully convective He-burning core of
RC giants by a series of core He-flashes.
Review Articles | November 2021
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Shri. Suresh Chandra Tapde

Engineering for science
P U Kamath & P K Mahesh

After brief stint at Heavy Engineering Corporation.
Ltd., Ranchi and ECIL, Bombay, he was noticed by
Prof. Govind Swarup and inducted into the Arvi
antenna project through BARC in the 1960s. This
marked the start of his contributions to the field of
telescope engineering. After the completion of this
project, Shri. Tapde joined ECIL, Hyderabad.
In the mid-seventies, when IIA conceived the plan of
building an indigenously developed 2.34 m optical
telescope to be installed at the Kavalur Observatory
(later the Observatory was named after Prof. M K
V Bappu as Vainu Bappu Observatory, VBO), Prof.

A

couple of generations of astronomers and
people connected with telescopes in India
is familiar with Shri. S C Tapde.

Bappu was looking for an engineer to lead the
project. As suggested by the then IIA Governing
council member, Prof. G Swarup, Prof. Bappu met
Tapde at ECIL, Hyderabad. Prof. Bappu had gone to
ECIL in connection with acquiring TDC 12 computer

Shri. Tapde was born on 18 February 1940 at Dewas

system for IIA. At the end of this meeting, Prof.

near Indore, Madhya Pradesh. After completing his

Bappu was very much impressed by Shri. Tapde’s

matriculation and inter science at Holkar Science

confidence, experience and tenacity, and requested

College, Indore, Shri. Tapde obtained his bachelor’s

the latter to join the project.

degree in mechanical engineering from Shri.
Govindram Seksaria Institute of Technology and
Science (SGSIT), Indore in 1963.
November 2021 | Review Articles

Shri. Tapde joined the project and ably led it to
successful completion. Thus, India indigenously
designed and built an optical telescope which was

DOOT | Indian Institute of Astrophysics
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Asia’s largest optical telescope, till the commissioning

Shri. Tapde passed away on March 26, 2021. As the

of the 3.6 m Devasthal telescope in 2016.

saying in Sanskrit, “Aachandratharam” (meaning

During the inaugural ceremony of the 2.34 m
telescope

(currently

known

as

Vainu

Bappu

Telescope, VBT) in January 1986, the then Chairman
of IIA Governing council, Prof. M G K Menon and

everlasting, i.e. as long as moon and stars last), Shri.
Tapde’s name will also be remembered as long as
telescopes and the human quest for understanding
the cosmos last!

council member Prof. Swarup informed that Mr.
Tapde will be leading the upcoming GMRT project of
NCRA-TIFR at Pune.
There were several occasions where Shri. Tapde
used to mention the importance of building
backend instruments along with the development
of a telescope. He said that no large telescope should
wait for good backend instruments; rather it should

Kamath is a Mechanical Engineer at the Indian

be the other way.

Institute of Astrophysics. He has been involved in

He delivered a talk in the IIA Bicentennial program
held at Kodaikanal in August 1987, titled “Future
large telescope in India”. This was just after
completing the work on VBT. In the talk, he provided
details of the budget and time required for building
a large telescope. He went into detail to explain
India’s engineering capability of creating a 6 m

the design and realization of various ground-based
astronomical telescopes and instruments for over
four decades. He was involved in the development
of the mechanical structure for UVIT onboard the
AstroSat mission. Currently, he is working on the
design and realization of VELC payload onboard
Aditya-L1 mission.

class telescope with a dome, including polishing a 6

Mahesh is a mechanical engineer who started his

m single mirror blank. According to his estimates,

career at the Indian Institute of Science, Bangalore,

India certainly had the capability to build a 6 m class

in 1986. Mahesh joined the Indian Institute of

telescope.

Astrophysics (IIA), Bangalore, in November 1988

It is for us now to go ahead and make sure that Shri.
Tapde’s dream of designing and building a large
telescope is fulfilled.

and has since been working on instrumentation for
astronomy and physics. He has worked on some of
the major projects of the institute, such as the setting
up of the Indian Astronomical Observatory (IAO),

Those of us who have interacted with Shri. Tapde,

the Himalayan Chandra Telescope (HCT) and the

remember him as a simple person, but at the same

Ultra-Violet Imaging Telescope (UVIT) payload on

time very meticulous and a hard taskmaster who

Astrosat. Presently, Mahesh is heading the Systems

never compromised on quality and schedule, a

Engineering Group of IIA.

critical hallmark of a project manager.
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Climate change
Where do we stand and what needs to be done
K Pavankumar

Now, after a few years of understanding climate
science, I can inarguably say that climate change is

Love used to be in the air,
but now it’s carbon dioxide.

one of the most pressing issues of our lifetime, if not
a few more generations to come. When I say climate

I

change, I mean human-induced climate change, i.e.,

t was one of those YouTube advertisements
that showed the trailer of a documentary by
Leonardo DiCaprio called ‘Before the Flood’ that

caught my attention. I’m glad I didn’t skip it! I went
on to watch the documentary, which clearly showed
the impacts of climate change, before which I had
almost zero knowledge of what climate change is.
After that, when I came across a Swedish teenager
sitting in front of her parliament every Friday with a
placard, I wondered if she knew more than me since
she hadn’t even finished high school. Soon, I realized
that she chose to tackle more significant problems
and had better priorities than me. We all know
who she is now, and she’s successfully leading a
global climate movement, probably one of the most
significant movements of this century. Then came
Amazon forest fires, followed by Australian bush
fires that killed/displaced nearly 3 billion animals .
[1]

Just like the climate tipping points of the planet,
these were my tipping points.
November 2021 | Review Articles

one that results due to enhanced human activity.
Changing climate results in long-term shifts in
global and local weather patterns. This is due to the
increased concentration of heat-trapping gases in the
atmosphere, called greenhouse gases. These gases
trap the radiation reflected by the Earth’s surface,
preventing it from escaping the Earth’s atmosphere
and in turn heating the Earth’s surface and lower
layers of the atmosphere. This phenomenon is
familiar to us as the greenhouse effect. Almost all
human activities release greenhouse gases (GHG),
mainly from burning fossil fuels. The way we grow
our food (cultivate crops, rear animals, etc.), the way
we generate electricity, the way we move around
(aeroplanes, cars, ships, etc.), the way we make things
(cement, steel, plastic, etc.), all emit GHGs. As of today,
we are releasing 51 billion tonnes of GHGs[2] into our
atmosphere each year (in units of CO2e, meaning
carbon dioxide equivalent), i.e., 51,000,000,000,000
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kg of CO2. Since we have many different greenhouse

industrial level[7] (~420 ppm currently, compared to

gases, we effectively represent their composition in

~280 ppm in the mid-Eighteenth century[8]) (though

terms of carbon dioxide, which helps us work with a

monthly variations exist). The CH4 atmospheric

single number; besides, carbon dioxide is the most

composition rose from ~770 ppb[9] (pre-industrial

commonly emitted GHG.

level) to ~1890 ppb[10] (peak value this year); that’s

Each greenhouse gas is weighed in by a factor called
GWP (Global Warming Potential) to convert it into
its corresponding CO2e[3]. GWP is a measure of the
energy absorbed by a gas compared to the energy
absorbed by the same amount of CO2 during a
particular time. For example, methane (CH4), another
significant GHG, has a GWP of 84 over 20 years and 28
over 100 years. This means, over 20 years, the effect
of releasing 1 kg of methane as of today is the same
as releasing 84 kg of CO2. So, the equation is simple:
releasing more and more GHGs into our atmosphere
heats up the Earth’s surface and warms the planet,
and a warming planet faces dire consequences. So,
to limit global warming, we need to cut down on our
emissions. It also depends on how quickly we do it.
Even if we stop emitting GHGs today, the planet will
still be on a warming trend since heating lags behind
emissions by a few years.

a staggering ~150% rise! Even the best warming
models (considering optimistic emission targets)
can’t limit heating to < 1.5ºC by the early 2040s and
< 2ºC by the early 2070s. Any increased emissions
will set us on a path of ~3-4ºC heating by 2100. A
3-4 ºC warmed planet is catastrophic[11, 12]. Once we
understand and acknowledge climate change and
its impacts on us, one question comes into our mind.
Can we reverse this?

What needs to be done moving forward
As was said earlier, much of everything we do
releases GHGs. So, the idea is to cut down emissions
as quickly as possible. We need to find solutions in
every sector: energy, transportation, agriculture,
refrigeration, and futuristic carbon sequestration
technology that can absorb historical carbon dioxide
emissions from the atmosphere. Even though the
world’s largest direct air capture and storage plant

A warming planet results in melting polar ice

‘Orca’ started its operations in Iceland recently,

caps, rising sea levels, displacement of coastal

converting 4000 tonnes of CO2 each year into stone,

communities, increased ocean acidification (putting

I don’t bet on this to save our planet. Nevertheless,

our marine ecosystems at risk), increased frequency

it is a significant step towards artificial carbon

and intensity of forest fires, prolonged and intense

sequestration.

hurricane seasons in the Atlantic and Indian oceans,
soil desertification and flash floods. Even the Syrian
civil war had its roots in climate change[4]. Much of
what makes into the news nowadays is somehow
related to climate change. We have already
warmed to ~1.2ºC above the global average since
pre-industrial times[5, 6] and the peak atmospheric
composition of CO2 is ~50% more than the pre-

Energy: The Energy sector relies primarily on
coal and natural gas and contributes to around
27% of global GHG emissions annually[2]. But with
clean technologies like solar, wind, tidal and hydro
emerging and battery efficiencies increasing, I hope
we can successfully change the fossil fuels driven
energy sector into an emission-free clean energy
Review Articles | November 2021
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sector. Moving forward, our economy and jobs can

free transition much faster in this sector if players in

be centred on clean energy. Alternative energy

the industry like Airbus, Boeing, etc. come up with

solutions

fission,

a next-generation passenger plane that doesn’t run

controlled nuclear fusion reactors, etc. I don’t see

on fossil fuels and when commercial airlines opt for

any of these emerging energy transitions taking

such aeroplanes.

include

geothermal,

nuclear

over conventional fossil fuels and catering to the
entire planet. We need a combination of all these
to serve our planet’s increasing quest for energy.
There’s a direct correlation between the energy
budget of a country and its GDP (Gross Domestic
Product). A critical step to have an energy transition
is to stop fossil fuel subsidies and invest in clean
energy alternatives.

Transportation:

The

fossil

fuel

industry

is

undoubtedly one of the dominant industries on the
planet. Much of our infrastructure and economy is
fossil fuel reliant, and it’s difficult for us to shift from
it overnight. Bikes, cars, buses, etc. run on fossil fuels,
releasing potentially harmful gases for the planet
and human health. Vehicular emissions are mostly
responsible for increased AQI levels (Air Quality

Aviation: I mean, who doesn’t like to travel, every one

Index) in most Indian cities. A higher AQI means

of us at some point in our lives would have thought

poorer air quality. AQI measurements consider

of going on a world tour, I still do. As much as I like

pollutants and PM10, PM2.5 particulate matter

the innovations that went into aviation during the

concentrations. Increased AQI levels are responsible

past few decades, helping us to travel non-stop to

for ~8.7 million deaths[14] annually, besides leading

any location on the planet, the ecological footprint

to an epidemic of respiratory illnesses like asthma,

of aviation worries me. I don’t see any significant

pneumonia, chronic bronchitis, etc. It’s a no-brainer

alternatives to the aviation sector in the foreseeable

that cities with poorer air quality suffered more

future, only engines getting efficient and composite

during the Covid19 pandemic and that air quality

materials making the planes lighter. With electric

improved during the lockdown. These vehicles

test flights taking place, their entry into commercial

need a transition to electric variants - sourced from

aviation will take some more time. Even then, these

clean energy, maybe from an installed solar roof at

flights will be short-haul and cater to small distances

home. Now automakers are coming up with electric

because long-haul electric flights are challenging,

variants (EVs), though priced more than their fossil

considering the high energy density of fossil fuels

fuel counterparts. These are economically viable in

and low battery efficiencies. There’s an alternative

the long run since you can cut down on petrol/diesel

aviation fuel called Sustainable Aviation Fuel (SAF).

costs. With government policies encouraging EVs

Planes don’t run on SAF alone; SAF gets added to

both at the production end and at the consumer

conventional jet fuels, and with the current blends

end, and with a suitable charging network on most

only constitute 20% of the overall fuel budget that a

highways, I am optimistic that we will see more EVs

plane runs on. All carbon neutral flights run on SAF.

in the market and on roads soon.

SAF is nothing but biofuel[13] and bio-fuels put our
agricultural land use at risk. We can see a carbonNovember 2021 | Review Articles

Apart from transitioning into electricity or hydrogenpowered vehicles, we need to understand that
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our planet’s resources are limited. Even if we have

Imagine if we stop artificial nitrogen fixation for

efficient and cheaper vehicles, we shouldn’t keep

plants; we can save energy on fertilisers and improve

making more of them, leading to more automobiles

soil and water quality.

on the road. We need to have a better strategy
to move people around, maybe by improvising
public transport, carpooling, cycling to work, etc.
Also, the road infrastructure should accommodate
pedestrians and cyclists. As much as cycling is bad
for the economy[15], it is good for our and our planet’s
health. If we normalize work-from-home in a postCovid19 world with companies showing the same
level of productivity, this will help us bring fewer
vehicles onto the road.

One more way to control emissions in this sector
is to grow things for local markets. Growing for
and consumption from local markets will help local
communities thrive. We shouldn’t produce food
for markets that are halfway across the world.
This creates unstable markets and food insecurity,
particularly in countries that cannot provide food for
their own people, and especially when the world has
shut down in the wake of a pandemic. It is reasonable
to export goods (or crops) only when we can feed

Agriculture: The agriculture sector contributes

our own people, not because the product has a

to around one-third of total global GHG emissions

market somewhere else in the world. This product-

annually[16]. Lately, agriculture has become energy,

based growth allows only certain types of crops to

capital, and resource-intensive worldwide. This

be grown, thereby reducing the crop diversity. For

made us divest from conventional/organic methods

example, the following picture clearly depicts what

of farming to an industrialized one. Agriculture

I am saying:

emissions include the fossil fuels that go into
making different types of pesticides and fertilizers,
deforestation to clear the land for commercial
agriculture and livestock, storage and transportation,
etc. The industrialized way of farming claims to feed
the world, but it only results in pushing more people
into hunger worldwide, intaking more energy for
every calorie produced[17], damaging plant and soil
biodiversity, and driving more farmers into debt.
I strongly feel that this sector can be changed
relatively quickly since it doesn’t need any new
technology; just going back to our roots will help.
For example, globally, we added 161 million tonnes
of nitrogen for agriculture annually[18], of which
plants absorbed only 75 million tonnes; the rest (86
million tonnes of nitrogen) became a greenhouse
gas (nitrous oxide) and a water pollutant (nitrate).

Source: https://www.foodrenegade.com/how-far-does-your-food-travel/

This image increases my anxiety tenfold! Pears
are grown in Argentina, packed in Thailand, and
sold in the USA! The plastic packaging usually gets
discarded and might end up in the Atlantic Ocean,
choking a mammal off the coast of the Bahamas.
Later on, microplastics end up polluting water and
Review Articles | November 2021
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soil. A vicious chain of events that’s harmful to the
planet.
As long as we see food as a commodity, we
will continue venturing into new markets and
subsequently

generate

goods

to

meet

their

demands. The same attitude made us venture
into rainforests to create land for commercial
agriculture. Every year we see fires intentionally set
to develop plots to grow crops and raise livestock[19].

Does individual action matter?
We stand at an average global heating of ~1.2 ºC
relative to pre-industrial times. Every tenth of a
degree matters from here on, and it begs one of
the most critical questions which I hear most of the
time: does individual action matter? Some of the
most common questions I hear from people almost
all the time are:

Thousands of acres are set on fire for growing palm

1.

oil plantations in Indonesian rainforests and for

control over a global phenomenon?

soy plantations (90% of soy produced goes into

How can a single person like me have any

2.

Is climate change still reversible?

These fires release the carbon stored by the forest

3.

