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Professor Jayant Vishnu Narlikar

rofessor Jayant Narlikar has for long been

one of the best-known scientists of the

country.He passed away in his sleep in the
early hours of May 20, following a brief illness. He would
have been 87 years of age in July. He was active right to
the end, reading, writing, discussing and occasionally
interacting with the public. Since January 2024 he was
writing a blog, covering different stages of his life,
which surely will be sorely missed by the tens of
thousands of people who read it. Narlikar was a great
scientist,institution builder and mass communicator.

After graduation from Banaras Hindu University
where his father was a Professor of Mathematics,
Narlikar left for Cambridge University, where he
completed the mathematical tripos as Senior Wrangler
(in the first position) in 1959. He then worked as a
research student under the guidance of the great
British astronomer, Professor Fred Hoyle. Over the next
few years, he did an astonishing amount of work, got
coveted awards including the Adams Prize, and held his
own in fiery meetings of the Royal Astronomical
Society. On a visit to India in the mid-sixties, he
thoroughly impressed the scientific community, and
captivated the public imagination through his ever-
smiling face, a gentle way of talking and a great ability
to convey to non-expert people his researches on the

(19 July 1938 — 20 May 2025)

Prof. Ajit Kembhavi,
IUCAA

Universe. He continued to interact with the public in
many ways to the end of his life. He was awarded a
Padma Bhushan at the young age of 26 years and a
Padma Vibhushan in 2004.

1.Narlikar the Scientist:

Narlikar's first work was on the distribution of
cosmic radio sources as a function of their measured
brightness, which is known as the log N-Log S
distribution. The shape of the distribution depends on
the geometry of the Universe, the distribution of the
sources in space, and whether or not the source
population evolves as a function of cosmic time. The
radio data was from the Cambridge radio telescopes
built by astronomers from the Cavendish Laboratory in
Cambridge, led by Professor Martin Ryle. Ryle favoured
the big bang theory of the Universe in which the radio
source population could be evolving, while Fred Hoyle,
one of the creators of the steady state theory, believed
that the distribution should be constant in time. A clear
resolution of the problem was not possible, because of
the very limited data then available. And yet the
debates had far reaching consequences, not only for
cosmology, but also for the career paths of the people
involved in the work. Martin Ryle won the Nobel Prize in
Physics for 1974, jointly with Professor Antony Hewish,
who discovered radio pulsars with his student Jocelyn
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Bell.

Along with the astronomical data analysis,
Narlikar also worked on difficult theoretical problems,
including Newtonian cosmological models with
rotation and shear, the age of galaxies and the
avoidance of singularities in the steady sate cosmology,
Mach's Principle and the Creation of Matter, and Time
Symmetric Electrodynamics and Arrow of Time in
Cosmology. In 1966 Hoyle and Narlikar published work
on a new theory of gravitation,which is invariant under
conformal transformations. This output was
remarkable by any standards; it had amazing variety,
depth and novelty, and went against many cherished
conventionalideas.

Narlikar spent much effort, first with Fred Hoyle,
and then with other distinguished astronomers
including Professor Geoffrey Burbidge, on the steady
state theory of Universe, working out its astrophysical
implications. In this theory, the Universe forever
remains the same, in spite of its expansion, because of
the continuous creation of matter.In this model there is
no creation of the Universe in aBig Bang,and so there is
no early phase in which the Universe was very hot. The
steady state theory lost much of its allure after the
discovery in 1964 of the cosmic microwave background
radiation. Over the years it was established that the
radiation had the spectrum of black body radiation at
2.73 K with a near perfect fit to Planck's law. The
background also had a remarkably isotropic
distribution in the sky. It therefore could only have
arisen in a hot phase of the Universe. That required a
modification of the original steady state theory to a
quasi-steady state theory, which was made by Narlikar
and Burbidge in 1993. In this theory hot phases would

be possible with mini-bangs, but there would be no
singularity, making the Universe eternal as in the pure
steady state theory. A possibility here is that galaxies
from an earlier phase of the Universe could survive to
appear as seemingly prematurely evolved galaxies in
early epochs of our phase. Narlikar carried out
observations with collaborators to find such galaxies,
and it is intriguing that the JWST is finding just such
objects in the very early epochs. With Burbidge and
Halton Arp Narlikar also worked on possible anomalous
redshift of quasars.

In later years Narlikar pursued the idea, originally
due to Fred Hoyle, that microorganism could have
entered the Earth's atmosphere from outer space. The
idea seemed very fanciful when Hoyle first proposed it.
He was denied publication of his theory in scientific
journals, and he had to publish it as a science fiction
novel. Narlikar proposed experiments which could be
carried out to detect organisms in the upper
atmosphere, which could not have got there from the
surface of the Earth, and which could possibly have
nature distinct from their terrestrial counterparts.
While much planning was done in collaboration with
people from ISRO and other organisations, the
experiment was never carried out. That was possibly a
great lost opportunity, especially given the growing
realisation that living organisms could exist in several
locations in the Solar system, and the ubiquity of
habitable extrasolar planets in our Galaxy, even though
those planets are too distant to contribute organisms
to ouratmosphere.

In 1972 Narlikar moved from Cambridge to the
Tata Institute of Fundamental Research (TIFR). There he
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continued his work on various of fronts in gravitation
and cosmology. He mainly worked with a number of
talented graduate students, with some working on
problems of his interest, while others devoted their
effort to areas of their own choice. He was very
democratic in the matter, as he was in all his
interactions at every level, and that attitude seems to
have worked very well. Many of his students and other
young researchers who worked under his guidance
have done excellently in their professions, and others
who have worked for him in various capacities have
always contributed their best.

2. Narlikar the Institution Builder

Prof. Narlikar with Prof. Yashpal, Prof. S.
Chandrasekhar and Mr. Charles Correa

In 1987, Professor Yash Pal, who was then the
Chairman of the University Grants Commission, invited
Narlikar to set up a new institution, which would be
unique in addressing the difficulties of the universities
in carrying out research in astronomy and astrophysics.
It was decided that the new institution would be
located in Pune, and was eventually named the Inter-
University Centre for Astronomy and Astrophysics
(IUCAA). Narlikar moved to Pune for the purpose on
June 1, 1989, and with the help of Professor Naresh
Dadhich and the author of this article, began the
process of setting up IUCAA. Within a few years the
unique buildings, designed by the architect Charles
Correa were ready. But even before the facilities
became available, the scientific work and all related
activities had started and soon IUCAA became known

asaplace where good astronomy was done.

The unique feature of IUCAA of course were the
tens of visitors from the universities and colleges who
came all the way from distant parts of the country,even
though there were hardly any facilities. They worked in
collaboration, and brought their students and soon
there was a thriving astronomical community in the
universities. Narlikar helped by interacting personally
with the visitors,who soonincreased greatly in number.
He often visited departments all over the country
lecturing and introducing teachers and students to
IUCAA, and providing basic email and other then
emerging facilities at IUCAA’s cost. The development of
the university community is Jayant’s greatest
contributiontoastronomy in India.

3. Narlikar the Teacher

Prof. Narlikar with students and colleagues

Narlikar’s role as a teacher should be of interest to
IAPT members, some of who may have attended his
talks and read his books, but perhaps very few would
have had the privilege of attending a course by him.
Narlikar lectured from undergraduate to more senior
levels on a variety of topics, including general relativity,
gravitation theory, cosmology, astrophysics, and
various areas of physics. His courses appeared to be
meticulously planned and structured, with much time
spent in the preparation. But in reality, he devoted very
little to prepare, since he was naturally a very well
organised person. His grasp of the fundamentals and
mastery over detail were astonishing, and he could
reduce the most difficult ideas to straightforward
calculations which were easily accessible to everyone.

90
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His delivery was very simple and smooth, and never did
he make students feel that something was beyond
their capabilities. The exercises and tests that Narlikar
set were again doable by most students, and yet from
the answers he could judge very well the grasp and
quality of each student.

General relativity is considered to be a subject
difficult to learn, because of the deep ideas in its
framework, and the complexity of the tensor analysis
needed in its study. Narlikar was particularly adept at
gradually introducing students to the mathematics,
making them comfortable, and enabling them to
develop mastery over a relatively short time. In the
1970s it was realised that the use of differential
topology techniques could make general relativistic
calculations much simpler,and were in fact essential for
understanding some of the latest developments to do
with singularities, black hole theory and so forth. |
learnt these techniques and used them on the
problems | was working on under Narlikar’s supervision.
He quickly studied the new techniques, but found that
he could do all the calculations that he needed using
traditional tensor analysis. But he encouraged me to go
along the new paths, since those were so important for
thefuture.

