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& Editorial

Science is a way of understanding the
world. A quote by C.V. Raman which adorns
one of the tables in the library says that -
'The essence of the scientific spirit is to
understand what a wonderful world it is.'
However, science and logic alone gives a
very incomplete picture of the world. The
arts provides a way to understand and
express feelings and emotions that often
seem to defy logic. To participate in
society, one cannot be restricted to their
own field of expertise and one must
understand politics, cinema and write and
think about what they see and hear and try
to solve problems. It is also not true that
artists and scientists need be distinct.
Einstein once remarked, "After a certain
high level of technical skill is achieved,
science and art tend to coalesce in
esthetics, plasticity, and form. The greatest
scientists are always artists as well."

Keeping this in mind, we the students of the
physics department are publishing our
annual magazine UNMESH, giving an
opportunity to all the students to express
the world as they see it. This year's
magazine is a look back at the year gone by
and contains diverse contributions ranging
from politics to spiritual musings from
faculty members and students spanning
three batches.

-- Editorial Board
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An open letter to stud

Dear students,

| was told in high-school that everything in
the nature can be represented by an equation.
With the techniques learnt in high-school, we
could solve any problem at that level. It was
such a confidence exuberating experience.
Then as we went to undergraduate and
graduate studies, this confidence got brutally
challenged repeatedly. We came face to face
with the actual problems of nature. Be it
superconductors, quantum gravity, prime
number distribution, artificial intelligence,
universal language and so on. The excitement
and confidence with which we started, soon
faded away. The problems appeared to be
unsolvable. Doubts crept in, when we saw
highly recognized leaders of the field
spending their whole lives without moving an
inch. On top of that social, gender, biological,
financial pressures seemed to overtake us
completely. | am sure all of you will go through
this soon. But remember, all the problems of
nature have a solution. Knowing this in heart
of hearts helps to wade through thick and
dense mesh of ignorance during difficult
times.

At the end solution is bound to emerge. | want to
infuse all of you with the same confidence. here
is no problem which cannot be solved. What is
required is perseverance and strong mind.
Everyone can attain this with self-discipline.
Blood-n-blessings of countless rishis are
coursing through your veins-n-nerves. Be trail-
blazers in your field. My heart says many of you
will make big breakthroughs.

I will re-state the famous saying of the sage
Shvetashvatara.
geT gHacreRIl TefRisaf=y AEaT: |
JeT SqufaTa gt wfasafy ||
“When we can roll up the space-time like a
carpet, then we can end all the sorrows and
fear.”

Godspeed to you alll!!

Jai Thakur, Maa, Swamiji
With love,

Br. Atreya

24th November 2022,
RKMVERI
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C.N. Yang : A century of Physics

Often, while walking thorugh the Tsinghua
campus among the locust trees and gingkos you
might find an old man with a cheery smile leaning
on a stout walking stick. Do not be fooled! For
behind the small exterior lies a genius brain who
played a crucial role in one of the most
revolutionary moments in 20th century physics.
Yang Cheng-Nin, currently the honorary

director of the Institute for Advanced studies at
Tsinghua celebrated his 100th birthday on the
1st October. Born in the Anhui province of China,
Yang's high school years were marred by the
invasion of Japan and the Sino-Japanese War
(1937-1945). He continued his studies
throughout the war,earning a bachelor's degree
from Tsinghua university in 1944. After working
as a middle school teacher for a year he moved
to Chicago to attend graduate school. Yang
initially wanted to start out as an experimentalist
and joined S.K. Allison’s lab on Fermi's
recommendation. But he wasn’t very successful
as an experimentalist, his fellow experimental
students even coined a phrase for him - "Where
there was a bang, there was Yang.” Neverthe-
less he successfully participated in building a
Cookcroft-Walton accelerator. Ultimately the
accelerator experiments were unsuccessful and
he switched to theory, working under Edward
Teller for his PhD thesis titled - “On the An-

gular Distribution in Nuclear Reactions and
Coincidence Measurements.” He stayed on for a
year at Chicago working under Enrico Fermi,
before moving to the Institute for Advanced

Sutirtha Paul
Second Year (2021-23)

Fig 1:
C.N. Yang at IAS

Study at Princeton in 1949, where he began a
long and fruitful collaboration with Tsung-Dao
Lee which would culminate in their joint nobel
prize in 1957.

A connecting thread throughout Yang’s career
has been that of symmetry. This lifelong
fascinaion started at home when he thumbed
through his father's [1] books on abstract
algebra. He was introduced to group theory
through his professor T.Y. Wu who gave him a
review article by Pauli.

The key result in the use of symmetry in physics
comes from Noether's theorem, which states
that there is a conservation law corresponding
to every symmetry in nature. In the Lagrangian
formulation, symmetry refers to the

invariance of the Lagrangian under a group of
infinitesimal transformations. As an example,
the conservation of momentum arises from the
invariance under space translations while the
conservation of angular momentum follows
from the invariance under space rotations. The

idea of gauge (or “scale”) invariance first stems
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from Hermann Weyl in 1918. Weyl had been
influenced by the symmetry in Einstein's
relativity, invariance of the equations under a
general coordinate transfromation. He had
hoped to use a similar scale invariance as
symmetry underlying charge conservation.
This was however proven to be flawed by
Einstein. Fritz London showed in 1927 that the
symmetry behind charge conservation was a
local phase invariance i.e. when the phase
angle becomes a function of x, y, z and t. This
idea, also called gauge invariance was
considered to be unique to electomagnetism
for a long time.

Yang began working with the idea of
generalising gauge invariance during his
graduate years without much success.
Following a permanent appointment at IAS,
Yang spent a year at Brookhaven from 1952-
53, where he met Robert Mills. Mills was a
mathematical physicist who was quite familiar
with quantum electrodynamics and thus
provided an ideal complement to Yang'’s

own knowledge of field theory.

