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“Learn from yesterday.
Live for today

Hope for tomorrow.

The important thing is
not to stop questioning”

- Albert Einstein

In today's age, science has made so much progress that human beings can
not live without the amazing discoveries and inventions. With the help of
science and instruments, the human race has climbed over the mountains
and has marked it's footprint on the land of moon. From getting up in the
morning to sleeping at night, all kind of equipments we use is the blessings of
science and technology. Radio, television, airplane, mobile, bike, motor, fan,
agriculture and many more are all given by science.

In this volume, our authors have tried to colourfully depict the diversity of
scientific study. Our article in the range from the origin of universe to journey
of science and many other interesting topics. Also, our authors have tried to
explain many fascinating phenomenon through poems. The diversity of
achievement in scientific research and opinion brilliantly complemented by
the work of our creation team. We hope you enjoy the wonderful artwork of
'NEBULA', which makes it a unique publication.

We planned to publish 'Nebula' in 2021. But due to Covid-19 pandemic, we
suffered last two years a lot. Now, we hope this 'volume XIII' refreshes and
encourages readers to explore the field of science.

Editorial Board

Atikur Rahman
Bhargav Kalita
Bhaswati Bhardwaj

Teacher In-Charge Editorial Board,
Smritimala Sarmah '‘NEBULA'

"Nothing is better than reading.
and gaining more and more knowledge"

- Stephen Hawking
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Objectives Of NEBULA

The objectives of publishing 'NEBULA' are :

1.

To publish articles on science and education written by
students, alumni and faculty members of the
department.

. To encourage the students to write science related

articles for popularization of science and to grow
scientific mind.

. To familiarize editing scientific journal.
. To inform the B. Borooah College fraternity about

various activities of the department.

. To provide a medium of interaction for the alumni of the

of the department.

. To give an exposure to the activities of the alumni of

the departmemnt.

The opinion expressed in this journal are
those of the individual authors and do not
reflect the views of the department of
physics, B. Borooah College or the editorial
board of the ' NEBULA'
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“Everything is theoretically impossible,
until it is done.”
— Robert A. Heinlein.

ARTICLES

“The good thing about science is that,
it's true whether or not you believe in it.”
— Neil deGrasse Tyson
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Origin of the Universe

~Biman Jyoti Das
B.Sc. 2nd Semester

The universe is everything. From the tiniest particles to the largest
galaxies, to the very existence of space, time and life, but how did it all
begin?

Multiple scientific theories plus creation myths from around the world
have tried to explain its mysterious genesis. However, the most widely known
and accepted explanation is the Big Bang Theory.

The Big Bang Theory states that the universe began as a hot and
infinitely dense point. Only a few millimeters wide, it was like a supercharged
black hole. About 13.7 billion years ago this singularity violently exploded.
And it is from this explosion, that all matter, energy, space and time were
created. What happened next were the two major stages of evolution of the
universe called the radiation and matter eras, they are defines by key events
that helped shape the universe.

First came the radiation era, named for the dominance of radiation right
after the Big Bang. This era is made of smaller stages called epoch that
occurred within the universe’s first ten of thousand of years. The earliest is
the Plank’s epoch. No matter existed in this universe at this time, only energy
and the ancestor to the four forces known as super-force existed. At the end
of the stage, however a key event occurred in which gravity split away from
super-force. Next came the grand unification epoch named for the three
remaining unified forces of nature. This epoch ended with splitting of strong
nuclear force.

Then the inflationary epoch began during which the universe expanded
rapidly. The universe at this time was piping hot and it churned with
electrons, quarks and other particles. After that came the electroweak epoch,
when the last two forces electromagnetic and weak finally split off. During the
next stage, the quark epoch, all of the universe’s ingredients were present.
However, the universe was still too dense and hot for the subatomic particles
to form. Then in the hadron epoch the universe cooled down enough for the
quarks to bind together and form protons and neutrons. In the lepton and
nuclear epochs, the radiation era’s last two stages, the protons and neutrons
underwent a significant change. They fused and created nuclei. And in doing
so they created the first chemical element in the universe, Helium. The
Universe’s new ability to form elements, the building blocks of matter queued
the matter era.

As the name suggests, the matter era is defined by the presence and
predominance of matter in the universe.lt features three epochs that span
billions of years, The vast majority of the universe’s life span, and includes
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, and includes the present day. The first was the atomic epoch. In this stage,
the universe’s temperature cooled down enough for electron to attach to
nuclei for the first time. In this process Hydrogen was created. This hydrogen
atom along with helium atom dotted the universe with atomic clouds. Within
the clouds, small packets of gas may have enough gravity to cause atoms to
collect. These clusters of atoms, formed during the galactic epoch became
the seedlings of galaxies. Nestled inside those galaxies, stars began to form.
And in doing so, they queued the latest and current stage of the universe’s
development, the stellar epoch.