Why should I worry if the Amazon (or, for that

for decades, and at the same time, we lose them

matter, any rainforest) was set on fire?

feeding livestock) in the Brazilian amazon each year.

as a carbon sink. Already one-third of the world’s
rainforests are damaged irreversibly, and one-third
are on the brink. Zoonotic diseases are also on the
rise because of shared animal habitats and increased
human-animal conflict. Feeding ~10 billion people on
the planet by 2050 with reduced carbon emissions
and less food wastage (~923 million tonnes of food
is wasted each year globally[20]; only packaged food
is accounted for) looks like a challenging task and
seems improbable with current methods. Following
sustainable or regenerative farming, growing and
consuming locally, stopping deforestation, and
other bio-friendly methods are the only ways to
move forward.
The above sectors combined together are responsible
for significant global GHG emissions annually. I can
go on with other sources of GHG like refrigeration,
production of steel, cement, plastic, etc. We need to
decarbonize every possible sector quickly to have
any chance of averting a climate catastrophe.

November 2021 | Review Articles

4.

Does signing a petition help?

5.

Does holding a placard work?

Even though I know that 100 companies[21] on the
planet contribute to 71% of the total emissions, I still
believe that individual actions play a significant role
in fighting climate change. We can solve a problem
only when we acknowledge its presence. Normalize
having conversations around climate change with
people, much like we do when we watch a new Netflix
series. Maybe next time you skip using a straw, one
straw will end up less in our oceans. Carrying a nonplastic water bottle wherever you go will make sure
one plastic bottle won’t end up in landfills.
Overconsumption is killing the planet; buy things
only if you actually require them and not for the
sake of buying because Flipkart Big Billion Days or
Amazon Great Indian Festival is going on. Follow
minimalism and say no to fast fashion. For example,
I haven’t bought clothes for the past two years and
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https://www.penguinrandomhouse.

have one pair of shoes for the past four years (no

2.

plans to purchase merchandise anytime soon either).

com/books/633968/how-to-avoid-a-

Talk to your neighbour if they plan to chop a tree in

climate-disaster-by-bill-gates/#

front of their house for an additional parking space.
Vouch for plant and animal rights if possible, or stand
in solidarity with whoever is doing so. Stick with

3.

https://www.epa.gov/ghgemissions/

understanding-global-warming-potentials
https://www.dw.com/en/how-climate-change-

your current mobile even if the company comes up

4.

with an OctaCam, 256 MP, and 1 TB ROM. Switch off

paved-the-way-to-war-in-syria/a-56711650

lights and appliances if not necessary; install a solar
roof if you can. Cycle/carpool or use public transport
to your workplace a few times a week, even if you
have your own vehicle. Pull out investments from

5.

https://www.bloomberg.com/news/

articles/2020-12-02/global-temperaturesalready-1-2-c-above-pre-industrial-levels
https://www.carbonbrief.org/

companies if they are in any way exploiting our

6.

ecosystems, and invest in companies that respect

challenge-defining-pre-industrial-era

them even though they make fewer profits. Choose
a green search engine if you can (like Ecosia, Ekoru,
OceanHero, etc.). Our collective consumer habits will
make companies change their priorities and put the
planet ahead of their profits.
At every point, choose ecology over the economy,
and we can all together preserve our planet for

7.

https://www.theguardian.com/

environment/2021/apr/07/carbon-dioxidelevels-in-atmosphere-reach-record-high
8.

https://www.weforum.org/agenda/2021/03/

met-office-atmospheric-co2-industriallevels-environment-climate-change/
https://www.epa.gov/climate-indicators/

future generations. A few crucial decades are lined

9.

up for me, you, and everyone in the world, and

climate-change-indicators-atmospheric-

our collective actions will decide our civilization’s

concentrations-greenhouse-gases

existence. I firmly believe we can see emissions
coming down in my generation.

10. https://gml.noaa.gov/ccgg/trends_ch4/
11.

https://www.theguardian.com/

environment/2019/may/18/climate-

The fate of this universe is sealed,
but our planet’s depends on us.

crisis-heat-is-on-global-heating-fourdegrees-2100-change-way-we-live
12.
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Skychart December 2021:

(As on December 15, 2021. 20.00hrs Bangalore)

December 4: Total Solar Eclipse. A total solar eclipse

Atlantic Ocean. A partial eclipse will be visible

occurs when the moon completely blocks the Sun,

throughout much of South Africa. This eclipse will

revealing the Sun’s beautiful outer atmosphere

not be visible from India.

known as the corona. The path of totality will for this
eclipse will be limited to Antarctica and the southern

See page: 29
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The light from heaven - A story of exoplanets
Soumya Sengupta

“Look at the moon, my dear,” told my grandma,” a
great grand lady is sitting on the moon’s surface
and making clothes using her Charka.”
“Really! But who wears those clothes? What do
the clothes look like? And how did she go there?”
asked her little grandson.
“That I don’t know my child. You will find those
answers. All I know is that one day, I will also leave
earth and go there.”, she replied quietly.

M

y Dida gifted me a book named
“Journeys of Ancient Mariners.” I was
inspired by the great Columbus, who

prepared for years to sail and discover new worlds
at the cost of his life. I dreamt that one day I would
also prepare for sailing and leave home to discover a
new world.

“Exploration is in our nature. We

began as wanderers, and we are
wanderers still. We have lingered

But why will you go there, Dida? Will the lady on

long enough on the shores of

the moon allow you?”, another question from the

the cosmic ocean. We are ready

little heart.

at last to set sail for the stars.”

“If she will not allow me, I will go somewhere else.

- Carl Sagan (COSMOS)

Look at the sky. There is a huge number of stars
and planets! I will go to any one of them.”
“I will also go with you, Dida,” the child hides
himself in the old lady’s lap.

Life went on in its track. While doing masters in
Physics, I got a chance to join an evening course on
astrophysics at Madhav Prasad Birla Planetarium,
Kolkata. For the first time, I came to know about

After some years, she left the mortal world, and

the planets outside of our solar system, known as

her unfortunate grandson is still gazing at the

Extra-Solar Planets or Exoplanets. In 1994, in Haute-

sky, stars, and planets to find his Dida.

Provence Observatory, France, two astronomers

November 2021 | Science Made Easy
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Michel Mayor and Didier Queloz, discovered the first

coming to you as the child occults the headlight.

exoplanet in human history named 51 Peg b, near the

Solar eclipse seen from earth occurs in the same

Pegasus constellation. But it seemed crazy to me!

way, while the moon occults the sun. An exoplanet

Because detecting an exoplanet near its host star is

also occults its host star periodically, as shown in the

as challenging as finding a firefly near a lighthouse

figure below. Scientists find the exoplanets’ size by

from a distance of about 15 km.

the decrease in the star’s light at the primary eclipse

“Imagine,” said the course instructor, “You stand
beside a circular railway track, and a train is moving
on the track, continuously blowing its horn. You
will experience a pitching change in the horn. The

position when the planet is in front of the star. And by
knowing the time interval between two consecutive
occultations, they find the rotation period. This
powerful method is known as the Transit Method.”

pitch will increase when it moves towards you
and decrease when it moves away from you. This
phenomenon is known as the Doppler Effect after
the inventor’s name Christian Doppler. For a planetstar system, the star also moves in a circular path due
to the planet’s gravitational pull, analogous to two
children (one bulky and another one lean) rotating
around each other by holding one another’s hands.
When we study such a star’s light, we can observe
the Doppler effect of light. Here the shift will be in

Transit Method (Picture Credit: Sara Seager)

frequency instead of pitch. Now frequency and the

These concepts impressed me so much that I

colour of light are the two sides of the same coin. If a

decided to work on Exoplanet and joined the Indian

star moves towards and away from us alternatively,

Institute of Astrophysics for PhD. Finally, I started

its light will become bluish and reddish, respectively.

my journey to the unknown. One of the hurdles

Bluish corresponds to a higher frequency or higher

is, though there are 4000 exoplanets already

pitch, and reddish corresponds to the lower one.

been detected (by 2020), we know almost nothing

Thus observing only the blueshift or redshift of

about their atmosphere, which is very important

the starlight, scientists detect the planet (firefly)

to characterize the planet. To go far about planets,

rotating around the star (lighthouse). This method is

I started to study more about our home planet

known as the Radial velocity method, which is used

Earth. From the Earth’s surface, if we go vertically

to detect the planet 51 Peg-b.”

upward, the atmospheric pressure and temperature

“But this is not the end.”, he continued, “Suppose in
a dark night you stand in front of a car which directly
points its headlight to you on the road. Suddenly if a
child crosses the road between you and the vehicle,
you will see a drop in the brightness of the light

decrease at first. But after crossing 10kms (higher
than Mt. Everest) - in the tropospheric region, the
temperature increases with height. This overall
variation of temperature with pressure is known as
the Atmospheric Temperature-Pressure profile. Our
Science Made Easy | November 2021
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atmosphere is made up of different molecules like

observe the reflection of starlight from the upper

Nitrogen, Oxygen, Water vapour, Carbon dioxide,

planetary atmosphere and the planet’s emission

etc. So, the profile and the constituent materials are

from the depth of the atmosphere. At this position,

the pillars to characterize the planetary atmosphere.

we can get the Reflection and the Emission spectra,

But as the exoplanets are hundreds of lightyears

respectively.

(the distance which light travels in one year, known

To get more profound information about the

as one lightyear) away from us, we can neither

atmosphere, we need to study the emission

see the temperature-pressure profile nor the

spectrum. This spectrum is like the strongest signal

constituent materials explicitly. While observing, we

from any Island in the ocean. But this signal comes

can only see the variation of brightness of the light-

in infrared. So, I model the planetary emission

coming through the exoplanetary atmosphere,

spectrum in the infrared wavelength region for

with wavelength (or colour), commonly known as

different planets with their different planetary

Spectrum. For example, Mars is the brightest in the

parameters.

Red wavelength (the red-planet). This colour tells us
that the surface of Mars is made up of iron crust.
Simultaneously, the magnitude of brightness reveals
the average surface temperature as about -58°C
(lower than the temperature at Mt. Everest). Thus,
by studying only the planetary Spectrum, we can
get a great deal of information about the planetary
atmosphere.

But we need some excellent infrared telescopes
to receive those signals to match with our model
and correctly interpret the atmosphere. There
are some infrared telescopes in India like Vainu
Bappu Observatory, Tamil Nadu; Devasthal Optical
Telescope, Uttarakhand; and abroad like UKIRT,
Hawaii. But to get accurate interpretations of our
model, sensitive observations from space-based

I got to know where to go. Then I constructed my

telescopes like the Hubble Space Telescope (HST),

ship by learning different programming languages

Spitzer is essential.

like C, FORTRAN, and Python. Finally, the formalism
to solve Radiative Transfer Equations developed by
the Nobel laureate Subrahmanyan Chandrasekhar
(one of the great sailors in this ocean) will guide my
ship as a compass in this vast unknown ocean.

HST’s

infrared

signal

matches

our

modelled

atmospheric spectra, and we have reached our
“Cape of Good Hope.” But to go further, we need
some more accurate observations; otherwise, we
may end up misinterpreting those unknown worlds

To study the exoplanetary atmospheric spectra, the

(as Columbus misinterpreted West Indies as India).

Transit method is the only way. There are three more

For that, we need the next generation space-

types of spectra that we can observe. First, when the

based telescopes like Twinkle, ARIEL, and the most

planet is in the primary eclipse position (see Fig.1),

awaited James Webb Space Telescope, named after

some of the star’s light will transmit through the

the American scientist James Edwin Webb, of which

upper atmosphere, and we get Transmission spectra.

expected launch is in 2021. In the meantime, we

Now, while the planet is at Secondary Eclipse, we can

shortlist the most favourable planets to observe by
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Unlike Columbus, now the whole world is on the
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“Sleep, my child,” my Dida murmured, “Dream, and
you will reach there.” I fell asleep to see her again...

same ship of discovery. We hope, someday we
reach some new land, where maybe a different
civilization is waiting for us with some surprises. But

(This article is a winner of the JAI-AWSAR
competition 2020).

till then, we have only one place to live and love in,
our dearest planet, EARTH. We should not spoil our
environment, atmosphere, and the essentials we got
as the blessings of nature. Otherwise, the whole ship

Soumya Sengupta is a Senior Research Fellow at

will sink into the sea. This is our responsibility to our

the Indian Institute of Astrophysics. He is working on

Grandsons to gift them a home planet as beautiful

the characterization and modelling of Exoplanetary

as possible.

atmosphere.

From page 25: Skychart December 2021
December 13, 14 : Geminids Meteor Shower. The Geminids is produced by debris left behind by an asteroid
known as 3200 Phaethon, which was discovered in 1982. The shower runs annually from December 7-17. It
peaks this year on the night of the 13th and morning of the 14th. The waxing gibbous moon will block out
most of the fainter meteors this year. But the Geminids are so numerous and bright that this could still be a
good show. Best viewing will be from a dark location after midnight. Meteors will radiate from the constellation
Gemini, but can appear anywhere in the sky.
December 7-17: It peaks this year on the night of the 13th and morning of the 14th. The waxing gibbous moon
will block out most of the fainter meteors this year. But the Geminids are so numerous and bright that this
could still be a good show. Best viewing will be from a dark location after midnight. Meteors will radiate from
the constellation Gemini, but can appear anywhere in the sky.
December 21, 22: Ursids Meteor Shower. The Ursids is a minor meteor shower producing about 5-10 meteors
per hour. It is produced by dust grains left behind by comet Tuttle, which was first discovered in 1790. The
shower runs annually from December 17-25. It peaks this year on the the night of the 21st and morning of the
22nd. Best viewing will be just after midnight from a dark location far away from city lights. Meteors will radiate
from the constellation Ursa Minor, but can appear anywhere in the sky.
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Book Review

The physics of climate change

by Lawrence M. Krauss

Panini Singam

I

f we don’t rise to the moment, the oceans will
- this thought is presented much stronger and

clearer than ever before in this book.

The interesting part of the climate change debate
is that both the advocates and deniers use the
scientific platform to argue over it. While the
agendas of some of the people participating in the
debate are dubious, the larger debate is mostly a
scientific one. This makes it much more difficult
to settle it. Prof. Lawrence Krauss, through his
latest book, “The physics of climate change”, did
a phenomenal job in dissolving the gaps in the
scientific understanding of the problem. This concise
book, even though it talked about commonly known
issues and arguments in climate change, made
laudable efforts in putting the complex scientific
data and models in easy words. There is no scope of
misunderstanding when one can clearly present the
methods and data. This book is a perfect example of
it. Surprisingly, for a popular science book, this book
comes with several graphs, models, and theoretical
explanations of the problem. Given the complexity
November 2021 | Review Articles
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“If we don’t rise to the moment,
the oceans will.”
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of the topic, the author did a reasonably good job of

change facts. The author expected the readers to

keeping the conversation on track with readers. The

be knowledgeable on several occasions, especially

impressive part of the book is the historical research

on spectroscopy, spectral line broadening, etc. A bit

that goes in coherence with the scientific concepts.

more discussion to briefly introduce these concepts

Instead of lazily putting just the facts about the

could have freshened up the reading experience. At

scientific experiments and results, the author took

times, the discussion went very dry and overloaded

the readers through the stories and lives of the

with scientific concepts without summarizing the

scientists and took the whole conversation in a story

implications on what that means to climate change.

mode. This style not only keeps the readers on track
but also makes it easy to remember the facts. The
book starts with a poetic expression describing the
magnificent Mekong river. One complete chapter is
dedicated to how an ordinary river in southeast Asia
feeds more than 60 million people. At first, this part
of the book appears to be disengaging from the rest
of the book. However, as we learn the facts of climate
disasters, one can sensitively feel the implications of
the damage through climate change. The book very
quickly, yet steadily, takes us through several critical
scientific concepts of techniques to measure the CO2
abundances over millions of years, CO2 subductions,
the great oxygenation event, radiative forcing, heattrapping, global warming, thermal expansion of the

Overall, this sub-200-page book is a worthy quick
read for a weekend. For someone who is just starting
to learn about climate change issues, this is currently
the best book on the market to start with. This book
is another much-needed reminder and a notetaking lesson that everyone should take before it’s
too late. This book, along with another recent release
and the international bestseller, “How to avoid
a climate disaster” by Bill Gates, will be a perfect
pair of books that discusses both the problem and
possible solution, respectively. While we busily work
on the next technological breakthrough and finding
a perfect planet for a second home, take a break to
care about the current home with this book.