4.Narlikar and Public Outreach

Flanked by his successors, Prof. Dadhich (left)
Prof. Ajit Kembhavi

Narlikar was a great communicator.He was able to

convey ideas about astronomy and cosmology to the
general public in a very simple and yet interesting and
lucid manner.

He did that through his many talks, articles books
and also science fiction stories. The publiccamein great
numbers whenever and wherever he lectured, and
were mystified that the great person they had heard so
much about was after all one of their own. When they
asked questions, he enthusiastically provided answers,
but when they wanted his autograph, he politely
refused. But as consolation he offered to send a signed
reply if the concerned person sent him a question on a
postcard.

Narlikar made public outreach an integral part of
IUCAA. The activities began with hundreds of school
children coming to the campus, still under
construction, for Saturday lectures. Some of those
young children, now in their middle age, still fondly
recount the inspiration that they received from
Narlikar to do well, and better, in whatever they were
doing. That was a simple message, but it has produced
many stars over the decades.

Truly,Jayant Narlikar was a great man in all ways.

(Reprinted from IAPT bulletin No.6, Vol. 17, June
2025,Page N.160 with the permission of IAPT)

akk@iucaa.in

Professor Ajit Kembhavi is an Indian
astrophysicist. He is presently a professor emeritus
at the Inter-University Centre for Astronomy and
Astrophysics, at Pune, India, of which he was also a
founder member. He also serves as a vice president
of the International Astronomical Union. Prof. J.

Narlikar was his Doctoral advisor.
|
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Dr. Archana Pai,
IIT Bombay

Cosmic Puzzles: Narlikar's quest

magine a scientist who challenged the most

widely accepted idea about how our

universe began, a scientist whose office
door boldly declared, "The Big Bang is an exploding
myth." That was Professor Jayant Narlikar, a brilliant
astrophysicist,cosmologist,and champion of science
communication. Working alongside Sir Fred Hoyle,
Narlikar developed a groundbreaking theory of
gravity. From this foundation, they and Geoffrey
Burbidge proposed a revolutionary idea about the
expanding universe: the quasi-steady state
cosmological model. This alternative view was a
serious contender to the prevailing Big Bang model
for a time. In this article, we'll delve into some of
Professor Narlikar's fascinating scientific
contributions, exploring his work in a way that is

accessible to everyone.

Pre-Einsteinian gravity

Let us begin the story of gravity with Galileo
Galilei. In the 16th century, Galileo pointed the
telescope to the sky and observed Jupiter, Saturn and
several celestial bodies. Observation of phases of the
Moon and satellites of Jupiter orbiting around the
planet Jupiter provided clear, direct evidence of the
motion of the objects in the Solar system. This
supported the heliocentric model of the Solar
system with the Sun as the centre of the Solar
system. This made him wonder why we do not feel
that motion, if the Earth orbits around the Sun.
Galileo was the first one who came up with the Law of
Inertia. His conjecture was that since we move
together with the Earth, our natural tendency is to
retain that motion! This was the first version of the
Law of Inertia and the concept of inertia, the

tendency of the body toresist change inits state.
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was known for his famous experiment from the

While studying the motion of objects, Galileo

Tower of Pisa. He observed that when one drops two
objects of different sizes made of the same material,
the two objects arrive on the ground simultaneously.
Somehow, the mass of the object does not come into
the picture. He repeated this exercise between 1589-
1592, yielding the same result. This was one of the key
puzzles of gravity!

In the 17th century, some pieces of this puzzle
started unfolding. Newton wrote his Principia
Mathematica (1687), where he proposed the Laws of
motion; they were (1) the Law of inertia, (2) the
second Law of motion

F ma

where Fis the external force and mis the inertial
mass. The acceleration a is proportional to the
externally applied force. (3) For every action, there is
an equal and opposite reaction.

In addition, in the year 1687, Newton gave the
Law of gravity: The gravitational force between the
two objects of mass m and M, separated by the

distancer,is

GmM
-

Thus, if the externally applied force is the force
of gravity,we can see that an object's mass cancels on
both sides, making the acceleration due to gravity
independent of the mass m.Though it looks simple, it
is not that obvious.

When we consider two charged particles (q and
Q separated by the distance r) at rest and
acceleration under Coulomb's Law, applying
Newton's Law of motion, the acceleration depends
on the charge-to-mass ratio q/m. But then, why does
gravity appear different from electrostatic force?

This happens because we cancel the mass object's

mass m from both sides. After a bit of thought, this is
not obvious. The mass on the right-hand side is the
property attached to an object, which is
characterized by the body's inertia. It is the property
that resists the change of state of an object.
However, the mass on the right-hand side is the
source property that produces gravitational force
(gravitational mass). The gravitational force is one of
Nature's forces. In that case, there is no need for the
source property of Nature's force to match with the
inertia property of the object.So far, all experimental
tests show that the inertial mass is the same as the
gravitational mass! Isn't it a surprise? This means we
live in a world where one of Nature's forces is
connected to inertia. This results in a completely
different way to manifest gravity and understand the

inertia of an object.

Einstein's gravity and cosmology

Gravity as a theory of geometry was elegantly
shown by Albert Einstein in 1915. Einstein's theory
was based on the principle of equivalence, clearly
demonstrated by Galileo in his Tower of Pisa

demonstration,which states that

Inertial mass = gravitational mass

A clear consequence is that the gravitational

Encyclopedia Britannica)

30

www.khagolmandal.com



®

force due to the mass M can manifest in a deformed
elastic membrane. The heavier the object, the higher
the deformation of the membrane. For example, if
we take our solar system, we can consider that our
Sun deforms the geometry around it. All the planets
move around the Sun as if a small ball is rolling over a
frictionless surface of a deformed rubber sheet,

depicting the geometry around the Sun.(Figure 1)

Figure 1 - Geometry of space-time fabric
around objects as predicted by Einstein’s gravity
(Credit: EncyclopaediaBritannica)

The deformed membrane changes the distance
between the two points. A simple analogy is the
following. Consider an ant crawling on the surface of
the ball. If we measure the distance from pole to pole
in 3-dimensions, it is the diameter of the ball (2 R). But
the ant is confined to the surface of the sphere. Thus,
the shortest distance it travels will be half of the
circumference (TT R), which is way more than the
straight line in Euclidean geometry. So, it is crucial to
understand that the distance between the two
points, as given by Euclidean geometry, is not the
same in curved geometry.Einstein's theory explained
how to obtain the trajectories of the particles in a
curved geometry deformed due to massive objects,
such as the planet's motion around the Sun.

Einstein's theory was successful with flying
colours. Like any scientific theory, Einstein's gravity
explained the existing observations, such as motions
of the planets, including Mercury's perihelion
motion, and predicted new observations. Some new
predictions were the bending of light, gravitational
lensing, the expanding Universe and gravitational
waves.

A few words on the first successful test of

Einstein's gravity (See Figure 2): The bending of

Figure 2: Bending of light (Credit: Science
News)

light expedition was carried out by Sir Arthur
Eddington in 1919. In Einstein's gravity, any massive
object behaves like a lens and bends light like an
optical lens. Thus, the star's actual position behind
the lens is different from the star's apparent position.
In 1919, during the total solar eclipse, Sir Arthur
Eddington carried out an expedition to Sobral, South
Africa, to demonstrate the bending of light. The idea
was simple. During totality, the Moon covers the
Sun's limb completely. Thus, one can observe the
stars nearthe Sun.If the staris behind, the star would
appear next to the Sun if the light from that star is
bent.Comparing the results with respect to the star's
position without the Sun clearly explained the
displacement of the star due to the light-bending
effect.

Einstein's gravity was reconciling with the
observations and showing great success. For
Einstein, the equations of gravity, known as Einstein's
equations, provide the curved geometry ONLY in the
presence of matter. In Einstein's model, Einstein's
equations clearly show that the density of matter
determines the geometric nature of the spacetime
membrane. However, the real world always comes
with surprises.

In 1917, W. de Sitter provided a solution to
Einstein's Equations,which is empty,and the solution
shows that the separation between any two points in

space increases with time. Eddington once said, 'de
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sitter has motion without matter, and Einstein's
universe has matter without motion'. In 1922-24,
Alexander Friedmann provided a solution to
Einstein's equations by combining expansion with
non-emptiness. The model assumed isotropy and
homogeneity of the underlying spacetime structure.
Parallely, Abbe Lemaitre (1927) arrived at the same
solution. The model is known as the Friedman-
Robertson-Walker-Lemaitre model (FRWL). The
model gave different solutions for the Universe,such
as an ever-expanding and close. The close solution
corresponds to expansion till a particular time. Then
the Universe will start contracting and thus a Big
Crunch! These mathematical solutions received
attention when Edwin Hubble, in 1929, gave Hubble's
Law. Based on the spectral data, he concluded that
the distant galaxies are receding from each other.
The higher the distance, the higher the velocity of
recession. The constant of proportionality is the
Hubble constant,and at the current epoch, it depicts
the expansion rate of the Universe. This was a clear
establishment of the expanding cosmology.