Fig 2:
Robert Mills

Yang’'s idea was that he wanted to treat the
isospin [2] symmetry in the same way as
Electromagnetic phase symmetry. The idea of
gauge invariance in electromagnetism as
described in the previous section can be
flipped around to make it more fundamental:
taking it as the principle that determines the
form of the Lagrangian. By postulating the
local symmetry group of the Lagrangian and
taking into account gauge invariance we
uniquely get the Maxwell-Dirac lagrangian of
Quantum  Electrodynamics. Similarly, by
starting with a more general non-abelian [3]
group we can derive the Lagrangian for a
theory. This was Yang's main idea. The
difficulties he had encountered working alone
were solved while working with Mills.

]‘ T =7 7
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Fig 8: The Yang-Mills Lagrangian. The second line is the
expression for the field strength tensor. The small f's in
the expression refer to the structure factor [4].

As can be seen, the obtained Lagrangian was
non-linear containing cubic and quartic terms
in the vector potential. There were two
problems identified by them immediately: the
quantised theory had the same familiar
divergent integrals prevalent in other quantum
field theories and some kind of
renormalisation was required. The second
problem was the prediction of massless Yang-
Mills particles. The Yang-mills bosons were
predicted to have spin 1, but experimental ev-

5
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-idence at that time ruled out any such particles.
On realising that these problems were not
immediately solvable, they published their paper
in the January of 1954. These questions have
now been mostly answered and Yang-Mills
theory forms the backbone of our understanding
of sub-atomic particles and the strong force.[5]

Yang then along with Lee turned his attention to
the tau-theta puzzle plaguing particle physics. In
1924, Laporte analysed the atomic spectrum of
Iron and discovered that the states could be
classified as ‘primed’ or ‘unprimed’ states. Three
years later, Wigner proved this was a
consequence of the mirror symmetry of the
electromagnetic force, thus establishing parity
conservation on firm footing in electromagnetic
theory. Everything in physics thus far pointed to
a complete mirror symmetry in the laws of
physics. The apparent asymmetry in the real
world was put down to initial conditions. This
was the situation when the weak force was
postulated in 1949 to explain particle decay.
Parity symmetry was well established
experimentally in both the strong and
electromagnetic forces. Thus, there was no
reason to believe that the weak force would not
follow the same. However, some curious
experimental results over the next couple of
years began puzzling physicists. Rochester and
Butler at Manchester reported the discovery of a
‘theta meson’, a neutral particle which
disintegrated into two pions. Two years later,
Rosemary Brown a student in C.F. Powell’'s group
at Bristol identified a similar particle which
disintegrated into three pions. Powell dubbed
this the ‘Tau meson.’

This developed into a situation where we had two
particles identical in mass and lifetimes but with
different parity. [6] At the 1956 Rochester
conference, Lee and Yang discussed the tau-
theta puzzle with their proposal of parity
doubling: certain elementary particles occured in
nature with two different forms of parity. In
response to their proposal, prompted by
experimentalist Martin Block, Feynman asked
whether parity might be violated in weak
interactions. Lee and Yang replied that while they
had considered the possibility the results were
unclear. At the same conference, Wigner also
suggested parity might be violated in weak
interactions. This prompted Lee and Yang to go
over the evidence for parity conservation in weak
interactions. They found that although it was
largely accepted, it had never been verified
experimentally. Six months later in a seminal
paper, they proposed several experiments to test
parity conservation in weak interactions. Their
proposal was met with much scepticism among
theorists, succintly illustrated by Pauli’'s immortal
quip “Ich glaube aber nicht, daB der Herrgott ein
schwacher Linkshander ist.” (I do not believe god
is a weak left-hander). [7]

Nevertheless, experimentalist Chien-Shiung Wu
[8] already renowned for her experiments on beta

Fig 3:
Lee and Yang
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decay, decided to carry out on of the proposals
Yang and Lee had put forward. The basic idea of
the experiment consists of measuring the beta
radiation from a Cobalt (Co-60) nucleus. A rough
model of the Co-60 atom is that of a sphere
spinning on it's axis, with beta radiation emitting
in all directions.However at extremely low
temperatures (on the Kelvin scale), the thermal
motion of the molecules reduces and it is
possible to order the nuclei using a strong
electromagnetic field. At that point, beta
radiation is emitted only in two directions:
towards the north and south of the magnetic
axis. If parity is conserved, equal radiation will
be emitted in both directions. Madame Wu’s
experiment showed otherwise! More radiation
was emitted in the south direction.[9]

News of the initial success reached Columbia,
where Leon Lederman along with his students
Marcel Weinrich and Richard Garwin began work
on an independent test of parity non-
conservation using the cyclotron. This was
another proposal given in Lee and Yang's paper.
They showed the muons emitted in pion decay
would be polarised along the direction of motion
if parity is not conserved.The symmetry in the
electron distribution in the subsequent muon
decay would depend on polarisation of the muon
beam. Lederman’s results showed a huge
asymmetry in the distribution confirming the
non-conservation of parity. A joint paper with Wu
was published in January of 1957. Columbia
celebrated by calling a press conference where
Isidor Rabi remarked, "A rather complete
theoretical structure has been shattered at the
base and we are not sure how the pieces will be
put together.”

- T Fig 4:

£ 7 Ho o Decay modes used in
; ' Lederman's

M e B =1 EI"" experiment

Lee and Yang were awarded the 1957 Nobel
prize in physics for “their penetrating
investigation of the so-called parity laws which
has led to important discoveries regarding the
elementary particles.” Yang stayed on at IAS till
1966, a period of 17 years, which he later called
the most productive period of his life. Along with
Lee, he worked on intermediate bosons, phase
transitions and formulated the concept of the G-
parity, now a fundamental quantum number. He
was offered the directorship of IAS by
Oppenheimer in 1965 but he turned it down in a
letter saying - 'lt is quite uncertain that | will
make a good director, while it is quite certain |
shall not enjoy the life of a director." The very
next year, he moved to Stony Brook to become
the director of the newly established Institute
for theoretical physics (currently named after
him). His work during this initial period along with
his student C.P. Yang focused on statistical
mechanics. It was during this time that two of his
papers used the now named Yang-Baxter
equation to exactly solve a many body
Hamiltonian. He retired from Stony Brook and
returned to China in 2003 to become the
honorary director of Tsinghua university. To this
day he remains attached to the university and is
often seen on walks around the campus.