The formation of stars then caused a tremendous ripple effect and help
shape the universe as we know it. Heat within the stars caused the
conversion of helium and hydrogen into almost all the remaining elements in
the universe. In turn those elements became the building blocks for planets,
moons, life, everything we see today. This ecosystem of everything was only
possible because of the many stages of in the Universe’s development.While
countless questions of the origins of our universe remain, it's only a matter of
time for some long-sought answers to emerge.

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

=] L N
L T S

Inflation -

1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 hillion years
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Guglielmo Marconi

~Dipangkor Basumatary
B.Sc. 2nd semester

Guglielmo Marconi was born April 25, 1874, Bologna, ltaly. He was
an lItalian physicist and inventor. He began experimenting with radio
waves in 1894. His work on the development of shortwave wireless
communication constitutes the basis of nearly all modern radio
broadcasting. His improved aerials greatly extended the range of radio
signaling. In 1899 he established communication across the English
Channel. In 1900 he established the American Marconi Co. In spite of the
opinion expressed by some distinguished mathematicians that the
curvature of the Earth would limit practical communication by means of
electric waves to a distance of 161-322 km, Marconi succeeded in
December 1901 in receiving at St. John’s, Newfoundland, signals
transmitted across the Atlantic Ocean from Poldhu in Cornwall, England.
This achievement created an immense sensation in every part of the
civilized world, and, though much remained to be learned about the laws
of propagation of radio waves around the Earth and through the
atmosphere, it was the starting point of the vast development of radio
communications, broadcasting, and navigation services that took place in
the next 50 years . He acquired numerous patents, though probably his
most famous one, No. 7777, for an apparatus that enabled several
stations to operate on different wavelengths without interference, was
later overturned. Marconi shared the 1909 Nobel Prize for Physics with K.
Ferdinand Braun. He was made a marquis and was nominated to the
ltalian Senate, and he was elected president of the Royal Italian
Academy. He died on July 20, 1937, Rome.
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Journey of science

~Dwaipayan Kashyap
Bsc. 2nd Semester

The entire universe is full of mysteries and inexplicable phenomena
that compel us to fathom innumerable questions. But, the simplest
question is that "Do we really know anything about our universe and how
it formed?" Many greatest of minds spent their entire life trying to find the
answer to this simple yet complicated question. On their journey, they
gifted us with many shocking discoveries and useful inventions that
curved a new path for us to understand nature and helped us to observe
things from a different perspective. We cannot but wonder at the fact that
what we know is ridiculously negligible compared to what we still do not
know or are not sure exist.

The greatest scientist ever, Albert Einstein, through his famous
theory of relativity led our minds to a whole new state since it opened the
possibility of time travelling. From time to time, we had been constantly
focusing to reach near the end of side where we no longer have any
answers to seek for. And it is obviously absurd to even imagine that. But
still we came a long way and became more hardworking to seek for those
answers. Because who knows.....maybe a time will come when we can
actually imagine that state of knowing everything.
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N95 Physics: More Physics than you think

Have you ever thought what
goes into making a N95 mask? Of
course you haven’t. If you have,
well you are a geek for sure. You
have simply thought it is a mask
with very small holes that does not
allow Covid-19 virus ( SarsCov-2)
to pass through. You maybe
thought that it has several layers
to make sure nothing passes
through. YOU ARE WRONG. Now
lets get into what it really is.

N95 masks do have small
holes and several layers, but that’s
not the reason why they are so
effective. They can easily block
out large and extremely small
particles, it's the medium sized
particles that cause problems.
There are three different reasons
why N95s work. We'll learn about
them one by one.

Okay so the first reason is
that there are several layers. The
large particles(not so large) of
sizes about 1 micrometer( 1000th
of a millimeter) mostly travel in
straight lines because of their
inertia(basically because of their
masses). Since there are several
layers, these particles collide one
or the other layer of the mask.
Now what happens after they
collide? The fibers of the mask are
made in such a way that the
particle stick to them and airborne
particles do not stay airborne
anymore.

Second reason is also that
they have several layers. But this
reason has more to do with the
size and properties of the particle

~Raj Kishore Sarma
Bsc. 2nd semester

less than 0.1 micrometers in size
move in zig zag lines, called
Brownian motion, because of their
extremely light weights. Since the
particles move in zig zag lines, the
chances of them hitting the layers
is more. Hence they too stick to
the fibers.
The third reason is the most
interesting one. It has do with
electricity. We know that

neutral objects develop an
internal electrical imbalance when
placed near a charged object. This
attracts the originally neutral
objects to the source. This is the
reason why neutral paper stick to
oiled glass rulers. Static electricity.
But the fibers in N95s do not use
static electricity, they are
permanently charged. Just liked
pieces of iron can me permanently
magnetized to form magnets,
pieces of plastic can Dbe
permanently electrified to form
electrets. Hence when neutral
particles like dust,viruses,bacteria
etc. approach an electrified fiber
they develop internal electric
imbalance which attracts them to
the fibers and they stick to them.
Genius right?