A simple analogy could be when you consider a
balloon being blown. Any two points on the balloon's
surface go away from each other. Thus, a clear
conclusion from the observation of receding
galaxies, when extrapolating back in time, is that
there would be some time when there would be a big
explosion. From this point, the Universe started

expanding! - aBig Bang!

Big Bang cosmology

The Big Bang model clearly shows that the
Universe must have been hot in the early phase when
a considerable amount of energy was packed in a
small volume. With this model, there were several
accompanying, uncomfortable questions, such as
what was before the bang? From where does such a
huge mass and energy come? What happened at the

epoch of the Big Bang? Bondi, Gold and Hoyle

believed that the Big Bang was a Myth. The word 'Big
Bang' was coined by Fred Hoyle to dismiss it as a
model of the Universe. According to them, The
Universe has to be forever. There is no beginning and
noendinasteadystate theory proposed by the trio.

While Hubble's observations provided evidence,
the Big Bang model made another testifiable
prediction with observations,oftenreferred to as the
relics of the Big Bang. In 1948, Alpher and Herman
predicted that as the Universe expands, the hot
photons from the early phase of the Universe will
cool down. They estimated this radiation to be of
temperature 5 K. Further, Gamow estimated it to be
between 7-50 K. While there were several issues with
the Big Bang model, such as the formation of heavier
elements, in the sixties, it became clear that most of
the heavier elements are synthesized either inside
the star or during a supernova explosion. For
example, most of the gold on Earth comes from the
stars! However, stellar physics could not explain all
the helium and deuterium present in the Universe,
which is well-known as the problem of helium
abundance. Works by Fred Hoyle and Roger Taylor in
Cambridge,Robert Dick and Jim Peebles at Princeton,
and Yakob Zel'dovich in Mosco revised Gamow's
calculations. They obtained reasonable estimates of
Helium abundance from the Big Bang cosmology.
This was a turning point,and there was an interest in
looking for relic background radiation from the Big
Bang model.

In 1965, Arno Penzias and Robert Wilson
serendipitously discovered some noise while testing
their 20-foot reflector radio antenna for observing
the Milky Way at 7.35 cm wavelength. This noise
appeared to be the same in all directions, showing
isotropy. Assuming it carries the black body
signature,the associated characteristic temperature
was 3.5 K. The number matched the prediction of the
relic of the Big Bang from the Princeton group. Later,
in 1990, the Cosmic Microwave Explorer (COBE)
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satellite measured the black body spectrum with a
temperature of 2.7 K. This radiation is the well-
known Cosmic Microwave Background Radiation
(CMBR). The CMBR was the signature of the relic of
the Big Bang.

Immediately in 1968, Peebles did foundational
work in understanding the relic CMBR. When the
Universe was hot, most of the dynamics were due to
the radiation. However, in the soup of electrons,
protons and nuclei, the electrons acted as
scatterers. They bounced the photons, trapping
them in this soup. As a result, the Universe was
opaque. With the expansion, the Universe cooled
down. It was cool enough for electrons to combine
with the protons to form hydrogen atoms. This was
at the temperature of T ~ 3000 K when, suddenly,
photons could escape due to alack of scatterers.The
relic CMBR provided the signature of this epoch
when the matter and radiation were decoupled.

The steady-state theory of Bondi, Hoyle and
Gold needed to be abandoned due to the confirmed
evidence of the CMBR. While the Big Bang
cosmology explained some observations, it posed
new questions.One main problem with the Big Bang
model is the singularity at the epoch of the Big Bang.
Singularities are points where physical quantities
like density become infinite! No physical theory can
deal with singularities.

Further, our current physics knowledge before
the age of the Universe of picoseconds

(t ~10"(-12) seconds) obeyed the electroweak
theory of particle physics with energy around 200
GeV. Electroweak theory - a theory that unifies the
electromagnetic force and the weak nuclear force -
is the most thoroughly tested theory in physics. We
expect that at such high energies, the Universe is a
ball of highly relativistic elementary particles where
quantum physics shakes hands with Einstein's

gravity.

CMBR observations show that the Universe is
homogeneous at the scale of 1028 cm and has the
property of isotropy. However, the Big Bang
cosmology predicts homogeneity at the scale of 1
meter. People have tried to revive the model using
ideas such as inflation, where a sudden expansion is
proposed, which would increase the scale. However,
there are several ways to obtain this expansion, and
no unique solution can be tested with observations.

Alternative theories of gravity and cosmology
were proposed to circumvent some of these
problems with the Big Bang Cosmology. In Quasi-
steady state cosmology (QSSC), Hoyle, Burbidge and
Narlikar attempt to address this, which we will

discuss next.

Hoyle-Narlikar theory of gravity and quasi-
steady state cosmology

Ernest Mach, in 1883, proposed a different
approach to understanding inertia using 'Mach's
principle'. According to that, inertia is a property of
matter, and the rest of the Universe provides the
background. More precisely, the mass of particle “A”

“_ "

at a location “a” is proportional to the net
contribution from all other particles other than at
“A”.To sum up, the whole Universe acts together to
give theinertial mass to a particle.

Thus, in a world with a single

particle, that particle's mass is

zero.\Another famous example is

Newton's bucket, which is

explained in Newton's Principia.

Let a bucket filled with water be

hung by a twisted rope. When one

releases the rope, the bucket

starts spinning, and the water

surface is stationary, with the

curvature increasing towards the

edge asshownin Figure 3.

Figure 3: Newton’s Bucket
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force to explain the shape of the water surface.

Newtonian mechanics involves the centrifugal

However, according to the Machian principle, one
does not need to invoke pseudo-forces; one should
incorporate interactions from the rest of the
Universe to explain motion.

While Mach's principle was action at a distance,
Wheeler and Feynman (1945) proposed the absorber
theory based on the Machian idea. The theory
incorporates action at a distance using the
propagation of electromagnetic fields. Here, while
considering the impact of oscillating charges,
causality (cause and effect) has not been imposed by
hand as is done in Maxwell's field theory. The theory
assumes a response from the Universe. If we
consider the Universe as a perfect absorber of all
retarded fields, then the charges interact through
retarded signals. Thus, by bringing the response of
the Universe to a local experiment in
electrodynamics via the Machian principle, causality
emerges in electromagnetic theory.

Hoyle and Narlikar proposed the gravity theory
in 1964 using Mach's principle. While the theory's
details are beyond this article's scope, we provide
the salient features and their implications on the
QSSC. The theory reduces to Einstein's gravity for
the Universe containing many particles. The theory
demands the property of conformal invariance. In
layman's language, conformal invariance implies
that angles always remain the same if we bend or
warp spacetime. Distances can change, preserving
the angles. Thus, this preserves the light
propagation at all points in space-time. Further,
conformal invariance makes gravity an attractive
forcein Nature.

The Big Bang singularity was troublesome, and
all the laws of physics would break down at the
epoch of the Big Bang. Hoyle and Narlikar
introduced additional terms in their field equations

to account for the creation of matter in a non-

singular way. Further, they showed in 1972 that the
variation of the gravitational constant G can be
attributed to the creation of matter in their theory.
Later, this very feature was incorporated into the
QSSC, which was based on the Hoyle-Narlikar
gravity theory.

The generic solution in QSSC models is with and
without the creation of matter. This non-singular
model, with short-term oscillation of matter
creation and long-term expansion of the Universe,
like that proposed by de Sitter, is the feature of
QSSC.Sincethereis nosingularity,thereis no hot era
in QSSC.Thus, the relic Big Bang CMBRis just MBR as
it has no cosmic origin. In the 80s and 90s, Hoyle,
Wikramasinghe, Burbidge, and Narlikar proposed
MBR as a result of absorption and emission of
photons by the intergalactic metallic dust of a
special kind (of whisker shape) or by the mini-
creation events of the QSSC. They proposed that
sources like supernova SN1987A provide the perfect
environment to produce such metallic dust, which
can emit a black body spectrum in the microwave
band. They could also explain the observed small

fluctuationsinthe power spectrum of MBR.