Acknowledgement: Special thanks to Sanjoy sir for his
suggestions and for proof reading the article.
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Notes

[11 C.N. Yang was the son of Ko Chuen Yang, who
obtained a PhD at Chicago under the American
algebraist L.E. Dickson. Yang Sr. would later become
the chairman of the mathematics department at
Tsinghua.

[2] Isospin symmetry refers to the symmetry
between neutron and proton: the strong force does
not distinguish between them.

[3] Non-abelian group refers to groups in which
group multiplication rule is not commutative. For
example, three-dimensional rotations don't commute,
i.e. the final result depends on the order of rotations.
They form a non-abelian group.

[4] Structure factors determine the product of two
basis vectors as a linear combination of the
remaining basis vectors.

[5] Proving that a quantum Yang-mills theory exists
for any gauge group and has a positive mass gap
(energy difference between the two lowest energy
states) is an open problem. Solving it can get you a
million dollars! (Look up the Millenium prize problems)
[6] R.H. Dailtz used this to argue in 1953 that the tau
and theta were different particles. Basically, pions
have an intrinsic parity, thus the combined parity of
tau and theta mesons were different.

[7] Pauli in a letter to Weisskopf. Incidentally
Feynman also bet 50 dollars that parity would not be
violated.

[8] It has been argued that she was overlooked for
the Nobel prize, but it's not so clear. For reference
see Overlooked for the Nobel: Chien-Shiung Wu,
Physics World, 02 Oct 2022.

It is however true that it took a long time for
recognition to come her away. She was awarded the
Wolf Prize in 1978.

[9] In a parity conserved world, the labelling of north
and south is purely conventional. We could have
performed the exact same experiment with a flipped
North and South. This result showed that this flipping
actually changed the results and we have a particular

way of labelling the south of a Cobalt molecule: the
direction in which more radiation came out.
[10]Thus, Yang’s research remained largely
concentrated on the two topics introduced to

him by his most influential undergraduate teachers
(T.Y. Wu and J.S. Wang), symmetry

and statistical mechanics.
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Quantum Computation: A new era

Quantum computation is a modern field of
developing technology which uses laws of
quantum mechanics. It links quantum
mechanics,computation, information theory
and many more. It has the ability to change
the computational world. In an advancing
world, quantum computation can open new
frontiers unknown to humanity and answer
fundamental questions which can be highly
time taking in a classical way.

The basic unit of computation is different in
the classical and quantum cases:

Bit: In case of classical computation 0,1 is
the unit of information called 'bit’.

Qubit: The unit of information in a quantum
computation is a ‘qubit’. That qubit could be
an electron, a particle or photon of light or a
molecule of something else. Qubits have
two possible outcomes O or 1 but those
states are a superposition of 0 and 1. In the
quantum world, qubits don’'t have to be in
one of those states. It can be in any
proportion of those states. As soon as we
measure its value it has to decide whether
it is 0 or 1. Quantum computer operates by
controlling the behaviour of particles like
photons, electrons etc. as | mentioned
before, qubit is its unit of information.

Debanjan Dey Sarkar
(2nd year, 2021-2023)

Here the way of operation is completely
different in the fundamental level. They are
not just powerful versions of classical
computers but completely different scientific
understanding.They are much more faster
and many times more powerful. Let us
illustrate this through a simple coin game:

Assume, | ask my friend Madhushri to play a
coin game on a classical and after that on a
quantum computer. It starts with a coin
showing head.Computer will play first. It can
choose to flip the coin or not. Player can't
see the outcome. Next its her turn to flip or
not. Her move will not be revealed to
computer. Finally, computer plays again.
After three rounds the coin is revealed.If it is
head then computer wins. If the game is
played several times, win ratio of computer
remains 50 % in this case.
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Quantum computer won the game almost
every time. Let's understand the reason
behind it. Qubit has a more fluid binary
identity. It creates a combination of head
and tail (eg.60% chance of coming head
and 40% chance of coming tail). No matter
she flips or not the superposition state
remains intact. In its final move the
computer can unmix the head and tail. It
perfectly recovers head so that she loses
everytime.
Quantum has several
advantages:

1.Incredibly fast: Quantum computers are
incredibly fast and effective. They can
perform calculations in a few seconds

for which today’s supercomputers would
need decades or even millennia.
2.Complex Problems: They can solve
complex problems. The more complex a
problem, the harder it is for even a su-
percomputer to solve. When a classical
computer fails, it's usually because of a

computation

huge degree of complexity and many
interacting variables. However, due to the
concepts of superposition and entangle-
ment, quantum computers can account for
all these variables and complexities to
reach a solution.

3.Complex Simulation: They can run
complex simulations. The speed and
complexity that quantum computing can
achieve means that, in theory, a quantum
computer could simulate many intricate

systems.

4.Power efficient: Quantum computers
reduces power consumption due to
quantum tunneling.

Quantum  Computation has  several

potential applications in the modern world:
1. CERN is trying to discover the secrets of
the universe. Using quantum computing,
CERN can find algorithms that pinpoint the
complex events of the universe in a more
efficient way. For example, quantum
computing can help CERN figure out
patterns in the data from the Large Hadron
Collider (LHC).

10
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2.Mercedes-Benz is exploring quantum
computing to create better batteries for
its electric cars. The company is hoping to
shape the future of modernized
electrically powered vehicles and make an
impact on the environment by
implementing quantum computing into its
products in an effort to be carbon neutral.
Simulating what happens inside batteries
is extremely difficult, even with the most
advanced computers today. However,
using quantum computing technology
Mercedes-Benz can more accurately
simulate the chemical reactions in car
batteries.

3.ExxonMobil is using quantum algorithms
to more easily discover the most efficient
routes to ship clean-burning fuel across
the world. Without quantum computing,
calculating all of the routing combinations
and finding the most efficient one would
be nearly impossible.

4..Teams at Mitsubishi Chemical and Keio
University are studying a critical chemical
step in lithium-oxygen batteries: lithium
superoxide rearrangement. They are using
quantum computers "to create accurate
simulations of what's happening inside a
chemical reaction at a molecular level.