“Science is simply the word to describe a
method of organizing our curiosity.”

— Tim Minchin
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Humans and Artificial Intelligence : What

are humans worth?

As the days roll by, newer
technologies roll out. That s
fantastic. But is it? Will robots

replace human and are we on the
verge of extinction? The answer is
NO. Lets find out why the answer is
no.

Currently the world is not on the
verge of the third mass-scale,
inevitable social revolution in as
many decades. Blockchain, NFTs,
crypto these are the words on
everyone’s mouths. But what are
these? These are technologies which
promote decentralization. That
means there are no central
institutions like governments,banks
and corporations who control our
money and information. It is basically
democracy in terms of information
sharing. There will be no mediators
in the process of sharing data. Well it
sounds brilliant right, that’'s because
it is brilliant. All the villainous
corporate lords with champagne in
their glasses, or the bald and fat
politicians with cigars in their lips
cannot play with our money or our
private information. This is the Web
3.0 and anyone is allowed to join in.
I’m totally for that.

The problem now is not with
Web 3.0 then, it is with artificial
intelligence, augmented reality,
virtual reality and you can bring out
thousands of such other words. This
is all a part of the Metaverse,and no
this is not a Zuckerburg creation. He
just simply renamed his company to
suit the revolution,so that it looks at

~Raj Kishore Sarma
BSc. 2nd Semester

the forfront. In the metaverse almost
everything is automated, your job is
done for you by a computer and it
does it better than you. It does not
get tired, request leaves, everything
is just perfect. For business owners it
is very cost effective. But is it that
effective for us humans? If everything
is done by a machine for us, what is
our worth then? Most of us are not
genius level engineers to be building
those machines. And once the
machines get a proper brain they can
build even more machines. The
human essence is lost.

Today we work,we fail,we
lose,we get up and learn. All along
the way,we do not keep an extreme
level of our work. We have down
days and days where we are
supermen. That is what humans are -
imperfect. On the contrary if a
machine does everything, things will
be perfectly done each time. That
would make no sense,as we would
have no metric to judge what perfect
is and what is not. We would not
know what a terrible thing could look
like. If Al bots create art and sing and
dance,there would be be zero value
of human emotions. For sure the Al
is based on some human’s brain,but
the thing is it is made up of only the
best parts,neglecting the bad parts. |
say include the bad parts too,then
they would be close to humans.

Jobs would be lost,there would
be social anarchy. Human
resource,heck most of the population
could go to waste. Among the rich
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the majority will be slobs, sleeping on
the couch,eating food a bot
made,watching some show Dbots
wrote,directed and acted in. If | can
see and feel what my friend in Paris
sees, I'd be mind blown. It would be
so nice to feel Paris without visiting.
But what will be unique in me or my
friend there,if all our experiences are
collective.

Now the positives are our live
would become much more simpler if
we use Al tech well,and with limits.
Also with people becoming lazier and
lazier, becoming great would be a
easy process. You just have to be
better than the lazy guys.

“It doesn’t matter how beautiful your theory
is, it doesn’t matter how smart you are. If it
doesn’t agree with the experiment, it’s
wrong.”

- Richard P. Feynman.
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Time: Extrapolating the Conundrum

~Nishan Das
Bsc. 2nd Semester

One of most influential physicists to have ever lived, Albert Einstein,
shared his view, writing, “People like us who believe in physics know that
distinction between past, present, and future is only a stubbornly
persistent illusion.” In non-relativistic or classical physics, the concept of
time generally used is that of absolute time (also called Newtonian time
after its most famous proponent), time which is independent of any
perceiver, progresses at a consistent pace for everyone everywhere
throughout the universe, and is essentially imperceptible and
mathematical in nature. This accords with most people’s everyday
experience of how time flows. However, since the advent of relativity in
the early 20th Century, relativistic time has become the norm within
physics. This takes into account phenomena such as time dilation for fast-
moving objects, gravitational time dilation for objects caught in extreme
gravitational fields, and the important idea that time is really just one
element of four-dimensional space-time. Time is surrounded by many
mystifications. Most physicists agree that time had a beginning, and that it
is measured from, and indeed came into being with, The Big Bang some
13.8 billion years ago. Whether, how and when time might end in the
future is a more open question, depending on different notions of the
ultimate fate of the universe and other mind-bending concepts like the
multiverse. According to the theory suggested by a group of Spanish
scientists led by Prof. Senovilla, and University of Cambridge
cosmologist, Time is slowing down, and may eventually grind to a halt,
resulting in all of existence being frozen “like a snapshot” within a single
moment in time, similar to how a wind-up mechanical timepiece loses its
energy. A British theoretical physicist, Gary Gibbons opined on the claim:
“We believe time appeared at the Big Bang, and if time can appear, it can
also vanish — it’s just the opposite effect.” We know (or think we know)
that time must be greater — deeper — wider — richer than we can yet
comprehend with our limited senses. We are smart enough to give it a
name, and smart enough to know that there’s more to it than we can
really explain, but that’'s where our abilities end. Maybe we will eventually
evolve the ability to move through time in ways we can’t now. Maybe
there are other beings in the universe who already can. Who can say?
Time is a mystery and will be a mystery — for a long time.
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Tokamak Reactors: The Future Now