Current observations

Post COBE, missions like Wilkinson Microwave
Anisotropy Probe (WMAP) of NASA, operated
between 2001-2010 WMAP and the Planck mission
launched by ESA in 2009, provided a much more
detailed structure of the CMBR, including the initial
temperature fluctuations. Furthermore,
observations of distant supernovae led to the
groundbreaking discovery of the accelerating
universe, suggesting the existence of this
mysterious force dubbed "dark energy" that is
driving this expansion. The observations led to a
precise determination of the Universe's
composition: approximately 68% dark energy, 27%

dark matter, and a mere 5% ordinary (baryonic)

89

www.khagolmandal.com



®

matter. These highly precise measurements
revealed the Universe to be remarkably "flat" and
provided strong evidence for the accelerating
expanding universe. While dark matter exerts a
gravitational pull, holding galaxies and clusters
together, dark energy acts as a repulsive force,
pushing the Universe apart at an ever-increasing
rate. WMAP and Planck’s detailed maps of the CMB
temperature fluctuations, though tiny (about one
part in 100,000), were crucial. These fluctuations are
essentially snapshots of density variations in the
very early Universe, mere 380,000 years after the
Big Bang, which served as the "seeds" for the large-
scale structures we see today, like galaxies and
galaxy clusters. By precisely measuring the patterns
and amplitudes of these fluctuations, these
missions provided stringent constraints on
cosmological parameters such as the age of the
Universe, its expansion rate (Hubble's constant),and
the densities of its various components.

People are trying to understand various
spectrum features carrying signatures of our
Universe's history, as Narlikar mentions in his book

'An Archaeological Site that Contains the Past

History'. Several attempts have been made to
estimate the current value of the Hubble constant
and probe variation in various fundamental
constants, including G, etc. James Webb Space
Telescope, launched in 2021, provides rich
information about large-scale structures such as
galaxies and clusters of galaxies.Key evidence about
structure formation in our Universe is also an
essential piece to the puzzle of modern cosmology.
The rich data will give more clues that will help to
solve the open puzzle of the cosmological model. If,
through these explorations, we can move even an
inch closer to unravelling the Universe's deepest
secrets, it will indeed be a fitting tribute to Prof.
Narlikar's enduring legacy of curiosity and scientific
pursuit.
pai.archana.arun@gmail.com
Prof. Archana Pai is professor of physics at lIT
Bombay and one of the lead researchers for
Indian LIGO experiment. She is volunteer for
Khagol Mandal for over 36 years and actively

involved in science popularization.
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Dr. Padmaja Venugopal

Dr. S. Balachandra Rao -
Pole Star of Indian Astronomy

The most well-known name in the field of Indian
Astronomical Research is Dr. S. Balachandra Rao. His
birthplace is a small village called Tyagaarthi in Sagar
Taluk of Shimoga district. His father, Dr. Bhavanishankar
Rao, gave him a solid foundation in arithmetic as his
son was very much interested in mathematics since
childhood. This encouraged him to excel in
mathematics. Later, he got inspiration and guidance
under distinguished mathematics professors in high
school and college and obtained M.Sc. and Ph.D.
degrees in Mathematics.

He learned about the lives of famous Indian stalwarts
and their achievements during his childhood from his
mother. This sparked his interest towards the
knowledge of ancient Indian heritage. This was
complemented by his fondness for the Sanskrit
language, this led to the study of Indian astronomy. The
belief and curiosity upon astrology which he had in his
early days led to further study of astronomy.

As the understanding of the subject substantially
increased, by understanding it scientifically, Dr. Rao
realized that astrology is sceptical, not worthy of
pursuing and claimed that it is unscientific.

He wrote many books to make the knowledge about
the heritage of Indian astronomy easily
understandable to today's youth. He wrote
approximately more than 30 books related to Indian

astronomical texts and astronomers. He was proficient
not only in astronomy and mathematics, but also in
computer programming.

He developed software in BASIC language based on
various theoretical systems to enable accurate
calculations of planetary motions and eclipses.

He took up several astronomy-related projects from
INSA (Indian National Science Academy), exhibited his
scholarly research, and published several research
papers and books.

He organized workshops on Indian mathematics and
astronomy in many educational institutions in
Bangalore, thereby communicating this tradition of
knowledge to more younger generations. He guided
many students towards their Ph.D. degrees in
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astronomy and mathematics.

He received his primary education in Sagar Taluk in his
childhood and later completed his secondary
education in high school, PUC and graduation in
National College. He received his M.Sc. degree from
the University of Mysore and his Ph.D. degree from
Bangalore University. Dr. Rao, who lost his mother at
the age of 18, was studying in National College and
because he was staying in the college hostel, he had
the companionship of Dr. H. Narasimhaiah also. The
then principal of the National College, Dr. H.
Narasimhaiah was a very simple person, Gandhian
and was of an intellectual and scientific disposition. Dr.
H. N. used to stay in the college hostel and he was Dr.
Rao's Physics teacher also. So, being close to himand a
little intimacy Dr. Rao was influenced by Dr. H. N.'s
simplicity and rationality, and he used to express his
ideas very boldly. Dr. Rao's critics include "Traditional
Science and Society" and "Astrology: Believe it or
not?" The works have received the award for best
ideological work" and also received award from
Kannada Sahitya Academy.

After completing his M.Sc. studies, he started his
career at the National College, Gouribidanur. After a
few years, he was transferred to National College,
Basavanagudi at Bengaluru, where he continued his
career and later got retired as the Principal. After
retirement, he served as the Honorary Director of the
Gandhi Centre for Science and Human Values,
Bharatiya Vidya Bhavan, Bengaluru for about 15 years.
During this tenure he has authored many books on
Indian astronomy and Mathematics.

He was recognized as an honorary professor at the
National Institute of Advanced Studies (NIAS) in
Bangalore. He was also a member International
Astronomical Union (IAU).

He was a member of the National Commission for the
History of Science, New Delhi, and the committee
member of the Indian Journal of History of Science,
published by the Indian National Science Academy.
Dr. Balachandra Rao's remarkable works in
Kannada:

1. Aryabhata-|

2. Indian Mathematics

3. Grahaganita (Acharya Ganesha's astronomical

work - Grahalaghavam)
4. Numerology and geometryinIndia

5. Thewonder of magic squares

6. 108 selected accounts of Lilavati composed by
Bhaskaracharya

7. Aryabhateayam (Full Kannada translation)

8. Astrology: believe it or not??

9. Tradition, Science and Society

10. Pioneers and curiosities of mathematics

11. Indian Astronomy-A Brief Introduction

12. Vedangajyotisha-Lagadhamaharshi's
Astronomy

13. Eclipsesin Indian astronomy

14. Srinivasa Ramanujan

15. Great Mathematicians of Karnataka

16. Magic squares

17. Famous Mathematicians of India

18. Mathematics in the Vedas and Vedic
Mathematics.

19. Bhaskaracharya

Dr. Balachandra Rao's notable works in English:
1. Classical Indian Mathematics & Astronomy
2. Indian Mathematics and Astronomy - Some
Landmarks
3. Indian Astronomy - Concepts and
Procedures
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4.Eclipsesin Indian Astronomy

5. Transits and Occultation in Indian
Astronomy

6.Indian Astronomy - A Primer

7.Vedic Mathematics and Science in Vedas

8. Astrology - Believe it or Not?

9. Tradition, Science and Society

10. Saturday Biscuits and Other Episodes - A
collection of 117 Episodes - hilarious,
rationalistic, sarcastic and scientific too.

11. Differential Calculus (with Programs)
12.Numerical Methods (with Programs),

13. Differential Equations (with Programs and
Applications)

14. Indian Astronomy — An Introduction.

15. Ancient Indian Astronomy - Planetary
positions and eclipses.

16. Aryabhata—1and his astronomy.
17.Bhaskara—1and his astronomy.

18. Grahalaghavam of Ganesha Daivajna —
English exposition with mathematical notes.
19. Karanakutuhalam of Bhaskaracharya — Il —
English translation with mathematical notes.

Dr. Rao who had the companion of renowned
scientists such as Dr. Rajaramanna, Professor Roddam
Narasimha, Dr. Jayant V. Narlikar and several others
participated in several national and international
astronomy conferences as an invitee and made known
to the world the contribution towards astronomy and
mathematics that Indians have made.

Dr. Rao who was born on December 24, 1944, passed
away on May 13, 2025, spent by dedicating the most
of his life to study Indian Astronomy. His demise has
created avoid in the field of study of Indian Astronomy
and Mathematics.

Although he is disappeared physically, Dr. S.