There are several problems preventing the
construction of quantum computers:

1.Hard to construct: They're difficult to
build. As we saw with IBM’s Quantum
System One, a functional quantum
computer needs a very specific set of
conditions to operate. They require
unique components, massive cooling
systems, and expensive technology to
run at even a basic level.

2. Quantum collapse: Measuring the state
of a qubit destroys the original quantum
state which was measured.

3.Temperature:  Quantum
require cold environment

computers

11
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Breaking the attosecond barrier

Sutirtha Paul
2nd Year (2021-23)

What is matter made of?
Atoms

What do atoms contain?
A nucleus and electrons

What do the electrons do?
They move around the nucleus.

How do we know that? Can we see them?

The discovery of atomic structure and electrons is a
substantial achievement in human history and one that
was made indirectly. Rutherford’s gold foil

experiment, Perrin's brownian motion experiments and
Milikan's oil drop experiment all provided evidence from
which the atomic structure was inferred and further
predictions based on developed models were verified
experimentally. Even in Bohr's model, electrons
completed an orbit in a time of around 150
attoseconds, a time so short that it is immeasurable. Or
rather was. Thanks to some groundbreaking work,
attosecond probes became a reality at the turn of the
century and the 2022 Wolf prize was awarded to Anne
L'Huillier, Paul Corkum and Ferenc Krausz for their
pioneering work in establishing this field. The basic
technique of pump and probe spectroscopy was the
brainchild of Toepler in the

12

WOLF FOUNDATION

2022 Wolf Prize in Physics

The acclaimed Wolf Prize is awarded by the
The Wolf Foundation to outstanding
scientists and artists from around the world,
(regardless of nationality, race, colour,
religion, sex or political views) for
achievements in theinterest of mankind and
friendly relations amongst peoples.

Ferenc
Krausz

Anne Paul

L'Huillier Corkum
“Anne L’'Huillier, Paul Corkum, and Ferenc
Rrausz share the 2022 Wolf Prize in
Physics for pioneering and novel work in
the fields of ultrafast laser science and
attosecond physics and for demonstrating
time-resolved imaging of electron motion
in atoms, molecules, and solids. Each of
them made crucial contributions, both to
the technical development of attosecond
physics and to its application to
fundamental physics studies.”



J(EY 203

micro
Observation of

intermediates of
chemical reactions
(Eigen, Normrish, Porter)

Pump-probe
spectroscopy
(Toepler)

104

nano

Real-fime observatio
of the breakage of
chemical bond
(Zeweil)

-

=
&

1

Optical synchronization
of pump & probe pulse
pico {Abraham & Lemoine)

Real-time
observation
of electronic
motion deep

vibrational inside atoms

period of H,

Briefest events measured [seconds]

structural dynamics

electronic dynamics

atlo atomic unit
of time

10 i L) L L)
1850 1900 1850 2000
Year

Fig 1: Evolution of techniques for real-time
observation of microscopic processes. Discontinuities
in the slope of briefest measured events versus years
indicate revolutions in technology. Taken from F
Krausz, The birth of attosecond physics, Phys. Scr. 91
(2016) 063011

1850’s long, long before the atomic structure
was even conceived of. But in the hands of the
extremely creative people it has been taken to
new heights. The technique consists of
generating a wave with a short pulse and then
using a second pulse to photograph them. The
main obstacle was the duration of the pulse.
Conventional light sources limited temporal
resolutions to nanoseconds but this was used
to good effect by the chemists Eigen, Norrish
and Porter to observe intermediate
compounds formed in chemical reactions.
(1967 Nobel Prize in chemistry). The invention
of lasers ushered in a revolution and the work
of Zewail (1999 Nobel Prize in chemistry)

improved the temporal resolution to
femtoseconds and made possible the
observation of breaking and forming of
chemical bonds. Progress was again halted
when the femtosecond duration of laser pulses
began to get close the oscillation period of the
pulse carrying light. A probable solution to the
problem was high harmonic generation: using a
laser source to generate frequencies much
larger than it. In a series of pioneering
experiments Anne L’Huiller experimentally
demonstrated the isolation of coherent
radiation in extreme ultraviolet regime (XUV)
using infrared lasers. A theoretical description
of HHG was given by Paul Corkum in 1993. (See
Fig. 2) He proposed a three-step model: on
irradiating a nobel gas with the laser source, an
electron gets ionised. This electron travels for
a time under the light field before recombining
with the atom emitting it’s kinetic energy plus
binding energy.

a) b)

) %
@ ®
Fig 2: Paul Corkum's semi-classical recollision model.
Taken from A. von Conta, An Introduction to High-

Harmonic Generation: Towards High-Harmonic
Spectroscopy, project report.

-
- =
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A single attosecond pulse is necessary for
spectroscopy to capture electronic phenomena.
This required the control of the electric field in the
laser light on a time scale of the field oscillation.
This proved to be an experimental challenge and
took several years to overcome. Uncontrolled
shifts of the phase of the carrier-wave with
respect to the amplitude envelope of the pulse
caused significant variations in the evolution of
the electron processes triggered and driven by
these fields. Apparently, this deficiency needed
to be fixedA technique called the frequency
comb technique, invented by Theodor Hansch
was utilised to eliminate this. Ferenc Krausz
played a pivotal part in this and was the first to

demonstrate isolated attosecond pulses in the
laboratory.Thus attosecond pulses can

be used as both a pump or probe in pump-probe
spectroscopy allowing us to image electron
processes. So far attosecond probes have only
been applied to simple systems. There is a

wealth of information waiting to be discovered in
complex systems and newer techniques still need
to be developed . Attosecond probes can also
shed light on a number of important questions
such as the time response of matter, how
correlation affects the flow of information

and the ultimate limit of signal processing rate in
classical computing. All in all, this is a very
exciting time in the field, so stay tuned for morel!