~ Raj Kishore Sarma
Bsc. 2nd Semester

Tokamak reactors are experimental reactors which are designed to
harness the energy of nuclear fusion. Inside a tokamak,the energy
produced through the fusion of atoms is absorbed as heat in the walls of
the vessel. This heat is used to produce steam and then electricity by way
of turbines and generators.

The heart of the reactor is its doughnut-shaped vacuum chamber.
Inside,due to extreme heat and pressure, gaseous hydrogen fuel turns
into plasma. Plasma provides the environment in which elements can
fuse. The plasma can be shaped and controlled by massive magnetic
coils placed around the vessel.

Initially,air and impurities are evacuated from the chamber.Then the
magnet systems are charged up and the gaseous fuel is introduced. Due
to strong electric current,the gas is ionized forming plasma.As the plasma
particles are energized,they collide and heat up. Particles energized to
such a degree fuse,releasing huge amounts of energy.However,the
energy needed to kick start and sustain the initial reaction is high.We
have not been able to successfully build an energy positive reactor,but we
are close.

At the present, the largest tokamak reactor in the world is the ITER,
or the International Thermonuclear Experimental Reactor, which is being
constructed in France.When nuclear fusion is proven out as a sustainable
energy generation method, it will be fully waste-free and capable of
powering entire cities through just one reactor.

ohmic heating magnet

poloidal field toroidal field
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What DARK ENERGY & DARK MATTER

iS?7?77

In the early 1990s, one thing
was fairly certain about the
expansion of the universe. It might
have enough energy density to stop
its expansion and recollapse, it might
have so little energy density that it
would never stop expanding, but
gravity was certain to slow the
expansion as time went on. Granted,
the slowing had not been observed,
but, theoretically, the universe had to
slow. The universe is full of matter
and the attractive force of gravity
pulls all matter together. Then came
1998 and the Hubble Space
Telescope (HST) observations of
very distant supernovae that showed
that, a long time ago, the universe
was actually expanding more slowly
than it is today. So the expansion of
the universe has not been slowing
due to gravity, as everyone thought,
it has been accelerating. No one
expected this, no one knew how to
explain it. But something was
causing it. Maybe there is something
wrong with Einstein's theory of
gravity and a new theory could
include some kind of field that
creates this cosmic acceleration.
Theorists still don't know what the
correct explanation is, but they have
given the solution a name. It is called
DARK ENERGY

We know how much dark
energy there is because we know
how it affects the universe's
expansion. Other than that, it is a
complete mystery. But it is an
important mystery. Here's a sobering

~Bideep Barman
Bsc. 2nd Semester

fact: The matter we know and that
makes up all stars and galaxies only
accounts for 5% of the content of the
universe! Where is the rest? It turns
out that roughly 68% of the universe
is dark energy. Dark matter makes up
about 27%. The rest - everything on
Earth, everything ever observed with

all of our instruments, all normal
matter.

In  physical cosmology and
astronomy dark energy is an

unknown form of energy that affects
the universe on the largest scales.
One explanation for dark energy is
that it is a property of space. Albert
Einstein was the first person to
realize that empty space is not
nothing. Space has  amazing
properties, many of which are just
beginning to be understood. The first
property that Einstein discovered is
that it is possible for more space to
come into existence. Then one
version of Einstein's gravity theory,
the version that contains a
cosmological constant, makes a
second prediction: "empty space" can
possess its own energy. Because this
energy is a property of space itself, it
would not be diluted as space
expands. As more space comes into
existence, more of this energy-of-
space would appear. As a result, this
form of energy would cause the
universe to expand faster and faster.
Another explanation for how space
acquires energy comes from the
quantum theory of matter. In this
theory, "empty space" is actually full
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of temporary (virtual) particles that
continually form and then disappear.
But when physicists tried to calculate
how much energy this would give
empty space, the answer came out
wrong - wrong by a lot. The number
came out 10120 times too big. That's a
1 with 120 zeros after it. It's hard to get
an answer that bad. So the mystery
continues.