oceans, and the melting of polar caps. There are bits
of biology, thermodynamics, physics, and chemistry
in here that makes it a perfect recipe for a scientific
discussion of a real issue.
While most of the book is informative and enjoyable,
it can be a bit boring for someone who actively follows
the climate change debates. If you are looking for
more details of climate change or additional shreds

Panini is an alumnus of IIA; finished his PhD

of evidence to use in the climate change argument,

in 2020. He is currently a postdoc at the NASA

it may be disappointing. The book is not written to

Marshall Space Flight Center, USA.

provide the latest and fresh scientific outbreak in
the field. Still, it just focuses on giving more scientific
and theoretical discussions for the popular climate
Review Articles | November 2021
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Understanding the nature of the violent
explosions that are key to measuring
cosmological distances
Anirban Datta

T

he explosive death of a star as a Supernova

2011, the Nobel prize in Physics was awarded for

is one of the spectacular and catastrophic

the discovery of the accelerating expansion of

events in the Universe. The word ‘nova’

the Universe through observations of distant

(novae) is an abbreviation of the Latin word ‘nova

supernovae. Hence understanding the properties

stella’, meaning new star. Fritz Zwicky and Walter

(progenitor system and explosion mechanism) of

Baade separated a class of novae that were orders

SNe Ia is very important.

of magnitude (≥ 4) more luminous than the rest
and called them Supernova(e) (SNe). Type Ia SNe
are characterized by the absence of hydrogen and
helium, and the presence of silicon in their spectrum
(spectrum is the plot of intensity as a function
of wavelength). Though the direct evidence of
SNe Ia’s progenitor systems are limited and not

In the study of SN 2017hpa - a carbon-rich SN Ia - we
used the observational data in optical wavelengths
from the Himalayan Chandra Telescope (HCT) and
archival ultraviolet(UV)-optical data from the Neil
Gehrels Swift Observatory to study the properties
of the explosion in detail.

clearly understood for all supernovae, the general

We were able to observe SN 2017hpa from a very

consensus is that they are thermonuclear explosions

early phase (measured after the explosion), and

of a degenerate carbon-oxygen (C-O) white dwarf

from its light curves and spectral properties, we

gaining mass from its binary companion. By spewing

saw that the SN 2017hpa is a normal SN Ia (standard

out various elements into the interstellar medium

explosion of C-O white dwarf). However, we also

like Fe (0.3 - 0.8 solar mass), Ca, S, Si, Mg, Ne, O, C,

observed features in the early phase spectrum due

these explosions help in the chemical enrichment of

to unburned material after the explosion. These

their host galaxy.

features are due to carbon and oxygen.

After correcting for the shape of their light curve
and colour, SNe Ia are capable of producing better
than 6% precision in distance measurement. In
November 2021 | Review Articles

About

30% of SNe Ia show the presence of carbon in their
spectrum if observed sufficiently early after the
explosion. The detection of these features is critical
as they help in understanding the mechanism of
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the explosion. Typically, it is the carbon and oxygen

deflagration model, we found the mass of the

which burns into intermediate-mass elements

unburned carbon. We found this to be lower than

(like Si, S, Ca) and Fe group elements (Fe, Co, Ni),
and unbinds the white dwarf and gives the ejecta
material the necessary kinetic energy.
In the classical model of the Chandrasekhar mass
explosion, the C-O white dwarf accretes matter from
its companion and reaches a critical density at which
carbon is ignited. This creates a subsonic burning
flame that propagates through the body of the white
dwarf. As the fusion of carbon and oxygen continues,
the temperature increases. In a degenerate system,
the pressure of the white dwarf is independent of
the temperature, so it cannot regulate the fusion
process and the temperature keeps on increasing,
initiating a thermonuclear runaway process. This

Color composite image of SN 2017hpa in its host
galaxy UGC 3122 (redshift (z) = 0.0156)

creates a supersonic detonation flame that can

the value predicted from the explosion model. In the

completely disrupt the white dwarf.

model, the unburned material is present at higher

With the detection of unburned signatures of C+O,
it is possible to determine the amount and velocity
structure of the outer unburned material. After the
explosion, the ejecta expands, and the unburned
material (also called the fuel) is typically present in
the outer layers of the ejecta. But due to turbulent
mixing, these unburned layers can also be found
towards the inner regions of the ejecta. We found

velocities than the photosphere, so the lower mass
of carbon can possibly be attributed to mixing within
the ejecta. Also, it is possible that the deflagration
model alone is not a proper explanation of the
explosion mechanism. Three-dimensional models
which generally take into account mixing may help
in better understanding the physics of these exotic
explosions in the Universe.

that the unburned carbon layer is moving with the
velocity of the photosphere and not with a higher
velocity, as is typically expected. This points either
towards mixing within the ejecta or asymmetry of

Anirban Dutta is a PhD student at the Indian

the ejecta.

Institute of Astrophysics. His main area of research

By
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comparing
synthetic
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observed

spectrum

spectrum

generated

using

with
one-

is the observation of thermonuclear transients in the
Universe.

dimensional Monte Carlo radiative transfer code,
using explosion properties of a one-dimensional
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Skychart January 2022:

(As on January 15, 2021. 20.00hrs Bangalore)

January 3, 4 - Quadrantids Meteor Shower. The Quadrantids is an above average shower, with up to 40 meteors
per hour at its peak. It is thought to be produced by dust grains left behind by an extinct comet known as 2003
EH1, which was discovered in 2003. The shower runs annually from January 1-5. It peaks this year on the night
of the 3rd and morning of the 4th. The thin, crescent moon will set early in the evening leaving dark skies for
what should be an excellent show. Best viewing will be from a dark location after midnight. Meteors will radiate
from the constellation Bootes, but can appear anywhere in the sky.
See page: 44
November 2021 | Skychart
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A tale of two nearby dwarf irregular galaxies
Chayan Mondal

T

here is one beautiful thing about the night

Galaxies also have different shapes. Some of these

sky. We get to see more stars as it becomes

look like a spheroid (for example, a rugby ball) with

more clear and dark. For the same reason,

no specific structural features. These are known

we perceive a completely different view of the sky

as elliptical galaxies. Some galaxies have a disk-like

being at a higher altitude and away from the city

shape (for example, a CD drive or a plate) with spiral

light. In the night sky, we mostly see stars of varying

features embedded in the disk. These are called

brightness. All of these may have different mass, age,

spiral galaxies. The Milky Way is a spiral galaxy, and

temperature, and distance from us. Interestingly, if

the band of light seen across the sky is nothing but

the sky is clear enough, we could also see a band of

the disk of our galaxy where the majority of the stars

light over-crowded with stars, including some black

are present. Also, there are galaxies that look like

patches. Do you know what it is? This is the galaxy

patchy clouds with no specific shape, and they are

Milky Way (MW) to which we belong. Therefore, in

known as irregular galaxies. The galaxies that have

a simple framework, a galaxy can be thought of as

lower mass are termed dwarf galaxies irrespective

a cloud that contains a large collection of stars with

of their types.

different properties. Similarly, the Milky Way also
contains stars of different ages, and what you can
see in the night sky is nothing but a small percentage
of it.

Now imagine you decided to have a tour outside
the MW to look through our neighbouring galaxies.
What type of galaxies do you expect to see more?
Science Made Easy | November 2021
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We will mostly see dwarf galaxies around us. These

~10 times lighter to ~100 times massive than the Sun).

galaxies have lower mass, but they are the most

The more massive the star, the more high energy

abundant in numbers and also offer an important

photons it produces. That means massive stars are

laboratory for astrophysical study. Dwarf galaxies

more bright in shorter wavelengths (i.e., ultra-violet),

will also have stars of different ages. The interesting

whereas emission from low mass stars mostly peaks

point to know here is how and where stars form in
a galaxy. Apart from the stars, galaxies also have
another important component called gas that we
cannot see directly through our eyes. The gas can
be in three different forms, i.e., atomic, molecular,
and ionized. Stars form from the molecular gas.
Therefore, to produce new stars, a galaxy must have
molecular gas as the raw fuel.
Let us try to understand this with a simple analogy.
Imagine a garden of trees with different flowers and
fruits. Now assume the garden as the galaxy, the
flowers as the gas, and the fruits as the stars. As trees
first produce flowers and then flowers convert to
fruits, similarly galaxy begins with a giant gas cloud,
and later stars form from this gas. There comes a
particular season when the trees majorly produce
fruits. In the case of galaxies, we may call these as
star formation episodes when the galaxy undergoes
an enhanced state of star-forming activity. As trees
continue to produce fruits, the number of flowers
will gradually reduce. In a similar way, as the galaxy
continues to form stars, the amount of primordial
molecular gas starts decreasing. Therefore, the
distribution of flowers and fruits in the garden,

The FUV and NUV color composite image of the
dwarf irregular galaxy WLM observed with UltraViolet Imaging Telescope (UVIT)
in optical. Therefore, if you want to locate massive
young stars (in other words, the sites where current
star formation is happening), you need to image the
galaxy in the ultra-violet band. With this motivation,
we used the UVIT space telescope to observe two
of our neighbouring galaxies named WLM and IC
2574 in UV. The distance of these galaxies is such
that with UVIT, we cannot resolve individual stars,
which means we are imaging the garden from a
distance where our camera cannot identify each
fruit separately but see a group of nearby fruits as a
single entity.

in a similar way, conveys the sites of recent star

Though both of our targets are of similar types,

formation in a galaxy.

they have significantly different sizes and mass. IC

Now our first job is to locate these sites in a galaxy
where recent star formation is going on. As in a
single tree, we see fruits of different sizes; the stars
forming from a giant molecular gas cloud may also
have different masses (for example, starting from
November 2021 | Science Made Easy

2574 is around 100 times more massive than WLM.
As per the size, if IC 2574 is assumed to be a football
ground, WLM will be the size of a tennis court. In
both these systems, we identified regions where
star formation is active in recent times. The nature
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and the isolated location of WLM in the sky have

The other galaxy IC 2574 is located around 3.5 times

inspired astronomers to call it a cosmic fossil. We

further away than WLM. The most intriguing fact

found that this small isolated system has produced

about this galaxy is the demographics of the atomic

many OB associations (i.e., collection of most

gas distribution. The inter-stellar gaseous medium

massive young stars) recently. We found that the

of the galaxy has many holes like structures. These

mass of such young star-forming clumps is similar

holes are created because of the feedback from

to the molecular gas cloud identified in the galaxy.

stars that were formed earlier. To understand it

Our analysis also found that in the regions where

more clearly, imagine the event when you throw a

we noticed the presence of gas, we also identified

big stone in the water. As soon as the stone hits the

young stars. In analogy, the flowers and the fruits

water surface, it produces ripples that propagate

in the garden show a good spatial correlation at the

outwards like a wave. Similarly, when a star

present time. We noticed one particular region where

explodes into a supernova (i.e., the final stage of a

young stellar groups are detected along with the

massive star), it generates strong shock waves that
propagate and clear out the surrounding medium
to form a hole there. Astronomers have found that
while expanding, such holes can induce further
star formation in the gas accumulated on the rim.
We analyzed 48 pre-identified holes case by case
and understand what contribution they had in
triggering further star formation in the galaxy. With
the help of deep UV imaging, our study found that
around 1/3 of the regions with recent star formation
in IC 2574 has been triggered due to such expanding

The FUV image of the dwarf irregular galaxy IC 2574
observed with Ultra-Violet Imaging Telescope (UVIT)
presence of negligible gas content. This is probably
the result of a recent vigorous star formation.
We noticed, in the overall patchy structure of the
galaxy, the identified young stellar groups form
a hook-like structure around the galaxy centre.
Another important quantity we measured is the
star formation rate, i.e., the rate at which the galaxy
produces new stars. This is measured in the unit of
solar mass per year. Our study found that in recent

holes. The overall star formation rate, measured for
IC 2574, is around 70 times higher than the WLM. In
recent times, IC 2574 takes only around two years to
produce one solar mass stellar content.
In summary, we can say that we found two of our
neighbouring galaxies to be active in star formation
during the recent time. Also, star formation in both
systems is mainly controlled by internal mechanisms.
As both do not have any nearby massive companion,
we expect them to evolve in their own way in the
near future.

times WLM takes around 125 years to produce one

Lastly, I want to end the story with a beautiful

solar mass of stellar content.

thought of the night sky. Imagine you are living on
Science Made Easy | November 2021
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a planet in either of these irregular galaxies. What
pattern of stars do you expect to see in your night
sky there? True, it will be different than what we see
being in the MW. This is something worth imagining
to enjoy the eternal depth of this subject.

(This article is a winner of the JAI-AWSAR
competition 2020).

Chayan Mondal is a Post Doctoral Fellow at InterUniversity Centre for Astronomy and Astrophysics
(IUCAA). He works on the physics of nearby and
high-redshift galaxies.
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Stories from the Sun
Interview with Prof. Durgesh Tripathi

Durgesh completed his PhD from the MaxPlanck Institute for Solar System Research
(MPS), Goettingen in 2005. He worked at the
Department

of

Applied

Mathematics

and

Theoretical Physics (DAMTP), University of
Cambridge for six years for his post-doctoral
research and is a winner of the prestigious
research fellowship from Clare Hall. Prof.
Tripathi has also held several positions abroad
such as visiting scientist at the High Altitude
Observatory, USA and visiting professorship
at the Kyoto University, Japan. He is currently

D

urgesh Tripathi is a professor at IUCAA,
Pune and the head of the Max-Planck
India Partner Group on the coupling

holding the position of adjunct scientist at IIA,
Bangalore and affiliate faculty at Centre of
Excellent in Space Science India (CESSI), IISER
Kolkata.

and dynamics of the solar atmosphere. He is also

For DOOT Magazine, Prof. Durgesh Tripathi

the Principal Investigator of the Solar Ultraviolet

speaks about his academic career, research works

Imaging Telescope (SUIT) onboard Aditya-L1

and life experience as a solar astrophysicist.

mission, which is the first space Observatory of
the Indian Space Research Organization (ISRO)
dedicated to solar observations.
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Let us start with your days as a student.
Were you always interested in science?
What motivated you towards astronomy
and astrophysics?
I grew up in a small village in the district of Gorakhpur,
UP. My father was a science teacher in junior high
school, and my mother was also a teacher at primary
school, so there was always a focus on science and
scientific thinking. However, I do not think they
ever emphasized that I should be doing science or
otherwise. That was very good because science
never came as a burden, and it came more as fun.
For the first time, I was exposed to astronomy and
astrophysics (A&A) at the introductory summer
school on A&A that I attended during the summer
vacation between after the first year of my MSc
course. That actually froze my interest in A&A. In the
MSc final year, I chose A&A as a specialization and
started looking for PhD positions in it. During my
MSc, I came in touch with some of the best teachers
at the universities who helped in shaping my career.

Can you please tell us about your PhD life
and early research career? How did you end
up choosing Solar Physics as your primary
research field?
So, I finished my MSc from Gorakhpur and was
interested in doing a PhD in Astronomy. During the
summer school, among many fantastic lectures on
fascinating topics, two of them caught my interest:
Solar Physics and Active Galactic Nuclei (AGN). I
started to look for PhD positions in these two areas
while preparing for different exams such as UGC/JRF,
JEST, GATE, and likewise. In the meantime, the MaxNovember 2021 | Interview

Planck Institut für Sonnensystemforschung (MPS)
was starting with the International Max-Planck
Research School on Solar System, and I applied for it.
I was selected and worked on Solar Physics (Coronal
Mass Ejections) for my PhD.
Since 2014, MPS has been located in the beautiful
campus of the Georg-August Universität, Göttingen.
Before that, the institute was located in a small
village named Katlenburg-Lindau, about 30 km from
Göttingen. There was nothing (except people living
there) in that village but the institute, a supermarket,
and a few shops. So, for anything and everything we
had to go to the city. Nevertheless, the institute guest
house hosted all the PhD students coming from all
over the world. That was an excellent experience; I
made friends with colleagues coming from different
parts of the world, e.g., as a PhD student, I knew
people from countries of which I had only heard
the name. Living in the small village also gave me an
opportunity to get to know my fellow PhD students
extremely well, and I cherish those days.