Fig 3: Ference Krausz in his lab. Taken from Y.
Bhattacharjee, Measuring the immesaurable, Nature,
412, 474-476 (2001)
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The hidden colours of the night sky

Vishal Khan,
2nd Year, (2021 -23)

¢

| EEEEED

We usually visualise the night sky as a dark black
background with prominent twinkling stars. But,
that's not the full picture. It too has different
shades and gradients of enriching colours which
we can't see with our incompetent naked eyes.
Just a high end telescope and a camera can
capture this beautiful nature of the sky. This is a
report on how we used the telescope at
RKMVERI to capture the exact image of Orion
Nebula(Messier-42) .

Setting Up the telescope:

We first mount the telescope, balance it with
weights to stabilise the centre of mass and
calibrate the telescope, objective and red dot
sight with each other. This setup is placed facing
the North Pole (towards the Pole Star) for Polar
alignment (the Mount must be at its home
position). Entering data values of date, location
and time will lead to a list of locations of various
celestial objects visible over the sky from that
location. For greater precision in locating
unknown objects and sidereal tracking the
telescope can be aligned with various known
visible objects over the sky (preferably equal
number of objects on eastern as well as western
hemisphere) will lead to greater precision.

Capturing Frames:

We point the telescope towards the nebula to
start taking photographs. Sidereal Tracking must
be kept on in order to automatically track the
object.

Instruments used:

1. Celestron Telescope (Focal
Length-2.8cm, 11")

2. Equatorial Mount (CGX Ready)
3. A Red dot sight (2X)

4. 10X Objective

5. A Camera/DSLR (Cannon Ré6)
6. A Laptop (if required)

While capturing we have to pick up the best
combination of ISO speed, exposure time,
temperature and shutter speed. The image can
also be captured in four different frames:

1. Light Frames: Actual images of the object

2. Dark Frames: Capturing photographs with no
signals into the sensor with the same
combination as in Light Frames.

3. Bias Frames: Same as that of Dark frames
just having the shortest available exposure time
in camera.

4. Flat frames: Capturing a bright white object
like an white piece of cloth illuminated by bright
white light in the exact same combination like
light frames except the exposure time which will
be automatically decided by the camera in auto
mode.

Each of these have their own significance.

15
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They remove dark signals and readout signals
and electronic noises of the camera sensor. he
number of light frames taken increases the
chances of a clear final image, usually more
than 40 frames is quite good enough. All the
other kinds of frames must be taken, about 20
frames each.

Stacking the frames and processing:

To get a more clean and clear image, we have
to stack all the frames captured together. For
this we used DeepSky Stacker which allows us

r

L d

to control various parameters like percentage
of stars to be stacked,etc.

Finally, we use Photoshop to curve out the
photograph's true original colours. Stacking the
pictures sometimes hides some of the true
features of the image. We have to make sudden
changes in contrast, brightness, colour

gradients, saturation, curves and levels. Finally
we use the noise removal tool in Lightroom. The
final image will be evident of reduction in noise
when compared to the light frames.

Fig 1: The photograph in various stages of processing and the final result. The pictures were captured at
midnight on 18th Jan 2022 by Bhaskar Mondal and myself under the guidance of Abhijit Biswas and Akshay

Panda.
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My big house

Sutirtha Paul
2nd Year (2021-23)

I own a big house.

I live in it. All alone.

It’s got many rooms.

So many, I’ve lost count.
Monsters live in some, I’m sure.

There are two guards at the gate.

One of them wants to keep it shut.

The other wants to open it.

They are constantly fighting.

Sometimes, people slip past them, inside.
Sometimes, I slip past them, outside.
But I like them, I’ll keep them.

Big trees have grown in front.
They block the light.
Occasionally, I cut their tops.
Sunlight then comes through.
All the rooms become bright.
But the trees grow again.

It becomes dark.

I need to cut the roots.
But, I need men and bulldozers.

Until then, I will continue to live in the

dark.
In my big house, all alone.
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Finest cinematic yearning of all time:

In the Mood for Love (2000)

Set in 1960’s British Hong Kong, In the
Mood for Love tells the story of Mr. Chow
and Mrs. Chan who have just moved into
the same apartment with their respective
spouses. Soon to discover that both of their
spouses have been cheating on them. If
this is all one knows about the movie, one
might wonder how did such a superficial
plot secure In the Mood for Love a place in
sight and sound’s greatest films of all time.
The ingenuity is in Wong kar wai's story-
telling and phenomenal cinematography
which we'll discuss as we move on.

The first thing one notices while watching
the film are the frames within a frame of
almost every shot, i.e., characters are not
only confined within the rectangle of the
screen but also smaller rectangles of
objects, creating a sense of lack of space
which perfectly depicts how little privacy
1960’s Hong Kong community had in
general. By placing an object in the
foreground Wong tries to enhance the
feeling that the characters have of being
observed, not to mention our own feeling of
being observers, quite similar to the
residents of the building.

30

Avipsa Chakrabarti
2nd year, (2021-2023)

The real action of the movie is in the
postures, glances and touches. Restrictions
to the conversations and actions again
enhances how constrained the two
characters really are amidst the constant
threat of gossips. In the Mood for Love is
visually and dynamically very consistent. It's
so self-contained that we only see a handful
of locations repeating throughout the film
which creates an effect of returning again
and again to the same thing. The only thing
that is very prominently changing throughout
the film is the inner lives of the two leads.
This change is also controlled by themselves
as Mrs. Chan says,

For us to do the same thing... would mean
we are no better than them.”




Both the leads are drawn towards each
other by the pain of betrayal the other
might have felt but at the same time are
held back by the moral stance each
believe the other has taken. One of the
scenes where we can easily compare the
change is that of Mr. Chow and Mrs. Chan
crossing each other on their way and back
to the noodle shop. The scene is repeated
multiple times throughout the movie and
each time their glances embody different
emotions. One of the most extraordinary
element of the movie is what was just
introduced after they admit the affair of
their spouses. Instead of confronting the
situation head on, they decide to
understand exactly how it happened. This
gives us some of the most incredible
scenes of the movie: a series of very
complex interplay. Although the movie
focuses on the two leads, the other two,
their spouses, lurk like phantoms through
the emotions and conversations of their
better-halves.
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In the process of their understanding, they
almost subconsciously try to control. their
own betrayal by infinitely delaying the
moment in which they have to see things
as they really are. They choose to stay in
their fantasies. A tragic and twisted state
of affair. As Wong Kar wai himself said, that
if Tong Leung and Maggie Chung were not
as beautiful actors as they are, the
darkness at the centre of their characters
and their fantasies would be too obvious.
When the two characters finally let the
brutal truth rush in, their fantasies come
crumbling down. At the end, only the mere
possibility of a connection sustains them,
not the connection itself.