As we described above, ~68%
dark energy, ~27% dark matter, ~5%
normal matter. What is dark matter?
Dark matter is a hypothetical form of
matter thought to account for
approximately 85% of the matter in the
universe lIts presence is implied in a
variety of astrophysical observations,
including gravitational effects that
cannot be explained by accepted
theories of gravity unless more matter
is present than can be seen. For this
reason, most experts think that dark
matter is abundant in the universe and
that it has had a strong influence on its
structure and evolution. Dark matter is
called dark because it does not appear
to interact with the electromagnetic
field which means it does not absorb,
reflect or emit electromagnetic
radiation and is therefore difficult to
detect. We are much more certain
what dark matter is not than we are
what it is. First, it is dark, meaning that
it is not in the form of stars and planets
that we see. Observations show that
there is far too little visible matter in the
universe to make up the 27% required
by the observations. Second, it is not
in the form of dark clouds of normal
matter, matter made up of particles
called baryons. We know this because
we would be able to detect baryonic
clouds by their absorption of radiation
passing through them. Third, dark
matter is not antimatter, because we
do not see the unique gamma rays that
are produced when  antimatter
annihilates with matter. Finally, we can
rule out large galaxy-sized black holes

on the basis of how many gravitational
lenses we see. High concentrations of
matter bend light passing near them
from objects further away, but we do
not see enough lensing events to
suggest that such objects to make up
the required 25% dark matter
contribution. However, at this point,
there are still a few dark matter
possibilities that are viable. Baryonic
matter could still make up the dark
matter if it were all tied up in brown
dwarfs or in small, dense chunks of
heavy elements. These possibilities
are known as massive compact halo
objects, or MACHOs. But the most
common view is that dark matter is not
baryonic at all, but that it is made up of
other, more exotic particles like axions
or WIMPS (Weakly Interacting Massive
Particles)

Dark Matter

Dark Energy
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Marie Curie - An Inspiration

As a woman it is always hard
to pursue higher education , but
everything seems quite easy when
we compare the barriers and
hardships we face with that of
Madam Curie's. She was born in
Poland under Austrian rule to a
secondary school teacher's house.
She completed her high school from
Poland and later on she moved to
Paris where she earned both
Physics and Mathematics degrees
at this point she survived only
eating bread and tea and
sometimes fainted due to starvation.
She met her science partner/ lover
piere Curie in Paris and soon got
married. They were a great team
together. When Henri Becquerel
discovered that Uranium emmited a
mysterious X-ray like radiation that
interacted with photographic films |,
Madam Curie was curious and soon
found that Thorium emmited same
kind of radiation, She even noticed
that the elements radiation was
dependent only on the element's
quantity and thus, she concluded
that the radiation was coming from
somewhere within the atom. This
created havoc among the scientists
as this would disprove the long
existing model of atoms as
indivisible objects. Mr. and Mrs.
Curie later on discovered two new
elements Polonium and Radium
later on Piere Curie was nominated
for noble prize but Marie was
overlooked, Piere took a stand for
her and thus both of them along
with Henri Becquerel shared the
Noble Prize making Marie the first
female Nobel laureate. Piere died
from a horrific accident and Marie

~Karabi Das
Bsc. 6th Semester

took over her husband's teaching
position making her the first female
professor of Sorbonne University.

She continued her research and
received one more noble prize in
Chemistry for her earlier research
this made her the only person to win
two noble prizes in different
subjects. She died due to a bone
marrow disease which many think

was because of the radiation
exposure.
Her discoveries uncovered

many mysteries of science.For a girl
trying to purse science Madam
Curie sure seems like a guiding
angel.
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Radioactivity in daily life

Is radioactivity very common
in our life? No, actually it is a part of
our life. It has existed all along with
us. It is not only connected to
nuclear reactors, fission or fusion
process, but also can be seen in our
day to day life. The outer space also
known as cosmic rays is the type of
radiation that we receive each and
every moment. Radioactive
materials are present in earth's
crust, the floors, walls of our homes,
schools and even in the food we eat
and drink. Our bodies, muscles,
bones and tissues contain naturally
occurring radioactive elements. We
have radioactive elements such as
Potassium-40, C-14, Radium-226 in
our blood or bones. Even the
consumer products like Luminized
wrist watches, ionization smoke
detectors also give out radiation.
Although everyone is familiar with
the use of radiation to diagonose
diseases and treat cancer, many
people when the hear the terms
"radiation" or "radioactive", tend to
think of huge black clouds or
monster mutants that inhabit the
world of science fiction movies and
comic books. But, there is nothing
like this in real world. Even the
smoke detectors used now a days
contain a low activity Americium -
241 source. Alpha particles emitted
by the Americium ionize the air,
making the air conductive. Any
smoke particles that enter the area
reduce the current and set off an
alarm. Modern watches and clocks
sometimes are a small quantity of
hydrogen - 3(tritium) or promethium

~Paushali Deb
Bsc. 6th Semester

- 147 as a source of light. Ceramic
materials (like tiles and pottery)
often contain elevated levels of
naturally occurring uranium, thorium
and potassium to provide it the
glaze needed. Glassware,
especially antique glassware with a
yellow or greenish colour contain
detectable quantity of uranium.
Such glass are known as canary
vaseline glass. About food an
interesting fact is that even the
bananas that we eat have naturally
high level of potassium and a small
fraction of all potassium are
radioactive. Each banana can emit
0.1 microsieverts of radiation. But,
there is nothing to worry about
these because the radiation level is
extremely low and not harmful for
us.