We would like to know about your current
research interests and major projects that
you are associated with. Any significant
scientific accomplishments that you would
like to share?
I am primarily interested in understanding the
physics of the magnetic coupling and dynamics of
the solar atmosphere. During my PhD, I worked on
the source regions of Coronal Mass Ejections (CMEs),
where we showed that the formation of posteruption arcades was the unique characteristics of
source regions of CMEs. Since then, while continuing
my research in understanding the physics of origin
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Overview of the ADITYA-L1 satellite carrying six payloads (PAPA, STEPS-1, SWISS, VELC, SUIT, HELIOS). P, R and
Y are defined as pitch, yaw and roll which refer to the three dimensions of movement of an object (such as, fish
and aeroplane) through a medium. Image Credit: Indian Space Research Organisation (ISRO)
of CMEs, I have been working on the problem of

of SUIT, can you give us more details of the

coronal heating, in particular, trying to understand

telescope and the challenges associated

the physics of small-scale transients and their roles

with building it up?

in the heating of the solar corona.

Indeed, Aditya-L1 is the first space mission of

Recently, I am working on providing observational

ISRO dedicated to solar observations and SUIT is

evidence for a unified scenario of heating of the

one of the main payloads. It will be observing the

solar corona in quiet Sun and coronal holes and also

Sun in the wavelength range of 200-400 nm. The

the formation of solar wind.

beauty of this wavelength range is that it covers the
photospheric and chromospheric layers of the Sun’s
atmosphere and, at the same time, provides the

Aditya-L1 is India’s first dedicated solar

measurements of the solar radiation that is central

space mission, and Solar Ultraviolet Imaging

to our understanding of the Sun-climate relations.

Telescope (SUIT) is one of the onboard

SUIT will provide full-disk images of the Sun slicing

payloads. As the Principal Investigator (PI)

through the solar atmosphere at different heights
Interview | November 2021
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using 11 different science filters. With this, we shall

Artificial Intelligence (AI) to keep checking with the

measure, for the first time, spatially resolved solar

data to localize a flare happening in real-time within

spectral irradiance, which is crucial for the chemistry

about a minute of the occurrence of a flare.

of ozone and oxygen in the stratosphere of Earth.
Building a payload for a space mission is highly
challenging, no matter how simple the payload may
be. Space is highly unforgiving. One of the main
challenges is developing the payload in a controlled
environment, free from contamination. Since this

What will be the scientific goals of SUIT,
and how distinct will it be from other solar
telescopes (both ground-based and spacebased)?

is a UV payload, contamination becomes even

The two primary science goals of SUIT are to study

more stringent. Another challenge, particularly for

the magnetic coupling of the solar atmosphere and

this payload, has been that within this passband,

to measure the spatially resolved solar spectral

the solar flux changes by about a factor of 18-20.

irradiance in near-ultraviolet (NUV). SUIT will be the

India’s first solar space mission, ADITYA-L1,
is going to be launched in near future. Solar
Ultraviolet Imaging Telescope (SUIT), one
of the main payloads of ADITYA-L1, will
provide beautiful images of the disk of the
Sun in different colours or wavelengths.

first to provide full-disk images in this wavelength
range and therefore, will provide measurement for
the spatially resolved solar spectral irradiance in
200-400nm for the first time. The data from SUIT
will be highly complementary to the Atmospheric
Imaging Assembly (AIA) onboard Solar Dynamics
Observatory (SDO) of NASA. Combining these

Since the whole passband is divided into 11 different

two, we will have complete information from the

smaller passbands, there is a different amount of

photosphere to the upper corona.

flux coming inside the telescope. Since we have only
one detector with a defined dynamic range, the flux
through all the filters has to be brought to a level

Just like there is a gradual change in Earth’s

that can be imaged with a single camera. This was

climate, is there a change in the Sun’s climate

mitigated by indigenously designing and developing

as well? If yes, what are the factors behind

an entrance aperture filter.

it?

Another challenging point for the Sun is related to

Sun goes through an activity cycle of 11 years. It

the fact that the Sun is highly dynamic, and one

goes from low activity to high activity during this

of the most interesting and challenging questions

cycle and comes back to low activity again at the

relates to the physics of the origin of solar flares and

beginning of a new cycle of 11 years. This is also

their contained energy. Unfortunately, we do not

known as the sunspot cycle. During the 11 years, the

yet know when and where on the Sun a flare may

poles of the Sun will change their sign, or in other

occur. Since we cannot always observe in full-disk

words, their polarity will get reversed to the opposite

mode due to data constraints, we have developed

polarity (North pole will become South pole and
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vice-versa). This cycle is just because of the way the
Sun generates a magnetic field via dynamo. On the
longer time scale, I guess it will go through different
phases of stellar evolution, leading to changes in
Sun’s temperature, pressure, luminosity, etc.

The solar storm in 1859 was a tempest of
charged particles released by the Sun that
slammed into Earth’s atmosphere, causing
devastation on the Earth’s surface. If a solar
storm like the one in 1859 happens today,
what would be its effects on our satellites
and the Earth in general?
The solar storm in 1859, also known as Carrington
Event, remains the world’s largest solar storm on
record. This event led to the beginning of a whole

Image from the Atmospheric Imaging Assembly (AIA)
telescope/94 Angstrom channel, showing solar flare
that occurred on 3rd July 2021. The temperature of
the erupted solar material is about 10 million degrees
Fahrenheit. Credits: NASA/SDO

new field of research, that is, ‘Space Weather’.
In recent times, there have also been such events (of
course not of the same magnitude as the Carrington
Event) that have created electric power blackouts
and disturbances in the navigation system. If such a

The solar storm in 1859, also known as

storm happens again, modern life might halt. If not

Carrington Event (named after the British

predicted in advance, such a severe storm today can

astronomer Richard Carrington) was a tempest

cause widespread electrical disruptions and damage

of charged particles released by the Sun that

by crippling communications on Earth and fueling

slammed into Earth's atmosphere, causing

chaos among residents.

devastation on the Earth's surface. It caused

Recently, there was an X1.5 class solar flare on 3rd
July 2021, which led to strong radio blackouts on
Earth. Among all classes of solar flares, X-class falls
in the category of most intense flares. The number
1.5 denotes the strength of its intensity; for example,
X2 class flare is twice as intense as X1 class flare,

disruption in telegraph systems which was the
high-tech stuff of that time, and aurorae or
northern lights, which could typically be seen
near the polar regions, were visible in places as
far as Cuba and Hawaii. It remains the world's
largest solar storm on record.

while X3 is thrice as intense as X1, etc.
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As an active researcher in solar physics,

Apart from your academic life, what are the

what are the pressing problems in current

other activities that you enjoy the most?

times that are yet to be solved to apprehend
the Sun’s dynamics completely?

I

like

watching

movies,

primarily

based

on

autobiographies, but I can watch all kinds of movies.

The question is somewhat subjective. For me,

During my graduate school days, my friends and I

understanding the physics of heating of the solar

would go for a movie marathon over the weekends.

atmosphere is one of the most important problems,

Also, I love playing tennis. I find tennis to be the

because it not only solves the long-standing physics

most beautiful game.

problem but also helps us to understand the physics
of UV and X-ray radiation from the Sun that has a
substantial impact on the atmosphere of the Earth.

Interview team:
Fazlu Rahman, Raveena Khan, Rishabh Singh Teja,
Suman Saha

From page 34: Skychart January 2022

January 7 - Mercury at Greatest Eastern Elongation. The planet Mercury reaches greatest eastern elongation
of 19.2 degrees from the Sun. This is the best time to view Mercury since it will be at its highest point above the
horizon in the evening sky. Look for the planet low in the western sky just after sunset.
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Ingenuity - A new beginning on Mars

Manjunath Bestha

I

t was the last Thursday of June 2020; people
present in the Mission Control Centre of NASA
and worldwide are glued to their screens. They

are very excited to witness the beginning of the
new era on the Red Planet. It is none other than
The Mission Mars 2020, which aims to land the
Perseverance rover along with a tiny chopper. The
rover intended to be the first part of a robotic sample
return mission, characterizing the climate of Mars
and preparing for human exploration launched from
Florida’s Space Coast.

Image Credits: NASA/JPL
In the early morning of 19th April, NASA’s Ingenuity
helicopter lifted off on the Red planet marking the
first-ever powered flight on a world beyond Earth.

After a nine-month-long journey from its launch

It mainly aims to fly in unfavourable conditions

pad, it finally touched down the Jezero Crater on

compared to the Earth’s Environment, like low

the Red planet. Scientists believe the place was

atmospheric density, fast blowing winds, and

once flooded with water and was home to an

atmospheric pressure.

ancient river delta. Two months from its landing,
it was time for Ingenuity to step down from the
lap of Perseverance in the spotlight. It might be a
featherweight compared to its host rover, but it’s an
awe-inspiring piece of machinery.

That was a massive challenge for the NASA
engineers. That’s why they made sure the blades
had to be broad. They need to spin at more than
2500 rotations per minute to lift the helicopter off
Science Made Easy | November 2021
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(Image Source: NASA/JPL)
the ground, which is nearly five times more when

way not just for Orbiters, rovers, and landers on

compared to the helicopter’s blade’s rpm on Earth’s

Mars but for aerial exploration within the Martian

environment. The advantage of gravity on the red

atmosphere and above the Martian surface as well,

planet made Ingenuity easily lift its lightweight mass

a low-flying ingenuity brings up some tantalizing

(1.8 kilograms).

possibilities for exploration, including:

It is entirely autonomous and self-charging with two

•

pairs of four-foot-wide rotor blades that counterrotate to lift off in the Martian atmosphere without
having any other scientific instrument aboard it.
This little chopper’s artificial brain can analyze sensor
data and images to ensure that it stays on its flight
path, alter the rate of power consumption based on
the temperature to keep it warm, and much more.
So far, as of 8th August 2021, Ingenuity has
attempted eight test flights successfully. The
number of flights achieved is beyond the expected
number.
After a successful set of test flights that paved the
November 2021 | Science Made Easy

HD images of the surface from an aerial
perspective

•

Investigation into difficult-to-access terrains
such as steep-walled craters and lava tubes

•

And the potential to carry light payloads from
one site to another

Even in inhospitable conditions of Mars, such as
a thin, tenuous atmosphere that often blows at
wildly incredible speeds, giving rise to dust storms
and its extreme climatic conditions, yet they have
conquered the journey across interplanetary space
to reach Mars. They have conquered the bonds of
gravity by sending orbiters around Mars and landers

DOOT | Indian Institute of Astrophysics

47

to its surface. They have overcome the challenges
of the Martian surface, with rovers that can cover
dozens of kilometres over their lifetimes. And now,
for the first time, they are conquering the Martian

Further reference: Humans Can’t Fly A Helicopter
On Mars, And That’s Why Ingenuity Is So Amazing

atmosphere with the successful demonstration of
powered flight on another planet.
Ingenuity made eight successful flights and made
the entire human race proud, and the journey on the
red planet will continue.

Manjunath Bestha is doing his Integrated M.Tech-

I acknowledge Mr Macha Naveen (An
Electronic

Engineering

Graduate

from

PhD at IIA. He is working for HROS - TMT under
the guidance of Prof. Sivarani Thirupathi.

KSRMCE and Space Enthusiast) for helping
me to write this article.

Artist: Maya Prabhakar
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Skychart February 2022:

(As on February 15, 2021. 20.00hrs Bangalore)

February 16 - Mercury at Greatest Western Elongation. The planet Mercury reaches greatest western elongation
of 26.3 degrees from the Sun. This is the best time to view Mercury since it will be at its highest point above the
horizon in the morning sky. Look for the planet low in the eastern sky just before sunrise.

November 2021 | Skychart

DOOT | Indian Institute of Astrophysics

49

IIA image gallery

15th August 1947
First ever independance day
celebration at Kodaikanal
Observatory

15th August 1947
Group photo after the flag hoisting

IIA Image Gallery| November 2021
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1947 January
Group photo with royal astronomers

12” Coelostat instrument (Current Spectro
building). Later replaced by siderostat

19th April 1962
Kodaikanal Solar Tower Tunnel Telescope
(KTT) dome under construction

31st January 1962
20” Reflector telescope at Bhavanagar Dome.
Later shifted to Kavalur Observatory
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1962
Prof. B.J Bok’s visit to Kodaikanal

11th March 1972
40” telescope Kavalur

Prof. M. K. Vainu Bappu receiving Dr. Bhatnagar’s
award from former Prime Minister Indira
Gandhi-1970

16th February 1980
Solar Corona imaged from Kodaikanal

All image credits: IIA Archives and Digitization project team, IIA
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Quest for saving Earth:
Tracking invisible particles in the air
Priyanka Srivastava

S

ince the pre-industrial era in the 18th
century, global temperature has increased
to a whopping 2° Celsius till 21st Century

and shall continue to rise by 0.3° Celsius per decade.
Although it might appear small, this implies a huge
accumulation of extra heat which is accelerating the
melting of snow, increasing sea surface temperature
and sea level, changing hydrological patterns and

they important to climate change scenarios?
Moving with the invisible air are millions of micron
and sub-micron sized particles. These particles
are emitted by natural sources, e.g., dust, volcanic
eruptions, sea salts, etc., and anthropogenic sources,
e.g., industrial emissions, traffic emissions, etc. We
call them aerosols.

temperature extremes. Thus, this small change is

The key components of these mini maniacs are

enough to threaten lives at existing island nations,

carbonaceous aerosols. Going further deep, carbon

changing habitat ranges of many endangered

aerosols can be subdivided into two species: organic

species, triggering extreme events like cyclones and

carbon (OC) and black carbon (BC). OC comprises

flash floods which can displace and kill innocent lives.

organic compounds (aliphatic, aromatic compounds,

The excessive anthropogenic rise in greenhouse

and acids), scatters radiation, and is hygroscopic

gases and aerosols are the most important culprits

(water-loving), thereby acting as cloud condensation

behind these climatic changes.

nuclei (seed for clouds). On the other hand, BC is

Although the scientific understanding about the
role of greenhouse gases like CO2 is very clear, yet

mainly impure graphite, is an efficient absorber of
radiation, and is hydrophobic (water-fearing).

the scientific community has been dabbling over

These aerosols are primarily emitted from incomplete

the proper quantification of aerosols’ role in climate

combustion of carbon-based fuels like diesel and

change. So, what are these aerosols, and how are

crop residue burning. Large dependence on carbon-

November 2021 | Science Made Easy
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based fuel has led to a substantial increase in

a major challenge here. Thus, my work aims to bridge

aerosols, particularly in developing countries. Today

this gap and provide insights into carbonaceous

India is the third-largest emitter of carbon aerosols

aerosols in this region.

globally, next only to China and Western Africa. In
addition to climate changes, this increased emission
poses a major threat to our life because these
aerosols are carcinogenic. Recently the World Health
Organization estimated that on a worldwide basis,
more than 8,00,000 premature deaths are caused
annually by diseases following aerosol exposure.