In the Mood for Love is a gorgeous, quiet
and painful portrayal of what happens
when the frames that we live in, break.
When the fantasy only serves one to keep
in the pain it was created to avoid. It’s like
temporarily living in the middle of a storm.
And the reason of the movie being so
heart-breaking yet appreciated is because
this fantasy is really common to all of us.
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A subtle quest for hope:

Taste of Cherry (1997)

For years, Iran has produced cinema
which are both thought-provoking and
beautiful. Running under strict censorship
laws, Iranian cinema doesn’t seem to
ignore sensitive elements of the society. In
an era, where censorship is blamed for
degrading quality of cinema, multiple
excellent cinemas have come up from one
of the most censored film industry in the
world.

Taste of Cherry (1997) by Abbas
Kiarostami, is a film that has brought both
the director and Iranian cinema to full
international prominence, after it became
the first Iranian movie to win the Palme
d’'Or at the Cannes Film Festival. Before
starting to write about the film, an informal
disclaimer, according to many audiences
and me, it'd be best to watch Taste of
Cherry without reading anything about it
first. The movie should be savoured as
one experiences life. (The liberty is to the
reader whether to continue reading from
this point onwards.) The movie has a
simple question, if life is worth living. The
question seems superficial as over the
years many cinemas have answered it by
putting into frame desires of success and
happiness. While Taste of Cherry

Avipsa Chakrabarti
2nd year, (2021-2023)

has a far more universal take to the question
which makes the viewers realise how the
importance of something as small as a cherry
can save one’s life and thriving for the taste of
it is what makes life worth living. During the
runtime we see our protagonist Mr. Badii pick
up three different passengers in his car and
engage them into long puzzling conversations
to get them help him. Kiarostami alters
closeup shots of the protagonist in his car,
worried about all

the questions the movie makes us think about,
with the wide shots that shows the car
moving through the exotic landscape. And the
effect of this is to make the subject more
inclusive. To create a sense, that its not only
Mr. Badii for whom we care about but for
every crest and trough of the desert sand and
everything that’s living in it.
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While all the three passengers try to
change Mr. Badii’'s mind, one in particular
is more convincing than the rest. An old
taxidermist who agrees to take the job of
burying him, although we never see him do
it in the movie. He talked about everything
to Mr. Badii to help him change his mind,
one of them was when he himself wanted
to take away his life, he shares:

“I'll tell you something that happened to
me. Just after we got married, we had all
kinds of trouble. | was so fed up | decided
to end it all. One morning, | put a rope in
my car. My mind was made up. | wanted to
kill myself. | set off for Mianeh. This was in
1960. | reached the mulberry orchards. |
stopped there. It was still dark. | threw the
rope over a tree but it didn’t catch hold. |
tried once, twice, but to no avail. So,

then | climbed the tree and tied the rope
on tight.Then | felt something soft under
my hand. Mulberries. Delicious sweet
mulberries. | ate one. It was succulent.
Then a second and third. Suddenly, |
noticed that the sun was rising over the
mountaintop. What a sun! What a scenery!
What greenery!

34

All of a sudden, | heard children going to
school. They stopped to look at me. They
asked me to shake the tree. The mulberries
dropped

and they ate. | felt happy. Then | gathered
some mulberries to take home. | had left to
kill myself and | came back with mulberries. A
mulberry saved my life.”

Taste of Cherry has one of the most
interesting endings in cinema. It does not
give us any answers. Instead, the movie ends
by connecting the reel and the real. A
moment where the movie and the real-life
dissolve into each other. In Kiarostami's An
Unfinished Cinema, distributed at the
Centenary of Cinema (Paris 1995), he wrote,
“If art succeeds in changing things and
proposing new ideas, it can only do

so via the free creativity of the people we
are addressing, each individual member of
the audience.”

Perhaps Taste of Cherry’s controversial
ending is not an exception to that. The
message that the movie sends is simple. Life
is not something that is supposed to be
interpreted or analysed but to be
experienced and savoured.
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The House on Grey Street

A bleak November mist whited out the city
skyline as the lumbering old bus jacked up
the heat and drove along the lakefront. A
little park off Orange street has a fine spot
for idle people watching women chatting
by the fountain, eating a club sandwich
with a cup of coffee or even for chasing
pigeons. | wiped away the fog on the
window, and looked out like a cat admiring
the autumn leaves dressing the trees in
golden flecks. Dogs chased each other
and children made weee sounds as they
slid down sand dunes and played, knowing
nothing of people who lost their jobs or
died without respirators. The whole city
was under a literal fog. The rattly bus
turned and drove down the corner shop
that instantly took me back to the days of
sickly-sweet ton cotton candy bought
after school with our pocket money, back
to the days when our future could be told
from the choices scribbled on a folded
piece of paper. Everyday, | rode the bus
number five from kindergarten through
high school. The bus used to take us past
fields and farms on country roads to my
small-town school and back home. Fifty-
three kids in all, packed like little wax-
crayons in a crayon box.