CAUTION

®
\ A 4
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Gravity Train

In the 17th century, British
scientist Robert Hooke presented
the idea of an object accelerating
inside Planet in a letter to Isaac
Newton. A gravity train project was
seriously presented to the
French Academy of Science in the
19th Century. The same idea was
proposed, without calculation
byLewis Carrall in 1893 in Sylvie
and Bruno concluded.

The idea was rediscovered in
the 1960 whenPhysicist Paul
Cooper published a paper in the
American  journal of  physics
suggesting that gravity trains be
considered for a future
transportation project. A gravity train
is a theoretical means of
transportation  for  purpose of
commuting between two pointson
the structure of sphere, by following
a straight turned connecting the two
points through the interior of
sphere.In a large body such as a
planet this train could be left to
accelerate using just the force of
gravity, sinceduring the first half of
the trip ( From the point departure
untied the middle), the downward
pull towards the center of gravity
would pull towards the center of
gravity would pull it towards the
destination. During the second half
of the trip, the acceleration relative
to the trajectory but, ignoring the
effects of friction, the speed
acquired before would be exactly
enough to overcome this
deceleration and as a result, the
train speed would reach zero at
precisely the moment the train
reached its destination.

~ Simanta Baishya
Bsc. 2nd Semester

G—Train¥§_ﬁg\ RDA:F:(::um
\ 7
‘“ i Direction of

Gravity
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BEIING

RIO DE JANEIRO

“Physicists have come to realize that
mathematics, when used with sufficient
care, is a proven pathway to truth.”

- Brian Greene.
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Gravitational Waves

~Simran Kaur
Bsc. 2nd Semester

Gravitational waves are invisible ripples in the fabric of spacetime.They
are caused by some of the
most violent and energetic events in the universe.These include colliding
blackholes,collapsing stellar cores, merging neutron stars or white dwarf
stars,the wobble of neutron stars that are not perfect spheres and possibly
even there remnants of gravitational radiation created by the birth of
universe.Gravitational waves travel at the speed of light(186,000
milespersecond or 299,000 kilometersper second),squeezing and stretching
anything in their path. In hishistory of general relativity, AlbertEinstein
predicted the existence of gravitational waves.In 1916, his calculations
showed that massive, accelerating objects would disrupt and distort
spacetime like waves moving away from a stone thrown in to a pond.On
September 14,2015,the National Science Foundation’s Laser Interferometer
Gravitational- Wave Observatory(LIGO) physically sensed the distortions in
spacetime caused by passing gravitational waves generated by two colliding
black holes nearly 1.3billion lightyears away.

This was a dramatic,direct proof of Einstein’s well—

established theory. In 2017,NASA scientists detected light tied to a
gravitational wave event,thanks to two merging neutron stars in the galaxy
NGC4993, located about 130 million lightyears from Earth in constellation
Hydra. The merging stars likely had masses between 10 and 60 percent
greater than that of our sun, but they were no wider than Washington
D.C.The pair whirled around each other hundreds of time a second,producing
gravitational waves at same frequency.As they drew closer and orbited
faster,the stars eventually broke apart and merged, producing both a gamma
ray burst and a rarely seen explosion called a kilonova.lt was observed that
this flare of light from kilonova fade over the course of sixdays, as shown in
the observation taken on August 22, 26and 28. Astronomers think a
kilonova's visible and infrared light primarily arises through heating from the
decay of radioactive elements formed in the neutron rich debris. Crashing
neutron stars may be the universe’'s dominant source for many of the
heaviest elements including platinum and gold.
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Higgs Boson

Particle physics (also known
as high energy physics) is a branch
of physics that studies the nature of
the particles that constitute matter

and radiation . We all are well
known with the term particle which
can refer to various types of very
small objects or quantities like
protons , electrons, gas molecules ,
photons and other related
substances. Particle physics usually
studies about the smallest
detectable particles and the
fundamental interaction necessary
to explain their behaviour.
Physicists explain the fundamental
particle and force of our universe in
terms of the Standard model —itis a
widely accepted framework based
on quantum field theory that
predicts almost all known particles
and forces other than gravity with
great precise and accuracy. In the
Standard Model, the particles and
forces in nature arise from
properties of quantum fields, known
as gauge invariance and
symmetries. The Higgs boson (H°),
sometimes called the Higgs particle
, is the fundamental particle
associated with the Higgs field. The
Higgs boson was proposed in the
year 1964 by Peter Higgs along with
5 other physicists to explain why
certain particle have mass. A
particle’s mass determines how
much it resists changing its speed
or position when it encounters a
force. Not all fundamental particles
have mass, the particle of light
photon carries the electromagnetic
force but has no mass at all