In this aspect, one of the challenges is to differentiate
between OC and BC from particles in the air. To
address this issue, we use the knowledge that OC
volatilizes at lower temperatures than BC. This
volatilized carbon can be oxidized to form CO2, which
is detected using infrared detectors to know the
concentrations of OC and BC. Using this method, we

Despite these significant impacts, our knowledge

segregate OC and BC deposited on a filter. We made

of the physical and chemical properties, health, and

such rigorous observations every hour continuously

climatic effects of the aerosol is still incomplete. A

during 2014-2017 and for the first time, reported the

major reason for our shortcomings is due to their large

diurnal variations for a complete annual cycle from

spatial and temporal variations, complex properties,

any high-altitude site in South Asia. Our observations

and more importantly because current observation

have revealed a prominent daytime buildup in OC

networks are insufficient for complete qualitative

and BC. This daytime rising concentration to almost

and quantitative characterization. Thus, to improve

twice the nighttime content is in stark contrast to

upon our understanding of these aerosols, ISRO

the morning and evening peaks observed at urban

established a network of observatories to monitor

and rural sites. We found that the low boundary

these species known as the Aerosol Radiative

layer (a thermal inversion that acts as a natural

Forcing over India (ARFI). My research work is a

cap preventing transport of pollutants to higher

part of this broad network and centres around

heights) height traps pollutants during morning

developing knowledge about the variation, sources,

and evening hours in low altitude sites. While at

and radiative effects of carbonaceous aerosols over

high altitude sites, a rise in boundary layer height

a Central Himalayan site located at Nainital. Choice

along with upslope winds results in a transport of

of this site holds significant importance because

pollutant concentrations during daytime. We also

it is a mountainous region and lies near the Indo-

found that OC and BC are maximum during spring,

Gangetic Plain, which stretches from Pakistan in the

decrease to half in monsoons, and again rise during

West to the Bay of Bengal in the East. This region is

autumn/winter. To understand what governs these

known for its high population density and extreme

variations, we assessed fire events using satellites

pollution. Thus, usually clean sites of the Himalayas

and simulated air trajectories backward from our

are vulnerable to the transported pollutants from

site using transport models. Our analysis suggests

this region. Additionally, observations of aerosols

that spring maximum is associated with the large

are extremely limited in the Himalayan region as

scale burning of crop residues in Northern India

conducting such rigorous continuous observations is

which are transported to this region. In contrast,
Science Made Easy | November 2021
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autumn/winter higher concentrations are due to

emit these aerosols and when. To quantify the

the burnings for the heating purposes at the local

contributions of these sources, we used a source

scale. The lowest concentration observed during

apportionment

monsoon is mainly due to the arrival of pristine air

enhanced absorption of ultraviolet and infrared

masses of oceanic origin and due to the scavenging

radiation by biomass (bb) and fossil fuel (ff) sources,

of these aerosols from heavy precipitation in this

respectively to get bb and ff components of BC. We

period. We also found that the concentrations are

found that the site was heavily influenced by fossil

mainly skewed towards the lower concentrations,

fuel sources. However, biomass burning showed

which shows that the site is a relatively cleaner one

significant impact, especially in April-May during

with perturbations of higher concentrations mainly

the crop residue burning period in Punjab, Haryana

from transported pollutants which lead to higher

and other parts of North India. Another specialized

concentrations. We further showed using radiative

method called the EC tracer method was used to find

transfer models that the afternoon atmospheric

the secondary and primary fraction of OC. In this

radiative forcing (a term to show the warming/

method, the total OC fraction is considered to be a

cooling by the emission of a given species) is much

sum of primary and secondary OC. Then the primary

higher (about 20.77 Watt m-2) than the forenoon

OC is calculated from the minimum OC/EC ratio,

atmospheric radiative forcing. This implies very high

which signifies the primary emission scenario. Thus,

heat accumulation capability in the daytime due to

secondary OC is obtained as a difference of primary

these aerosols.

OC from total OC. Our results show that >60% OC

Further, till date, no Himalayan site has ever
reported any long-term dataset of BC. Such longterm data are crucial for assessing climate change.

model.

This

model

uses

the

at the site is secondary OC. This shows that the site
is being deteriorated due to the increased emission
from the low-lying polluted regions.

As a unique and critical project, we utilized our

In summary, this work clearly shows that fossil

optical measurements and corrected them to

fuel emissions dominate throughout the year, and

provide first-ever long-term BC data from 2004-

biomass emissions become a cause of concern

2020. We find that there is a small yet decreasing

in the crop harvesting period. Till now, we were

trend of 17 ng m-3 year-1. This is much lower than the

underestimating these emissions and yet they

decreasing trend of BC reported from Trivandrum

were too high, but now we have shown that these

and Peninsular India. However, this slight decreasing

emissions are much higher. All these highlights that

trend shows that the adverse climatic impact of

it's high time that we start taking climate change

these aerosols will reduce if a similar trend can be

seriously before we run out of time. If the Himalayas

intensified. Our results thus advocate the need

are receiving these high emissions, the situation

for employing stringent mitigation policies to curb

is bound to be much more severe in the low-lying

carbon emissions, especially in North India.

regions.

An important consideration to formulate mitigation
policies is the identification of which sources
November 2021 | Science Made Easy

Mitigation

of

carbonaceous

aerosols

through the implementation of stringent policies is
our only hope. Replacing current technologies with
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renewable energy sources like solar and wind is a
promising way available to us for a long time now.
Only if we work towards being carbon neutral today,
we will be able to give a sustainable future to our

(This article is a winner of the JAI-AWSAR competition
2020).

next generation tomorrow.

Carl Sagan has rightly quoted that:
"In this hour of obscurity, in all this vastness, there
is no hint that help will come from elsewhere to save
us from ourselves. The earth is the only world known
so far to harbour life. "

Priyanka Srivastava is a Senior Research Fellow
at Aryabhatta Research Institute of Observational
Sciences (ARIES). Her work involves extensive
observations of Carbonaceous aerosols over a high
altitude Central Himalayan region to allow source
segregation and radiative forcing estimates.

It's time we work to protect our only home
together- the ‘Earth’!!

Artist: Maya Prabhakar
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My first experience at
Indian Astronomical Observatory
Fig 1. Indian Astronomical Observatory without HCT dome in 1998

Dorje Angchuk

I

joined the Indian Astronomical Observatory

Due to the snowfall, the minimum temperature

in September 1998. However, as a native of

recorded that year was -27°C. It was the only time

Leh (lower altitude by 1000 meters), my last

in my long stay at Hanle (23 yrs) when I saw the

eight years were spent in the plains finishing my

region entirely white throughout the winter. The

schooling and then college.

single kerosene heater wasn’t sufficient sometimes

No sooner did the

news of my joining IAO at Hanle was received in the
neighbourhood, one of my aunts announced to my
parents that during a pilgrimage visit to the Hanle
Monastery, she experienced that it was an unending
journey from the first view of the Monastery (quite
accurate since it would take more than an hour from
the landmark where we get the first glimpse of the
Monastery). Later on, after many years I realized
that it was because of the transparency of the place,
and hence the Observatory location was selected.
My first visit to the Observatory was on 11th October.
It snowed continuously from 16th to 18th October.
November 2021 | Experience

in those cold conditions.
The Maruti Gypsies 4WD was considered the best
for the terrain, and in cold conditions were not able
to climb the Observatory hill for three consecutive
days. While climbing up and manoeuvring the
hairpin bends, the vehicle skidded, and suddenly we
realized that we were driving downhill. On the third
day, we trekked to the Observatory hilltop to give
the information through the V-SAT (@9600bps) to
the IIA and Leh office that everything was in control.
There was a need to justify the site since the telescope
would be installed soon in 2000, by doing DIMM
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seeing measurements sitting outside during night

down at dawn, the seats of the vehicle will be too

time when the cold, as well as our energy, is at the

cold to bear. The feet in the bed would take one hour

minimum. This was my first exposure to the harsh

to warm up, and it was not such a happy moment to

winter, and to tell frankly, I wondered why we were

see the sun rising while the prying eyes were still to

doing astronomy at all. I remember during many of

find sleep.

the polar alignments, which used to take more than
an hour, I felt like crying since the star would drift
away while changing the eyepiece to CCD camera and

The DIMM seeing measurement was also conducted
on the telescope pier in May –Jun 1999 (Fig 3).

the wind also performing its part without fail. Along
with Prof B.C.Bhatt, we used to alternate every hour
sitting outside along with the Meade 12” and guiding
the telescope continuously. All India Radio used to
be our only companion throughout the night. Hand
and legs used to go numb for that one hour even
with two layers of gloves/socks and generally with
6-7 layers of clothing on top. Our movement used
to be more like a robot than a human. The next one
hour would be used to grab whatever little heat was
generated that time from the kerosene heater in a
hut away from the place of Observation to minimize
the thermal turbulence, as depicted in fig 2.

Fig 3: DIMM measurement being conducted on HCT
pier
This was just an introduction of things and
challenges in the coming year of the coldness and

Fig 2: Digpa Ratsa Ri (Mt. Saraswati ) before
construction of HCT

chillness (where during daytime at this altitude, if

Tired, fingers numbed, enjoying the heat and

prone to frostbite and UV radiation at the same

getting rejuvenated during the warming period. I

time). The Observatory is so remote and conditions

dozed off for the next two hours to the anguish of

so harsh that the toilet gets blocked and choked

Prof B.C.Bhatt, who had to overdo my part also and

for 6-7 months, and it still continues, and the most

wake me up too. After Observation, while coming

challenging part was during a natural emergency

necessary precautions are not taken, one is equally

Experience | November 2021
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(particularly in windy conditions) when things
literally start flying on your face.

Dorje Angchuk, who hails from UT of Ladakh, is
currently serving as Engineer-in-Charge, Indian
Astronomical Observatory (IAO), Hanle. He has

All Pictures Credits: Prof B.C.Bhatt
Author can be contacted at : Mob: 091-9419178895,
E-Mail: angchuk@iiap.res.in

been associated with IIA for more than two decades
and has immensely contributed to the operations
and functioning of various telescopes at IAO,
especially the Himalayan Chandra Telescope. He
desires to take the IAO to higher levels and make
it one of the best astronomical sites for MultiWavelength Astronomy.

The Great Conjunction Of Moon, Jupiter And Saturn (12 July 2021)
Camera		

:

Nkon D7500

Exp			

:

1/5sec., EV: -1.3step

Lens		

:

Nikon 200-500 F5.6

Location		

:

Kodaikanal

Focal length

:

270mm, F/8,

Image credits

:

Anand M N

ISO			:

6400
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My first outreach at IIA
- Devanahalli Higher Primary School

Pallavi Saraf

I

am Pallavi Saraf, a third-year PhD student at

This time, for the Teacher’s Training Program, a

the Indian Institute of Astrophysics. I joined

Government higher primary school situated in

IIA in January 2019. Now, I will share my first

Baichapura, Devanahalli -a small taluk in the suburbs

experience of the Teacher’s Training Program, which

of Bangalore, was selected. We had planned to

is conducted as a part of the Outreach program at

organize the program on 20th July to commemorate

IIA. This event is usually organized in July. I was a

50 years of the Apollo 11 mission. Teachers from

new entrant at this institution. I learned about this

nearby schools surrounding Devanahalli were also

teacher training program from my colleagues. As

invited to the program. We reached the school at

a part of this program, we select a school, visit the

nearly 9:00 AM with our experimental kits. The

school, provide tips and suggestions to the teachers

city is located 40 kilometres to the northeast of

in improving science teaching. I was very eager

Bangalore. We divided the event into three sessions.

to volunteer for the event. However, as I was fully

During the first session, one of our colleagues gave

occupied with my work, I could not decide whether

a small introductory talk on astronomy celebrating

to participate. One quote flashed to me “where there

50 years of the Apollo 11 mission.

is a will, there is a way.” I worked extremely hard for
the next two days and finished my work. I had to
forgo my two nights’ sleep, but finally, I enabled
myself to participate in this program.

The second session contained demonstrations such
as constructing a telescope, demos showing the
moon’s various phases, converting energy from one
form to another, electromagnets and electrometers,
Experience | November 2021
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sound propagation and visualization, basics of
colours, and a few more experiments. There were
a total of 10-12 volunteers who explained these
experiments. We selected these experiments from
the science textbooks of the 8th, 9th, and 10th
classes. As I remember, a few kids from that school
also visited our stalls to see the experiments. I
noticed the curiosity in their eyes. They asked, “Why
don’t we see stars in the morning? Why do the
stars shine in the night?” Although they could not
speak Hindi or English, the teachers present there

Group picture with teachers. Courtesy: Prasanna
Deshmukh

translated their questions to us. We could not reply
to them in Kannada; instead, we explained them
with our gestures and expressions and somehow
succeeded in conveying the message.
In the third session, the event ended with a beautiful
talk by one of our retired professors, Prof. Pallahalli
Viswanath from IIA, invited as a guest speaker.
His lecture was primarily meant for the teachers.
Towards the end of his talk, he also gave some tips
on explaining complex science topics lucidly to

Group picture with kids. Courtesy: Swastik C.

the students and helped them become excellent
teachers.
The primary aim of this TTP program is to enrich
the teachers with ideas to demonstrate complex
science concepts. This is our small attempt towards
improving the method in which science is taught to
the students in schools and make learning a more
fun activity.

I thank DVS Phanindra for helping me while
writing this article. For those interested in taking
a glimpse at the event’s highlights, a YouTube
link is provided (https://youtu.be/PEY6mhYiUSo,
Courtesy: Prasanna Deshmukh).
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Pallavi Saraf is a Senior Research Fellow at the
Indian Institute of Astrophysics. She works on
Spectroscopic studies of metal-poor stars.
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Special archival collection of resources in
the library of Kodaikanal Observatory
Christina Birdie & A Vagiswari

L

ibrary inherited the priceless copy of

8 (1848), the celebrated Madras Catalogue of about

‘Astronomia Nova’ by Kepler dating back

11,000 southern stars is available in multiple copies.

to 1609. The volume is leather-bound with

Sir George Airy hailed it as the greatest catalogue of

650 pages of Latin text, calculations, tables of

modern times. The title page of the catalogue has

observations, and woodcut diagrams of planetary

the Woodcut drawing of the Madras Observatory in

orbits. Very little is known about the date of

the year 1838 (from Taylor’s catalogue vol.4).

acquisition and source from where it was acquired
(It is believed that the copy in the Kodaikanal
Observatory is the only copy available in India). This
volume was available in the
Madras Observatory library
collection, as mentioned in the

The book’s register has some entries handwritten by
Michie Smith himself. The titles listed in the register
include ‘An account of astronomical observations
made by W. Wales during the course of his attempted
voyage to the South Pole’ (1725) and ‘History of the

catalogue of books registered
in the Madras Observatory
in the year 1893 (Birdie 2014).
Another priced title, Historia
Coelestis Britannicae (Tribus
Voluminibus Contenta 1675-1689, 1689-1720), in
three volumes by Johannes Flamsteed published in
the year 1725, is available in the

Royal Society by Sprat (1734)’. The Oldest journal

library in fairly good condition.

volume is the Philosophical Transactions of 1794,

Astronomical
made

at

observations
the

Madras

Observatory vol.1 (1831 ) to vol.
November 2021 | Experience

and the oldest almanac available is for the year
1767. The library also has Greenwich Astronomical
Observations made since 1765. Some of the titles
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of journals like Phil. Mag. Starting from vol. 1 dated

director

1876, and continuous run of Proc. Roy. Soc. London

Observatory, presenting

from 1831 to 1898 is also part of the collection.

a collection of Memoirs on

The
the

library

many

division of time in South

of

India, usually intelligible

valuable

to the Europeans, was

manuscripts,

also a proud possession

handwritten
documents,

Madras

the various modes of the

was

custodian

of

of the library.

and

sketches by earlier

Every year the collection of the library grew to include

There

books & journals bought, received on gratis and

are 60 volumes of

those publications received on exchange. The major

handwritten and written observational data by N.R.

collection of the library is in the field of astronomy &

Pogson, who was the director of Madras Observatory

astrophysics. The library has around twenty books

between the years 1860 to 1890. These volumes

published in the 18th century. Astrophysical Journal,

are in good condition and the handwritten tables

Publications of the Astronomical Society of Pacific,

of data are legible even now. Ms Cherry Armstrong,

and the journal 'Observatory' are available from

who is the great-great-

volume one. To continue the tradition of having a

granddaughter of Pogson

complete set of important journals, Prof Bappu,

and

Mr

when he was the director of the Observatory, took

Martin visited Kodaikanal

special care to subscribe to those titles without a

Observatory in the year

gap. For many years this procedure of subscribing to

2006, February and saw

some titles without any discontinuity was followed

and admired the library’s

in

Book register with alphabetical
directors.
tags

her

husband

display of a collection of
Pogson’s

manuscripts

and the invaluable data
volumes. They also donated

Vagiswari, Cherry
Armstrong & Gopta
examining Pogson’s
collections in the
library.

many old photographs of
Norman Pogson from the family collection to IIA
archives.