Mariom Mamtaj
2nd year, (2021-2023)

The long ride was rarely boring. As a quiet
kid, | was most pleased looking out at the
sweeping landscape, daydreaming. The
wheels would next pull over to dirt roads or a
street with patches of wildflowers in the
crevices of its painted walls sending
ferocious roots beyond the ground. Silly, |
know - sitting here on the rugged semi-
aniline leather seat of the old ramshackle
bus, staring blankly at the local takeaway
cafe, birds settling on powerlines, grid like
traffic  and rushing pedestrians and
wondering how the houses have ascended in
this city, the lakes shrinked or covered and
the water blackened as twenty summers
slipped away. The school bus was often a
place of ruckus and chaos. The screeching
teenagers at the back and lazy afternoons
listening to Enid Blyton's Wishing Chair after
reaching home. Then, countless numbers of
suns rose and set, and we rejoiced in a
countable number of cherished pockets of
respite from office work. One thing remained
the same, and that is the dusty old path to
the school and back, with tyre imprints and it
probably meant, keep going. As good as one
can remember the good seatmates and the
not-so-good ones, and the children giggling
and jumping around, folding and unfolding
like grasshoppers in the dwindling sun.
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Is understandable, | thought, leaning
against the windowpane dripping with
early morning dew, to be naive and remain
absolutely satisfied to think that summer
afternoon is all there is, and night will
never fall. The little jumpy bus drove down
the bumpy road past the tall trees that
stood up against the wind. It drove past
the brightest skies and the wildest fields,
till with a loud whooshing, it came to a halt
round the Grey street. A flock of inky
crows flew over the bustling crowd at the
bus stop. | started walking along the
empty pavement, sometimes catching a
glimpse of the patient afternoon sun
peering behind the buildings and other
times, the impatient, fast moving low
soaring grey clouds in the sky,
shapeshifting with countless number of
possibilities. "For Esmeralda", was written
on the envelope of the card that I've long
been holding. | unfolded the crooked-
crease fold of the drawing sheet from
sixth grade that had become soft and wet
in the heat of my palm. | recollected sitting
in the balcony of my shabby little
apartment seeking solitude and soon
realising that | was rarely by myself for |
hadn't been able to forget her. Her name

- Estrella, who made a card for me in
middle school. A card in my favourite
pastel colours - on it, perfect azure whorls
meaning clouds and tear-drop shaped
water droplets meaning rain, olive vertical
lines with vivid colours like lemon,
bubblegum, watermelon at the top, which
meant flowers. | took a deep breath and
kept walking, past the conversing
neighbours and barking dogs, the
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overlapping branches and wooden fences till
the shadows of the birch trees on the
pavement retreated and the street lamps
started blinking against the day's last light.
Till finally, | found the house; a quiet house at
the end of the street with an overgrown
porch, shrouded in chrysanthemums and
orchids. But no pair of shoes was waiting
outside near the front door. Only a house, as
quiet as snow. | stood long on the edge of
the street, as million fat brown moths danced
in the yellow light of the buzzing street lamp
and | opened the card again. Inside of the
card, two long words and it read my name in
big and bright letters, "For Esmeralda"”. The
moon pulled up the covers and the houses all
black. One lighted window at a distance and |
think | saw a face with eyes of sorrow. A face
that would never be forgotten. Rain, like big
teardrops, started dotting the sidewalk
making an elegy. Tussling with the infinite-
like feeling right in my throat, | decided |
would wait for the tender grace of another
uncomplicated autumn day and come from
far and distant cold lands to find my friend,
Estrella - who made a card for me in warm
pastel colours.
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Kali, Chaos and Black Hole
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Very few among us can tell others what
Kali is or what is the meaning of Hindu
goddess Kali.

Most of them will say that she is a
goddess of destruction and death.

In this context we will ask this same
question and try to answer it in the light of
physics and cosmology. Kali means ‘Kal’
which signifies the time. She is beyond
time. Another meaning of Kali is which
time cannot contain — emptiness, void.
Noone can escape Kali. She is standing
over Shiva basically indicates She controls
the whole universe.

Kali The goddess with four arms, is often
depicted as grasping in one hand a
machete from which blood is still dripping,
and a severed head in another. With her
other two hands, depending on the
representation, she either displays the
gesture of boon or protection.

41

- - FIET TSP AAN

While she cuts off the head of evil—
symbolised by a human being—she is at the
same time compassionate and generous.
Whereas a black hole is an area of space-
time with gravitational force so powerful that
nothing can escape from it, not even
electromagnetic waves or elementary
particles. In layman's words, a black hole is
so strong that nothing can escape its
gravitational pull, even a small one. Its
tendency is to ingest everything that gets in
its way. Nothing can escape it.

According to Hindu legend, Kali didn't appear
to cause ruin as some have claimed, but
rather to face destruction that was already
taking place. The ferocious goddess Kali was
called upon by the goddess Durga when she
was unable to control the expanding
Raktavija, the demon engaged in a cosmic
conflict. With a sword and a noose in her
hands, the terrifying and ferocious goddess



I 032

Kali is the destroyer and the creator at the
same time. How can be something created
without destroying the previous one?
Whenever there is chaos and disaster,
mistakes on mother earth producing large
natural calamity kali will come and will
dance in his destructing form. Random
events are very tough to handle as they do
not show any specific behaviour and
approaches chaos, chaos in nature directly
signifies Kali has her eye on everything.
Returning to black holes What lessons
about black holes, destruction, and
ourselves can we learn from Kali? Once
more, a black hole is an imploded and
collapsed star. Like death, it is unknown
what occurs inside black holes. We truly
understand the mathematics of black
holes in both the case where they are not
revolving and the case where they are
rotating, according to Einstein's theory of
general relativity, where a "force" is simply
the curvature of space-time. In many
ways, black holes are the most basic
objects in the universe. They also serve as
a metaphor for the limits of human
understanding. Whatever enters a black
hole crosses the point of no return, when
there is no escape, unless a particle or
entity can move faster than the speed of
light. Entropy, however, exists instead. If
they are small enough, these spectacular,
enigmatic entities (black holes) constantly
and slowly lose mass in the form of
radiation known as Hawking radiation.
Although they continue to emit Hawking
radiation, larger black holes that are the
result of the collapse of huge stars
typically get bigger as they ingest
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neighbouring matter. Larger black holes may
have masses exceeding millions or even
billions of solar masses, which can be found
at the cores of large galaxies and quasars.
They ingest surrounding stars as they
develop. Thus, what appears to be "dark" is
actually always illuminating. Therefore, every
new black hole must finally vanish. For big
black holes, it would take longer than the
universe's lifespan, though. Rapid radiation is
emitted from small, primordial black holes
with a mountain-like bulk. Since time appears
to move into "fast forward" once an element
is inside a black hole, even though time
appears to slow down from a distance before
crossing the event horizon, some people
have wondered if black holes would enable
time travel. Black hole research is also
supposed to be a probe into reincarnation.
Every living thing is composed of different
atomic  configurations. Theoretically, a
configuration could change (as in being
destroyed once in a black hole), but the
fundamental components could still be used
to rebuild it. As a result, what appears to be
destroyed actually undergoes a rebirth,
taking on a different shape and a new form
of energy.