~ Rideep Choudhury
Bsc. 2nd Semester

Scientists confirmed the existence
of Higgs Boson (H°) in 2012 through
the ATLAS and CMS experiments
at the Large Hadron Collider (LHC)
at CERN in Switzerland. This
discovery led to the 2013 Nobel
Prize in Physics being awarded to
Higgs and Englert. With a mass of
125.10 = 0.14 GeV/c2 and mean
lifetime of 1.56 x10-** | the Higgs
Boson is a very unstable particle
and it decays almost immediately
into other particles . Scientists are
now studying the characteristic
properties of the Higgs Boson to
determine if it precisely matches the
predictions of the Standard Model of
particle physics. If the Higgs Boson
deviates from the model, it may
provide clues to new particles that
only interact with other Standard
Model particles through the Higgs
boson and thereby lead to new
scientific discoveries. Although the
Higgs field would exist everywhere,
proving its existence was not as
easy as it seems . It was therefore
several decades before the first
evidence of the Higgs Boson could
be found. Particle colliders,
detectors, and computers capable
of looking for Higgs Bosons took
more than 30 years ( 1980~2010) to
develop. The importance of this
fundamental question led to a 40-
year search, and the construction of
one of the world's most expensive
and complex experimental facilities
to date, CERN's Large Hadron
Collider , in an attempt to create
Higgs Bosons and other particles
for observation and study.
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On 4 July 2012, the discovery of a
new particle with a mass between
125 and 127 GeV/c2 was
announced. Physicists suspected
that it was the Higgs Boson. Since
then, the particle has been shown to
behave, interact, and decay in many
of the ways predicted for Higgs
particles by the Standard Model, as
well as having even parity and zero
spin, two fundamental attributes of a
Higgs boson. This also means it is
the first elementary scalar particle
discovered in nature.

It is worth noting that the
Higgs field does not "“create"
mass out of nothing, which would
violate the law of conservation of
energy , nor is the Higgs field
responsible for the mass of all
particles. In Higgs-based theories,
the property of "mass" is a
manifestation of potential
energy transferred to fundamental
particles when they interact with the
Higgs field, which had contained
that mass in the form of energy.

“The  physicists defer only to the
mathematicians, and the mathematicians
defer only to God.”

— Leon M. Lederman.
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The Eagle Nebula The Butterfly
Nebula

The Hourglass
Nebula

~Katha Mitra
Bsc. 4th Semester
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“We cannot solve problems with the same
thinking we used to create them.”
— Albert Einstein

POEMS

“An experiment is a question which science
poses to Nature,
and a measurement is the recording of
Nature’s answer.”

— MAX PLANCK

Page 27



NEBULA, Vol. 13, 2022

I'm a blackbody

No color of light could flee from my proximity

They cried, | absorbed all of them

A lot of energy | released as heat,

They named it Thermal Radiation.

Alas they couldn't cease any absorption

Short to long, all lengths of radiations | engulfed.
Wide or Narrow, none could be saved

For i am the perfect absorber of all visiting radiations.

And hence called the Black Body.

All incident
radiation is
absorbed

Blackbody
Radiator

Emitted Radiation

~Lucky Paul
Bsc. 6th Semester
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The Physics World

Falling is essential

What if Newton had fallen for
Love?

Rather than for an Apple,

We wouldn't have laws to grapple...
Live and grow,

Prospering like maple

Concave mirror gathering rays all
their way,

Intruding into single tip,

Just like tiptoeing in area of grey,
Real images are upside

down,

All the ages,

Just when,

Reality comes in frame,

Real configuration offer
Blessings in disguise game...

And of course, is the kinetics
Inevitable?

Once in motion like it was never
steady,

The depths are shallow,

Than we see,

But it hardly matters,

As 'mu' has made depth look so
easy...

Even when water looks bit frizzy

Friction crown their own glory,
To be inclined more

on thin ice

Things get reckless in mankind,
Roughage cut down slippage

~Bandita Barman
Bsc. 4th Semester
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"Not only is the Universe stranger than we think,
it is stranger than we can think."
-Werner Heisenberyg.

Recent advancements
In science

"In questions of science, the authority of
a thousand is not worth the humble
reasoning of a single individual.”

- Galileo Galilei
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James Webb Space Telescope

To study the universe,

scientists use different types of
telescopes to detect different
radiations in the electromagnetic
spectrum.
The James Webb space telescope
falls under the category of infrared
telescopes which uses infrared light
to detect celestial bodies. The
telescopes today are so advance
that, an event which occurred
billions of years ago can also be
seen today.