Bangalore

too.
The library was
also
a

receiving

number

of

publications

Shelf register @ Kodaikanal library

in the form of research papers, reports, bulletins,
charts, and atlases from many countries, their

Another valuable volume titled “Kala Sankalita”,

observatories, and astronomy departments of

written by Lt Col John Warren (1825), then acting

various universities, mostly on exchange. These were

As I thought, the library is where you had the documents of Norman Pogson laid out for us to see. It was a very memorable
occasion and it helped me to understand the work that my great-great grandfather had done. In fact, it was this visit that inspired
me to discover more about the family and to write something about their amazing lives. Thank you so much for all you did on this
occasion’. (personal communication between Christina and Cherry Armstrong).
[1]
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arranged according to the countries in alphabetical

1974, the first librarian with professional library

sequence in the high rising wooden shelves. The

qualifications to take charge of the library.

wooden

volumes

had introduced the system of classifying books

are numbered in sequence as shelf tags. There

for better organization and arrangement on the

shelves

accommodating

the

She

shelves. She had also trained her semi-skilled
colleagues to manage the library in organizing the
library books and journals. Acquisition of Books and
Journals was not an easy task for a library situated
in a remote area. Kodaikanal, even today, does not
have bookshops supplying scientific literature.
Books and journals were sourced mainly from
Madras. One of the leading booksellers in southern

Card catalog @ Kodaikanal library
are registers maintained as catalogues that have
handwritten entries of titles along with their location
on the shelf aided with shelf tags. Many volumes of
the Observatory publications contain catalogues
and important observational data. They are bound

India was K. Krishnamurthy & Co., a bookshop in
Madras established in the year 1944. The proprietor
Mr Krishnamurthy would deliver a cartful of books
at regular intervals to the Observatory library for
approval by scientists before the final purchase is
made.

as full volumes, which are still referred to when they

Procuring foreign publications directly seems to

are not accessible from ADS digitally. The catalogue

have been difficult due to cumbersome procedures,

cabinet containing index cards was created to index

hence

the details of books available in the library. These

books and journals through

cards are arranged alphabetically by author and

the same vendor as he was the

title. It was told that this card index was initiated and

preferred agent for several

consulted by Mary Evershed, wife of John Evershed

years. K. Krishnamurthy &

who was the director of the Observatory. Those

Co. rendered valuable service

days, the library was maintained by one of the staff

till

members as an additional duty. They were aware of

Bangalore.

the importance of providing easy access to library
materials.
Vagiswari joined Kodaikanal Library in the year

the

the

library

library

ordered

shifted

to

Special mention must be made
of Manickam while describing
the caretakers of this heritage

Manickam in the
library

.It was sometime in the mid 1960s, when I was in high school, that I visited the Observatory at Kodaikanal. As part of the tour of
the Observatory we were taken to the library. I vividly remember being awestruck by the place. Books neatly arranged, current
issues to scientific journals in their sloping racks, neatly bound back volumes of journals in another part. The order & the cleanliness
were something new for a school boy! Then there was. A bank of catalogue draws, all books well catalogued and indexed and all
the index cards in their proper places! The whole ambience was so inviting and the place was inviting. I was too young to make
proper use of this wonderful storehouse of knowledge. (personal communication between Vagiswari and K.Srinivasamurthy, son
of K.Krishnamurthy)
[2]
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library. Manickam retired from the army and joined

temperature and humidity are very conducive for

the library during the Directorship of A.K. Das in

the archival materials. There are some celestial maps

the 1950s. He was an important asset to the library,

and charts published in the 19th century that were

helping the scientists and students during his

also kept in special wooden racks in the Kodaikanal

20 years of service. He was punctual, impeccably

library as some of them are considered rare and

dressed in white, and walked straight. He had a

original. Only those rare volumes and manuscripts

prodigious memory and could pull out an obscure

which required conservative intervention were

publication from the shelf without any difficulty.

shifted to Bangalore in 2008 when a physical

He had a penchant for recognising the titles of

archive was set up in Bangalore for better care and

Observatory publications in foreign languages as

administrative

well other than English. In the absence of a trained

continues to be an extension of Bangalore library,

hand, he was most helpful to all the users. His sense

with most of the collection qualifying as archival

of humour and ability to relate stories kept everyone

resources now.

maintenance.

in good spirits. One cannot forget his valuable help

library

to Bangalore in 1976. Every box was neatly packed,

and

no loss or damage. Another episode of the exodus

guidance of Vagiswari.

building

remains important

numbered and labelled. All the books arrived with

Bangalore was carried out smoothly under the

library

The focus of the

when 75% of the library was shifted from Kodaikanal

of library material, this time from Kodaikanal to

Kodaikanal

serves

as

a host to many

Prof. Bappu accompanying
Homi Bhabha to the library @
Kodaikanal observatory

events,
the

including
visits

of

dignitaries, venue

for conferences & meetings, and group photographs.
All the dignitaries are given a grand tour of the
library and its historical resources.
This library has a blend of old and new resources
useful for researchers and students, which is unique.
It will be a challenge for the institute to maintain its
uniqueness, especially to safeguard the building and
the interiors as the years pass by. With the help of
agencies like UNESCO, it will be worthwhile to seek

Visit of Pandit Nehru to the observatory & library in
the ear 1961

the ‘heritage tag’ for the library along with other

When the library material was shifted from

maintaining the ‘tag’ and get assistance from the

Kodaikanal, it was a natural choice to retain the old

government for additional funds.

volumes and manuscripts in this library, especially
those published before the 20th century, as the

buildings in the Observatory. This may help towards

We would like to thank Dr Arumugam, Librarian of IIA
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Conference

on

Management

'Library
for

Space

and

Networked

Content

Society

(IC.

LISCOM-2014), 18-20 Oct. 2014 at DVK Central
Library, Dharmaram Vidya Kshetram, Bangalore.
3.

Kochhar,

R.K.,

Madras

and

Kodaikanal

Observatories: A brief history, Resonance, August
2002, pp.16-28
4.

India Meteorological Dept., Pune, Report on the

administration of the meteorological dept. of the

Prof. Bappu with staff & students during the visit of
Prof. Bok in front of the Kodaikanal library
and other library staff for their timely help in sharing
the material required for writing this article digitally
from IIA archives and Ms Kasturi Bai from Kodaikanal

govt. of India, 1930-31.
5.

Administrative reports of the Madras and

Kodaikanal observatories for the years 1929-46,
1948-49

library for sending photographs of the Kodaikanal
library. We also thank Prof Kameswara Rao for
reading the manuscript meticulously and giving us
valuable suggestions and editorial corrections. We
are thankful to Ms Cherry Armstrong, the greatgreat-grand-daughter of N.R.Pogson, who provided
us with some valuable photographs and also shared
her impression of the Kodaikanal library when she
had visited it in the year 2006. We are also thankful
to Mr K Srinivasamurthy, son of K Krishnamurthy
for sharing his memories of the Kodaikanal library
through e-mail.

36 years of service retired as the librarian in 2014.
She has a PhD in Library and Information Science.
She was a key player in introducing many services
in the IIA library to make it one of the premier stateof-the-art Astronomy libraries in India. She has
organized and established the archives at IIA and
was a member of many national and international
committees in coordinating library activities and has
received many international professional awards.
A Vagiswari joined the IIA library in 1974 and worked

References:

as an assistant librarian and later as a librarian for

and

30 years. She has a masters and a PhD in library

Christina Birdie, Charles Michie Smith - founder of

and information sciences. She was awarded the

the Kodaikanal (Solar Physics) Observatory and

Fulbright Fellowship in 1988. After retirement, she

beginnings of physical astronomy in India, Current

continued as a consultant in a DST project. Her main

Sci., vol. 106, no. 3, 10 February 2014, pp.447-467

interests are in the field of history of Astronomy in

1.

2.

Kameswara

Christina joined IIA as an assistant librarian and after

Rao,

N.,

Vagiswari,

A.,

Christina Birdie, Blending New with Old – A

heritage library re-lived, proc. of International
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Observatory software for

Thirty Meter Telescope
Rajalakshmi Narayanan & Smitha Subramanian

T

he Thirty Meter Telescope (TMT) will

to observation execution. Almost all components,

pioneer the research of the universe for

be it Instrument Controls, Observatory Controls,

future generations. For a telescope to

Adaptive Optics Controls, or Telescope Controls of

operate in the next decade, the software of that

the Thirty Meter Telescope, have to interact with

telescope must be avant-garde. In order to develop

the Observatory Software.

such software, the existing software architecture
has to be modified significantly. We describe here
the current state-of-the-art architecture for the
TMT and India’s contribution in creating it. There are
five principal systems that form the TMT software
architecture. They are Observatory Software (OSW),
Telescope Control Software (TCS), Instrument
Control Software (ICS), Adaptive Optics (AO) controls,

The Telescope Control system provides high-level
control of the telescope mount, the mirrors, and the
enclosure and converts observing target positions
into pointing and tracking demands. It will also help
control the position and shape of the mirrors while
processing data from the telescope global metrology
system.

and Data Management System (DMS).
The Observatory Software is responsible for
providing software architecture and software
essential in building and integrating the entire
TMT software system to perform as one cohesive
unit. It is responsible for delivering the end-to-end
observing software system, capturing and accessing
all science and engineering data, synchronizing
operations of all the subsystems, and enabling high-

Figure 1: Decomposition of principal software
systems into subsystems.

level science operations from proposal preparation
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c. High

Sub-Modules of the OSW
1.

Level

Control

and

Monitoring

System (HCMS): This subsystem includes the

Common Software (CSW) provides the TMT

development of all observing interfaces for

software infrastructure needed to integrate all TMT

control and monitoring of the telescope, adaptive

control system software and establish the software

optics, and instruments during observations

communication backbone and interfaces needed for

using the standards and tools developed as part

Observatory-wide configuration, command control,

of UISTD.

and status reporting at the telescope.
2.

d. Data Visualization (VIZ): This subsystem

Executive Software (ESW) provides core

provides infrastructure and user interface tools

functionality for synchronized operation of all TMT

needed to support quick-look and acquisition

subsystems as well as the observing and monitoring

of science targets at the telescope. It includes

user interfaces. The Observatory Control System

modifying existing visualization tools for reuse

(OCS) is the Executive Software central engine

by TMT or creating new tools as needed to

providing

support the instrument observing modes.

this

functionality.

Other

Executive

Software deliverables include user interfaces for

e. Acquisition Tools (ACQ): This subsystem

system operators and observers as well as user

provides all observing sequences used to execute

interfaces for monitoring the system status and

science observations and target acquisition.

overall environmental monitoring.
a. Observatory

Control

System

(OCS):

This includes the software concepts and
infrastructure required to sequence the actions
of all the TMT subsystems during an observation
such that the science data is acquired correctly
and efficiently.
b. User Interface Standards (UISTD): This
subsystem includes UI tools and look and
feel standards for the Observatory, remote
observing support, user interface example
code, and best practices for developing TMT
user interfaces. It includes code for integrating
CSW services with user interfaces and effort for
supporting teams developing user interfaces
across the Observatory. UISTD refines or defines
the solution for remote observing and provides
any standardized support as necessary.
November 2021 | Review Articles

3.

Data Management System (DMS) provides

the software and hardware mechanisms and
infrastructure to capture, time-stamp, describe,
store, transmit, and access all science and engineering
data flowing through the TMT system.
a. Science Data System (SCI): This subsystem
provides the infrastructure and support for
collecting and managing science data from the
Observatory instruments. It provides standards
and requirements for science data formats and
science data metadata. It includes the hardware
and software infrastructure for storing, moving,
and ensuring the integrity and security of the
science data. It provides the infrastructure
to collect and manage science data metadata
and to associate metadata with science data.
It includes the design and implantation of the
model for securing data and implementing the
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Observatory data access policy. It provides the

Development and demonstration work for the

storage system design and hardware storage

TMT guide star catalog has been started by

systems for the telescope site and support site.

IIA. CAT provides the hardware and database
systems to store the catalogs and other

b. Science Data Access (ACC): This subsystem
includes

the

design

and

resources at the telescope site.

implementation

of science data access services for use by

4.

observing software as well as software system

provides software applications and infrastructure to

components such as data processing that must

enable high-level science operations from proposal

access science data on-site and off-site. It

preparation to observation execution.

provides a web-based access site for users to
access their science data and related files. It also
provides data-oriented software services for
querying science data metadata from the onsite science data collection or updating science
data metadata, including IVOA code and TAP
services.

Science Operations Software Support (SOSS)

a. Observatory

Databases

(ODB):

This

subsystem provides concepts and a database
for

storing

science

and

observation

proposals,

information.

It

programs,
evaluates

requirements, creates models for the observingrelated information, and selects a database
technology based on the evaluation. The data

c. Engineering Database (ENG): This subsystem

models are implemented in the chosen database

provides a database system for collecting and

technology. ODB includes software interfaces,

maintaining engineering information at the

libraries, and/or services to allow other programs

telescope site and allows periodic sampling of a

and systems to access and update the ODB.

configurable set of telemetry/status information.

ODB includes the procurement of the hardware

It provides time-based, long-term storage and

for the on-site ODB system.

user access to engineering information. It also
provides a web application and user interfaces
for querying, retrieving, viewing, and plotting
engineering data from the archive of stored
values.
d. Image and Object Catalog (CAT):

b. First Light Phases – 1 (FLP1): This subsystem
is a user interface and infrastructure system
for

accepting

proposals

from

potential

observers. The FLP1 tool is meant to be a
minimal implementation based on an existing

This

system in use by TMT partners or within the

subsystem provides observing catalogs and

astronomy community with modifications for

other resources needed for observing at the

TMT requirements. The FLP1 system and tool

site. It determines which observing resources

may be a standalone system with minimal or

are required, provides local and remote access

no integration but should use data models and

to these resources, develops the TMT guide star

interfaces of ODB if possible.

catalog, and provides a database and software
interfaces for its access by other software tools.

c. First Light Phases – 2 (FLP2): This subsystem
is a user interface and infrastructure to
Review Articles | November 2021
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support minimal planning needed for first-light

and Verification (AIV) at the TMT site.

observations with the first-light instruments.
It supports guide star acquisition and planning
of observations prior to execution. It is planned
to be a lightweight implementation based on
an existing system in use by TMT partners or
within the astronomy community. The FLP2
system and tool may be a standalone system
with minimal or no integration but should use
data models and interfaces of ODB if possible.

Figure 3: OSW Development Phases as part of IndiaTMT Workshare

Software Development Process
Observatory Software is being developed in the
Agile Methodology where the aim is to do continuous
delivery of the fully built, tested, and documented
code as per requirement from stakeholders. The
vendor M/s Thoughtworks Pvt Ltd, Pune, India, was
selected through a process engaged by ITCC in 2017
and is developing the code of some of the modules
of Observatory Software. Further, these developed
modules of OSW are tested, quality-assured, tracked,
managed, and delivered as Software Releases by the
India-TMT Coordination Centre (ITCC) to the Project
Office at Pasadena, U.S.A.
ITCC, through a selected vendor, M/s Thoughtworks,

Figure 2: Sub Modules of OSW under ITMT
workshare

has

delivered

and

pre-shipped

the

Common

Software in August 2019 with release version 3.0. The

India is responsible for delivering 49% of the whole

Common Software is now in the maintenance phase,

OSW work-share to the TMT Project Office (PO). PO

which involves tasks like feature improvements,

is responsible for the initial
design of the software, and
India-TMT also participates
during the design phase.
Once the design is finalized,
India-TMT

is

responsible

for taking OSW through
phases like Final Design
Review (FDR), Development of the code, Testing &

bug resolution, further software releases based

Quality Assurance (QA), and Assembly Integration

on feedback from stakeholders, and milestones
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achieved. ITCC, through the vendor, also completed
the prototyping of ESW and participated in the
Final Design Review in May 2019. Currently, ITCC is
working with the vendor to deliver the ESW Phase 1
and DMS prototype modules.

OSW Development Platform
and Technologies used

OSW Team

OSW is being developed on Scala/Java language,

1.

which is being used with futuristic use in mind. It

Package Manager, Assistant Professor at IIA)

also offers support for C/C++ users.
The OSW module Executive Software also supports
the user interface. The platform used to design this
UI is React Framework with Ant Design.
Code is hosted at GitHub, and Atlassian’s JIRA is
being used as the project management tool.

2.

Dr Smitha Subramanian (OSW Work

Ms Rajalakshmi Narayanan

(QA Lead Engineer, IIA)
3.

Dr Sarang Shah (Post-Doctoral Fellow, IIA)

4.

TMT Project Office at Pasadena, California.

5.

M/s Thoughtworks Pvt. Ltd, Pune, India.