Balachandra Rao remains immortal in all of our minds
through his works as a shining star in the sky of Indian
astronomy.
venugopalpadmaja@gmail.com
Dr. Padmaja Venugopal is Professor and Head of
the Department of Mathematics at the SJB
Institute of Technology Bengaluru
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ATIBIRITS! ST 3T oY ol Hifreh! I 10T Fai= Rt
318, GIRIT USRUNA YHd: Hifdbaren qril gdehl
BRI B AGD HRTd. AT =e--bUer T =i -
AiFdT EAeredl faafed a9 He RAgidedia
TSI i, fafder avraridiadte faey, 3mael gaTe
31en fafdey fawi= 37ETaT 8d YR YAl B A<l
Sarndned. dRIl 3R, 9d 9 fARgmd, gufuer
BRI HRA dR STHATD B d JidT 3id BT 8l 39
SIS QSGTAT Fafd U IRTS! Ufaereg A9, d@) daR
BV BTH oW A DT PRId eTPTe. Fd I d I AR
g9 fIQuor AT HYUdd  YSlaEEe  qe
(degenerate quantum pressure) IRY dcgdl balad
RIS DIUfTET 7 IToRelel 206G HiSU! § UShT “d-e1epl HTd!
NS AR gid. AT U1, TRSIBRI d AR SAleran
UeTel 9 31T H8Iell MRS WINAARATIR BT
HISANRE BRIGTBRAN 3 reaia fAfHd ad< 300
B it ATIB! R Sact. FRUIAD 3751 Taeel aui-t
IGl & [ dded 39gth ovd. M Gravitational
Collapse 31 DIUft Fgect &bl oI AT T[Beaiid 3T’
TEU] A,

SR U HEwdTd &TH I YA Paol. d FgUTs! 3T
AN 31cd difis ARGl |91 H& AisdT Ial & g
i1 fafeerel o Ui qRde & I170Td, 31Tl 3TeRd
NI IRYUT 3RTd. ATOaa] d THSTEIET A 3194, HAT
3R TR ot AfIeIYol 390 9 Td oo T fAsTH 3Rl
A Pog FHERU Ad
TEd. WS HAS
RGN [T T
@R HYUT AT YBRY
b fodld @ a
DIUMNIST d 3Rl AT
Sl 1. ARGSIBRIAL
Wed daell g, ATad
™ oEd BUH
A@ddedl I &
CECEIS

WA g’

T YAIBT YT €3¢ HE STl d ehIerd Yeiel Q- auiid
il ‘The Lighter Side of Gravity’ @ ‘Introduction to
Cosmology’ & G 37cid Heward! I faifectl. AT
e GBI THcaTyUT 1 fA9dThs Tl Jau=l
Al HNEIBTHT 3id HesT | gl fare fawy fepae.
3HAd QP SN UGeR’ WRUR 8ld Rl draeblel]
oIR8 SRATd TTPIel 3 JReld YA BT
3BT dIeel. RIS Heled AT AT Yedabi!
3T &9 Hdet! d fASIYIR SBRUTRI eRIG T ATeId Uds
I UR 1. AR IBRIIT R TSl

The eminent Indian cosmologist, Prof. Jayant Narlikar,
has worked for many years on alternatives to the standard
hot Big Bang theories of an expanding Universe. He, together
with Fred Hoyle and Geoffrey Burbidge, has examined and crit-
icised the interpretation of observational evidence on anoma-
lous redshifts, the microwave background, the age problem, the
abundances of light nuclei etc. They have come up with
another gnasi-steady state cosmological model in which matter
is created in little hig bangs. This brave attempt at avoiding a
one-shot creation, with instead many finite bursts at random
in & Universe that is without beginning, demonstrates, at least,
the fertility of MNarlikar's mind. This book on gravity promises,
then, to be exciting reading. The Lighter Side of Gravity does,
indeed, take the reader on a tour of the Universe as it might be,
chats about the basic cosmology in a post-COBE cosmogony
(virtually no mathematics) and touches on white-holes, mini-
creations and the many faces of gravity. The writing is good-
humoured with a postscript to the story of Aladdin’s cave,
references to The Emperor’s New Clothes and the Black Hole
of Calcutta, and a little Hindun mythology, This pocket-sized
text on a difficult subject makes good reading (a trip home on
the train!) for the general reader, but the reviewer would not
recommend the expense of the hard-cover edition.

o1, % ¢: [ Tlarebi1 Heret 3fRAd quiq

Ul ARSIBRIAT fogmond dsnfAd effdH & fawy
3BAGT Tdd AT 3Te. AT dSfABIT BT, Il
ST, depifcied T8cict faIG-fbed 3121 A HARSTD
M i1 araresTen YReIel o g Sauard Ie1 ficde
37Te. AT dTed & [Asm-esen fafguard il ardidt sien
db! Bl Ad. IMd s IR Ha@s Tl A1
QBT A3 STTeiell ST 3] bl hyere! fafareddr
3R, AREIBIT -1 dob) ARASTHI Helelel BT I
STUTETd. T SRISR Tehloo! ditH dReiet fafdel Aigid
Fefl-aeft JHID o¥ct egaT ST Adt. S YA NG
&1 fafde iteaioR dqurITaT APTdl 8 dgfes YffeT THR
Aq. AT 3701 J5TAS AT JeehTa U, ARSIBRI! ATaTad
i YT F:wfmedo dige . e 7 =T
Uedlgd  UIRUIISP el Sigdd  ANAS  3T9edn
RIGIATAR &% rebd T8l diaid & Rgid Bict S3dTd.
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Al bl U g SHlctel T TSt 3l 314 G
it YeTolel fagTrean SfagTd Heed. Je o 319 Burdid
&l Aadt b B¥elct RAGIAe! Prel Piad 39eh gldd.
BT SBIUTCATE ARSI & HIG Al 31l b, Tarel gl
JeAT SN R dled el dd dl Ageadd dquigo)
SRISRT ScT 3197 ATEL. U1 ARSI AR HifTdetel &
e wifdeha foarddiar 3. fasmre widt @
ATAIYYT eshich YA G0 fbdl Hewr 3718 & dTidbi-l
PooTd YIS AT [ATITR 1. ARBIBRIAT 37 deal fafdes
ATUISTaR 1 514 Tfeletl 3178

I GRABIcied RIVTc e fasTT faeprarei aifl g1 i
‘AT ST il I ST &’ 3R AHIRI add ol
TG IS Buciar durrg 3reft offest Sorrma Qg
AT 3fAWeTd 8id &1? 9. ARSISRIAT Id gl 99
BPRIT ITR TeAT 3ude 3] RIAEaRA Ul AT
ARl 3 3R, IPY dSTAP AdNiaR I JBR duridl
Al 3T 3Tl R G SR T8, AT FbRiT
JTRIAT BIBRI BRUIRIS 37706 JRIAT GRIUT JEHY
3TVARAI-11 INSB] BRI &Il USpHTH I 3.

e P 39WS B’ AT JEABIA 3P AN
gidloa 3Ted. ATd WARATAT SISl gediaRlel
ST 3 fAS Mg UuT IrarsRieR ‘dsifAc Helie
37IfOY QMg FARIFOT, “3icARTes Weite &1 iRt g<il 31 &1’
3N IR PRI FEaUIR RG] 3ed. Basdiiay Al
fIvaTeR oRacHd A1 RAPIA g 9 deNe ABTiaR
TIRE Doty A HUYHGET FbR 3Tg I L Bl
. g AR 3Tt RADIA 3R UEIG-H fasa
3BEA BIGU AGDIR HAR-IBRB Scl. dladlcd adl
BRI IR g BRUT A3 ogebral BIvldtal g
fobar RIgld bdw dslfe FAeuiar 3menRd dgda
AIRIUITT 3318 LI el

GF QAT ool R0l AT 37R. ATdHT Th
TP 1. BT i1 U1, TRBIDR d . HTCTIATS ARSIBY
IreATE felfdelel 318, “THTd gHR AR’ & YHR 12 I
37 3RS Yiid e Bdes dRIER 318, § [ABgGl
3 fobdehe HehedT IPY HTpIdl d IRSYRAT HIedT
STIOTATN 3ATER Hd WU AT Gl THSTGH 7. TR
&1 i AT faRT Eefedl = STTOTRT faw Q& WIS
HTCAT. 91, ARSIBRIAIE A SI3MIUB3IR (TIFR) HEH 3RhTel
(IUCAA) JTeiel g =T AR AP Fdere Sieiel .
SUEl I U1, ARSI difie fava MY HRugmt