Some of the early photons which
were born billions of years ago and
travelled unhindered through empty
space for about 13.4 billion years
will finally reach its destination
which is the man-made James
Webb telescope. Thus, it will give
us a detailed glimpse of the early
universe from which we and
everything we know was born.

As the name suggests it is a space
telescope but unlike Hubble it does
not Orbit around earth, it is
launched to a destination 1.5 million
kms from earth called Lagrange
point 2(L2 point), which are special
equilibrium positions that allows the
body to remain almost static relative
to the gravitational bodies that they
are travelling with. James Webb
being an infrared telescope must
operate at nearly -233° Celsius to
observe the cold, distant universe. It
has finally reached its destination
on 27th of January,2022. As of now,
its first image is being awaited...

~Atikur Rahman
Bsc. 6th Semester

"By 2100, our destiny is to become like the
gods we once worshiped and feared.

But our tools will not be magic wands and
potions but the science of computers,
nanotechnology, artificial intelligence,
biotechnology, and most of all, the quantum
theory."”

- Michio Kaku
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Quantum Computers

The classical computers use
bits (strings of 0’s and 1's) to
describe or simulate things. The
classical computers do not have
enough computational power to
simulate quantum bodies thus, the
idea of a device which used
quantum particles was introduced.
Instead of Dbits, the quantum
computers use qubits (0’s,1’s and a
linear combination of both) as the
basic computational units. In order
to encode n density of information,
a total of n bits is needed for
classical computers. Example if n=
1 thus 1bit gives us only 1 density of
information but in quantum
computers we need 2*n density of
information to encode n qubits.
Example for n=1 thus 1qubit gives
us 2= 2 density of information. In
order to visualize the power of
quantum computer imagine that we
have a quantum computer of 10
qubits thus it will have 2210 = 1024
values of information, for this value
of information to be encoded in
classical computers we need 16000
bits, expand this to 500 qubits and
we will now require a greater
number of classical bits than there
are atoms in the observable
universe. Thus, quantum objects
aren't computable using classical
computers. Logic gates using qubits
have also been developed although
quantum computers are
exceedingly difficult to engineer,
build, program and even the
slightest interaction with
environment can cause alteration in
the results it has a great potential.

~Atikur Rahman
Bsc. 6th Semester

“If you are not completely confused by
quantum mechanics,
you do not understand it"

-John Wheeler

® 0 > 0)
o
it NOE Y
o =l . e V2
®! ~1)
Classical Bit Qubit

Page 35



NEBULA, Vol. 13, 2022

Room temperature superconductors

~Atikur Rahman
Bsc. 6th Semester

Superconductors are materials that show properties like zero electrical
resistivity and perfect diamagnetism below a certain temperature known as
the critical temperature.

These properties have many applications, energy loss transmission of
data, electromagnetic levitating trains being some of them.
The problem with superconductors is that the critical temperature required for
a material to obtain superconductivity is very low (near the absolute zero) this
disadvantage restricts us from using them in our day-to-day life. After its
discovery researchers have had a steady progress in finding a
superconductor which has an easily attainable critical temperature thus,
superconductivity at ambient temperature has been a holy grail in physics.
Few years back a compound of hydrogen, carbon and sulfur showed
superconductivity at about 15°C. So, the quest of a day-to-day usable
superconductor has ended? Not exactly, the compound here does have a
critical temperature of 15°C but a pressure of 2.6 million times atmospheric
pressure is also needed which again adds up to the cost factor.

Levitation and Guidance Coil

u perconducting Magnet
' {onboard)

Guideway Sidewall

Guideway

Recently, IISC Bengaluru has claimed that a compound of gold and
silver was observed to have a critical temperature of 13°C and at ambient
pressure. [ISc Bengaluru, have shared a video that shows clear evidence of
diamagnetism at ambient temperature and pressure. The video shows
nanoparticles made of gold-silver mixture seen inside a test tube getting
repelled when brought close to a permanent magnet. This is evidence of
magnetic levitation. The other property i.e., zero electrical resistivity of the
material is yet to be confirmed. If all the properties of superconductor are
observed in this material this could revolutionize data transmission,
transportation and many others. India may even have a shot for the noble
prize in Physics.
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“Science and everyday life cannot and
should not be separated.”
— Rosalind Franklin

STORIES

“‘We are just an advanced breed of
monkeys on a minor planet of a

very average star. But we can
understand the Universe.

That makes us something very special.”

— Stephen Hawking
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"Our virtues and our failures are inseparable,
like force and matter. When they separate,

man is no more.”
— Nikola Tesla
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Departmental Activities

%,

Physics Forum Plus is an organization formed within the Dept of Physics,
B. Borooah College to promote and participate in innovative and creative
endeavors in the domain of Physics. We have organized several events like
a state level essay competition, and workshops in collaboration with Tezpur
University and Dept of Science and Technology, Govt. of India and T. C
girl's school. Some glimpse of various activities and given below:
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