Takeaway
The involvement of India-TMT members from the
prototyping to maintenance phase helps in gaining
knowledge on how software is developed for such
big telescopes, which will aid in future astronomy-

Rajalakshmi Narayanan is Project Engineer-II

related projects in India. The involvement of vendors

working as QA Technical Lead at ITCC; primarily

in such research-oriented projects exposes the

working on Quality Assurance of Observatory

large software market of India to such prestigious

Software and is also involved in other software-

projects and helps them in developing software in

related activities of the different subsystems of

such promising domains. India-TMT also plans to

India-TMT.

expand the in-house team as the project grows to
enhance technological skills for current and future
projects.

Smitha Subramanian is an Assistant Professor at
IIA and work package manager of the Observatory
Software Work Package. Her main area of research
is the study of structural, stellar population and

To be Continued…

star formation properties of nearby galaxies to
understand their formation and evolution.
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The space in a Hill
I took a pause and wanted to chill.

Silence swallowed the mind which was torment

Sat down alone on the slope of a forest hill

Hours passed by just like a moment.

Like a river, the space turned and twisted,

The echoes of the big-bang,

carefully bypassed the grove of pine

The birth and death of a distant star

And touched my heart and whispered-

And the dream of future generation-

The whole space is just mine!

All were contained there!

The sound of a distant stream came alive,
The stories of my life felt very naive.
November 2021 | Review Articles
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In retrospection:
My five decades in astrophysics!
Part 2
Ram Sagar

M

y learning, experience, and training at

Secretary of the department during a progress review

IIA described in part one of the article

meeting in the year 1997. In Hindi, he had stated that

became very handy when I moved to

“to ab aap mujhe din me taare dikhaoge (now you

UPSO, Nainital. During my tenure as Director, the

will show me stars during day time)”. The other one

Observatory was transferred to the GoI, and globally

was with a finance Secretary. There was a high-level

competitive facilities in the field of observational

meeting arranged in the Lucknow office of the then

sciences were established. A brief description of

Chief-Secretary of UP, Mr Yogendra Prasad. It was

them is given below.

regarding a large telescope project in collaboration
with TIFR. Other participants in the meeting were
the Secretary of DST, GoI, Prof V S Ramamurthy,

Conversion of 50 years old state

the Director of TIFR, Prof A N Jha, secretaries of

observatory into ARIES under DST

finance, planning and science departments of UP.

The UPSO was formed on April 20th, 1954 by the UP
state government1 and had the uniqueness of being
such an institution created by a state government
in India. However, being part of pure science, the
activities of the institution were not on the priority list
of the state government as conversations revealed
during two of my meetings. The first one was with a

As the Director of UPSO, I was the coordinator of
the meeting. For maintenance and operating the
telescope after installation, the finance Secretary
suggested taking nightly charges from the users.
Vehemently opposing the idea, Prof Ramamurthy
stated that in the scientific world, such practices are
not followed. When I visited the finance Secretary
for his signature on the minutes of the meeting, he
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asked me to explain reasons why his idea of nightly

GoI. Accordingly, the state-funded Universities of

charges was not appreciated while you must know

Roorkee and Garhwal were transferred to the GoI

that the science department has the least priority

and renamed the Indian Institute of Technology

in the state government set up, and you will have

(IIT), Roorkee, and the Hemvati Nandan Bahuguna

difficulty in operating the telescope with funding

Garhwal University, respectively. The steps taken in

from the state government after installation. I

converting the state Observatory into ARIES under

justified statements of Prof Ramamurthy by citing

DST, GoI are briefly described below.

examples of international projects like the Hubble
Space Telescope etc. He was finally convinced and

Formation of ARIES on March 22, 2004

helped us with the subject matter.
In light of the above, with time, the functioning of
the UPSO became administratively and financially
handicapped. A number of initiatives were taken
during the 1970s, but could not be completed[1],[2].
The inflows of funds reduced significantly and the
administrative procedures were also not conducive
for a research institution. As a member of the UPSO
advisory committee, Prof Jayant V Narlikar, former
Director of Inter-University Centre for Astronomy
and Astrophysics (IUCAA), Pune was the first to
raise these problems in his letter dated April 28,
1998, addressed to then Union Minister of Science &
Technology, Prof Murli Manohar Joshi. He suggested
that the institution should be taken over by the GoI.
Despite considering the letter positively, the Union
Minister took the view that necessary steps in this
Direction can be initiated only if such a request comes
from the UP government. The letter was, therefore,
sent to the UP government for its consideration, but
no action was initiated. However, the Uttaranchal
government used this letter to take necessary
action within few months of its formation as a newly
formed state during its reorganization and decided
to transfer the state nurtured academic institutions
to the GoI, because as per the Indian constitution
funding of such institutions is the mandate of the
November 2021 | Experience

Figure 6. Photograph of Prof Jayant V Narlikar, taken
during a talk delivered at ARIES in the Council room
on 26 June 2009.
In February 2001, the Uttaranchal government
stating its inability to commit adequate funds for
the functioning of the Observatory, wrote to the
DST, GoI, for taking it over. To study this proposal,
the DST formed a 10-member committee with
Prof V S Ramamurthy, former Secretary, DST as its
Chairman and reputed Scientists like Prof J V Narlikar,
Prof G Srinivasan, Raman Research Institute (RRI),
Bangalore, and former president of the Astronomical
Society of India (ASI), and Prof R Cowsik, former
Director of IIA, Bangalore as expert members.
The committee unanimously recommended the
conversion of the state Observatory into an
independent,

autonomous

research

institution

under DST. After approval of the recommendation

DOOT | Indian Institute of Astrophysics

75

by the then honourable Union Minister of Science &
Technology, Prof Murli Manohar Joshi, DST, prepared
the final Cabinet Note which was approved in the
Cabinet Committee meeting of GoI held on January
7, 2004. In compliance with this approval, ARIES was
formed on March 22, 2004. The institute’s name,
starting with Aryabhatta, provides a tribute to one
of the greatest modern Indian astronomers, who
was the first to state that the Earth goes around the
Sun. It also signifies the zodiacal sign of the Sun at

March 2004. However, the Uttaranchal government

Figure 7. Photograph of 130-cm telescope
foundation stone laying ceremony by Prof K
Kasturiranagan, then Chairman of GC, ARIES, on 9
April 2006. Others seen in the photograph are Prof
G Srinivasan and Mr Sher Singh Naulia, blockhead of
the Devasthal region.

maintains its linkage with ARIES through permanent

Devasthal site became an

membership in its Governing Council (GC) and

observatory in the year 2010

two historically significant epochs of the institution
separated by 50 years. The first one is its birth under
UP Government on 20 April 1954 and the second
one is the formation of ARIES under DST, GoI on 22

General body (GB).

Before installing an optical telescope at a site,

The Union Cabinet approved the transfer of all

astronomical characterizations of site conditions

assets and liabilities by the state government

are essential and UPSO initiated it in 1980 but the

to the GoI. It also sanctioned a budget of about

detailed project report (DPR) prepared was deferred

Rupees 72 Crores for the installation of a moderate

by the planning commission, GoI, and all activities

size optical telescope at Devasthal, strengthening

were practically abandoned the year 1990. After a gap

the infrastructure and meeting the recurring

of about 6 years, an extensive site characterization

expenditure of the ARIES. The DST released Rupees

of the Devasthal site was started in collaboration

10 lakhs in the financial year 2003-2004 itself. On 22

with IIA and TIFR. The IIA provided financial support

March 2004, then Chief-Secretary of Uttaranchal,

of Rs. 6 lakhs. Results of site characterization were

late Dr R S Tolia, handed over all assets of the state

published[3],[4]. It thus took about two decades (1980–

Observatory to the then Secretary of DST, Prof V

2001) for identifying Devasthal (Long = 79°41'04"

S Ramamurthy. It included observing facilities and

East, Lat = 29°21'40" North, and Alt = 2424±4 m) as

32.38 hectares of reserve forest land at Manora

a site for installation of modern optical telescopes.

Peak and 4.48 hectares of ban-panchayat land at

It became an Observatory in October 2010 with

Devasthal. About 2/3rd of the then existing staff

the successful installation of the 1.3-m Devasthal

of the Observatory, including the Director, joined

fast optical telescope (DFOT)[5],[6]. The telescope

ARIES with effect from April 1, 2004, and thus the

was dedicated to the nation by Prof T Ramasami,

author became founder Director of the ARIES.

Secretary, DST in Dec 2010.
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In 1998, UPSO and TIFR jointly prepared the DPR

Meanwhile, the astronomical community of Belgium

of the telescope project which was approved by the

showed interest in joining the telescope project by

Planning Commission, GoI. A Project Management

contributing 2 million Euros. Thereafter, a fresh DPR

Board (PMB) was formed under the Chairmanship

was prepared and presented to the Expenditure and

of the Director, TIFR. A few months after its

Finance Committee (EFC) of DST, which approved

first meeting, GoI announced the formation of

the project in June 2006. The GC of ARIES in its

Uttarakhand on 9 November 2000 by geographical

meeting held in October 2006 not only approved the

bifurcation of UP and the Observatory became

telescope project but also formed a 9-member PMB

part of the newly formed state. In the changed

comprising Indian experts in the field of astronomical

circumstances, TIFR withdrew from the telescope

instrumentation. In March 2007, ARIES awarded

project in June 2001.

the contract for design, manufacture, integration,
testing, supply, and installation of a 3.6-m aperture
size modern optical telescope at Devasthal to the
Advanced Mechanical and Optical System (AMOS),
Belgium. AMOS sub-contracted supply of primary
(M1) and secondary (M2) mirror blanks and their
surface polishing to the Lytkarino Optical Glass
Factory (LZOS), Russia. Since LZOS Astro-Sitall M1
blank could not qualify the AMOS optical quality
tests, it was replaced by Schott, German Zerodur.
This increased the project cost in comparison to the

Figure 8. On September 6, 2008, Dr T Ramasami,
then Secretary, DST, GoI laid the foundation of the
3.6-m Devasthal optical telescope (DOT) building.
During the ceremony, he remarked that "Devasthal
will house one of Asia's most powerful telescopes.
We have made a small beginning for a giant step in
observational science today. Let ARIES bring glory
to India". In the photograph, Prof P C Agrawal and
Dr Tom Richtler from Germany are seen with the
author.

cost approval given by EFC in June 2006. Hence, a
revised EFC proposal was prepared during 2009–
10, and financial approval for the project costing a
total of about 120 crores of Indian Rupees plus 2
million Euros as a Belgian contribution was given in
February 2011.
The LZOS completed surface polishing of both mirrors
M1 and M2 of the telescope in the year 2010. After

After the formation of ARIES, the telescope project

factory tests of the telescope and transportation

was developed as a national facility. One of the

of its parts from Belgium to India, integration

main objectives of the project was to carry out

of the 3.6 m DOT was carried out from October

optical follow-up studies of sources identified at

2014 to February 2015. Engineering verification

radio wavelengths by the Giant Metre-wave Radio

and rigorous on-sky tests were performed from

Telescope (GMRT) and at UV/X-ray wavelengths by

May 2015 to February 2016[7],[8]. It was technically

the first Indian space Observatory, AstroSat.

activated jointly by the Indian and Belgian Premiers
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element Yagi–Uda antennae mounted at the
roof-top of a building. More technical details and
measurements showing the capability of the ST
radar are published[11]. Being the first and the only
such observational facility in northern India, it will
boost atmospheric research in the CGH region.
Figure 10. Endorsing well know proverb regarding

Figure 9. Locations of the 1.3-m DFOT, 3.6-m DOT
and 4-m international liquid mirror telescope (ILMT)
buildings near the top of the Devasthal peak are
shown.
on 30 March 2016.

the relationship between a teacher and student, it
was a proud moment for me when Prof. Annapurni
Subramaniam, my first PhD student, became
the first women Director of IIA. The photograph
was taken after she received the prestigious Sir

The 4-m ILMT project is an international collaboration

C V Raman Award for Young scientists from Mr

between a number of research institutions from

B S Yediyurappa, Chief Minister, Karnataka state

Belgium, Canada and the ARIES from India[9].

government in October 2019.

Observing facilities in the field

The formation of ARIES augurs well for

of atmospheric Science

the growth of observational sciences

For understanding climate and weather changes

After its formation in the year 2004, the ARIES has

and deteriorating air quality on Earth, in-situ

utilized an average of over Rs. 26 Crores/year for

measurements of the aerosols, trace species,

its both recurring and non-recurring expenditures.

and gases present mainly in the lower Earth

This amount is not too less than the total amount of

atmosphere from a number of places are needed.

~ Rs. 29.5 Crores utilized by the state Observatory

Such measurements from a high-altitude site in the

during its entire period of 50 years1. Both adequate

central Gangetic Himalayan (CGH) region of Northern

funding and administrative autonomy under DST

India were lacking. To fulfil this gap, research in

provided much needed academic environment for

atmospheric science started at the ARIES and a

the successful installation of modern observational

number of modern observing facilities were installed

facilities as well as the construction of buildings.

at the Manora peak. Important contributions made

At Manora peak campus, a modern guest house, a

with observations taken with these instruments are

fine hostel for the research students, a small lecture

summarized elsewhere[6],[10].

theatre, a modern Optics Lab, a new mechanical

A stratosphere-troposphere (ST) radar wind profiler
has successfully been installed at the Manora peak
with fundings from DST. This uses 588 three-

workshop, and a housing complex for the staff
have been constructed. A nice Science Centre and
small planetarium have also been constructed for
the general public and school children. At Devasthal
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campus, bare minimum infrastructures like 3 Km

over 50 in 2016. All these contributed to the all-

long approach road, a small Guesthouse, electrical

around growth of the ARIES.

power stations and communication facilities etc.
were developed.

Active participation of the ARIES in international
collaborations increased the number of abroad

In contrast to the appointment procedure under

visits from a few during 2004-2005 to over a few

state governments, the autonomous administrative

tens during 2016-2017. Such international visits

and flexible complementing scheme of the DST in

during the 50 years under state government was a

ARIES attracted some bright young talented and

rare event as no staff went abroad on government

motivated faculties of high calibre. In April 2004,

expenditure from 1982 to 2003. Now, ARIES is

ARIES had only twelve Scientists and Engineers.

actively participating in a number of mega Indian

This number increased to 19, 27, 33 and 40 by

astronomy projects like the Aditya solar space

March 31 of the years 2005, 2007, 2009 and 2013

mission, 2-m National large solar telescope and

respectively. The scope of ARIES was also broadened

thirty-meter telescope where IIA is taking the lead

by introducing Atmospheric Sciences as a new area

role. ARIES has also signed a Memorandum of

of research. The number of the PhD students and

Understanding with many academic institutions. In

PDFs, project, visiting and adjunct scientists were

order to promote science in the Devasthal region, the

also increased significantly from a few in 2004 to

ARIES provides Aryabhatta and Raman fellowships

Editorial services
Presently (since 2019) serving as Associate Editor of Publications of all Journals published by the Indian
Academy of Sciences. Earlier served as Chief Editor of Journal of Astrophysics and Astronomy (JAA)
from 2013 to 2018; Editorial Board Member of JAA from 2003 to 2009 and Bull. Astr. Soc. India (BASI)
from 2004 to 2012; Associate Editor of BASI from 1992 to 1995 and Guest Editor of the Proceedings
of the UPSO Silver Jubilee Workshop on ASTRONOMY WITH MODERATE SIZE OPTICAL TELESCOPES
published in BASI 26, 1998 and ARIES International Workshop on ASTROSEISMOLOGY published in JAA
26, 117-357 (2005).