The laws of physics that govern what exists
in the universe, what occurs to it, and what
does not happen to it could be said to have a
spiritual manifestation in Kali. Similar to how
Kali is the goddess of rebirth, black holes are
beings of rebirth through the act of
annihilation.
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With their mystery and unknowability,
black holes and Kali transcend knowledge
while yet embodying it. They act as the
limits of the regular world. Even physics
asserts that energy, frequencies, and
vibrations are what govern existence,
despite the fact that we can state that
religious gods and goddesses are human
projections. Not everything is visible. The
assertion that a Kali energy exists in reality
can nearly be considered scientific. Black
holes also span the gap between what is
known and what is unknown.

In the Upanishads the main thing is the
oneness as it says:
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If we can know our true self this world will
be seemed as ‘Maya’ and we will pray for
‘Mukti’. To free yourself from the outer you
we need mother Kali who can teach me
the equivalence of life and death. They are
just two opposite sides of a single coin. If
you accept your life, you ate bound to
accept death, as it is unavoidable.

Thakur Sri Ramakrishna was a great lover
of Ramprasad’s songs on Kali. He used to
interpret the profound meaning behind
Ramprasad’'s songs, based on his own
personal and intimate experience of Kali.
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He says “What Vedas call as Brahman, he
(Ramprasad) addresses as the Mother. He
who is attribute less also has attributes. He
who is Brahman is also 'Sakti'. When thought
of as inactive, He is called Brahman, and
when thought of as Creator, Preserver and
Destroyer, He is called the Primordial Energy,
Kali. Brahman alone is addressed as
mother. This is because mother is an object
of great love. One is able to realize God just
through this love.” So, Kali is the intense and
purest form of love.

‘Who can fully know the infinite God?

And what need is there of knowing the
infinite?

Having attained this rare human birth, my
supreme

need is to develop love for the

lotus feet of God.’

- Sri Ramakrishna Dev

This goddess of chaos is indestructible,
impenetrable and full of terror but
simultaneously the purest and intense form
of love and purity, she dances in destruction
to destroy everything while she creates new
world. So, if we understood Kali, we escape
this cycle of death and born. But as
mentioned before he who realizes Kali
realizes ‘Brahma’ and cannot express others
as it is only ‘Brahma’ which remains
untouched so, no one can describe Kali or
Brahma. As no one can describe what
happens at the Black Hole or in a random
Chaotic system.



I 2032

But although the system is chaotic one can
find a pattern in it, we can understand Kali
with intense love and devotion. As we
approach towards her our ‘I' disappears
and the oneness comes and we say we

everything, we have to stop somewhere
while chasing the knowledge of everything. If
our devotion, our love is intense enough one
day Kali will be understood, Black hole will be
understood, chaos will be understood by us.

know nothing as there is nothing behind

Kali The Mother
The stars are blotted out,
The clouds are covering clouds,
It is darkness vibrant, sonant.
In the roaring, whirling wind
Are the souls of a million lunatics
Just loose from the prison-house,
Wrenching trees by the roots,
Sweeping all from the path.
The sea has joined the fray,
And swirls up mountain-waves,
To reach the pitchy sky.
The flash of lurid light
Reveals on every side
A thousand, thousand shades
Of Death begrimed and black —
Scattering plagues and sorrows,
Dancing mad with joy,
Come, Mother, come!
For Terror is Thy name,
Death is in Thy breath,

And every shaking step
Destroys a world for e’er.
Thou “Time”, the All-Destroyer!
Come, O Mother, come!
Who dares misery love,
And hug the form of Death,
Dance in Destruction’s dance,
To him the Mother comes.

-Swami Vivekananda
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Paramesh Mahapatra
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Down:

1.Shortest path between two points over a surface.
(8)

2.A baryon containing only strange quark. (7)

3.An array of points setup in such a way that each
of the points have identical surrounding. (7)
4.Randomness and unpredictability of a system (or
complete disorder). (5)

5.A solid in which atoms or
unorganised. (9)

6.A fermion that’s its own anti-particle. (8)

7.The point on the celestial sphere just above the
observer. (6)

8.The projection of spin onto the direction of
momentum. (8)

9.A phenomenon of increase in amplitude of
vibration due to equivalence of the external force
and natural frequency. (9)

molecules are

Unjumble, the. wonds,

10. A 2D quasi-particle. (5)

11. Material with deliberately lower finite band gap. (13)
12. Basic unit of quantum information. (5)

13.A heavier meson. (4)

14.Relating to, occupying or having character of space. (7)
19. An operator that commutes all members of a group (7)

Across:

15. The energy or force with which a body moves. (7)

16. Absence of certain superposition of quantum states. (11)
17. Tendency of an object to float. (8)

18. A neutral subatomic particle. (7)

20.The condition in which there is no further change in the
resultant effect

after a sufficient increase in causal force. (10)

21. The relation between cause and effect. (9)

22. Something relating to sound. (8)

23. Twisting of an object due to an applied Torque. (7)

24. A localised excitation consisting 3 charged particles. (4)

TMAHUZILA

YCOATHNA

GOANITRY

SOMEN

CRYFQUEEN

Rearrange the words in the grey boxes to find out the ultimate word.
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Who on seeing the tiny sprout of the banyan can
imagine that in course of time it will develop into
a gigantic banyan tree? You will see, it
(BelurMath) will shed its lustre over the whole
country in time.

Swami Vivekananda
From the Diary of a Disciple XVIII(CW, Vol 7)
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