RIS et & =TIl GHaTd doetl 3R FgUTTd aTPla.
. ARSI HAd
STl Yo FgUT1 ‘3iTepreneft
Sisct . 93¢
TN fa%” AT ReApreit
STo] € getRd 31aedl. 3rfd
3 d fdw, G Aiguhl 9
St 3 Il gRqul geder
SUSH HINIER HTTdTSAl el d
‘The Cosmic Adventure’ 31
ATd | 9, STt HRAR Wiy d
Scich 3p¥ ST YD G PIUIAE! ARl AT YRAPBIA
faferer HTN 31Tern FRETeI TN JRIR e SiHA
213 2B,
91, TRSIBRI! fAYed g et 377 I AT brel auid
d PAfgaa 9@ e fdfddior. 101, I[Sarsyur,
faeRaeTe, 3ngfe WideRd, dsiHe IR,
RN SR 7 RAsAr yoid & fawe WRi<n kg1
TRcd Al 3RIATA. AT AUTTAT 3b Hebo a1 i1 [dsiH
HeT fafgvard arRe. faemeatr Arigeled avdia eft
37 QR ATl ‘f1arept faifgett. Introduction to
Cosmology, Structure of the Universe, Gravity Gauge
Theories and Quantum Cosmology JRIRE! GRcch T
fawIieRTe A | "I ST, ATl LN el
£3 @Y 3 H2AeH (s fafeel @ 31e 3o eel Qo
UG i Pl Fi IR dedel €3 WIS SPTHRIA
EIHERH
U9 § AR HEF 38 3R JH0R Wi
T 319 JieNele, Hdlg AR g dodlda! fafde faw
dsTfA HAIGITR AURIUITET 38 eRUIR Y. ARSI
i1 aTeies &1 dhafeig AT TeTl faRR &Iell Y $HR01 AT
APTfaR dcd APIHAUT ol Mg, 370 3Hd @i,
il a fasTH IR 31151 3YeITe IR 318
(1= wR16) farsT ufveg ufiesn)
abhay@khagolmandal.com
1. 319 §2is § WeHsor faem™ Ifad 31gd.
d YRd WHRT TR’ 3umAmed aRks dsife BuH
HRRA 3ed. d fafde qawimegE fasa RIS A
fAyer ol sva. WISt faem aRee=n uf¥d=n
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faaTTeT HIfe Tl o7l Fdlde aiume HifecT Sdictol!

3TeTR TTe] T fefgedl STTd. ATdedl Heldrained d6el 1

B JTERUT 94 FHIT Alfeed THA-
IS 8id 378, I Iifecd IAfe™
ST B AT IR eTe Ub

QIRAST 31T, HERTSI ATS a5 37101 3TT=T o T IS URTHUT
AT SPIAEAT ARAs Al 81 SR ARSI &
TR 37e8] 37T el AT IS 37 3IfmmET a1
38,
WY R s Trfgeran sfaeRy 31cid ¥57as 30T 31T 31TR.
STPTfceb UTdodleR fadIeek st YN e Hfee geietes
YHTUTA 3UcTe T8, IRq WRAHe 71 fafder wine fasm
AT IUcTel 31l ¥ 7gUTTd ferefab faget SHToTTe el
Y P 9l fasT AMfee SR GeRTSAT bl
IRieR STl 3ol R e BRY Afecd 36ART ATl 7.
i ATfecHed 773 fafdel WisiHed) fAsiHiawIe 31w 3
317, 08¢ A IS WfEATAT G a¥ guf erett. 088
qe WIS fAs Aifecren oded qof e, @R v Jaf,
T4 i, sl WIfd IRl BR HEsd. A~
fOharer T’ 81 UpR st Infecamed) 31faorT elies i 3. IR
3NeRd RAFTed! 31dd Aidbbd gidld. dsli-e awareR

AT HHd ST TR B0 ARO[ femoT 7 urst |-
fheRM 31 YT TgU] QAhdl. SIPIdh UTdBSIaR AR~
fOharer fIfRUTIRY 31 oig b 31Ted. AT el HdT 311101 Jad
& I GI=AT ARG R (b I Slel. Irel J&F BRI
OIS U e AT Bleotd Jgiehd FrEld 2iter 3mfoy
T G AR HISAT JHIUTA e A~ e Uh
4 ¥RY U STel. Vded A8l R I PHIId Ul fasTH
B Yis Weoecs ATt BIdl. ot T 3va fAffcifash
it & BT g 3ARBY AR Wi 37 FIGIe B,
HATfeeamHed dehe 31 d ot 312!

AT BB Bl dl TapRIRAT! fadM, Jdsed
IO a1 Iiedn el R Hqui fasi Arfecrn
ARG SGeTell. HTSTE! fasTH Afdmed WleeRa Ao
HIB1QIfAST Hafd NbO fasT 311 3 Bed R aras
BIUIR 1. fAAST TelaR/SR iR 3gI0l, eHbHE
foRepra, eTeraiel A, wafiaieh geg 3nfor =0, od 3nfo
HTIBTBHED TRt & AlfedTHe HTa8d faw 3gd.

fasT wifecmelcd gERT YR =l AT
Hicad e, SATAT 30T Hheddl U] bl Bulsl of
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3T ert YAt AT 312 JgH HedT
HRd JAR A Ao HR01. 372 AIfe=
TdI M1 SROT f&eit 318, TvAaTeld ATeTon=T
QIUTSSRAT AT BIEl Bodl FoR AT ATl
378, Vaed TRl @R 31151 SPIT dg SThoTRIT
BRIT RAvRiEeR ves FHa 31 aufgdf g
SRR

3], TR HHEIT 37e48] ST 37907
fasT Afgfawl sie 300 forg aPrel 3me &

U 3R §19 UM gdl. fadue: 3
TINCTHESIAT HfSehd ! AT fasTH YR 30T

SIPRReh (I BIH BRI AT 3120 AT QU

3S9INT B 3NTAl. BRUT AMAA B HRAMT

Al fasTIast A SR &did 98 &R
SIPRRhAl BRFA SNl 335 APbd. BuH fdsi
ATfE e 3Rid IR 37TR.

WRISH 9gT= e BRA U A1l 3
HISTERIT Gl AT APTEH f&el 38, 3ATsTeblet TGl
Hifgcliqul deNfAe oikg 301 HAT Ad AT, Aol
Bl fasT RAUAT IS SATedl Bledl. HTSTel Hb
FATATHE T AT, STHBRIA YR Poiedl ‘GUUrHE AT
AblS! il fAsTIidwRll o gHEN 3R,
fasTfara Al ST qofe 1€l & Ssiauarn i
T detl gldl.

RIS fAST AT 9328 AT BT, Brea=T
Hleied fedrd. amed 4. &1, I[s, dl. |, Siel, =, 3.
SafRiee 31eft B A1 T Aciel. BlAdR BT
S {3 AR AR TSt ARTIVT &R 37101
IR APAd. IS URURAT J[EhdT 301 Wi
STeTTTE e TiRieE Bldl. 3TSTe! o ATfecd ilds 3Taa - arddrd.
1. HIg 319 it ARIST [T g carmed) faqel o bl
3101 fadehT eliepOaraT fesfdell. A Jgaie STasa,
31501 His, Al Goval, YHGT T, A G300 0T
3% A1d fafgdr Adler. St Qs dver Qe 9w
ATATAAT. T HAd HIfRAYUig! AdTd. Yddleral faares!
375 deTIfIe e 3Tid AT 31Ad]. TR I1 Yard diard

Hffed 3.
gl SRId ARSIPR AR ARASIAl Al
AT AT TgTc] BR0) FUTs] (ST ATfgedTet 39d
WM MBUINRY 3. &1 Rfaar fsmfasae foraro
3178, d SPIfASATd AST 318 d. WU BHI ARAST fasT
Afgcamed qPeH it 318, e 310 eI
fora@moT a1 ST 3FRET WM 81, ARSIBRIAT aE-Td
fe3g Aq. fIarr quamed AiaRfqen S Wrerema 3o
TNA-AifdPbl Hg (Inter University Center for
Astronomy and Astrophysics - IUCAA) 19 . gl
ARSIBR I HeNerd § UrEsa faaRa-TemaTawy 31e.
A@Tel. &Y STaauN 366 e 3® SHeaHed
23€Y Hed YINNUT 10T 00% e URIfGYWUT, 2080 HEA
HERTE 0T, WeAPR RIPR, TAUL. fddll RIBR, 088
ATett ATen-eeeraTg Jfie ARG giedl 1. aw.
ARG Tl [RBR, 3ARBAA BlHaeHds el
SURT RIS SiaPiRd RBR 310 B>
BIHH, TPl AAAD el STUMRT IITYTT
PR 3R 3S [RBRIT o fAfid 377

Tifgamed i 39y IpigH 3118, fas= Rme
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fsm o forfee 3med. ATfecmed & ufeel Ir3sd ugat
d AR A, il #R1S) fdsT aRve=n fas= s