Foreign scientific visits
From 1983 to 2019, 68 visits were made to 21 countries. Most of them were related to research work and/
or optical telescope projects. Maximum number (14) of visits were made to Germany due to the generous
support of the Alexander von Humboldt Foundation. Under Indo-Belgium academic collaborations,
visited Belgium 10 times. United States of America (USA) was visited 9 times while both France and
Russia were visited 5 times. Australia and South Africa were visited 3 times each. Each of Chile, Italy, the
Netherland, Switzerland, United Kingdom (UK) were visited twice. The countries visited only once are
Argentina, Canada, China, Hong Kong, Macau, Japan, Nepal, Sweden, Union of Soviet Socialist republics
(USSR). European countries and UK were visited for a duration of over 4 years.
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Main research interest
My research activities started with observational studies of Star clusters with an aim of studying star
formation and stellar evolution. In this field, successfully supervised/co-supervised 7 PhD students.
Later on, I also participated in the studies of variable stars; optical follow-up observations of gammaray bursts (GRBs) afterglows; Active Galactic Nuclei (AGN) variability, instrumentation and atmospheric
sciences. The number of PhD students guided/ co-guided in these areas is 4, 2, 2, 1 and 2 respectively.
All of them are/were suitably placed in academic institutions spread all over the globe. Out of ~400
publications, over 270 are published in internationally reputed refereed journals. Of them, 41% are in
the field of star clusters; 26% are related to AGN variability and transients like GRB afterglows and
SuperNovae; 10% are on the topics related to Atmospheric Sciences and the remaining 23 % are in the
field of variables and observational facilities etc. About half of my total publications have authorship
association with IIA. The latest Google citations of my research publications are over 7800 with H-index
of 47 and i10-index of 179.

Awards/special attainments
Elected foreign member of the Academy of Royal Society of Science, Liege, Belgium in 2015 and fellow
of Indian National Science Academy, New Delhi in 2014; Indian Academy of Sciences, Bangalore in 2001;
National Academy of Sciences India (NASI), Allahabad in 1999 and Laser and Spectroscopic Society of
India in 1998. Recipient of the ASI Young Astronomer’s award for 1983-1984; the Royal Society, UK,
Commonwealth Bursary fellowship and the Alexander von Humboldt Foundation German Research
fellowship. Served (1) ASI as its Vice-President in the year 1998; President during 1999 - 2000 and
Executive Councilor during 2001 – 2003; (2) Governing Council member of NASI during 2006 – 2007
and 2012 - 13; IITM, Pune during 2006 - 2017 and IIA, Bangalore during 2007 – 2014; (3) Member, Board
of Governors of IISER, Mohali during 2010 – 2013 and (4) Senate Member of Himachal Central University
(2012-2014).

to around 50 science students of the region studying

formation in March 2004.

in the state government schools and colleges. All
these activities provide not only opportunities to
our next generation but also contribute appreciably

Summary and conclusions of

to the growth of the state by building infrastructure

both parts of the article

like road etc including training to young school
children as well as promoting tourism. One can
therefore state that the ARIES is now utilizing its full
potential and in turn contributing to the growth of
observational sciences as was envisaged during its

I came from a typical Indian rural village background
but worked hard and made the best use of
opportunities. I never planned my career path.
About five decades ago, Dr S D Sinvhal provided
Experience | November 2021

80

DOOT | Indian Institute of Astrophysics

an opportunity to start my research journey in
Astrophysics at UPSO, Nainital. About 35 years ago,

Acknowledgements

I became part of IIA, a leading research institution

Thanks to Dr Maheswar Gopinathan and the Editorial

in the country specialized in the field of Optical

team of DOOT for providing valuable suggestions

Astrophysics as the National Center for Radio

which improved the article.

Astrophysics is specialized in the field of Radio
astrophysics. At European Southern Observatory
(ESO), Germany, my collaborators under the Alexander
von Humboldt program call IIA as mini ESO in India
since IIA operates a number of observing facilities in
India which is similar to the many multi-wavelength
Astrophysical observing facilities operated by
ESO. For the growth of internationally competitive
modern observational facilities in ground-based
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Skychart April 2022:

(As on April 15, 2021. 20.00hrs Bangalore)

April 22, 23 - Lyrids Meteor Shower. The Lyrids is an

meteors can sometimes produce bright dust trails

average shower, usually producing about 20 meteors

that last for several seconds. Best viewing will be

per hour at its peak. It is produced by dust particles

from a dark location after midnight. Meteors will

left behind by comet C/1861 G1 Thatcher, which was

radiate from the constellation Lyra, but can appear

discovered in 1861. The shower runs annually from

anywhere in the sky.

April 16-25. It peaks this year on the night of the
night of the 22nd and morning of the 23rd. These
November 2021 | Skychart
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How many nights does it take
to count the stars?
Indu Gopalakrishnan

I earned would bless me with some confidence. My
heart was throbbing with a mix of emotions, joy,
fear, enthusiasm, and excitement. The campus was
filled with young aspirants. They were everywhere,
at the reception, the canteen, the green lawns, the
tea lounge, and the long corridors. I was a fresh
post-graduate in Physics with excellent academic
records, average practical skills, and least exposure.
My MSc batch mates and I never had an idea about
the existence of any research institution (other than
ISRO, of course) and the opportunities they provide.
It was a newspaper advertisement accidentally
noticed by my mother and the fact that my father
and my brother were working in the same Bengaluru
city, that paved my way to appear for the interview.
In that interview, around 15 students were selected
as trainees. I was assigned to the HAGAR project with
Prof. R Sreenivasan in the department of Electronics.
I happened to be the only female in the department
during that period. New programming languages,

O

interfaces, circuits, and their designs, calibrations,

research trainee. I had a file with all my certificates

the traineeship doesn’t bear a predefined set of

and scorecards arranged neatly in it that I held so

duties or activities. One must pick any work assigned

tight to my chest, hoping that the good credentials

that is related to the project.

ne fine morning, 14 years ago, I walked

writing reports, long bus journey, traffic, the rush of

into the Indian Institute of Astrophysics

people speaking different languages, everything at

to attend my first ever interview as a

the institute and the city was new to me. In general,
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everything appeared to be different. But the most
notable thing was the contentedness of the people.
They didn’t seem to be ambitious. A person from
the city could easily list out several discomforts over
there. But the natives seemed to be happy with what
they had. The extreme cold weather brought people
closer to each other and added warmth to their
attitudes and relations. Their life was so peaceful,
like the meditating Buddha sculptures seen in the
monasteries.

At HAGAR
I was sent on a field trip to the Indian Astronomical
Observatory, Hanle, for a month, to help with the
calibration works of the telescope. Hanle, the cold
desert, was again a place of surprises. I never thought
in my 25 years that the wind could blow so strong and
cold to make myself run from one shelter to another
to save my cheeks from cracking, considering it was
the only part of my body that was exposed to the
cold and thin air. In the telescope house, once the
switches are ON, the heat produced by the back-end
electronic circuits after a while was way warmer than
the room heater! I got an opportunity to cultivate
and improve my practical skills, from focusing on
the small knee telescope to calibrating and checking
the modules of complex electronic circuits.

The traineeship turned to be monotonous and boring
in a year, as the work was more or less the same every
day. At the same time, deep inside I started to feel
that this was the place where I belong. People used
to tease me then for my resemblance with Prof. G C
Anupama, maybe because of my height or my gait. I
decided to prepare for the PhD entrance. Thanks to
the long bus journey from RT Nagar to Koramangala
that helped me in my preparations to clear the
entrance exam. During the course work is when I
made lots of friends, and it obviously turned out to
be fun. That was the time IIA started the Integrated
MS PhD and Integrated MTech PhD programs. Our
batch of PhD scholars seemed to be the largest in
number till then. During my school as well as college
days, I was compelled to have a studious, “good girl”

For the first time in my life, I saw the enchanting,

image as my mother and relatives were all teachers

bright, translucent, giant arch-like patches of the

in the institutions I studied at. So, the IIA coursework

Milky Way across the sky. I realized that the picture

time turned out to be my real and joyful campus

in my imagination, which I got from textbooks, was

days.

in no way close to reality. The sight was beyond
any kind of description. It seemed the province of
Hanle was isolated from the rest of the country or
the world by the surrounding mountain ranges. The
culture, religion, food habits, flora and fauna, the
colour of the sky and the sands, the wind, the water,
November 2021 | Alumni

I joined Prof. Annapurni Subramaniam to work on

Magellanic Clouds. She was not just a guide to help
me in my academics, but also provided plenty of
opportunities that exposed me to various activities
ranging from writing an administrative request
letter to organizing an international event, with
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every finest detail taken care of. She always had

my braver fellow friends who had decided to hike. At

her own special way of doing things gracefully.

that historical moment, one of the organizers called

The same year I registered for my PhD, IIA opened

me loudly! (As there were only 3 of us from India,

the beautiful Bhaskara guest house and I shifted

out of the 60 students, and my name was one of the

there along with most of my batch mates. The place

easiest to pronounce, he clearly remembered and

happened to be so warm, where no one could ever

pronounced it) With the least intention to provoke

feel lonely. Anyone who stayed there will definitely

or insult me, he announced if I choose to hike, he

miss the lively atmosphere, the discussions, the

may have to carry me back. He may either have been

celebrations and the surprise parties that used to

cracking a harmless joke or maybe he was genuinely

happen quite often.

afraid, seeing my lean, feeble and tall physique, that

In the second year of my PhD, I made my first trip
abroad to the Canary Islands to attend the famous
Winter School of Instituto de Astrofísica de Canarias
and to present my first publication on The star-

formation history of the Magellanic Clouds. The
mesmerizing Islands, even though ruled by the
Spanish government, are geographically part of the
African continent. We stayed by the beach, listening
to the waves and feeling the sea breeze, 24 by 7. No
matter wherever you start and whichever root you
take, in the township and the streets, eventually you
will end up near the sea. There are two incidents I
remember most vividly about the school. One is my
meeting with Prof. James J Binney, the famous coauthor of the book Galactic Astronomy, wondering
all the time how simple, sweet, and generous his
personality is. The book used to be near my pillow
always, referred from the course work to the thesis
time.

stood out amongst the healthy-looking majority.
Anyways, at that moment I decided, there is
something I needed to prove to myself. I decided to
go hiking without giving it a second thought. I never
had an experience with hiking or trekking then. The

Masca Canyon trail was all rocky, with numerous
ramps and steps, and some slippery stretches with
ups and downs. Around 5 to 7 km, we had to descend
to reach the beach and then go back to Tenerife
by boat. I clung myself to our trekking guide, who
happened to be a woman, exceptionally skilled in her
profession and very friendly. The couple of hours I
spent with her taught me how to effectively utilize
my large palms and feet, longer fingers, hands and
legs to move faster in the rocky and steep paths. I was
the first to reach the beach, as I was just behind the
guide, and it was a moment of victory! I conquered
the older version of myself, who used to step back
from any kind of adventure. The trip also made me
more aware and confident of my physicality. In the

The second is, of course, the hike to Masca Canyon,

Canaries, like many European countries, we can find

which was part of the school. I never used to be an

women in all skilled professions, including driving or

adventurous person who wanted to take any risk

trekking. The roads in the Island, because of their

or physical hardships. So, when it was announced

geographical peculiarity, are full of sharp turns and

that due to drizzling, the rocks could be slippery and

twists, often steeper and narrower. I was surprised

whoever wanted to step back was free to do so, I was

to watch how gracefully and effortlessly a woman

happily standing over there just to bid goodbye to

drove a bus we travelled on one such road. We flew
Alumni| November 2021

86

DOOT | Indian Institute of Astrophysics

to the La Palma Island, by a propellor type of aircraft

batch students, whom I had never met before, even

occupied exclusively by school participants, singing

the guests who stayed for a few days in Bhaskara and

and dancing all along, to visit many telescopes,

the staff. They just came in, spent time talking to her,

including Gran Telescopio Canarias and MAGIC. We

sometimes with new toys and musical instruments

also visited the Mount Tiede Observatory, where an

played just for her. These early childhood days made

active volcano is situated.

a significant impact on her character. She mingles
and makes friends with anybody whom she meets
with the least effort or inhibition, despite their age
or gender or any other aspects. Her social quotient
always seems to be exceptionally high compared to
mine.

At Gran Telescopio Canarias
My long-awaited wedding (as we both belong to
two different religions) and my delivery was during
my PhD tenure. In my 9th month of pregnancy, just
before entering maternity leave, I went to Christ
University to give a general talk to students as part
of the outreach programs. Those days enhanced my
confidence towards life, which helped me to embrace
its unexpected twists and turns. I happened to stay
in Bhaskara with six months old little Nieva, a few
days with my mother initially, and then alone, till
her first birthday. Even for a single moment, I didn’t
feel lonely or helpless because Nieva was always
surrounded by people willing to take care of her.
Most of the time, they didn’t notice me, sitting over
there leaning over my laptop to complete the final
set of modifications and corrections of my thesis!
The door of my room, 409, was always open till late
at night. The visitors were not only my close friends
but my seniors, juniors, including the juniormost
November 2021 | Alumni

Annapurni ma’am with Nieva
We were the first batch of PhD students registered
to Pondicherry University, and each trip to PU was
memorable due to various reasons. Our first trip
was to complete our registration process, and while
returning at night, the KSRTC Airavath bus we were
travelling hit a van type of vehicle in front that
literally collapsed the van and crushed the front part
of the bus, including the door and driver’s cabin. The
driver of the bus and the people who were travelling
in the van were seriously injured, and the rest of
the occupants of our bus were safe but with minor
injuries. We had to break the emergency window and
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jump outside. The scene was so horrific; the seats

4) Wherever you go, to any nook and corner of the

of the van and things were thrown everywhere,

world, you find people who support you and make

covered with blood and smoke. The incident made

you feel homely, irrespective of your caste, religion,

me realize the courage and strength of the people

nationality complexion, language, gender or age.

around me, who appeared very naive and silly till

5) Every detail, irrespective of how small it looks,

then and transformed into saviours in no time with

matters. 6) It is always better and safer to keep your

enormous preparedness and empathy.

senses and thoughts open and adaptive to changes.

My eventful PhD days taught me a few life skills.
The skills that made me a better human and backed
me up in my worst life situations are: 1) If you have

It is not the strongest that survives but the fittest!
7) Miracles do happen sometimes, but nothing can
substitute hard work and perseverance.

an active internet connection, a system, and the
skill to browse effectively and faster, you can earn
expertise in any field, even the ones you never
happened to come across before. 2) Any task that

Dr Indu Gopalakrishnan is the Managing Director

appears to be a routine type, like making a program

of Nucleus, the centre of science. Nucleus is an

or writing a report, can be made exceptional in

educational institution located in Palakkad, Kerala,

your own ways if you are ready to invest time and

providing conceptual in depth learning in science for

effort. 3) If your plan A fails, there is always a plan B

national level entrances.

and if B fails, there is a C, then there are 23 English
alphabets and more in Greek and Latin! There is
always some alternative you can make to proceed,
and nothing stops you other than you, yourself.
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April 29 - Mercury at Greatest Eastern Elongation.

eclipse occurs when the Moon covers only a part

The planet Mercury reaches greatest eastern

of the Sun. A partial solar eclipse can only be safely

elongation of 20.6 degrees from the Sun. This is

observed with a special solar filter or by looking at

the best time to view Mercury since it will be at its

the Sun’s reflection. This partial eclipse will be visible

highest point above the horizon in the evening sky.

throughout most of the southeast Pacific Ocean and

Look for the planet low in the western sky just after

southern South America. It will be best seen from

sunset.

Argentina with 53% coverage. This eclipse will not

April 30 - Partial Solar Eclipse. A partial solar

be visible from India.
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Perseids meet Himalayan Chandra Telescope!

This year the Perseids Meteor shower peaking

of the same was as lucky as this one. While as we

around 11-13 August 2021 is coincinding with new

witness a bigger one which just slightly missed the

moon period and hence it is supposed to be a mega

field of view of the camera and the smoke trail left

event. The same can be witnessed from any dark

behind was visible for more then 17 minutes in the

place on the earth. Incase you want to photograph

subsequent images.

the same you need to have a DSLR or mirroless
camera , a tripod, an interval meter and a fast lens
particularly f/1.4-f/2.8. Infact when I first got my
DSLR camera i.e canon 500D 10 years back along
the the kit lens f/3.5, I set it up at my roof through
out the night expecting lots of meteor but it failed
to register any of them. Meteor showers sometimes
have a distinct identity i.e incase of Perseids it is little

The image was taken on 7th July 2021 at
23:14:58.023(IST)

at

the

Indian

Observatory with the 2 Mtr Himalayan Chandra
Telescope providing a nice foreground. Jupiter on
the top right , saturn above the HCT and milkyway
playing their supporting role equally well in this
single shot

greenish in colour.

Exif		

In a runup to the Perseids meteor shower we were

Exposure : 20 sec single shot

lucky to witness some wonderful showers and one

Astronomical

: Canon 6D Sigma 20mm f/1.4 @ f/1,8
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