3 gled 8. 3MTSTEl QAT AABId AT IR W
ThIps fagH-das= 3PT 9 d 3R, d IAY HRd
AHgdd digaaul 3cid IR e, JAradied fasm

Wemed IRV faARIS SPTATT’ I1 90T A1aT- HPT &dal.
Td Y2H RIBR e, fasiH g Argueida Jaradd
TIgrard 370 faaRi=t & RIS 3 fasm Har g
HICEAT forfgedn 3. I IR PRida 718d fagy an
ABLA AIfed APGHAT RIBR ABE 378,
3TN AHe, er8H Hefi fasma, Iy, Farih Sorf,
Tl STa- O A1, aTHA TR A HTel, @RI, 3{aR1es 370
fastH, 3mprenelt e A1, IMOATdI THASTHA, T9Td
R dR, 9T Jgddhd 79 fdsiH, Facts And
Speculations In Cosmology, fa2=it =, fasi 3D
fasmr wafdd, IH S-d ARSI (WA, aH R A
AT, ARIDIAle Thic, FRRA d 3MIRTY AT U
PGS UBHd GAb), Seven Wonders Of The
Cosmos, JATAT Yb1d, Uifgeicl &2l Heciell HIU, fagrh
AT 3721 31eh YRS UiAeE g HATremef Sigel A1d §

gl. ARSIBR I Afed FHAT 37eh80g Fgiel
B AT et ufasT 30T 1! Ui B et
3778, A1 AR fagiHaTe, 3ieisieat A areR == gisa

TS 83 UAGHT JooRIhC I8 ORI TR 8.
fas fadeh! faami HfASH 318, s e ddear
AT 3O SPITEAT FHSTOTY 2eh! TRl &l & AT Hol
32T 3Te. 319l 2R & AT S WRetet TR, I
yfesa, 74, g1 3101 2RR 1R gAfaruTr=n yIg Arfawft
ITII SIelol A 3Te. fAsAr 36T 3y A1
e AT A o<d Adiad 3 Ay 8.
ARSI HeATCT &l 3118 § A &R !
(&1 F W1, TRSIBR A1fAS Jefiet Aifeey FAAA=
3EH3T ST ATAS! &S ARTEHA IR SITTHeT 31T8.)
sujatababar@khagolmandal.com
GSITdT 1aR AT Wiiel HeDSTAT faeMA 3regal 37
et 32 a¥ MfAS RAUPTR $W HAd AHRd. AT b
WHHR 3gA fafder qaua, Arf@d 30for sPray fafaer
TS ST 3RIA WINIARA TIRTAT AT A0l HRIATS
Afe T 37d1S, 3fRIRd RIBR add w1t
fasT IRESATS W1 HRUATd 3TeT 3R
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ARSIB & A HTSTd B 3T ?

TqH! APTOT 3TEE 31T YT 51 AT Hifecl! 318 AR
Dlegiaed Jurell A fdYd Slaod el
qrePTared @RI, dd 3] §R1 3RTcedl ATl
TRSSIBR USci 310 HifTdel ST, ATAT H 31 oTd 3R @R
I foaIRTeT 1 3T STETeTl ARBIVde JHid U7 Tell
dSTAS RTaT B... TR 31 BIe] Q1] HIgAThS ATel. 9uT

U1 ST BIcaIgRdl. STAq0T FIRIT . AT
fvaror fédia, wrd 3= fraror HETfaererard, qor T IRIdia
gdds v 31101 A h T fArEToT 3 BT A ST ?

HIST Teaufl TR FRISH dictel ST, AIhdlhbe
R E1d. 5 WaTet AUTRY Hed & Sietraeh. e qr-e
AT I AIGATSAREAT BT, TSI fefgol-areor &
FHATAIRIA Bld. R foRI=IT STAuREd SU1 3RTeIH S
¢ HRTdeerii Sia-Td {THT Jactet avl o BRY 318 el
Y. 7T QM AT GSATAAT auid 39edT AU $1H
30T AP 371E, A ST 3Ther TPl 813
2, 31 HTSY Hel 318

TR R 9F Soa 3 "ea sa, A
RIS G B1?

AT BRI TraTcTl JHI SASTUST HTJHTST ST
3IRIPT 9gd. gusiid Wifldal &) gAen #g YoH
TRISIBRUT, fEdesRuT Bl 30T 737 FHSLA &l ATHed dod
ST, I°Ted IRYH PBRIA APTd d I BRI AIPId ATéld.
TS A STRA &SP ATHAT 8ld 3 Al dred.

T sireadideie...

feeita Feft

3= FAUTd ST ATeAH 311 B ATEN ?

Rl ST yedl fAeroT 8 3T dl <& A
Sgdier AR, Afeet € Surshia 3ucies 3. Hwsad: gt
fASTTARIRG A fRId 3Tl R & THTUT STRAS 3191, &l
Hifg T AT AT SR 3R R Jrelell Syl IivTel
IR &4,

YU STOIATS A depdl 3Tas Eidl, A
Hefl T 371d 3 qTeed B2
TSI 8. quT Hfedaan Yo TR 30 s & Qi
fw Ueps 81 A ATEHd, 31 Hell iR . Hell A5
Ueh-G- [qu7id IR BIdt. T o 313 ST U1 3RATIedT
gad. STR fav 93 e ST 37 WIfest. A 3
GEaUATE St BRIGT BIdT Addh I HgvaTal 3RAd!. 907 31907
g 3 31 HUIEHe Rl o Jbrd . Pell AR A
Qe e e, €1 5 geit 3118 oft 3R 3 Hetrare.

YT iR TS 2138 T B1?

SIS S ol UehGH SPTG! Bieil. TS el 371101 AT
ATGTEAT STST AT, &1 Uobd 3Rl 6T St ST, qot
3% o fGefl. @it ST AT ot 3TFTeT FPTHe
AT 90T 46 Y& 31 Gl ePTed & 317s1 off fSieraid ane
FPL AR ot e g feaeft I g weT VeRre
BRI, TUTS) dedet 28 ANY... BT AT Y& BRI A, 8
FHS{H Sl W d YR 38gH ol ME Iraell dPre.
TS Hell hiufl 31 Fifidel A8l 6l & qRc o arargell
IR, 3P PI@Id & ardgd Jof R PR... 3 301G
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HESTY0I ITer0) Y& et FRISY, &l 310 fvcrer srem i
WIS T Hl G AT,

FIREAYA A Raw $9 gd? meErRgrdia ¥
A dlh AT TR ARA. ..

HERIYIA G PRUMKAIS! cllh SART AT, Uh
OIS IPTRAT BRI, GHV HISAT AfSeti=1 AeRIel. g
MBIABY B3, AT, B HADBG ATHAT BRI Adt. Hd
BB g MY Gellelidl el ARAYHOT B
HHATDBs el Bichl. AR U Iooid HTdsj HId]
BT Al FEUTS], ARTIURTE IRT i,

APTUINRE! U ATSA0T INE IS AT Ieidd sl
PSB! IR TRAT IR ARIHR I B, dgl
3PTE YgTe UgTe. 3T o 37T afedHT HIvT APR?
Al AR & STEEGRT et A0 H TR 33
37fd foHIETSi 37ciel 3T SIFTd I ATl
I TR B d P 3R,

TPTAT T8 B, o afcTiien A 1S gid, AeAneH d
IfSHT & B A B bl 3T AoaTlodId od. Tab asht
it 3TFETAT FEUTS! Hed 3101 HTST HTaTell SelTgd HibTdel
Bl el <18 U WRId el 38T, JH! 3118 fahar e gAeh
ITcb! STH BT, el Plerd I el & DIal sRIaR el
I WUHA il HIS ARSI dldel. Wdl el
TIPS BRUR AR 31 dietel TV T &g Siredl. 9ot
it 3TE-TfSeTiICHIA Il & Wifldd. Sddd Aél R
3T 31ART HRATT Befia faTd ATel BUA bR b,
JTaR 37T BRH I a1 R AT LB AR i
HTGTCAT SR 3T B! Jad APT0l IR AT
UeqH fadt. 9 SIT 3MIRIhH HSIUT Eiect dedl grelell &l
e 3TAPT 9, 38 FUITe. STTel, ABTINGA 3TTFTeTl
UEIC AGPR 3G faa™ITell IR a1 319 SRUAT BHIA
ST S, HTETC & TRIGRID BId, IS SN HIHT
Wy P 3T 9UT I 3NIRT B0l WAl Yo
BrsTed WY BRIGT SIell. BRUT Y IT YgdlA 30N

AR G§F aPM. UHGT dfedi-l Wk Wisd I
femdisTa g AR STaTEeRT AHR Agde.
Ty il ared Bl 9T i1 835 fAemdis fohRar 3rgret
&1 a1 TSNS ST ATel. d ATl WA aPTer.
3 T SR AT IR, o Siegl Sl HThS 31Ted 8l
degl Ht Th gyl 3R, FiF FRIY e A F
RFR el Fil. a8l M dipeflt PR It
IRAATT 318 AT Ve WRisTd I HaR 6 hie! blgH
feetT ared &id. afSeri=t v & Pblel sferdet 3o &=
EICEGIR

sfigst 3nfor Afa Aavugdla s &
SIOTd el ?

Hgaral TR Tgulsl faeneafd wWiadeq 37id
3NYRATA. SR I S 3N RIHH THHRTA YU doel 3118 dl
DI JY Y claeRined ol Bl ST, AR T
19 @1 300 312 faeneafradicl reamm erard
PId 3. AT STid STelell 3MIIHH 8R) 3113 8l
el ATEN TRl i AHSIUI HTES TS, T Hiehad SR 31
S YT R o RASTIRIRY F@d. AT BT HBR Tl I
SATAT APTd 31, AT &1 51 Aeh g &l ol Hgward] o¥.
Y FARIHATHIAT I cAldeied] Fadi< 39GPT STl
Bfigoed  odSAd  Uhal  UDl  fOwImandl
JRAISRDS ST1d P!, [T BRI Hdel B AT &

S SATE ST 3. AT U BIIel Bl 310,
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d Wia fasm weade 8d. & e
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Dr.Vinita Navalkar

It was exactly 20 years ago that | attended the sky observation program at Vangani for the
first time—and that day marked the true beginning of my journey in astronomy. Since my
school days, | had dreamt of entering this field, but | had no idea how to make that dream a
reality. It was only after coming to Khagol Mandal that things began to change. | met so many
wonderful people here who not only guided me but also inspired me to carve my own path.

With their encouragement, | eventually completed my PhD in X-ray instrumentation at TIFR.

But Khagol Mandal gave me something even beyond academic success. It gave me confidence! Especially
the courage to speak and express myself in Marathi,something I struggled with all through my English-medium
education.l neverimagined | could stand before an audience and speak fluently in my own language. But thanks
to encouragement, | got to conduct the sessions at Vangani, and the articles | wrote for Khagol Varta, I slowly

found that voice within me.Today,being able to deliver lectures in Marathiis something I cherish deeply.

Though I'm not as active with Khagol Mandal these days, it will always hold a special place in my heart.

Whatever I've achieved in my life and career,abig part of it started here,and for that, I'll always be grateful.

Dr. Ashish Karnik
My journey into the cosmos began with Khagol Mandal, an amateur astronomy
organization, where | was actively involved from 1987 to 1991. Those foundational years
ignited a profound passion, as | immersed myself in observational astronomy and public
outreach. | spent countless nights under the stars, learning to identify celestial objects,
operate telescopes, and share the wonders of the universe with others. This hands-on
experience, coupled with the intellectual stimulation from fellow enthusiasts, directly
paved the way for my academic pursuits. It was this deep-seated interest in the cosmos that propelled me to
pursue a Ph.D. on star-forming regions. While my professional path ultimately diverged towards systems
software and performance engineering of distributed systems, the analytical skills and the insatiable curiosity
fostered during my time at Khagol Mandal remained invaluable, shaping my problem-solving approach in an
entirely different field.
| am presently leading foundation technology team for Druva working in the domain of data protection
andsecurity.

Yyl www.khagolmandal.com



Dr. Aniket Sule, President, International Astronomy and Astrophysics Olympiad
Sl HaeId HY ufgeial 3TTal df 2330 A< et Hie=ard. Y Teh Iradid 3RTeIT gfgett
AH-aR o AT FAcshH Hth &) JEIARY AR ST H1101 arHTerdTde Jedeh drar g
BIdL. AT PISId 3-dbal NBRIGIHT BRIGHNIS (V&idh M) aPofie e, Hesre
TIAAe 3NYIHHTA YT ARIeh 3101 I1sild fReufig Il & fGoiell @I 3o JATd
ER & fEctl. T H 3Tdld 3RIAHT 2384 WIRT JAAEUT IIeura APT HEDH S[obqd
3TOTEAT. IROUTH SRTAT 30l Ssuid 8T faaR SIaITd Udrdhl SITel &1l o ST Tel JINALRAT
BIRIA BRI 3Te. AT ATSH TNANATITAC ATSTaRd! BRDBIG ol HedHod 31Te 3R HY STHIUT FgU] sl BIHT 1T
s 8T FHgid @i HifcfRE TEEaR! JITGSAHT HeaId fRIGced e S aToR ald 31T, IE T
TBIAFANGUTIT IR, GG 2T BTATBV!, ARTUISTARA SIcTUATH BT, 3T dldbiNel FHTUT Bruar e, 31eh A1t
TS HRAT IS . HE BT IS T YOI BT 3IRTATT e e e @e 3NIRIasi-1 Hee 312fie IRom &d W8 g afee!

Dr.Sanhita Aditi Joshi

2334 HTet! WMl HS BT TN doeiedl GUIGH AT dosl HIST Wollel Heal2f Ufgediar
Y ST, Y AT GeTdid &l Hell f2fcl Al 3asel FeufA 1l fA STieT dpTel. Ie Hl Siige 9
3iTegReHeH diu 2l et B¢ 0 HaUR PTes Sarad 311 faaR HY AT doetl ATel. ATar i
fAGTdsT e T B &d. 37TdT B¢ 3701 B Qg fSHIUN AT dAsTHIEEd AT TG
SIcTd APTd. TPTOTAT 21-UTerQ) Aleh RTHIR SCTURTIREA eI AT THST e S8 cleh =T AP
ST STl T Hedl 377781 3UAPT 8l

Dr.Sandesh Kulkarni

Since childhood, | was always curious about astronomy. | even used to cut astronomical
newspaper articles during school. Though I scored well in the Engineering entrance exam, |
chose to study science because of my love for astronomy, even when my brother was doing
engineering. At that time, | didn’t know the right career path in astronomy. My uncle helped
me search online and found Khagol Mandal, an astronomy group. | attended their sky
observation program and then started going to their weekly meetings. Khagol Mandal gave
me great guidance, knowledge, and the chance to learn from experts. | also got a chance to

share my ideas, speak to large groups, and guide younger members. Later, | earned a Master’s in Physics and a
PhD from Max Planck Institute in Germany. Although | switched to software development after my PhD, the
skills and confidence | gained from Khagol Mandal helped me succeed. Today, | lead a team of 30 software
engineers at Fatakpay Digital, a fintech startup. | owe much of my success to the strong foundation Khagol

Mandal provided.

Dr.Sagar Godambe

Words fall short when | try to express what Khagol Mandal and its wonderful people have
meant to me over the past 29 years. What began as a curiosity for astronomy turned into a
lifelong journey of growth, learning,and friendships that have touched my soul.

Through countless overnight sky-watching sessions, | not only gazed at the stars but also
found a sense of belonging and purpose, shaped by the encouragement, warmth, and
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genuine camaraderie of my fellow Mandali. The intellectual interactions and shared passion for science played
a crucial role in shaping my career, supporting me all the way from early fascination to a PhD and beyond into
postdoctoral research.

Yet,Khagol Mandal offered more than just science. It gave me a vibrant community, filled with music, treks,
joyful moments,and bonds that continue to uplift me.As I reflect on this journey, the starlit nights and heartfelt

connections remain etched in memory—treasured experiences that continue to inspire me every single day.

Dr.Darshan Joshi

Dr. Darshan Joshi is a theoretical condensed matter physicist and an Assistant

Professor (Reader-F) at TIFR Hyderabad. His academic journey began at IISER Pune,

where he completed an Integrated BS-MS degree with distinction,followed by a PhD

(summa cum laude) from Technische Universitat Dresden in 2016. He then held

prestigious postdoctoral positions at the Max Planck Institute for Solid State

Research in Stuttgart and at Harvard University. His research spans a wide range of

topics including unconventional superconductivity, topological phases, quantum

criticality, and non-Fermi liquid behaviour. Dr. Joshi has published impactful work on SYK-model physics,

topological excitations in programmable Rydberg arrays, and quantum magnetism. He is the recipient of

several fellowships, including those from Leopoldina and the DFG. Beyond his academic accomplishments, he

has a long-standing interest in astronomy and was actively involved with Khagol Mandal, a Mumbai-based

amateur astronomy group. Dr. Joshi is also committed to science outreach and education, recently helping
launch a TIFR-wide survey for undergraduate and early graduate students.
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